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FOREWORD 
 

The APVMA∗ is an independent statutory authority with responsibility for the regulation of 
agricultural and veterinary chemicals in Australia.  Its statutory powers are provided in the 
Agvet Code scheduled to the Agricultural and Veterinary Chemicals Code Act, 1994. 
 
The APVMA can reconsider the approval of an active constituent, the registration of a 
chemical product, or the approval of a label for a container for a chemical product, at any 
time.  This is outlined in Part 2, Division 4 of the Agvet Code. 
 
The basis for the reconsideration is whether the APVMA is satisfied that continued use of the 
active constituent diuron and products containing diuron in accordance with the instructions 
for their use: 

• would not be likely to have an effect that is harmful to human beings; and 
• would not be likely to have an unintended effect that is harmful to animals, plants or 

things or to the environment. 
 
The APVMA also considered whether product labels carry adequate instructions and warning 
statements. 
 
A reconsideration may be initiated when new research or evidence has raised concerns about 
the use or safety of a particular chemical, a product, or its label. 
 
The process for reconsideration includes a call for information from a variety of sources, a 
review of that information and, following public consultation, a decision about the future use 
of the chemical or product.  
 
In undertaking reviews, the APVMA works in close cooperation with advisory agencies 
including the Department of Health and Aging Office of Chemical Safety (OCS), the 
Department of Environment and Heritage (DEH), and State Departments of Agriculture as 
well as other expert advisors, as appropriate. 
 
The APVMA has a policy of encouraging openness and transparency in its activities and 
community involvement in decision-making.  The publication of review reports is a part of 
that process. 
 
The APVMA also makes these reports available to the regulatory agencies of other countries 
as part of bilateral agreements.  Under this program it is proposed that countries receiving 
these reports will not utilise them for registration purposes unless they are also provided with 
the raw data from the relevant applicant. 
 
This document is ‘The reconsideration of approvals of the active constituent diuron, 
registrations of products containing diuron and their associated labels, Preliminary Review 
Findings’ and relates to approvals of the active constituent diuron and products containing 
diuron and their labels that have been nominated for review by the APVMA.  The review’s 
preliminary findings and recommendations are based on information collected from a variety 
of sources.  The information and technical data required by the APVMA to review the safety 
                                                 
∗ Prior to March 2003, the APVMA was known as the National Registration Authority for Agricultural and 
Veterinary Chemicals (NRA).  In this report, the name APVMA is generally used even when referring to the 
organisation prior to March 2003. 
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of both new and existing chemical products must be derived according to accepted scientific 
principles, as must the methods of assessment undertaken. 
 
Volume 1 summarises the APVMA’s preliminary assessments and Volume 2 contains the 
technical reports for all registrations and approvals relating to uses of diuron.  Both 
documents are available from the APVMA website:  
http://www.apvma.gov.au/chemrev/chemrev.shtml
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ACRONYMS AND ABBREVIATIONS 
ac active constituent 
ACPH Advisory Committee on Pesticides and Health 
ADI Acceptable Daily Intake 
ai active ingredient 
ANZECC Australia and New Zealand Environmental and Conservation Council 
APVMA Australian Pesticides and Veterinary Medicines Authority
ARfD  Acute Reference Dose 
BA 2-bromoacrolein 
CRP Chemistry and Residues Program 
ChE Cholinesterase 
CODEX FAO/WHO Codex Alimentarius Commission 
DEH Department of Environment and Heritage (previously Environment Australia) 
EHC Environmental Health Criteria 
EPA Environmental Protection Agency 
F0 parental generation 
F1 filial generation, first 
F2 filial generation, second 
FSANZ Food Standards Australia and New Zealand 
GAP Good Agricultural Practice 
HG Home Garden 
HV Home Veterinary 
ha hectare 
IRED Interim Re-registration Eligibility Decision 
GLP Good Laboratory Practice 
JMPR Joint FAO/WHO Meeting on Pesticide Residues 
LD50 median lethal dose 
LOEL Lowest Observable Effect Limit 
LOEC Lowest Observable Effect Concentration 
MoS Margin of Safety 
MRL Maximum Residue Limit 
mg/kg bw/d milligrams/ kilogram of bodyweight/day 
NEDI National Estimated Dietary Intake 
NESTI National Estimated Short-Term Intake 
NHMRC National Health and Medical Research Council 
NOEL No Observed Effect Level 
NOAEL No Observable Adverse Effect Level 
NOHSC National Occupational Health and Safety Commission 
NRS National Residue Survey 
OCS Office of Chemical Safety 
OHS Occupational Health and Safety 
PACSC Pesticide and Agricultural Chemical Standing Committee 
PHED Pesticide Handlers Exposure Database 
POEM Predictive Operator Exposure Model 
PHI Post Harvest Interval 
PPE Personal Protective Equipment 
ppm parts per million 
RAC Raw Agricultural Commodity 
RBC Red Blood Cell 
SC Suspension Concentrate 
SUSDP Standard for Uniform Scheduling of Drugs and Poisons 
TCAB 3,3’,4,4’-tetrachloroazobenzene 
TCAOB 3,3’,4,4’-tetrachloroazoxybenzene 
WHP Withholding Period
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8. TOXICOLOGY ASSESSMENT 

8.1 Assessment of Data 

8.1.1 Introduction 
 
Diuron is a broad-spectrum residual herbicide acting through the inhibition of plant 
photosynthesis.  It is primarily absorbed through plant roots and has a soil half-life of the 
order of one hundred days.   
 
The current toxicology report consolidates data on metabolism, subchronic and chronic 
toxicity, reproductive and developmental toxicity and genotoxicity.  The toxicities of two 
impurities in the active, namely 3,3’,4,4’-tetrachloroazobenzene (TCAB) and 3,3’,4,4’-
tetrachloroazoxybenzene (TCAOB) have been assessed.  A list of the toxicological 
abbreviations used in the report is included in Appendix 6. 

8.1.2 History of Public Health Considerations of Diuron In Australia 
 
Australian public health standards for agricultural and veterinary chemicals that may enter the 
food chain include the Poisons Schedule, First Aid and Safety Directions (FAISDs), the 
human acceptable daily intake (ADI) and the acute reference dose (ARfD).   A further 
regulatory standard called the maximum residue level (MRL) is a measure of the residues 
present in unprocessed food (eg. grain, meat etc.) and hence is an indicator of good 
agricultural practice. 
 
From the mid 1950s until 1992, Australian public health standards were set by committee 
process under the auspices of the NHMRC.  “Pesticide Tolerances” in food were first set in 
1956 by the Food Additives Committee.  Between 1962 and 1966, the Food Additives 
Committee maintained a Sub-Committee on Pesticides and Agricultural Chemical Residues In 
Or On Foods (later re-named the Pesticide Residues in Food Sub-Committee), which adopted 
the then Canadian scheme as a basis for establishing tolerances.  From 1967 onwards, 
Australian MRLs and ADIs for pesticides were established by the Pesticide and Agricultural 
Chemicals Committee (PACC), until the Department of Health and Ageing became directly 
responsible for setting ADIs in November 1992.  Responsibility for pesticide and veterinary 
chemical MRLs in food was transferred to the APVMA in June 1994, after which the PACC 
was removed from the control of the NHMRC and re-constituted as the Advisory Committee 
on Pesticides and Health (ACPH).  The ACPH provides the Department of Health and 
Ageing, the TGA and the APVMA with advice on issues of policy and practice having 
possible implications for public health and the proper use of chemicals in agriculture and 
elsewhere. 
 
Poisons Schedules for agricultural and veterinary chemicals, drugs and some other hazardous 
substances are set by the National Drugs and Poisons Schedule Committee (NDPSC).  
Originally known as the Committee on Poisons Scheduling, the NDPSC was established in 
1955 as a sub-committee of the NHMRC Public Health Committee.  The NDPSC publishes 
its decisions in the Standard for the Uniform Scheduling of Drugs and Poisons, which 
recommends controls on availability, labelling, packaging and advertising.  These are 
incorporated into and enforced by the various Australian State and Territory legislative 
systems.  In 1994, the NDPSC was transferred from the NHMRC to the Australian Health 
Ministers’ Advisory Council, and was re-constituted again in 1999 as a Statutory Committee 
of the Therapeutic Goods Administration. 
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A third committee formerly involved in chemicals management was the NHMRC Standing 
Committee on Toxicity (SCOT), which was active between 1985 and 1994.  SCOT was 
responsible for providing specialised advice on complex toxicological matters to all the 
NHMRC Public Health Committee subordinate committees, including the PACC and 
NDPSC.  In response to referrals from these committees, SCOT undertook evaluation of some 
drugs, pesticides, food additives, poisons, consumer products, chemicals and other hazardous 
substances relevant to public health. 
 
The regulatory history of public health considerations of diuron by Australian regulatory 
committees is summarised in Table 17 below. 
 
Table 17: History of public health considerations of diuron. 
 
Date Regulatory Activity 

February 1980 PACSC: MRL recommended for water (0.04 mg/L). 
May 1986 PACSC: Recommended maximum levels for TCAB and TCAOB.   
November 1987 NDPSC: Considered review of submission with significant toxicological data 

from Du Pont and Koor Intertrade, and confirmed the scheduling status 
(exemption, Appendix B) of diuron. 

February 1988 NDPSC: Considered the NHMRC’s recommendation and agreed the limits of 
impurity levels of TCAB (20 mg/kg) and TCAOB (2 mg/kg) be included in 
Appendix L. 

August 1990 NDPSC: Considered each of the applications for diuron TGAC clearance based 
on the levels of microcontaminants TCAB and TCAOB.  Suspended 
consideration of Bayer’s application due to bladder hyperplasia and carcinoma 
in 26-week and 2-year rat studies, and equivocal results from an in vitro UDS 
test in rat bladder epithelium, and a potential association with TCAB and 
TCAOB. 

August 1990 – 
August 1992 

PACSC: Repeatedly considered and finally accepted the applicant’s statements 
on levels of impurities TCAB and TCAOB, and agreed to TGAC clearance.   

 
PACCS – Pesticides and Agricultural Chemical Standing Committee; NDPSC - National Drugs and Poisons 

Scheduling Committee. 

8.1.3 Metabolism and Toxicokinetics  
 
Following oral administration to rats, diuron was rapidly and extensively absorbed (Tmax 1.7-
1.9 h), and an enterohepatic circulation was evident by biliary fistulae technique.  Elimination 
of diuron and its metabolites was complete, with the majority excreted within the first 24 h, 
mainly into the urine, and to a lesser extent into the faeces (1: 5-10 for faeces:urine).  The 
highest residue levels were generally found in the blood, liver and kidneys, four days after 
dosing.  No significant tissue accumulation was evident after repeated dosing.   
 
The metabolism of diuron was extensive with only a small amount (< 2%) of the parent 
compound being present in the faeces.  Eight metabolites in the urine and four in the faeces 
were characterised, as well as some unknown metabolites.   Biotransformation of diuron 
consisted of N-demethylation, oxidation, hydroxylation and conjugation.  The main 
metabolites, 3-(3,4-dichlorophenyl)-1-methyl urea and 3-(3,4-dichlorophenyl) urea, as well as 
3,4-dichloraniline, were also detected in excreta following inhalation of diuron (Wu, 1996; 
Pauluhn & Eben, 1986; Weber & Abbink, 1988; Weber & Abbink, 1988). 
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8.1.4 Acute Studies 
 
In lethal-dose studies, due to its low solubility in water (~ 40 mg/L), the oral toxicity of 
diuron was low in rats (LD50 3000 - 9087 mg/kg bw) when an aqueous vehicle was used.  
However, the acute oral toxicity in rats was higher when diuron was prepared in an oil vehicle 
(LD50 1017 - 5000 mg/kg bw).   The oral LD50 in mice was 8590 mg/kg bw for males and 
8244 mg/kg bw for females.   Clinical signs following an oral dose of 50 mg/kg bw or higher 
consisted of lethargy, low posture, ocular/nasal/oral discharge, appearance, behaviour, 
motility and respiratory disorders, and/or weight loss. 
 
Limit tests indicated that the acute dermal toxicity was very low.  Several studies in rats 
showed no deaths at 2000, 2500 or 5000 mg/kg bw, and hence the dermal LD50 was greater 
than 5000 mg/kg bw.   Similarly, the inhalation toxicity in rats was low (LD50 > 7100 
mg/m3).   Diuron as a dust was a slight eye irritant in rabbits.   It did not induce skin irritation 
in two studies with rabbits, but in another study, it was a moderate skin irritant on intact and 
scarified skin of rabbits, which was pre depilated with sodium sulphide and neutralised with 
acetic acid (Kasa, 1986).   It was not considered to be a skin sensitiser in two independent 
tests with the Magnusson Kligman Maximisation method. 

8.1.5 Short-Term Repeat-Dose Studies 
 
Oral administration – rats 
In order to test immunotoxicity of diuron, 25, 250 or 2500 mg/kg bw/day was given to rats in 
the diet for 3 weeks.  Diuron at 250 mg/kg bw/day and above increased the spleen weight, and 
induced extramedullary hemopoiesis and haemosiderin deposition.  No immunotoxicity was 
indicated (Vos et al, 1983). 
 
Dermal application - rabbits 
Rabbits received dermal applications of diuron at 0, 50, 500 or 1200 mg/kg bw/day on intact 
skin of the back for 6 h per day, 21 consecutive days.  No deaths occurred during the study.  
A higher incidence of skin irritation was observed at 1200 mg/kg bw/day.  No biologically 
significant alterations were observed in haematological or clinical chemistry parameters, 
mean organ weights, gross- or histo-pathology at any dose levels.  The NOEL for systemic 
changes was 1200 mg/kg bw/day (McKenzie, 1992). 
 
Rabbits received dermal applications of diuron at 0, 50 or 250 mg/kg bw/day on intact or 
abraded skin of the dorsal and flank for 6 h per day, 5 days per week for 3 weeks.  No deaths 
occurred during the study.  Slightly more severe and longer lasting skin responses (erythema, 
skinfold thickness) were observed on the abraded skin site of some treated rabbits without a 
dose-relationship.  There were no treatment-related findings in haematology, clinical 
chemistry and urinalysis.  No abnormal observations were revealed in organ weights, gross 
and histo-pathology.  The NOEL for systemic changes was 250 mg/kg bw/day (Mihail & 
Schilde, 1984). 
 
Inhalational administration - rats 
Rats were exposed head/nose only to the air, the solvent (lutrol/ethanol), 6.6, 48 or 311 mg/m3 
of diuron aerosol for 6 h per day, 5 days per week for 3 weeks.  All rats survived to the 
termination.  Males at 311 mg/m3 had lower body weight gains.  Rats at 48 and 311 mg/m3 

exhibited haemolytic anaemia including slight falls in erythrocyte count, increases in MCV 
and MCH with simultaneous reticulocytosis, as well as concentration-related Heinz body 
formation.  Rats at 311 mg/m3 showed slightly reduced plasma protein concentrations and 
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lower T3 and T4 levels, accompanied by increased thyroxine binding capacity, more marked 
in males than in females.  There was also a reduced trend in plasma urea and creatinine levels 
at 48 mg/m3 and above.  The liver N-demethylase activity was slightly induced at 311 mg/m3.  
Spleen weights were significantly higher at 48 (female) and 311 mg/m3 with dark, swollen 
and congestion at 311 mg/m3.  The NOEL was 6.6 mg/m3 based on haemolytic anaemia 
observed at higher concentration (Pauluhn, 1986a). 
 
Rats were exposed head/nose only to 0 (lutrol/ethanol), 4.1, 37 or 268 mg/m3 of diuron 
aerosol for 6 h per day, 5 days per week for 4 or 8 weeks.  All rats survived to the termination.  
Rats at 268 mg/m3 showed transient lassitude and ungroomed coat post exposure.  Heinz body 
formation, reticulocytosis and a light fall in erythrocytes were induced at 37 (female) and 268 
mg/m3, accompanied by increased MCV at 268 mg/m3 indicating slight haemolytic anaemia.  
Slightly lower AST, ALT and LDH activities at 37 and 268 mg/m3 might be relevant to a 
lower level of total plasma protein or albumin.  Reduced thyroid activity was indicated by a 
lower T4 level at 268 mg/m3.  O-demethylase activity in the liver was induced at 268 mg/m3.  
Histology did not however detect any pathological changes in thyroid or liver.  Dark and 
swollen spleens were observed at 37 and 268 mg/m3, correlated to increased spleen weight at 
268 mg/m3, and iron accumulation in the spleen at 37 (female) and 268 mg/m3.  Changes in 
urothelium of renal pelvis, urinary bladder and ureter were not dose-related, and could not 
simply attributed to the treatment.  The NOEL was 4.1 mg/m3 based on haemolytic anaemia 
observed at higher concentration (Pauluhn, 1986b). 

8.1.6 Subchronic Studies 
 
Oral administration - rats  
Rats received diuron at 0, 75, 250 or 500 mg/kg bw/day by gavage over 5 days/week for 13 
weeks.  There were no treatment-related deaths or clinical signs.  Lower body weight gain 
was seen in males at 250 and 500 mg/kg bw/day.  Laboratory examinations revealed 
haemolytic anaemia-related changes, including reduction in RBC counts, haemoglobin and 
haematocrit, and increase in MCV.  Dose-related increases in total serum bilirubin and blood 
urea nitrogen of all treated groups might be indicative of liver and kidney damage.  
Splenomegaly at all treated groups was consistent with haematological findings.  A NOEL 
was not established and the LOEL was 75 mg/kg bw/day (Wandrag, 1996a). 
 
Rats received a daily dose of diuron at 0, 55, 168, 225, 335 or 450 mg/kg bw/day in the diet 
for 90 days, followed by a 30-day recovery period at 0, 335 and 450 mg/kg bw.  The 
extremities became pale, bloodless after 3-4 weeks treatment, but this had regressed by the 
end of recovery period.  Body weight was significantly lower at 225 mg/kg bw/day and 
above.  Reduced RBC count, haemoglobin and haematocrite, and increased bilirubin and 
methemoglobin, increased spleen and pituitary weights were reported (no data).  The 
insufficient data does not allow to establish a NOEL (Beres, 1986). 
 
Dermal application - rats 
Rats received dermal applications of diuron at 0, 250, 500 or 1000 mg/kg bw/day on clipped 
skin of the dorsal area of the trunk over 5 days per week for 13 weeks.  No treatment-related 
deaths or clinical signs were defined.  There was a reduction in RBC count, haemoglobin and 
haematocrit, and an increase in MCV and MCH at all dose levels.  Increased total serum 
bilirubin was also observed in all treated groups.  No treatment-induced organ weight changes 
or histopathological changes were observed.  A NOEL could not be established and the LOEL 
was 250 mg/kg bw/day (Wandrag, 1996b). 
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8.1.7 Chronic Studies 
 
Mice 
Mice received diuron 0, 25, 250 or 2500 ppm in the daily diet for 12 or 24 months.  There 
were no treatment-related increases in mortality, clinical signs and changes in food 
consumption.  Body weight was significantly lower at 2500 ppm.  At various occasions, 
platelet counts were higher in all treated male groups, and total leucocyte counts were higher 
at 2500 ppm.  Mice at 2500 ppm had consistently increased plasma ALT activity and bilirubin 
levels, together with historical changes in the liver such as hepatopathy (males), increased 
rates of mitosis and cell necrosis, indicating liver injury.  A trend to an increased incidence of 
liver cell enlargement was observed dose-dependently in all treated females groups.  
Haemosiderin accumulation (iron pigment) in the liver, spleen and kidneys was higher at 
2500 ppm.  Females at 2500 ppm exhibited an increased incidence of epithelial hyperplasms 
of the bladder at 12 and 24 months, some associated with extension of the lamina propria 
mucosae and mucosal oedema.  Some females at 2500 ppm showed dilation of the uterine 
horn, and a significant increase in the incidence of ovary luteoma and breast carcinoma, but 
not the combined sex cord-stromal tumours.  There were no significant differences in the 
number of animals with neoplasms, the total number of neoplasms, number of malignant or 
benign neoplasms.  The NOEL was 250 ppm (51/78 mg/kg bw/day for M/F) based on 
hepatotoxicity and haemosiderin at the higher dose.  The NOEL for bladder epithelial 
hyperplasms was 250 ppm (Eiben et al, 1990). 
 
Rats 
Rats received diuron 0, 25, 250 or 2500 ppm in the daily diet for up to 24 months.  The 
mortality rate was generally low and not affected by treatment.  Body weight was lower at 
2500 ppm.  Dose-related changes in erythrocyte parameters which indicated haemolytic 
hyperchromic anaemia occurred in all treated female groups, and in males at 250 and 2500 
ppm, accompanied by increased incidences of erythrocyte precursors (reticulocytes) and 
pathological erythrocytes (anulocytosis, anisocytosis, polychromasia, Jolly bodies and Heinz 
bodies).  In addition, leucocyte counts were increased at 250 (males) and 2500 ppm.  Plasma 
bilirubin concentration was consistently higher at 2500 ppm.  The blood urea nitrogen 
concentration was also increased at 2500 ppm, and sometimes at 250 ppm.  Urinalysis 
revealed a higher blood/erythrocyte content at 2500 ppm, and the urine from the males of this 
group showed a reddish colour.  Liver and spleen weights were significantly increased in 
males at 250 and 2500 ppm, and in all treated female groups after 24-month dosing.  
Swelling/enlargement and black coloration of the spleen were found in these groups.  
Increased haemosiderin accumulation and fibrosis were found in the spleen at 25 ppm 
(females) and above, and the deposition of iron-containing pigments were also in the liver, 
kidneys and lungs, in particular at 2500 ppm.  Heightened medullary haematopoiesis was also 
observed in the femoral bone marrow at 250 and 2500 ppm, as well as activated bone marrow 
cells in females at 25 ppm.  Hardness and/or thickening of the urinary bladder wall appeared 
at 2500 ppm, corresponding to hyperplasia of the urinary bladder epithelium and the renal 
pelvis epithelium at 250 and 2500 ppm.   
 
Some of the changes in the spleen, liver and bladder were also seen at interim sacrifice, but to 
a lesser extent.  The total incidence and number of animals with neoplasms was higher at 
2500 ppm, in particular, a higher incidence of transitional carcinomas of the urinary bladder 
epithelium in males and females at 2500 ppm, some with hornification of differentiation from 
squamous epithelial carcinoma.  Benign neoplasms of urinary bladder, papillomas were 
slightly higher in males at 2500 ppm.  It was suggested that severe urothelial hyperplasms was 
a possible precursor of the neoplastic alteration.  The number of adenocarcinomas in the 
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uterus was higher at 2500 ppm compared to the concurrent control, but within the range of 
historical control provided by the sponsor.  A NOEL for anaemia was not established, and the 
LOEL was 25 ppm.  The NOEL for hyperplasm of the urinary bladder epithelium was 25 ppm 
(1.0/1.7 mg/kg bw/day for M/F) (Schmidt, 1985). 
  
Dogs 
Dogs received 0, 50, 300 or 1800 ppm of diuron in the daily diet for 12 months.  Slightly 
reduced food consumption in females and lower body weight gains were observed at 1800 
ppm.  Signs of anaemia occurred at 1800 ppm, characterised by a reduction in haemoglobin 
and erythrocyte count, a rise in MCV, slight polychromasia and anisocytosis, and an increased 
incidence of anulocytes, polychromatic and oxiphile normoblasts, Jolly bodies, and great 
quantities of Heinz’ inclusion bodies in the erythrocytes.  Consequently, reticulocyte, 
leucocyte and platelet counts were increased, and the highly reactive fat-deficient bone 
marrow occurred with increased siderin content in this group.  Serum protein electrophoresis 
revealed a slight fall in α-1 and α-2 globulin proportions, and a corresponding increase in the 
β-globulin proportion.  At 1800 ppm, the activity of ALP in the plasma was consistently 
higher.  There were no treatment-related changes in urinalyses.  Liver, spleen and testicular 
weights were increased at 1800 ppm.  Corresponding to colour and/or surface changes in the 
liver (bile), spleen, kidneys and bone marrow, histopathology detected higher incidences of 
iron-containing pigments in Kupffer stellate cells of the liver and the bone marrow with 
reactive fat-deficient at 1800 ppm, and in the red pulp of spleen and the basal region of the 
epithelial cells near the nucleus in the proximal tubule contorti of kidneys at 300 and 1800 
ppm.  The NOEL was 50 ppm (1.25 mg/kg bw/day) based on haemosiderin deposition at 
higher doses (Hoffmann & Schilde, 1985).   
 
Dogs received 0, 25, 125, 250 and 1250 ppm (reduced from 2500 ppm due to food refusal and 
body weight loss) of diuron as a 80% wettable powder in the daily diet for 24 months.  Body 
weight loss was observed at 1250 ppm.  Significantly decreased RBC counts, haemoglobin 
and haematocrit values were noted at 250 and 1250 ppm, associated with abnormal blood 
pigments at 125 ppm and above.  At 1250 ppm, bone marrow exhibited a statistical increase 
in erythrogenic activity/erythroid hyperplasia, and a moderate reduction in marrow fat, and 
hepatic Kupffer cells had increased brown haemosiderin pigment.  Absolute and relative liver 
weights were higher in dogs at 1250 ppm.  No treatment-related neoplasia findings were 
reported.  The highest residue level was detected in the liver at termination.  The NOEL was 
25 ppm (0.6 mg/kg bw/day) based on haemolytic anaemia and haemosiderin deposition at 
higher doses (Hodge & Downs, 1964).   
 
8.1.8 Reproduction Studies 
 
Rats 
In a two-generation reproduction study, rats received 0, 10, 250 or 1750 ppm of diuron  in the 
daily diet through breeding, gestation and lactation.  At 1750 ppm, food consumption and 
mean body weight gains were lower in P and F1 parents during premating and gestation, with 
a rebound during lactation.   No treatment-related effects were detected on mating and fertility 
indices of P and F1 parental rats.  Enlarged spleens were observed in some P and F1 females 
at 1750 ppm which microscopically correlated with congestion.  Litter size and pup survival 
rates were normal in all groups.  Mean F1 and F2 litter and pup weights were lower at 1750 
ppm.  No treatment related gross abnormalities were observed in F1 or F2 pups.  The NOEL 
was 250 ppm (15/16 mg/kg bw/day for M/F) for general and reproduction toxicity based on 
reduced food consumption and body weight gain, and lower pup weights at the higher dose 
(Cook, 1990). 
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8.1.9 Developmental Studies 
 
Rats 
Diuron was administered by gavage at 0, 16, 80 or 400 mg/kg bw/day to presumed pregnant 
female rats on gestation days 6 – 15 and killed on day 20.  Pregnant rats at 80 and 400 
mg/kg bw/day had significantly lower food consumption and reduced body weight gain 
during dosing.  There were no treatment-related effects on litter size, resorptions or the 
foetal sex ratio.  Foetal body weights were significantly lower for litters at 400 mg/kg 
bw/day.  Skeletal examinations revealed a higher incidence of foetuses with delayed 
ossification of the vertebrae and sternum (sternal centres) at 400 mg/kg bw/day.  The NOEL 
was 16 mg/kg bw/day for maternal toxicity, and 80 mg/kg bw/day for foetal developmental 
toxicity (Dearlove, 1986a). 
 
Rabbits 
Artificially inseminated female rabbits received diuron at 0, 2, 10 or 50 mg/kg bw/day by 
gavage on gestation days 7-19 and killed on day 29.  Pregnant rabbits at 50 mg/kg bw/day 
had lower food consumption, and reduced body weight gain.  No clinical signs or gross 
lesions were attributed to treatment.  The mean foetal weight, number of live foetuses and 
incidences of resorption and/or foetal death were comparable across all groups.  No external, 
soft tissue or skeletal alterations demonstrated either a significant or dose-related incidence, 
as compared with control.  The NOEL was 10 mg/kg bw/day for maternal toxicity and was 
50 mg/kg bw/day for developmental toxicity (Dearlove, 1986b). 
 
8.1.10 Genotoxicity Studies 
 
A number of in vitro and in vivo experiments have tested the genotoxic potential of diuron.  
Diuron was negative in vitro in a series of Ames test (11 studies, 1984-2000), in the 
mutagenic assay on CHO/HPRT cells (2 studies), and in a chromosomal aberration test and 
a sister chromatid exchange test on CHO-K1 cells.  Diuron did not show genotoxic effect in 
vivo in a cytogenetic assay, a chromosomal aberration assay, a sister chromatid exchange 
assay and micronucleus test (3 out of 4 studies, 1983-1998).  Diuron 2000 – 2500 mg/kg bw 
did not show a genotoxic effect in the germ cells of male mice in a dominant lethal test.    
 
In an in vitro cytogenetic study (1 out of 3), diuron showed clastogenic effect on human 
lymphocytes at the concentration range of 125 to 500 µg/mL in the absence of S9 activating 
system, and 500 to 1000 µg/mL in the present of S9.   However, diuron was uniformly 
negative in 2 other in vitro and 4 in vivo chromosomal aberration/sister chromatid exchange 
assays. 
 
In an in vitro UDS test in primary rat hepatocytes, a trend towards slight increases in the 
average net nuclear was attributed to slight reduction in the cytoplasmic grain counts with 
increasing concentrations of diuron.  However, in an in vivo UDS assay, diuron at 250 ppm 
and the above caused an induction of UDS and reduction of DNA repair of urinary bladder 
epithelial cells.   
 
In a published study of micronucleus test (1 out of 4 tests, Agrawal et al 1996), diuron 170 
and 340 mg/kg bw significantly increased micronuclei, compared to the negative control.  
However, the magnitude of increase in micronuclei induced by the positive control 
cyclophosphamide was relatively low (4-6 MNPCE/1000) compared to data from other 
laboratories (10 – 20), and only similar to that of diuron in this study.  Since the study 

 13



Australian Pesticides & Veterinary Medicines Authority 

provided only limited information on the test substance and study conditions, it is difficult to 
make further assessment.  However, negative results were produced from 3 other 
micronuleus tests. 
 
8.1.11 Human Studies 
 
No exposure-induced clinical problems were found by medical surveillance in a 
manufacturing site of diuron during 22 years (Xavier & Pereira, 2002).  No cases of chloracne 
(March Mil, 1992) or mild chloracne with increased triglyceride and cholesterol values 
(Scarisbrick & Martin, 1981) were reported.   
 
In a poisoning incident, 2 workmen who received an intense spray exposure to 2,4-D or 
Karmex (a product of diuron) developed itching and burning in oral and nasal mucosa and 
conjunctiva, small ulceration in the skin area contacted to, chest discomfort with cough and 
mucoid sputum, mild headache, muscle twitching and throat soreness within 24 hours, and 
recovered within 4-5 days (Torrington, 1983). 
 
In poisoning incidences involving accidental ingestion of diuron, the metabolites 3-(3,4-
dichlorophenyl)-1-methyl urea, 3-(3,4-dichlorophenyl) urea and/or 3,4-dichloraniline were 
detected in the blood and/or urine, (Geldmacher et al, 1971; Boven et al, 1990; Verheij et al, 
1989).  Based on the information, the metabolic pathway in the human is similar to that in the 
rat (Boven et al, 1990). 
 
8.1.12 Mechanism Studies 
 
Mice-oral 
The aim was to investigate the haemotoxic effects observed at a low dose range of diuron in a 
carcinogenic study on mice during the first 6 months of the study.  Mice received diuron 0, 5, 
25 or 250 ppm in the daily diet for up to 6 months.  Lower body weight occurred in all treated 
groups lacking a clear dose-relationship.  During and up to dosing for 6 months, there were no 
treatment-related changes in haematology parameters, and no evidence of injury to the 
hemopoietic system, i.e. neither increased medullary/extramedullary hemopoietic activity, nor 
increased haemosiderin deposition in the spleen or liver were found.  No treatment-related 
pathological alterations were detected at termination (Eiben, 1988). 
 
Rats-oral 
The purpose of the study was to investigate the high mortality, depression of body weight and 
RBC counts at 250 and 2500 ppm observed in a 2-year rat feeding study.  Rats at weaning 
received diuron as a 80% formulation at 0, 250 or 2500 ppm of the active ingredient in the 
diet for 90 days.  There were no treatment-related deaths.  Rats at 2500 ppm showed 
significantly reduced food consumption and lower body weight.  This group also exhibited 
lower RBC, haematocrit and haemoglobin values, and an elevated cell population of femoral 
marrow; the later suggesting compensatory bone marrow hyperplasia (Sherman, 1962). 
 
In order to establish a NOEL for diuron in relation to its effects on the erythrocytes, rats 
received diuron at 0, 4, 10 or 25 ppm (0/0, 0.3/0.3, 0.7/0.8 or 1.6/1.8 mg/kg bw/day for M/F) 
in the diet for up to 26 weeks.  There were no treatment-induced deaths, clinical signs or 
changes in food consumption and body weight.  At 25 ppm, lower haemoglobin in females 
and higher reticulocyte counts in both sexes were observed at various times, and slightly 
increased accumulation of ferriferous pigments occurred in the spleens.  The haematology 
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NOEL was 10 ppm (0.7/0.8 mg/kg bw/day for M/F) based on haemolytic anaemia at the 
higher dose (Schmidt & Karbe, 1986a). 
 
To gain knowledge in morphogenesis of the urothelium tumours, the time of origin and the 
reversibility of precancerosis, in diuron-treated rats, male rats received 0 or 2500 ppm of 
diuron in the daily diet for 2, 4, 12 or 26 weeks, or for 4 or 26 weeks followed by a recovery 
period of 4 or 8 weeks respectively.  No rats died and no notable clinical signs were observed 
during the study.  Lower body weight gain was observed in treated rats throughout the dosing 
period, and was still apparent after the period of recovery.  Swelling or enlargement of the 
spleen with red-black discolouration was observed in all treated groups.  To an increasing 
extent with longer treatment duration, urinary bladders from treated rats showed increased 
consistency, reduced transparency, dilated blood vessels, and hyperplasia of epithelium (4-
week or longer) sometimes associated with connective tissue proliferation and granulocyte 
infiltration.  Hyperplasia with exo- and endophytic growth (after 4 weeks) and marked 
squamous epithelial metaplasia (after 26 weeks) were found.  Distinct thickening of the 
urinary bladder wall in treated rats was largely the result of an increase in connective tissue, 
mainly in the subepithelial area.  Recovery groups showed more or less a trend to reversion of 
above alterations on cessation of treatment.  An increased incidence of epithelial hyperplasia 
in the renal pelvis was also seen after 26-week dosing (Schmidt & Karbe, 1986b). 
 
8.1.13 Pharmacology study 
 
Oral or intraduodenal administration of diuron up to 1000 mg/kg bw showed no effects on the 
CNS in mice, the respiratory and circulatory systems in dogs, the autonomic nerve system, 
and skeletal muscle.  Oral doses of diuron up to 2000 mg/kg bw had essentially no effect on 
rat blood parameters including thromboplastin time and in vitro haemolytic effect.  Diuron at 
1000 mg/kg bw, but not 300 mg/kg bw and lower dose significantly inhibited intestinal 
motility in mice (Algate et al, 1989). 
 
8.1.14 Impurity studies 
 
3,3’,4,4’-tetrachloroazobenzene (TCAB) and 3,3’,4,4’-tetrachloroazoxybenzene (TCAOB) are 
two impurities formed as unwanted by-products in the manufacture of diuron.  Both 
chemicals also formed from the degradation of chloranilide herbicides and by the photolysis 
and biolysis of 3,4-dichloroaniline. 
 
TCAB 
TCAB showed low acute oral toxicity (LD50 > 5000 mg/kg bw), and moderate inhalation 
toxicity (LC50 880-920 mg/m3) in rats.  In a dermal study in rabbits, it did not cause any 
death (1 rabbit/dose) up to 1000 mg/kg bw, the highest dose tested.   
 
Dermal effects of 0.002% to 2% TCAB and 0.01% to 10% 3,4-dichloroaniline were compared 
by applying to the skin of rabbit ear for 5 days/week over 4 or 6 weeks.  Slight to severe 
sloughing, plug formation, ear thickening and hair lose were observed, more severe at 2% 
TCAB than 10% 3,4-dichloroaniline.  Both are strong acnegens (Morrow, 1976). 
 
Rats were exposed to volatilised TCAB 190 mg/m3 for 4 h/day, 5 day/week over 2 weeks.  
Following the exposure, increased RBC counts and decreased MCV and MCH were detected, 
as well as dark urine with higher pH and sugar positive (Trochimowicz, 1976). 
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The US National Toxicology Program (NTP) has published technical reports on the toxicity 
of TCAB and TCAOB (Toxic Rep Ser 1998 Nov; 65:1-F6.  Toxic Rep Ser 1998 Nov; 66:1-
G4.).  The data are outlined as the following. 
 
In the 16-day gavage studies (5 day x 3 week), TCAB 0, 1, 3.2, 10, 32 or 100 mg/kg bw/day 
in corn oil was given to B6C3F1 mice.  No effects were found on survival or mean body 
weight gains of rats and mice.  Liver, lung and spleen weights were increased and thymus 
weight was reduced.  Female mice at 100 mg/kg bw/day had atrophy of the thymus.  
Haematopoietic cell proliferation in the spleen was increased at 100 mg/kg bw/day.   
 
In the 16-day gavage studies (5 day x 3 week), TCAB 0, 12.5, 32, 80, 200 or 500 mg/kg 
bw/day in corn oil was given to F344/N rats.  Thymus weight was reduced.  Haematopoietic 
cell proliferation in the spleen was increased in all male groups, and in females at 32 mg/kg 
bw/day and above.  Renal tubule hyaline droplet accumulation in the cytoplasm of renal 
cortical epithelial cells and chronic nephropathy were observed microscopically in males at 80 
mg/kg bw/day and above. 
 
In the 13-week studies, mice received TCAB in corn oil at 0, 0.1, 1, 3, 10 or 30 mg/kg bw/day 
by gavage.  Mice showed increased liver and spleen weights at 10 and 30 mg/kg bw/day, an 
increased incidence of hyperplasia of the forestomach at 1 mg/kg bw/day and above.  A 
decrease in thymus weight of males at 30 mg/kg bw/day, an increase in centrilobular 
hypertrophy of hepatocytes and a higher incidence of haematopoietic cell proliferation in the 
spleen in males at 3 mg/kg bw/day and above, and a significant decrease in epididymal 
spermatozoal concentration in males at 3 and 30 mg/kg bw/day.  The NOEL was 1 mg/kg 
bw/day in mice.   
 
In the 13-week studies, rats received TCAB in corn oil at 0, 0.1, 1, 3, 10 or 30 mg/kg bw/day 
by gavage.  The major effects included a decrease in body weight at 30 mg/kg bw/day, 
decreased thymus weights accompanied by thymic atrophy, increased incidence of 
haematopoietic cell proliferation in the spleen, a responsive anaemia, decreased platelet 
counts, increased liver (also in males at 1 and 3 mg/kg bw/day) and spleen weights at 10 and 
30 mg/kg bw/day.  Hepatic cytochrome P-450 1A staining presence and intensity were 
increased at 30 mg/kg bw/day.  Sharp decreases in circulating thyroxine levels at all dose 
groups, and thyroid-stimulating hormone were marginally increased.  The incidence of 
hyperplasia of the forestomach was increased in males at 3 mg/kg bw/day and above and in 
females at 30 mg/kg bw/day.  A NOEL was not established in rats.   
 
TCAB was mutagenic in S. typhimurium strain TA97 in the presence of rat liver S9, but not 
mutagenic in TA98, TA100, TA1535 or TA1537 with or without S9.  In vivo, the frequency 
of micronucleated erythrocytes was significantly increased in peripheral blood samples from 
mice give TCAB at 10 and 30 mg/kg bw/day by gavage for 13 weeks.  However, results of a 
3-day exposure of up to 200 mg/kg bw by ip did not demonstrate induction of micronuclei in 
bone marrow erythrocytes of male mice. 
 
TCAOB 
In the 16-day gavage studies (5 day x 3 week), TCAOB 0, 1, 3.2, 10, 32 or 100 mg/kg bw/day 
in corn oil was given to B6C3F1 mice.  Effects in mice included increases in liver weights 
and decreases in thymus weights, thymic atrophy, splenic haematopoietic cell proliferation, 
and hepatic foci of inflammation and necrosis in mice.   
 
In the 16-day gavage studies (5 day x 3 week), TCAOB 0, 12.5, 32, 80, 200 or 500 mg/kg 
bw/day in corn oil was given to F344/N rats.  Major effects in rats included reduced body 
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weight gain, increases in liver and lung weights and decreases in heart and thymus weights, 
cytoplasmic alteration of hepatocytes, splenic haematopoietic cell proliferation, thymic 
atrophy, and nephropathy in rats and thymic atrophy, splenic haematopoietic cell 
proliferation, and hepatic foci of inflammation and necrosis in mice. 
 
In the 13-week studies, mice received TCAOB in corn oil at 0, 0.1, 1, 3, 10 or 30 mg/kg 
bw/day by gavage.  Liver weights of mice was increased in males from 3 mg/kg bw/day and 
females from 1 mg/kg bw/day.  Increased incidences of centrilobular hypertrophy of 
hepatocytes were observed at 10 and 30 mg/kg bw/day, and of haematopoietic cell 
proliferation in the spleen in males at 30 mg/kg bw/day and females at 10 and 30 mg/kg 
bw/day.  The incidence and/or severity of splenic pigmentation were increased in all treated 
groups.  Thymus weights were decreased in males from 3 mg/kg bw/day and females at 10 
and 30 mg/kg bw/day, and the incidence of thymocyte necrosis was increased in males at 10 
mg/kg bw/day and females at 10 and 30 mg/kg bw/day.   Hyperplasia of the forestomach and 
dilatation of hair follicles were observed in males at 10 and 30 mg/kg bw/day and females at 
30 mg/kg bw/day.  The NOEL was 0.1 mg/kg bw/day for mice.   
 
In the 13-week studies, rats received TCAOB in corn oil at 0, 0.1, 1, 3, 10 or 30 mg/kg 
bw/day by gavage.  Deaths occurred in 10/10 males (from weeks 6 to 9) and 7/10 females 
(weeks 8 to 12) at 30 mg/kg bw/day.  The causes of deaths were not specified, and lower body 
weight gain or weight loss, pale extremities and eyes, ruffled fur, thinness and lethargy were 
observed prior to deaths.  Decreased body weight gains were observed in males from 3 mg/kg 
bw/day and females from 10 mg/kg bw/day.  Decreased thymus weights accompanied by 
thymic atrophy, and increased liver weights were observed at 1 mg/kg bw/day and above.  
Hepatic cytochrome P(450)1A staining was increased in males at 1 and 3 mg/kg bw/day and 
in females at 3 mg/kg bw/day and above.  All treated groups showed a responsive anaemia 
and decreases in platelet counts, a sharp decrease in circulating thyroxine levels accompanied 
by marginally increased thyroid-stimulating hormone levels, as well as a decrease in 
epididymal spermatozoal motility, increased incidences of centrilobular degeneration and 
haematopoietic cell proliferation in the liver, chronic active inflammation of the lung 
vasculature and haematopoietic cell proliferation in the spleen, increased incidence and/or 
severity of cardiomyopathy and nephropathy.  The oestrous cycle length was increased in 
females at 10 mg/kg bw/day.  There was a higher incidence of hyperplasia of the forestomach 
in males from 3 mg/kg bw/day and in females from 10 mg/kg bw/day.  No NOEL was 
established in rats. 
 
TCAOB was not mutagenic in S. typhimurium strain TA97, TA98, TA100 or TA1535 with or 
without S9.  It did not induce significant increases in micronucleated erythrocytes in a 3-
exposure male mouse bone marrow micronucleus test up to 200 mg/kg bw, but results of a 
13-week peripheral blood micronucleus test in mice at 10 and 30 mg/kg bw/day were 
positive.   
 
8.2 Hazard Assessment  
 
The toxicological database for diuron is extensive and consists of unpublished reports 
generated by industry, as well as a range of published studies including NTP technical reports 
for TCAB and TCAOB.  The data package is adequate to assess the potential hazard of diuron 
to humans.  There were no studies conducted on any diuron products registered in Australia. 
 
Metabolism studies in rats indicated that diuron is rapidly and completely absorbed, and 
subsequently metabolised within 24 - 48 hours.  The metabolism of diuron was extensive and 
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involved in N-oxidation, some ring hydroxylation, demethylation, dechlorination, and 
conjugation to sulphate and glycuronic acid.  The metabolic pathways in rats, cows and 
humans were similar.  Diuron and its metabolites were almost completely eliminated, mainly 
by the renal route.  A comparison of excretion following single and repeat dose(s) at low and 
high doses showed no evidence of accumulation.  Radioactive residues in the tissues of rats 
were low at the time of sacrifice (4 days), and the highest residue levels were found in the 
blood, liver and kidneys. 
 
Diuron has low acute toxicity by the oral dermal or inhalation exposure routes.  Diuron is 
neither a skin irritation nor a skin sensitiser, but it is a slight eye irritant owing to its 
crystalline form at room temperature. 
 
Effects involving haemoglobin were the primary toxicological target of diuron administration.  
Erythrocyte damage resulting in haemolytic anaemia (depressed erythrocyte counts, reduced 
MCHC and elevated MCV values, low haematocrit figures, reduced haemoglobin values, 
increased spleen and liver weights, abnormal blood pigment, Heinz bodies, and haemosiderin 
in the spleen, liver and kidneys) and compensatory haematopoiesis (in the spleen and bone 
marrow) were observed.  Consistent observations of erythrocytic regeneration were obtained 
in chronic toxicity studies in rats, mice and dogs.  Many of these haematological changes 
were shown to occur following a duration of oral exposure as short as 2 weeks in the rat, the 
most sensitive species.  Based on the time course and the nature of the haematological effects, 
it is anticipated that these changes could be induced by a single dose of diuron.  Hence, this 
endpoint is considered suitable to establish an ARfD.   
 
Abnormal blood pigments induced by diuron were associated with the formation of 
methemoglobin and sulphemoglobin (Stevens JT & Sumner DD, 1991; Wang et al, 1992).   
Methemoglobin is formed when the iron atom in haemoglobin is oxidised from the ferrous to 
the ferric state by the superoxide ion.  The oxidative change also causes denaturation of 
haemoglobin to form insoluble deposits that attach to the red cell membrane (formation of 
Heinz bodies).  The haemotoxic effect of diuron has been attributed to aromatic amine 
metabolites including 3,4-dichloroaniline (Wang et al, 1992). 
 
Unlike linuron, a structural analogue of diuron that induced testicular adenomas and adverse 
effects on the developing male rat reproductive system, diuron effects were limited to reduced 
pup body weights and delayed ossification of the vertebrae and sternebrae in rats.  The foetal 
effects occurred at the maternal toxic dose of diuron, and accompanied by the poor nutritional 
state of the dams (reduced food consumption and body weight gain) during pregnancy and 
lactation.  No foetal malformations or changes of other developmental parameters were 
associated with diuron.  Diuron was not considered as to be a reproduction / developmental 
toxicant. 
 
A concern regarding the carcinogenicity potential of diuron was the finding of an increased 
incidence of urinary bladder carcinomas and kidney carcinomas in the Wistar rat.  After 24-
month dosing with diuron at 2500 ppm, a higher incidence of urinary bladder transitional 
epithelial carcinomas, and occasional squamous cell carcinomas was found in both sexes 
(males: 67% vs 2%; females: 22% vs 0 in control), as well as papillomas in male rats (benign 
neoplasias, 6% vs 0%).  Hyperplasia of the urothelium which may be regarded as preliminary 
stages of the carcinomas occurred at 2500 ppm after 12-month dosing, and at 250 and 2500 
ppm (but not 25 ppm) after 24-month dosing.  A 6-month rat dietary study (2- to 26-week 
treatment) (Schmidt & Karbe, 1986b) with special attention to urothelial alterations 
demonstrated the chronology of neoplasm development and the reversibility of precancerous 
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alterations of the urothelium.  More pronounced hyperplasia of the epithelia developed in 
distinctly greater number of rats treated with 2500 ppm diuron for 4 weeks and longer, and 
the incidence and degree increased with the duration of treatment.  An increase in thickness of 
the bladder wall which appeared to derive from an increase in the subepithelial connective 
tissue appeared from 2-week treatment onwards.  These changes were partially reversed 
during a recovery period of 4 or 8 weeks.  The presence of a no effect level at 25 ppm for the 
urinary bladder hyperplasia and neoplasms (Schmidt & Karbe, 1986a) suggests a threshold 
for these changes. 
 
The sponsor has proposed that the hyperplasia and neoplasm effect of diuron on rat bladder 
epithelium was possibly mediated by alkaline urinary pH that was resulted from a specific rat 
diet (Altromin 1321 diet) uniquely used by the testing laboratory.  Under this diet, a relatively 
high incidence of urinary bladder hyperplasia (>20%) also occurred in control group of the 2-
year rat study.  Furthermore, it is noteworthy that positive results were also observed in an 
UDS test with urinary bladder epithelial cells from rats treated with diuron and fed with 
Altromin 1321, in spite of negative responses from a battery of in vitro and in vivo genotoxic 
studies including an in vitro UDS test on rat hepatocytes.   
 
Similar hyperplasia and carcinomas in the rat urinary bladder epithelium have been reported 
on another well studied, but chemically unrelated, insecticide propoxur.   Propoxur (8000 
ppm) was tumorigenic to the rat urinary bladder when administered in Altromin 1321 diet, but 
not when administered in a casein-based semi-synthetic diet.  This difference is believed to 
arise from urinary pH, which is slightly alkaline in rats (approximate pH 8) consuming 
Altromin 1321 but acidic in rats fed a casein-based diet.  Cohen SM et al (1994) have 
demonstrated that a reduction of 1 pH unit or more for urine pH is enough to inhibit urothelial 
proliferation and tumour formation in rats treated with propoxur.  Thus, the urothelial effects 
of propoxur in the rat are dependent on high urinary pH and high administered doses.   
 
There is no direct evidence to measure the influence of diet on the urinary bladder effects of 
diuron.  Although, as pointed out by the sponsor, the hyperplasia and carcinomas were not 
observed in the urinary bladder epithelium in another 2-year rat study fed with a standard rat 
diet (rather than Altromin 1321) (Hodge & Downs, 1964).  The results of this study were 
considered unreliable for regulatory purposes due to the respiratory infection rates that 
induced high mortality rates.  A parallel in vivo UDS study with diuron on rats fed with 
normal diet was not available.  Nevertheless, it is reasonable to accept the argument that 
carcinogenic and genotoxic effects observed in rat urinary bladder epithelium are probably 
associated with some specific metabolite(s) of diuron in alkalised rat urine.  In addition, 
diuron-induced urinary bladder carcinomas were not observed in the 2-year mice feeding 
study, although epithelial hyperplasia, thickened mucosa of urinary bladder with oedema 
developed in female mice. 
 
Based on available observations, the development of urothelial tumours appears to be a 
multistage process, involving hyperplasia progressing through to tumours if diuron exposure 
is not stopped.  The NOEL was 25 ppm for urothelial hyperplasia and 250 ppm for tumours.  
In other words, the proliferative histological response to diuron that leads to tumour formation 
occurs only when exposure is continuous.  Its reversibility after withdrawal from exposure is 
consistent with a mitogenic mode of action.  A mitogen is not DNA reactive, and not 
cytolethal at carcinogenic doses.  It induces direct mitogenic stimulation of growth, causes 
mutations secondary to cell proliferation and may provide a selective growth advantage to 
spontaneously initiated precancerous cells.   Initiation and promotion events occurred 
secondary to a variety of associated activities such as regenerative cell proliferation 
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(Butterworth et al, 1995).  Hence, the hyperplasia induced by diuron appears to result from a 
direct mitogenic effect of the chemical or its metabolite on the urothelium due to a chronic 
local stimulation by the alkaline urine, rather than from genotoxicity of the chemical and 
subsequent regeneration.   
 
In summary, diuron is considered unlikely to be a genotoxic carcinogen.  The development of 
urinary carcinoma in rats appeared to be dependent on long term administration of high doses 
of diuron and a specific rat diet (Altromin 1321 diet) which leads to an alkaline urinary pH.  
These two factors have little relevance to likely human exposure.  Hence, it is considered that 
at anticipated human exposure levels tumour induction in humans is unlikely.   
 
Since the residues of diuron are not found in the diet for Australian, exposure to diuron by the 
general population through food is not a concern.  The main human exposures are likely to be 
to agricultural workers, with some exposure to the public through contact with ornamental 
plants and landscaping.  Given that diuron has poor dermal absorption characteristics, the 
occupational risk is considered to be low. 
 
8.3 DOSE Levels Relevant For Risk Assessment 
 
To identify the lowest NOELs for the establishment of an ADI and ARfD, a summary of the 
NOELs determined in those studies considered adequate for regulatory purposes are shown in 
Table 18. 
 
The current Australian ADI for diuron is 0.006 mg/kg bw/day.  It was established in 1987 
using the NOEL of 0.6 mg/kg bw/day (25 ppm) in a 2-year dog dietary study (Hodge & 
Downs, 1964) for the abnormal blood pigments at the next higher dose (125 ppm, 
approximate 3 mg/kg bw/day), and using a 100-fold safety factor.  However, in the current 
submission, a more recent 1-year dog study (Hoffmann & Schilde, 1985) indicates a higher 
NOEL of 1.25 mg/kg bw/day (50 ppm) for haemosiderin deposition in the spleen and kidneys.   
 
Another 2-year rat study (Schmidt, 1985) was evaluated as part of the current submission.  In 
the absence of a NOEL, this study established a LOEL of 1.0/1.7 mg/kg bw/day (25 ppm) for 
males/females due to haematological changes.  A supplementary 6-month rat dietary study 
(Schmidt & Karbe, 1986) specifically designed to monitor for haematological effects at low 
doses gave a NOEL of 0.7/0.8 mg/kg bw/day (10 ppm) for the reduced haemoglobin 
concentration and increased reticulocyte counts.  Since the rat was the most sensitive species 
with the lowest effect level of 1 – 2 mg/kg bw/day, an ADI of 0.007 mg/kg bw/day can be 
established using the NOEL of 0.7 mg/kg bw/day and a 100-fold safety factor.   
 
The ARfD has not been established previously.  In single dose/short term studies, above 
haematological changes as the most sensitive endpoints in rats occurred following a duration 
of oral exposure as short as 2 weeks (at 2500 ppm, Schmidt & Karbe, 1986b) or 4 weeks (at 
25 ppm, Schmidt & Karbe, 1986a), the shortest term sampled for testing in the study.  Based 
on the nature and the time course of haemolysis, it is reasonable to anticipate that the effect 
could be induced by a single oral dose of diuron exposure, although no such tests have been 
conducted.  Hence, this endpoint is suitable to be used for setting an ARfD.  An ARfD of 
0.007 mg/kg bw/day is hence established using the NOEL of 0.7 mg/kg bw/day in the 6-
month rat dietary study and a 100-fold safety factor.   
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Table 18: Studies relevant for the establishment of an ADI and ARfD 
 

Species NOEL 
(mg/kg bw/d) 

LOEL 
(mg/kg bw/d) Toxicological Endpoint Reference 

Subchronic Studies 

Rats 
13-wk, po gavage 

Not 
established 75 

Haemolytic anaemia: 
reduced RBC, Hgb and Hct, 
and increased MCV, blood 
bilirubin and urea nitrogen. 

Wandrag (1996a) 
[QA/ GLP] 

Rats 6-month 
dietary 

0.7/0.8 (10 
ppm) for M/F 

1.6/1.8 (25 
ppm) for M/F 

Reduced haemoglobin 
(females) and increased 
reticulocyte counts  

Schmidt & Karbe 
(1986a) 
[QA/GLP] 

Chronic studies 

Mice 2-y dietary 51/78 (250 
ppm) for M/F 

640/876 (2500 
ppm) for M/F 

Increased leucocytes, blood 
ALT and bilirubin, 
haemosiderin accumulation 
in the liver, spleen and 
kidneys, urothelium 
hyperplasia, neoplasia in 
ovary and mammary. 

Eiben et al (1990) 
[QA/ GLP] 

Rats 2-y dietary Not 
established. 

25 ppm 
(1.0/1.7 for 
M/F) 

Changes in haematology, 
clinical chemistry, organ 
weights, and pathology of 
spleen, bone marrow, 
urothelium hyperplasia and 
neoplasia in the urinary 
bladder. 

Schmidt (1985) 
[QA/ GLP] 

Dogs 1-y dietary 
 1.25 (50 ppm)  7.5 (300 ppm) Haemosiderin accumulation 

in the spleen and kidneys. 

Hoffmann & Schilde 
(1985) 
[QA/ GLP] 

Dogs 2-y dietary 0.6 (25 ppm) 3.1 (125 ppm) Haematological changes and 
blood pigments. 

Hodge & Downs 
(1964) 

Reproduction studies 

15/16 (250 
ppm) for M/F 

101/116 (1750 
ppm for M/F 

General toxicity: lower food 
consumption and body 
weight gain and 
fibroadenoma in the 
mammary gland 

101/116 (1750 
ppm for M/F 

- 
No reproduction toxicity in 
all dose levels tested. 

Rats 
2-generation 

15/16 (250 
ppm) for M/F 

101/116 (1750 
ppm for M/F 

Foetal/pup toxicity: lower 
pup weight. 

Cook (1990) 
[QA/ GLP] 

Developmental studies 

16  80  
Maternal toxicity: lower 
food consumption and body 
weight gain. Rats 

po gavage 
80  400 

Developmental toxicity: 
lower pup weight and 
developmental retardation of 
skeleton. 

Dearlove (1986a) 
[QA/ GLP] 

10  50  
Maternal toxicity: lower 
food consumption and body 
weight gain. Rabbits po gavage 

50 - No developmental toxicity at 
all dose levels tested.   

Dearlove (1986b)  
[QA/ GLP] 

QA = quality assured study; GLP = statement of compliance with principles of good laboratory practice 
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8.4 Human exposure 
 
8.4.1 Residues in food and drinking water 
 
Products containing diuron are intended to be used in agricultural food and non-food crops, 
ornamental trees, flowers, and shrubs, paints and coatings, ornamental fish ponds, and catfish 
production, some industrial and residential sites including ponds, aquariums and paints.   
 
In the MRL Standard for Maximum Residue Limits in Food and Animal Feedstuff (APVMA, 
November 2004), MRL of diuron is defined as “the sum of diuron and 3,4-dichloroaniline, 
expressed as diuron”.   MRLs for diuron have been established for cattle meat, cattle milk, 
edible offal of cattle, cereal grains, asparagus, field pea (dry), fruits, pineapple, sugar cane, 
oilseed and crude cotton seed oil, as well as primary feed commodities for animals.    
 
The 19th and 20th Australian Total Diet Surveys (ATDS) (2002 and 2003, respectively) 
performed under the auspices of Food Standard Australia New Zealand (FSANZ) detected no 
diuron in any of the food surveyed.  Furthermore, the Department of Agriculture, Fisheries 
and Forestry’s Australia National Residue Survey which monitor the residues found in food 
destined for human consumption do not include diuron, indicating no detectable residues of 
diuron in sampled commodities.  Therefore, the dietary exposure for the population was 
estimated to be nil as the concentration of diuron was less than the limit of detection. 
 
Current Health Value of diuron is established at 0.03 mg/L which is based on 10% of ADI.  
According to Australian Drinking Water Guidelines (NHMRC, 1996), diuron and some other 
chemicals have either been detected on occasions in Australian drinking water or their likely 
use would indicate that they may occasionally be detected.   
 
8.5 Consideration of the active constituent 
 
8.5.1 Approval Status 
 
There is no objection on toxicological grounds to the ongoing approval of currently approved 
diuron active constituent. 
 
8.5.2 Impurity Limits 
 
An integral part of the safety assessment of an active constituent is a consideration of the 
chemical composition of the material.  Technical-grade active constituents will contain 
measurable levels of impurities, which can arise during manufacture and/or from subsequent 
degradation during storage.  The chemical identity of these impurities is generally well 
characterised.  The impurities present in the technical-grade material are usually of no 
particular concern since health standards are established on the basis of toxicology studies 
conducted using the mixture.  However, for those which have high acute toxicity, 
genotoxicity or teratogenic potential, concentration limits need to be set, so that the 
toxicological profile of the technical-grade active constituent does not appreciably alter in the 
event of slight changes in the proportions of the impurities. 
 
The current minimum compositional standard for active constituent diuron and the maximum 
for impurities are shown in Table 19.   
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Table 19: Current minimum compositional standard for active constituent diuron and the 
maximum for impurities. 

 
Chemical  Standard 
Diuron Minimum 950 g/kg 
3,3’,4,4’-tetrachloroazobenzene Maximum 20 mg/kg 
3,3’,4,4’-tetrachloroazoxybenzene Maximum 2 mg/kg 

 
The two impurities are formed as synthesis by-products in the early stage of manufacture of 
diuron, linuron and propanil (or present in 3,4-dichlorophenyl isocyanate), and also formed 
from the degradation of chloranilide herbicides and by the photolysis and biolysis of 3,4-
dichloroaniline.   
 
The maximum impurity levels for the active constituent diuron were set by Pesticides and 
Agricultural Chemical Committee in 1986.  Although no detailed record on the toxicological 
basis on which the standard for the impurities was established, the major concern at the time 
was likely the genotoxicity/carcinogenicity potential of diuron.  Urinary bladder tumours were 
observed in the 2-year rat study with diuron, the mechanism(s) were not extensively explored 
at the time, and its relevance to the impurities was uncertain.  TCAB and TCAOB were 
chemically derived from azobenzene and azoxybenzene, and structurally resemble to 2,3,7,8-
tetrachlorodibenzo-p-dioxin.  The latter chemicals, in particular chlorinated dioxins, were 
generally considered to be environmental carcinogens.   Hence, the maximum levels of TCAB 
and TCAOB for the active constituent diuron were probably established to limit/reduce the 
potential genotoxicity/carcinogenicity. 
 
A toxicity profile for TCAB and TCAOB is now available (US National Toxicology 
Program).   TCAB has low oral toxicity but moderated inhalational toxicity.  Although acute 
toxicity data for TCAOB (LT50 & LC50) are not available, high mortality rate occurred 
following treatment with TCAOB 30 mg/kg bw/day in corn oil (as solvent) in the 13-week rat 
study (all males, 7/10 females, the deaths occurred from week 6, after an accumulated dose of 
approximate 1200 mg/kg bw).  The causes of death were not specified in the report, and they 
were likely related to severe hemotoxicity and liver toxicity.   
 
In the 16-day and 13-week rat and mouse studies, both chemicals caused typical dioxin-like 
effects, such as thymic atrophy, decreased body weight gains, increased liver weights, 
induction of hepatic cytochrome P(450)1A, a marked decrease in circulating thyroxine 
concentrations even at the lowest dose (0.1 mg/kg bw/day), a decrease in epididymal 
spermatozoal concentration in mice, hematopoietic effects, hyperplasia of the forestomach.  
However, both TCAB and TCAOB are six to two orders of magnitude less potent than 
2,3,7,8-tetrachlorodibenzo-p-dioxin. 
 
Both TCAB and TCAOB were essentially negative in an Ames test, and a micronuclei test on 
mice bone marrow erythrocytes following 3-day ip exposure at up to 200 mg/kg bw/day.  
However, both chemicals induced micronucleated mice peripheral erythrocytes after 13-week 
exposure with lower doses (10 and 30 mg/kg bw/day).  The discordance between the short- 
and long-term micronucles test results has also been observed with other chemicals 
(phenolphthalein, salicylazosulfapyridine and diisopropylcarbodiimide).  Furthermore, 
TCAB-induced DNA damage was observed in primary rat hepatocytes, but only after pre-
treatment with hepatic mixed-function oxidase inducers (Shaddock et al, 1989).  Hence, 
although certain metabolism requirements or total accumulated doses may be essential for the 
positive results, the concern on the potential genotoxicity / carcinogenicity of TCAB or 
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TCAOB to humans can not be totally ignored, especially no chronic toxicity / carcinogenicity 
and reproduction / developmental studies have been conducted with TCAB and TCAOB.   
 
Based on the present review, diuron has low acute toxicity and low potential for 
irritation/sensitisation.  It is neither a reproduction / developmental toxicant, nor a 
genotoxigen.  Development of urinary bladder carcinoma following long term administration 
of a high dose of diuron to rats under the specific dietary condition does not cause significant 
concerns on carcinogenicity potential of diuron in humans.  Since both impurities at levels 
within the maximum limit were present in the diuron active used for all toxicological studies, 
the risks including carcinogenic potential associated with exposure to diuron containing the 
impurities would have not been underestimated.   However, there is no strong evidence to rule 
out the possibility that higher levels of TCAB and TCAOB (out of the limit) in the active 
constituent diuron might increase the risk of genotoxicity/carcinogenicity.  Hence, 
establishing a limit for the impurities is considered to be appropriate since all sources of the 
active diuron comply with existing levels, and this standard should be retained.   
 
8.5.3 Residue Definition 
 
In the existing MRL Standard for Maximum Residue Limits in Food and Animal Feedstuff 
(APVMA, November 2004), the residue of diuron is defined as “the sum of diuron and 3,4-
dichloroaniline”.   
 
3,4-dichloroaniline is used as an intermediate in the manufacture of diuron, and was also a 
common metabolite of diuron by hydrolysis in both rats and humans.   Besides, it is also a 
main substance converted by diuron polar metabolites in plants and after degradation of 
diuron in the soil.   
 
Toxicological information for 3,4-dichloroaniline is limited.  According to the European 
Commission CSTEE report (November 2003), the oral LD50 of 3,4-dichloroaniline in rats is 
around 600 mg/kg bw, and inhalation LC50 ranges from 2800 to 4700 mg/m3/4h.  It appears 
to be a mild irritant, and a potential skin and respiratory sensitiser.  Similar to diuron, the most 
notable acute toxic effect is methaemoglobinaemia (Guilhermino et al, 1998).  It is toxic to 
the kidneys, liver and urinary bladder of rats with 24 hours after dosing (Valentovic et al, 
1997).  Repeated doses also caused anaemia, methaemoglobin, haemosiderin and elevated 
spleen weights in rats following inhalation administration, and in rabbits after dermal 
exposure.  The limited mutagenicity testing produced equivocal results, evidence of the 
induction of spindle damage was observed in a sister chromatid exchange assay, while other 
tests including a mocronucleus test were generally negative.  No carcinogenicity studies are 
available.  No specific teratogenic effect was observed.   
 
Since 3,4-dichloroaniline is a common metabolite of diuron in both animals and plants, 
toxicological studies of diuron in animals have adequately covered the potential toxicity of 
3,4-dichloroaniline as a metabolite.  Furthermore, field trials have shown that the proportion 
of 3,4-dichloroaniline is relatively low.   On this basis, there is no toxicological basis to 
include 3,4-dichloroaniline in the residue definition. 
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8.6 Consideration of public health standards 
 
8.6.1 ADI and ARfD considerations 
 
The ADI for humans is the level of intake of a chemical that can be ingested daily over an 
entire lifetime without appreciable risk to health.  It is calculated by dividing the overall 
NOEL for the most sensitive toxicological endpoint from a suitable study (typically an animal 
study) by an appropriate safety factor.  The magnitude of the safety factor is selected to 
account for uncertainties in extrapolation of animal data to humans, intraspecies variation, the 
completeness of the toxicological database and the nature of the potential toxicologically 
significant effects.   
 
The current Australian ADI for diuron is 0.006 mg/kg bw/day, based on a NOEL of 0.6 
mg/kg bw/day in a 2-year dog dietary study for the abnormal blood pigments and using a 100-
fold safety factor.  An amended ADI of 0.007 is recommended in this review, based on a 
NOEL of 0.7 mg/kg bw/day in a 6-month rat dietary study for the reduced haemoglobin and 
increased reticulocytes and using a 100-fold safety factor, this is shown in Table 20.   
 
The ARfD is the estimate of the amount of a substance in food or drinking water, expressed 
on a milligram per kilogram body weight basis, that can be ingested over a short period of 
time, usually one meal or one day, without appreciable health risk to the consumer on the 
basis of all known facts at the time of the evaluation.  The ARfD has not been established 
previously.  An ARfD of 0.007 mg/kg bw/day is established based on a NOEL of 0.7 mg/kg 
bw/day in the 6-month rat dietary study for the reduced haemoglobin and increased 
reticulocytes and using a 100-fold safety factor.   
 
 
Table 20: ADI and ARfD for diuron. 
 
ADI: 0.007mg/kg bw/day 
SF NOEL 

(mg/kg bw) Study Details Comments 
100 0.7 A 6-month rat dietary study, based on reduced 

haemoglobin concentrations and increased 
reticulocytes at the higher dose.   
 

The NOEL for the 
rat study was 0.7 
mg/kg bw/day. 

Study Citation Comments Citation  
Schmidt WM & Karbe E (1986a).  Diuron: 
Toxicological study with Wistar rats paying 
special attention to effects on the blood 
(Administration in Diet for six months).  Bayer 
AG Institute of Toxicology, Wuppertal, Friedrich-
Ebert-Strasse 217-333, Western Germany.  Report 
No: 14886 / Du Pont Report No: D/Tox 18.   

 

ARfD:  0.007 mg/kg bw 
SF NOEL 

(mg/kg bw) Study Details Comments 
100 0.7 A 6-month rat dietary study based on reduced 

haemoglobin concentrations and increased 
reticulocytes at the higher dose.   
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Study Citation Comments Citation  
Schmidt WM & Karbe E (1986a).  Diuron: 
Toxicological study with Wistar rats paying 
special attention to effects on the blood 
(Administration in Diet for six months).  Bayer 
AG Institute of Toxicology, Wuppertal, Friedrich-
Ebert-Strasse 217-333, Western Germany.  Report 
No: 14886 / Du Pont Report No: D/Tox 18.   

 

 
8.6.2 Water Quality Guidelines 
 
Health Values are intended for use by health authorities in managing the health risks 
associated with inadvertent exposure such as a spill or mis-use of a pesticide.   The values are 
derived so as to limit intake from water alone to about 10% of the ADI, on the assumption 
that (based on current knowledge) there will be no significant risk to health for an adult 
weighing 70 kg at a daily water consumption of 2 L over a lifetime.   Given that the ADI for 
diuron is 0.007 mg/kg bw/d, the Health Value may be calculated as: 

 
0.007 mg/kg bw/d x 70 kg x 0.1 

2 L/d 
 

= 0.0245 mg/L 
 
Hence, the current Health Value for diuron of 0.03 mg/L is supported. 
 
 

8.6.3 Poisons Scheduling 
 
Diuron is currently included in Appendix B of the Standard for the Uniform Scheduling of 
Drugs and Poisons (SUSDP), i.e. a substance considered not to require control by scheduling.   
 
From the variety of acute toxicity studies submitted for this review, the acute oral LD50 of 
diuron was ranged from 3000 to 9087 mg/kg bw in an aqueous vehicle, while it was more 
toxic in an oil vehicle (LD50 1017 – 5000 mg/kg bw).  However, since diuron active is in a 
physical state of white crystal, with a high melting point (158oC) and a very low water 
solubility (42 ppm at 25oC), the actual hazard caused by accidental ingestion will be low.  
Diuron also has low acute toxicity by the dermal or inhalation exposure route.  It is neither a 
skin irritant nor a skin sensitiser, but is a slight eye irritant.  Hence, the current scheduling 
classification is considered appropriate for diuron. 
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8.8 Toxicological Abbreviations 
 
Time  Weight  
d Day bw Body weight 
h Hour g Gram 
min Minute kg Kilogram 
mo Month µg Microgram 
wk Week mg Milligram 
s Second ng Nanogram 
yr Year wt Weight 

  
 

 

Length  Dosing  
cm Centimetre id Intradermal 
m Metre im Intramuscular 
µm Micrometre inh Inhalation 
mm Millimetre ip Intraperitoneal 
nm Nanometre iv Intravenous 
  po Oral 
  sc Subcutaneous 
  mg/kg bw/d mg/kg bodyweight/day 
    
Volume  Concentration  
L Litre M Molar 
mL Millilitre ppb Parts per billion 
µL Microlitre ppm Parts per million 
 
Clinical chemistry, haematology 
A/G Albumin/globulin ratio 
ALT Alanine aminotransferase (SGPT) 
AP Alkaline phosphatase 
AST Aspartate aminotransferase (SGOT) 
BUN Blood urea nitrogen 
ChE Cholinesterase 
CPK Creatine phosphatase (phosphokinase) 
GGT Gamma-glutamyl transferase 
Hb Haemoglobin 
Hct Haematocrit 
LDH Lactate dehydrogenase 
LH Luteinising hormone 
MCH Mean corpuscular haemoglobin 
MCHC Mean corpuscular haemoglobin concentration 
MCV Mean corpuscular volume 
NTE Neurotoxic target esterase 
PCV Packed cell volume (Haematocrit) 
PT Prothrombin time 
RBC Red blood cell/erythrocyte 
T3 Triiodothyroxine 
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T4 Thyroxine 
TSH Thyroid stimulating hormone (thyrotropin) 
WBC White blood cell/leucocyte 
WBC-DC White blood cells – differential count 
  
Anatomy  
CNS Central nervous system 
GIT Gastro-intestinal tract 
  
Chemistry  
DMSO Dimethyl sulfoxide 
GC Gas chromatography 
GLC Gas liquid chromatography 
HPLC High pressure liquid chromatography 
MS Mass spectrometry 
RIA Radioimmunoassay 
TLC Thin layer chromatography 
  
Terminology  
ADI Acceptable Daily Intake 
ARfD Acute Reference Dose 
GLP Good Laboratory Practice 
LOEL Lowest Observed Effect Level 
MRL Maximum Residue Limit or Level 
NOEL No Observed Effect Level 
NOAEL No Observed Adverse Effect Level 
OP Organophosphorus pesticide 
  
Organisations & publications 
ACPH Advisory Committee on Pesticides and Health 
APVMA Australian Pesticides and Veterinary Medicines Authority 
CAC Codex Alimentarius Commission 
ECETOC European Chemical Industry Ecology and Toxicology 

Centre 
FAO Food and Agriculture Organisation of the UN 
FAISD 
IARC 

First Aid Instructions & Safety Directions 
International Agency for Research on Cancer 

IPCS International Programme on Chemical Safety 
JECFA FAO/WHO Joint Expert Committee on Food Additives 
JMPR Joint Meeting on Pesticide Residues 
NCI National Cancer Institute 
NDPSC National Drugs and Poisons Scheduling Committee 
NHMRC National Health and Medical Research Council 
NOHSC National Occupational Health & Safety Commission 
NRA National Registration Authority for Agricultural and 

Veterinary Chemicals 
NTP National Toxicology Program 
US EPA United States Environmental Protection Agency 
WHO World Health Organisation 
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9. ENVIRONMENTAL ASSESSMENT 
 
9.1 Introduction 
 
Diuron is a selective herbicide for broad leaf weeds and some annual grasses.  It belongs to 
the urea group of herbicides and is readily absorbed through the root system of plants and less 
readily through the leaves and stems.  Residues in soil are toxic to plants.  It is used in many 
agricultural situations, general weed control in irrigation ditches/drains and in non-
agricultural areas (right-of-way, commercial and industrial areas) and often is used in 
combination with other herbicides such as bromacil and hexazinone. 
 
Diuron is also used in antifouling paints to prevent the build-up of marine growth on the hulls 
of boats.  It is one of the several replacements for the chemical TBT (tributyl tin), which has 
been deregistered. 
 
Environmental chemistry, fate and ecotoxicity data form the basis of the evaluation of diuron 
conducted by the Department of the Environment and Heritage (DEH).  Additional material 
was obtained from other registrants, international reviews, Internet searches and other 
available literature sources.   
 
9.1.1 Scope of Review 
 
The review is to examine the following environmental effects: 
 
• impact of runoff water containing diuron on the Great Barrier Reef Lagoon; 
• the impact of diuron found in sediment and water on various species of sea grass; 
• the potential role of diuron as a cause of die back in mangroves; and  
• the possible contribution of diuron in runoff water to reported incidents of off target 

damage to farmlands. 
 
The review is also to examine the adequacy of instructions and warnings on product labels, 
including the environmental warnings on the labels. 
 
Crops where runoff could affect the GBRL are those grown on the Eastern side of the Great 
Dividing Range, in particular sugar cane but also bananas, pawpaw and pineapples, which are 
applied at the same rate range.  Higher usage rates on rights-of-way, commercial and 
industrial areas will also be considered for impact on the GBRL.  These are also the situation 
where effects on sea grasses and mangroves are most likely to be affected or have been 
reported. 
 
The review is also to consider possible off-target damage to farmlands.  While this could 
potentially involve all uses on the labels, those uses with high applications rates are likely to 
be of highest concern and especially use in irrigation channels and drainage ditches.  Crops 
where runoff could cause off-target damage to farmlands included those previously give for 
the GBRL but also orchards application (apples, pear, citrus etc), grapes and grass seed crops 
where up to 3.6 kg ac/ha may be applied.  Rights-of-way, commercial and industrial areas 
again will also be considered for off-target damage. 
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9.1.2 Labelling 
 
Current Environmental Protection Statements 
 
There are label warnings to avoid spraydrift onto non-target plants and to avoid using diuron 
on windy days on all labels.  There are warnings not to drain flush or spray equipment near 
desirable trees, plants, or other plants or areas where there roots may extend or in sloping 
areas where movement of treated soil or seepage may be absorbed by plants roots.  There are 
several warnings and a label restraint not to use on sandy or gravely soils or soils with low 
organic matter. 
 
One of the label warnings under the heading ‘Crop Safety’ states that heavy rains after 
application of this product may cause severe crop damage.  A similar warning may be need 
for the environment to prevent contamination of nearby streams etc. 
 
The labels examined generally give application details and storage and disposal details (for 
WG, empty bags by shaking into spray tank; for EC (and other liquid formulations) triple 
rinse or pressure rinse and add rinsings added to the spray tank) that conform to current 
requirements.  Empty containers are to be broken, crushed or punctured before disposal in a 
local authority landfill or, if not available, buried at least 500 mm deep in a specific disposal 
pit clear of waterways, vegetation and roots.  However, some labels note that disposal of the 
containers refer to recycling of containers at a recycler or designated collection point.  Most 
labels carried the statement that undiluted chemicals were not to be disposed of on-site. 
 
9.1.3 Environmental Exposure 
 
9.1.3.1 Mode of Action 
 
Diuron is a strong inhibitor of the photosynthesis II system in plants via the Hill reaction.  The 
Hill reaction involves the transfer of electrons from water to an electron acceptor, made 
possible by the capture of light by chlorophyll a.  Diuron inhibits the transfer of electrons 
from water to the electron acceptor and ultimately prevents the formation of ATP and 
NADPH, both of which are required by plants for numerous biochemical reactions. 
 
9.1.3.2 Environmental Release 
 
Diuron is currently used on a wide range of crops to control a range of annual broadleaf 
weeds and some annual grasses.  The uses are on orchards, cereals, coffee, cotton, lucerne, 
lupins, perennial grass seed crops, pineapples, sugar cane, vineyards and rights-of-way.  
Information indicates that the major use situations are sugar cane, cereals, irrigation channels 
and cotton.  It is applied both pre- and post-emergent.  
 
There are a number of products on the market where diuron is present in combination with 
other herbicides.  These include hexazinone (in the main), bromacil, thidiazuron and 
glyphosate.  In these combination products diuron is used at lower rates. 
 
Antifouling Use 
The use of diuron on vessels <25 metres in length has been revoked in the UK, Demark and 
the east coast of Sweden (Kevin, McHugh and Waldock, 2002).  In Australia, there are 
approximately 20 marine antifouling paints that contain diuron.  Depending on the other 
actives in these paints, the concentration of diuron ranges from 5 g/L to 80 g/L.  Copper is 
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typically the other active used in the majority of these paints.   
 
The labels indicate that these anti-fouling paints are to be used on all types of hulls: 
aluminium, steel, wooden, ferro-cement, fibreglass and epoxy sheather and composite 
systems boats.  These paints could also be used for trailer boats that are subject to intermittent 
immersion (boats immersed continuously for weeks if not months at a time).  While none of 
the labels specify a size of hull or where it is likely to be used, the majority are targeted for 
yachts (several for racing yachts) and other pleasure craft from their label directions while 
others (Trawler, Cleanship and Longlife antifouling) appear to be for commercial uses and 
ocean going vessels. 
 
These paints are for use by both professional and handymen (do-it-yourself, DIY).  The DIY 
users will typically apply the paint by brush or roller to the boat hull, although pressure spray 
applications are also likely, with 2 coats applied over generally a two-day period, once per 
annum.  Professional applicators (eg at marina facilities) would be likely to use airless spray 
application.  Users will need to comply with relevant State environmental regulations and 
local government requirements.  Suitable general guidance for environmental precautions in 
the maintenance and application of vessel antifouling coatings is provided in the Code of 
Practice developed by ANZECC (Australia and New Zealand Environment and Conservation 
Council – ANZECC 2000).  Appropriate guidance for the application and maintenance of 
vessel antifouling coatings may also be available from State environmental agencies (eg NSW 
EPA 1999; Vic EPA 1998).  
 
The coverage of the hulls is some what variable, with some labels (those from International) 
stating 2 coats for hull and 3 coats for leading and trailing edges, rudders, keel waterlines and 
skeg.  These labels also give ‘Practical coverage’ as 8.7 m2/L by brush and 7.7 m2/L by spray 
while others give 5 m2/L.  Table 21 clearly indicates that the majority of applications are 
likely to occur annually, indicating an expected lifetime of one year, although the Cleanship 
label indicates up to 36 months protection.  The concentration of diuron in the final paint on 
the hull various greatly, from as low as 1.5 g/m2 to 28 g/m2 with the variability reflecting the 
concentration of diuron used in the paint formulation, which in turn reflects other actives, 
types of hulls and there intended use, i.e. racing, offshore, deep water etc.   
 
Table 21:  Summary of labels from antifouling paints that contain diuron 
 

Product name Conc. 
diuron g/L 

Number of coats,  L product per 
m2, final 

Diuron per 
m2

Months of 
protection 

VC Offshore 
extra 

20  2 hull; 3 trailing edge 0.18 or 0.27 
(spray) 

3.6 or 5.5 g 12 

Interspeed 2000 35-45  2 hull 3 trailing edge 0.24 to 0.40  10.8 to 18 g 12 
Coppercoat 
extra Trade 
Antifouling 

40-50 2 hull 3 trailing edge 0.33 or 0.40 16.5 or 25 g 12 

Micro extra 70  2, hull 3 trailing edge 0.2 to 0.35 14 to 24.5 g 12 
Coppercoat 
Ablative 
antifouling 

35-45 2, hull 3 trailing edge 0.23 to 0.39  10.4 to 18 g 12 

Micro CSC 40-50 2, hull 3 trailing edge 0.23 to 0.39  11.5 to 19.5 g 12 
Cruiser Superior 45-50 2, hull 3 trailing edge 0.24 to 0.40  12 to 20 g 12 
Longlife 35-45 2, hull 3 trailing edge 0.26 to 0.43  11.7 to 19.3 g Not given 

Wattyl 
Sigmaplane 
Ecol HA120 

62 Minimum of 2 0.2 25.6 g Not given 
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Wattyl 
Sigmaplane 
Ecol  

70 Minimum of 2 Minimum of 
0.19 

26.6 g Not given 

Trawler 
Antifouling 

62 Minimum of 2 0.2 24.8 g Not given 

Wattyl NewPort 
77 

62 Minimum of 2 Minimum 0.2 Minimum 12.4 Not given 

Wattyl NewPort 
88 

70 Minimum of 2 Minimum 0.2 Minimum 14 Not given 

Cleanship 
antifouling 
2.95* 

5 1 or 2 150 µm thick 
equal to 0.15 
L/m2 per coat 

0.75 or 1.5 g 36 months 

Longlife 
antifouling 2.77 

80 2 75 µm dry 
film1 equal 0.3 
L/m2  2 coats 

24 Not given 

40 South marine 
paint 

50-60 2 0.2  12 12 months 

Hempel’s 
Antifouling 
Nautic 

60-70 2 0.4 2 28 12-20 

Hempel’s 
Seatech 
antifouling 

42-52 3-4 (roller) 
2-3 (spray)_ 

0.2 3 10.4 Not given 

Hempel’s Mille 
Dynamic 

60-70 3-4 (roller) 
4-5 (paint pad) 
2-3 (spray) 

0.2 14 Not given 

Hempel’s Mille 
Dynamic Alu 

65-75 3-4 (roller) 
4-5 (paint pad) 
2-3 (spray) 

0.23 15 Not given 

*Also contains chlorothalonil.  1Assuming 75 µm dry equal to 150 µm wet.  2Labels gives 200 µm per coat with 2 coats.  3Labels gives 100 
µm dry as minimum total film dry, assumed to equal 200 µm wet paint. 
 
The release rate of diuron from these antifouling paints is dependent on the concentration of 
diuron, thickness of the paint, type of paint and its duration.  The release rate of diuron will be 
discussed in further detail in the risk assessment section.  
 
There was between 18-20 tonnes of diuron used in antifouling paints in Australia during 
2003. 
 
9.1.3.3 Frequency of Application 
 
Most of the directions on the agricultural labels imply one or 2 applications per year/season 
with the second application at lower rates.  The directions for several of the crops on the 
labels do not specify the number of applications per season/year.   
 
9.1.3.4 Methods of Application 
 
The majority of agricultural applications are expected to be done with boom-sprayers or other 
ground-rigs.  The will be some spot spraying and aerial application but the aerial application 
is likely to be limited to cotton (cotton defoliant) and cereal crops.  Most post-emergence 
applications are to be done as a directed spray under the crop (cotton, sugar cane) and as 
directions are to avoid spray contact with the crop, aerial application is unlikely.  Applications 
to irrigation ditches, drains etc is done using boom-sprayers or other ground-rigs as is 
application to rights-of-ways, commercial and industrial areas (railway tanker sprayer is 
considered a ground-rigs) 
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9.1.3.5 Amount Used 
 
The total amount of diuron used in Australia is over 2000 tones per annum.  Based on 
information the major uses are for sugarcane (~350 tonnes), cereals (~500 tonnes) and 400 
tonnes on cotton, mainly used in the cotton regions both as a pre-plant spray and on irrigation 
channels.  In addition, there are uses on several other broad acre crops (lucerne, lupins, peas 
and summer fallow) totalling approximately 100 tonnes of diuron used.  It has been estimated 
in 1996 that Queensland sugar cane uses 197 tonnes per annum of diuron (Hamilton and 
Haydon, 1996) but based on recent information this would appear to have increased 
considerably.  There is no breakdown of the amount used on irrigation channels, apart from 
that for cotton channels, or on rights-of-way usage.   
 
9.1.4 Location and industry practices 
 
9.1.4.1 Sugar Cane 
 
Sugarcane is grown on coastal plains and river valleys in non-contiguous pockets along a 
2,400 km stretch of the Australian east coast, from Mossman in North Queensland to near 
Grafton in NSW.  The land used for sugar cane growing is generally within 100 km of the 
coast and mainly in areas of high rainfall and on river systems.  In 2001, over 420,000 ha 
were harvested each year (http://www.canegrowers.com.au/overview.htm).   
 
Soils in the growing areas range from coastal sands, volcanic soils and riverine silts and clays 
(nearly all are acid soils).  Yearly rainfall can range from 4,400 mm in North Queensland to 
940 mm in Grafton.  Extensive drainage systems are used in the high rainfall areas.  These 
consist of mainly open field drains connected to natural watercourses.  Forty percent of the 
crop is supplementary irrigated at some stage during its growth cycle (Ham, 1994).  There is 
no set planting time for sugarcane as this is tied in with the growing period of the crop in the 
various climatic zones in which it is grown.  Ratooning takes place during the harvest period 
between June and December.   
 
The entire cane crop is grown in tropical or sub-tropical areas that are prone to heavy rainfall 
events, where run-off from farms will generally be to natural waterways.  Some natural creek 
systems have been restructured to allow for better water flow, and fields may be laser levelled 
to assist in movement of irrigation water and to facilitate run-off in cane fields after heavy 
rain.  Sugarcane can be grown as near as 500 m to the coastline and very close to creeks or 
major rivers such as the Clarence River in NSW.  As such, exposure to sensitive estuarine 
environments may result, such as mangroves, coastal embayments or lagoons, where sensitive 
species such as seagrasses occur1. 
 
The Ord river irrigation area of Western Australia is being expanded and a consortium plans 
to produce 400,000 tonnes of sugar per year, which would need a yearly planting of around 
28,000 ha of sugarcane.  Soils in this area range from riverine clays to loamy sands.  This 
crop would be supplementary irrigated during early growth.  
 
Sugar cane is reported as grown by mechanically planting setts (cuttings from mature cane 
stalks), which produce new shoots from the nodes of the setts with as many as 12 stalks 
growing from one sett2.  The cane is then said to be allowed to grow for 12 to 16 months 
when it is harvested in the latter half of the year [June and December] (ibid.).  By leaving 
                                                 
1  Hhttp://www.canegrowers.com.au/industry/industry.htmH
2 Hhttp://www.rochedaless.qld.edu.au/sugar.htmH  
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leftover cuttings after harvesting of the green cane, a moisture retaining, soil erosion 
preventing mulch is retained which also can help reduce weed growth; currently used in 
approximately 80% of the sugar cane regions in Queensland.  Alternatively, the cane can be 
burnt before harvesting, mainly used in the Burdekin Irrigation Area.  In either case the 
harvester can move along the rows of sugar cane, cutting the stalks off at ground level and 
chopping the cane into smaller lengths (billets), which are then delivered to mills for 
processing.  In this process, the leafy tops of the stalks can be left on the ground as a mulch 
(ibid.). 
 
Whether the cane is burnt or green at harvest there is a stubble of plants (stools) left in the 
soil.  These grow new shoots [or ratoon crops] with each original sugarcane plant usually 
growing three or four ratoon crops3.  When the final ratoon crop is harvested, the remaining 
shoots are reported as being ploughed out and the ground allowed to lie fallow for a year with 
legumes often planted on the fallow ground for soil rejuvenation (ibid.). 
 
9.1.4.2 Irrigation and Drainage Channels 
 
The use of diuron in irrigation and drainage channels potentially represents a potential route 
of high environmental exposure.  One of the labels (from ChemAg Pty Ltd) also includes bore 
drains to control Prickly Acacia and Mimosa Bush and is for Queensland only.  It is assumed 
this is for uncapped bores in Western Queensland and due to the dryness of this region, these 
bore drains are unlikely to link to existing river systems, except during floods.  The use of 
diuron in the cotton regions is, as one registrant states, predominantly for use as a channel 
spray and one registrant indicates that this is approximately 60% of sales in cotton (sales in 
the cotton regions are approximately 400 tonnes per annum). 
 
There are extensive irrigation channels throughout Australian with majority in the Eastern 
Sates.  The major irrigation areas are in NSW, Queensland, South Australia and Victoria.  
There are small areas in Western Australia (Gascoyne and Ord Rivers).  Cotton and rice are 
the a major irrigated crops, orchards are also grown using water from large irrigation schemes 
as is sugar cane, particularly in the Burdekin south of Townsville. 
 
Drainage channels occur throughout the agricultural areas.  In particular they are found in the 
irrigated areas and high rainfall regions, which include the sugar growing areas.  The drains 
treated could include tail drains on irrigated farms, tile drains, drainage ditches and other such 
areas where water is drained from fields.   
 
9.2 Fate And Behaviour In Water And Soil 
 
The Department of the Environment and Heritage's evaluation of the environmental chemistry 
and fate is based essentially on the data package provided by Griffin Corporation Australia 
(DuPont) and Bayer as requested under the APVMA's Chemical Review Program.  Additional 
information is provided by the scientific literature or other international reviews. 

                                                 
3 Hhttp://www.marysug.com.au/process.htmH  
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9.2.1 Hydrolysis 
 
9.2.1.1 Aqueous hydrolysis 
 
Study 1 
The hydrolysis of diuron, uniformly 14C-labelled in the phenyl ring, was studied in darkness at 
an initial concentration of approximately 1 ppm in sterile pH 4, 5, 7, and 9 buffered aqueous 
solutions (Williams, 1995a).  The study was conducted according to US EPA guideline 161-1, 
OECD Guideline 111 and EU data requirements.  
 
The solutions were incubated at at two temperatures of approximately 25 and 50°C and then 
analysed at various time intervals for 30 days by HPLC to determine the amount of parent and 
the identity and distribution of radiolabeled degradation products.  Preliminary studies 
showed that there was no loss of radioactivity from the glass vials after 48 hours, taken to 
indicate that the test substance did not adsorb to glass or was volatile. 
 
At 25°C there was not observable degradation at pH 7 and 9 and only slight degradation at pH 
4 and 5 with calculated half lives of 798 and 313 days respectively.  However, as the fit to 
first order was poor and the half-lives are significantly longer than the experimental duration, 
these are not reliable.   
 
At 50°C hydrolysis was more pronounced for pH 4, 5 and 9 with half-lives of 26, 56 and 109 
days at pH 4, 5 and 9 respectively.  As the fit to first order was good for pH 4 and 5 (r2 of 
0.963 and 0.906 respectively) these results are considered reliable.  At pH 7, there was 
insufficient degradation for the determination of a reliable half-life.   
 
There were 2 degradation products noted in the HPLC, only one of which was >10% of 
applied radioactivity (AR).  The major degradate reached maximum concentrations at 50°C of 
52.5, 34.3, 9.7 and 20.8% of applied radioactivity (AR) for pH 4, 5, 7 and 9 respectively and 
was identifed as 3,4-dichloroaniline (DCA) by co-chromatography.  The recovery for all 
samples was good and ranged from 92.5 to 121.6% of the initial radioactivity and averaged 
97.9-106.5% of the initial radioactivity for each test solution over the study.  Microbial plate 
counts (bacterial and fungal) at the start and on termination (0 and 30 days) showed that 
sterility was mantained. 
 
Study 2 
The hydrolytic stability of diuron, uniformly 14C-labelled in the phenyl ring, was studied in 
darkness at an initial concentration of approximately 10 ppm in sterile pH 5, 7, and 9 buffered 
aqueous solutions (Hawkins, Kirkpatrick and Shaw, 1989).  The study was conducted 
according to US EPA guideline 161-1 requirements. 
 
The solutions were incubated at approximately 25°C and then analysed at various time 
intervals for 30 days by TLC to determine amount of parent and distribution of radiolabeled 
degradation products.  The identity of degradates were determined by TLC co-
chromatography and confirmed by HPLC.   
 
There was only limited degradation of 1-2% at all pH values and while a half-life was 
calculated, it was not considered meaningful.  It was concluded that the half-life was greater 
than 500 days.  There were 3 minor degradates detected with 2 identified as N’-(3,4-
dichlorophenyl)-N-methyl urea (DCPMU) and 3,4-dichloroaniline (DCA), the third degradate 
was not identified.  
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Summary 
 
In a study conducted according to US EPA and EU Guidelines, there was no observable 
degradation at 25°C in the pH 7 and 9 solutions, and only slight degradation at pH 4 and 5 
with calculated half-lives of 798 and 313 days, but these are not reliable.   
 
At a higher temperature of 50°C hydrolysis was more pronounced for pH 4, 5 and 9 with half-
lives of 26, 56 and 109 days respectively.  These results are considered reliable.  At pH 7, 
there was insufficient degradation for determination of a half-life.  There were 2 degradation 
products noted in the HPLC, only one of which was >10% of applied radioactivity (AR) and 
was identifed as 3,4-dichloroaniline (DCA) by co-chromatography. 
 
In a second study conducted according to US EPA Guidelines, there was only limited 
degradation of 1-2% at all pH values (5, 7 and 9) and it was concluded that the half-life was 
greater than 500 days.  There were 2 degradates identified as N’-(3,4-dichlorophenyl)-N-
methyl urea (DCPMU) and 3,4-dichloroaniline (DCA). 
 
9.2.2 Photolysis 
 
9.2.2.1 Aqueous photolysis 
 
Buffered and distilled water 
Diuron, uniformly 14C-labelled in the phenyl ring, was irradiated with simulated sunlight at 25 
± 1°C in aqueous buffers (pH 5, 7 and 9) and purified water (Williams, 1995b).  The 
simulated sunlight was approximately the intensity of natural sunlight at the equinox 40° N.  
The study was conducted according to US EPA guideline 161-2 and to satisfy EU data 
requirements (Point 2.9.2 and 2.9.3 of Directive 94/37/EU) using continuous irradiation for 24 
hours.  The dark controls were maintained in darkness in the same buffers as part of the 
aqueous hydrolysis study above.  The photolysis and dark solutions were analysed at various 
time intervals by HPLC to determine the identity and distribution of radiolabelled degradation 
products.  
 
A preliminary study was conducted to estimate the half-lives, determine the sampling 
schedule, estimate the direct and indirect photolysis half-lives and to check the proposed 
analytical method.  During the preliminary study it was shown the indirect photolysis (using 
acetone as the sensitizer) was very fast with half-lives estimated as 0.195, 0.488, 0.184 and 
0.313 hours (11.7, 29.3, 11.0 and 18.8 minutes) for pH 5, 7, 9 and purified water respectively.   
 
In the definitive study, the photolysis of diuron followed first order kinetics and was pH-
dependent with degradation at pH 7 slower that at pH 5 or 9.  There was little degradation in 
the dark controls (half-life >200 hours).  The half-lives were 7.8, 16.3, 8.9, and 16.9 hours for 
pH 5, 7, 9 and purified water respectively.  Using data from the measured light intensity, the 
quantum yield for diuron was calculated and used to determine the half-lives under 
environmental conditions (blue skies and undisturbed surface) with varying seasons and 
latitude, the results of which are given in Table 22 for the latitudes relevant for Australia. 
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Table 22:  Degradation half-lives (hours) in natural sunlight at various seasons and latitude. 
 

 Spring Summer Autumn Winter 
Latitude, °N 20 30 40 20 30 40 20 30 40 20 30 40 
Purified 
water 

12.0 12.3 13.1 11.4 11.2 11.2 14.6 17.0 21.3 17.4 22.4 33.3 

pH 5 6.85 7.01 7.40 6.48 6.36 6.34 8.25 9.55 11.9 9.77 12.5 18.4 
pH 7 16.3 16.7 17.6 15.5 15.2 15.1 19.6 22.6 28.0 23.1 29.4 43.1 
pH 9 7.52 7.69 8.12 7.11 6.98 6.96 9.06 10.5 13.1 10.7 13.7 20.3 

 
After irradiation, 11 photolysis products were observed, 4 of which were major degradates 
and present in concentrations of >10% each.  The major degradates were not identified, a 
significant weakness in the study (the report states that identification of these degradates will 
be conducted in a supplemental report but this has not been presented to Department of the 
Environment and Heritage).  Two minor peaks in the HPLC were identified, one tentatively 
identified as either 3-(4-chlorophenyl)-1,1-dimethyl urea (CPDMU) or 3,4-chlorophenyl urea 
(maximum of 4.9% of AR) and another as 3,4-dichloroaniline (<1.5% of applied) by 
comparison with authentic samples.  The recoveries averaged 89.6 to 99.4% of AR and 
individual measurements ranged from 83.0 to 100.6%.  The pH 5 buffered solution showed 
the highest losses and could be due to 14CO2 as gas traps were used.  There were also high 
losses of applied radioactivity in the preliminary study for the sensitized systems at pH 5 and 
the purified water, but not in the pH 7 and 9 buffered systems (formation of carbonate ion?). 
 
The buffered solutions were sterile at the start, determined by bacterial and fungal plate 
counts with no colony forming units found, and at test termination. 
 
The report concludes that photodegradation appears to be a likely removal mechanism for 
diuron in the environment – the Department of the Environment and Heritage agrees.   
 
Aqueous photolysis – Study 2 
Diuron, uniformly 14C-labelled in the phenyl ring, was irradiated with simulated sunlight at 25 
± 1°C in aqueous buffers (pH 7) at 10 mg/L (Hawkins, Kirkpatrick Shaw and Mobbs, 1989).  
The simulated sunlight was 1.8 times the intensity of natural sunlight at the equinox 40° N 
over the UV wavelength range 290-400 nm.  The study was conducted according to US EPA 
guideline 161-2 using continuous irradiation for 15 days.  The dark controls were maintained 
in the same buffer.  The photolysis and dark solutions were analysed at various time intervals 
by TLC to determine the identity and distribution of radiolabelled degradation products.  
Volatile and evolved gases were trapped. 
 
The photolysis of diuron followed first order kinetics and the half-life was determined as 9.0 
days (r2 = 0.975; all duplicate data), equivalent to about 43 days under natural (latitude 30-
40°N) sunlight assuming 12 hours of sunlight.  There was little degradation in the dark 
controls.  Volatiles as carbon dioxide amounted to 16.4% of applied radioactivity.  The TLC 
analyses showed that major degradates were more polar than diuron, none of which were 
>10% of applied and were not identified.  Recoveries ranged from 86.7 to 100.2% of applied 
radioactivity. 
 
Aqueous photolysis – Study 3 
The photolysis of diuron under natural sunlight was calculated from the quantum yield and 
measured UV absorption spectrum of diuron over the 290-400 nm range in 5 nm steps and 
from 400 in 10 nm steps according to ECOTOC procedures (Hellpointner, 1991).  These 
stepwise quantum yields were then used in either the GC-SOLAR program (US EPA) or by 
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the published method of Frank and Klöpffer (1985, not sighted by DEH).  The results of these 
calculations are given in Table 23. 
 
Table 23:  Half-life of diuron calculated for photolysis under environmental conditions. 
 

Season Half-life period, days 
 GC-SOLAR 
Latitude 30°N 40°N 50°N 
Spring  2.5 2.9 3.5 
Summer 2.2 2.3 2.5 
Fall 3.7 5.1 8.3 
Winter 5.4 9.2 20.4 
 Frank and Klöpffer* 
Month minimal mean maximal 
April 2.8 5.1 21 
June 2.5 3.7 12 
October 7.7 15 67 
December 23 48 220 

*In central Europe, 50°N 
 
9.2.2.2 Soil Photolysis 
 
The photo-degradation of diuron on soil, uniformly 14C-labelled in the phenyl ring, was 
studied according to the EPA Guideline 161-3 using a silt loam soil (Stevenson, 1990a).  The 
soil used is the same as was used for the aerobic and anaerobic metabolism studies. 
 
Soil plates were prepared using water to give 1 mm deep soil and was dried slowly over 6 
days before being dosed at 9.7 kg ac/ha (8.69 lb/A) and then irradiated with a xenon lamp 
(which has similar spectral energy distribution and an intensity of 76% of natural sunlight) for 
30 days with a 12 hour on/off cycle per day.  Soil temperature was maintained at 25°C.  Gas 
traps were used to trap possible volatiles.  Samples were taken throughout the photolysis 
period and analysed by LSC and TLC. 
 
The study material balance was good and the mean recovery was 106.2% of AR.   
 
Degradation in light exposed samples was relatively slow with 89.8% of the applied diuron 
recovered after 30 days of irradiation.  N’-(3,4-dichlorophenyl)-N-methyl urea (DCPMU) was 
the main degradate noted by TLC reaching 3.6% of applied.  There was no appreciable 
degradation in the dark samples and these samples were not analysed further.  There were no 
volatiles trapped in the gas traps.  The half-life of diuron was 173 days using first order 
kinetics.   
 
The study clearly indicates that soil photolysis is very slow and unlikely to be a significant 
contribution to environmental degradation of diuron. 
 
9.2.2.3 Summary 
 
Aqueous Photolysis 
The photolysis of diuron in buffered water was conducted according to US EPA Guidelines 
and to satisfy EU requirements.  The degradation followed first order kinetics and was pH-
dependent with degradation at pH 7 slower than at pH 5 or 9.  The half-lives were 7.8, 16.3, 
8.9, and 16.9 hours for pH 5, 7, 9 and purified water respectively.  Under natural sunlight 
(30°N), these half-lives were calculated to correspond to 6.7 to 22.4 days.  11 photolysis 
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products were observed, 4 of which were major degradates and present in concentrations of 
>10% each.  The major degradates were not identified, a significant weakness in the study.  
Two minor peaks in the HPLC were identified, one as 3-(4-chlorophenyl)-1,1-dimethyl urea 
or 3,4-dichlorophenyl urea and another as 3,4-dichloroaniline.   
 
In a second study conducted according to US EPA guidelines, the photolysis of diuron was 
again first order and the half-life was determined as 9.0 days, equivalent to about 43 days 
under natural (latitude 30-40°N) sunlight assuming 12 hours of sunlight.  The analyses 
showed that major degradates were more polar than diuron, none of which were >10% of 
applied and were not identified.   
 
The photolysis of diuron under natural sunlight was calculated from the quantum yield and 
measured UV absorption spectrum according to ECOTOC procedures.  These calculated half-
lives ranged from 2.2 to 5.4 days for 30°N. 
 
Soil photolysis 
The photolysis of diuron on soil was studied according to the EPA Guideline using a silt loam 
soil, the same as used for the aerobic and anaerobic metabolism studies.  Photolysis was 
relatively slow with 90% of the applied diuron recovered after 30 days of irradiation.  The 
half-life of diuron was calculated as 173 days using first order kinetics.  The main degradate 
noted was N’-(3,4-dichlorophenyl)-N-methyl urea (DCPMU).   
 
9.2.3 Metabolism 
 
9.2.3.1 Aerobic soil metabolism  
 
Study 1 
The metabolism of diuron (14C labelled in the phenyl ring) was studied in an agricultural soil 
according to US EPA Guideline 162-1 (Hawkins, Kirkpatrick, Shaw and Chan, 1990).  The 
soil used, a silt loam (Keyport soil) from Newark, Delaware, was treated with diuron at 19.5 
µg/g soil (dry weight basis), with sufficient water added to give 75% of 0.33 bar before being 
aerobically incubated for 12 months in the dark at 25°C.  The soil used was microbially active 
and remained so during the incubation with bacteria, bacterial spores, fungi and 
actinomycetes showing acceptable counts (colony forming units) on days 0, 180 and 365.  In 
addition, sterile samples were prepared by autoclaving the soil and preparing the soil as 
before under sterile conditions and using sterile water.  Each sterile soil received the 
radiolabelled diuron at 20.3 µg/g soil (dry weight).  The sterile soil remained sterile 
throughout the study.  Table 24 gives the characteristics of the soil. 
 
Table 24:  Soil characteristics of soils used to determine the half-life of diuron.   
 

Soil origin Soil texture sand silt clay  om pH 
Newark, Delaware Silt loam 22 59 19 3.7 4.6 
Keyport soil (anaerobic) Silt loam 14.0 59.2 26.8 1.3 6.6 
Uppsala, Sweden Loamy sand 84.21 5.71 10.11 1.36* 7.3 
Falkenberg, Sweden Sand 90.91 7.81 2.11 1.64* 5.8 
Mogenstrupvej, Denmark Sandy loam 58.21 24.11 17.71 2.24* 6.0 
Speyer 2.1, Germany  Sand 88.41 9.81 1.91 1.08* 5.9 

1From European data: sand =63-2000 µm; silt 2-63 µm clay <2 µm.                                              * organic matter = 1.74 X organic carbon  
 
At the end of the incubation period, extracted radioactivity accounted for 81.0% of the 
radioactivity applied to non-sterile soil with 14.9% remaining in the soils and 3.36% as CO2 
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(determined by precipitation with barium chloride).  Total recoveries ranged 99.1 to 103.3% 
of AR.  Results are in Table 25. 
 
The analysis of the extracted radioactivity was performed by TLC with some samples 
analysed by HPLC (0, 30, 120, 240 and 365 days) to identify other potential metabolites.  
Besides the parent, only two metabolites, DCPMU and DCPU were identified.  The 
degradation pathway is outlined in Figure 1. 
 
Figure 1.  Proposed metabolic pathway for diuron in aerobic soil. 
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Table 25:  Recoveries of radioactivity to various fractions as total of applied from Newark silt 
loam soil.    
 

Time of sample, Days after treatment (DAT) Fraction 
0 7 14 30 60 120 180 240 300 365 

Parent 97.8 94.0 95.0 86.4 82.9 70.1 63.4 59.5 55.0 49.0 
DCPMU1 - 1.7 1.9 4.7 8.2 13.6 16.9 17.7 17.5 22.2 

DCPU2 - 0.3 0.4 0.8 0.6 0.5 0.6 0.7 0.7 0.7 
CO2  0.02 0.02 0.14 0.48 1.39 1.96 2.34 2.9 3.36 
bound 0.2 5.0 4.7 5.7 7.8 9.5 11.4 11.6 14.2 14.9 
Remainder3 0.22 0.9 1.5 4.8 3.0 5.0 4.6 6.1 6.2 7.1 
Total 
Recovered 

103.3 101.9 103.6 102.6 103.0 101.7 100.7 100.0 99.1 99.3 

1  DCPMU = N’-(3,4-dichlorophenyl)-N-methyl urea.  2 DCPU = N’-(3,4-dichlorophenyl) urea.  3Remainder of radioactivity on TLC plate. 
 
For the sterile soil, at the end of the incubation period extractable radioactivity accounted for 
90.3% of the radioactivity applied with 6% remaining in the soils and no detectable evolution 
of CO2.  Diuron was recovered after 365 days as 81.1% of applied. 
 
The half-life for the non-sterile soils was determined by first order kinetics as 372 days (r2 = 
0.976).  The strong correlation suggests that the degradation is at least pseudo-first order.  The 
half-life for sterile soil was given as 1920 days (r2 = 0.950).  The much longer half-life for 
sterile soil suggested that microbiological activity is important for degradation. 
 
Study 2 
The degradation behaviour of 14C-labelled diuron, uniformly labelled in the phenyl ring, was 
studied in three soils from Europe (a loamy sand (Nantuna), a sand (Langaveka); and a sandy 
loam (Mogenstrupvej)) with the sandy loam used under differing temperature and moisture 
regimes (Mackie and Hall, 1994).  The study was conducted to Danish data requirements.  
The characteristics of the three soils are given in Table 24.  (The Swedish soils from Nantuna 
and Langaveka were also used for the lysimeters study.)  The soils were dosed with the diuron 
at 3.52 µg/g soil (dry) which corresponds to a field application rate of 2.5 kg ac/ha evenly 
penetrated to 5 cm deep.   
 
Soil samples were incubated in the dark for 100 days at constant temperature at 20°C and 
70% of maximum water holding capacity (MWHC), with the sandy loam also at 10°C or 35% 
MWHC as shown in Table 26.  The soil was analysed at various times by TLC analysis and 
the final sample on termination at 100 days was also analysed by HPLC, which confirmed the 
TLC analysis.  The degradation half-lives were derived using first order analysis and the 
strong correlation suggests that the degradation is first order.   
 
The mass balance of the experiments ranged from 91% to 100%.  There was a small amount 
of CO2 evolution on the loamy sand and sandy loam (35% MWHC) of 5 and 7% after 100 
days respectively.  The levels of volatiles were not reported for the other experiments as these 
were not needed to establish a satisfactory mass balance.  The TLC analysis identified 3 
metabolites by comparison with authentic samples: DCPMU, DCPU and DCA.  The two 
systems with the fastest degradation, loamy sand and sandy loam (dry), showed the 
metabolite DCPMU increasing to a maximum then decreasing with DCPU also increasing, to 
reach 25 and 11% of AR for loamy sand and sandy loam (dry) respectively, then decreasing.  
The other 3 systems, with longer half-lives, had low levels of DCPU (<5% of AR) after 100 
days with DCPMU at a maximum on termination of the study.  Figure 1 gives the degradation 
pathway. 
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Table 26:  Degradation rates of diuron (first order analysis) under standard condition and 
different moisture and temperature regimes.  

 
Soil and incubation 

condition 
Half-life, 

days 
DT90, 
days 

r2 DCPMU 
Max % of AR 

Bound residues 
(% of AR) 

Loamy sand, 70% MWHC, 
20°C 

20 65 0.986 28 36 

Sand, 70% MWHC, 20°C 119 395 0.984 27 14 
Sandy loam, 70% MWHC, 
20°C 

51 168 0.996 33 27 

Sandy loam 70% MWHC, 
10°C 

143 475 0.997 23 12 

Sandy loam 35% MWHC, 
20°C 

27 90 0.993 33 44 

 
The results of the study showed diuron to be fairly to slightly degradable with half-lives under 
‘standard conditions’ (20°C, 70% MWHC) of between 20-119 days.  Reducing the 
temperature to 10°C increased the half-life to 143 days from 51 days, as would be expected, 
but interestingly reducing the moisture to 35% of MWHC reduced the half-life to just 27 
days.   
 
In a supplemental study (Bramble and Norwood, 1994), the bound residues from the final 
samples for all soils (amounts given in Table 26) and all the sandy loam soil (35% MWHC) 
samples were further extracted under forcing conditions (1 N HCl with surfactant).  This 
resulted in recovery of extra extractable radioactivity, amounting to 8.0-22.1% of AR for final 
samples and 1.3-22.1% of AR for the dry sandy loam.  Analysis by HPLC showed that this 
comprised mainly diuron (1.1-5.98% of AR), DCPMU (1.2-21.6% of AR) and DCPU (0.2-
10.82% of AR).  Using the new data for diuron and combining with the original data for 
sandy loam (dry) the new half-life was 29 days compared to 27 days previously.  The 
Department of the Environment and Heritage has recalculated the half-life for the sandy loam 
‘standard conditions’ (20°C, 70% MWHC) adding in the extra residue for the forcing 
extraction and it reduced the fit (from 0.996 to 0.9578), but only slightly increased the half-
life to 58 days from 51 days. 
 
It is concluded that the half-lives of diuron in 3 European soils range from 20 to 119 days 
under ‘standard conditions’ (20°C, 70% MWHC) and slows down with colder conditions.  
There was an increase in the rate of degradation in the dryer conditions (35% MWHC). 
 
Study 3 
The degradation behaviour of 14C-labelled diuron, uniformly labelled in the phenyl ring, was 
studied in a German soil in accordance with EEC Guidelines (de Vries, 1996).  The 
characteristics of the Speyer 2.1 soil are given in Table 24.  The soil was pre-incubated for 22 
days under aerobic conditions before being dosed with the 14C-diuron at 8 µg/g dry soil 
corresponding to a field application rate of 8.0 kg ac/ha evenly distributed to 7.5 cm deep.   
 
Soil samples were incubated in the dark with positive flow of CO2 free air for 101 days at 
constant temperature at 20°C and at field capacity (pF2.54 approximately field moisture 
capacity).  The soil was analysed at various times by TLC analysis.  The degradation half-life 

                                                 
4 unit formerly used in agricultural science to measure "soil suction" or soil moisture tension. Soil moisture 
tension is the pressure that must be applied to the moisture in the soil to bring it to hydraulic equilibrium with an 
external pool of water. This was measured in pF units as the logarithm of the pressure in centimetres of water. 
Currently measurements are usually made directly in kilopascals (kPa). 
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was derived using the Timme model (Timme et al, 1986).   
 
The mass balance of the experiments ranged from 90.7% to 99.8%.  There was a small 
amount of CO2 evolved until day 54 (2.1% of AR) after which the evolution increased and 
reached 31% by termination of the test.  The TLC analysis identified 2 metabolites by 
comparison with authentic samples: DCPMU and DCPU.  The metabolite DCPMU increased 
to a maximum of 19.1% of AR by day 54, then decreased.  DCPU reached 1.6% of AR by 
day 84 and then decreased.  The microbial biomass (determined from glucose metabolism) 
was 83 mg/100 g soil (dry weight) at the start and decreased slightly to be 67 mg/100 g soil 
dw after the experiment. 
 
The results of the study showed diuron to be slightly degradable with half-life of 186 days 
(square root time, 1.5 order kinetic best fit).  In a short supplementary study (Schäfer, 1998), 
this half-life was recalculated using a 2-step system with both first order reactions (from 
diuron to DCPMU then to DCPU).  The resulting equations were solved numerically to give 
half-lives of 112 and 35 days for diuron and DCPMU respectively.  The fit of this 2-
compartment model explained 94% of the variance. 
 
Literature 
The degradation of 14 radiolabelled pesticides (diuron was 14C-labelled in carbonyl position) 
was studied in Matapeake silt loam soil amended with either sewage sludge (60% 
primary/40% secondary) or dairy manure (Doyle, Kaufman and Burt, 1978).  The manure and 
sludge were applied to the soil at rates of 0, 50 and 100 tons/ha, then the soil leached to 
remove excess soluble salts and incubated (30°C) for two weeks prior to application of the 
pesticides.  The evolution of CO2 was stimulated in the manure treatments (15-16% of AR) 
but slightly inhibited in sludge treatments (1.4% of AR) compared to controls (3.6% of AR).  
There was also a difference in the distribution of 14C-degradation products.  In the manure 
treatments both dealkylated products (DCPMU and DCPU) were seen, but for sludge and 
controls only parent and the monodealkylated degradate (DCPMU) were observed.  
 
9.2.3.2 Aerobic Aquatic Metabolism  
 
Study 1 
The aerobic aquatic metabolism of diuron (14C-labelled phenyl ring) was conducted according 
to EC Directive 95/36 and SETAC-Europe Procedures for Assessing the Environmental Fate 
and Ecotoxicity of Pesticides using two sediment-water systems (Sneikus, 2001).  Water and 
sediment were collected from two locations in the Germany; River Erft, a river flowing into 
the Rhine where diuron and  DCA have been detected in the past and the micro-organisms 
able to metabolise diuron, and Hönniger Weiher, an artificial pond formed by the damming of 
the Honniger Creek; the characteristics of the water and sediments are given in Table 27.   
 
Table 27:  Characteristics of the sediments and water used (German classifications and soil 

textures). 
 

 Water pH Sediment 
pH (CaCl2) 

Sediment 
Texture 

Sand 
63-2000 µm 

Silt 
2-63 µm 

Clay 
<2 µm 

% om 

River Erft 7.5 7.0 Silty loam 11.9% 63.4% 24.7% 9.8 
Hönniger 
Weiher 

6.5 5.9 Sandy 
loamy silt 

24.4 62.3 13.3 7.6 

 
Each system consisted of water (4.5 cm deep) and sediment (1.5 cm deep) and the ratio of 
water to sediment was about 3:1.  Test systems were preincubated for ca. 14 days to allow an 
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equilibrium to be established during which the pH and oxygen concentration of the water and 
redox potential of the sediment were monitored.  The labelled diuron was applied to the water 
surface at 4 kg ac/ha, the maximum German rate to give each test system a concentration of 
approximately 7 mg/L in water, based on total amount of water in the test systems.  The 
systems were incubated aerobically at 20°C in the dark for 120 days.  Duplicate samples of 
each water/sediment type were taken for analysis at various times and analysed by LSC, and 
TLC with selected water and sediments further analysed by HPLC.  Gas traps were used to 
trap volatile organics and CO2.  Dissolved CO2 in the water was measured by acidification 
and trapping evolved gasses. 
 
During the incubation the waters remained essentially aerobic (according to Tebbutt, 19925) 
with dissolved oxygen ranging from 41-94% of saturation and redox of 220-266 mV.  The 
Erft sediment was mainly were aerobic with redox measurements of 188-218 mV but for 2 
samples, day 7 and 14, the measurements were anaerobic (-162 to –212 mV; reducing 
conditions according to Tebbutt).  For the Hönniger sediment these were essentially anaerobic 
for first 28 days with redox potential of –38 to –183 mV (reducing conditions), then aerobic 
for the day 91 and 120 samples (205-219 mV) with the intervening sample (day 55) having 
one replicate anaerobic (-94 mV) and the other more aerobic (+138 mV).  The report notes the 
changes in the redox potential and comments that it may be caused by the lack of oxygen in 
the unmoved lower sediment layer, similar to that reported in the environment, with the 
sediment/water boundary being aerobic. 
 
The applied radioactivity moved from the water into the sediment as indicated in Table 28 for 
Erft River and Table 29 for Hönniger Weiher.  Almost all of the radioactivity in the water and 
radioactivity extractable from the sediment was diuron.  There were relatively few metabolites 
formed that were detected and/or identified with sediment bound products the main degradate.  
DCPMU was identified in the sediments of both systems.  Carbon dioxide was significant for 
the Erft river but not in the Hönniger system and the Erft system degraded diuron more 
rapidly than the Hönniger system.  The dechlorinated metabolite m-CPDMU, 3-(3-
chlorophenyl)-1,1-dimethyl urea) was the major metabolite found the in the Hönniger 
stystem, both in the aquatic phase and in sediment but was not detected in the Erft system.  
This could indicate two metobolic pathways for degradation of diuron. 
 
Table 28: Recovered radioactivity for River Erft in water and sediment as a percentage of 

applied radioactivity identified metabolites.  Average of duplicate samples 
 

Water Sediment Time 
days 

Total 
CO2 diuron Other* diuron bound DCPMU Other* 

0 - 90.3 0.3 8.2 0.9 nd 0.3 
7 0.17 43.2 0.3 50.9 4.21 nd 0.2 

14 0.68 29.9 1.8 57.9 10.04 0.4 0.4 
28 0.68 17.3 0.4 73.5 10.11 0.9 0.6 
55 4.34 3.3 2.5 47.3 33.83 2.2 1.3 
91 23.3 0.2 0.5 18.8 44.24 4.4 1.1 

120 29.7 nd 0.6 10.2 45.92 3.5 1.9 
* Other includes minor and unidentified metabolites, as well as radioactivity at TLC origin.   

                                                 
5 Tebbutt (1992) defines aerobic (oxidising) conditions as >200 mV with anaerobic (reducing) conditions as <50 
mV.  Another reference (Wolfe, Mingelgrin and Miller, 1990) gives the range 200 to 400 mV as moderately 
oxidising and 200 to –50 mV as moderately reducing (moderately anaerobic) and also notes that the boundaries 
between various redox states are arbitrary. 
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Table 29:  Recovered radioactivity for Hönniger Weiher in water and sediment as a 
percentage of applied radioactivity identified metabolites.  Results are the 
average of duplicate samples. 

 
Water Sediment Time 

days 
Total 
CO2 diuron m-

CPDMU 
Other* diuron bound m-

CPDMU 
DCPMU Other* 

0 - 92.0 nd 0.1 9.7 1.19 nd nd nd 
7 0.14 38.0 nd  57.5 5.04 nd nd nd 
14 0.61 28.1 0.1 1.7 60.1 8.00 nd 0.3 1.8 
28 1.33 23.0 1.5 1.4 57.7 9.87 5.0 1.1 0.4 
55 1.56 14.5 6.7 0.7 50.7 14.66 8.5 1.3 1.4 
91 1.56 13.5 0.6 0.6 64.0 14.7 1.4 2.1 nd 
120 2.05 10.3 2.3 0.9 60.2 17.48 3.1 3.7 1.6 

Other includes minor and unidentified metabolites, as well as radioactivity at TLC origin.   
m-CPDMU = 3-(meta-chlorophenyl)-1,1-dimethylurea 
 
The DT50 and DT90 were calculated on first order kinetics except for the water dissipation 
used a first order multi compartment model (FOCM) as shown in Table 30.  The results for 
the total system for Hönniger is not a statistically significant fit and therefore the half-life is 
not reliable. 
  
Table 30: Half lives of dissipation of diuron in 2 sediment/water systems. 
 

System DT50 days DT90 days r2

Erft River (water only) 8.8 29.3 0.981 
Erft River (total system) 48 159 0.926 
Hönniger Weiher (water only)* 4.2 182 0.999 
Hönniger Weiher (total system) 232 >1 year 0.639 

* first order multi compartment model (FOCM) 
 
Diuron moved fairly rapidly to the sediment where it was degraded.  In the Erft sediment, 
which was essentially aerobic, degradation was quicker than in the Hönniger sediment which 
was anaerobic in the early part of the study.  It should also be noted that the microbes in the 
Erft River were probably conditioned for the degradation of diuron. 
 
The Department of the Environment and Heritage concludes that the report shows that diuron 
moves to the sediment but significant amounts remain in the aqueous phase.  It is degraded 
via two possible pathways; one involves demethylation and is associated with aerobic 
conditions while the other is probably slower (under these anaerobic conditions) and proceeds 
via dechlorination of the phenyl ring.  However, it is noted there is rapid degradation via 
dechlorination in the anaerobic aquatic metabolism study below. 
 
Study 2 
The aerobic aquatic metabolism of 14C-diuron (labelled in the phenyl ring) was studied under 
aerobic conditions using a clay loam sediment in accordance with the EPA Guideline 162-4 
(Hausmann and Kraut, 1992).  The sediment and water used were collected from an irrigation 
cannel.  The sediment was classified as a clay loam (sand 34.8%; silt 29.6%; clay 35.6%; pH 
7.4; om 3.6%) and the pH of the water was 7.8-7.9. 
 
The microbially viable sediment was flooded with the water at a 2:1 ratio of water to 
sediment.  The test system was pre-incubated for 3 days to allow an equilibrium to be 
established during which the redox potential of the sediment indicated aerobic/anaerobic 
conditions (84 mV).  The redox of the water or sediment was not measured agained - a 
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weakness of the study as it is not known if aerobic conditions were maintained.  The labeled 
diuron was applied to the water surface at 1.67 mg ac/kg of total system (water + sediment), 
given as approximately equivalent to 12.3 kg ac/ha (11 lb/acre) and then incubated in a dark 
at 25°C for 30 days.  Volatiles were trapped.  Samples were collected for analysis throughout 
the study and analysed by HPLC with metabolites confirmed by TLC. 
 
Recovery of applied radioactivity averaged 97% and ranged from 88 to 106% throughout the 
study.  The majority of the applied radioactivity (73% of AR) was recovered from the 
sediment with just 22% in the water after 30 days.  As before, diuron partitioned to the 
sediment (40% of AR after 30 days) but significant amounts remained in the water phase 
(8.3% of applied after 30 days). 
 
Diuron degraded under the study conditions with a degradation half-life of 33 days for the 
whole system using first order kinetics (r2 = 0.9669).  There were 2 main metabolites, m-
CPDMU that reached 25% of AR after 30 days and DCPMU that reached 9.2% of AR after 
22 days.  Non-extractable radioactivity reached 7.2% after 30 days.  Small amounts of carbon 
dioxide were evolved during the study, a maximum of 0.7% of AR after 30 days and no other 
volatiles were recovered. 
 
The degradation pathway proposed is the same at for the previous aerobic aquatic metabolism 
study and involves two pathways, one via demethylation while the other proceeds via 
dechlorination of the phenyl ring.  In a supplemental report (Hausmann, 1997a), it is noted by 
the author that the reductive dechlorination, which leads to the formation of m-CPDMU, is 
fast and explains the relatively short half-lives of diuron in the aquatic metabolism studies 
compared to that in the aerobic and anaerobic soil studies.  (The supplemental report was a 
response to a request from the US EPA to explain the short half-lives in the aerobic and 
anaerobic aquatic metabolisms studies compared to the results from the aerobic and anaerobic 
soil studies.)  The presence of this metabolite suggests conditions were at least partly 
anaerobic. 
 
Literature 
A literature report of the degradation of diuron under aerobic conditions using sediment and 
water from a natural pond (first in spring, then in summer) that had been pre-treated with 
diuron at 1.6 kg/year (number of years not given) was presented (Ellis and Camper, 1982).  
The media were prepared (2 media conditions were used - mineral salts and mineral salts plus 
additional carbon source [glycol 0.05% v/v]) before being dosed with diuron (10 mg/L), 
inoculated with either sediment, pond water or sediment + pond water then incubated at 30°C 
for 10 weeks.  These conditions do not conform to the current testing guidelines.   
 
There was extensive degradation (>50%) of diuron from the first series (spring) in 4 
experimental cultures (from 60), with 3,4-dichloroaniline as the major product and DCPMU 
and DCPU as minor products.  In the remaining cultures demethylation occurred in 52 
cultures and there was no degradation in 4 cultures.  The summer samples showed less 
degradation (34% of incubation flasks showed no degradation) with none degrading diuron to 
dichloroaniline.  The paper states that there was less biological activity in the summer 
samples compared to the spring samples (104 colony forming units cf 107).  No half-lives 
were determined.  This report clearly shows that diuron can be degraded in aerobic conditions 
used pre-conditioned sediments.  The Department of the Environment and Heritage notes that 
there was no mass balance, the extraction technique used may not recover bound sediment 
(only single ethylacetate extraction) and the pre-conditioning does not conform with current 
guidelines.   
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9.2.3.3 Anaerobic Soil Metabolism 
 
An anaerobic soil degradation study of 14C-labelled diuron was performed according to US 
EPA Guideline N-162-1 (Yu, 1988). 
 
A Keyport silt loam soil (details given in Table 24) was dosed with radiolabelled diuron, 
labelled as previously, at a nominal concentration of 8.27 mg/kg of soil (dry), then the soil 
moisture adjusted to 75% of field capacity.  The dosing of diuron was to achieve a field rate 
of 11.4 kg ac/ha (10 lb/acre).  The soil was determined to be microbially active at the start and 
throughout the incubation.  The dosed soil was incubated under aerobic conditions (stream of 
air) in the dark at 25˚C for 30 days and then the conditions were changed to anaerobic by 
purging with nitrogen and incubation was continued for 60 days under a stream of nitrogen.  
There was no test conducted/reported to show that the soil was anaerobic.  Volatiles were 
collected (ethylene glycol and KOH solutions).  Samples were extracted and analysed by 
HPLC and TLC.  After the methanol/water (9/1) and methanol extractions, the soil was 
further extracted with refluxing methanol for 24 hours (Soxhlet) then with 
acetone/water/phosphoric acid (85/13/2) to extract additional residues.  Table 31 gives the 
results. 
 
Table 31:  Recoveries of radioactivity to various fractions as total of applied from Keyport silt 

loam soil.  All results as percentage of applied radioactivity. 
 

Time of sample, Days after treatment (DAT) Fraction 
0 15 30* 45 60 75 90 

Diuron 92.4 95.6 87.0 92.2 94.8 89.7 90.7 
DCPMU1 7.6 4.4 13.0 7.8 5.2 10.3 9.3 
bound 3.7 2.4 5.4 7.8 7.0 7.8 9.6 
Total Recovered 99.9 107.8 107.2 101.0 102.0 96.5 108.8 

The amount of diuron is the sum from all extractions.  * After 30 days conditions were changed to anaerobic by passing nitrogen through the 
system.   1  DCPMU = N’-(3,4-dichlorophenyl)-N-methyl urea 

 
There was no volatiles trapped with the total of all trapped radioactivity <0.1% of applied.  
The amount of radioactivity extracted using the forcing conditions (soxhlet and phosphoric 
acid solvent) was relatively high throughout the study ranging from 26.7% of AR at day 0 to 
40% after 30 days and remained approximately at this level during the anaerobic phase (35-
42% of AR).  The report notes the some of the diuron becomes tightly bound very rapidly and 
could only be recovered by forcing conditions.  This was also noted in one of the aerobic 
studies (Mackie and Hall, 1994) 
 
After the system was purged with nitrogen and presumably anaerobic conditions were 
established (no evidence was presented that anaerobic conditions were established), the 
metabolism of diuron appears to stop with the amount of diuron recovered remaining constant 
(within experimental error see Table 31).  The half-life for the anaerobic phase was calculated 
as 1000 days with an r2 of 0.32 (calculated by the Department of the Environment and 
Heritage), i.e. not statistically significant.  It was concluded that the study shows that under 
anaerobic conditions the metabolism of diuron is very slow.  This is in contrast to the other 
anaerobic studies below. 
 
9.2.3.4 Anaerobic aquatic metabolism 
 
The anaerobic aquatic metabolism of 14C-diuron (labelled in the phenyl ring) was studied 
using a clay loam sediment in accordance with the EPA Guideline 161-3 (Hausmann, 1992).  
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The sediment and water used were collected from an irrigation cannel and were the same as 
used in the previous aerobic aquatic metabolism study.  The sediment was classified as a clay 
loam, details of which were given previously and the pH of the water ranged from 6.3-7.9 
throughout the study. 
 
The microbially viable sediment was flooded with the water at a ratio of water to sediment of 
about 2:1.  The test system was incubated under nitrogen for either 5 days (test system 1) or 
62 days (test system 2) to allow an equilibrium to be established before being dosed with 
diuron on day 0.  The redox potential of the sediment, from –33 to -188 mV, indicated 
anaerobic conditions had been achieved (Tebbutt, 1992).  The labeled diuron was applied to 
the water surface at 1.70 mg ac/kg of total system (water + sediment), given as approximately 
equivalent to 13.4 kg ac/ha (12 lb/acre), and then incubated in a dark under nitrogen at 25°C 
for 370 days.  Volatiles were trapped.  For test system 1, samples were collected after day 21 
while samples from test system 2 were collected from 0 to day 21.  Analysis was achieved by 
extraction followed by HPLC with metabolites confirmed by TLC. 
 
Recovery of applied radioactivity averaged 98% and ranged from 91 to 106% throughout the 
study.   
 
Diuron degraded under the study conditions with a degradation half-life of 1.2 days using first 
order kinetics (r2 = 0.7866, 4 data points).  There was one main metabolite, m-CPDMU, that 
reached 81% of AR after 7 days, remained at that level till day 98 (82% of AR), and then 
declined to 15% of AR at the end of the study.  Other metabolites were phenyl dimethyl urea 
(PDMU or fenuron - another herbicide), which reached 13% of AR after 288 days and then 
declined to 3.6% by day 370, and m-CPMU that reached 18% of AR after 370 days.  Non-
extractable radioactivity slowly increased to 20% of AR after 288 days, then rose rapidly to 
reach 64% after 370 days.  These unextracted residues were further characterised with 50% of 
AR in the humin fraction, 9.2% of AR in the humic acid fraction and 8.2% of AR in the fulvic 
fraction. 
 
The degradation pathway proposed is rapid dechlorination of the phenyl ring to give m-
CPDMU then slowly followed by further dechlorination to give PDMU, or demethylation to 
m-CPMU.  In a supplemental report (Hausmann, 1997b), it is noted by the author that the 
reductive dechlorination, which leads to the formation of m-CPDMU, is fast and explains the 
relatively short half-lives of diuron in this study.  (The supplemental report was a response to 
a request from the US EPA to explain the short half-lives in the aerobic and anaerobic aquatic 
metabolisms studies compared to the results from the aerobic and anaerobic soil studies.) 
 
Literature  
The literature contains a report of the degradation of diuron under anaerobic conditions 
(atmosphere of nitrogen 95% and carbon dioxide 5%) using preconditioned sediment 
(Attaway, Camper and Paynter, 1982).  The sediment was from a natural pond that had been 
pre-treated with diuron at 1.36 kg/year (number of years not given) and was stated to be 
highly anaerobic (black colour with sulphide aroma).  The media were prepared (7 media 
conditions were used based on variations of sediment extracts, mineral salts and carbon 
sources) before being dosed with diuron (40 mg/L), inoculated with the anaerobic sediment 
and incubated at 30°C for 80 days.  These conditions do not conform to the current testing 
guidelines.   
 
In all cultures diuron ‘completely’ degraded in 17-25 days as evidenced by the non-detection 
of diuron in the HPLC analysis of the extract (one ethyl acetate extraction).  There was only 
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one degradate observed, that of the mono-dechlorinated metabolite m-CPDMU which appear 
in approximately stoichiometric amounts.  The Department of the Environment and Heritage 
notes that there was no mass balance, the extraction technique used may not recover bound 
sediment (there was only 78% recovery from spiked sediment) and the pre-conditioning does 
not conform with current guidelines.   
 
Summary 
 
Table 32:  Summary of all half-lives and main metabolites. 
 

Metabolism  Soil used, pH Conditions Half life, days Major metabolite(s) 
identified 

Aerobic soil Silt loam 25°C, 75% 0.3 bar 372 DCPMU, DCPU 
 Loamy sand 70% MWHC, 20°C 20 DCPMU, DCPU 
 Sand,  70% MWHC, 20°C 119 DCPMU 
 Sandy loam,  70% MWHC, 20°C 51 DCPMU 
 Sandy loam  70% MWHC, 10°C 143 DCPMU 
 Sandy loam  35% MWHC, 20°C 27 DCPMU, DCPU 
 Sand 20°C, pF 2.5 112 DCPMU, DCPU 
Aerobic Aquatic Silty loam (Erft 

River) 
20°C 48 DCPMU 

 Sandy loamy silt 
(Hönniger) 

20°C 232 DCPMU, m-CPDMU 

 Clay loam 25°C 33 DCPMU, m-CPDMU 
Anaerobic soil Silt loam 25°C, 75% field 

moisture.  30 d aerobic 
then anaerobic 

No degradation 
during anaerobic 
phase 

- 

Anaerobic aquatic  Clay loam 25°C, anaerobic  1.2 days m-CPDMU. PDMU, 
m-CPMU 

 
Aerobic soil metabolism 
The metabolism of diuron was studied in a silt loam (Keyport soil) according to US EPA 
Guidelines.  After incubation of 12 months at 25 °C in the dark, extracted radioactivity 
accounted for 81% of AR with 14.9% remaining in the soils and 3.36% as CO2 (determined 
by precipitation with barium chloride).  The half-life for the non-sterile soils was determined 
by first order kinetics as 372 days and for sterile control was 1920 days.  Only two 
metabolites, DCPMU and DCPU were identified.   
 
In another study, the degradation behaviour of diuron in three soils from Europe was 
conducted to Danish data requirements.  The results of the study showed diuron to be fairly to 
slightly degradable with half-lives under ‘standard conditions’ (20°C, 70% MWHC) of 
between 20-119 days.  Reducing the temperature to 10°C increased the half-life to 143 days 
from 51 days, but drier soil (35% of MWHC) reduced the half-life to just 27 days.  The TLC 
analysis identified 3 metabolites by comparison with authentic samples: DCPMU, DCPU and 
DCA, formed from progressive demethylation.   
 
The degradation behaviour of diuron was studied in a standard German soil (Speyer 2.1, a 
sand soil) in accordance with EEC Guidelines.  The soil was incubated in the dark with 
positive flow of CO2 free air for 101 days at 20°C and at field capacity (pF 2.5).  The results 
of the study showed diuron to be slightly degradable with half-life of 186 days (square root 
time, 1.5 order kinetic best fit).  In a supplementary study, this half-life was recalculated using 
2-comparement model to give a half-life of 112 days and a DT50 for DCPMU of 35 days.  
The analysis identified 2 metabolites by comparison with authentic samples: DCPMU and 
DCPU.   
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Aerobic aquatic metabolism 
The aerobic aquatic metabolism of diuron was conducted according to EC SETAC-Europe 
Procedures using two sediment-water systems collected from two locations in the Germany; 
River Erft, a river following into the Rhine where the micro-organisms have been shown able 
to metabolise diuron, and Hönniger Weiher, an artificial pond.  The systems were incubated 
aerobically at 20°C in the dark for 120 days.  During the incubation both waters remained 
aerobic with the Erft sediment also mainly aerobic.  The Hönniger sediment was essentially 
anaerobic at first (28 days) then became aerobic.  Diuron moved fairly rapidly to the 
sediments where it was degraded quicker in the Erft system (half-life = 48 days) than in the 
Hönniger system (232 days).  It should also be noted that the microbes in the Erft River were 
probably conditioned for the degradation of diuron.  There were relatively few metabolites 
formed that were detected.  DCPMU was identified in the sediments of both systems with the 
dechlorinated metabolite m-CPDMU found the in the Hönniger system, both in the aquatic 
phase and in sediment but was not detected in the Erft system. 
 
In another study, the aerobic aquatic metabolism of diuron was studied using a clay loam 
sediment in accordance with the EPA Guidelines.  The radiolabelled diuron was applied to the 
water surface and then incubated in a dark at 25°C for 30 days.  Diuron degraded under the 
study conditions with a degradation half-life of 33 days using first order kinetics.  There were 
2 main metabolites, m-CPDMU and DCPMU.  The degradation pathway proposed is the 
same at for the previous aerobic aquatic metabolism study and involves two pathways, one 
demethylation while the other proceeds via dechlorination of the phenyl ring.  In a 
supplemental report, it was noted that the reductive dechlorination, which leads to the 
formation of m-CPDMU, is fast and explains the relatively short half-lives of diuron in the 
aquatic metabolism studies compared to the aerobic and anaerobic soil studies.   
 
Anaerobic soil metabolism 
An anaerobic soil degradation study of diuron was performed according to US EPA Guideline 
N-162-1 using a silt loam soil (same soil used for aerobic study).  The dosed soil was 
incubated under aerobic conditions (stream of air) in the dark at 25˚C for 30 days and then the 
soil was purged with nitrogen and incubation was continued for 60 days under a stream of 
nitrogen.  The report notes the some of the diuron becomes tightly bound very rapidly and 
could only be recovered by forcing conditions.  After the system was purged with nitrogen 
and presumably anaerobic conditions were established (no evidence was presented), the 
metabolism of diuron appeared to stop with the amount of diuron recovered remaining 
constant (within experimental error).  The half-life for the anaerobic phase was calculated as 
1000 days but is not reliable.  It was concluded that the study shows that under anaerobic 
conditions the metabolism of diuron is very slow. 
 
Anaerobic aquatic metabolism  
The anaerobic aquatic metabolism of 14C-diuron was studied under according to US EPA 
Guideline using a clay loam sediment (used for the aerobic aquatic metabolism study).  The 
diuron was applied and then incubated in a dark under nitrogen at 25°C to give a degradation 
half-life of 1.2 days using first order kinetics.  The main metabolite was 3-(3-chlorophenyl)-
1,1-dimethyl urea (m-CPDMU) that reached 81% after 7 days, remained at that level till day 
98, then declined to 15% of AR at the end of the study.  Other metabolites detected were 
phenyl dimethyl urea (PDMU or fenuron - another herbicide, maximum 13% of applied), and 
3-(3-chlorophenyl)-1-dimethyl urea (m-CPMU, maximum 18% of applied).  The degradation 
pathway proposed is rapid dechlorination of the phenyl ring to give m-CPDMU then slowly 
followed by further dechlorination to give PDMU, or demethylation to m-CPMU.  In a 
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supplemental report it is noted by the author that the reductive dechlorination is fast and 
explains the relatively short half-lives of diuron in this study.   
 
Conclusion 
From the metabolism studies there appears to be two metabolic pathways for the degradation 
of diuron, one under aerobic conditions and other for anaerobic conditions.  The aerobic 
pathway involves demethylation of the urea to give the metabolites DCPMU and DCPU while 
the anaerobic pathway is quicker and involves dechlorination of the phenyl ring, a typical 
anaerobic degradation, to give m-CPDMU and PDMU.   
 
The aerobic degradation rates (half-lives) in soil range from 20 to 119 days at 20°C, excluding 
one outlier at 372 days, and degradation is slower in cooler conditions, 143 days, at 10°C.  
The half-lives were similar in the aerobic aquatic degradation studies at 33 and 48 days, with 
one exception at 232 days but this system became anaerobic during the incubation period.  It 
should be noted that in the study with the shortest half-life (33 days) conditions were 
marginally aerobic at the start and the anaerobic degradate m-CPDMU was the principal 
degradate, suggesting that conditions be came more anaerobic.  The only other system that 
became anaerobic was the anaerobic soil degradation study but there was no degradation 
during the anaerobic period.  Under the continuous aquatic anaerobic conditions, the 
degradation is faster with a half-life of 1.2 days.  This could be due to stronger anaerobic 
conditions but this is not clear from this report as only the redox range during the test was 
reported which indicated that conditions were reducing to strongly reducing.  
 
9.2.4 Mobility in Soils 
 
9.2.4.1 Adsorption/desorption potential 
 
Adsorption/desorption - Diuron, m-CPDMU and Fenuron (PDMU) 
The adsorption/desorption of diuron, fenuron (PMDU, see p 26) and m-CPDMU in 5 soils 
was performed to meet US EPA Guideline 163-1 (Bramble, Behmke and Norwood, 1998).  
Fenuron and m-CPDMU are both significant anaerobic metabolites of diuron.  The ratio of 
soil to test solutions was 1:15 for diuron, 6:1 for m-CPDMU and 3:2 for fenuron with the 
equilibrium time of >12 hours, all determined in preliminary testing.  The isotherm part of the 
study was conducted for the Chino, Barkley and Keyport soil only.  In the preliminary studies 
the Myaka and Donna soils showed <10% adsorption and this was not sufficient for isotherm 
testing.  The desorption study was conducted by adding fresh 0.01 CaCl2 solution to each of 
the test soils after adsorption, again using 24 hours for equilibrium.  There were two rounds of 
desorption; only the first is reported here.  Table 33 gives the soils characteristics and Table 
34 the results.  
 
Table 33:  Characteristics of test soils. 
 

Origin Soil Name Soil Type Organic 
matter 

pH % Sand % Silt % Clay Koc 1

Brademton, Florida Myaka Sand 0.5 6.7 91.2 4.0 4.8 578 
Donna, Texas Donna Sandy clay loam 0.8 8.0 46.0 25.6 28.4 366 
Madera California Chino Loam 1.4 8.2 43.2 46.0 10.8 1750 
Newark, Delaware Barclay Silty clay loam 2.9 7.1 10.0 60.0 30.0 410 
Chesapeake, 
Maryland 

Keyport Silt loam 7.7 4.1 20.0 66.0 14.0 607 

1 Screening results only 
 
Table 34:  The adsorption coefficients for diuron, m-CPDMU and fenuron.   
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Soil Name Kf, 

µg/g 
soil 

Koc 1/n Kocdes Kf, 
µg/g 
soil 

Koc 1/n Kf, 
µg/g 
soil 

Koc 1/n 

 DIURON m-CPDMU Fenuron 
Chino 14 1666 0.85 769 3.4 418 0.74 1.1 132 0.85 
Barclay 7.9 468 0.85 230 2.3 139 0.69 0.66 39 0.70 
Keyport 28 626 0.93 354 8.0 179 0.78 1.7 38 0.71 

Nd = not determined. 
 
The Kocs from the screening test indicate that diuron is moderately adsorbed to the soils 
tested and is rated as being low to medium mobility (McCall classification) and the range 
indicates the organic matter is not the only determinant of adsorption – other factors such as 
physical-chemical properties of the soils and content and composition of clay mineral, could 
also be factors.   
 
For the metabolite m-CPDMU the screening data Kocs (not given in Table 34) ranged from 
40 to 323 and is rated as being low mobility to very high mobility (McCall classification).  
However, the isotherm data for the three soils tested (Chino, Barclay and Keyport) indicate 
that it is rated as low to high mobility (McCall classification).  For fenuron, the screening 
results show Koc from 33 to 138 (high to very high mobility) and similar the isotherm data.  
In all cases the metabolites were more mobile than the parent compound diuron. 
 
Study 2 - Adsorption/desorption of diuron 
The adsorption/desorption of diuron was performed to meet US EPA Guideline 163-1 using 4 
soils (Priester, 1990).  The ratio of soil to test solutions was 1:1 (vol/soil dry wt) and the 
equilibrium time was 24 hours.  The desorption study was conducted by adding fresh 0.01 
CaCl2 solution to highest concentration of the test soils after adsorption, again using 24 hours 
for equilibrium.  There were 5 rounds of desorption and the Kocdes was determined by fitting 
the Freundlich equation using all 5 desorption data points to generate the isotherm.  Soil 
characteristics and results are summarised in Table 35. 
 
Table 35:  Characteristics of test soils and adsorption coefficients. 
 
Origin Soil Type om pH % Sand/Silt/Clay Kf, 

µg/g 
Koc * 1/n Kocdes * 

Dover, Delaware Sandy loam 1.1 6.6 60/33/7 2.9 452 0.85 661 
Raleigh, North 
Carolina 

Sandy loam 2.1 6.5 61/21/18 5.1 418 0.81 505 

Rochelle, Illinios Silt loam 4.3 5.4 2/81/17 14.0 574 0.87 278 
Newark, Delaware Silt loam 4.7 4.3 11/78/11 13.0 487 0.92 261 

* Calculated by the Department of the Environment and Heritage from Kom using Koc = Kom X 1.74.   
 
The Kocs indicate that diuron is moderately adsorbed to the soils tested and is rated as being 
low to medium mobility (McCall classification) and the narrow range indicates the organic 
matter is the major determinate of adsorption, in contrast to that from the previous study.  The 
report gave the Kd and the results are presented as Kocdes in Table 35.  However, these need 
to be considered as unreliable as they were generated from only one effective concentration.  
The desorption data shows that there was considerable loss of diuron from the Dover soil, 
40% of the initially adsorbed diuron was lost after 5 cycles of desorption, compared to the 
other soils where 17, 7 and 8% of the adsorbed diuron was remobilised for Raleigh, Rochelle 
and Newark respectively.  It is noted that the Dover soil has the lowest amount of clay of the 
four soils studied. 
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Adsorption/desorption - DCPMU 
The adsorption/desorption of DCPMU, a major metabolite of diuron, in 4 soils was performed 
to meet US EPA Guideline 163-1 and OECD TG 106 (Brumhard, Konig and Sommer, 1998).  
The ratio of soil to test solutions was 1:4 and the equilibrium time was 24 hours, both 
determined in preliminary testing.  The desorption study was conducted by adding fresh 0.01 
CaCl2 solution to each of the test soils after adsorption, again using 24 hours for equilibrium.  
Table 36 gives the soils characteristics and Table 37 the results.  
 
Table 36:  Characteristics of test soils. 
 

Origin Soil 
Name 

Soil Type Organic 
carbon 

pH (Ca) % Sand % Silt % Clay 

Jockgrim Germany BBA 2.1 Sand 0.7% 5.3 89.4 10.5 0.1 
Borstel, Germany Borstel Loamy sand 0.69% 6.0 77.9 18.5 3.6 
Burscheid, Germany Höfchen 

‘im Tal’ 
Silt loam  2.4% 5.8 3.6 80.8 15.6 

Landau, Germany Tonboden Clay 0.64% 7.4 15.0 42.3 42.7 
 
Table 37:  The adsorption coefficients for DCPMU.   
 

Soil Name Kf, µg/g soil Koc r2 1/n Kocdes
BBA 2.1 3.49 4989 1.000 0.7629 786 
Borstel 9.37 1358 0.999 0.7561 2030 
Höfchen ‘im Tal’ 15.63 651 0.999 0.7565 929 
Tonboden 4.76 744 1.000 0.7390 1205 

Nd = not determined. 
 
The Kocs indicate that DCPMU is moderately adsorbed to the soils tested and is rated as 
being low to medium mobility (McCall classification).  The isotherm data show a very good 
fit to the Freundlich equation and the exponents (1/n) show that the percentage of adsorbed 
DCPMU decreases with increasing concentration.   
 
Adsorption/desorption - DCPU 
The adsorption/desorption of DCPU (N-(3,4-dichlorophenyl) urea), a major metabolite of 
diuron, in 5 soils was performed to meet OECD TG 106 (Heintze, 2002).  The ratio of soil to 
test solutions was 1:3 for the BBA 2.1 soil and 1:10 for the other soils and the equilibrium 
time was 48 hours, both determined in preliminary testing.  The desorption study was 
conducted by adding fresh 0.01 CaCl2 solution to each of the test soils after adsorption, again 
using 48 hours for equilibrium.  Table 38 gives the soils characteristics and Table 39 the 
results.  
 
Table 38:  Characteristics of test soils. 
 
Soil Name Soil Type Organic 

carbon 
pH (Ca) % Sand  % Silt % Clay 

BBA 2.1 Sand 0.49% 5.7 89.8 8.9 1.3 
BBA 2.2 Silty sand 1.48 6.0 74.8 21.0 4.2 
BBA 2.3 Silty sand 0.76 7.0 64.5 27.8 7.8 
Höfchen im Tal Silt 2.11 6.7 8.2 81.5 10.3 
BBA S6 Clay 1.89 6.9 21.7 35.4 42.9 

 
 
 
Table39:  The adsorption coefficients for DCPU.   
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Soil Name Kf, µg/g soil Koc r2 1/n Kocdes
BBA 2.1 4.22 861 0.998 0.769 1035 
BBA 2.2 11.38 769 0.999 0.789 995 
BBA 2.3 8.95 1178 0.998 0.676 1542 
Höfchen im Tal 11.12 527 0.999 0.757 659 
BBA S6 12.02 636 0.998 0.787 792 

Nd = not determined. 
 
The Kocs indicate that DCPU is moderately adsorbed to the soils tested and is rated as being 
low to medium mobility (McCall classification).  The isotherm data show a very good fit to 
the Freundlich equation and the exponents (1/n) show that the percentage of adsorbed DCPU 
decreases with increasing concentration.  The desorption isotherm showed a good fit to the 
Freundlich equation and the exponent (1/n) was similar to the adsorption figures. 
 
The report indicates that there is high adsorption to soil which is dependent on organic carbon 
in the soil but also on the silt or clay component due to the high adsorption in the BBA 2.3 
soil with low organic carbon.  The adsorption was considered to be reversible as the 
distribution coefficients calculated for adsorption and desorption were close in value. 
 
9.2.4.2 Leaching potential 
 
Soil Columns 
No soil column leaching studies were presented.     
 
Field Lysimeters  
To evaluate the leachability of diuron under field conditions a field lysimeter study was under 
taken in Sweden (Bergström, Bramble, Aronsson, Brücher and Norwood, 1996).   
 
Two sandy soils (Nantuna and Langaveka, details in Table 40) were used in the lysimeters 
that were treated with either 2 kg/ha or 4 kg/ha (1X and 2X rate; 4 lysimeters used) of 
radiolabelled diuron (labelled in the phenyl ring).  Each lysimeter was planted with a single 
black currant bush in order to mimic normal agricultural practices and to obtain a reasonable 
water balance.  The lysimeters were approximately 1.1 metres in length and the leachates 
were collected every 2 weeks for 26 months.  All lysimeters received irrigation, applied 
slowly at <4 mm/h to simulate natural rainfall and prevent ponding.  The lysimeters received 
a total of 1737 mm of precipitation (including irrigation).  After the study period the soil was 
sectioned into 8 increments (0-5, 5-10, 10-20, 20 to bottom of topsoil, then 50-70, 70-90, 90-
105 cm).  The leachates and soils sections were analysed for total radioactivity, diuron and 
metabolites. 
 
Table 40:  Soil characteristics in the soils used for lysimeters. 
 

Soil Soil Type Organic 
matter 

pH % Sand % Silt % Clay 

topsoil Loamy sand 0.9 5.8 85.1 11.5 1.6 Langaveka,  
subsoil Sand 0.4 5.8 91.6 6.0 1.8 
topsoil Loamy sand 1.1 7.4 80.5 8.2 9.1 Nantuna 
subsoil Sand 1.0 - 95.4 4.6 0.0 

 
At the normal rate of 2 kg ac/ha, there were 6 leachate samples where the leachate contained 
diuron above the limit of detection (0.05 µg/L; HPLC method) from the Langaveka soil 
lysimeter with 30 samples analysed; the maximum concentration of diuron was 0.73 µg/L.  
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For the Nantuna lysimeter there was 1 sample above the detection limit at 0.06 µg/L from the 
29 samples taken.  At the higher rate of 4 kg ac/ha there were 17 positive samples from 34 
samples taken from the Langaveka lysimeter with a maximum concentration of 12.55 µg/L of 
diuron and for the Nantuna lysimeter there was 16 positive samples, with a maximum of 1.25 
µg/L from the 41 leachate samples.  The highest concentration of diuron was associated with 
flow-events of short duration (and low volumes) during winter.  When the highest flow 
occurred during spring, the concentration of diuron was below the detection limit.  The total 
leaching of diuron was highest from Langaveka and represented just 0.012 and 0.027% of 
applied for 1X and 2X the rate respectively. 
 
A similar leaching pattern occurred with DCPMU and DCPU, the only two metabolites 
detected, with the concentration of DCPMU comparable with diuron in the majority of 
leachate samples but DCPU was lower.  The major radioactivity component recovered in the 
leachate was 14CO3

= which was taken as an indication that extensive metabolisation of diuron 
had occurred.   
 
The soil analysis showed that the majority of the applied radioactivity remained in the topsoil 
(0-20 cm) with <1% of AR in the remaining soil (20-105 cm).  Detectable concentrations of 
diuron remained in the topsoil.  For Nantuna, the diuron was in the 0-5 cm layer and for 
Langaveka more had moved into the 5-10 cm layer.  Also for Langaveka there was more 
diuron remaining in the soil profile than for Nantuna, reflecting the faster degradation in the 
latter soil.  The laboratory half-lives were 20 and 119 days for Nantuna and Langaveka soils 
respectively at 20°C, 70 % MWHC (see aerobic soil metabolism, Mackie and Hall above). 
 
It is concluded by Department of the Environment and Heritage that the study shows limited 
leaching at the lower rate but also indicates that at higher rates the leaching is proportionately 
higher.  The low temperatures in Sweden (average daytime temperatures from the study was 
5.6°C) would reduce the rate of degradation compared to Australian conditions and therefore 
the study may not reflect the expected leaching in Australian.  However, the drier Australian 
conditions that occur inland would also reduce the microbial activity and hence the 
degradation of diuron and therefore diuron could be expected to leach, especially in the first 
periods of rainfall after a dry spell (i.e. in the first flush).  The Australian field data clearly 
shows that diuron is detected in surface water and in sediment.  
 
9.2.4.3 Summary 
 
Adsorption/desorption 
The adsorption/desorption of diuron was performed by batch equilibrium studies to meet US 
EPA Guidelines using 4 soils agricultural soils.  The Kocs ranged from 418 to 574 and 
indicate that diuron is moderately adsorbed to the soils tested.  It is rated as being of low to 
medium mobility.  The narrow range indicates the organic matter is the major determinate of 
adsorption.  The desorption data shows that there was considerable loss of diuron from one 
soil, 40% of the initially adsorbed diuron was lost after 5 cycles of desorption, compared to 7-
17 % for the other 3 soils.   
 
The adsorption/desorption of diuron, fenuron and m-CPDMU in 5 soils was performed to 
meet US EPA Guidelines.  Fenuron and m-CPDMU are both anaerobic metabolites of diuron.  
In the preliminary studies two soils showed <10% adsorption and as this was not sufficient for 
isotherm testing the rest of the study was conducted using the three soils only.  The Kocs from 
the screening were from 366 to 1750 and show that diuron is moderately adsorbed and is rated 
as being low to medium mobility.  Results from the isotherm tests were similar.  The large 
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range indicates that other factors such as physical chemical properties of the soils and content 
and composition of clay minerals could also be factors in the adsorption of diuron, in contrast 
to that from the previous study.  For the metabolite m-CPDMU the Kocs from the screening 
data ranged from 40 to 323 and is rated as being low to very high mobility (McCall 
classification).  However, the isotherm results for the three soils tested indicate that it is rated 
as low to high mobility (Koc from 139 to 418).  For fenuron, the screening results show Koc 
from 33 to 138 (high to very high mobility) and similar for the isotherm data.  In all cases the 
metabolites were more mobile than the parent compound diuron. 
 
The adsorption/desorption of DCPMU, a major aerobic metabolite of diuron, was performed 
in 4 soils to meet US EPA Guidelines.  The Kocs ranged from 651 to 4989 and indicate that 
DCPMU is moderately adsorbed to the soils tested.  It is rated as being low to medium 
mobility (McCall classification).   
 
The adsorption/desorption of DCPU, a major aerobic metabolite of diuron, was performed in 
5 soils to meet US EPA Guidelines.  The Kocs ranged from 572 to 1178 and indicate that 
DCPMU is moderately adsorbed to the soils tested.  It is rated as being low to medium 
mobility (McCall classification).   
 
Field Lysimeters  
To evaluate the leachability of diuron under field conditions two field lysimeters were set up 
in Sweden using sandy soils (Nantuna and Langaveka).  Each lysimeter was planted with a 
single black currant bush in order to mimic normal agricultural practices.  The lysimeters 
received a total of 1737 mm of precipitation (including irrigation).  The leachates and soils 
sections were analysed for total radioactivity, diuron and metabolites. 
 
At 2 kg ac/ha, there were 6 leachate positive samples from 30 samples analysed (limit of 
detection 0.05 µg/L) from the Langaveka soil lysimeter; the maximum concentration of 
diuron was 0.73 µg/L.  For the Nantuna lysimeter there was 1 sample above the detection 
limit at 0.06 µg/L from the 29 samples taken.  At the higher rate of 4 kg ac/ha there were 17 
positive samples from 34 samples taken from the Langaveka lysimeter with a maximum 
concentration of 12.55 µg/L diuron and for the Nantuna lysimeter there were 16 positive 
samples from 41 leachate samples, with a maximum of 1.25 µg/L.  The highest concentration 
of diuron was associated with flow-events of short duration (and low volumes) during winter.  
The total leaching of diuron was highest from Langaveka and represented a maximum of just 
0.027% of that applied. 
 
The metabolites DCPMU and DCPU were the only two metabolites detected, with the 
concentrations of DCPMU comparable with diuron in the majority of leachate samples, but 
DCPU was lower.  The major radioactivity component recovered in the leachate was 
carbonate ion (CO3

=) which was taken as an indication that extensive metabolisation of diuron 
had occurred.   
 
The soil analysis showed that the majority of the applied radioactivity remained in the topsoil 
(0-20 cm) with <1% of AR in the remaining soil (20-105 cm).  Detectable concentrations of 
diuron remained in the topsoil.  For Nantuna, the diuron was in the 0-5 cm layer and for 
Langaveka more had moved into the 5-10 cm layer.  Also for Langaveka there was more 
diuron remaining in the soil profile than for Nantuna, reflecting the faster degradation in the 
latter soil.  The laboratory half-lives were 20 and 119 days for Nantuna and Langaveka soils 
respectively at 20°C, 70% MWHC. 
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It is concluded by Department of the Environment and Heritage that the study shows limited 
leaching at the lower rate but also indicates that at higher rates the leaching is proportionately 
higher.   
 
9.2.5 Field Studies 
 
9.2.5.1 Terrestrial Field Studies 
 
Application to bare ground - Study 1 (interim report) 
A terrestrial field dissipation study was conducted according to US EPA Guideline 164-1 
(Bramble, Behmke, Frizzell and Norwood, 1998).  The report presented is an interim report 
with the final report completed later (Tweedy, 1999). 
 
Diuron (80% ac granular formulation) was applied to bare soil at three sites at a target rate of 
13.44 kg ac/ha (12 lb/A; maximum US rate).  There were 3 test locations: Bradenton, Florida; 
Greenville, Mississippi and Woodland, California, see Table 41 for soil characterisation at 
each site.  From application monitoring samples placed on the treated plots, the applications 
averaged between 86 to 101% of target rate.  There were 3 treatment plots plus a control plot 
at each site.  The treatment plots were irrigated prior to the day 0 soil sample.   
 
All sites received natural rainfall plus additional irrigation to ensure monthly totals were 
above the historical (from 1961 to 1990) monthly averages.  The test sites in total received 
1796, 1311 and 2119 mm of rainfall + irrigation for Bradenton, Greenville, and Woodland 
respectively. 
 
Soil samples were taken before and 6 hours after application and then at 8-9 different times up 
to a maximum of 238, 301 and 269 days after application for Bradenton, Greenville, and 
Woodland respectively.  Soil cores were taken to a depth of 90 cm.  The samples were 
analysed for diuron and other metabolites but only DCPMU (see Figure 1) was detected.  The 
limit of quantification was 20 µg/kg soil and results below this figure should be considered to 
be estimates only.  Table 42 is a summary of soil residues found in upper most section of soil 
(0-15 cm), averaged from 3 plots at each site. 
 
Table41:  Soil characteristics for 3 sites for field studies. 
 

Site Bradenton, FL Greensville, MS Woodland, CA 
Soil depth, cm 0-15 15-30 30-60 0-15 15-30 30-60 0-15 15-30 30-60 
pH 6.0 5.9 6.1 5.7 6.1 6.3 7.0 7.2 7.5 
Organic matter % 0.5 0.5 1.3 0.8 0.9 0.8 2.8 2.2 1.8 
Sand % 98.0 98.0 94.0 24.0 22.0 26.0 4.0 6.0 12.0 
Silt % <2.0 <2.0 <2.0 62.0 60.0 56.0 68.0 66.0 60.0 
Clay % <2.0 <2.0 4.0 14.0 18.0 18.0 28.0 28.0 28.0 
Texture Sand Sand Sand Silt 

loam 
Silt 
loam 

Silt 
loam 

Silty 
clay 
loam 

Silty 
clay 
loam 

Silty 
clay 
loam 
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Table42:  Residues of diuron and DCPMU in the 0-15 cm soil section.  All results are 
averages from 3 plots and reported as µg/kg soil (dry).   
 
 Bradenton 
Sample date, DAT 0.25 3 15 22 59 126 178 238  
Diuron  4330 4570 3840 3540 480 260 680 190  
DCPMU 54 146 511 296 146 110 61 188  
 Greenville 
Sample date, DAT 0.25 4 15 29 60 120 175 256 301 
Diuron  4240 2700 3442 1593 807 758 660 679 501 
DCPMU  25 55 259 312 299 315 231 237 151 
 Woodland 
Sample date, DAT 0.25 3 15 30 60 120 191 269  
Diuron  5418 4551 3415 3141 2455 4724 2793 1451  
DCPMU  27 57 190 212 340 654 453 258  
 
The soil samples taken immediately after application showed a concentration in the 0-15 cm 
of between 4.2 to 5.4 mg/kg soil, the expected concentration is 6.89 mg/kg (soil density 1.3 
g/cm3) in the first 15 cm soil.  Table 42 gives the concentration of diuron and DCPMU in the 
first 0-15 cm depth to the end of the interim report.  There were occasional detections of 
diuron in the 15-30 cm soil section at low levels (0.04 to 0.001 mg/kg soil) with one at 0.141 
mg/kg (day 0, Woodland) but as the 30-45 and 45-60 cm samples from the same plot also 
showed low levels of diuron (0.015 and 0.039 mg/kg respectively), this could indicate an 
artefact of some kind.  There was only one other detection below 30 cm above the limit of 
quantification (LOQ = 0.020 mg/kg) at Bradenton (day 120) in one plot only at 0.023 mg/kg. 
 
The metabolite DCPMU was mainly detected in the first 0-15 cm of the soil with only 
occasional detections lower down (15-30 cm).  These were mainly trace levels (below the 
LOQ of 0.02 mg/kg) with the highest of 0.028 mg/kg in one plot at Woodland (day 120) and 
Greenville (day 256). 
  
The results clearly indicate diuron or its first metabolite is not readily leachable.  While the 
initial degradation of diuron is fast in these soils, it slows down and the diuron remaining in 
the upper soil segment after 238-301 days was 3, 11 and 19% of the initially applied (time 
0.25 days) for Bradenton, Greenville, and Woodland respectively. 
 
The degradation of diuron in the soils was analysed as a two-compartment model (bi-
exponential model) and the DT50 and DT90 were calculated as given in Table 43.  Also 
included are the results of first order analysis, which show statistically acceptable results.  
 
Table 43:  The half-lives (days) and statistical factors for degradation of diuron in field 

studies. 
 

First order (calculated by DEH) Test site DT50 days DT90 days r2 Transition 
time DT50 days r2

Bradenton 25 88 0.9115 126 53 0.7505 
Greenville 20 439 0.8472 55 116 0.7102 
Woodland 10 634 0.6926 16 204* 0.7151* 

* Day 120 point removed from analysis as outlier; with point in analysis DT50 = 216 days with r2 = 0.5384 
 
In the final report for this study (Tweedy, 1999) three additional results were presented to 
approximately 540 DAT.  These are given in Table 44.  The additional results increased the 
calculated half-lives (cf first order analysis in Table 43) and these are also given in Table 44.  
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The half–life of DCPMU at the 3 sites was also calculated as 182, 231, 112 days for 
Bradenton, Greenville and Woodland respectively with corresponding r2 of 0.6144, 0.9258 
and 0.9046. 
 
Table44:  Residues of diuron and DCPMU in the 0-15 cm soil section for additional data and 

new DT50.  All results are averages from 3 plots and reported as µg/kg soil (dry) 
and are rounded to the detection limit of 10 µg/kg.   

 
 Bradenton Greenville Woodland 
Sample date, DAT 302 360 546 360 535 309 414 452 552 
Diuron  90 50 40 540 160 1260 330 320 350 
DCPMU 63 51 45 150 66 160 55 79 62 
DT50 (days) and r2 73; 0.8245 141; 0.7978 135; 0.8689 

 
Terrestrial Field Study 2 
A terrestrial field dissipation study was conducted according to US EPA Guidelines 160-5 
and 164-1 (Stevenson, 1990b).  Diuron (80% ac granular formulation) was applied to bare soil 
at two sites at a target rate of 13.44 kg ac/ha (12 lb/A).  The test locations were Newark, 
Delaware and Madera, California; see Table 45 for soil characterisation at each site.  There 
were 3 treatment plots plus a control plot at each site.   
 
Over the 14-month test period, the Newark site received mainly natural rainfall amounting to 
1659 mm (monthly average 118 mm, range 25.4 to 312 mm) plus some additional irrigation 2 
months after application amounting to 26 mm.  The California site received in total just 188 
mm of rainfall (there was no rain during the first 5 months of the study).  This site was 
irrigated for the first 3 months only but there is no indication of how much irrigation 
occurred, only that the site received 1 to 4 hours of irrigation per day when irrigated.  
 
Table45:  Soil characteristics in the soils for field studies conducted in Delaware and 

California. 
 
Soil Soil Type Organic 

matter 
pH % Sand % Silt % Clay 

0-30 Silty clay loam 0.8 5.7 8.0 64.4 27.6 Newark, 
Delaware  30-60 Silty clay loam 0.2 5.2 6.0 66.4 27.6 

0-30 Sandy loam 1.1 7.6 54.0 28.4 17.6 Madera, 
California 30-60 Loam 0.7 8.3 46.0 36.4 17.6 

 
Soils samples were taken before and 6 hours after application and then at 14 times up to 538 
and 415 days after application for Newark and Madera respectively.  Initially soil cores were 
taken to a depth of 60 cm and at Newark from day 210 onward were sampled to 90 cm deep.  
The samples were analysed for diuron and DCPMU only based on the result from the aerobic 
metabolism study.  The limit of quantification was 10 µg/kg soil.  Table 46 is a summary of 
soil residues found in upper most section of soil (0-15 cm).  At the sites either one, 2 or 3 
plots were sampled at each sample, the result in Table 46 are averaged from 2 or 3 plots at 
each sites or from the plot sampled at that date. 
 
The soil samples taken immediately after application at both sites showed a concentration in 
the 0-15 cm of between 1.5 and 2.3 mg/kg soil and the maximum concentrations were 2.0 and 
2.2; the expected concentration is 6.89 mg/kg (soil density 1.3 g/cm3) in the first 15 cm soil.  
Table 46 gives the concentration of diuron and DCPMU in the first 0-15 cm depth.  There 
were occasional detections of diuron in the 15-30 cm soil section at Newark with one at 0.39 
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mg/kg (day 0) but as the 30-45 and 45-60 cm samples from the same plots also showed levels 
of diuron (0.16 and 0.19 mg/kg respectively), this could indicate contamination.  There were 
detections at 30-45 and 45-60 cm deep of 0.06 and 0.07 mg/kg respectively on day 7 and at 
0.02 mg/kg for both 30-45 and 45-60 cm on day 14.   
 
Table 46:  Residues of diuron and DCPMU in the 0-15 cm soil sections for Newark and 

Madera.  Results are from either single plots or averages from 2 or 3 plots and 
reported as mg/kg soil (dry).   

 
 Newark 
DAT 03 72 142 301 611 903 1243 1492 1812 2102 2432 2992 3592 4182

Diuron  1.5 1.5 2.0 1.3 0.48 0.46 0.38 0.45 0.65 0.40 0.29 0.52 0.34 0.09 
DCPMU 0.01 0.06 0.14 0.14 0.14 0.17 0.12 0.20 0.28 0.19 0.16 0.32 0.20 0.09 
 Madera 
DAT 01 71 152 291 591 891 1122 1522 1792 2191 2391 3002 3582 4152

Diuron  2.3 1.5 2.15 2.2 1.3 1.2 0.91 1.0 0.72 0.90 0.55 0.27 0.16 0.16 
DCPMU  bld 0.03 0.08 0.10 0.14 bld 0.16 0.14 0.12 0.34 0.16 0.12 0.08 0.07 

1 Single plot sampled; 2 average of 2 plots; 3 average of 3 plots.  bld = below detection  
 
At Madera there were also detections of diuron in the day 0 soil core in the 45-60 cm section 
(0.16 mg/kg, both plots).  While it is very unusual for a chemical with diuron’s mobility to be 
found at such depths so quickly, the results for the subsequent samples (days 7, 15, 29, 89 and 
152) also show positive readings for diuron of up to 0.70 mg/kg soil (30-45 cm, day 7).  There 
would appear to be some indication that vertical movement of diuron has occurred.   
 
The half-lives were calculated as 134 and 102 days for Newark and Madera respectively using 
first order analysis, comparable to the previous field study.  For Newark, the fit was not the 
best (r2 = 0.704 calculated by the Department of the Environment and Heritage) but it appears 
that the degradation slowed down during winter due to the cold conditions at Newark (the 
lowest monthly mean maximum/minimum temperature was just 5/-3.9°C during winter).  At 
Madera the fit to first order kinetics was much better (r2 = 0.937 calculated by DEH), 
presumably because the soil temperatures were slightly higher (lowest monthly mean 
maximum/minimum temperature was 10/-0.5°C) and lasted just 2 months (Dec and Jan) 
rather 3 months (Dec, Jan, Feb) as occurred at Newark.  Note that overall temperatures at 
Madera were also higher and that monthly minimums were <5°C for 7 months at Newark. 
 
The study has some problems in the initial concentration in the soil of diuron is only some 
30% of the target rate and it is unclear if this is due to variability in the application across the 
plots or a problem with preparation of the spray etc.  Not all plots were sampled and analysed 
on each sample date, in several cases just one plot was analysed and with the high variability 
between plots this is unsatisfactory. 
 
Terrestrial Field Study 3 - 6 German sites 
A terrestrial field study was conducted at 6 sites in Germany under field conditions without 
vegetation according to BBA Guideline IV-4.1 (Pogány, 1993).   
 
Diuron as 80 WP was applied to bare soil at 8 kg ac/ha during German spring (April 24 to 11 
May), and then the soils were sampled at approximately 30 day intervals for 300 DAT.  The 
soils were sampled down to 30 cm and analysed in 10 cm sections by HPLC.  The soils 
remained bare and were weeded by mechanical means.  The half-lives in the soils were 
calculated using the Timme-Frehse (Timme et al, 1986) method of analysis and are for total 
diuron (0-30 cm).  The best fit was 1st order.  Table 47 gives the details of the soils and the 
calculated half-lives. 
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Table47:  Terrestrial degradation of diuron at 6 sites in Germany. 
 

Site  Sand/silt/clay pH oc Soil type DT50 days r2 *

Birscheid, Höfchen 7.8/72.8/19.4 6.8 1.11 Silt loam 56 0.7777 
Albig 12.7/51.4/35.9 7.6 1.16 Silty clay loam 231 0.8081 
Massen 63.8/31.6/4.6 5.6 2.22 Sandy loam 533* 0.3389*
Kirchlauter 71.3/24.2/4.5 6.5 0.79 Sandy loam 177* 0.9011 
Swisttal-Hohn 29/57.9/13.1 6.8 1.00 Silt loam 73 0.8904 
Monheim, Laacherhof 57.2/29.8/13.0 6.7 1.27 Sandy loam 67 0.8693 

* Results calculated by Department of the Environment and Heritage. 
 
The results show that diuron degraded with half-lives of between 67-231 days for most sites 
but at Massen the soil analysis showed high variability and very limited degradation; an 
explanation for this was not presented.  While a half-life could be calculated, the fit is poor 
and the result unreliable.  The main metabolite found was DCPMU and reached a maximum 
of between 0.363 (Laacherhof, 61 DAT) and 0.799 mg/kg (Kirchlauter 182 DAT) and then 
declined in all soils.  There was no evidence of leaching, with diuron being found in the 10-20 
cm soil sections only on 3 occasions (90 and 120 DAT at Kirchlauter and 90 DAT at 
Laacherhof).  There were 3 additional detections on day 0 but these are likely to be due to 
contamination during sampling.   
 
Terrestrial Field Dissipation Study 4 - 4 Australian sites 
Recent studies funded by the Cooperative Research Centre (CRC) for Sugar have included 
field and laboratory studies at four field sites in the Bundaberg region to enhance 
understanding of on-site and off-site movement and persistence of pesticides commonly used 
in cane production systems (Simpson and Hargreaves, 2001).  The results from this study are 
summarized in Table 48 below.  The study was over a 3-year period and the weather was 
considered to be dry overall for this region.  All sites were under commercial cultivation and 
were subject to normal farming practices of cultivation, irrigation etc.  Sites were either bare 
soil or trash covered, as is normal practice, in order to examine the effect of the trash cover.  
At the yellow chromosol site diuron was not used in the field study and therefore no half-life 
for diuron could be determined. 
 
Table48:  Terrestrial degradation of diuron at 4 sites in Australia. 
 

Site  Sand/silt/clay 
0-10 cm 

Soil type pH oc Koc  
0-2.5 cm 

DT50 days  
0-50 cm 

Yellow chromosol 84/9/6 Loamy sand  5.1 0.95 1326 -- 
Grey kandosol 91/6/3  Sand 7.2 0.8  3738 151

Red ferrosol 16/21/63 Clay 6.0 1.23 2244 >2501, >1502 >, 250 3

Redoxic hydrosol 82/9/8 Loamy sand 7.1 0.72 5240 6.51, 222

1 Results from the 1997/98 summer.  2 From the 1998/99 summer.  3 From the 1999/2000 summer. 
 
The results of this study show that the Kocs are in the range for the European and North 
American soils, although slightly higher but as these were determined in a non-standard 
method (standing for ~48 hours, then 30 minutes of shaking; soil:water ratio 1:50; single 
concentration of diuron [not given] and not Freundlich values), they are not truly comparable.  
Also, the DT50 values were calculated using a second order equation (y=ae(b/(x+c))) and the 
DT50 values are for the first half lives only; a number of sites had measurable levels of diuron 
that persisted to the end of the sampling period (120-250 days).  It is noted that at the redoxic 
hydrosol site the DT50 between one year and the next varies considerably, from 6.5 days to 
22 days.  However, the application dates are different as is the depth of soil over which the 
dissipation time was calculated.  The first dissipation time was from an application in 
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February 1998 and for the 0-10 cm layer and the second was applied in December 1998 and is 
for the 0-50 cm soil layer (the 0-10 cm DT50 is 15.5 days).   
 
The DT50 for the red ferrosol soil is very long and remained greater than 250 days over the 3 
years of the study, in contrast to the other soils.  A reason for this is not apparent.  It does not 
appear to be due to stronger binding as the Koc is lower than other soils where there was rapid 
degradation. 
 
The runoff of diuron and its leaching was also examined at these test sites.  Runoff of diuron 
was monitored at sites 2, 3 and 4 and <0.2% of the annual application rate was detected in the 
runoff water.  The maximum average concentration of diuron in runoff water was 120 µg/L 
that occurred at site 2 following a short but  intense heavy rainfall event (26 mm in 7 minutes) 
37 days after last application.  In the next season’s application another intense rainfall event 
(94 mm over 160 minutes, 26 days after the last application) also caused high levels of diuron 
in the runoff water at 113 µg/L.  In the other runoff events at this site, the average levels of 
diuron were between 0.37-10.6 µg/L.  The higher concentrations of diuron appear to correlate 
with high loads of suspended solids in the runoff water.  Diuron was detected in a 
groundwater piezometer down slope at site 4 with maximum concentration of ~6.5 µg/L.  The 
height of the ground water at this site responded to rainfall and was within 0.5 metres of the 
surface during the summer wet but fell to 3.5 metres during (winter) dry periods. 
 
The trials where the cane fields were covered in trash, as is normal commercial practice 
showed that the trash intercepted the pesticides and reduced the amount reaching the soil 
below, as is expected.  For atrazine and chlorpyrifos, the only pesticides where the 
concentration in the soil below the trash were measured, level of the pesticides were <15% of 
target (estimated graphically by DEH).  When diuron was applied to the trash layer, diuron 
remained in the trash and was persistent, with 50% loss occurring in approximately 21 days 
(estimated graphically).  The level of diuron in the covered soil was not measured. 
   
The report concluded that this study highlighted the need for careful management of 
application timing and chemical selection, particularly in areas close to waterways and 
sensitive habitats.  The Department of the Environment and Heritage can only agree. 
 
9.2.5.2 Field Dissipation and Transport 
 
Field Dissipation and Transport - Study 1 
A field dissipation and transport study was conducted according to US EPA Guideline 164- 2 
(Priester and Chesser, 1995).  Diuron (80% ac granular formulation) was applied to either side 
of an irrigation ditch (slope and berms) at a target rate of 13.44 kg ac/ha (12 lb/A) using a 
CO2 backpack sprayer.  No application was made to the channel bed in the treatment area.  
The ditch was in Dixon, California and divided into 3 areas: upstream control area, treatment 
area and 3 downstream sampling (transport) areas.  The treatment area was 7.6 X 64 m 
(0.0486 ha) and there was 16.7 m (55 feet) of untreated ditch between the control and 
treatment and 30.3 m (100 feet) between treatment and the first downstream sampling area.  
There was 13.7 m (45 feet) of untreated ditch between the three sampling areas. 
 
The soil on the slope and berms (top of the bank forming the ditch) was a clay soil 
(sand/silt/clay: 17.6/33.6/48.8%; pH 8.0; om 2.7%) while the sediment in the irrigation 
channel was classified as a clay loam (sand/silt/clay: 20.1/43.2/36.8%; pH 8.2; om 1.7%).  
The water in the ditch had pH 7.1, dissolved organic carbon of 1.7 mg/L and had a dissolved 
oxygen concentration of 13 mg/L. 
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The weather at the site over the sampling period (May to January) of the study was drier than 
normal, with only 221 mm of total rainfall (8.72 inches) compared to the 10-year average of 
approximately 500 mm.  There was no rain for approximately 2 weeks before application and 
the first significant rainfall occurred 24 days after application when 37 mm fell over 2 days.  
There was no further significant rain (> 25 mm) for ~230 days, apart from one on 183 DAT 
where 19.6 mm (0.77 inches) fell. 
 
Soil from the treatment area was sampled for 178 days after application (DAT) and sediment 
was sampled from the control, treatment and transport channel areas for up to 256 days (2, 4, 
6 10, 14, 30, 62, 91 120, 178 and 256 DAT).  Soil and sediment samples were to 15 cm deep, 
with the final sediment sampled to 120 cm.  Water in the channel was scheduled to be 
sampled on days 2, 4, 6 10, 14, 30, 62, 91 120, 178 and 256 DAT but there was no water in 
the ditch on 62, 120, 178 and 256 DAT.  Automatic samplers, located immediately 
downstream of the control and treatment areas were used to sample the water for 24 hours (1, 
2, 4, 8, 16 and 24 hours) after water flowed in the ditch.  These occurred on 10, 11, 36, 38, 54, 
77 and 100 DAT but these dates do not correspond to any rainfall events at the site and 
therefore could be due to drainage from irrigation of surrounding fields.  The Department of 
the Environment and Heritage notes that as there was no rain to fill the channel and cause 
runoff at the treatment site, there will be little likelihood of movement of diuron. 
 
The results of the soil analysis (limit of quantification was 0.02 mg/kg) showed that diuron 
dissipated with a DT50 of 142 days calculated using a nonlinear regression analysis (first 
order analysis gives 224 days with r2 of just 0.3259).  The time 0 analyses averaged 3.9 mg/kg 
soil (range 2.9-4.9 mg/kg) and after 178 days there was an average of 2.2 mg/kg soil (range 
1.7 to 3.0 mg/kg).  The sediment analysis (LOQ 0.05 mg/kg sediment) showed only positive 
results for 0, 2, 4 and, strangely, 256 DAT (average concentrations of 0.76, 0.059, 0.12 and 
0.065 mg/kg respectively) and only in the treatment area.  The sample on 256 DAT could be 
due to runoff from the surrounding treated soil as it was the first time sampling occurred on a 
day when it rained (19 mm).  [The previous sample on 178 DAT occurred before rain on 183 
DAT.]  There were no other samples where diuron or it metabolites were detected above the 
LOQ.  Similarly for the water samples, the only positive detections (LOQ 0.01 mg/L) were in 
the treatment area and for 2 and 4 DAT only (maximum of 0.013 mg/L).  There were no other 
detections of diuron or its metabolites in any other water sample. 
 
The Department of the Environment and Heritage concludes that the dry weather prevented 
any runoff occurring which limited movement of diuron and it therefore remained on the dry 
soil.  The degradation of diuron on dry soil is slow but the final sediment sample may indicate 
that when rainfall does occur erosion may allow diuron to enter drainage channels, either 
adsorbed to soil or dissolved in the water. 
 
Field Dissipation and Transport - Study 2 
A field dissipation and transport study was conducted according to US EPA Guideline 164-2 
(Hornshuh and Antle, 1996).  Diuron (80% ac granular formulation) was applied to either side 
of an irrigation ditch at a target rate of 13.44 kg ac/ha (12 lb/A) using a CO2 backpack 
sprayer.  No application was made to the channel in the treatment area.  The ditch was in 
Lonoke, Arkansas and divided into 3 areas: upstream control area, treatment area and 3 
downstream sampling (transport) areas.  The treatment area was 7.6 X 64 m (0.0486 ha) and 
there was 20.4 m (67 feet) of untreated ditch between the control and treatment and 20.3 m 
(80 feet) between treatment and the first downstream sampling area.  There was 13.7 m (45 
feet) of untreated ditch between the three sampling areas. 
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The soil on the slope and berms was a silt loam soil (sand/silt/clay: 15.2/73.3/11.5%; pH 5.5; 
om 1.4%) while the sediment in the irrigation channel was not analysed.  The water in the 
ditch had pH 6.2, dissolved organic carbon of 5 mg/L and had a dissolved oxygen 
concentration of 4.5 mg/L. 
 
The weather at the site over sampling period (November-May) of the study was typical, with 
~860 mm of total rainfall (~34 inches) compared to the 10-year average of approximately 914 
mm.  The first significant rainfall occurred 4 days after application when 43.7 mm fell and 
51.3 mm fell two days later (recorded at Adams Field, Little Rock Arkansas, estimated by 
DEH to be 30 km away).  Over 2 to 6 DAT a total of 117 mm of rain fell.  There were further 
significant rain events on 15 and 23 DAT of 30 and 65 mm respectively.  The monthly totals 
ranged from 82 to 160 mm over the sampling period. 
 
Soil from the treatment area was sampled for 179 days after application (DAT) and sediment 
was sampled from the control, treatment and transport channel areas for up to 256 days (2, 4, 
6, 10, 14, 30, 62, 91, 120, 178 and 256 DAT).  Soil and sediment samples were to 15 cm deep 
with the final sediment sample to at least 60 cm.  Water in the channel was also sampled on 
days 2, 4, 6, 10, 14, 30, 62, 91, 120, 178 and 256.  Automatic samplers, located immediately 
downstream of the control and treatment areas were used to sample the water for 24 hours (1, 
2, 4, 8, 16 and 24 hours) after water flowed in the ditch.  These samples commenced on 4, 5, 
6, 7, 15, 22, 33, 93, 119 and 152 DAT.  A number of these dates correspond to rainfall events 
as recorded at the weather station used.   
 
The results of the soil analysis (limit of quantification was 0.02 mg/kg) are given in Table 49 
for samples taken on the berm and slope of the ditch.  Note that some are duplicate analyses 
(4, 9 and 61 DAT) while the rest are a single analysis.  Diuron dissipated from the soil with a 
DT50 of 105 days calculated using a nonlinear regression analysis (first order analysis gives 
108 and 100 days with r2 of 0.5166 and 0.5128 for berm and slope sites respectively).  The 
time 0 analyses were 6.39 and 4.66 mg/kg for the berm and slope respectively.  After 178 
days the levels of diuron had decreased to 1.03 and 1.49 mg/kg soil respectively.  The 
metabolite DCPMU was detected in these soil samples, initially from 0 and 4 DAT for the 
berm and slopes respectively, and then slowly increased to reach maximums of 0.45 (91 
DAT) and 0.34 (179 DAT) mg/kg respectively. 
 
Table 49:  Concentration of diuron in the upper soil segment (0-15 cm) in mg/kg soil (dry).  

Results rounded to ±0.01 mg/kg. 
 

  Day after Treatment, DAT 
Sample Site 0 2 4 7 9 13 34 48 61 91 119 179 

Berm 6.39 5.54 3.95 3.37 12.6 3.81 2.39 4.00 2.03 4.93 2.92 1.03 Soil 
Slope 4.66 4.44 2.11 2.34 3.45 5.12 2.58 3.88 2.04 2.15 0.79 1.49 
Treatment 1.26 0.31 0.65 0.49 0.96 0.46 0.49 0.48 0.37 0.51 0.75 1.61 
Plot a blq - - blq 0.08 0.07 0.14 0.11 0.15 0.15 0.08 0.26 
Plot b blq - - 0.13 blq 0.12 0.10 0.17 0.15 0.10 0.09 0.21 

Sediment 

Plot c blq - - blq blq blq blq blq blq blq 0.06 0.11 
Blq = below limit of quantification = 0.05 mg/kg for sediment.  – No sample  
 
The sediment analysis (LOQ 0.05 mg/kg sediment, see Table 49) showed positive results in 
the treatment area at time zero and was considered by the authors to be due to spraydrift.  The 
sample on 179 DAT shows a high value that could be due to runoff from the surrounding 
treated soil as it was the first time sampling occurred after a heavy rainfall on 153 DAT when 
70 mm (2.77 inches) of rain fell.  The concentration of diuron in the sediment in the treatment 
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area shows a reasonably consistent level of around 0.5 mg/kg for most of the samples.  Only 
one metabolite was detected, that being DCPMU, and only in the sediment from the treatment 
area of the channel after 119 DAT.  The maximum concentration of DCPMU was 0.13 mg/kg 
by 179 DAT.  These results for sediment in the channels show a pattern that is consistent with 
the hypothesis that sediment was washing off the treated area and moving downstream.  
 
The results from the scheduled water samples are given in Table 50.  There were no 
metabolites detected in any water sample.  The majority of positive detections (greater than 
the LOQ of 0.01 mg/L) were mainly 9 to 34 DAT in both the treatment and downstream 
areas.  However, the 3 representative raw data sheets for water collected from downstream 
sampling areas a, b and c on 48 DAT all show levels of diuron only slightly below the limit of 
quantification but clearly above the detection limit.  If this is a general situation, then the 
information tends to show that diuron is a low level contaminant of water systems.  The raw 
data sheets for all the water samples should be presented to refute this hypothesis.   
 
Table50:  Concentration of diuron in water (µg/L) from scheduled sampling.  Results 

averaged from duplicate analysis (3 samples from treatment area, 1 sample from 
each downstream area). 

 
 Day after Treatment, DAT 
 4 7 9 13 34 48 61 91 119 180 
Treatment blq blq 29 - blq 16 - 101 blq  
Plot a - blq 28 38 10 1 blq (9)2 blq blq blq  
Plot b - blq 30 28 11 blq (8)2 blq blq blq blq 
Plot c - blq 28 29 12 blq (9.8) blq blq blq blq 

Blq = below limit of quantification 10 µg/L.  – No sample.  1 arbitrary figure, some replicates were blq with others >10 µg/L.  2 Calculated by 
DEH from the raw data sheets. 
 
Of the 10 events that the automatic water samplers sampled over 24 hours, the peak 
concentrations were associated with the first 2 events sampled that occurred in from 4 to 6 
DAT.  The peak concentration was 130 µg/L (event 2, 8 h sample) with high figures of 120-
130 µg/L that lasted for 12 hours (samples taken 4, 8 and 16 hours).  Subsequent samples 
during events 3 to 10 (6-152 DAT) had most concentrations of diuron below the LOQ but 
there were a number just above this level, i.e. event 5 (23 DAT), 16 h, 11 µg/L.  The last 
positive sample occurred on 152 DAT (event 10, first sample) when one of 2 duplicate 
analyses gave a reading of 10 µg/L (this is likely to be first flush effect).  As the scheduled 
water samples showed that the samples that are recorded as below the LOQ may only be 
slightly below the LOQ, the possibility that the data is showing a continuous low level of 
contamination cannot be ruled out. 
 
It is concluded that while the study does show that diuron primarily remains in the soil at the 
site of application, runoff causes diuron to enter aquatic systems, either dissolved in water or 
bound to soil from erosion, where it either is mobilised or degrades.  The study gives some 
tantalising hints as to the likely fate of diuron but due to the relatively insensitive limit of 
quantification used, further conclusions are speculative.  The study should have reported 
measured concentrations to the limit of detection, noting that the result below the LOQ may 
not be accurate.   
 
9.2.5.3 Literature  
 
In an existing tree orchard on a loam soil (sand 13%; silt 75%; clay 12%; om 2.9%, pH 6.5) in 
Belgium, diuron was applied at 3 kg ac/ha in April (Rouchaud, Neus, Bulcke, Cools, Eelen 
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and Dekkers, 2000).  There were 2 plots used, one never having received any application of 
diuron while the other had been treated annually for the previous 12 years.  Analysis of diuron 
in the 0-10 cm surface soil layer gave first order degradation curves with half-lives of 81 days 
(r = 0.9899) for the plot receiving diuron for the first time and 37 days (r = 0.9984) for the 
plot treated for the past 12 years.  There appears to be a clear indication that soil micro-
organisms can be conditioned to degrade diuron, resulting in quicker degradation rates. 
 
9.2.5.4 Summary 
 
Application to bare ground - Study 1  
A terrestrial field dissipation study was conducted according to US EPA Guidelines.  Diuron 
was applied to bare soil at three sites at a target rate of 13.44 kg ac/ha with soil textures of 
sand, silt loam and silty clay loam.  The applications averaged between 86 to 101% of target 
rate.  All sites received natural rainfall plus additional irrigation to ensure monthly total were 
above the historical (baseline years 1961-1990) monthly averages.  The samples were 
analysed for diuron and other metabolites but only DCPMU was detected.   
 
The initial degradation of diuron was fast in these soils but slowed down and the diuron 
remaining in the upper soil segment (0-15 cm) after 238-301 days was 3-19% of the initially 
applied.  The calculated half-lives (first order analysis) were calculated as 73, 141 and 135 
days.  The half–life of the metabolite DCPMU at the 3 sites was also calculated as 182, 231, 
112 days. 
 
There were occasional detections of diuron in the 15-30 cm soil section at low levels and 
several detections at lower levels on the day of application that were considered to be due to 
contamination.  There was only one other detection below 30 cm above the limit of 
quantification (LOQ = 0.020 mg/kg) at 0.023 mg/kg.  DCPMU was mainly detected in the 
first 0-15 cm of the soil with only occasional detections lower down (15-30 cm with the 
highest at 0.028 mg/kg). 
  
Terrestrial Field Study 2 
A terrestrial field dissipation study was conducted according to US EPA Guidelines at two 
sites at a target rate of 13.44 kg ac/ha.  The soil was characterised as silty clay loam and sandy 
loam at Delaware and California respectively.  Over the test, the Newark site received mainly 
natural rainfall amounting to 1659 mm while the California site was irrigated for the first 3 
months and received 1 to 4 hours of irrigation per day.  
 
The soil samples were analysed for diuron and DCPMU only.  The soil samples taken 
immediately after application showed approximately 30% of the target concentration at both 
sites.  For Delaware diuron was occasionally below 15 cm but at trace levels (< LOQ of 0.02 
mg/kg).  At California there were detections of diuron down to 45-60 cm deep on days 7, 15, 
29, 89 and 152 of up to 0.70 mg/kg soil (7 DAT, 30-45 cm deep).  There would appear to be 
some indication that vertical movement of diuron occurred in the sandy soil at California.   
 
The half-lives were calculated as 134 and 102 days for Delaware and California respectively 
using first order analysis.  For Delaware, the fit was not the best but it appears that the 
degradation slowed down during winter.  At California the fit to first order kinetics was much 
better, presumably because the soil the temperatures were higher.  The study has some 
problems in that the initial concentration was only 30% of the target rate, for some samples 
only one plot was analysed and with the normal high variability between plots, this is 
unsatisfactory. 
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Terrestrial Field Study 3 
A terrestrial field study was conducted at 6 sites in Germany under field conditions without 
vegetation according to BBA Guidelines.  Diuron was applied to bare soil at 8 kg ac/ha during 
the German spring, and then the soils were sampled at approximately 30 day intervals for 300 
DAT.  Diuron degraded with half-lives of between 67-231 days (first order analysis) for most 
sites but at one site (Massen) the soil analysis showed high variability and very limited 
degradation.  While a half-life could be calculated (533 days), the fit is poor and the result 
unreliable.  The main metabolite found in all sites was DCPMU and reached a maximum in 
all soils of between 0.363 and 0.799 mg/kg before declining.  There was no evidence of 
leaching, with diuron being found in the 10-20 cm soil sections only on 3 occasions.  There 
were 3 additional detections deeper than 20 cm on day 0 but these are likely to be due to 
contamination during sampling.   
 
Terrestrial Field Study 4 
Recent studies funded by the Cooperative Research Centre (CRC) for Sugar have included 
field and laboratory studies at four field sites in the Bundaberg region to enhance 
understanding of on-site and off-site movement and persistence of pesticides commonly used 
in cane production systems.  The study was over a 3-year period and the weather was 
considered to be dry overall for this region.  All sites were under commercial cultivation and 
were subject to normal farming practices of cultivation, irrigation etc but had bare soil and 
were not trash covered, as is normal practice.  The effect of trash cover was examined 
separately.   
 
The results of this study show that the Kocs ranged from 1326 to 5240 and are in the range for 
the European and North American soils but as these were determined in a non-standard 
method they may not be comparable.  Dissipation half-lives were calculated as between 6.5 to 
>250 days using a second order equation but these can be misleading as the DT90s were not 
reported.   
 
The runoff of diuron and its leaching was also examined at these test sites.  Runoff of diuron 
was monitored and <0.2% of the annual application rate was detected in the runoff water.  
The maximum average concentration in runoff water was 113 µg/L.  The average levels of 
diuron were between 0.37-10.6 µg/L.  Diuron was detected in a groundwater at a maximum 
concentration of ~6.5 µg/L.   
 
In the trials where the cane fields were covered in trash, diuron remained in the trash and was 
persistent, with 50% loss occurring in approximately 21 days (estimated graphically).  The 
level of diuron in the covered soil was not measured.  However, for other pesticides where the 
concentration in the soil below the trash were measured, levels in the soil were <15% of 
application rate (estimated graphically by DEH).   
 
The report concluded that this study highlighted the need for careful management of 
application timing and chemical selection, particularly in areas close to waterways and 
sensitive habitats.   
 
Terrestrial Field Study 5 
A field dissipation and transport study was conducted according to US EPA Guidelines.  
Diuron was applied to an irrigation ditch (slope and berms) in California at a target rate of 
13.44 kg ac/ha.  No application was made to the channel bed in the treatment area.  There was 
untreated ditch between the control, treatment and the downstream sampling areas.   

 77



Australian Pesticides & Veterinary Medicines Authority 

 
The soil on the slope and berms (top of the bank forming the ditch) was a clay soil while the 
sediment in the irrigation channel was classified as a clay loam.  The weather at the site was 
drier than normal, with only 221 mm of total rainfall (8.72 inches) compared to the 10-year 
average of approximately 500 mm.  There was no rain for approximately 2 weeks before 
application and the first significant rainfall occurred 24 days after application when 37 mm 
fell over 2 days.  There was no further significant rain for 159 days when 19.6 mm (0.77 
inches) fell. 
 
The results of the soil analysis on the slope and berm showed that diuron dissipated with a 
DT50 of 142 days, calculated using a nonlinear regression analysis (first order analysis gives 
224 days).  After 178 days there was an average of 2.2 mg/kg soil (range 1.7 to 3.0 mg/kg).  
The sediment analysis (LOQ 0.05 mg/kg sediment) showed only positive results for 0, 2, 4 
and 256 days after treatment (average concentrations of 0.76, 0.059, 0.12 and 0.065 mg/kg 
respectively) and only near the treatment area.  The sample on 256 days could be due to 
runoff from the surrounding treated soil as it was the first time sampling occurred on a day 
when it rained (19 mm).  There were no other detections of diuron or its metabolites in any 
other water sample. 
 
The Department of the Environment and Heritage concludes that the dry weather limited 
movement of diuron and it therefore remained on the soil.  The degradation of diuron on dry 
soil is slow but the final sediment sample may indicate that when rainfall does occur, runoff 
or erosion allows diuron to enter drainage channels. 
 
Terrestrial Field Study 6 
A field dissipation and transport study was conducted as above according to US EPA 
Guidelines in Arkansas.  The soil on the side of the ditch was a silt loam soil while the 
sediment in the irrigation channel was not classified.  The weather at the site over sampling 
period (November-May) of the study was typical, with ~860 mm of rainfall.   
 
The results of the soil analysis showed that diuron dissipated from the soil with a DT50 of 
105 days calculated using a nonlinear regression analysis (first order analysis gives an 
average of 104 days).  The metabolite DCPMU was detected in these soil samples, initially 
from 0 DAT and then slowly increased to reach maximum of 0.45 mg/kg.  The sediment 
analysis showed positive results in the treatment area at time zero and was considered by the 
authors to be due to spraydrift.  The concentration of diuron in the sediment near the 
treatment area shows a reasonably consistent level of around 0.5 mg/kg except for the 179 
DAT with the highest value of 1.61 mg/kg.  Only one metabolite was detected, that being 
DCPMU, with maximum concentration of 0.13 mg/kg by 179 DAT.  These results for 
sediment in the channels show a pattern that is consistent with the hypothesis that sediment 
was washing off the treated area and moving downstream.  
 
The majority of positive detections from the scheduled water samples occurred 9 to 34 DAT, 
which appears to show limited aquatic exposure.  However, the raw data for 48 DAT show 
levels of diuron only slightly below the limit of quantification.  If this is a general situation, 
then the information tends to show that diuron is a low level contaminant of water systems.   
 
From the automatic water samplers (samples taken during flow-events), the peak 
concentration was 130 µg/L in the first two events with high concentrations for one period of 
12 hours of 120-130 µg/L (samples taken 4, 8 and 16 hours after the initial flow).  Subsequent 
samples during events 3 to 10 (6-152 DAT) had most concentrations of diuron below the limit 
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of quantification except for 152 DAT (event 10, first sample) when one of 2 duplicate 
analyses gave a reading of 10 µg/L.   
 
It is concluded that while the study does show that diuron primarily remains in the soil at the 
site of application, runoff causes soil bound and dissolved diuron to enter aquatic systems, 
where it either is mobilised or degrades.  The study gives some tantalising hints as to the 
likely fate of diuron but due to the relatively insensitive limit of quantification used, further 
conclusions are speculative.   
 
Terrestrial Field Study 7 
A study was conducted in California's northern Central Valley, to examine the loss of 
simazine and diuron in runoff from application along highway rights-of-way (Powell, Neal 
and Leyva, 1996).  [This is based on the California Department of Pesticide Regulations web 
site.]  In California these pre-emergence herbicides are widely used during the rainy season 
from November to March.  Simazine and diuron were applied together in a spray to a 2.4 
metre wide strip next to the highway pavement, at the rate of 2.02 kg simazine/ha and 3.59 kg 
diuron/ha.  Concentrations of simazine and diuron in highway runoff were measured during 
both simulated (13 mm in 1 hr; relatively light to moderate rainfall) and natural rainfall during 
several winter storms.  Simulated rain was applied to plots on treated highway shoulders at 
three sites (no information on time between application and simulated rain).  At one site, none 
of the artificial rainfall ran off the plot.  At the other two sites, 5-12% and 17-46% of the 
applied water ran off.   
 
Concentrations of diuron in runoff at these two sites ranged from 144-1175 and 348-1770 
µg/L.  Total mass of herbicide leaving the plots in runoff accounted for 0.2-3.2% and 2.5-
5.4% of the applied diuron.  Soil was sampled to a depth of 3 m at the site where no runoff 
occurred, and to 1 m at the other sites.  No herbicide was found below 0.3 m depth at any of 
the 3 sites.  Of the total 38 samples taken from the top 0.3 m of soil, 17 contained diuron 
(maximum concentration 874 µg/kg, just after rainfall simulation).  Natural rain runoff (no 
measure of intensity or amounts were given) was sampled at a fourth site during several 
winter storms with concentrations of diuron ranging from 46-2849 µg/L.  The largest amount 
removed in any sampled period was 8.4% of the diuron in one 28 h period.   
 
The Department of the Environment and Heritage notes the high concentrations recorded in 
the runoff and that 8.4% of applied diuron ran off but comments that the application area 
(beside the highways) could be compacted and therefore there would be limited infiltration of 
diuron into the soil.   
 
Literature  
In an existing tree orchard on a loam soil in Belgium, diuron was applied at 3 kg ac/ha to 2 
plots, one never having received any applications of diuron while the other had been treated 
annually for the previous 12 years.  Analysis of diuron in the 0-10 cm surface soil layer gave 
first order degradation curves with half-lives of 81 days (r = 0.9899) for the plot receiving 
diuron for the first time and 37 days (r = 0.9984) for the plot treated for the past 12 years.  
There appears to be a clear indication that soil micro-organisms can be conditioned to degrade 
diuron resulting in quicker degradation rates. 
 
Conclusion 
The overseas terrestrial field studies (12 sites) gave soil DT50s ranging from 67 to 231 days 
with one site having limited degradation.  At 11 overseas sites there was no evidence of 
vertical movement but in one Californian study, there was evidence that diuron had moved 
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vertically to lower soil profiles (45-60 cm).  When diuron was used on the sides of irrigation 
channels (2 sites), the concentration of diuron in the channel water reached 130 µg/L and was 
>10 µg/L for a 3 week period at one site.  This was related to rainfall at this site.  At the other 
site diuron was not detected in the channel water but there was no rain and therefore no runoff 
into the channel but when it did rain (256 DAT), analysis of sediment showed that diuron had 
moved from the sides of the channel.  When diuron was used on the sides of highways for 
weed control the concentration of diuron in runoff following simulate rain ranged from 144-
1770 µg/L.  Total mass of herbicide leaving the plots in runoff reached 5.4% of the applied 
diuron.  Concentrations of diuron in natural rain runoff were from 46-2849 µg/L and up to 
8.4% of the applied diuron ran off in one 28-hr period.   
 
Australian field studies were conducted at sugarcane farms (3 sites) over 3 years in the 
Bundaberg region.  The DT50 for diuron ranged from 6.5 to 20 days at 2 sites with one site 
having limited degradation every year and the DT50 was given as >250 days.  Again there 
was no evidence of vertical movement at any of these sites.  The concentration in diuron in 
runoff water was 0.37-120 µg/L and in groundwater the maximum was 6.5 µg/L.  
 
9.2.6 Measured Field Concentrations 
 
9.2.6.1 Australia 
 
Sugar cane Areas - Estuaries 
Following an episode of severe dieback of mangroves in the Pioneer River estuary (Mackay 
in Queensland), diuron was detected in sediment at four sampled sites in a study by Duke et al 
(2001).  The dieback was confined to mainly one species, Avicennia marina (the common 
mangrove).  The concentrations were 4, 0.8 and 3 µg/kg dw in samples taken from areas 
affected by mangrove dieback and 0.2 µg/kg dw in one sample taken in an area of relatively 
normal mangroves in Bucasia/Eimeo Creeks.  If it is assumed that the diuron detected has 
originated from sugarcane farms in the vicinity, these results confirm that transport of diuron 
has occurred from farms into drains and thence into the estuary.  The authors concluded from 
this and other evidence that of 12 possible causes of mangrove dieback that they had 
considered, the chief suspect was pesticide usage by the sugarcane industry, in particular the 
use of diuron (present at up to 4 µg/kg dw in the same samples) but sediment burial, excessive 
nutrients and heavy metals could not be discounted.  
 
The Pioneer River flows into the GBRMPA and has a significant area of the catchment 
(18.8%) under sugar cane with application of diuron amounting to 23435 kg/year 
(http://www.gbrmpa.gov.au/corp_site/key_issues/water_quality/action_plan).  The 
Buscasia/Eimeo estuaries have minimum human impact in their catchments, are within the 
Mackay region, and therefore were use as ‘reference sites’. 
 
The report of Duke was challenged by Kirkwood and Dowling (2002), who provided further 
observational, climatic and historic evidence and argued that burial or partial burial of 
mangrove pneumatophores was a more plausible explanation of the mangrove dieback in 
question.  They concluded that herbicides are not the most likely cause of the current dieback 
of mangroves in the Pioneer River estuary because:  
 
1. there are insufficient data available to demonstrate higher herbicide concentrations in 

dieback areas than non-dieback areas; 
2. there is no evidence to indicate that the comparatively very low herbicide concentrations 

that were recorded were sufficient to kill mangroves, “although herbicides at the 
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concentrations recorded have been shown to affect seagrasses physiologically, the 
biological differences between seagrasses and mangroves are so great that it seems 
unreasonable to expect mangroves to exhibit the same physiological responses as 
seagrasses to herbicides”. 

 
Duke et al (2003) have now published a report of further work investigating mangrove 
dieback in the Mackay district – it occurs with mainly one species only Avicennia marina (the 
common mangrove tree).  Diuron was found in all sediment samples at 0.1-8.2 µg/kg dw with 
a detection limit stated to be 0.1 µg/kg dw (see Table 51).  Diuron was detected in core water 
samples taken at the same site (taken from hole dug into sediment at root depth) at a 
maximum of 12.9 ng/L (range 3.3-12.9 ng/L) and water column samples (taken at the high 
tide on the same day as sediment samples) with of 5.2 ng/L (upstream) and of 1.1 ng/L 
downstream in the Pioneer River.  For the two sites that were sampled in 2000 and 2002 
(Barnes Creek, sites M1 and M2, see Table 51), the concentrations of diuron were similar in 
both years, possibly indication that the level of diuron being ‘recharged’ in the sediment.   
 
Other possible causative agents that were considered in the second Duke report include heavy 
metal contamination, excessive nutrients, pneumatophore burial (as suggested by Kirkwood 
and Dowling, 2002) and accessory factors.  There was no correlation with the concentrations 
of toxic heavy metals in the sediments, excessive nutrients or pneumatophore burial 
(measured as height from cable root to surface) and the presence of dieback.  There was a 
strong correlation with the concentration of diuron in the sediments and the overall health of 
the mangrove A. marina as measured by percentage of healthy trees in plots and transects, 
declining levels of chlorophyll in mature leaves and decreasing numbers of healthy seedlings 
in the surveyed plots.  The plot surveys also showed that while A. marina was the only 
species to be suffering from wide spread dieback, Aegiceras corniculatum (river mangrove) 
was also affected with dead branches and yellowing leaves in some plots in the Pioneer River 
area and Ceriops australis (yellow mangrove) showed significant dieback in some plots but 
not in all.  Transects showed that A. marina increased in health the further towards the 
landward areas of the mangroves range and away from the creeks/rivers.  
 
Table51:  Measured concentrations of diuron in sediment.  Samples taken from 

creeks/estuaries in sugar cane growing areas of Queensland as report by Duke et al, 
2001 and 2003, see Appendix 1 for maps of sites and collection points. 

 
Diuron detected in sediment (µg/kg dw) 

Mackay area South and north of Cairns 
Site Code 2000 2002 Site Code 2000 2002 
  - 1.7 Johnstone R MP1 - 1 
  - 6.0  MP2 - 0.4 
 MCM1 - 1.2  MP3 - 0.7 
Barnes Ck M1 4 5.1  MP4 - 2.6 
(Pioneer R) M2 0.8 1.0  MP5 - 2.6 
 M4 3 -  MP6 - 5 
 BH1 - 7.9  MP7 - 5.2 
 BS1 - 8.2     
Bakers Ck BCH1 - 2.4 Daintree R 1 - 0.1 
 BCS2 - 4.3  2 - 1.1 
 BCM1 - 4.3  3 - 0.64 
 BCS1 - 6.2     
Eimeo/Bucasia M7 0.2 -     
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The investigators again conclude that there is strong correlative and some causative evidence 
implicating herbicides, particularly diuron, as a primary agent causing serious dieback of 
mangroves in the Mackay region.  The report notes herbicides also act as stress agents, and 
that along with other stress factors, the plants are eventually terminally stressed. 
 
Pioneer River – Concentration of Diuron during Flow. 
During a 3-day rainfall event (13 to 15 February 2002) water samples were collected at four 
sites in the Pioneer River catchment (Simpson, 2002).  This river catchment is extensively 
used for sugarcane production with 19% of the total catchment of 1570 km2 under cane 
production, predominantly on the river flats.  The remaining area is for cattle grazing. 
 
There were minor runoff events on the 13th February that had the effect of flushing the river.  
The next day a more significant rainfall event occurred with substantial rain falling mainly in 
the land under cane production in the centre of the catchment.  The normal rainfall 
distribution is for heavier falls on the rim of the catchment.  The total rainfall over the two 
days averaged 233 mm over 16 rain gauges in the catchment, with a range of 127-356 mm.  
Examinations of the rainfall records over the previous 10 years indicate that this is a 1 in two-
year event.  Average rainfall in the catchment for February is ~350 mm.   
 
Samples were take 4 sites across the catchment.  At two sites several samples were taken 
these were Dumbleton Weir gauging station, located at the bottom of the catchment (drainage 
area of 1485 km2, ~95% of catchment), and Finch Hatton creek, a small largely unimpacted 
creek within the catchment.  At the other two sites only one sample was taken, Mia Mia 
Bridge on the Pioneer River (drainage area of 326 km2) and at Cattle Creek (drainage area of 
757 km2), both in the middle sections of the catchment.  Table 52 gives timing of samples and 
concentration of diuron found, while Figure 2 gives the hydrograph at Dumbleton Weir 
(second sample was not analysed for diuron). 
 
Table 52:  Timing of samples and concentration of diuron found. 
 

Site Time of sample1 Diuron, µg/L 
0815 8.5 
1500 2.5 
2325 1.1 

Dumbleton Weir 

0900(15/02) 0.90 
0730 NDR Finch Hatton Creek 
1030 NDR 

Mia Mia Bridge, Pioneer River 1030 0.40 
Cattle Creek 1055 1.00 

1All samples taken on 14/02 except last sample at Dumbleton taken on 15/02.  NDR = No detectable residue, 
limit of reporting set at 0.3 µg/L 
 
The pesticide loads at Dumbleton was determined using simple interpolation and integration 
over the flow event with extrapolation to get a point concentration at the very start and end of 
the hydrograph.  Total diuron load was estimated at 470 kg, which given the previously 
estimated diuron usage in this catchment of 23.5 tonnes per annum (Hamilton and Haydon, 
1996), gives runoff of diuron as 2% of applied.   
 
Considering that last usage of diuron would have been earlier during canopy closure 
(December/January) and that degradation in the field and adsorption should have occurred, 
the amount of diuron in the runoff is significant.  However, it must be noted that there was 
larger area than normal being planted as setts (~30% of cane production rather than the 
normal 15-20%) due to an old cultivar becoming susceptible to fungal problems.  This may 
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have resulted in more diuron being used on the replanted cane than is typical for the area.  
Nevertheless, even a 50% increase in diuron usage to 35 tonnes would imply 1.3% of the 
applied diuron ran-off and the amount of diuron in the runoff water remains significant. 
 
A further water sample taken at Dumbleton Weir in June 2002 showed the level of diuron was 
below the detection limit (0.3 µg/L). 
 
Figure 2.  The hydrograph at Dumbleton Weir on the Pioneer River showing sampling times and 

volume of flow (cubic metres of water per second, cumecs).  Note that pesticides were 
not analysed in the second sample. 

  
 
Sugar cane Areas - offshore 
In a recent report the concentrations of diuron in sediment and seagrass from 16 intertidal 
sites (<1 m deep; 3 samples per site pooled), located from Cape York to Moreton Bay at 
important dugong habitats, together with 24 subtidal sites (<5 m deep, in duplicate 3 random 
grab samples, 500-1000 m apart) located near major estuaries have been determined (Haynes, 
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Table 53:  Levels of diuron found in subtidal sediments in rivers, area under sugarcane in 

d amonearby river catchments an unt of diuron used in catchment. 
 

River1` DR BR RR JR TR C HR L 

Concentration µg/kg dw 0.22 0.35 1.1 10.0 1.42 0.8 2.0 1.63

Area under sugarcane4, km2 48 76 232 394 247 585 691 6916

Diuron used in catchment4 kg 2378 835 4700 17353 2768 12505 16600 166006

1Abrevations used: DR Daintree River; BR Barron Rivers; RR Russell River; JR Johnson River; TR Tully River; 
C Cardwell; HR Herbert River and L Lucinda. 

2Result from one replicate, other replicate was below detection limit (<0.1 µg/kg dw). 
3Not replicated.      4From GBRMPA, 2001 
5For Cardwell 6data from Murray River used.  Lucinda is close to the mouth of the Herbert River. 
 
The results of a study that focused on pesticide contamination of sediments in irrigation 
channels and drains in various areas of Queensland have been published (Müller et al, 2000).  
Sampling occurred along the banks or the wet/dry bed in the channel and drain.  Each sample 
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was a composite of 8 sub-samples taken at 10-metre intervals.  Diuron was detected in 75 of 
103 samples (72% of all samples reporting limit 0.4 µg/kg dw), with the most frequent 
detections and highest concentrations of diuron generally occurring in drains from cotton 
crops (Table 54).  The highest levels of diuron from the sugar cane areas reached 120 µg/kg 
ediment.   
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The authors noted that transport of pesticides from cotton growing areas to the marine 
environment is unlikely due to distance from the coast and because drains in the relatively 
arid cotton growing areas are only infrequently flushed.  They concluded that diuron (and 
other herbicides) that were present at relatively high concentrations in drain/channel sediment 
in the sugarcane growing areas were the only contaminants of those investigated that may 
reach the marine environment i
lo
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 diuron from a study e ticide ensland 
irrig hannels and drains es. 

Region Irrigatio & crop n system 
sampled 

No of + sam  ples /number
of sam taken ples 

Concentration mean 
and ran /kg dw ge µg

Emerald mainl otton 2  17 4) y drains, c 5/26 (<1-5
St mainl otton  George y drains, c 7/12 6.3 14) (<0.4-

Dawson Valley mainly drains, cotton 15/15 80 (8.8-340) 
Mareeba-
Dimbulah 

mainly drains, sugarcane 5/10 9.1 (<0.36-37) 

Burdekin mainly drains, sugarcane 20/21 25 (<1-120) 
Callide Valley channels, sugarcane 1/4 0.56 (<0.4-0.56) 

Bundaberg channels, sugarcane 1/4 2 (<1-2) 
Lockyer Valley channels 0/3 <0.4 
Warrill Valley channels 0/3 <0.4 
Lower Mary channels 1/2 7.9 

Eton channels 0/3 <0.4 
Channels are irrigation supply water; drains collect excess water from the fields. 
 
Cotton Growing Areas 
The NSW Department of Land and Water Conservation (NSW DLWC), Central and 
Northwest Regions Water Quality Program routinely monitored the major rivers in the central 
and northwest of NSW for pesticides from 1991 to 1999 (Cooper, 1994, 1995 and 1996; 

uschal, 1997 and 1998).  This area of NSW is mainly associated with irrigated cotton and 
 

amples were routinely taken weekly during December-January (8 samples), fortnightly for 2 
months on both s bruary- March) and mo r t f 
the year.  The analyses used for diu  (and r herbi es) invo d a so hase 
e he mp nd sam  were e entr d or fi d to re

M
therefore the sampling of these rivers was focused on the cotton growing season (October to
March/April).  Table 55 summarises these results.   
 
S

ides (October-November and Fe nthly fo he rest o
 ron othe cid lve lid p

xtraction of t water sa les a ples ither c ifuge ltere move any 

 84



Australian Pesticides & Veterinary Medicines Authority 

s Theref the resu n these
 
T

ediment.  ore lts i  reports are for the soluble (dissolved) diuron.   

able 55:  Detections of diuron from
uality Program 

estimated from graphs and are app

 the NSW
ins and yea

 DLW
r.  Results a
ate values). 

C Central
s maximum

 and Northw
 concentra

est Region
tion detecte

s Water 
d µg/L Q

( roxim
 

by river bas

 1991/92 1992/93 1993/94 1994/95 1995/96 1996/97 1997/98 
Borders Rivers  5 3 2.5 0.4 1 2 0.9 
Gwydir River 5 4.2 1 5 23 5.4 10 
Namoi River 0.65 0.9 0.2 <0.05 0.2 0.2 2 
Macquarie 
Rivers 

0.2 0.3 <0.05 <0.05 <0.05 - - 

Darling R  <0.05 <0.05 <0.05 <0.05 0.1 - 
No. of positive 63 (from 33 (from 35 (from 28 (from 14 (from 27 (from 56
samples (all 230) 230) 255) 209) 280) 300)  

 (from 
300) 

rivers) and no of 
samples 1

1 Total number of analyses per annum for pesticides including upstream areas. 
 
Diuron was detected in all river basins near irrigated cotton and not necessarily associated 
with runoff events.  The highest figure, in the Gwydir River is from a runoff event and shows 
that very high levels can occur.  Most detections were during the irrigation season 
(December-March) and in the irrigation areas.  Sampling upstream of the irrigation areas 

s the Gwydir River catchments.  Samples were taken in the Gwydir River during the 
um concentration of diuron of 24 µg/L in the first sample taken as the 

hough it is unclear if it was below detection limited or just not 

articularly citrus and in irrigation 

d no detectable level of diuron.  During the 1994-95 irrigation season, from 

showed only occasional detection and at low levels compared to the irrigation areas.   
 
There was a heavy rainfall event in January 1997 that lasted for 3 days with 65-208 mm of 
rain acros
rainfall gave a maxim
rivers started to respond to the heavy rain.  Levels then declined to 6 µg/L as the water level 
in the rivers rose.  Over the storm event the total load of diuron was estimated at 26.5 kg.  
After the rain finished, the rivers rose 2 days later to peak levels from flooding in the upper 
catchments.  There were no detectable levels of diuron in the bulk of this water.   
 
Sediments in these rivers were sampled in 1995-96 and 1997/98.  Diuron is not reported has 
aving been detected alth

reported. 
 
South Western NSW 
Monitoring in the southwestern irrigation areas of NSW over a 5-year period (1990-1995) 
showed at times significant levels of diuron (Bowmer et al 1998).  The area is a major 
agricultural area comparing 2 irrigation schemes, the Murrumbidgee Irrigation Area (MIA) 
with 560,700 ha under irrigation and the Murray Valley region with 715,700 ha under 
irrigation.  Diuron is used for weed control in horticulture p
channels during winter.   
 
Sampling of the main drains (1991-93) in the MIA showed that in 41% of all samples taken 
diuron was detected in water (detection limit 0.1 µg/L) with the maximum of 9.5 µg/L.  The 
supply water ha
September to May, surface water was sampled monthly in the MIA (18 sites, 4 supply sites, 1 
swamp, 2 lake sites, 1 creek and 10 drains).  Diuron was detected at least once per monthly 
and the maximum concentration was 5.4 µg/L that occurred in October.  The maximum 
number of detections was 12 of the 18 sites in one month.   
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Tile (sub-surface) drains at 49 horticulture farms in the MIA were sampled in 1992 (January, 
May and August).  Approximately 40% of farms had detectable levels (>0.05 µg/L) of diuron 
and generally the same farms were positive whenever sampled.  Maximum concentrations 
were 28 µg/L.   
 
The first surface runoff from a citrus farm after application at 4.5 kg ac/ha had concentrations 

etween 0.05 and <1 µg/L.  Daily automatic 
onitoring of Little Mirrool Creek at the junction with Mirrool Creek from 5 October to 30 

n levels of 1.19 µg/L with range 0.1 and 7.5 µg/L.  All samples 

 a 
w level contaminant of water from farms where diuron has been used.  Concentrations 

004).  

ent (8500 ha, 3.3 tonnes of diuron used, 
amilton and Haydon 1997).  The sugar cane is generally spread out along the lower reaches 

w rainfall and low river flows and in February 2003 and 2004 during 
oderate flow events (monthly rain fall 325 mm).   

urrum River).   

of diuron of between 1.2 to 20 µg/L with an average of 10.9 µg/L.  Grab samples for Mirrool 
Creek just above Barren Box Swamp (this creek drains the Mirrool and Yanco irrigation areas 
and flows into Barren Box Swamp) in 1991 showed diuron was present most of the time but 
at low levels (0.06-0.17 µg/L for 1991).  In 1994 daily automatic monitoring from 5 October 
to 30 November of Mirrool Creek gave levels of b
m
November 1994 gave mea
from both creeks had diuron present above the detection limit (0.05 µg/L).   
 
In conclusion, this 5-year monitoring study in the South West of NSW shows that diuron is
lo
reached approximately 20 µg/L in surface flows from treated areas (4.5 kg ac/ha) and 30 µg/L 
in sub-surface tile drains.  In creeks draining large irrigation areas (Mirrool and Little 
Mirrool), levels reached a maximum of 7.5 µg/L. 
 
Hervey Bay, Queensland 
Low concentrations of diuron, together with other herbicides, were detected in surface waters 
and sediments in inter-tidal seagrass meadows of Zostera capricorni in Hervey Bay, 
Queensland (McMahon, Bengston-Nash, Eagleham, Müller, Duke and Winderlich, 2
 
Two major rivers flow into Hervey Bay, the Mary and Burrum Rivers.  The Mary River 
catchment (9595 km2) is 60% dry land grazing, 33% forestry and 8% agriculture with sugar 
cane covering 0.8% of the catchment (8000 ha of cane, 9.6 tonnes of diuron used, Hamilton 
and Haydon 1997).  The Burrum River has a small catchment (3118 km2) but has a slightly 
larger sugar cane area covering 2.7% of the catchm
H
of the Mary River and is some distance up-stream from the estuary of the Burrum River.  
Note that the area of sugar cane is based on 1994 data, which could be out of date.   
 
Surface waters together with sediments were sampled in the seagrass meadows and the health 
of the seagrasses monitored as well.  The two major rivers following into the Hervey Bay, the 
Mary and Burrum Rivers were also sampled.  Sampling occurred in April and December 
2002, both periods of lo
m
 
The concentration of diuron in April and December in the surface water at the seagrass 
meadows ranged from <5 (detectable but below limit of quantification) to 25 ng/L and in the 
sediments at not detectable to 0.2 ng/kg dw.  The highest value occurred 1 km from the mouth 
of Big Tuan Creek, a small creek, and 5 km from the mouth of the Mary River.  Sampling of 
the Mary River in April and December 2002 gave levels ranging from 25 to 80 ng/L and for 
the Burrum River the levels in December were from <5 to 60 ng/L (no samples taken in April 
in the B
 
Sampling of the Mary River in February 2003 during the moderate flows (first flush flow for 
a year but the tail of run-off event sampled) gave concentrations ranging from 15 to 105 ng/L 
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with the lowest values at the bottom of the tide and highest on the incoming tide and on the 
high tide.  The authors suggest that this pattern of diuron concentrations could be due to 
diuron being sourced from a marina downstream of the sampling site.  The samples from the 

ary River taken in 2004 gave levels of diuron between 25-35 ng/L.  Sampling seawater at 
in February 2003 and 2004 gave low levels of diuron of not detectable to 50 

g/L.   

mples were analysed for 76 pesticides 
cluding diuron.  Table 56 gives the results for diuron only and are as broken down by the 

me of which 
ill not use diuron and others may only use diuron intermittently.  The urban indicator sites 

agricultural rator sites are on large streams and rivers that drain relatively large 
atchments (1800 to 92000 sq km) with heterogeneous land use, diverse soil types and 

topo aphy, an ally a v y of p uses.
 
Note that a select group of da en
in fix cy s ling a th s mple ted d  high or low 
flo diti ples c ted du rm e r floo e not  
 
Ta

M
the seagrass sites 
n
 
The seagrass at the sampling sites appeared healthy and there was growth and development 
during the study period.  Seagrass abundance was greater and plants larger in December than 
in April.  Seagrass health was not determined during the two river flow events.  The authors 
conclude that with the low background levels herbicides in the water, predominantly diuron, 
there was no detectable impact on seagrass.   
 
9.2.6.2 Overseas 
 
USA 
The United States Geological Survey (USGS) conducted a large water quality program in 
1992-96 in 20 of that nation’s hydrologic basins and collected about 8200 samples from 
surface and ground water (USGS, 1998).  The sa
in
USGS into selective groups based on major activities with the catchments.  The agricultural 
indicator sites have relatively small catchments (27 to 6000 sq km, with most less than 1000 
sq km) and included a variety of different crop types and agricultural practices, so
w
have small catchments (25 to 108 sq km) in which the primary uses of pesticides are non-

.  The integ
c

gr d usu ariet esticide    

ta points were used to repres t more typical conditions and 
cludes 
w con

ed en frequ amp long wi
o

ome sa s collec uring
ons.  Sam ollec ring st vents o ds wer used.

ble 56:  The results for diuron from the USGS survey for bo ce an nd w  
t

th surfa d grou ater in
he USA.  

 
 Site No. 

Samples 
Percent 
positives 

10% 50% 
(mean) 
µg/L 

95% 
µg/L 

Max, µg/L 

Agricultural 942 7.96% <MDL <MDL 0.23 14 
Urban 315 13.02% <MDL <MDL 0.28 8.4 

Surface 
water 

Integrator 222 9.46% <MDL <MDL 0.21 1.2 
Agricultural 897 2.34% <MDL <MDL <MDL 2.0 

Urban 289 2.77% <MDL <MDL <MDL 0.46 
Ground 
waters 

Integrator 850 0.95% <MDL <MDL <MDL 0.34 
MDL = maximum detection limits and was set at 0.05 µg/L. 
 
The results from the USGS survey of water supplies in the USA clearly show that diuron is 

ainly found in the surface water with lower levels in groundwater.  This seems to indicate 
vel of 

positive de ed use of diuron compared to other older 
erbicides, i.e. atrazine, simazine.   

 

m
that diuron is not a significant leacher but it does enter surface waters.  The low le

tections is a reflection of the limit
h
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UK 
The Environm ge UK nd o monitoring of pesticides in freshwater and 
their results for diuron in 1996 and 1997 ha
D , 20   Th mm abl h is u el  Ta 7. 
 
T

ent A ncy ( ) co ucts r utine 
ve been summarized (Pesticides Safety 

port irectorate 02). e su ary t e in t is re  reprod ced b ow as ble 5

able 57:  Level of diuron in freshwater in
Pe es ty D ora 0

 

 the UK by regions for 1996 and 1997, from 
sticid Safe irect te, 20 2. 

Region No. of samples Percent 
above MRV 

MRV ng/L Average ng/L Maximum, 
ng/L 

 1996 1997 1996 1997 1996 1997 1996 1997 1996 1997 
Anglian 417 200 24 14.5 40 40-80 52.8 54.8 1300 5010 
Midlands 766 996 12.7 25.7 100-500 40-80 73.4 52.5 7610 1360 
North East 190 261 10.5 20.3 30 30 57.3 124 2520 3400 
Southern 205 411 20 15.6 20-40 25-50 586 44.6 51280 4310 
South west 252 266 0.4 1.9 40 40-80 0.36 3.9 90 530 
Thames 639 493 38.5 40.8 40 40 124 157 5710 3280 
Welsh 1117 1132 3.9 7.4 20-100 20 7.8 7.1 987 841 

MRV = minimum reporting value 
 
As can be seen in Table 57, the level of diuron reported in UK freshwater varies considerably 
with the range of values reaching 51280 ng/L.  The higher values reflect a large urban area 

here diuron is used for weed control in right-of-way situations.  Diuron is not registered for 

 
The concentration of diuron in marine areas due to its use as a biocide was monitored monthly 
during the n (April-Oc e UK le 
monthly samples and therefore may n rall level of contamination.  The 
sites we ater (6 marinas a ary sites), Sutton Harbour Plymouth (3 
marina ) and the Ri arina and 5 estuary sites).  These 
results able 58.  
 
Table 58

w
use in UK agricultural crops. 

 boating seaso tober 1998) at 3 sites in th
ot represent the ove

nd 1  estu

, (ibid).  These are sing

re: Southampton W 3
s and 3 estuary sites ver Crouch (1 m
are summarised in T

:  Measured concentrations in marine w s at 3 coastal areas of the uring ater  UK d
1998. 

 
Sampling type Average n, ng/L  concentratio

(and range of monthly 
averages) 

Range of a les, ng/L ll samp

Southampton Water   
Estuary water (13 sites) 41.5 (range 1-102) <1-438) 
Marina (open; 4 sites) 170 (90-238) <1-613 
Marina (locked; 1 site) 1439 112-6742 
Marina (inlet; 1 site) 124 4-405 

Sutton Harbour Plymouth   
Estuary water (3 sites) 29.3 (8-72) 1-291 

Marina (locked) (3 sites) 77 (30-108) 4-334 
River Crouch   

Estuary water (5 sites) 25.4 (11-44) 5-226 
Marina (inlet; 1 site) 88 36-305 

 
As is clear in Table 58, the level of diuron is higher in marinas than the surrounding estuaries; 
an interpretation is that the marinas are the source of the contamination from anti-fouling 
paints (including leaching, cleaning, repainting, sanding etc,), which then diffuses to the local 
stuary on the tidal flux.  The highest level (6742 ng/L) was from Hythe Marina e

(Southampton) in April.  This is a locked marina containing approximately 275 boats and it 
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was noted that there was limited opening of the gates during winter and therefore minimal 
flushing.  The levels of diuron at Hythe fell after April to approximately 400 ng/L by June and 
to 112 ng/L in August (peak of the boating season in the UK).  At the other closed marinas 

lymouth) the peak concentration also occurred in April but at lower values (214-613 ng/L).  
ere was more usage during winter (fishing vessels) and the gates were kept 

pen during high tide allowing for some flushing.  The peak season concentrations were just 
els. 

onitoring Studies: Sugar cane  

rk investigating the cause of the mangrove dieback in the 
ackay district diuron was found in all sediment samples at 0.1-8.2 µg/kg.  It was also found 

he concentrations of diuron in sediment and seagrass located near important dugong habitats 

 December in the 
urface water at the seagrass meadows ranged from <5 (detectable but below limit of 

(P
At these marinas th
o
19-113 ng/L, similar to estuary lev
 
It is concluded that the UK results show that use of diuron in urban areas can lead to high 
levels in nearby river systems.  The marine results show that when used in marine paints, 
there can be high levels of diuron in marinas, especially if the exchange rate with less polluted 
water is low. 
 
9.2.6.3 Summary 
 
M
Diuron was been detected in sediment at 4, 0.8 and 3 µg/kg dw in samples taken from areas 
affected by mangrove dieback in the Pioneer River estuary and 0.2 µg/kg dw in one sample 
taken in an area of relatively normal mangroves.  The authors concluded from this and other 
evidence that the chief suspect of mangrove dieback was pesticide usage by the sugarcane 
industry, in particular the use of diuron.  This report was challenged and it was argued that 
there was insufficient data to demonstrate higher herbicide concentrations in dieback areas 
than non-dieback areas and there was no evidence to indicate that the low herbicide 
concentrations were sufficient to kill mangroves.  
 
In a subsequent report of further wo
M
in core water samples and in water column samples.  Other possible causative agents were 
considered in the second report including heavy metal contamination, excessive nutrients, 
sediment burial and accessory factors.  There was a strong correlation with the concentration 
of diuron in the sediments and the overall health of the mangrove but no correlation with 
other possible causative agents such as toxic heavy metals, excessive nutrients or burial.  The 
investigators again concluded that there is strong correlative and some causative evidence 
implicating herbicides, particularly diuron, as a primary agent causing serious dieback of 
mangroves in the Mackay region.   
 
T
along the Queensland coast have also been determined.  In the intertidal sediments, there were 
3 detections from 16 sites tested (0.5, 1.7 and 0.6 µg/kg dw for Cairns, Cardwell and Moreton 
Bay respectively) and at the subtidal sites, diuron was detected at 9 of the 24 subtidal sites 
tested at concentrations up to 10.1 µg/kg dw.  The highest detections were near river mouths 
draining the sugar growing areas.  Diuron was also present in the seagrasses at 4 sites (0.6, 
1.1, 0.8 and 1.7 µg/kg dw for Cairns, Cardwell, Pallarenda and Moreton Bay respectively).  It 
is noted that the positive detections in the sediment also coincide with detections in the 
seagrasses and at comparable levels.   
 
Low concentrations of diuron, together with other herbicides, were detected in surface waters 
and sediments in inter-tidal seagrass meadows in Hervey Bay, Queensland.  Surface waters 
together with sediments were sampled in the seagrass meadows and the health of the 
seagrasses monitored as well.  The concentration of diuron in April and
s
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quantification) to 25 ng/L and in the sediments at not detectable to 0.2 ng/kg dw.  Sampling of 

The seagrass at the 
ampling sites appeared healthy and there was positive growth and development during the 

conclude that with the low background levels herbicides in the 

onitoring Studies: NSW  

onthly 
nce per month at a maximum concentration of 5.4 µg/L.  In one 

 used.   

 range of values reaching 

the Mary River (major river flowing into Hervey Bay during the moderate flows) gave 
concentrations ranging from 15 to 105 ng/L but with the highest on the incoming tide and on 
the high tide.  The authors suggest that this pattern of diuron concentrations could be due to 
diuron being sourced from a marina downstream of the sampling site.  
s
study period.  The authors 
water, predominantly diuron, there was no detectable impact on seagrass.   
 
Monitoring Studies: Queensland  
In a study that focused on pesticide contamination of sediments in irrigation channels and 
drains in various areas of Queensland diuron was detected in 72% of all samples, with the 
most frequent detections and highest concentrations of diuron generally occurring in drains 
from cotton crops.  The range was from <0.36 to 340 µg/kg sediment dw. 
 
M
In a long-term study on pesticide contamination in rivers in the cotton regions of NSW, 
diuron was detected in all river basins near irrigated cotton and not necessarily associated 
with runoff events.  Most detections were during the irrigation season and in the irrigation 
areas and the highest concentration of diuron was 24 µg/L from a runoff event.  During this 
runoff event samples were taken in the Gwydir River during heavy rainfall and a maximum 
concentration of 24 µg/L occurred in the first runoff waters (first flush) then the concentration 
declined to 6 µg/L as the water level in the rivers rose.  Over the storm event the total load of 
diuron was estimated at 26.5 kg.  Diuron was not reported from sediments in these rivers. 
 
Monitoring in the southwestern irrigation areas of NSW over a 5-year period showed at times 
significant levels of diuron.  The area is a major agricultural area comprising several irrigation 
schemes, and diuron is used for weed control in horticulture particularly citrus and in 
irrigation channels.  Sampling of the main drains showed that in 41% of all samples taken 
iuron was detected and the maximum was 9.5 µg/L.  Surface water was sampled md

with diuron detected at least o
month 66% of the sampling sites gave positive detections of diuron.  Approximately 40% of 
tile drains at 49 horticulture farms had detectable levels of diuron and the maximum 
concentration was 28 µg/L.  Surface runoff following first irrigation at a citrus orchard had 
average of concentrations of diuron of 10.9 µg/L.  Daily automatic monitoring of Mirrool 
Creek gave levels of between 0.05 and <1 µg/L and automatic monitoring of Little Mirrool 
Creek levels between 0.1 and 7.5 µg/L.  It was concluded that this 5-year monitoring study 
shows that diuron is a contaminant of water from farms where diuron has been
 
Overseas monitoring studies 
The United States Geological Survey (USGS) conducted a large water quality program in 20 
hydrologic basins.  The samples were analysed for 76 pesticides including diuron.  These 
results clearly showed that diuron is mainly found in the surface water with low levels in 
groundwater.  This seems to indicate that diuron is not a significant leacher but it does enter 
surface waters.  The maximum concentration occurred in surface drainage from agricultural 
area (14 µg/L) but surface water from urban areas also had high levels (8.04 µg/L).  Sampling 
in larger river and streams gave lower levels with maximum of just 1.2 µg/L. 
 
The Environment Agency (UK) conducts routine monitoring of pesticides in water and their 
results for diuron in 1996 and 1997 were summarized for fresh and marine waters.  The level 
of diuron reported in the freshwater various considerable with the
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51280 ng/L.  The higher values reflected large urban areas where diuron is used for weed 
l is not registered for use in UK agricultural crops.  

he concentration of diuron in marine areas due to its use as a biocide was monitored monthly 
eason (April-October 1998) at 3 sites in the UK and the level of diuron 

as higher in marinas than the surrounding estuaries.  The highest level (6742 ng/L) was from 

in both urban areas 
nd as a marine biocide can lead to high levels in nearby systems.   

 a study conducted according to US EPA and EU Guidelines, there was no observable 

onounced for pH 4, 5 and 9 with half-
ves of 26, 56 and 109 days respectively.  These results are considered reliable.  At pH 7, 

nt degradation for determination of a half-life.  There were 2 degradation 
roducts noted in the HPLC, only one of which was >10% of applied radioactivity (AR) and 

dichloroaniline (DCA) by co-chromatography. 

he photolysis of diuron in buffered water was conducted according to US EPA Guidelines 

ch were major degradates and present in concentrations of 
10% each.  The major degradates were not identified, a significant weakness in the study.  

 a second study conducted according to US EPA guidelines, the photolysis of diuron was 
 and the half-life was determined as 9.0 days, equivalent to about 43 days 

 from the quantum yield and 
easured UV absorption spectrum according to ECOTOC procedures.  These calculated half-

lives ranged from 2.2 to 5.4 days for 30°N. 

contro  in right-of-way situations.  Diuron 
T
during the boating s
w
a locked marina in April containing approximately 275 boats with limited flushing during 
winter.  The levels of diuron fell after April to 112 ng/L in August (peak of the boating season 
in the UK).  It was concluded that the UK results show that use of diuron 
a
 
9.2.7 Summary of Fate and Behaviour 
 
9.2.7.1 Hydrolysis 
 
In
degradation at 25°C in the pH 7 and 9 solutions, and only slight degradation at pH 4 and 5 
with calculated half-lives of 798 and 313 days, but these are not reliable.   
 
At a higher temperature of 50°C hydrolysis was more pr
li
there was insufficie
p
was identified as 3,4-
 
In a second study conducted according to US EPA Guidelines, there was only limited 
degradation of 1-2% at all pH values (5, 7 and 9) and it was concluded that the half-life was 
greater than 500 days.  There were 2 degradates identified as N’-(3,4-dichlorophenyl)-N-
methyl urea (DCPMU) and 3,4-dichloroaniline (DCA). 
 
9.2.7.2 Photolysis 
 
Aqueous Photolysis 
T
and to satisfy EU requirements.  The degradation followed first order kinetics and was pH-
dependent with degradation at pH 7 slower than at pH 5 or 9.  The half-lives were 7.8, 16.3, 
8.9, and 16.9 hours for pH 5, 7, 9 and purified water respectively.  Under natural sunlight 
(30°N), these half-lives were calculated to correspond to 6.7 to 22.4 days.  11 photolysis 
products were observed, 4 of whi
>
Two minor peaks in the HPLC were identified, one as 3-(4-chlorophenyl)-1,1-dimethyl urea 
or 3,4-dichlorophenyl urea and another as 3,4-dichloroaniline.   
 
In
again first order
under natural (latitude 30-40°N) sunlight assuming 12 hours of sunlight.  The analyses 
showed that major degradates were more polar than diuron, none of which were >10% of 
applied and were not identified.   
 
The photolysis of diuron under natural sunlight was calculated
m
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Soil photolysis 

n soil was studied according to the EPA Guideline using a silt loam 

   

f diuron was studied in a standard German soil (Speyer 2.1, a 

tion both waters 
mained aerobic with the Erft sediment also mainly aerobic.  The Hönniger sediment was 

pplied to the 

The photolysis of diuron o
soil the same as used for the aerobic and anaerobic metabolism studies.  Photolysis was 
relatively slow with 90% of the applied diuron recovered after 30 days of irradiation.  The 
half-life of diuron was calculated as 173 days using first order kinetics.  The main degradate 
noted was N’-(3,4-dichlorophenyl)-N-methyl urea (DCPMU).   
 
9.2.7.3 Metabolism 
 
Aerobic soil metabolism 
The metabolism of diuron was studied in a silt loam (Keyport soil) according to US EPA 
Guidelines.  After incubation of 12 months at 25°C in the dark, extracted radioactivity 
accounted for 81% of AR with 14.9% remaining in the soils and 3.36% as CO2 (determined 
by precipitation with barium chloride).  The half-life for the non-sterile soils was determined 
by first order kinetics as 372 days and for sterile control was 1920 days.  Only two 
metabolites, DCPMU and DCPU were identified.
 
In another study, the degradation behaviour of diuron in three soils from Europe was 
conducted to Danish data requirements.  The results of the study showed diuron to be fairly to 
slightly degradable with half-lives under ‘standard conditions’ (20°C, 70% MWHC) of 
between 20-119 days.  Reducing the temperature to 10°C increased the half-life to 143 days 
from 51 days, but drier soil (35% of MWHC) reduced the half-life to just 27 days.  The TLC 
analysis identified 3 metabolites by comparison with authentic samples: DCPMU, DCPU and 
DCA, formed from progressive demethylation.   
 
The degradation behaviour o
sand soil) in accordance with EEC Guidelines.  The soil was incubated in the dark with 
positive flow of CO2 free air for 101 days at 20°C and at field capacity.  The results of the 
study showed diuron to be slightly degradable with half-life of 186 days (square root time, 1.5 
order kinetic best fit).  In a supplementary study, this half-life was recalculated using 2-
compartment model to give a half-life of 112 days and a DT50 for DCPMU of 35 days.  The 
analysis identified 2 metabolites by comparison with authentic samples: DCPMU and DCPU.   
 
Aerobic aquatic metabolism 
The aerobic aquatic metabolism of diuron was conducted according to EC SETAC-Europe 
Procedures using two sediment-water systems collected from two locations in the Germany, 
the River Erft, a river following into the Rhine where the micro-organisms have been shown 
able to metabolise diuron, and Hönniger Weiher, an artificial pond.  The systems were 
incubated aerobically at 20°C in the dark for 120 days.  During the incuba
re
essentially anaerobic at first (28 days) then became aerobic.  Diuron moved fairly rapidly to 
the sediments where it was degraded quicker in the Erft system (half-life = 48 days) than in 
the Hönniger system (232 days).  It should also be noted that the microbes in the Erft River 
were probably conditioned for the degradation of diuron.  There were relatively few 
metabolites formed that were detected.  DCPMU was identified in the sediments of both 
systems with the dechlorinated metabolite m-CPDMU found the in the Hönniger system, both 
in the aquatic phase and in sediment but was not detected in the Erft system. 
 
In another study, the aerobic aquatic metabolism of diuron was studied using a clay loam 
sediment in accordance with the EPA Guidelines.  The radiolabelled diuron was a
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water surface and then incubated in a dark at 25°C for 30 days.  Diuron degraded under the 
adation half-life of 33 days using first order kinetics.  There were 

in the dark at 25˚C for 30 days and then the 
oil was purged with nitrogen and incubation was continued for 60 days under a stream of 

ome of the diuron becomes tightly bound very rapidly and 

bolite was 3-(3-chlorophenyl)-
,1-dimethyl urea (m-CPDMU) that reached 81% after 7 days, remained at that level till day 

AR at the end of the study.  Other metabolites detected were 

e dechlorination is fast and 
xplains the relatively short half-lives of diuron in this study.   

ation period.  It 
hould be noted that in the study with the shortest half-life (33 days) conditions were 

 start and the anaerobic degradate m-CPDMU was the principal 
egradate, suggesting that conditions be came more anaerobic.  The only other system that 

became anaerobic was the anaerobic soil degradation study but there was no degradation 

study conditions with a degr
2 main metabolites, m-CPDMU and DCPMU.  The degradation pathway proposed is the 
same at for the previous aerobic aquatic metabolism study and involves two pathways, one 
demethylation while the other proceeds via dechlorination of the phenyl ring.  In a 
supplemental report, it was noted that the reductive dechlorination, which leads to the 
formation of m-CPDMU, is fast and explains the relatively short half-lives of diuron in the 
aquatic metabolism studies compared to the aerobic and anaerobic soil studies.   
 
Soil anaerobic metabolism 
An anaerobic soil degradation study of diuron was performed according to US EPA Guideline 
N-162-1 using a silt loam soil (same soil used for aerobic study).  The dosed soil was 
incubated under aerobic conditions (stream of air) 
s
nitrogen.  The report notes the s
could only be recovered by forcing conditions.  After the system was purged with nitrogen 
and presumably anaerobic conditions were established (no evidence was presented), the 
metabolism of diuron appeared to stop with the amount of diuron recovered remaining 
constant (within experimental error).  The half-life for the anaerobic phase was calculated as 
1000 days but is not reliable.  It was concluded that the study shows that under anaerobic 
conditions the metabolism of diuron is very slow. 
 
Anaerobic aquatic metabolism  
The anaerobic aquatic metabolism of 14C-diuron was studied under according to US EPA 
Guideline using a clay loam sediment (used for the aerobic aquatic metabolism study).  The 
diuron was applied and then incubated in a dark under nitrogen at 25°C to give a degradation 
half-life of 1.2 days using first order kinetics.  The main meta
1
98 then declined to 15% of 
phenyl dimethyl urea (or fenuron - another herbicide, maximum 13% of applied), and 3-(3-
chlorophenyl)-1-dimethyl urea (m-CPMU, maximum 18% of applied).  The degradation 
pathway proposed is rapid dechlorination of the phenyl ring to give m-CPDMU then slowly 
followed by further dechlorination to give PDMU, or demethylation to m-CPMU.  In a 
supplemental report it is noted by the author that the reductiv
e
 
Conclusions on metabolism 
From the metabolism studies there appears to be two metabolic pathways for the degradation 
of diuron, one under aerobic conditions and other for anaerobic conditions.  The aerobic 
pathway involves demethylation of the urea to give the metabolites DCPMU and DCPU, 
while the anaerobic pathway is quicker and involves dechlorination of the phenyl ring, a 
typical anaerobic degradation, to give m-CPDMU and PDMU.   
 
The aerobic degradation rates (half-lives) in soil range from 20 to 119 days at 20°C, excluding 
one outlier at 372 days, and degradation is slower in cooler conditions, 143 days, at 10°C.  
The half-lives were similar in the aerobic aquatic degradation studies at 33 and 48 days, with 
one exception at 232 days but this system became anaerobic during the incub
s
marginally aerobic at the
d
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during the anaerobic period.  Under the continuous aquatic anaerobic conditions, the 

moderately adsorbed to the soils tested and is rated as being of low to medium 
obility.  The narrow range indicates the organic matter is the major determinate of 

er factors such as physical chemical properties of the soils and content and 
omposition of clay minerals could also be factors in the adsorption of diuron.  For the 

MU, a major aerobic metabolite of diuron, was performed 
 4 soils to meet US EPA Guidelines.  The Kocs ranged from 651 to 4989 and indicate that 

ately adsorbed to the soils tested.  It is rated as being low to medium 

s being low to medium 
obility (McCall classification).   

degradation is faster with a half-life of 1.2 days.  This could be due to stronger anaerobic 
conditions but this is not clear from this report as only the redox range during the test was 
reported which indicated that conditions were reducing to strongly reducing.  
 
9.2.7.4 Mobility in Soils 
 
Adsorption/desorption 
The adsorption/desorption of diuron was performed by batch equilibrium studies to meet US 
EPA Guideline using 4 soils agricultural soils.  The Kocs ranged from 418 to 574 and indicate 
that diuron is 
m
adsorption, in contrast to that from the study below.  The Kd values ranged from 261 to 661 
but as these were generated from only one effective concentration and therefore may not 
reliable.  The desorption data shows that there was considerable loss of diuron from one soil, 
40% of the initially adsorbed diuron was lost after 5 cycles of desorption, compared to 7-17 % 
for the other 3 soil.  It is noted that the Dover soil has the lowest amount of clay of the four 
soils studied. 
 
The adsorption/desorption of diuron, m-CPDMU and PDMU (fenuron) in 5 soils was 
performed to meet US EPA Guidelines.  Fenuron and m-CPDMU are both anaerobic 
metabolites of diuron.  In the preliminary studies two soils showed <10% adsorption and as 
this was not sufficient for isotherm testing, the rest of the study was conducted using the three 
remaining soils.  From the preliminary study the Kocs were calculated as 366 to 1750 for all 
five soils and show that diuron is moderately adsorbed and is rated as being low to medium 
mobility.  Results from the isotherm tests were similar.  The large range for the Kocs indicates 
that oth
c
metabolite m-CPDMU, the Kocs ranged from 40 to 323 and is rated as being low to very high 
mobility (McCall classification).  However, the isotherm results for the three soils tested 
indicate that it is rated as low to high mobility (Koc from 139 to 418).  For fenuron, the 
screening results show Koc from 33 to 138 (high to very high mobility) and similar for the 
isotherm data.  In all cases the metabolites were more mobile than the parent compound 
diuron. 
 
The adsorption/desorption of DCP
in
DCPMU is moder
mobility (McCall classification).  Again there was a large range for the Kocs.  The 
adsorption/desorption of DCPU, a major aerobic metabolite of diuron, was performed in 5 
soils to meet US EPA Guidelines.  The Kocs ranged from 572 to 1178 and indicate that 
DCPMU is moderately adsorbed to the soils tested.  It is rated a
m
 
Field Lysimeters  
To evaluate the leachability of diuron under field conditions, two field lysimeters were set up 
in Sweden using two sandy soils (Nantuna and Langaveka).  Each lysimeter was planted with 
a single black currant bush in order to mimic normal agricultural practices.  The lysimeters 
received a total of 1737 mm of precipitation (including irrigation).   
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At 2 kg ac/ha, there were 6 leachate positive samples from 30 samples analysed (limit of 
detection 0.05 µg/L) from the Langaveka soil lysimeter; the maximum concentration of 
diuron was 0.73 µg/L.  For the Nantuna lysimeter there was 1 sample above the detection 

mit at 0.06 µg/L from the 29 samples taken.  At the higher rate of 4 kg ac/ha there were 17 

g of diuron was highest from Langaveka and represented a maximum of just 

ion (CO3
=) which was taken as an indication that extensive metabolisation of diuron 

aining soil (20-105 cm).  For Nantuna, the diuron was in 
or Langaveka more had moved into the 5-10 cm layer.  The laboratory 
 119 days for Nantuna and Langaveka soils respectively at 20°C, 70% 

historical (years 1961-1990) monthly averages.  The samples were analysed for 

 of diuron in the 15-30 cm soil section at low levels and 

li
positive samples from 34 samples taken from the Langaveka lysimeter with a maximum 
concentration of 12.55 µg/L diuron and for the Nantuna lysimeter there were 16 positive 
samples from 41 leachate samples, with a maximum of 1.25 µg/L.  The highest concentration 
of diuron was associated with flow-events of short duration (and low volumes) during winter.  
The total leachin
0.027% of that applied. 
 
The metabolites DCPMU and DCPU were the only two metabolites detected, with the 
concentrations of DCPMU comparable with diuron in the majority of leachate samples, but 
DCPU was lower.  The major radioactivity component recovered in the leachate was 
carbonate 
had occurred.   
 
The soil analysis showed that the majority of the applied radioactivity remained in the topsoil 
(0-20 cm) with <1% of AR in the rem
the 0-5 cm layer and f
half-lives were 20 and
MWHC.  
 
It is concluded by Department of the Environment and Heritage that the study shows limited 
leaching at the lower rate but also indicates that at higher rates the leaching is proportionately 
higher.   
 
9.2.7.5 Field Studies 
 
Terrestrial Field Study 1  
A terrestrial field dissipation study was conducted according to US EPA Guidelines.  Diuron 
was applied to bare soil at three sites at a target rate of 13.44 kg ac/ha with soil textures of 
sand, silt loam and silty clay loam.  The applications averaged between 86 to 101% of target 
rate.  All sites received natural rainfall plus additional irrigation to ensure monthly total were 
above the 
diuron and other metabolites but only DCPMU was detected.   
 
The initial degradation of diuron was fast in these soils but slowed down and the diuron 
remaining in the upper soil segment (0-15 cm) after 238-301 days was 3-19% of the initially 
applied.  The calculated half-lives (first order analysis) were calculated as 73, 141 and 135 
days.  The half–life of the metabolite DCPMU at the 3 sites was also calculated as 182, 231, 
112 days. 
 
There were occasional detections
several detections at lower levels on the day of application that were considered to be due to 
contamination.  There was only one other detection below 30 cm above the limit of 
quantification (LOQ = 0.020 mg/kg) at 0.023 mg/kg.  DCPMU was mainly detected in the 
first 0-15 cm of the soil with only occasional detections lower down (15-30 cm with the 
highest at 0.028 mg/kg). 
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Terrestrial Field Study 2 
A terrestrial field dissipation study was conducted according to US EPA Guidelines at two 
sites at a target rate of 13.44 kg ac/ha.  The soil was characterised as silty clay loam and sandy 
loam at Delaware and California respectively.  Over the test, the Newark site received mainly 
natural rainfall amounting to 1659 mm while the California site was irrigated for the first 3 
months and received 1 to 4 hours of irrigation per day.  
 
The soil samples were analysed for diuron and DCPMU only.  The soil samples taken 
immediately after application showed approximately 30% of the target concentration at both 
sites.  For Delaware diuron was occasionally below 15 cm but at trace levels (< LOQ of 0.02 
mg/kg).  At California there were detections of diuron down to 45-60 cm deep on days 7, 15, 
29, 89 and 152 of up to 0.70 mg/kg soil.  There would appear to be some indication that 
vertical movement of diuron occurred in the sandy soil at California.   
 
The half-lives were calculated as 134 and 102 days for Delaware and California respectively 

  For Delaware, the fit was not the best but it appears that the 

lives of between 67-231 days (first order analysis) for most 
ites but at one site (Massen) the soil analysis showed high variability and very limited 

f-life could be calculated (533 days), the fit is poor and the result 

s funded by the Cooperative Research Centre (CRC) for Sugar have included 
eld and laboratory studies at four field sites in the Bundaberg region to enhance 

rash covered, as is normal practice.  The effect of trash cover was examined 
eparately.   

 

using first order analysis.
degradation slowed down during winter.  At California the fit to first order kinetics was much 
better, presumably because the soil the temperatures were higher.  The study has some 
problems in that the initial concentration was only 30% of the target rate, for some samples 
only one plot was analysed and with the normal high variability between plots, this is 
unsatisfactory. 
 
Terrestrial Field Study 3 
A terrestrial field study was conducted at 6 sites in Germany under field conditions without 
vegetation according to BBA Guidelines.  Diuron was applied to bare soil at 8 kg ac/ha during 
the German spring, and then the soils were sampled at approximately 30 day intervals for 300 
DAT.  Diuron degraded with half-
s
degradation.  While a hal
unreliable.  The main metabolite found in all sites was DCPMU and reached a maximum in 
all soils of between 0.363 and 0.799 mg/kg before declining.  There was no evidence of 
leaching, with diuron being found in the 10-20 cm soil sections only on 3 occasions.  There 
were 3 additional detections deeper than 20 cm on day 0 but these are likely to be due to 
contamination during sampling.   
 
Terrestrial Field Study 4 
Recent studie
fi
understanding of on-site and off-site movement and persistence of pesticides commonly used 
in cane production systems.  The study was over a 3-year period and the weather was 
considered to be dry overall for this region.  All sites were under commercial cultivation and 
were subject to normal farming practices of cultivation, irrigation etc but had bare soil and 
were not t
s
 
The results of this study show that the Kocs ranged from 1326 to 5240 and are in the range for 
the European and North American soils but as these were determined in a non-standard 
method they may not be comparable.  Dissipation half-lives were calculated as between 6.5 to 
>250 days using a second order equation but these can be misleading as the DT90s were not 

ported.   re
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The runoff of diuron and its leaching was also examined at these test sites.  Runoff of diuron 
was monitored and <0.2% of the annual application rate was detected in the runoff water.  
The maximum average concentration in runoff water was 113 µg/L.  The average levels of 
diuron were between 0.37-2.9 µg/L.  Diuron was detected in a groundwater at a maximum 
oncentration of ~6.5 µg/L.   

 loss occurring in approximately 21 days (estimated graphically).  The 
vel of diuron in the covered soil was not measured.  However, for other pesticides where the 

below the trash were measured, levels in the soil were <15% of 

ays and 
ensitive habitats.   

he soil on the slope and berms (top of the bank forming the ditch) was a clay soil while the 

alculated using a nonlinear regression analysis (first order analysis gives 
24 days).  After 178 days there was an average of 2.2 mg/kg soil (range 1.7 to 3.0 mg/kg).  

e first time sampling occurred on a day 
hen it rained (19 mm).  There were no other detections of diuron or its metabolites in any 

es occur, runoff 
r erosion allows diuron to enter drainage channels. 

c
 
In the trials where the cane fields were covered in trash, diuron remained in the trash and was 
persistent, with 50%
le
concentration in the soil 
application rate (estimated graphically by DEH).   
 
The report concluded that this study highlighted the need for careful management of 
application timing and chemical selection, particularly in areas close to waterw
s
 
Terrestrial Field Study 5 
A field dissipation and transport study was conducted according to US EPA Guidelines.  
Diuron was applied to an irrigation ditch (slope and berms) in California at a target rate of 
13.44 kg ac/ha.  No application was made to the channel bed in the treatment area.  There was 
untreated ditch between the control, treatment and the downstream sampling areas.   
 
T
sediment in the irrigation channel was classified as a clay loam.  The weather at the site was 
drier than normal, with only 221 mm of total rainfall (8.72 inches) compared to the 10-year 
average of approximately 500 mm.  There was no rain for approximately 2 weeks before 
application and the first significant rainfall occurred 24 days after application when 37 mm 
fell over 2 days.  There was no further significant rain for 159 days when 19.6 mm (0.77 
inches) fell. 
 
The results of the soil analysis on the slope and berm showed that diuron dissipated with a 
DT50 of 142 days, c
2
The sediment analysis (LOQ 0.05 mg/kg sediment) showed only positive results for 0, 2, 4 
and 256 days after treatment (average concentrations of 0.76, 0.059, 0.12 and 0.065 mg/kg 
respectively) and only near the treatment area.  The sample on 256 days could be due to 
runoff from the surrounding treated soil as it was th
w
other water sample. 
 
The Department of the Environment and Heritage concludes that the dry weather limited 
movement of diuron and it therefore remained on the soil.  The degradation of diuron on dry 
soil is slow but the final sediment sample may indicate that when rainfall do
o
 
Terrestrial Field Study 6 
A field dissipation and transport study was conducted as above according to US EPA 
Guidelines in Arkansas.  The soil on the side of the ditch was a clay soil while the sediment in 
the irrigation channel was classified as a silt loam.  The weather at the site over sampling 
period (November-May) of the study was typical, with ~860 mm of rainfall.   
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The results of the soil analysis showed that diuron dissipated from the soil with a DT50 of 
105 days calculated using a nonlinear regression analysis (first order analysis gives an 
average of 104 days).  The metabolite DCPMU was detected in these soil samples, initially 
from 0 DAT and then slowly increased to reach maximum of 0.45 mg/kg.  The sediment 
nalysis showed positive results in the treatment area at time zero and was considered by the 

r 
ediment in the channels show a pattern that is consistent with the hypothesis that sediment 

ron is a low level contaminant of water systems.   

152 DAT (event 10, first sample) when one of 2 duplicate 
nalyses gave a reading of 10 µg/L.   

n runoff from application along highway rights-of-way Simazine and diuron were 
pplied at 2.02 kg simazine/ha and 3.59 kg diuron/ha next to the highway pavement,.  

ns of simazine and diuron in highway runoff were measured during both 

 an existing tree orchard on a loam soil in Belgium, diuron was applied at 3 kg ac/ha to 2 
ed any applications of diuron while the other had been treated 

a
authors to be due to spraydrift.  The concentration of diuron in the sediment near the 
treatment area shows a reasonably consistent level of around 0.5 mg/kg except for the 179 
DAT with the highest value of 1.61 mg/kg.  Only one metabolite was detected, that being 
DCPMU, with maximum concentration of 0.13 mg/kg by 179 DAT.  These results fo
s
was washing off the treated area and moving downstream.  
 
The majority of positive detections from the scheduled water samples occurred 9 to 34 DAT, 
which appears to show limited aquatic exposure.  However, the raw data for 48 DAT show 
levels of diuron only slightly below the limit of quantification.  If this is a general situation, 
then the information tends to show that diu
 
From the automatic water samplers (samples taken during flow-events), the peak 
concentration was 130 µg/L in the first two events with high concentrations for a period of 12 
hours of 120-130 µg/L (samples taken 4, 8, and 16 hours after the initial flow).  Subsequent 
samples during events 3 to 10 (6-152 DAT) had most concentrations of diuron below the limit 
of quantification except for 
a
 
It is concluded that while the study does show that diuron primarily remains in the soil at the 
site of application, erosion causes soil bound and dissolved diuron to enter aquatic systems, 
where it either is mobilised or degrades.  The study gives some tantalising hints as to the 
likely fate of diuron but due to the relatively insensitive limit of quantification used, further 
conclusions are speculative.   
 
Terrestrial Field Study 7 
A study was conducted in California northern Central Valley, to examine the loss of simazine 
and diuron i
a
Concentratio
simulated and natural rainfall.  Concentrations of diuron in simulated runoff ranged from 144 
to 1770 µg/L.  Total mass of herbicide leaving the plots in runoff accounted for up to 5.4% of 
the applied diuron.  For natural rain runoff, concentrations of diuron ranged from 46 to 2849 
µg/L.  The largest amount removed in any sampled period was 8.4% of the diuron in one 28-
hr period.   
 
Literature  
In
plots, one never having receiv
annually for the previous 12 years.  Analysis of diuron in the 0-10 cm surface soil layer gave 
first order degradation curves with half-lives of 81 days (r = 0.9899) for the plot receiving 
diuron for the first time and 37 days (r = 0.9984) for the plot treated for the past 12 years.  
There appears to be a clear indication that soil micro-organisms can be conditioned to degrade 
diuron resulting in quicker degradation rates. 
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Conclusion on Field Studies 
The overseas terrestrial field studies (12 sites) gave soil DT50s ranging from 67 to 231 days 
with one site having limited degradation.  At 11 overseas sites there was no evidence of 
vertical movement but in one Californian study, there was evidence that diuron had moved 
vertically to lower soil profiles (45-60 cm).  When diuron was used on the sides of irrigation 
channels (2 sites), the concentration of diuron in the channel water reached 130 µg/L and was 

10 µg/L for a 3 week period at one site.  This was related to rainfall at this site.  At the other 

the applied 
iuron.  Concentrations of diuron in natural rain runoff were from 46-2849 µg/L and up to 

8-hr period.   

ducted at sugarcane farms (3 sites) over 3 years in the 

iuron was been detected in sediment at 4, 0.8 and 3 µg/kg dw in samples taken from areas 

at 0.1-8.2 µg/kg.  It was also found in core water samples 
nd in water column samples.  Other possible causative agents were considered in the second 

diment and seagrass located near important dugong habitats 
long the Queensland coast have also been determined.  In the intertidal sediments, there were 

>
site diuron was not detected in the channel water but there was no rain and therefore no runoff 
into the channel but when it did rain (256 DAT), analysis of sediment showed that diuron had 
moved from the sides of the channel.  When diuron was used on the sides of highways for 
weed control the concentration of diuron in runoff following simulate rain ranged from 144-
1770 µg/L.  Total mass of herbicide leaving the plots in runoff reached 5.4% of 
d
8.4% of the applied diuron ran off in one 2
 
Australian field studies were con
Bundaberg region.  The DT50 for diuron ranged from 6.5 to 20 days at 2 sites with one site 
having limited degradation every year and the DT50 was given as >250 days.  Again there 
was no evidence of vertical movement at any of these sites.  The concentration in diuron in 
runoff water was 0.37-120 µg/L and in groundwater the maximum was 6.5 µg/L.  
 
9.2.7.6 Measured Field Concentrations 
 
Monitoring Studies: Sugar cane  
D
affected by mangrove dieback in the Pioneer River estuary and 0.2 µg/kg dw in one sample 
taken in an area of relatively normal mangroves.  The authors concluded from this and other 
evidence that the chief suspect of mangrove dieback was pesticide usage by the sugarcane 
industry, in particular the use of diuron.  This report was challenged and it was argued that 
there was insufficient data to demonstrate higher herbicide concentrations in dieback areas 
than non-dieback areas and there was no evidence to indicate that the low herbicide 
concentrations were sufficient to kill mangroves.  
 
In a subsequent report on the cause of the mangrove dieback in the Mackay district, diuron 
was found in all sediment samples 
a
report including heavy metal contamination, excessive nutrients, sediment burial and 
accessory factors.  There was a strong correlation with the concentration of diuron in the 
sediments and the overall health of the mangroves but no correlation with other possible 
causative agents examined such as toxic heavy metals, excessive nutrients or burial.  The 
investigators again concluded that there is strong correlative and some causative evidence 
implicating herbicides, particularly diuron, as a primary agent causing serious dieback of 
mangroves in the Mackay region.   
 
The concentrations of diuron in se
a
3 detections from 16 sites tested (0.5, 1.7 and 0.6 µg/kg dw for Cairns, Cardwell and Moreton 
Bay respectively) and at the subtidal sites, diuron was detected at 9 of the 24 subtidal sites 
tested at concentrations up to 10.1 µg/kg dw.  The highest detections where near river mouths 
draining the sugar growing areas.  Diuron was also present in the seagrasses at 4 sites (0.6, 
1.1, 0.8 and 1.7 µg/kg dw for Cairns, Cardwell, Pallarenda and Moreton Bay respectively).  It 
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is noted that the positive detections in the sediment also coincide with detections in the 
seagrasses at comparable levels.   
 
Low concentrations of diuron, together with other herbicides, were detected in surface waters 
and sediments in inter-tidal seagrass meadows in Hervey Bay, Queensland.  Surface waters 
together with sediments were sampled in the seagrass meadows and the health of the 
seagrasses monitored as well.  The concentration of diuron in April and December in the 
surface water at the seagrass meadows ranged from <5 (detectable but below limit of 

uantification) to 25 ng/L and in the sediments at not detectable to 0.2 ng/kg dw.  Sampling of 
ing into Hervey Bay during the moderate flows) gave 

lopment during the 
tudy period.  The authors conclude that with the low background levels herbicides in the 

, there was no detectable impact on seagrass.    

 a long-term study on pesticide contamination in rivers in the cotton regions of NSW, 

ites gave positive detections of diuron.  Approximately 40% of 

verseas monitoring studies 

q
the Mary River (major river flow
concentrations ranging from 15 to 105 ng/L but with the highest on the incoming tide and on 
the high tide.  The authors suggest that this pattern of diuron concentrations could be due to 
diuron being sourced from a marina downstream of the sampling site.  The seagrass at the 
sampling sites appeared healthy and there was positive growth and deve
s
water, predominantly diuron
 
Monitoring Studies: Queensland  
In a study that focused on pesticide contamination of sediments in irrigation channels and 
drains in various areas of Queensland diuron was detected in 72% of all samples, with the 
most frequent detections and highest concentrations of diuron generally occurring in drains 
from cotton crops.  The range was from <0.36 to 340 µg/kg sediment dw. 
 
Monitoring Studies: NSW  
In
diuron was detected in all river basins near irrigated cotton and not necessarily associated 
with runoff events.  Most detections were during the irrigation season and in the irrigation 
areas and the highest concentration of diuron was 24 µg/L from a runoff event.  During this 
runoff event samples were taken in the Gwydir River during heavy rainfall and a maximum 
concentration of 24 µg/L occurred in the first runoff waters (first flush) then the concentration 
declined to 6 µg/L as the water level in the rivers rose.  Over the storm event the total load of 
diuron was estimated at 26.5 kg.  Diuron was not reported from sediments in these rivers. 
 
Monitoring in the southwestern irrigation areas of NSW over a 5-year period showed at times 
significant levels of diuron.  The area is a major agricultural area comprising several irrigation 
schemes, and diuron is used for weed control in horticulture particularly citrus and in 
irrigation channels.  Sampling of the main drains showed that in 41% of all samples taken 
diuron was detected and the maximum was 9.5 µg/L.  Surface water was sampled monthly 

ith diuron detected at least once per month at a maximum concentration of 5.4 µg/L.  In one w
month 66% of the sampling s
tile drains at 49 horticulture farms had detectable levels of diuron and the maximum 
concentration was 28 µg/L.  Surface runoff following first irrigation at a citrus orchard had 
average of concentrations of diuron of 10.9 µg/L.  Daily automatic monitoring of Mirrool 
Creek gave levels of between 0.05 and <1 µg/L and automatic monitoring of Little Mirrool 
Creek levels between 0.1 and 7.5 µg/L.  It was concluded that this 5-year monitoring study 
shows that diuron is a contaminant of water from farms where diuron has been used.   
 
O
The United States Geological Survey (USGS) conducted a large water quality program in 20 
hydrologic basins.  The samples were analysed for 76 pesticides including diuron.  These 
results clearly showed that diuron is mainly found in the surface water with lower levels in 
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groundwater.  This seems to indicate that diuron is not a significant leacher but it does enter 
surface waters.  The maximum concentration occurred in surface drainage from agricultural 
area (14 µg/L) but surface water from urban areas also had high levels (8.04 µg/L).  Sampling 
in larger river and streams gave lower levels with maximum of just 1.2 µg/L. 
 
The Environment Agency (UK) conducts routine monitoring of pesticides in freshwater and 
their results for diuron in 1996 and 1997 were summarized for fresh and marine waters.  The 
level of diuron reported in the freshwater varied considerably with the range of values 
reaching 51280 ng/L.  The higher values reflected large urban areas where diuron is used for 

eed control in right-of-way situations.  Diuron is not registered for use in UK agricultural 
ation of diuron in marine areas due to its use as a biocide was monitored 

onthly during the boating season (April-October 1998) at 3 sites in the UK and the level of 

w
crops.  The concentr
m
diuron was higher in marinas than the surrounding estuaries.  The highest level (6742 ng/L) 
was from a locked marina in April containing approximately 275 boats with limited flushing 
during winter.  The levels of diuron fell after April to 112 ng/L in August (peak of the boating 
season in the UK).  It was concluded that the UK results show that use of diuron in both urban 
areas and as a marine biocide can lead to high levels in nearby systems. 
 
9.3 Ecotoxicity 
 
The following data have been obtained from the US EPA Pesticide Ecotoxicity Database, 
current as of March 2002 (US EPA, 2004) and/or provided by the applicants.  The same data 
has been used by the US EPA in their Re-registration Eligibility Document (RED) for diuron, 
which is publicly available (US EPA 2003).  These studies have been reviewed by the US 
EPA and rated by them as either “Core” (i.e. fulfilling current guideline requirements, though 
possibly with minor inconsistencies from standard recommended procedures - acceptable for 
se in a risk assessment) or “Supplemental” (scientifically sound, but performed under 

 do not affect the results), 
cceptable (scientifically sound and meets most of the requirements of the relevant Guideline 

f critical information) or for information only (not 
uitable for regulatory use).   

here are numerous additional reports in the open scientific literature or in the US EPA 

l of 
oncern and are key to the scope of this review. 

                                                

u
conditions that deviated substantially from recommended protocols - may be useful in a risk 
assessment).  The regulatory studies reviewed by the Department of the Environment and 
Heritage are rated as reliable (high level of confidence in the study and according to the 
relevant Guideline although there could be minor problems that
a
but with a significant problem or lack o
s
 
T
ECOTOX database6 – in general, these have not been consulted for this assessment except 
those specifically designed for reef organisms and plants where there is a high leve
c
 
9.3.1 Toxicity to Aquatic Organisms 
 
9.3.1.1 Algae 
 
As might be expected, given that diuron is a herbicide, algae were much more sensitive to 
diuron than fish or aquatic invertebrates.  Only one study was submitted by an applicant. 
 

 
6 The US EPA ECOTOX database is publicly available on the US EPA website (http://www.epa.gov/ecotox/) - it 
is largely based on various types of studies published in the scientific literature in regard to industrial chemicals 
as well as pesticides, but may also include unpublished GLP studies to standard guidelines.  
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Green alga  
n the growth of the green alga Selenastrum capricornutum 

ere was a dose dependent inhibition of the growth of the 
lgae.  Based on nominal concentrations, the 72 hour EC50 for growth was determined as 11 

 
Pesticide E
Available data from Pesticide Ecotoxicity database and US EPA RED (US EPA 2003) 
indicate t ron can ge classified hly toxic quatic
including algae and diatoms (Table 59).  The  (C eae
from a  n and  algae 
s s r
 
T

The effect of diuron (technical) o
was investigated under static conditions (Zoltán, 2001d).  The report does not indicate that the 
procedure followed any Guidelines, even though a number of such guidelines are available.   
 
The nominal test concentrations were 1.0, 2.0, 4.0, 6.0, 10.0 and 20 µg/L of test substance.  At 
test termination, after 72 hours, th
a
(CI 7.3-16.3) µg/L (probits) and the NOEC was <1.0 µg/L.   

coToxicity Database 

hat diu nerally be  as very hig
EC50s for green algae

 to a
hlorophyc

 plants, 
) ranged 

 2.4 to 37 µg ac/L m
pecies tested fell into thi

king the
ange.  

se algae the most sensitive but the brow  red

able 59:  Summary of aqu icity stud  – algae and d s ava
 US EP  (US EPA dies were co ed to

ideline 122-2  where in

atic tox ies with diuron iatom ilable 
from the A RED  2003).  All stu nduct  US EPA 
Gu  except dicated. 

 
Species Comments Toxicity µg/L 

(95% confidence limits) 
Year 

reported1
US EPA 
category2

Chlorop e) hyceae (green alga
Selenastrum capricornutum e 123-

 ac 
2.4 (2.0-2.8); Guidelin

2; 96.8%
96 h EC50 = 
NOEC = 0.44  

1991 Core 

Chlorella sp. 95% ac 72 h EC50 = 19  1986 Supplemental 
Chlorococcum sp. 95% ac 72 h EC50 = 10  1986 Supplemental 
Dunaliella tertiolecta 95% ac 240 h EC50 = 20 1986 Supplemental 
Neochloris sp. 95% ac 72 h EC50 = 28  1986 Supplemental 
Platymonas sp. 95% ac 72 h EC50 = 17 1986 Supplemental 
Chlamydomonas sp 95% ac 72 h EC50 = 37 1986 Supplemental 

Bacillar s) iophyceae (diatom
Achnanthes brevipes 9 1986 Supplemental 5% ac 72 h EC50 = 24  
Navicula incerta 95% ac 72 h EC50 = 93  1986 Supplemental 
Nitzschia closterium 95% ac 72 h EC50 = 50 1986 Supplemental 
Phaeodactylum tricornutum 95% ac 240 h EC50 = 10 1986 Supplemental 
Stauroneis amphoroides 95% ac 72 h EC50 = 31 1986 Supplemental 
Thalassiosira fluviatilis 95% ac 72 h EC50 = 95 1986 Supplemental 
Cyclotella nana 95% ac 72 h EC50 = 39 1986 Supplemental 
Amphora exigua 95% ac 72 h EC50 = 31 1986 Supplemental 

Rhodophyceae (red algae) 
Porphyridium cruentum 95% ac 72 h EC50 = 24  1986 Supplemental 

Prymnesiophyceae (haptophytes marine algae) 
Monochrysis lutheri 95% ac 72 h EC50 = 18  1986 Supplemental 
Isochrysis galbana 95% ac 240 h EC50 = 10  1986 Supplemental 

1 Only the year date of the study has been cited; 2 Category listed on the US EPA Pesticide EcoToxicity Database. 
 
The most sensitive result was an 96 hour EC50 of 2.4 µg/L for the green algae Selenastrum 

ed Raphidocelis subcapitata and more recently, Pseudokirchneriella 
ubcapitata), and the range is from 2.4 to 95 µg ac/L (results not converted to active 

l, see Table 59.  The EC50 value for the 

capricornutum (renam
s
consistent), based on the purity of test materia
prolonged 10-day data shown in Table 59 is also within a similar range of 10-20 µg/L, i.e. the 
durations more commonly used in algal toxicity tests.  Consideration of these results does not 
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indicate whether diuron is algistatic or algicidal, although it is likely that at lower 
concentrations diuron will be algistatic, i.e. after a brief exposure the algae will grow 
normally when returned to a  clean medium.   
 
9.3.1.2 Corals 
 
Toxicity of Photosystem II Herbicides to Corals 
Jones and Kerswell (2003) reported a study of the toxicity of diuron and various other 
Photosystem II (PSII) herbicides to reef-building corals, or more specifically to the 
dinoflagellates (unicellular algae) that live symbiotically in the gastrodermis of the coral 
organisms7.  Pulse-Amplitude Modulated (PAM) chlorophyll fluorescence techniques were 
used to examine changes in the maximum effective quantum yield (∆F/F′m) of symbiotic 
dinoflagellates within the host tissues of the coral8.  
  
Diuron was one of several PSII inhibiting herbicides to which the coral Seriatopora hystrix 
was exposed in short-term toxicity tests (24 h static toxicity tests at 25ºC under a 10 h light:14 
 dark cycle – chlorophyll fluorescence parameters determined at 10 h for ∆F/F′m and 24 h for 

other coral Acropora formosa gave an EC50 for ∆F/F′m of 2.7 µg/L and NOEL 
nd LOEC as before (NOEC < 0.3 µg/L and LOEC = 0.3 µg/L).  This, together with the 

info a to 
sensitiv  (see 
Table 59 above).  However, the endpoints used for the dinoflagellates were altered 
phy p d to 
grow h
 
Time c
s

 

r temperatures.  In the control coral there was little difference in 

                                                

h
Fv/Fm).  The EC50 for ∆F/F′m was determined as 2.3 µg/L, the NOEC < 0.3 µg/L and LOEC = 
0.3 µg/L.  An
a

rm tion below, suggests comparable toxicity to coral dinoflagellates to that shown 
e algae species such as Selenastrum capricornutum in standard algal toxicity tests

to hysiology (reduction in maximum quantum yield) and are not directly relate
t  or mortality of the algae species. 

ourse experiments that were conducted with S. hystrix and A. formosa using diuron 
 that: howed

 
• ∆F/Fm′ was reduced within minutes by exposure to diuron but recovered quickly on

return to fresh running seawater; after 5 hours, ∆F/Fm′ recovered to within 5% of 
control value.  

• the effects of diuron (3 µg/L for up to 8 h) on ∆F/F′m of Seriatopora hystrix were 
inversely related to temperature over the range 20-30ºC, although initially the effects 
were less at the lowe
∆F/F′m between different temperatures. 

There were repeated exposures to pulses of cybutryne – a triazine herbicide but not using 
diuron.  These pulsed exposures (daily 2 h exposure to 30 µg/L over 4 d) using cybutryne 
resulted in a 30% decrease in the density of symbiotic dinoflagellates in the tissues of 
Seriatopora hystrix.  Whether similar effects may be expected from pulse exposure to diuron 
is unknown, although it would be reasonable to assume that such effects could occur at some 

 
7 The dinoflagellate (zooxanthellae) symbiont provides nutrients and food through photosynthesis, pigments 
providing UV-protection of both the coral (coelenterate) and algae, and enhances the rate of carbonate 
accumulation (reef building). The polyps can survive for a few months without zooxanthellae but will eventually 
die unless favourable conditions return and the surviving zooxanthellae repopulate the corals, then the corals 
return to their normal colours and continue growing. If conditions remain unfavourable (eg temperatures too 
high) or if there are too few surviving zooxanthellae, the coral polyps cannot recover and they die. 
Hhttp://ag.arizona.edu/azaqua/algaeclass/symbios.htmH; Hhttp://www.wfu.edu/users/braukm0/ 
coralsymbiosis.htmlH; Levy et al (2003) and Salih, Hoegh-Guldberg and Cox (1998). 
8 See footnote 2 
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concentration (cybutryne was more toxic than diuron to Seriatopora hystrix in the short-term 
study - EC50 = 0.7 µg/L). 

 
Toxicity of Diuron and Atrazine to 4 Coral Species 
Another paper by the same principal researcher (Jones, Müller, Haynes and Schreiber 2003) 
reported studies with the herbicides diuron and atrazine and four species of coral (those 
bove, plus Montipora digitata and Porites cylindrica), again using PAM chlorophyll a

fluorescence techniques.  The measured EC50s of diuron (10 hours exposures, 100 µmol 
quanta/m2/s) for effective quantum yield (∆F/Fm) were 5.1, 4.3 and 5.9 µg/L for A. formosa, 
P. cylindrica and M. digitata respectively.  After 24 hours of exposure (at the end of a 14 hour 
dark period), the maximum fluorescence (Fv/Fm) was significantly different to controls corals 
xposed to 1.0, 3.0 and 30 µg/L respectively.  The coral S. hystrix was used to test the effect 

of light levels.  The EC50 was 3.7 µg/L at ‘normal’ light levels (100 µmol quanta/m
e

 in M. digitata to 

rescence parameters 
m v m, lagellates and 

 One 
y after being transferred to clean seawater, Fv/Fm remained suppressed in the corals 

duration of exposure to 

mpact of Diuron on the Metabolism of the coral Porites cylindrical 
 cylindrical was investigated 

                                                

2/s) but 
when exposed to lower light intensities (20 µmol quanta/m2/s) the EC50 decreased to 2.9 
µg/L.  The effect of reduced salinity was also examined (35 to 27 part per thousand); there 
was no significant interaction between diuron and the reduced salinity levels. 
 

cluded in the study was an examination of exposure of algae in hospiteIn
higher concentrations of diuron (0.1, 1.0, 10, 100 and 1000 µg/L) for 96 h (compared to the 
short term ∆F/F′m EC50 of diuron ~6 µg/L) with a 96 hour recovery period.  Exposure to the 
concentrations of 1, 10, 100, 1000 µg/L caused a reduction in the fluo
∆F/F′  and F /F compared to controls.  There was loss of symbiotic dinof
bleaching at 10 µg/L and there was significant loss of symbiotic dinoflagellates and 
pronounced tissue retraction causing the corals to pale and bleach at 100 and 1000 µg/L. 
da
exposed to 100 and 1000 µg/L only.  If sufficient concentrations and 
diuron were to occur it is likely that coral bleaching may also occur.   
 
The ∆F/F′m in freshly isolated dinoflagellates from S. hystrix was rapidly reduced on exposure 
to diuron and the LOEC was 0.25 µg/L and the EC50 was 5.5 µg/L.  In the previous test, the 
EC50 of this coral in hospite (in host; in the coral tissue) was 3.7 µg/L.   
 
Effects of herbicides such as diuron on coral bleaching are further complicated by interactions 
with other stressors, such as sediment, ocean warming, nutrients and changes in salinity. 
  
I
The effect of diuron (and 2,4-D) on the hermatypic coral Porites
(Råberg, Nyström, Erös and Plantman, 2003).  The corals were exposed to diuron 
concentrations of 10, 50 and 100 µg/L and effects measured were changes to fluorescence 
(maximum quantum yield (Fv/Fm), effective quantum yield (∆F/F′m ) and non-photochemical 
quenching9) using PAM fluorometer and changes to respiration (O2 used per m2) using an 
oxymeter.  All parameters measured were affected at 50 and 100 µg/L compared to control 
whereas at 10 µg/L there were significant effects on gross primary production rate, effective 
quantum yield (∆F/F′m ) and non-photochemical quenching but no effects (p = 0.05) on 
maximum quantum yield and respiration compared to control values. 
 

 
9 The non-photochemical quenching is measured from (Fm-F’m)/(Fm-Fs) which shows the light energy 
dissipation via heat.   
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Impact of reduced photosynthetic yields on coral reproduction 
Coral colonies of Acropora tenuis were exposed to diuron concentrations of 1 µg/L and 10 

g/L for 52 days and compared to control colonies on the reef (Cantin, 2004).  Exposure was 

synthetic yields 
ile larvae from the 10 µg/L exposures lack zooxanthellae and were almost 
bleached.  Larval settlement and metamorphosis of larvae that lacked 

lindrica), 
gain using chlorophyll fluorescence techniques.  The measured EC50s based on ∆F/F′m 

the EC50 from 3.7 µg/L at ‘normal’ light levels to 2.9 µg/L at 

µ
concluded when the first adult colony visibly set to spawn, then gametes from the reef control 
and 10 µg/L colonies were collected for larval metamorphosis trials.  The larvae from corals 
exposed to 1 µg/L of diuron showed visible bleaching and reduced photo
(Fv/Fm) wh
completely 
zooxanthellae was not reduced by constant 10 µg/L diuron exposure during gamete 
development compared to larvae from control colonies on the reef.  However, after 
settlement, the corals from larvae that were exposed to 10 µg/L of diuron remained pale and 
even those exposed to just 1 µg/L were paler than the controls, i.e. less zooxanthellae than 
controls (Andrew Negri, personal communication).   
 
These results indicate that while coral colonies may be under high photosynthetic stress due to 
diuron exposure, they are capable of acquiring sufficient energy for reproduction in order to 
produce viable gametes, but there could be effects on the larvae themselves.   
 
Conclusion 
A literature study on the toxicity of diuron and other photosystem II (PSII) herbicides to reef-
building corals, or more specifically to the unicellular algae (dinoflagellate) that live 
symbiotically in the coral organisms has been reported using chlorophyll fluorescence 
techniques to examine changes in photosystem II.  Two coral species were used, Seriatopora 
hystrix and Acropora formosa.  The most sensitive dinoflagellate from S. hystrix gave an in 
situ EC50 for ∆F/F′m (reduction in quantum yield, a measure of the change in photosystem II 
fluorescence) of 2.3 µg/L, NOEC < 0.3 µg/L and LOEC = 0.3 µg/L.  The other corals gave an 
EC50 for ∆F/F′m of 2.7 µg/L and NOEL and LOEC as above.  These results suggest that coral 
dinoflagellates could be as sensitive as algae species in the standard algal toxicity tests 
(above).  However, the endpoints used for the dinoflagellates were reduction in quantum yield 
and are not directly related to growth or mortality. 
 
Another paper reported studies with diuron and four species of coral (those above, 
Seriatopora hystrix and Acropora formosa, plus Montipora digitata and Porites cy
a
((maximum effective quantum yield:10 hours exposures, 100 µmol quanta/m2/s) were 5.1, 4.3 
and 5.9 µg/L for A. formosa, P. cylindrica and M. digitata respectively.  After 24 hours of 
exposure (at the end of a 14 hour dark period), Fv/Fm (maximum potential quantum yield) 
was significantly different to controls for the corals exposed to 1.0, 3.0 and 30 µg/L 
respectively.  The dinoflagellate from S. hystrix was used to test the effect of light levels and 
there was a slight reduction in 
75% shading.  The effect of reduced salinity was also examined (35 to 27 part per thousand) 
but there was no significant interaction between diuron and the reduced salinity levels.  
Exposure higher concentrations of diuron (100 and 1000 µg/L) resulted in significant loss of 
symbiotic dinoflagellates, pronounced tissue retraction and bleaching of the corals.  
 
The effect of diuron (and 2,4-D) on the hermatypic coral Porites cylindrical has been 
reported.  The corals were exposed to 3 concentrations of diuron and effects were measured 
using a fluorometer (fluorescence measurements) and an oxymeter.  All parameters measured 
were affected at 50 and 100 µg/L compared to control.  At 10 µg/L diuron caused significant 
reduction in all measured parameters except respiration (production of O2 per m2) and 
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maximum florescence yield.   

 a report on the effects of diuron on coral reproduction, coral colonies of Acropora tenuis 
d to diuron at concentrations of 1 µg/L and 10 µg/L for 52 days and the coral 

 the 10 µg/L 
ex u tely bleached.  Larval settlement and 
me trols although the larvae and new 
corals sults indicate that while 

e  exposure, reproduction 

eds 
S EPA Ecotoxicity database and reported in the US 

rs to be similar to 
e standard test species Lemna gibba and Lemna minor, whereas Spirodela polyrhiza (Lemna 

 relevant test guideline, the design and 
onduct of the study appear satisfactory – four replicates of seven test concentrations (2 X 10-

ometron, ametryn and prometryn as well as diuron), 

                                                

 
In
were expose
spawning compared to control coral colonies on the reef.  The larvae from corals exposed to 1 
µg/L of diuron showed signs of visible bleaching and had reduced photosynthetic yields 
(measured by Fv/Fm: maximum potential quantum yield) while larvae from

pos res lack zooxanthellae and were almost comple
tamorphosis was not affected compared to the reef con

remained paler and bleached compared to controls.  These re
tic stress due to diuroncoral colonies may be under high photosynth

is not affected and they produce viable gametes.   
 
9.3.1.3 Aquatic and semi-aquatic plants 
 

uckweD
There are no duckweeds studies in the U
EPA RED (US EPA 2003), but there are 3 reports listed for diuron on the US EPA ECOTOX 
database (see footnote 6, page 101) with duckweed, showing results as follows: 

• Lemna minor (duckweed): 7 d EC50 = 25 µg/L; 
• Lemna perpusilla (duckweed): 7 d EC50 = 15 µg/L; 
• Spirodela polyrhiza (large duckweed):10 7 d EC50 = 41 µg/L. 

  
From the plant descriptions below (Footnote 10), Lemna perpusilla appea
th
major) is a larger plant with more roots per frond.  These literature studies are reviewed 
below.  
 
Effects of herbicides on 2 Lemna species 
The purpose of the study was to identify the toxicity to aquatic non-target species of a range 
of herbicides including diuron (Liu and Cedeno-Maldanado, 1974).  Although not a GLP 
report and conducted prior to the development of the
c
5 M to 1 X 10-8 M) for each herbicide (flu
under controlled laboratory conditions from cultures maintained in exponential growth.  The 
test species were Lemna major (Spirodela polyrhiza) and Lemna perusilla. 
 
The tests were initiated with 10 fronds per dish and transferred to fresh media (static-renewal) 
on days 2 and 4.  Counts taken on day 7 were used to calculate the frond multiplication ratio.  
The herbicide concentrations causing 50% inhibition of growth were estimated graphically 

 
10 Both species are noted in Annex 1 of draft OECD Guideline 221 (Lemna sp. Growth Inhibition Test) as 
duckweed species that have been used for toxicity testing. However, despite prior use of other species, Lemna 
gibba and Lemna minor are the only species recommended under the guideline – these are described as species 
representative of temperate areas and commonly used for toxicity tests, both species having a floating or 
submerged discoid stem (frond) and a very thin root emanating from the centre of the lower surface of each 
frond. Reasons for not using the other species may include their relative occurrence in the environment, ease of 
culture and maintenance in a vegetative state, and relative size and sensitivity to toxicants. NPWRC (undated) 
indicates that Lemna perpusilla flowers and fruits more freely than other duckweeds (a potential disadvantage 
for use as a standard test species) and from the descriptions provided appears to have slightly smaller fronds (1-
3.3 mm long) than Lemna gibba and Lemna minor (2-5 mm and 2-4 mm, respectively), whereas Lemna major 
appears to have slightly larger fronds (3-6 mm long) with 4-9 roots per frond and other differences leading it to 
be now classed as a different genus. 

 106



Australian Pesticides & Veterinary Medicines Authority 

from plots of increase in frond number as a % of the control against concentration (data for 
e four replicates are not available, hence DEH has not recalculated these according to 

design and conduct of the study appear 
atisfactory – three replicates of seven test concentrations (5 to 100 µg/L), semi-static 

day tests) under controlled laboratory 

ot determined.  Measurements of total 
hlorophyll content of the duckweed showed that the concentration of chlorophyll increased 

d were the mono-
emethylated DCPMU [N’-(3,4-dichlorophenyl)-N-methylurea], DCPU [N-(3,4-

n or its metabolites at test concentrations of 1, 2, 25 and 
00 µg/L and then the PSII operational quantum yield11 was determined 5, 24 and 48 hours 

AM.  In addition, rapid fluorescence induction of the plants was determined (this 

ctively, at concentrations of 
0 µg/L for both diuron and DCPMU and 100 µg/L for DCPU and DCA.   

he effect of diuron on three species of seagrasses has been studied using PAM fluorometer 

                                                

th
standard methods).  The resulting estimates for L. major and L. perusilla were 1.75 X 10-7 M 
(41 µg/L) and 6.4 X 10-8 M (15 µg/L), respectively.   
 
Phototoxicity of Diuron to Lemma minor 
The purpose of the study was to compare the toxicity of diuron alone and in combination with 
two other toxicants, copper and folpet to duckweed (L. minor) (Teisseire, Couderchet and 
Vernet, 1999).  Although not a GLP report, the 
s
conditions (solution renewed after 4 days of the 7 
conditions from cultures maintained in exponential growth.  Results were based on nominal 
concentrations. 
 
The results for diuron were IC50 of 25±3 µg/L, IC90 of 60±2 µg/L and the LOEC was 5 
µg/L, the lowest test concentration.  A NOEC was n
c
for 10 and 20 µg/L test solutions to be 40% above control, then decreased with increasing 
concentrations of diuron and was no longer significantly different to control at 100 µg/L.  
When diuron was used in combination with copper and folpet, the effects of the other two 
toxicants was slightly antagonistic or independent. 
 
Effect of Diuron and its Metabolites on Lemna gibba. 
The effects of diuron and its metabolites (from demethylation) on the PSII complex in L. 
gibba were determined using pulse-amplitude modulated (PAM) chlorophyll fluorescence 
(Dewez, Marchand, Eullaffroy and Popovic, 2002).  The metabolites use
d
dichlorophenyl)urea] and DCA [3,4-dichloroaniline]. 
 
The duckweed was exposed to diuro
1
later using P
allows information on the site where the PSII system is inhibited).  The results show that after 
48 hours (the 5- and 24-hour results will not be considered as these there are not important in 
discussing the relative toxicity of the metabolites) the effective quantum yields of the 
duckweed were reduced compared to control.  The level of reduction was 5.6, 27, 79 and 93% 
compared to control for diuron, DCPMU, DCPU and DCA respe
5
 
It is concluded that both DCPU and DCA are unlikely to have significant herbicidal activity 
but that the metabolite DCPMU is herbicidal and its activity is approximately 75% of that of 
diuron in this test using duckweed.   
 
Seagrasses 
T
(Haynes, Ralph, Pranges and Dennison, 2000).  The seagrasses were wild collected together 
with sediment (Moreton Bay, Australia) and were identified as Halophila ovalis, Cymodocea 

 
11 The steady-state (Fs) and maximum (F′m) fluorescence levels in the light-adapted plant are used to calculate 
the effective quantum yield by (F′m/Fs)/F′m, This is another parameter that represents the efficiency with which 
excitation energy captured by the chlorophyll antenna is used in electron transport.” 
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serrulata and Zostera capricorni.  The authors note that both Halophila and Cymodocea 
pecies are important food resources for the endangered dugong. 

plicate and after 5 days the levels of diuron were similar.  Average 
oncentrations for each test concentration were 0.1, 0.9, 7.8 and 85 µg/L. 

r 5 days of exposure, the 
uantum yield for H. ovalis and Z. capricorni were depressed for all test concentrations (30 

ed that the study shows that there is a statistically significant effect on the 

uke et al (2003) reported the results of some preliminary trials of the toxicity of PS II-

s
 
The seagrasses (together with their associated sediments) were exposed to a single dose of 
diuron at 0.1, 1.0, 10 and 100 µg/L applied to the aqueous phase for a 5-day period.  The 
grasses were then rinsed and replaced for 5 days in clean seawater for recovery.  The changes 
in chlorophyll fluorescence were measured daily using the PAM fluorometer at a fixed 
distance from the leaf surface and at a standard position on the leaf.  The results were 
expressed as effective quantum yield. 
 
Analysis of the water column for diuron gave initial values of 0.1/0.1, 0.9/0.8, 8.1/8.4 and 
86/100 µg/L for each du
c
 
There was a rapid response in all seagrasses to the two highest test concentrations with 
effective quantum yield decreasing to be approximately <50% of control after the first 2 
hours.  Within the first day, the most sensitive grass species, H. ovalis showed significant 
declines in effective quantum yield for all test exposures.  Afte
q
and 10% of control respectively at 0.1 µg/L), with H. ovalis showing the most effects at all 
test concentrations.  The quantum yields for C. serrulata were only depressed at the two 
highest test concentrations.  Effective quantum yield was significantly lower (50-75% of 
control) for all plants at the two highest concentrations (10 and 100 µg/L) for all seagrass 
species (Dunnet’s Test). 
 
There was rapid recovery in all species following return to clean seawater but recovery was 
not sustained with all species exhibiting fluctuations in effective quantum yield over the 5-day 
recovery period.  H. ovalis was the most sensitive species during the recovery period with the 
ANOVA analysis showing this species as significantly different to the other two and the 
quantum yield did not improve as much as the other two species.  
 
It is conclud
quantum yield of H. ovalis and Z. capricorni with exposure to diuron at 0.1 µg/L in the water 
column.  The authors note that with measured concentrations of diuron in sediment at up to 10 
µg/kg, partitioning models indicate that the overlaying concentration could reach 1 µg/L 
which is within range to inhibit photosynthesis in seagrasses.  The Department of 
Environment and Heritage notes that while photosynthesis could be affected, this on its own 
would not lead to mortality of seagrasses unless additional environmental stressors were 
involved, eg storm damage, sedimentation, grazing etc.  The seagrasses in the Great Barrier 
Reef Lagoon are likely to experience sedimentation from terrestrial sources, grazing from 
dugongs and turtles as well as periodic tropical storms and hence there is concern as to the 
potential additional adverse effect of diuron on seagrass meadows.  
 
Mangroves 
D
inhibiting herbicides to four mangrove species (Avicennia marina, Aegiceras corniculatum, 
Rhizophora stylosa and Cerios australis – the first two species are described as “salt 
excretors” and the others as “salt excluders”).  The nature of the plants used meant that A. 
marina and R. stylosa received only root exposure to treated water, while some or all leaves 
of some plants of A. corniculatum and C. australis were below the high water mark, giving 
foliar as well as root exposure.  Seedlings of the four species were grown in pots containing a 
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commercially prepared sediment mixture and grown in a planting house.  The pots were 
placed in tank units which enabled high and low tide to be simulated by pumping saline 

6‰) water from a lower storage tank up into the upper holding tank for one hour periods 

ially bought” clay was then added 
.1 mg dw/2 L test solution) and mixed to simulate natural run-off conditions.  The test 

s for atrazine and ametryn were 13.7 and 7.75 
g/L, respectively).  This represents a composite of leached herbicide from pots containing 

t 
intervals up
 
Th values w nitially pat d up to 3 X the (notionally) applied 
con  The authors suggested that this was due to accumulation in the top few 
centi  the sedime rather than being distributed evenly through the profile.  The 
Departm f the Environ t and Heritage ments that thi ue to the initi pplied 
clay retaining significant nts of diuron e concentration of diuron in the sediments 
then declined over the period of the study for all test concentrations except the lowest 
concen n.  This is pr  due to mob on of diuron atments and then 

d onto the lower treatments. 

(1
twice per day, temporarily flooding the plants (the holding tanks were replenished [rather than 
replaced] as necessary to compensate for evaporative loss).  
 
After an initial adjustment period for the mangroves, evaluations were made of the toxicity of 
diuron as well as ametryn and atrazine compared to an untreated control, with each herbicide 
at four treatment rates (4, 40, 400 and 4000 µg/kg dw of sediment), using herbicide dissolved 
in water (with acetone as co-solvent) to which “commerc
(0
solution was added evenly over the surface of each pot on a single occasion as the simulated 
tide was receding (60 mL solution/~1.7 kg dw sediment per pot).  This resulted in the upper 
layer of clay containing all the diuron for each pot. 
 
A potentially confounding effect on treatments in this preliminary study was that for each 
replicate of each herbicide, all four treatments were contained within the same tank, receiving 
the same simulated tidal water.  For diuron, water samples taken at day 21 had a mean 
concentration of 7.71 µg/L (the concentration
µ
different rates of the herbicide.  The concentrations of diuron in sediment (top 1 cm), taken a

 to 71 days after dosing, are given in Table 60. 

e measured 
centration. 
m f

ere i chy an

etres o
t o

nt, 
en men  com s is d ally a

amou .  Th

tratio obably ilisati from high tre
being re-adsorbe
 
Table 60:  Concentration of diuron (µg/kg dw) in the upper 1 cm layer of sediment from the 

mangrove study.  Samples pooled from 6 pots. 
 

Initial dosage 
µg/kg dw of 

sediment 

Day 7 Day 14 Day 21 Day 71 

Control nd nd nd nd 
4 170 290 410 198 

40 830 690 550 500 
400 1200 4600 780 600 
4000 12000 8500 5100 2000 

nd = not detected,  
 
Plant responses were assessed with the use of PAM chlorophyll fluorescence techniques.  
Diuron was the most toxic herbicide tested after 71 days (all responses refer to the maximum 
exposure concentration of 4000 µg/kg; there were no significant effects on fluorescence at 

toms of injury 
hlorosis and necrosis) and all of the A. corniculatum (river mangrove) were dead.  A. 

marina had the highest measured concentrations of diuron in leave tissues after 11 days of 

lower doses) and none of the mangroves species that were affected showed any signs of 
recovery after this period.  Avicennia marina was the most sensitive to diuron as measured by 
inhibition of photosynthesis.  All of the mangroves showed some physical symp
(c
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exposure, measured at ~340 µg/kg leaf (dry weight) and A. corniculatum was the second 
highest with ~230 µg/kg, both salt excretors, while C. australis and R. stylosa had 
significantly lower levels at 40 and 50 µg/kg leaf dw respectively.  Note that A. corniculatum 
and C. australis received the highest exposure to the herbicides as the roots and leaves were 
submerged during the simulated high tide whereas A. marina and R. stylosa were only 
xposed via the roots.   

he research suggested that regardless of whether exposure to the herbicides tested was 
 exposure only or also through foliage, that salt-excreting mangrove species were 

 the effects of the lower rates were.  In an honours thesis (Bell, 2001), based on this 
ork, it is clear that none of the other test concentrations showed statistically significant 

ments.  In the 3 estuaries with dieback, diuron levels were >2 µg/L and in 
e areas where A. marina was found.  Transects were conducted through the mangroves and 

in the Pioneer River area associated with the higher levels of 
iuron (7.9 and 8.2 µg/kg) and Ceriops australis (yellow mangrove) showed significant 

all areas but not in all and was not wide spread.  This was considered due to 
calised effects. 

e
 
While atrazine showed the quickest and highest phototoxicity as measured by the PAM 
method after 14 days, by 71 days the atrazine treated plants had recovered to be similar to 
control.  This was considered to be due to atrazine degrading in the sediments. 
 
T
through root
more vulnerable than salt-excluding ones.  Based on these preliminary experiments, diuron 
was judged likely to be the most toxic herbicide of the three tested due to its slow degradation 
rate and ability to affect more than one species.  
 
The report focussed on data for the highest rate (nominal 4000 µg/kg sediment) and indicated 
that there were statistically significant effects of herbicide rate.  However, it did not make 
clear what
w
effects compared to control. 
 
Field Study 
Duke et al (2003) also examined the dieback of mangroves in the Pioneer estuary and similar 
estuaries and compared these results to diuron in sediments.  Avicennia marina was the main 
mangrove affected by the dieback.  In areas where there was dieback of A. marina the 
concentrations of diuron in the sediments (0-2 cm) ranged from 1.2 to 8.2 µg/kg.  The reports 
also notes that there was evidence of a dose response relationship between the concentration 
of diuron in sediment and the amount of dieback observed, although the data set is very 
limited.   
 
Attachment 2 gives the measured concentrations of diuron in sediment (vertical) against the 
upstream distribution of A. marina from the mouth (reading from right to left) in 5 estuaries, 3 
with dieback of the mangrove species A. marina and 2 showing no effects.  In the estuaries 
where there was no dieback (Daintree and Johnstone Rivers), the concentrations of diuron 
measured were either <1.2 µg/kg in the sediments (0-2 cm) or A. marina did not grow in the 
contaminated sedi
th
these showed that A. marina increased in health away from the river edges and towards the 
landward areas of the mangroves (except where drainage came from cane fields).  High levels 
of diuron in sediments and healthy A. marina mangroves were mutually exclusive.   
 
Other mangroves species were also showing some symptoms of stress with yellowing of 
leaves.  Aegiceras corniculatum (river mangrove) was also affected with dead branches and 
yellowing leaves in some plots 
d
dieback in 2 sm
lo
 
While the field studies in the Duke report are not absolute proof, they do show that with 
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diuron concentrations in sediment >2 µg/kg effect on the sensitive mangrove species 
Avicennia marina (the common mangrove) could be expected and at higher levels of diuron in 
sediments other mangrove species may also show symptoms.  This is in contrast to the 
preliminary laboratory trial where effects were only noted at 4000 µg/kg.  One possible 
interpretation is that under field conditions there are additional stressors not taken into 
account by the laboratory trial. 
 
Conclusion 

 daily using the PAM fluorometer.  
verage concentrations for each test concentration were 0.1, 0.9, 7.8 and 85 µg/L.  After 5 

ions.  There was rapid recovery in all species following return to clean seawater but 
covery was not sustained with all species exhibiting fluctuations in effective quantum yield 

ay recovery period.  H. ovalis was the most sensitive species during the exposure 

olumn.   

s “salt excretors” and the others as “salt 
xcluders”) has been reported.  The seedlings of the four species were grown in pots and 

 
Duckweed 
There are currently no studies with diuron conducted to a current internationally accepted 
guideline using duckweed.  There is an old scientific literature report showing EC50 values of 
41 µg/L for Lemma major and 15 µg/L for Lemna perpusilla, which were determined 
graphically.  These species are not currently the recommended test species although L. 
perpusilla is closely related to Lemma gibba, the standard test organisms.  A more modern 
literature report gives the IC50 (inhibition of growth) for Lemma minor as 25 µg/L.  These 
results indicate that diuron can be rated as very highly toxic to duckweed, although algae are 
the most sensitive organisms to the effects of diuron.  
 
Seagrasses 
The effect of diuron on three species of seagrasses, collected from the wild and were 
identified as Halophila ovalis, Cymodocea serrulata and Zostera capricorni has been studied.  
These were exposed to a single dose of diuron at 0.1, 1.0, 10 and 100 µg/L for a 5-day period 
and changes in chlorophyll fluorescence were measured
A
days of exposure, the quantum yields for H. ovalis and Z. capricorni were depressed for all 
test concentrations and C. serrulata were only depressed at the two highest test 
concentrat
re
over the 5-d
and the recovery period with the statistical analysis showing this species as significantly 
different to the other two and the quantum yield did not improve as much as the other two 
species.  The authors note that with measured concentration of diuron in sediment at up to 10 
µg/kg, partitioning models indicate that overlaying concentration could reach 1 µg/L, which is 
within the range to inhibit photosynthesis in seagrasses.   
 
It was concluded that the study shows that there is a statistically significant effect on the 
quantum yield of H ovalis and Z. capricorni with exposure to diuron at 0.1 µg/L in the water 
c
 
Mangroves 
The results of some preliminary trials of the toxicity of PS II-inhibiting herbicides to four 
mangrove species (Avicennia marina, Aegiceras corniculatum, Rhizophora stylosa and Cerios 
australis – the first two species are described a
e
placed in tank units which enabled high and low tide to be simulated.  The toxicity of diuron 
(as well as ametryn and atrazine) was compared to an untreated control, at four treatment rates 
(4, 40, 400 and 4000 µg/kg dw of sediment), using herbicide dissolved in water to which 
“commercially bought” clay was then added and mixed to simulate natural run-off conditions.  
 
A potentially confounding effect on the rate treatments in this preliminary study was that for 
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each replicate all four treatments were contained within the same tank, receiving the same 
simulated tidal water.  However, the concentrations of diuron in sediment (top 1 cm), taken at 
intervals up to 71 days after dosing, show a gradual decline except for the lowest test 
concentration where there was a slight increase.   
 
Diuron was the most toxic herbicide tested after 71 days (all responses refer to the maximum 
exposure concentration of 4000 µg/kg; lower concentrations were not statistically significant 
compared to control) with A. marina as the most sensitive mangrove from photosynthesis 
measurements.  All of the mangroves showed physical symptoms of injury (chlorosis and 
ecrosis) and all the A. corniculatum plants were dead.  Note that A. corniculatum and C. 

eived the highest exposure to the herbicides as the roots and leaves were 

ield Study 
angroves there were measurable concentrations of 

iuron in the sediments (0-2 cm), ranging from 1.2 to 8.2 µg/kg.  However, where there was 
ns of diuron measured were <1.2 µg/kg in the sediments (0-2 cm).  

rustose Coralline Algae 

es in 
the structure, function and abundance of corals in
effect of diuron, several ‘clean’ sediments and diuron with sediment using Pulse-Amplitude 
Modulated (PAM) chlorophyll fluorescence techniques to examine changes in the maximum 
effective quantum yield (∆F/F′m) in the algae tissues12 on 4 species of crustose coralline algae. 
                                                

n
australis rec
submerged during the simulated high tide whereas A. marina and R. stylosa were only 
exposed via the roots.  A. marina had the highest measured concentrations of diuron in leaf 
tissues after 11 days of exposure, measured at ~340 µg/kg leaf (dry weight) and A. 
corniculatum was the second highest with ~230 µg/kg. 
 
The research suggested that the salt-excreting mangrove species were more vulnerable to 
diuron and other herbicides than salt-excluding ones.  Based on these preliminary 
experiments, diuron was judged likely to be the most toxic herbicide of the three tested due to 
its slow degradation rate and ability to affect more than one species.  
 
F
In areas where there was dieback of m
d
no dieback the concentratio
High levels of diuron in sediments and healthy A. marina mangroves were mutually exclusive 
in occurrence.  Two other mangroves species were showing signs of stress, Aegiceras 
corniculatum (river mangrove) had dead branches and yellowing leaves in plots in the Pioneer 
River with the highest levels of diuron and while Ceriops australis (yellow mangrove) 
showed significant dieback in 2 small areas, this was not wide spread and considered due to 
localised effects.  While the field studies are not absolute proof, they do show that with diuron 
concentrations in sediment >2 µg/kg effect sensitive mangrove species. 
 
9.3.1.4 Aquatic and benthic organisms 
 
C
The effect of diuron on crustose coralline algae from the Great Barrier Reef area has also been 
examined (Harrington, Fabricius, Eaglesham and Negri, 2004).  Crustose coralline algae are 
‘hard’ marine substrata with calcareous crusts and are important elements that help bind reefs 
together.  These algae induce the settlement of benthic organisms, including corals (there is 
evidence that some corals species will only settle on selected species of crustose coralline 
algae).  Consequently changes in crustose coralline algae abundance can result in chang

 reef ecosystems.  The paper looked at the 

 
12 cf. in plants (Marwood et al 2001): “Stimulation of fluorescence from chlorophyll-a in photosystem II (PSII) 
reaction centres under different light conditions produces several parameters, each describing the efficiency of a 
photochemical reaction or process within the photosynthetic apparatus. The variable fluorescence ratio Fv/Fm, 
which describes the maximum efficiency of PSII photochemistry, is calculated from the minimum fluorescence 
(Fo) in the dark and the maximum fluorescence (Fm) on application of a saturating light to the dark-adapted 
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For diuron only exposures the crustose coralline algae species Porolithon onkodes and 
Titanoderma prototypum were exposed to diuron in clean seawater for 72 hours.  The dose-
response curve was flat and all tested concentrations (0.1 to 30 µg/L) gave similar responses 
for maximum effective quantum yield (∆F/F′m 65-45% of control value).  The LOEC was 0.1 
µg/L of diuron.  This effect was considered to be reversible.  Visible effects were noted at 30 
µg/L of diuron with patchy loss of pigment in both species and there was no mortality.   
 
In the tests using 4 different sediments [fine estuarine silt (<63 µm), medium estuarine sand 
(63-250 µm), fine offshore sediments (<63 µm) and calcareous sediment (sawdust from dried 
corals, <63 µm)], field collected and not dosed with diuron, the fine estuarine silt and offshore 
sediment inhibited the ∆F/F′m more than the other sediments.  The sediments were mixed with 
the tank water to ensure uniform distribution and were applied at approximately 100 mg/cm2.  
Neogoniolithon fosliei and P. onkodes were more sensitive than Hydrolithon reinboldii (the 

n.  [It should be noted that the 
ne estuarine silt used was contaminated by diuron at 0.28 mg/kg.]   

w

I

.0, 10 and 30 µg/L.  The sediments were applied as previous.  There was an initial drop in 

 and only reached 80% of control after 9 days.   

agments died 
7%), with 59% showing bleached portions.   

       

most abundant crustose coralline algae species on the inshore reefs in the GBR).  After 
exposure for 105 hours, the sediment was gently removed from the crustose coralline algae 
and these were then transferred to clean seawater.  All species exposed to the 4 different 
sediments had fully recovered their photosynthetic capacity to be comparable with controls 
within 4 days except P. onkodes that was exposed to the fine estuarine silt which only 
recovered to be 80% of control and showed loss of pigmentatio
fi
 
The authors also note that the morphology of H. reinboldii, with pits and crevices, differs 
from the other two species used that were flat and smooth.  In the test it was observed that the 
sediment did not settle evenly on H. reinboldii and much of the surface remained uncovered, 

hich could have affected the measurements of the photosynthetic yields (the tip of the probe 
measures the fluorescence from an area 5.5 mm in diameter).   
 
n the final experiments, diuron and fine estuarine silt sediment were tested independently as 

well as in combination using P. onkodes for 105 hours (exposure period), then 9 days in clean 
seawater (recovery period).  For the diuron only exposures the concentrations used were 1.0, 
3
∆F/F′m for all treatments but the lower treatments reverted to control and only 30 µg/L 
remained lower than control during the exposure period.  Visible bleaching occurred but only 
following exposure to highest level of diuron (30 µg/L).  There was complete recovery of the 
∆F/F′m back to control levels after 3.5 days in clean seawater for all the diuron alone 
treatments.  For sediment alone the ∆F/F′m decreased steadily and was <20% of control by the 
end of the exposure period.  Recovery was slow
 
For the combination test, diuron was added to fine estuarine sediments suspended in seawater 
for 24 hours (at 1.0, 3.0, 10 and 30 µg/L nominal of final test volume) before the 
contaminated wet sediments were distributed over the crustose coralline algae for 105 hours.  
The ∆F/F′m was <30% of control for all treatments after 35 hours and recovery was slow and 
remained only 60% of control after 9 days in uncontaminated seawater.  Some fr
(1
 

                                                                                                                                                  
s ate plant. The minimum (F ) and maximum (F′m) fluorescence levels in the light-adapted plant are used to calcul

∆F/F′m, the quantum yield of photochemistry in functional PSII reaction centres during steady-state 
photosynthesis. This parameter represents the efficiency with which excitation energy captured by the 
chlorophyll antenna is used in electron transport.” 
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The combination test used the sensitive species P. onkodes rather than the less sensitive 
inshore species H. reinboldii.  Note that P. onkodes is dominant on mid and offshore reefs and 
the second most common crustal algae on non-impacted inshore reefs but rare on impacted 
inshore reefs, while H. reinboldii remains common on inshore reefs, included those that are 
impacted by anthropogenic activities (Andrew Negri, personal communication). 
 
Conclusion 
Diuron is rated as highly toxicity to algae according to the US EPA classification.  From the 

 diuron to algae (LC50s) ranges from 2.4 to 95 µg ac/L.   

ae are very sensitive to the effects of diuron with a LOEC of 0.1 

s slow.  However, when the diuron was adsorbed to the 
ediment beforehand, simulating a runoff event, photosynthesis was reduced the quickest and 

 

he acute toxicity of diuron to Daphnia magna was determined following OECD Test 
.   

fter 48 hours, 20, 45, 40, 90 and 100% of the daphnia were immobilised in the 8.0, 11.0, 
5.0, 21.0 and 30 mg/L concentrations respectively.  The LC50 was calculated (using probit 
nalysis) as 12.8 (CI 10.5-14.7) mg/L and the NOEC = 2.2 mg/L (determined from the range 
nding test).  Again there was no analysis of the test solutions and therefore the results are 
onsidered acceptable only.   

 
esticide EcoToxicity Database 
hile there are only two studies reported in the Pesticide Ecotoxicity database and US EPA 

ED (US EPA 2003) on chronic exposure to diuron, there are a number of studies on acute 

for chronic toxicity was LOEC of 0.2 mg/L and NOEC of <0.2 mg/L for Daphnia magna.  
iuron is rated as moderately to highly toxic to aquatic invertebrates.   

 

US EPA RED, the acute toxic of
 
Marine crustose coral alg
µg/L for diuron alone in clean water.  For sediment alone there was a significant effect on 
photosynthesis and recovery wa
s
more significantly than the other two tests using diuron or sediment alone.  Recovery was also 
the slowest of the 3 treatments and there was mortality of the algae (17%), not noted in the 
other treatments, together with significant bleaching (59%) at 1 µg/L and above.  
 
Other Invertebrates 
 
Only one study was submitted. 
 
Daphnia magna, technical  
T
Guideline 202 (Zoltán, 2001c)
 
Neonate daphnia (<24 h old, 5 per replicate, 4 replicates) were exposed to nominal 
concentrations of diuron (technical 97% ac) of 8.0, 11.0, 15.0, 21.0 and 30 mg/L for 48 hours.  
Measurements of the physical properties of the test solutions were satisfactory.   
 
A
1
a
fi
c

P
W
R
toxicity, see Table 61.  The most sensitive acute result was LC50 of 0.16 mg/L for scud and 

D
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Table 61: Summary of aquatic toxicity studies with diuron – aquatic invertebrates, acute and 
ch

 
ronic exposure. 

US EPA 
Guideline 

Comments Toxicity 
(95% confidence limits) 

Year 
reported1

US EPA 
category2

Water flea (Daphnia magna) 
72-2b – acute 

re exposu
Active constituent (80%); 
Static conditions 

48 h EC50 = 8.4 (6.3-13.0) 
mg/L; NOEC = NR 

1991 Core 

72-4b Active constituent (98.2%) 
early life stage; Static 

nditions co

28 d LOEC = 0.2 mg
OEC = not 

/L 
N
(a

determined 
ssumed to be <0.2 mg/L)  

ental 1979 Supplem

Water flea (Daphnia pulex) 
72-2a – acute 
exposure 

Active constituent (80%) – 
1st instar; Static conditions 

48 h EC50 = 1.4 (1.0-1.9) mg/L; 
NOEC = NR 

1980 Core 

Daphnid (Simocephalus sp) 
72-2a – acute 
exposure 

Active constituent (95%); 
Static conditions 

48 h EC50 = 2.0 (1.4-2.8) mg/L; 
NOEC = NR 

1980 Core 

Mysid shrimp (Mysidopsis bahia) 
72-3a – acute 
exposure 

Active constituent (99%) 
static conditions 

96 h LC50 = 1.1 (
 mg/L 

0.97-1.3) ental 
mg/L; NOEC = 0.6

1987 Supplem

72-3a – acute 
exposure 

Active constituent (99%) 
static conditions 

96 h LC50 = 1.2 (1.0-1.6
g/L 

) mg/L; ental 
NOEC = 0.6 m

1987 Supplem

72-4b Active constituent (96.8%) 28 d LOEC = 0.56 mg
early life stage; Static NOEC = 0.27 mg/L  
conditions 

/L 

 

1992 Core 

Scud (Gammarus) 
72-2a – acute 
exposure 

Active constituent (95%) – 
embryo/larvae, static 
conditions 

96 h LC50 = 0.16 (0.13-0.19) 
mg/L; NOEC = NR 

1980 Core 

Brown shrimp (Penaeus aztecus) 
72-3 – acute 
exposure 

Active constituent (95%) 
Flow-through conditions 

48 h LC50 = 1.0 mg/L 
NOEC = NR 

1986 Supplemental 

Eastern oyster (Crassostrum virginica) 
72-3 – acute 
xposure 

Active constituent (96.8%) 96 h EC50 = 4.8 mg/L 1991 Core 
e Flow-through conditions NOEC = 2.4 mg/L 
72-3b – acute 
exposure 

Active constituent (96.8%) 
Flow-through conditions 

96 h EC50 = 1.8 mg/L 
NOEC = NR 

1986 Core 

1 Only the year when study was done as reported in Pesticide EcoToxicity Database,;  
s listed on the US EPA Ecological Effects Branch Pesticide EcoToxicity Database.  NR = Not reported 

D. magna.  From 

 ac/L respectively and a MATC of 0.39 mg 

 in a nominal dosing regime of 0 (control), 
.0, 6.5, 8.5, 11.0, 14.3, 18.6, 24.1, 31.4, 40.8 and 53.0 mg/L.  All solutions were prepared 

2 Category a
 
Conclusion 
According to the US EPA classification, diuron is rated as slightly toxic to 
the US EPA RED (US EPA 2003), the acute toxicity of diuron to aquatic invertebrates 
(LC50s) ranges from 0.16 to 6.7 mg ac/L, corresponding to a rating of moderately to highly 
toxic.  Chronic data from the database is limited to 2 studies with the most sensitive LOEC of 
0.2 mg ac/L for D. magna and NOEC of <0.2 mg ac/L and the other for mysid shrimp gives 
28 day LOEC and NOEC of 0.56 and 0.26 mg
ac/L. 
 
9.3.1.5 Fish 
 
Acute  
The acute toxic of diuron to rainbow trout was determined according to OECD Guideline No. 
203 (Zoltán, 2001a). 
  

ight juvenile fish per test concentration were usedE
5
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using sand-filtered Danube supply water.  Water quality measurements of the dissolved 

is rated as effectively slightly toxicity to rainbow trout 
ccording to the US EPA classification.  Due to the lack of analysis of the test solutions, the 

uron can generally be classified as slightly to highly toxic to 
sh.  The most sensitive result is a 96 h LC50 of 0.71 mg/L for cutthroat trout and the range is 

or an 
utlier.  Excluding this result the range is 0.67-23.5 mg ac/L, corresponding to a rating of 

d 50% of the water was replaced daily and 
e diuron concentration adjusted daily.  The fish were fed during the exposure period.   

o mortalities occurred and fish weight, length and liver somatic index were similar in all 
roups.  The SHD activity was increased at 10 µg/L compared to control (p <0.0380) and 
ere was an increase at 5 µg/L that was not significantly different (Tukey’s Test).   
he Department of Environment and Heritage notes that these results would appear to 
dicate that while diuron is only rated as moderately toxic to fish based on the acute toxicity 
st, diuron is causing hepatocellular toxicity at considerably lower levels.  At this stage, 

hronic effects are unknown but such effects are considered possible.  There are additional 
 species, 

including pink snapper, inhabit estuaries early in their life cycles and could be exposed to 
vels of diuron similar to those used in this study. 

 
 
 
 
 
 
 
 
 

oxygen, pH and temperature were satisfactory.   
 
There were no mortalities at 5 to 11 mg/L, 13, 25 and 63% mortality at 14.3, 18.6 and 24.1 
mg/L respectively, and 100% mortality at the 3 highest concentrations after 96 hours.  
Symptoms noted were reduced swimming activity and increased pigmentation.  There were 
no symptoms noted at the 3 lowest test concentrations (5 to 8.5 mg/L) or in controls.  The 96-
h LC50 using nominal concentrations was determined as 22.2 (CI 10.6-46.3) mg/L by probits 
and the NOEC 8.5 mg/L.  Diuron 
a
results of this test are considered acceptable only. 
 
Pesticide EcoToxicity Database 
According to the available data from studies in the Pesticide Ecotoxicity database and US 
EPA RED (US EPA 2003), di
fi
from 0.67 to 240 mg ac/L (results converted to active consistent from the purity of test 
material, see Table 62).  The wide range is surprising and the figure of 300 mg/L (80% ac) is 
very high compared to others in the table and therefore may be an error in the database 
o
slightly to highly toxic. 
 
Hepatotoxicity of Diuron to Australian Marine fish 
The toxicity of diuron to pink snapper (Pagrus aratus) was measured by its affect on plasma 
concentrations of sorbitol dehydrogenase (SDH) (Gagnon, 2002).  Normally SDH 
concentration is negligible in the bloodstream but its presence indicates that hepatocellular 
(liver) damage has occurred.   
 
The juvenile snapper were exposed to 3 concentrations of diuron (1.0, 5.0 and 10 µg/L) for 7 
days.  During the exposure (and acclimation) perio
th
 
N
g
th
T
in
te
c
concerns over long term exposure of diuron given that several important fish

le
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Table 62:  Sum n – fish, acute and chronic 
exp

 

mary of aquatic toxicity studies w
osure. 

ith diuro

US EPA 
Guideline 

Comments Toxicity, LC50 
mg/L  
test substance 
(95% CL) 

Year 
reported1

US EPA 
category2

Bluegill sunfish (Lepomis macrochirus) 
Active constituent (28%); static 
conditions  

84.0 (68.3-103.3) 1975 Core 

Active constituent (95%); 
conditions  

static 3.2 (2.53-4.05) 1976 Core 

Active constituent (95%); static 
conditions  

2.8 (2.3-3.3) 1986 Core 

72-1 
96 h 

Active constituent (80%); static 
conditions  

>300 (NR) 1991 Core 

Rainbow trout (O  mykiss) ncorhynchus
Active constituent (28%); static 
conditions 

23.8 (20-28.3) 1975 Core 

Active constituen
conditions 

t (95%); static 1.95 (1.5-2.54) 1976 Core 

Active constituent (80% WP); 
static conditions 

ementary 16 (11-23) 1980 Suppl

72-1 
96 h 

Active constituent (80%); static 19.6 (NR) 1991 Core 
conditions 

Fathead minnow  promelas)  (Pimephales
`72-1 Active constituent (98.6%); static 14.2 (13.4-15.0) 1975 Supplementary 

conditions 
Cutthroat trout (O s clarki) ncorhynchu

1.4 (1.1-1.9) 1980 Core 72-1 Active constituent (95%) static 
96 h conditions 0.71 (0.53-0.96) 1986 Core 
Coho salmon (Oncorhynchus kisutch) 
72-1 
96 h 

Active constituent (95%) static 
conditions 

2.4 (NR) 1986 Supplementary 

Lake trout (Salvelinus namaycush) 
2.7 (2.4-3.0) 1980 Core 72-1 Active constituent 

96 h conditions 1.2 (0.9-1.6) 1986 Core 
(95%) static 

Striped mullet (Mugil cephalus) 
72-1 
48 h 

Active constituent (95%) static 
conditions 

6.3 (NR) 1986 Supplementary 

Sheepshead minnow (Cyprinodon variegates) 
72-3, 96 h Active constituent (99%) static 6.7 (NR)  1986 Core 

conditions NOEC = 3.6 
1 Only the year when study was done as reported in Pesticide EcoToxicity Database,  
2 Category listed on the US EPA Ecological Effects Branch Pesticide EcoToxicity Database.  NR = Not reported 
 
Chronic 
Only one study was submitted by an applicant. 
 
Rainbow trout, 14 day semi-static  
The sublethal toxic effects of diuron (technical, 97.8% ac) to juvenile rainbow trout (4.5 cm 
ength) were investigated under semi-static conditions (renewed every 48 hours) for a pel riod 

 the highest concentrations and continued thereafter.  By 

of 14 days according to OECD Test Guideline 204 (Zoltán, 2001b).  Ten trout per treatment 
were exposed to test nominal concentrations of 5.8, 11.2, 22.5, 45, 90 and 180 mg/L.  Water 
quality measurements of the dissolved oxygen, pH and temperature were satisfactory. 
 

ortalities commenced by day 1 inM
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the end of the study there was 10, 20 and 100 % mortality at 6.5, 8.5 and 11.0 (and greater) 

ody 
ight and length in the three lowest test concentrations did not appear to be significantly 

 
 
The NOEC bow trout with LC50 (4 days) as 19.8 mg/L and 

C50 (14 day) as 14.2 mg/L.  The Department of the Environment and Heritage has 
recalculated the results using probits as LC50 (96 h) = 18.4 (CI 16.4-20.6) mg/L and LC50 
(14 days) as 8.8 (CI 7.9-9.8) mg/L. 
 
P
T ti atabase and US EPA RED (US 
E o d 3.  The most sensitive result was 
L µ  mi .  From th
r  n sensitive test species for diuron.   
 

mg/L respectively.  Toxic symptoms were observed in the 6.5 and 8.5 mg/L with symptoms 
such as reduced swimming, increased pigmentation, first reduction then cessation of food 
intake.  By the end of the test the 5.0 mg/L exposure group were showing reduced food 
intake, one of the first symptoms noted in the higher exposure groups.  The average b
we
different to the control group, although there were no statistical comparisons presented.  

 was given as 5.0 mg/L for rain
L

esticide EcoToxic
here are two stud

ity Database 
ies reported in the Pes cide Ecotoxicity d

PA 2003) on chronic exposure of fish t iuron, see Table 6
OEC of 61.8 µg/

esults in the databa
  

L and NOEC of 26.4 
se fathead minnow are

g/L for fathead nnow e acute toxic 
ot the most 

Table 63;  Summary of aquatic toxicity studies with diuron – fish, chronic/reproductive 
exposure from US EPA Pesticide EcoToxicity Database and available from the 

S EPA RED (US EPA 2003). U
 

US EPA 
Guideline 

Comments Toxicity Year reported1 US EPA 
category2

Fathead minnow (Pimephales promelas) 
72-4a early life 
stage study (60 
days total) 

Active constituent (98.6%) 
– flow through conditions 

LOEC = 61.8 µg/L 
NOEC = 26.4 µg/L 
MATC = 40.4 µg/L 

1975 Core 

Sheepshead minnow (Cyprinodon variegates) 
72-4a early life 
stage study (38 
days total) 

Active constituent (96.8%) 
– flow through conditions 

LOEC = 440 µg/L 
NOEC = NR

1992 Supplementary 
 

1 Only the year when study was done as reported in US EPA Pesticide EcoToxicity Database; 2 Category listed on the 
US EPA Pesticide EcoToxicity Database 

 
Conclusion 

iuron is rated as slightly toxic to rainbow trout for acute exposure, according to the US EPA 
lassification, and for prolonged toxicity the LC50 (14 days) was 8.8 (CI 7.9-9.8) mg/L with a 

ticide EcoToxicity Database, the range of acute 
C50s for diuron is from 0.67 to 23.5 mg ac/L, excluding one entry of 240 mg ac/L, 

ing of slightly to highly toxic.  Diuron affects the livers of pink snapper 
), measured using sorbitol dehydrogenase (SDH) as the marker of 

.   

hronic data from the database is limited to 2 studies with the most sensitive LOEC of 61.8 
/L). 

D
c
NOEC of 5 mg/L.  From the US EPA Pes
L
corresponding to a rat
(Pagrus aratus
hepatocellular (liver) damage, with a LOEC at 10 µg/L and NOEC of 5 µg/L.  These results 
would appear to indicate that while diuron is only moderately toxic to fish, diuron is causing 
hepatocellular toxicity at considerably lower levels
 
C
µg ac/L and NOEC of 26.4 µg ac/L (MATC = 40.4 µg ac
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9.3.2 Toxicity to rg

brates 

 Terrestrial O anisms 
 
9.3.2.1 Inverte
 
From the US EPA RED (US EPA, 2003), diuron can be classified as virtually non-toxic to 
honeybees (>100 µg ac/bee, see Table 64), and is rated as non-toxic to bees (Tomlin, 2003).  
Diuron is considered as non-toxic to earthworms,  
(see http://pubs.cas.psu.edu/freepubs/pdfs/uc182.pdf).   
 
Table 64:  Summary of bee toxicity studies with diuron. 
 
US EPA Guideline Source  Comments Toxicity  Year 

reported 
Honey Bee (Apis mellifera) 
1 US EPA RED  Tech. 48 hr; contact exposure EC  41-1 –  50 = 145 µg/bee 1975 
 
9
 
The applicants provided no data.  From the ity Database and the US EPA 
R th st sensitive species 
t  t tary tests.  It is rated as 
practically non-toxic to the other 3 species tested.  There was no chronic 
e  are summarised in Table 65. 
 
Table 65:

.3.2.2 Birds 

Pesticide EcoToxic
ED (US EPA

ested, is rated 
 2003), the toxicity of diuro
as slightly toxic in both

n to bobwhite quail, 
he acute oral and die

e mo

xposure/reproductive NOEL and LOEL reported.  These results

 Sum  avian toxicity studies with diuron from the Pesticide EcoToxicity 

 

mary of
Database, US EPA (2004) and available from the US EPA RED (US EPA 2003). 

US EPA 
Guideline 

Comments Toxicity Reference or 
year reported1

US EPA 
category2

Bobwhite quail (Colinus virginianus) 
71-1a – acute 
oral exposure 

Active constituent (92.8%) – 17 
week old birds, 21 day study 
duration 

LD50 = 940 (712-1183) 
mg/kg  
NOEL = <292 mg/kg 

1985 Core 

71-2a – sub- ctive constituent (>95%) - 9 
dy duration 

LC50 = 1730 (1482-
2035) ppm; NOEL = NR 

1975 Core 
acute dietary days old, 8 day stu
exposure 

A

Mallard duck (Anas platyrhynchos) 
71-1a – acute nstituent (95%) – 3 

uration 

LD50 = >2000 mg/kg  1970 Core 
oral exposure months old birds, 14 day study 

d
NOEL = NR 

Active co

 
71-2b – sub-
acute dietary 

Act
day

exposure 

ive constituent (>95%) – 10 
 old ducklings, 8 day study 

duration 

LC50 = >5000 ppm; 
NOEL = NR 

1975 Core 

 
Ring neck pheasant (Phasianus spp) 
71-2 – sub-
acute dietary 

Active constituent (>95%) – 15 
day old chicks, 8 day study 

LC50 = >5000 ppm; 
NOEL =

1975 Core 

exposure duration 
 NR 

 
Japanese quail (Coturnix japonica) 
71-2 – sub-

tary 
Active nt (>95%) – 12 
day ol icks, 8 day study 
duratio

LC50 000 ppm; 
NOEL

1975 Core 
acute die
exposure 

constitue
d ch
n 

 = >5
 = NR 

1 Reference cited where it has be re the summary has bee EcoToxicity Database, only 
e year has been cited;  

n the US EPA Pesticide EcoToxicity Database.  NR = not recorded 

en provided - whe n obtained from the US EPA Pesticide 
th
2 Category listed o
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9.3.2.3 Mammals 
 
The data in Table 66 are from Tomlin (2003) and the Department of the Environment and 
Heritage has not seen the full reports.  These show that diuron has low acute toxicity to rats 
and that its chronic toxicity to rats and dogs is low. 
 
Table 66:  Summary of toxicity to mammals. 
 
Test Species Result 
Acute oral LD50 > 3000 mg/kg Rat 

Rat 2 years NOEL = 250 mg/kg in diet. Chronic toxicity  
g, 2 years NOA 5 mg/kg in diet. EL = 12Do

 
9.3 al Pla

 summaris ies fro e US EPA RED (US EPA 2003) for the effects 
 applied ling em nce or applied to young seedlings on seedling 

, according ideline 123-1 (Tier 2 studies, conducted in 1999).  As 
ed, diuron is ery lo s, ra  from

ta for veg r, but sp clea iffer eir susceptibility to 

.2.4 Terrestri nts  
 
Table 67
of diuron

es toxicity stud
to soil on seed

m th
erge

growth
ct

 to US EPA gu
t vexpe  phytotoxic a

u
w rate nging  0.44 to 0.0022 kg/ha based on 

EC25 da etative vigo ecies rly d widely in th
diuron.   
 
Table 67:  Summ ial pla xicity ies dies used 

techn
ary of terrestr nt to  stud with diuron.  All stu

ical, 96.8 to 97.3% active. 
 

Species 
Common name Taxonomic name 

EC25 
(kg/ha) 

EC05  
(kg/ha) Effect US EPA category1

US EPA Guideline 123-1a – seedling emergence 
Corn Zea mays 6.4 0.84 Shoot height Core 
Sorghum r Sorghum bicolo 0.91 0.84 Shoot height Core 
Onion Allium cepa 0.11 0.10 Shoot dry weight Core 
Wheat Triticum aestivum 1.18 0.43 Shoot dry weight Core 
Pea Pisum sativum >13.4 13.4 Shoot height Core 
Soybean Glycine max <13.4 13.4 Shoot height Core 
Cucumber Cucumis sativus 0.38 0.21 Shoot dry weight Core 
Rape Brassica napus 0.11 0.053 Shoot dry weight Core 
Sugar beet Beta vulgaris  0.10 0.053 Shoot dry weight Core 
Tomato Lycopersicon esculentum 0.09 0.053 Shoot dry weight Core 
US EPA Guideline 123-1b – plants vegetative vigour 
Corn Zea mays 0.44 0.21 Shoot dry weight Core 
Sorghum Sorghum bicolor 0.084 0.013 Shoot dry weight Core 
Onion Allium cepa 0.17 0.11 Shoot dry weight Core 
Wheat Triticum aestivum 0.013 0.0022 Shoot dry weight Core 
Pea Pisum sativum 0.016 0.0034 Shoot dry weight Core 
Soybean Glycine max 0.013 0.0022 Shoot dry weight Core 
Cucumber Cucumis sativus 0.006 0.006 Shoot dry weight Core 
Rape Brassica napus 0.037 0.013 Shoot dry weight Core 
Sugar beet Beta vulgaris  0.01 0.006 Shoot dry weight Core 
Tomato Lycopersicon esculentum 0.0022 0.0011 Shoot dry weight Core 
1 Category listed on the US EPA Ecological Effects Branch Pesticide EcoToxicity Database. 
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9.3.3 Conclusions 
 
9.3.3.1 Aquatic Organisms 

significant bleaching (59%) at 1 µg/L and above. 
 

Another paper reported studies with diuron and four species of coral (those above, 

o controls for the corals exposed to 1.0, 3.0 and 30 µg/L 
spectively.  The dinoflagellate from S. hystrix was used to test the effect of light levels and 

there was a slight reduction in the EC50 from 3.7 µg/L at ‘normal’ light levels to 2.9 µg/L a
75% shading.  The effect of reduced salinity was also examined (35 to 27 parts per thousand) 
but there was no significant interaction between diuron and the reduced salinity levels.  
Exposure higher concentrations of diuron (100 and 1000 µg/L) resulted in significant loss of 
symbiotic dinoflagellates, pronounced tissue retraction and bleaching of the corals.  
 
The effect of diuron (and 2,4-D) on the hermatypic coral Porites cylindrical has been 
reported.  The corals were exposed to 3 concentrations of diuron and effects were measured 
using a fluorometer (fluorescence measurements) and an oxymeter.  All parameters measured 
were affected at 50 and 100 µg/L compared to control.  At 10 µg/L diuron caused significant 
reduction in all measured parameters except respiration (production of O2 per m2) and 
maximum florescence yield.   

 
Algae 
Diuron is rated as highly toxicity to algae according to the US EPA classification.  From the 
US EPA RED, the acute toxic of diuron to algae (LC50s) ranges from 2.4 to 95 µg ac/L. 
 
Marine crustose coral algae are very sensitive to the effects of diuron with a LOEC of 0.1 
µg/L for diuron alone in clean water.  For sediment alone there was a significant effect on 
photosynthesis and recovery was slow.  However, when the diuron was adsorbed to the 
sediment beforehand, simulating a runoff event, photosynthesis was reduced the quickest and 
more significantly than the other two tests using diuron or sediment alone.  Recovery was also 
the slowest of the 3 treatments and there was mortality of the algae (17%), not noted in the 
other treatments, together with 

Corals 
A literature study on the toxicity of diuron and other photosystem II (PSII) herbicides to reef-
building corals, or more specifically to the unicellular algae (dinoflagellate) that live 
symbiotically in the coral organisms, has been reported using chlorophyll fluorescence 
techniques to examine changes in photosystem II.  Two coral species were used, Seriatopora 
hystrix and Acropora formosa.  The most sensitive dinoflagellate from S. hystrix gave an in 
situ EC50 for ∆F/F′m (measure of the change in photosystem II fluorescence) of 2.3 µg/L, 
NOEC < 0.3 µg/L and LOEC = 0.3 µg/L.  The other corals gave an EC50 for ∆F/F′m of 2.7 
µg/L and NOEL and LOEC as above.  These results suggest that coral dinoflagellates could 
be as sensitive as algae species in the standard algal toxicity tests (above).  However, the 
endpoints used for the dinoflagellates were reduction in quantum yield and are not directly 
related to growth or mortality. 
 

Seriatopora hystrix and Acropora formosa, plus Montipora digitata and Porites cylindrica), 
again using chlorophyll fluorescence techniques.  The measured EC50s based on ∆F/F′m, 

(maximum effective quantum yield: 10 hours exposures, 100 µmol quanta/m2/s) were 5.1, 4.3 
and 5.9 µg/L for A. formosa, P. cylindrica and M. digitata respectively.  After 24 hours of 
exposure (at the end of a 14 hour dark period), Fv/Fm (maximum potential quantum yield) 
was significantly different t
re

t 
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In a report on the effects of diuron on coral reproduction, coral colonies of Acropora tenuis 
were exposed to diuron at concentrations of 1 µg/L and 10 µg/L for 52 days and the coral 
spawning compared to control coral colonies on the reef.  The larvae from corals exposed to 1 
µg/L of diuron showed signs of visible bleaching and had reduced photosynthetic yields 
(Fv/Fm: maximum potential quantum yield) while larvae from the 10 µg/L exposures lack 
zooxanthellae and were almost completely bleached.  Larval settlement and metamorphosis 
was not affected compared to the reef controls although the larvae and new corals remained 
paler and bleached compared to controls.  These results indicate that while coral colonies may 
e under high photosynthetic stress due to diuron exposure, reproduction is not affected and 

 viable gametes. 

a capricorni has been studied.  These were 
xposed to a single dose of diuron at 0.1, 1.0, 10 and 100 µg/L for a 5-day period and changes 

days of 
xposure, the quantum yields for H. ovalis and Z. capricorni were depressed for all test 

ns and C. serrulata were only depressed at the two highest test concentrations.  

angrove species (Avicennia marina, Aegiceras corniculatum, Rhizophora stylosa and Cerios 

b
they produce
 
Aquatic and Semi-aquatic Plants 
Duckweed 
There are currently no studies with diuron conducted to a current internationally accepted 
guideline using duckweed.  There is an old scientific literature report showing EC50 values of 
41 µg/L for Lemma major and 15 µg/L for Lemna perpusilla, which were determined 
graphically.  These species are not currently the recommended test species although L. 
perpusilla is closely related to Lemma gibba, the standard test organisms.  A more modern 
literature report gives the IC50 (inhibition of growth) for Lemma minor as 25 µg/L.  These 
results indicate that diuron can be rated as very highly toxic to duckweed, although algae are 
the most sensitive organisms to the effects of diuron. 
 
Seagrasses 
The effect of diuron on three species of seagrasses, collected from the wild and identified as 
Halophila ovalis, Cymodocea serrulata and Zoster
e
in chlorophyll fluorescence were measured daily using the PAM fluorometer.  Average 
concentrations for each test concentration were 0.1, 0.9, 7.8 and 85 µg/L.  After 5 
e
concentratio
There was rapid recovery in all species following return to clean seawater but recovery was 
not sustained with all species exhibiting fluctuations in effective quantum yield over the 5-day 
recovery period.  H. ovalis was the most sensitive species during the exposure and the 
recovery period with the statistical analysis showing this species as significantly different to 
the other two and the quantum yield did not improve as much as the other two species.  The 
authors note that with measured concentration of diuron in sediment at up to 10 µg/kg, 
partitioning models indicate that overlaying concentration could reach 1 µg/L, which is within 
the range to inhibit photosynthesis in seagrasses.   
 
It was concluded that the study shows that there is a significant effect on the quantum yield of 
H ovalis and Z. capricorni with exposure to diuron at 0.1 µg/L in the water column.   
 
Mangroves 
The results of some preliminary trials of the toxicity of PS II-inhibiting herbicides to four 
m
australis – the first two species are described as “salt excretors” and the others as “salt 
excluders”) has been reported.  The seedlings of the four species were grown in pots and 
placed in tank units which enabled high and low tide to be simulated.  The toxicity of diuron 
(as well as ametryn and atrazine) was compared to an untreated control, at four treatment rates 
(4, 40, 400 and 4000 µg/kg dw of sediment), using herbicide dissolved in water to which 
“commercially bought” clay was then added and mixed to simulate natural run-off conditions.  
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A potentially confounding effect on the rate treatments in this preliminary study was that for 
each replicate all four treatments were contained within the same tank, receiving the same 
simulated tidal water.  However, the concentrations of diuron in sediment (top 1 cm), taken at 

tervals up to 71 days after dosing, show a gradual decline except for the lowest test 

ot statistically significant 
ompared to control) with A. marina as the most sensitive mangrove from photosynthesis 

measurements.  All of the mangroves showed physical symptoms of injury (chlorosis and 

the three tested due to 
s slow degradation rate and ability to affect more than one species. 

aves in plots in the Pioneer 
iver with the highest levels of diuron and while Ceriops australis (yellow mangrove) showed 

icant dieback in 2 small areas, this was not wide spread and considered due to localised 

c/L. 

iuron is rated as slightly toxic to rainbow trout for acute exposure, according to the US EPA 
onged toxicity the LC50 (14 days) was 8.8 (CI 7.9-9.8) mg/L with a 

Toxicity Database available in the US 
PA RED (US EPA 2003), the range of acute LC50s for diuron is from 0.67 to 23.5 mg ac/L, 

ng one entry of 240 mg ac/L, corresponding to a rating of slightly to highly toxic.  
Diuron affects the livers of pink snapper (Pagrus aratus), measured using sorbitol 

in
concentration where there was a slight increase.   
 
Diuron was the most toxic herbicide tested after 71 days (all responses refer to the maximum 
exposure concentration of 4000 µg/kg; lower concentrations were n
c

necrosis) and all the A. corniculatum plants were dead.  Note that A. corniculatum and C. 
australis received the highest exposure to the herbicides as the roots and leaves were 
submerged during the simulated high tide whereas A. marina and R. stylosa were only 
exposed via the roots.  A. marina had the highest measured concentrations of diuron in leaf 
tissues after 11 days of exposure, measured at ~340 µg/kg leaf (dry weight) and A. 
corniculatum was the second highest with ~230 µg/kg. 
 
The research suggested that the salt-excreting mangrove species were more vulnerable to 
diuron and other herbicides than salt-excluding ones.  Based on these preliminary 
experiments, diuron was judged likely to be the most toxic herbicide of 
it
 
Field Study  
In areas where there was dieback of mangroves, there were measurable concentrations of 
diuron in the sediments (0-2 cm), ranging from 1.2 to 8.2 µg/kg.  However, where there was 
no dieback the concentrations of diuron measured were <1.2 µg/kg in the sediments (0-2 cm).  
High levels of diuron in sediments and healthy A. marina mangroves were mutually exclusive 
in occurrence.  Two other mangroves species were showing signs of stress, Aegiceras 
corniculatum (river mangrove) had dead branches and yellowing le
R
signif
effects.  While the field studies are not absolute proof, they do show that with diuron 
concentrations in sediment >2 µg/kg effect sensitive mangrove species. 
 
Aquatic and Benthic Invertebrates 
According to the US EPA classification, diuron is rated as slightly toxic to D. magna.  From 
the US EPA Pesticide EcoToxicity Database available from the US EPA RED (US EPA 
2003), the acute toxicity of diuron to aquatic invertebrates (LC50s) ranges from 0.16 to 6.7 
mg ac/L, corresponding to a rating of moderately to highly toxic.  Chronic data from the 
database is limited to 2 studies with the most sensitive LOEC of 0.2 mg ac/L for D. magna 
and NOEC of <0.2 mg ac/L and the other for mysid shrimp gives 28 day LOEC and NOEC of 
0.56 and 0.26 mg ac/L respectively and a MATC of 0.39 mg a
 
Fish 
D
classification, and for prol
NOEC of 5 mg/L.  From the US EPA Pesticide Eco
E
excludi
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dehydrogenase (SDH) as the marker of hepatocellular (liver) damage, with a LOEC at 10 
µg/L and NOEC of 5 µg/L.  These results would appear to indicate that while diuron is only 
moderately toxic to fish, diuron is causing hepatocellular toxicity at considerably lower levels.  

hronic data from the database is limited to 2 studies with the most sensitive LOEC of 61.8 
 NOEC of 26.4 µg ac/L (MATC = 40.4 µg ac/L). 

.3.3.2 Terrestrial Organisms 

Avian 
 the US EPA RED, the toxicity of diuron to bobwhite quail, the most sensitive species, is 

ted as slightly toxic in both the acute oral and dietary tests.  It was rated as practically non-

 
eedlings and an EC25 of 90 g/ha for seeds.   

C
µg ac/L and
 
9
 
Terrestrial invertebrates 
Diuron is rated as non-toxic to bees and earthworms. 
 

From
ra
toxic to the other 3 species tested. 
 
Mammals 
Diuron has low acute toxicity to rats and low chronic toxicity to rats and dogs. 
 
Terrestrial Plants 
Diuron is very toxic to non-target plants, as would be expected.  It is most toxic to plants after 
emergence and the most sensitive crop test was tomatoes with an EC25 of 2.2 g/ha for
s
 
9.4 Environmental Risk Assessment 
 
This review is focused on several key environmental impacts surrounding the use of diuron, 
s indicated in the scope of the review (see page 39) and these will be the major focus of this 

noff and impact on non-target organisms.  In 
ddition, the risk to avian and terrestrial non-target organisms will also be briefly examined.   

 
Diuro eaf 
weed , 
lupins, perennial grass seed crops, pineapples, sugar cane, vineyards and rights-of-way.  It is 
applied both pre- and post-emergent.   
 
The following evaluations generally follow the US EPA approach (Urban and Cook 1986) to 
establish a risk quotient value (Q) from the ratio of the Estimated Environmental 
Concentration (EEC) and the lowest effects concentration, such as an LC50 or EC50.  The 
Department of the Environment and Heritage generally considers the following as an 
appropriate guide for the establishment of risk: 

• 0.1 ≤ Q ≤ 0.5:  risk may be able to be mitigated by some form of risk management, 

a
risk assessment.  The scope of the review is limited to runoff from sugarcane; its effects on 
the Great Barrier Reef Lagoon, seagrasses and mangroves; and the impact of runoff from 
other uses.  Spraydrift has also been considered as it can be a significant route of 
environmental exposure; it contributes to the overall loading in natural water systems and 
therefore contributes to the apparent level of ru
a

n is currently used on a wide range of crops to control a range of annual broadl
s and some annual grasses.  The uses are on orchards, cereals, coffee, cotton, lucerne

 
• Q > 0.5: risk is unacceptable, 

such as label restraints for a specific use and an identified hazard arising from that use, 
and 
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• Q < 0.1: risk is considered low (and may or may not require some form of risk 

 
For chronic exposure (eg repeated sprays and/or relatively persistent substances), it is 
c k f the EEC nged n 
the NOEC for the aquatic species most sensitive nic exposure, an ituation will be 
considered further if the chronic EEC exceeds th  
 
9 ed Envi trations 
 
Table 68 gives the mi /maximum estim ironmental concentrations (EEC) of 
diuron in treated soil at 5 cm deep assuming complete mixing.  The EEC for direct overspray 

8

management, such as general label restraints). 

onsidered that the ris  is acceptable i  estimated for prolo  exposure is less tha
 to chro d the s
e NOEC.

.4.1 Estimat ronmental Concen

nimum ated env

f  application lication to water ep is also inclu
 

able 6

or a single rate app  15 cm de ded.   

T :  The EECs for various applications of diuron to soil and from direct overspray into 

 
water 15 cm deep. 

Agricultural situation Min-max rates 
kg/ha 

 EEC in soil min/max. 
mg/kg 1

EEC in water min/max 
mg/L 2

Orchards 1.8-3.6 2.67-5.33 1.2-2.4 
Broadacre 0.45-1.8 0.667-2.67 0.3-1.2 
Rights-of-way, ally 4-36 
commercial and 

Initi
retreatment at 3.1-16 

5.92-53.3 2.67-24 

industrial areas 
Irrigation and drainage 5  
channels 

10-7 14.8-111 6.67-50 

Sugarcane 1.8-3.6  2.67-5.33 1.2-2.4 
EEC = estimated environmental concentration.  1Soil is 5 cm deep and assumes uniform mixing.  2Water is 15 
cm deep 
 

.4.2 Risk to Aquatic Organisms 

To determine the risk to aquatic organisms, the Department of the Environment and Heritage 

of all data 
approach uses all the data rather 

than a single sensitive endpoint and ensures protection for the majority of organisms. 

ity Guidelines 

elines derived by ANZECC, there is no guideline value 
13

                                                

9
 

normal approach is to use the most sensitive endpoints.  Thus the LC/EC50 used would be: 
 
LC50 for fish =  0.71 mg/L 
EC50 for invertebrates =  0.16 mg/L 
EC50 for duckweed = 15 µg/L  
EC50 for algae =  2.4 µg/L.   
 
However, with a larger data set an alternative approach is to use the distribution 
and determine a probabilistic value for the toxicity.  This 

 
9.2.4.1 Australian Water Qual
 
n the Australian water quality guidI

for diuron due to insufficient chronic data to establish one .  Instead, a low reliability trigger 
value was calculated using a limited chronic data set.  For freshwater, the low reliability 
trigger value of 0.2 µg/L was set using an assessment factor of 200 while for marine water the 

 
13 http://www.deh.gov.au/water/quality/nwqms/pubs/wqg-ch3.pdf 
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trigger value was 1.8 µg/L using an assessment factor of 100014.  The data set used to 
determine these values is different from that used in this review and the data set comprised: 
 
15 species freshwater fish, LC50 500-63,000; 1 chronic study, NOEC of 33.4 µg/L 

vertebrate (7 species) and fish (8 

formation of EC50 data to NOEC was used.  Using this methodology, the 
timates that the water quality guideline would 

rent interim guideline for freshwater.  Note this used 
rentiate between freshwater and ma ent 

o itage rmal appr  for aquati k assessment is to use the 
C50 (fish, invertebrates and ae) with a d safety 

.  Both the alternative water quality guideline and DEH's normal (algae 
µg/L) approaches give similar endpoints. 

 
The Australian water quality guidelines uses the 99th percentile based on NOEL for all species 
for highly protection and lower percentiles for less protection.  In order to determine the level 
f protection needed for areas of different ecological importance, the trigger values for 99, 95, 

6 species of freshwater crustaceans, LC50 160-15,500 µg/L 
2 species of freshwater insects, LC50 1200-3600 µg/L 
no data for freshwater algae 
1 marine fish LC50 6300 µg/L 
1 marine mollusc EC50 1800 µg/L 
 
Note the lack of data for algae, the most sensitive species.  Therefore rather than use the low 
reliability trigger values, Department of the Environment and Heritage used all the acute data 
for algae (18 species freshwater and marine), aquatic in
species) from Tables 58, 59 and 60 and the ANZECC/ARMCANZ BurrliOZ software 
program (Campbell, Palmer, Shao and Wilson, 2000).  The program fits the data set to the 
Burr Type 3 distribution.  .   
 
As NOEC values were not available for most test species, a default conversion value of 0.1 
for the trans
Department of the Environment and Heritage es
be 0.2 µg/L, which is the same as the cur
all the data and did not diffe
f the Environment and Her

rine species.  The Departm
’s no oach

 alg
c ris
10-folmost sensitive LC/E factor (used as 

quotient of 0.1)
C50/10 = 0.24 E

o
90 and 80% protection were determined using the BurrilOZ software and the results are given 
in Table 69. 
 
Table 69:  Trigger values for all species. 
 

Level of protection (% species) 99 95 90 80 
Guideline Value µg/L 0.22 0.6 1.0 2.0 

 
9.4.2.2 Runoff  
 
Runoff of diuron from treated areas is a key environmental route of exposure and is the most 
important aspect of the review, as detailed in the scope (see 0).  This will be considered in 
some detail. 
 
Runoff is highly dependent on several factors, some of which are location specific and others 

of trash on
 s y the fine silts enriched with organic matter, and 

                                 

event specific.  The most important are rainfall and its intensity, infiltration of soil (in turn 
related to moisture content of soil), the slope, type of soil type of drainage, crops type, amount 

 soil and cultivation (Mensink, de Greef and Linders, 1996).  In addition, water 
oil removes soil particles, mainlerosion of

                
u/water/quali14 http h.gov.a ty/nwqms/pubs/volume2-8-3b.pdf ://www.de
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therefore chemicals adso bed to o ic r in soil m  di or el spo
via erosion. 
 
In order to simplif an ve e tes lues, simplistic mo re  
T ent and Heritage uses, as a first tier or filter, the following 
model: a 1 ha field is treated then a 100 mm of rainfall event occurs with 10% of the rainfall, 
c tment, ru s into a 1 ha water body 15 cm de i m
dilution results from  deep water, 

ing this very simplistic mod

able 70

r rgan matte ay be sprop tionat y tran rted 

y the runoff d ha some stima of va dels a  used. 
he Department of the Environm

arrying 10% of the trea noff ep.  Th s assu es the 
 the 15 cm 100 mm of rain and 10 mm of

s
 runoff water, total 

el.  depth of 26 cm.  Table 70 gives the results u
 
T :  The EEC from runoff using the Department of the Environment and Heritage’s 

simple model (a 1 ha field; 100 mm of rainfall, 10% runoff into 15 cm deep pond 
where 10% of applied runs off). 

 
Quotient1Agricultural 

situation 
Min-max 

rates kg/ha 
EEC µg/L 

fish invert algae 
  min max min max min max min max 

Orchards 1.8-3.6 69.2 138 
0.10 0.19 0.43 0.86 28.83 57.50 

Broadacre 0.45-1.8 17.3 69.2 0.02 0.10 0.11 0.43 7.21 28.83 
Rights-of-way, 
commercial and 
industrial areas 

Initially 4-36 
retreatment at 
3.1-16 

153 1384 0.22 1.95 0.96 8.65 63.75 576.67 

Irrigation and 
drainage channels 

10-75 384 2884 0.54 4.06 2.40 18.03 160.0
0 

1201.67 

Sugarcane 1.8-3.6 69.2 138 0.10 0.19 0.43 0.86 28.83 57.50 
1 for fish 0.71 mg/L, invertebrates 0.16 mg/L and algae 2.4 µg/L.  
 Dark shading Q > 0.5.  Light shading 0.5 > Q >0.1. 
 

able 70 clearly shows that there is unlikely to be a risk to fish and only a slight risk to T
aquatic invertebrates at rates of <1.8 kg ac/ha, i.e. broadacre use, but there is a high risk to 
algae.  For rates between 1.8-3.6 kg ac/ha (orchards and sugar cane), there is a slight risk to 
fish, a slight to moderate risk to invertebrates and again a very high risk to algae (and 
duckweed, data not shown).  The very high label rates, particularly from use in rights-of-way, 
commercial areas and irrigation/drainage channels, show moderate to high risk to fish and 
invertebrates and a very high risk to algae.  However, this is a first tier (or screening level) 
assessment and further refinement is required. 
 

odel used is very simple and does not include effects for adsorption, larger land areas,The m  

The level of runoff in the model used Table 70 can readily refined by decreasing the amount 

(orchards, broadacre and sugarcane) but algae remain at high risk.  However, as the field data 
shows that in a 1 in 2-year rainfall event approximately 2% of applied diuron ran-off (see 
Section 9.2.7.6), assuming 1% would be below measured field results.  Other factors that can 
be used include increased area treated, percentage of untreated land (and therefore 
uncontaminated runoff and increased dilution), and increased water depth.   

interception by vegetation, degradation etc.  However, as a screening model the results are 
comparable with that from the US EPA GENEEC model (US EPA 2004b), also a screening 
level model, eg at 3.6 kg ac/ha, GENEEC gives maximum concentration of 116 µg/L 
compared to 138 µg/L in Table 70.  GENEEC also includes a spraydrift component, uses a 
larger land area (10 ha) and a deeper pond (2.0 metres).  Note that the GENEEC was used 
with a large spraydrift buffer – used to minimise the effect of spraydrift (see Attachment 4). 
 

of chemical that runs off, say to 1%, in which case the quotients are all reduced by a tenth.  
Then fish and aquatic invertebrates are considered as low risk for cropping situations 
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To refine t plistic Department of the Environment and Heritage model, it is assumed 

at 20% of the area in a small catchment (100 ha) is treated and a 100 mm rainfall event 
occurs with 30% of the rainfall running off, carrying 5% of the treatment to form a pond.  
Note that the treatment area (20%) reflects the total area of sugarcane in the Pioneer River 
c orst ) and 80% e ra ming the pond comes from untreated areas 
i l.  I dition  allo e is e fo e cy f a ptio ith Kd 
(assumes Kf = Kd
 
T

he sim
th

atchment (w
n the mode

-case  that  of th in for
n ad
) of 2.9 (worst case) or 

, an wanc
an averag

 mad
e of 12.1.   

r on cle o dsor n  w15

able 71:  The E C from unoff u ng the Departme t of the nvironment and Heritage’s 
more stic  catchment treated; 100 mm of rainfall, 
0% f car  5% eatm ith cycl dso n (s otnote 
5). 

 

E  r si n E
 reali simple model of 20% of

3 runof rying  of tr ent w  one e of a rptio ee fo
1

Rates, kg/ha 0.45 1.8 3.6 4 10 16 36 75 
Kd = 2.91         
EEC, µg/L 3.85 15.4 30.8 34.2 85.5 137 308 641 

0.01 0.03 0.06 0.06 0.16 0.25 0.57 1.19 
0.01 0.06 0.11 0.13 0.32 0.51 1.14 2.37 

Quotients      
Fish 
Invertebrates 
Algae 1.60 6.42 12.83 14.25 35.63 57.08 128.33 267.08 
Kd = 12.12         
EEC, µg/L 1.15 4.58 9.16 10.2 25.4 40.7 91.6 191 

0.00 0.01 0.02 0.02 0.05 0.08 0.17 0.35 
0.00 0.02 0.03 0.04 0.09 0.15 0.34 0.71 

Quotients      
Fish 
Invertebrates 
Algae 0.48 1.91 3.82 4.25 10.58 16.96 38.17 79.58 

1Kd is the lowest value.  2 Kd is the average value.  Dark shading Q > 0.5.  light shading 0.5 > Q >0.1. 
 
The results of this model show that there is a risk to fish and invertebrates at high application 
rates and at rates higher than 16 kg ac/ha the risk is unacceptable with the low soil adsorption 
(Kd) assumption.  For algae the risk is high and unacceptable for all application rates with the 
low soil adsorption but with the average soil adsorption the risk is slight at the lowest rates 
but remains high at rates of 1.8 kg ac/ha and above.  There is also at a high and unacceptable 
risk to duckweed with applications of 3.6 kg ac/ha and above using the EC50 of 15 µg/L.  
While not shown in Table 71, there is also at a high and unacceptable risk to duckweed with 

r data for specific sites in 

                                              

applications of 3.6 kg ac/ha and above using the EC50 of 15 µg/L.   
 
For most situations the assumptions in the model are considered reasonable although in very 
wet situations the amount of runoff (30%) is probably to low.  A separate situation is aerial 
application to wheat when the fields are to wet for ground equipment.  Under these 
conditions, diuron is likely to be more mobile and runoff higher.  Using the same mode but 
assuming that 60% of the rainfall runoff carrying 10% of the applied diuron (application rate 
of wheat is 280 g ac/ha), the quotient for algae are 1.0 and 0.31 for low and average Kd 
respectively.  Thus, this application to wheat is acceptable based on this model despite the wet 
soils and resulting higher runoff. 
 
The US EPA uses the model PRZM/EXAMS at their tier two model and is a refinement on 
the GENEEC model.  The model uses actual soil and 30-year weathe

   
15 The Kd is used according to equation concentration in water = total runoff x 1/(Kd + 1).  Therefore for Kd = 
2.9, 25.6% is in water phase and 74.4% adsorbed; for Kd = 12.1, 7.6% is in water phase.  This simplistic 
calculation does not taken into account volumes of water or mass of soil or other factors such as slope, rainfall 
intensity etc 
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the US and therefore is not directly comparable to Australia.  Nevertheless, their results in the 
RED for diuron (US EPA 2003) thin apples (New York, 4 lb/ac [3.6 kg/ha]) gives a 90  
ercentile peak concentration of 53 µg/L and an annual mean (over 30 years) of 32 µg/L, 

alifornia, both at 9.6 lb/ac (8.6 kg/ha), with 90  
ercentile peak concentrations of 332 and 40 µg/L and the annual means of 52 and 17 µg/L, 

.  At 8.6 kg/ha, the Department of the Environment and Heritage’s refined model 

cantly higher than the peak 90th result for 
alifornia.  This most probably reflects the effect of the fine sandy loam at the Californian 

filtration) and low rainfall (dry Mediterranean climate).   

ic in its results.  Also, the results at 3.6 kg ac/ha (= maximum rate for sugarcane) with 
e average Kd value are comparable with the peak measured concentrations of 8.5 µg/L in 

The information from field studies will be examined with respect to the major use pattern that 

 the results from these will be considered 
ere. 

oncentration of diuron in the Pioneer River  
he level of diuron in the Pioneer River was measured during a significant rainfall event 
impson, 2002, see Section 9.2.6.1).  Total rainfall over the two-day event averaged 233 mm 

and examinations of the rainfall records indicate that this was a 1 in 2 year occurrence.  
d 

to have a re
 
Samples taken at the eir ga , located at the bottom of th ent 
(drainage area of 1485 km2, ~95% of catchment) gave measured concentrations of between 
0   T her values oc red at the start of the runoff event and then tapered 
off.  In the centre of the catchment (Mia Mia bridge and Cattle Creek), levels of diuron were 
lower.  Table 72 g asured l  together with quotients for algae, again using 
t (2.4 µg/L) as the endpoint. 
 

p
which is reasonably comparable with that in Table 71 for 3.6 kg /ha.  The other crops 
modelled are citrus in Florida and grapes in C th

p
respectively
gives 95.5 µg/L, higher than the Florida annual mean result (wet sub-tropical climate) but 
lower than their peak concentration and it is signifi
C
site (high in
 
The US EPA PRZM/EXAMS model using USA weather information gives results somewhat 
similar to the results in Table 71 and therefore this relatively simplistic model is seen as being 
realist
th
the Pioneer River (see Table 72).   
 
However, as there is a considerable amount of measured field data available, these will be 
examined rather than relying on modelling.   
 
Field Data 

contributed to the environmental measured levels.   
 
Sugarcane 
The use of diuron on sugarcane and its impact on downstream mangroves and offshore 
seagrasses, as well as the Great Barrier Reef, are key aspects of this review.  Several field-
monitoring studies were examined in Section 0 and
h
 
C
T
(S

Average rainfall in the catchment for February is ~350 mm.  The rainfall event is considere
alistic probability of occurring relatively frequently. 

 Dumbleton W uging station e catchm

.9 to 8.5 µg/L. he hig cur

ives the me evels  the 
he most sensitive EC50 
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Table 72:  Concentration of diuron at Dumbleton Weir gauging station on the Pioneer River 
during 24 hours intense rainfall and the quotient for algae. 

 
Site Time of sample1 Diuron, µg/L Quotient, algae 

EC50 2.4 µg/L 
Quotient 

duckweed 
0815 8.5 3.54 0.57 
1500 2.5 1.04 0.17 
2325 1.1 0.46 0.07 

Dumbleton Weir 

0900(15/02) 0.90 0.38 0.06 
Mia Mia Bridge, 
Pioneer River 

1030 0.40 0.17 0.03 

Cattle Creek 1055 1.00 0.42 0.07 
1All samples taken on 14/02 except last sample at Dumbleton taken on 15/02.  NDR = No detectable residue, 
limit of reporting set at 0.3 µg/L.  Dark shading Q > 0.5.  light shading 0.5 > Q >0.1. 
 
Table 72 clearly shows that during this one runoff event the peak levels of diuron were very 
oxic to algae, which then declined and approached a more acceptable levt el after 24 hours (Q 

w a risk 

r in interpreting the measured levels of diuron is that there are two 
ources for diuron, one from application to the cane field themselves and the other from 

ins running from the field to the creeks/rivers in the catchment.  Due to 

~0.4).  For most of the flow during the runoff the risk to algae was high enough to be 
considered unacceptable.  This is for one intense rainfall event (1 in 2 year event) that 
occurred approximately half way during the wet and some time after the last applications of 
diuron (it is expected the most sugarcane farmers in the Pioneer River catchment would have 
applied diuron during November to January prior to canopy closure).  Had earlier runoff 
events been monitored, the measured concentrations of diuron could well have been higher.  

ith this in mind, quotients of between 0.1 and 0.5 in Table 72 are considered to shoW
to algae. 
 
The Department of the Environment and Heritage notes that all of the measured levels in 
Table 72 are above the interim water quality guideline for diuron of 0.2 µg/L.  Also, the peak 
levels at the Weir could affect aquatic plants with Q > 0.1, although this is likely to be of 
short duration.  In addition, the diuron will slowly adsorb to the sediments and build up there 
until it reaches equilibrium and it will be available for uptake by plants.  The degradation rate 
in the sediment from the Pioneer River and its estuary is unknown but in the aerobic aquatic 
metabolism laboratory studies the half-lives ranged from 33 to 232 days. 
 

 complicating factoA
s
application to the dra
the amount of diuron used in cane production, estimated at 197 tonnes in Queensland 
(Hamilton and Haydon, 1996), this is the major source of the diuron measured in the Pioneer 
River based upon reported sales of diuron (see Section 9.1.3.5, page 43). 
 
It is concluded that the measured levels of diuron in the Pioneer River during flow events are 
higher than what is acceptable to protect aquatic organisms, mainly algae but could also 
include aquatic plants growing in the river sediments, including mangroves, and seagrasses 
ffshore where these sediments deposit.  Amounts of diuron used should be reduced so that o

expected peak levels are less than 2.4 µg/L (i.e. Q < 1.0), noting that algae have high 
fecundity and therefore are expected to recover from short exposures, provided there is time 
to recover.  It is recommended that the current maximum rate is reduced by a quarter to 0.9 kg 
ac/ha, i.e. equal to broadacre rates, being mindful of the strong uptake of trash blank etc and 
how it has reduced the need for longer-term weed control and herbicide use in the sugarcane 
production systems.   
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Diuron in Sediment 
The level of diuron in several sediments has been measured in areas associated with 

 found in irrigation channels and drains (Muller et al 2000, See Section 

ergence data are used as the test 
chemical (diuron) was soil applied whereas in the plant vigour test the seedlings were directly 

 as 
µg/kg, the m  in sediment were expressed as rates per hectare in 5 cm 
f soil (soil density assumed at 1.5 g/mL).   

 
Sedim
Diuron has been found in the sedime  drains that ide the  fro  

iven in Table 73 together with quotients for the most sensitive 
rrestrial plant in the study on seedlings (note that this compares leaf exposure from seedling 

sugarcane.  It has been
0), estuaries (Duke, 2001 and 2003, see Section 0) and in offshore sediment (Haynes, Müller 
and Carter, 2000, see Section 0; McMahon et al 2004, see 0).  The major organisms exposed 
to diuron when bound to sediment are expected to be plants and algae growing in the 
sediment, organisms foraging in the sediments such as crabs and other invertebrates or 
organisms burrowing in the sediments eg worms.  
 
In order to do a comparison between the measured levels of diuron in sediment and possible 
effects on non-target plants growing in these sediments, the experimentally derived EC25 for 
terrestrial plants (see 0) is used.  The most sensitive plant for seedling emergence was 
tomatoes with an EC25 of 0.09 kg/ha.  Only the seedling em

oversprayed.  As the seedling data was in kg/ha and the concentration of diuron expressed
easured levels of diuron

o

ent from drains 
nts in p vro  edrainag m sugarcane

farms (Müller et al 2000).  The measured level in drains (irrigation drains) from the Mareeba-
Dimbuah and Burdekin are g
te
vigour test (oversprayed) to root exposure).  The EC25 of 2.2 g/ha is converted to 
concentration in sediment of 2.9 µg/kg assuming a soil density of 1.5 and depth of 5 cm.  As 
the measured results are for the drains (irrigation drains), not considered to be part of the 
natural environment, a 1:4 factor is used to allow for 80% mixing of the contaminated 
sediment with uncontaminated sediment from non-treated areas (i.e. this assumes that 20% of 
catchment is treated with diuron as for the Pioneer River).   
 
Table 73:  Measured levels of diuron in sediment from sugarcane areas and quotient from 

most sensitive seedlings 
 

Region Sample +ve samples/samples 
taken 

Mean µg/kg Range µg/kg Quotient1 

(range) 
Mareeba-Dimbulah drains 5/10 9.1 <0.36-37 0.65 (0.02-25) 

Burdekin drains 20/21 25 <1-120 1.7 (0.07-82) 
1Quotient is for tomato seedlings (EC25 = 2.2 g/ha), the most sensitive terrestrial seedling and includes a 1:4 mixing with 
uncontaminated sediments.  2 1 sample only. 
 
The results show that the level of diuron in sediment from drains draining sugarcane fields is 
potentially toxic to plants, including aquatic plants, noting that the endpoint used is derived 

om overspray.  Many levels are above the estimated mangrove LOEC of 2 µg/kg (see 
rity of the diuron in the drains is from either application to the cane fields 

y also be 
xpected to be deposited from subsequent water flows. 

fr
below).  The majo
or from treatment of the drains.  Degradation in the sediment is unlikely to reduce the risk to 
an acceptable level given that the longest sediment half-life was 232 days (Department of the 
Environment and Heritage will use worst case, i.e. longest half-lives, as there was no 
information on degradation of diuron in Australian sediments).  More diuron ma
e
 
It is concluded that the measured levels of diuron in sediment of drains from sugarcane areas 
are high and likely to affect non-target plants including aquatic plants and mangroves growing 
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in sediments near to sugarcane fields.  Therefore, it is recommended that the amount of diuron 
used in sugarcane production needs to be reduced or eliminated such that the levels in 
sediments in drains no longer pose an potential risk to non-target aquatic plants including 
mangroves.  Note that there are two sources of diuron involved, direct application to the 
drains (very high rate) and application to sugarcane (high amounts of diuron used), and both 
would have to be reduced or eliminated.   
 
Estuary Sediment 
There is no laboratory information that shows the effects of diuron on mangroves, the major 
plant growing in estuary sediments.  However, there are field observations that show one 

that diuron 

serva at ov hen s >2 
µ ent.  At two si the sho as a d onse 
relationship between the percentage of Avicennia marina affect nd concentratio
in sediments.  Without additional studies being conducted, this is currently the strongest 
evidence that diuron is the most likely toxicant that is causi the dieback of arina.  
T /kg of diuron diment is used the LOEC for roves.  
Table 74 gives the measured levels of diuron in sediments from  Duke reports e et al 
2001 and 2003) and compares these to the seedling data (tomato vigour) and the LOEC for 
mangroves.  Again, the Department of the ronment and Heritage notes that t  
data used (EC25 = 2.2 g  is for seedling ur, where the lings were ove yed, is 
being converted to concentration in soil and fore care has t  taken in the in etation 
of results. 
 
Table 74:

species of mangrove, Avicennia marina, has been affected near sugarcane with the hypothesis 
is the primary reason, based on current information (Duke et al 2003).   

 
The field ob tions seem to indic

tes, 
e that the mangr
 Duke report 

es were affected w
wed that there w

diuron wa
g/kg in sedim ose resp

ed a n of diuron 

ng  A. m
herefore the value of 2 µg in se  as mang

 the (Duk

Envi he seedling
/ha)  vigo seed rspra

 there o be terpr

  Measured concentrations of diuron in sedim .  Samples taken from 
creeks/estuaries in sugar cane growing areas of Queensland as reported by Duke 
et al, 2001 and 2003. 

 

ent

Quotient Site Con. Di  µg/kg u nro Equiv e. alent rat
g/ha 

Potenti t on al effec
man es1grov Seedling 

1.7 1.28 no 0.58 
6.0 4.50 yes 2.05 

Pioneer River 

1.2 0.90 no 0.41 
5.1 3.83 yes 1.74 
1.0 0.75 no 0.34 

Barnes Creek 

3.0 2.25 yes 1.02 
7.9 5.93 yes 2.70 
8.2 6.15 yes 2.80 
2.4 1.80 yes 0.82 
4.3 3.23 yes 1.47 
4.3 3.23 yes 1.47 

Bakers Creek 

6.2 4.65 yes 2.11 
1 0.75 no 0.34 

0.4 0.30 no 0.14 
0.7 0.53 no 0.24 
2.6 1.95 yes 0.89 
2.6 1.95 yes 0.89 
5 3.75 yes 1.70 

Johnson River 

5.2 3.90 yes 1.77 
0.1 0.08 no 0.04 
1.1 0.83 no 0.38 

Daintree River 

0.64 0.48 no 0.22 
1Possible effect on mangroves determined using LOEC of 2 µg/kg of diuron in sediment.       Dark shading Q > 0.5.  
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The results in Table 74 clearly show that sediment from several areas in the Pioneer River 
estuary is likely to impact on mangroves, which is unacceptable given the key role of 
mangroves in stabilising the estuary mud flats, thereby limiting movement of sediment to the 
Barrier Reef, and as nurseries to marine organisms.  As the maximum concentration of diuron 
is approximately 8 µg/kg, four times the LOEC for mangroves, this level needs be reduced to 
less than the LOEC, i.e. reduced to less than a quarter of current levels.  Again noting that 
there are two sources of diuron involved, direct application to the drains and application to 
sugarcane (higher amounts of diuron used), the need to reduce the environmental impact from 
application to drains will be considered below.  It is recommended that the current maximum 
rate for application to sugarcane is reduced to a quarter of current rates, ie to 0.9 kg ac/ha and 
equal to broadacre rates, being mindful of the strong uptake of trash blanket and how it has 

systems. 
 
Offshore marine sediments 
D tec  in s ent m ida tes (  deep; 3 sam e 
p rua d M 99 d s al (<5
r 100 p m 
Cape York to Moreto  (Haynes, ler Ca 200 In nte l samples, 
diuron was detected at 3 of the 16 sites, with concentrations of 0.5, 0.6 and 1.7 µg/kg dw 

etections were at river mouths or near rivers draining the sugar growing areas.  Table 75 

reduced the need for longer-term weed control and herbicide use in the sugarcane production 

iuron has been de ted edim s fro intert l si <1 m ples per sit
ooled, sampled during
andom grab samples, 5

 Feb
00-

ry an
0 m apart, sam

ay 1 7) an
led between June and November) located fro

ubtid sites  m deep, in duplicate 3 

n Bay  Mül and rter, 0).  the i rtida

(Cairns, Moreton Bay West and Cardwell respectively)16 and at the subtidal sites, diuron was 
detected at 9 of the 24 sites at concentrations ranging from 0.2 to 10.1 µg/kg dw.  All these 
d
gives these sites, the concentration of diuron detected (mean of 2 duplicate samples) and 
quotients for tomato seedlings, used as substitute for seagrasses as no dose response data was 
available for seagrasses. 
 
Table 75:  Measured levels of diuron in subtidal sediment (<5 m deep) in 1998 between June 

and November and quotient for tomato seedlings(vigour test). 
 

River1` DR BR RR JR TR C HR L FR 
Con. µg/kg dw 0.22 0.35 1.1 10.0 1.42 0.8 2.0 1.63 0.92

Q, tomatoes seedlings 0.07 0.12 0.38 3.41 0.48 0.27 0.68 0.55 0.31 
Con. in overlaying 
water µg/L; Kd = 2.9 

0.06 0.09 0.28 2.56 0.36 0.21 0.51 0.42 0.23 

Con. in overlaying 
water µg/L; Kd = 12.1 

0.02 0.03 0.08 0.76 0.11 0.06 0.15 0.12 0.07 

1Abrevations used: DR Daintree River; BR Barron Rivers; RR Russell River; JR Johnson River; TR Tully River; C Cardwell; HR Herbert 
River, L Lucinda and FR Fitzory River.  2Result from one replicate, other replicate was below detection limit (<0.1 µg/kg dw).  3Not 
replicated 
 
The quoatant in Table 75, based on tomato seedlings, show that effects on non-target plants 
growing in these sediments are possible.  Similarly, the 3 positive samples from the intertidal 
sites would give quotients ranging from 0.17-0.58.  Data on seagrasses (see 9.3.1.3) showed 
that diuron at a concentration of 0.1 µg/L affected chlorophyll fluorescence in two species of 
seagrasses (Halophila ovalis and Zostera capricorni) and this is therefore a LOEC for 
seagrass.  Based on the observed sediment concentrations and using a Kd of 2.9 (worst case), 
the predicted chronic water column diuron concentrations near the mouths of these wet 
tropics rivers are likely to range from 0.05 to 2.6 µg/L (note that as tidal effects were not 

                                                 
16 Cairns and Cardwell are in the tropics and sugarcane is grown nearby while Moreton Bay West is near 
Brisbane. 
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considered, it would be more appropriate to consider these as pore water concentrations).  
This is above the LOEC at 6 sites (all but Daintree and Barron Rivers) and therefore effects 
on seagrass are likely.  Even with the average Kd value of 12.1, the concentration in the 
overlying water ranges from 0.02 to 0.76 µg/L and is above the LOEC at 4 sites (Johnson, 
Tully and Herbert Rivers and Lucinda).  For the 3 intertidal sites and using the average Kd 
(12.1), slight effects on seagrasses were considered likely at only one site, Cardwell, with an 
estimated concentration in the overlying water of 0.13 µg/L. 
 
While the effect measured, inhibition of chlorophyll fluorescence, does not directly relate to 
mortality, seagrasses that are already under ‘natural stressors’ such as sediment, low light 
levels etc, may be adversely by diuron inhibiting photosynthesis.  In addition, concentrations 
re likely to be higher during monsoon rainfall periods that occur over the summer months 

ril) when the first rainfalls of the wet season flush diuron from the 

s, the possible impact of diuron on seagrasses is of concern.  Given that this is 
ccurring in the Great Barrier Reef Marine Park, it is recommended that the amount of diuron 

Runoff from the rivers draining sugarcane crops that flows into the Great Barrier Reef lagoon 

e uses a 1:10 dilution (Environment 
Australia, 2003) for industrial chemicals entering seawater (this may be generous for diuron 

and 
ervation area).  Applying this dilution to the measured levels 

f diuron in the Pioneer River at Dumbleton Weir during the flood event (assumes no changes 
in the ion of d  to urces n 
in Table 76, gives the EEC for comparison to the LOEC for crustose coralline algae and 
corals on inshore reefs.   
 
The LOE r diuron on crusto ralline algae, using  most sensitive species tested, is 

EC was no ined (Harrington, Fabricius, 
aglesham and Negri, 2004).  When a solution at 1 µg/L was mixed with sediment there was 

a
(November to Ap
catchments, increasing the risk to seagrass.  This is also the time when there is high sediment 
loads and the natural stressors are also high.  
 
It is concluded that based on measured levels of diuron in offshore subtidal sediments and the 
LOEC of 0.1 µg/L for seagrass, diuron could adversely affect seagrass.  Due to the key 
ecological importance of seagrasses to the endangered dugong and as nurseries to juvenile 
marine animal
o
reaching these sediment needs to be reduced and thus the amount of diuron used in sugarcane 
production should be reduced.  Therefore, as previously, it is recommended the current 
maximum rate is reduced to a maximum of 0.9 kg ac/ha, i.e. equal to broadacre rates, with 
only a single application per annum.  Also, if diuron is continued to be used to treat channels 
and drains, based on the seagrass consideration, this use should be restricted or reduced in the 
sugarcane areas in order to reduce the risk to seagrasses. 
 
Effects on Corals 

(GBRL) is likely to carry diuron as dissolved material and adsorbed to sediment.  Thus diuron 
could affect the coral on the reef directly, especially those on inshore reefs.  An indirect effect 
could occur when diuron affects crustose coralline algae.  As a given species of coral larvae 
will preferentially settle on selected crustose coralline algae species, effects on the distribution 
of crustose coralline algae will indirectly affect the distribution of corals (see 9.3.1.4 for more 
information). 
 
The Department of the Environment and Heritag

considering that the freshwater plume will not dilute rapidly in protected inshore areas 
also that the GBRL is high cons
o

concentrat iuron in the river due dilution or new so  of diuron), as give

C fo se co  the
t determ0.1 µg/L (reduced photosynthesis) and a NO

E
17% mortality in the crustose coralline algae.  For corals the LOEC was 0.3 µg/L for effects 
on chlorophyll of the coral dinoflagellates (Jones and Kerswell, 2003) and bleaching of larval 
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stage was visible at 1 µg/L and these larvae remained paler than controls after settlement 
(Cantin, 2004).  For the studies assessed in this review, there was no information on NOEC 
levels and therefore the LOEC will be used instead.   
 
Table 76:  Measured levels of diuron at Dumbleton Weir and the EEC in offshore marine 
waters allowing 1:10 dilution.   
 

Measured 
concentrations µg/L 

EEC in marine waters, 
µg/L 

Quotient for CCA, 
LOEC = 0.1 µg/L 

Quotient for Corals, 
LOEC = 0.3 µg/L 

8.5 0.85 8.5 2.8 
2.5 0.25 2.5 0.8 
1.1 0.1 1 0.33 

0.90 0.09 0.9 0.3 
Dark shading Q > 0.5; CCA = crustose coralline algae 
 
The results in Table 76 clearly show that sensitive crustose coralline algae species are likely 
to be affected by diuron dissolved in water from the Pioneer River draining the sugarcane 
fields within the catchment.  Note that a quotient of 0.5 was arbitrarily used as the endpoint 
sed was the LOEC, not the normal LC/EC50 or NOEC endpoints.  Similarly, corals could be 

 Even with the average Kd value of 12.1, the 
oncentration in the overlying water ranges from 0.02 to 0.76 µg/L and is above the LOEC for 

e level of diuron in inshore 

concentra ed, the current maximum 
rate for sugar cane should be reduced to 0.9 kg ac/ha, i.e. equal to the broadacre rates, with 
o pplic er  T xp  reduce overall concentrations to 
a of cu ent level and whil ak leve ould b
levels in general would be significantly below.  Also, based on the coral ulatio iuron 
should not be used to treat channels or drains in the sugarcane areas or other areas that drain 
into the G P at the current label rates. 
 
Cotton 
The use of diuron in cotton relates to its use before sowing to treat weeds and for treatment of 
irrigation channels and drains n the c  irrig  areas le 77 s the mum 
water concentrations of diuron ach se easu y the  Department of Land and 
W  Conservation ram in Northern NSW.  Th major r rs in the area all ha  
i l atchments and receive water from the cotton drains.  T quotients are for 
algae based on the sensitive endpoint for green algae of 2.4 µg/L. 

u
directly affected by the peak concentrations and indirectly due to impacts on crustose 
coralline algae.   
 
Diuron will also be adsorbed to the suspended sediments and carried by river to the inshore 
reefs.  Based on the observed sediment concentrations (see Table 75 above) and using a Kd of 
2.9 (worst case), the predicted chronic concentrations near the mouths of these wet tropics 
rivers are likely to range from 0.05 to 2.6 µg/L and is above the LOEC for corals at 5 sites and 
above the LOEC for crustose coralline algae at 6 sites.  Clearly there could be an impact on 
the inshore reef system of the GBRMP. 
c
corals at one site and at 2 other sites the quotient is above 0.5 and therefore there could be 
risks to corals.  Similarly for crustose coralline algae, the estimated concentrations for the 
worst case are above the LOEC at 5 sites and there could be risks at 6 sites.  It is assumed that 
further dilution will reduce the concentrations of diuron to below the LOECs on the offshore 
reefs. 
 
Due to the high conservation values within the GBRMP area, th
regions is unacceptable and measures should be taken to reduce the overall amount and peak 

tions reaching the GBR lagoon.  As previously recommend

nly a single a
uarter 

ation p annum. his is e ected to
bout a q rr s e pe ls w e close to the LOEC for corals, 

 calc ns, d

BRM

withi otton
ason m

ation
red b

.  Tab
 NSW

 give maxi
in e

ater  prog e 5 ive ve cotton
n their ower c he 
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Table 77:  Maximum measured levels in rivers in northern NSW from cotton irrigation areas.  
Quotients are for green algae using the EC50 of 2.4 µg/L. 

 
NSW River 1991/92 1992/93 1993/94 1994/95 1995/96 1996/97 1997/98

Conc 
µg/L

5 3 2.5 0.4 1 2 0.9Borders 
Rivers 

quotient 2.08 1.25 1.04 0.17 0.42 0.83 0.38
Conc 
µg/L

5 4.2 1 5 23 5.4 10Gwydir 
River

quotient 2.08 1.75 0.42 2.08 9.58 2.25 4.17
Conc 
µg/L

0.65 0.9 0.2 <0.05 0.2 0.2 2Namoi 
River

quotient 0.27 0.38 0.08 0.0 0.08 0.08 0.83
Conc 
µg/L

0.2 0.3 <0.05 <0.05 <0.05 - -Macqu
arie 
River quotient 0.08 0.13 0.0 0.0 0.0   

Conc 
µg/L

- <0.05 <0.05 <0.05 <0.05 0.1 -Darling 
River

quotient  0.0 0.0 0.0 0.0 0.04  
Dark shading Q > 0.5. light shading 0.5 > Q >0.1. 
 
Table 77 shows that the peak measured levels of diuron from weekly/fortnightly grab samples 
taken in rivers from NSW are above acceptable levels for three rivers.  It should be noted that 

 
iver during heavy rainfall over 3 days 

ave maximum levels of diuron of 24 µg/L which then declined to 6 µg/L.  To indicate the 
risk to the river, the are  rang k of 10 to 2.5.  This 
indica  the 3-day event the sensitive algae species in the river co en 
affected, although the alga have been abl  recover fro ne challenge after the 
lev  Howev ere were ral runoff all res the 
concentrations of diuron >1.2 µg/L (Q=0.5), considered to be possible given the levels of 

ples, then algae populations are likely to be affected.    

While there were no data on the levels of diuron in sediment in the drainage channels in 
NSW, the sediments from these rivers were not analysed for diuron, it is expected that the 
drains in NSW have similar levels of diuron as in Queensland.  The level of diuron in 
sediments from drains draining cotton fields in Queensland is relatively high and approaches 
that obtained from sugarcane fields (see Table 78). 
 
Table 78

these are not the maximum levels likely in the rivers during runoff events, except for the
Gwydir River of 23 µg/L.  Monitoring the Gwydir R
g

 quotients for algae calculated to e from a pea
tes that during uld have be

 may e to m this o
els dropped. er, if th seve events, ulting in 

diuron in the grab sam
 

:  Measured levels of diuron in sediment from drains in Queensland cotton areas and 
quotient from the most sensitive terrestrial seedlings. 
 

Region +ve samples/samples 
taken 

Mean µg/kg Range µg/kg Quotient (range) 

Emerald 25/26 17 <1-54 1.2 (0.07-3.7) 
St George 7/12 6.3 <0.4-14 0.43 (0.03-0.95) 

Dawson Valley 15/15 80 8.8-340 5.4 (0.6-23) 
1Quotient is for tomato seedlings EC25 = 2.2 g/ha, the most sensitive terrestrial seedling and includes a 1:4 mixing with uncontaminated 
sediments.   
 
It is concluded that used of diuron in cotton fields and to treat channels and drains in the 
cotton growing areas of Australia results in levels of diuron in the rivers that could cause 
environmental impacts on non-target plants, although the extent of any impacts is not known 
at this stage.  Algae are at risk as well as aquatic plants or terrestrial non-target plants growing 
in the contaminated sediments from cotton applications or use of diuron to treat drain and 
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channels.  Note that this is a significant use in cotton areas (see Section 9.1.3.5 and therefore 
the high rates used for channels and drains needs to be significantly reduced (see below).  To 
reduce the environmental impact from application to cotton fields (assuming that 
approximately half of the observed diuron in the rivers is due to applications to cotton fields), 
it is recommended that the maximum application rate for diuron be reduced to 900 g ac/ha 
and that there be no more than 2 applications at this rate per season.   
 

tober samples, close to when most of the diuron is used in spring, and thus they 

urther, as green algae are most sensitive, levels of >1 µg/L are considered to indicate a risk 

nitoring from 5 October to 30 November of Mirrool Creek gave 
w levels of diuron (0.05 and <1 µg/L) but similar monitoring of Little Mirrool Creek gave 

µg/L with range 0.1 and 7.5 µg/L.  The resulting quotient for the mean 

Citrus 
Diuron is used for weed control in citrus at a rate of between 1.8-3.6 kg ac/ha, and in 
irrigation channels during winter.  A major monitoring study in the southwestern irrigation 
areas of NSW (1990-1995) showed that at times there were significant levels of diuron in 
drains and creeks (see 9.2.6.1 for details; Bowmer et al 1998).   
 
Sampling of the main drains over a 2 year period in the MIA (Murrumbidgee Irrigation Area) 
showed that 41% of all water samples taken contained detectable levels of diuron (limit of 
detection 0.1 µg/L), with a maximum of 9.5 µg/L.  During one irrigation season, from 
September to May, monthly samples of surface water in the MIA gave a maximum 
concentration of 5.4 µg/L which occurred in October.  These peak levels are above the EC50 
for algae (Q is 2.25 and 4.0 for 5.4 and 9.5 µg/L respectively) and therefore indicate that there 
is a potential environmental risk during these periods.  These maximum results both occurred 

 the Ocin
represent runoff from treated areas.   
 
Samples taken of tile (sub-surface) drains at horticultural farms in the MIA in January, May 
and August showed that approximately 40% of farms had detectable levels (>0.05 µg/L) of 
diuron and the maximum concentration was 28 µg/L from the August sample.  Examination 
of the raw data in the report shows that in January just 2 of 50 tile drains examined had levels 
>1 µg/L and the quotients for algae were 1.2 and 3.9.  In May, 6 of the 50 tile drains had 
concentrations of >1 µg/L with maximum of 2.4 µg/L and Q ≤ 1.0.  In August the same 6 tile 
drains had higher concentrations with a maximum of 27.8 µg/L (Q = 11.6).  Given that these 
samples were taken from the tile drain pump-outs, there should be further dilution in the 
receiving waters.  Nevertheless, as these samples were taken in just 3 months in the year, and 
not necessarily those where peak levels of diuron would be expected, these results would 
indicate that diuron is likely to pose a potential unacceptable environmental risk in this area.  
F
to algae. 
 
The surface runoff from a citrus farm (normally grown on sandy soils or other soils with good 
drainage) following the first irrigation event (although runoff from a storm event had already 
occurred following herbicide application) after application of diuron at 4.5 kg ac/ha (above 
the current label rate of 3.6 kg ac/ha) had concentrations between 1.2 to 20 µg/L.  The average 
concentration was 10.9 µg/L and the average quotient of 4.5 for algae (EC50 2.4 µg/L).  Grab 
samples for Mirrool Creek just above Barren Box Swamp showed diuron was present most of 
the time but at low levels and below levels where there was a risk to algae (Q<0.1 for green 
algae).  Daily automatic mo
lo
mean levels of 1.19 
levels in Little Mirrool Creek are unacceptable, Q > 0.5, and range from 0.04 to 3.1.  As all 
samples from both creeks had diuron present above the detection limit (0.05 µg/L), there is 
chronic exposure.   
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It is concluded that the peak measured levels of diuron in the MIA are above acceptable levels 
and given that daily sampling of two major creeks in the area also showed high peak levels 
together with chronic exposures.  Therefore, the amount of diuron entering the aquatic 
nvironment needs to reduce to more acceptable levels.  Again, there are two sources of 

diuron involved, direct application to the drains and application to the crop (the risk from use 
in drains will be addressed below).  It is recommended that maximum application rates in 
citrus be reduced to 0.9 kg ac/ha in order to reduce the maximum quotient in Little Mirrool 
Creek to <1.0 for algae, noting they are grown on sandy soil or other well draining soils.  If 
two applications are to be made, these should be as a split rate with total annual application 
not exceeding 0.9 kg ac/ha. 
 

orticultural crops 
 likely to be unacceptable environmental impact from all 

qual or greater than 1.8 kg ac/ha, with the crops not already mentioned mainly 

ecommended that the rates in 
these crops is reduced to that recommended for sugarcane, i.e. maximum application of 0.9 kg 

l

I
F

s and tops of drainage ditches were treated with diuron at 13.4 kg/ha (see Section 9.2.5.2, 

Table 79:

e

H
From the runoff modelling there is
applications e
being horticultural crops (apples, pears, bananas, pawpaw, coffee, grapes and pineapples).  As 
many of these crops are grown and treated with diuron similar to citrus and citrus is 
considered to cause an unacceptable environmental risk, the use of diuron according to the 
current labels in these crops is also likely to result in an unacceptable environmental risk.  
Several of these crops are grown in the tropics (bananas, pawpaw, coffee, and pineapples) and 
therefore could affect the Great Barrier Reef Lagoon.   
 
As for citrus, it is recommended that the maximum application rate for diuron in horticultural 
crops be reduced to 0.9 kg ac/ha, based on the runoff model and considering the measured 
levels in rivers from citrus applications.  In addition, the tropical crops could impact on the 
GBR lagoon, as was shown for sugarcane, and therefore it is r

ac/ha per year.  If two applications are to be made, these should be as a split rate with total 
ication not exceeding 0.9 kg ac/ha. annual app

 
rrigation Ditches 
ield studies 

Two field studies on the field dissipation and transport of diuron were presented where the 
ides

page 72).  For the study conducted in California, there was limited rainfall that limited the 
movement of diuron from the treated slopes and berms.  The more relevant study is from 
Arkansas, where there was significant rainfall and runoff.  While the rainfall over the study 
period (256 days) is significantly higher (860 mm) than is typical for large areas of Australia, 
it somewhat typical of high rainfall areas on the Queensland coastal fringe during the wet 
(rainfall in sugarcane areas is >1000 mm/annum).  The bottom of the ditch where the water 
flowed was not treated so the results were for runoff (excluding the day 0 results).  Table 79 
gives a summary of the grab sample data in water within the ditch and these figures were used 
to determine a quotient for algae, the most sensitive organisms. 
 

  Summary of maximum concentration in water in a drainage ditch in Arkansas.  

 
Sides and top were treated at 13.4 kg ac/ha. 

DAT 9  13 34 48 61 91 
Maximum measure  µg/L 30 38 12 9.8 <101 <101d concentration
Quotient algae E50 = 2.4 µg/L 12.5 15.8 5 4.1 <4.22 <4.22

1 ication f tudy wa .  2 Quotient based LOQ in the study.  ding  ligh  0.5 > Q 
>
 

Limit of quantif or the s s 10 µg/L  on the Dark sha  Q > 0.5, t shading
0.1. 
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Table 79 clearly shows that when ar lose in ter a ated  di is 
case sides of a ditch, there are sign nt le of d  in ate  runoff.  It is 
unclear exactly h ell t USA lts m elat he A lian situatio t given 

s on the 
r to see the effect of different rates and the 

likely concentrations in natural receiving water rather than the drainage channels, Table 80 
was generated assuming a 1:2 dilution (33% dilution) in the receiving waters, i.e. assuming 
that the drainage ditch flows into a natural stream.  This gives the quotient at rates relevant to 

ustralian uses based on Table 79, calculated using direct proportions. 

Table 80:

eas c to flow g wa re tre  with uron, in th
ifica vels iuron the w r from

ow w hese  resu ay r e to t ustra n bu
t
Queensland coastal fringe during the wet.  In orde
he rainfall, it is considered that could be representative of high rainfall area

A
 

  Quotients for algae at application rates used in Australia in receiving water (1:2 
dilution) over 52 days from the measured concentrations in Table 79. 

 
Rates, kg/ha Days After 

Treatment 0.45 1.8 3.6 4 10 16 36 75 
9 0.14 0.56 1.10 1.24 3.08 4.93 11.09 23.09 
13 0.18 0.70 1.40 1.55 3.89 6.23 14.04 29.25 
34 0.05 0.23 0.45 0.50 1.24 1.98 4.43 9.23 
48 0.05 0.18 0.36 0.41 1.01 1.62 3.62 7.54 
61 0.05 0.18 0.36 0.41 1.04 1.64 3.69 7.70 

1 Measured concentration is less than the limit of quantification of 10 µg/L.  Dark shading Q > 0.5.  light shading 0.5 > Q >0.1. 

s, where the Department of the Environment and Heritage understands the 
common practice is to treat the entire channel including the bottom.  Therefore, there could be 
igher environmental levels from Australian practices and the American data is likely to 

underestimate the exposure levels in Australia, further justifying the use of quotient of 0.1 for 
the determination of acceptable/unacceptable risk. 
 
As part of the Arkansas study, an automatic sampler was used to take samples during flow 
events over a 24-hour period.  The maximum concentration of diuron in water was 130 µg/L, 
which occurred 5 days after treatment and remained between 110-130 µg/L for 20 hours.  
This is a high level and it is clearly hazardous to algae and duckweed and could be hazardous 
to invertebrates (Q = 0.41-0.48).  The last positive sample (>10 µg/L) taken by the automatic 
sampler occurred 93 days after treatment.  The concentration was 10 µg/L.  These results 
learly show that diuron will run off from treated areas during rainfall and at concentrations 

 
Table 80 shows that there is a high risk (Q = >0.5) to algae from runoff at concentrations of 
3.6 kg ac/ha or greater.  This risk is high and unacceptable for at least 34 days.  At higher 
rates (>10 kg ac/ha) the risk lasts for at least 7 weeks, constituting chronic exposure and is 
unacceptable.   
 
Even at lower rates of 1.8 kg ac/ha, the quotient is between 0.1 and 0.5 and lasts for at least 25 
days.  Previously a quotient of 0.5 was considered just acceptable with a single exposure.  But 
as this result is based on actual measured water concentrations, larger areas are likely to be 
treated (data in this trial is from just an area of 0.048 ha), and there is a chronic exposure, a 
quotient of >0.1 is considered to show an unacceptable risk.  Further, the application practices 
used in this trial (target area being the slopes and tops of the channels) are not typical for 
Australian practice

h

c
of concern.  Using a dilution factor of 1:2 for receiving waters, as done previously, gives peak 
concentrations of 37-43 µg/L and levels of up to 3.3 µg/L for approximately 90 days or so.  It 
should be noted that this does not include diuron in sediment, which was not sampled during 
these flow events. 
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While there was a significant level of diuron in the runoff water, levels in the sediment in the 
channel and directly below the application site were comparably higher, and over ~180 days 
ranged from 0.31 to 1.61 mg/kg in the 0-15 cm core (excludes day 0 as this could be due to 
spraydrift).  Levels further down stream were lower but reached 0.26 mg/kg approximately 25 
metres below the treatment area, again a reasonably high level.  It should be noted that 0.26 

responds to approximately 500 g ac/ha, at the lower end of the label 

d 
sediment is contained within the retention pond.  Further, the treatment area in this study was 

Australian  
f the channels (though labels do not indicate which part of the channels/ditches are to be 

t d th to be higher.   
 
Irrigation Ditch Model 
The above field data, while show an u ceptab isk, d  not sent 
Australian use.  The Department of the Envi ent and Heritage has previously used the 
following as a model for treatment of a channel.  The channel is 500 m long, trapezoidal-

(total volume of water 562 m3).  The wetted surface of this channel would 
2, [(1 m base + 2 sloping sides each ~ 0.9 m long) X 500, 0.14 ha].  If the channel 

mg/kg for 0-15 cm cor
application rates but well above all the EC25s for seedling emergence and plant vegetative 
vigour in the non-target plants given in Section 9.3.2.3.  At the last downstream sampling area 
(52 metres downstream), the maximum level of diuron was 0.11 mg/kg (equivalent to 215 g 
ac/ha).  The sediment in the ditch will likely be hazardous to aquatic plants. 
 
It is concluded by the Department of the Environment and Heritage that the field study 
conducted in Arkansas shows that from applications to ditches at rates of 13.4 kg ac/ha there 
is a clear risk to downstream non-target algae and aquatic plants.  As the current labels give 
rates of from 10-75 kg ac/ha, the risk from these higher rates is unacceptable unless runoff 
from treated areas can be retained on site, eg in cotton fields/farms where all runoff water an

small (7.6 X 64 metres) and limited to the slopes and tops of the ditch compared to typical 
situations where kilometres of irrigation ditches are treated, including the bottom

o
reated) an erefore the risk is expected 

ing nac le r oes repre typical 
ronm

shaped 2.0 m wide at the top and 1.0 m wide at the basewithside and has a water carrying 
one 75 cm deep z

be 1,401 m
is filled, held (72 hours) and then drained (flushing the channel), as given in the label 
directions17, and that the water released carries off 10% of the applied diuron in the wet area, 
the EEC resulting in the water released would be 0.249 mg/L of diuron for the lowest label 
rate (10 kg ac/ha) and 1.79 mg/L at the highest rate (72 kg ac/ha).  Table 81 gives the results. 
 
Table 81:  EEC and quotients for simple channels model (500 m long, trapezoidal-shaped 2.0 

m wide at the top, 1.0 m wide at the base and 75 cm deep (total volume 562 m3).   
 

Australian channel treatment1 USA channel treatment2Rates, kg 
ac/ha 72 10 1.8 0.9 72 10 1.8 0.9 
EEC, µg/L 1790 249 44.8 22.4 1154 160 28.8 14.4 

Q algae 745 104 18.7 9.3 481 66 12.0 6.00 
Q for algae 
in receiving 

waters3

247 34 6.2 3.1 159 22 4.0 2.0 

1Sides and bottom of wetted area of channel.  2Only sides of wetted area of channel.  3A 1:2 dilution for freshwater.  Dark shading Q > 0.5.  
light shading 0.5 > Q >0.1. 
 
 
                                                 
17 Label directions are: ‘Apply during the non-crop season and when channel is not in use.  Soil should be moist 
and preferably bare, ie after regrading and cleaning channels.  Apply prior to expected seasonal rainfall so as to 
fix it into the soil.  If 50-100 mm of rain has not fallen after application and it is necessary to use the irrigation 
channel, fill it with water and allow to stand for 72 hours, then drain off the water in the channels and run to 
waste.’ 
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Even allowing a 1:2 dilution in receiving water, there is a risk to invertebrates (Q = 0.5) and 
n extreme risk to algae (Q = 34) at the current lowest rates.  Changing the management 

 just treating the side of the trapezoidal shape channel in the above model, i.e. as 

 rain event.  Therefore, the assumed 10% loss of diuron is considered 
asonable.  The model also assumes that the term on the label directions ‘...  and run to 

in is filled would allow the water in the 

onclusion 

and ditches, as is current practice in the USA.  It is recognised 
at at this rate diuron is probably not efficacious and if this rate for channels and drains is not 

 m wide band) in highway 
noff were measured during both simulated (13 mm in 1 h) and natural rainfall during winter 

l and Leyva, 1996).  At two sites, 5-12% and 17-46% of the applied water 
n off with diuron concentrations ranging from 144-1175 and 348-1770 µg/L respectively.  

9) and the higher levels occurred in urban areas 
here it is used to control weeds in rights-of-way situations (diuron is not registered for use in 

l and industrial areas where diuron has been used is contaminated 
ith diuron at concentrations of concern.  From the Californian result, the runoff modelled in 

Table 71 would appear to be reasonable.  Therefore assuming average Kd values and noting 

a
practices and
done in the USA, the area treated is reduced to 901 m2 and the EEC for lowest label rate is 
160 µg/L.  In order to reach a somewhat acceptable risk (Q ~ 1.0) by reducing in the 
application rate, and assuming the above conditions, the maximum rate needs to be reduced to 
0.45 kg ac/ha or less.   
 
In the model it is assumed that 10% of the diuron applied to the wetted soil in the channel was 
mobilised.  The Department of the Environment and Heritage has no information on a 
measured value here but notes that in the soil adsorption/desorption studies (see Section 0) 7 
to 40% of the diuron on the soil (from adsorption) was remobilised after 5 washings.  This 
shows that diuron is readily remobilised and does not bind irreversibly.  Also, in the 
California study where diuron was applied to highway verges, 8.3% of the applied diuron was 
washed off in one
re
waste.’  (see footnote 17) after the channels/dra
channels/drain to be run to a nearby creek/river. 
 
C
Based on the field results in the USA, the risk to algae is acceptable at 0.45 kg ac/ha, a higher 
risk at 1.8 kg ac/ha, which is marginal and at 3.6 kg ac/ha, the risk is higher and unacceptable 
(see Table 80).  The simple ditch model used above indicates that a rate of 0.45 kg ac/ha (half 
of 0.9 kg ac/ha; Q = 1.5) might be acceptable, which is supported by the field data from the 
USA.  There is also a chronic risk at rates ≥0.9 kg ac/ha (Q > 0.1, see Table 80), which was 
considered unacceptable.  Therefore the Department of the Environment and Heritage 
recommends that the application rate to irrigation and drainage ditches be reduced to a 
maximum rate of no more than 0.45 kg ac/ha per annum and applications are restricted to the 
sides and tops of the channels 
th
acceptable, it is recommended that application to channels and drains be removed from all 
registered labels.  
 
Rights-of-way, commercial and industrial areas 
While there is little or no information on concentration of diuron in runoff waters in Australia 
for right-of-ways commercial and industrial areas, there is limited information from overseas.   
 
In California, concentrations of diuron (applied at 3.6 kg ac/ha, 2.4
ru
storms (Powell, Nea
ra
Total mass of diuron leaving the plots in runoff accounted for up to 5.4% of the applied 
diuron.  In the UK the routine monitoring of pesticides show that concentrations of diuron 
reach 51 µg/L in freshwater (see Table 1
w
agricultural crops in the UK). 
 
It is concluded that these two overseas studies noted here clearly indicate that runoff from 
rights-of-way, commercia
w
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that algae are expected to recover from single exposures, the maximum application rate 
recommended is 1.8 kg ac/ha for right-of-ways commercial and industrial areas per annum.  
As there needs to be a recovery period for algae, it is recommended that there is at least 6 
months between multiple applications at split rates (0.9 kg ac/ha). 
 
9.4.2.3 Spraydrift 
 
Spraydrift is being briefly considered as it can be a significant route of environmental 
xposure and contribute to the overall loading in natural water systems and therefore 

contribute to the apparent level o
 
The risk and extent of spraydrift can be minimised if applications are made under suitable 
meteorological conditions and with appropriate equi t, as ad d on the label.  How r, 
i assumed that some sp ill occur and hence contamination d r 
outside the target areas.   
 
A dri  of 10% of a single application reaching the aquatic 
environm 1986), the resulting EECs for the maximu  
m application rates are given in Table 82 together with the quotients for fish, 
invertebrates, duckweed and alg uotients  0.1 for most fish, all 
invertebrates and for duckweed and algae the risk quotients are very high and further 

finement is needed.  

e
f runoff.   

pmen vise eve
t must be raydrift w of soil an  wate

ssuming a worst-case spray
ent via spraydrift (Urban and Cook 

ft scenario
m and

inimum 
ae.  The q remain greater than

re
 
Table 82:  Maximum and minimum EECs for 10% spraydrift and range of uses and 

corresponding quotients  
 

Quotient, Sensitive EC50s 1Agricultural situation  EEC 10% 
spraydrift mg/L  fish invert duckweed algae 
Min. 0.12 0.17 0.75 8 50 Orchards 
Max.  0.24 0.34 1.5 16 100 
Min. 0.03 0.04 0.19 2 12.5 Broadacre 
Max.  0.12 0.17 0.75 8 50 
Min. 0.27 0.38 1.69 18 112 Rights-of-way, commercial and 

industrial areas Max.  2.4 3.4 15 16 1000 
Min.  0.67 0.94 4.2 45 279 Irrigation and drainage channels 
Max.  5.0 7.0 31 333 2083 
Min.  0.12 0.17 0.75 8 50 Sugarcane 
Max.  0.24 0.34 1.5 16 100 

1 EC50s used are fish 0.71 mg/L, invertebrates 0.16 mg/L, duckweed 15 µg/L and algae 2.4 µg/L.  Dark shading Q > 0.5.  light shading 0.5 > 
Q >0.1. 

 
Ground-rig 
Two models were used to evaluate the spraydrift from ground-rig application, the German or 
Ganzelmeier model (Rautmann et al 2001) and Agdrift.  Table 83 has the spraydrift, resultant 
EECs at maximum rates and quotients for 50, 100 and 200 metres away from the site of 
spraying using the Ganzelmeier model for field crops using a medium spray quality.  As 

t 
values were  rather than the data generated using an orchard axial sprayer.  Table 84 is 

r AgDrift with a ground boom at 50 cm or less in height using medium droplets 
(  boundary curv r
 
Examining the results in Table 83, it lear that the qu ts on e  
model show that there is unlikely to be a hazard to fish and invertebrates  a 50 e 

application in orchards is via boom spray to control weeds on the ground, the field spraydrif
 used

fo
fine/medium e in AgD ift).   

 is c otien based  the Ganz lmeier
 with -metr
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s raydrift buffer .  Ther  slig  ac le risk uc d (Q = 0.1 or less) for 
orchards, broadac nd sug  w 50  buffe  a metre buffer for non-
a l areas ere is  (Q  to algae from broadacre use at 50 metres and for 
orchards and sug ne the  hi k a metre li low  100 m .  
H ’s naccep k gae igh a at tes, i.e. rights-of-way, 
commercial areas and irrigation/draina hann nclud  Table 83 and Table 84 is the 
p pe that w t at t n EE d rcha nd sug ne 
i at 200 s on 5% ies w  b y pr ted fro ny 
effects of diuron, based on the acute data.   
 
T

p zone e is a ht but ceptab  to d kwee
re a arcane ith a metre r and  100 

gricultura .  Th a risk < 0.5)
arca

u
re is a gh ris t 50 but s ghtly er at etres

owever, there

ercentage of s

 an table ris  to al  from h pplic ion ra
ge c els.  I ed in

cies ill be pro ected he give Cs an  for o rds a arca
t is clear that even metre ly 9 of spec ould e full otec m a

able 83:  The EECs from m um use rates and quotients based on the Ganzelmeier c
data. 

 

axim rop 

Quotient, 
Sensitive EC50s 1

Agricultural 
situation 

Distance 
from 
sprayer 

Percent 
drift 

Max. 
EEC 
µg/L 

% Species 
protected2

fish invert duckweed algae 
50 0.06 1.44 80% 0.00 0.01 0.10 0.60 
100 0.03 0.72 90% 0.00 0.00 0.05 0.30 

Orchards 

200 0.016 0.38 95% 0.00 0.00 0.03 0.16 
50 0.06 0.  72 90% 0.00 0.00 0.05 0.30 
100 0.03 0.36 95% 0 0.00 0.02 0.0 0.15 

Broadacre 

200 0.016 0.19 99 0.00 00 01 0% 0. 0.  .08 
50 0.06 14 <80% 0.02 09 .4  0. 0.96 6.0 
100 0.03 7. <80% 0.01 2  0.05 0.48 3.0 

Rights-of-
commerci

way, 
al and 

industrial areas  3. % 0.01 2 200 0.016 84 <80  0.0 0.26 1.6 
50 0.06 30 <80% 0.04 0.19 2.0 12 
100 0.03 15 <80% 0.02  0.09 1.0 6.2 

Irrigation and
drainage 

 

channels  8 <80% 0.01 200 0.016  0.05 0.53 3.3 
50 0.06 1. 80% 0.00 0.10 44 0.01 0.60 
100 0.03 0. 90% 0.00 0.05 72 0.00 0.30 

Sugarcane 

200 0.016 0. % 0.00 0 0.03 38 95 0.0 0.16 
1  invertebra  mg/L, duckweed 15 µg/L and algae 2.4 µg/L
 2  is 99% protection; ≤0.6 is 9 ≤1.0 is 90% 0% and  <80%.  Dark shading Q > 0.  
s Q >0.1. 
 
T

EC50s used are fish 0.71 mg/L, tes 0.16 . 
From Table 69; ≤0.22 µ

hading 0.5 > 
g/L 5%; ; ≤2.0 is 8  >2.0 is 5, light

able 84:  The EECs from m um use rates and quotients bas  t drif  gro
boom, fine to me /coarse y, 90% entile 
 

axim ed on he Ag t low und 
dium  spra  perc data. 

Quotient, sensitive EC50s  Agricultural 
situation  

Distance 
from 
sprayer 

Percent 
drift from 
AgDrift 

Maximum 
EEC g/L  µ

% Species 
protected4

fish invert Duck algae 
weed 

50 0.16 3.8 <80% 0.01 0.02 0.25 1.58 
100 0.10 2.4 <80% 0.00 0.01 0.16 1.00 

Orchards1

200 0.05 1.2 80% 0.00 0.01 0.08 0.50 
50 0.22 2.64 <80% 0.00 0.02 0.18 1.10 
100 0.14 1.68 80% 0.00 0.01 0.11 0.70 

Broadacre2

200 0.08 0.96 90% 0.00 0.01 0.06 0.40 
50 0.06 14.4 <80% 0.02 0.15 1.0 6.0 
100 0.03 7.2 <80% 0.01 0.04 0.50 3.00 

Rights-of-way, 
commercial and 
industrial areas3 200 0.01 2.4 <80% 0.00 0.01 0.16 1.00 

50 0.06 30 <80% 0.07 0.19 2.00 12.5 
100 0.03 15 <80% 0.03 0.09 1.00 6.3 

Irrigation and 
drainage 
channels3 200 0.01 5 <80% 0.01 0.03 0.33 2.08 

50 0.22 5.28 <80% 0.01 0.03 0.35 2.20 
100 0.14 3.36 <80% 0.00 0.02 0.22 1.40 

Sugarcane

200 0.08 1.92 80% 0.00 0.01 

2

0.13 0.80 
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1 Model used 10 swaths.  2 Model used 20 swaths.  3 Model used 2 swaths.   4 From Table 69; ≤0.22 µg/L is 99% protection; ≤0.6 is 95%; ≤ 
1.0 is 90% ≤ 2.0 is 80% and >2.0 is <80%.  Dark shading Q > 0.5, light shading 0.5 > Q >0.1. 
 
n Table 84, based on the AgDrift models (note that the numbI er of swaths sprayed changes 

on 

 However, if the 

ane 
w the growing top of the cane which will reduce any spraydrift. 

 are based on the current label rates and do not take into 
account the lower rates recommended later in this report due to aquatic risk from run-off. 
 

depending on situation with only 2 swaths used for rights-of-way etc and channels), there is 
an unacceptable risk to duckweed at the higher application rates (rights-of-way etc and 
irrigation channels) at 100 metres.  For algae there is an unacceptable risk for all applications 
and potential buffers to 200 metres except for broadacre applications, where it is mitigable.  A 
200-metre buffer for broadacre crops would be protective for at least 90% of all species but 
the same buffer would only protect 80% of species or less in all other situations including 
sugarcane.  The risk is higher from the AgDrift data compared to the Ganzelmeier results.  
The difference between the two models can be explained by noting that AgDrift is based on 
typical usage patterns in the US and includes worst-case data while Ganzelmeier is based on 
European usage and under ideal conditions to minimise spraydrift (best agricultural practice).   
 
Both Table 83 and Table 84use a water depth of just 15 cm.  For streams and other water 
bodies of high conservation values, i.e. with long-term flows, a water depth of 30 cm may be 
more appropriate for most situations but not necessarily all.  However, due to the wide 
geographic distribution of use of diuron and to ensure adequate protection of shallow swamps 
or streams, especially during dry spells, DEH is using 15 cm.   
 
From the Ganzelmeier results, a 100-metre buffer for broadacre and 200-metre spraydrift 
buffer for orchard, and sugarcane crops would fully protect at least 95% of all species from 
any impacts and it is protective of the most sensitive algae species (Q ~0.2).  Phytoplankt
with short life cycles and high rate of reproduction recover from herbicide impacts, even high 
impact events, with return frequencies of days to weeks, especially if there are no persistent 
residues (Solomon, 1999).  Therefore, a quotient of 0.5 is acceptable to Department of the 
Environment and Heritage provided the frequency of impact events is at least a few weeks 
apart.  Hence, a buffer of 100 metre is considered acceptable for orchard and sugarcane crops 
where applications are likely to be months apart, although it would only fully protect 90% of 
species.  No practical buffer would be protective for rights-of-way, commercial areas and 
rrigation/drainage channels at the maximum rates allowed on the label. i

maximum label rate were reduced to 20 kg ac/ha, then a 200-metre spraydrift buffer would 
give an EEC of 1.33 µg/L and Q ≅ 0.5 for algae.  Note that for late applications to sugarcane, 
ust before canopy closure, the application is directed onto the soil between the rows of cj

and belo
 
From the AgDrift results, a buffer of 200 metres for orchard and broadacre crops would only 
protect approximately 90% of species and would protect algae but the same buffer for 
sugarcane would be not protective for algae would only be protective for 80% of species.   
 
The Department of the Environment and Heritage concludes that taking into account both the 
AgDrift and Ganzelmeier data, a 100 metre buffer is the minimum required to protect aquatic 
systems from use of diuron in orchards and broadacre but 200 metres is required for 
sugarcane (after harvest or when new cane growth is small and when replanting).  For 
directed application to sugarcane before canopy closure, spraydrift is anticipated to be lower 
but as the Department of the Environment and Heritage does not have any information on the 
spraydrift under these conditions, a 50 metre is recommended as a default.   
 
Note that the above conclusions
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Aerial  
ls aerial application for wheat and other winter grains at rates of up to 280 g ac/ha On the labe

 specifically allowed.  However, it is considered that for most winter grains diuron would be 
applied by ground rigs.  Aerial application is only s, such as 
prolonged wet weat er, and fields are too w ground The on r situatio here 
aerial applicat ioned on the diuron labels or is likely is for use of Dropp Ultra 
(diuron at 60 g/L; thidiazuron 120 g/L), a cotton defoliant.  The application rate is 150 to 400 

d 

se. 

is
 likely under unusual circumstance

h et for  rigs.  ly othe n w
ion is ment

mL/ha (9 to 48 g ac/ha) and there are large spraydrift buffers for citrus in flush (8 km) an
ttuce (800 metres).  There is no information for Dropp Ultra on droplets sizes but as the le

label gives directions for tank mixing with organophosphates, it is assumed that application 
will likely be done using fine droplets.  Spraydrift was evaluated using the AgDrift model at 
tier 3.  Table 85 has the spraydrift, resultant EEC and quotient for several distances away for 
the site of spraying.  Note that the ASEA boundary spray quality curve very fine/fine (137 µm 
VMD) was used as worst ca
 
Table 85:  Concentration of spraydrift from aerial application (Tier 3) to cotton in water 15 

cm deep and resulting quotient for algae (EC50 = 2.4 µg/L). 
 

 AgDrift, very fine/fine, vmd = 137 µm 
 200 m 300 m 400 m 600 

% spraydrift 6.5 5.0 4.35 3.18 
Concentration, µg/L 2.6 2.0 1.74 1.27 

Quotient algae 1.08 0.83 0.72 0.53 
1The very fine/fine boundary curve is worst case for fine quality spray.  Dark shading  Q > 0.5.  light shading 0.5 > Q >0.1. 
 

 the aerial application to wheat remains on the label, the EECs are 4.4 times those in Table 
es the concentration in water is 5.59 µg/L and there is a high risk to algae.  

o get a Q = 0.5, AgDrift shows that a buffer of >1500 metres is required but this is outside 

 later. 

eaching potential can be easily predicted using a nomogram based on the mobility and 

The results in Table 85 clearly indicate a risk to algae and to achieve an acceptable risk (i.e. Q 
< 0.5) for a fine spray, a buffer of at least 600 metres is needed when Dropp Ultra containing 
diuron is used as a cotton defoliant.  This does not take into account the effect of the other 
active (thidiazuron) or if it is tank mixed.  Note that there would only be one application at the 
end of the growing season. 
 
If
85, i.e. at 600 metr
T
the range of AgDrift and it tends to overestimate the drift at 800 metres or greater.  Using 
coarser droplets (medium vmd 294 µm) a 750-metre spraydrift buffer is required to protect 
nearby waterways (assumes 15 cm deep water).  Note that as aerial application is only 
expected when the wheat paddocks are to wet for ground applications, there will be an 
increased risk from runoff that will be considered
 
There are label warnings not to allow spraydrift to contaminate any off-target water bodies 
(eg ponds, streams, lakes, rivers or waterways).  Nevertheless, if aerial application to wheat is 
to remain on the labels, then the labels should specify a spray quality, i.e. medium or coarse, 
together with the related spraydrift buffer to protect aquatic areas from spraydrift.  It is 
suggested that when spraying with a medium spray, a 750-metre buffer is used or with a 
coarse spray, a 500-metre buffer is used. 
 
9.4.2.4 Leaching  
 
L
persistence, (Gustafson, 1989).  Use of the laboratory data for persistence (laboratory half-
lives in soil of 20-372 days) and sorption (Koc 418-1666) gives GUS scores of 1.0 to 3.5 and 
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places diuron mainly in the transitional class (short half-life), extending into the probable 
leacher range (longest half-life and lowest Koc). 
 
The field lysimeters data showed only limited leaching, which was confirmed in the field 

Diuron was also found in the MIA in tile drain water at levels up to 28 µg/L (Bowmer et al, 
IA are porous pipes at approximately 2 metres deep and are 

esigned to keep the watertable below the root zone.  In the MIA diuron is mainly used in 

eneral field studies 
howing the diuron is not likely to leach in most circumstances and only limited leaching in 

.4.2.5 Multiple Applications 

he label directions for some crops (apples and pears, pawpaw and cotton) clearly indicate at 
are allowed, often at split rates or with the second application at half 

rates.  For most other crops there are no directions on the number of sprays allowed, although 

 per season/year on the label at maximum rates.  If two applications 
re to be made, these should be at a split rate and the total should not be greater than the 

.4.3.1 Invertebrates 

The risk to honey bees is expected to be slight to low at application rates of <3.6 kg/ac/ha as 

studies.  Those conducted in Europe showed very limited leaching of diuron with no evidence 
of movement below 20 cm (see Section 0; Pogány, 1993).  The US data also showed limited 
leaching with no detections below 30 cm except at one sandy site in California where diuron 
showed leaching down to 60 cm (Tweedy, 1999 and Stevenson, 1990b).  In Australia field 
studies, conducted in sugarcane at Bundaberg, diuron was detected in ground water at 
maximum concentration of ~6 µg/L (Simpson and Hargreaves, 2001).  This is higher than 
would be expected from the overseas studies, possibly indication that diuron has higher 
mobility in Australian soils. 
 

1998).  The tile drains in the M
d
citrus or in drains and as citrus is grown on well draining soils, predominately sandy soil, 
diuron appears to be leaching in these well draining sandy soils. 
 
It is concluded that despite the overseas field lysimeters studies and g
s
sand soils to 60 cm deep.  However, the Australian field data indicates that diuron is leaching 
to at least 2 metres and is found in ground waters in several areas.  The use of diuron in sandy 
soils or soils with shallow water tables needs to be restricted or at least reduced.  Due to 
previous concerns with respect to runoff from various crops (sugarcane and citrus), reduced 
rates have already been recommended that will also reduce the concentration of diuron in 
leachate.  Therefore a separate recommendation is not required specifically to control 
leaching.  
 
9
 
T
least two applications 

it is implied that there is expected to be only one spray per season/year.   
 
Though analysis of the risk to the environment is based on a single application, the use of 
field data has reduced the need to recalculate to allow for an extra application.  Considering 
the relatively long degradation rates in some soils (half-lives up to 372 days) and 
water/sediment systems (half-lives up to 232 days), additional applications of diuron will 
significantly increase the environmental risk.  It is recommended that only one application of 
diuron should be allowed
a
maximum label rate for the crop. 
 
9.4.3 Risk to Terrestrial Organisms 
 
9
 

at the application rate of 3.6 kg ac/ha (equivalent to 36 µg ac/cm2) the quotient is 0.25, 
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assuming that a honeybee is approximately 1 cm2 in surface area (Davis and Williams 1990).  
As application is normally by ground rig, direct overspraying of bees is not expected.  
Irrigation and drainage channels and rights-of-ways, commercial and industrial areas where 
higher rates are used are not generally attractive to bees and therefore the exposure to bees in 

 this risk would be reduced by the removal of high 
te uses from the labels. 

 
No data regarding the to of diuron to earthworms were made available.  However diuron 
h described as be -toxic to earthw
( .cas.psu.edu/ /pdfs/uc182.pd

these areas is expected to be lower.  Again
ra

xicity 
as been ing non orms, 
http://pubs freepubs f).   

No other information on soil organisms or soil av
 
9
 
Based on the typical diet of northern bobwhite s 

be c  fo gle 
50 g ac/kg bw the 

quotient can then be calculated (see Table 86).  
 
Table 86

micro-organisms was ailable. 

.4.3.2 Birds 

 quail and the EEC of diuron in food item
when oversprayed, the concentration of diuron in the diet 
pplication (Urban and Cook 1986).  With the dietary LD  for quail of 1730 m

can alculated r a sin
a

:  Avian EEC and risk quotients. 
 

Agricultural situation Min-max rates 
kg/ha 

EEC in food items, 
mg/kg wt. 
    Quail          mallard 

Quotient 1 

 

      quail          mallard 
Orchards 1.8-3.6 189-377 70-140 0.11-0.22 <0.03 
Broadacre 0.45-1.8 47-189 17-70 0.03-0.11 ≤0.01 
Rights-of-way, 
commercial and 
industrial areas 

Initially 4-36 
retreatment at 3.1-16 

419-3771 155-1396 0.24-2.18 0.03-0.28 

Irrigation and drainage 
channels 

10-75  1048-7857 388-2908 0.61-4.54 0.08-0.58 

Sugarcane 1.8-3.6  189-377 70-140 0.11-0.22 <0.03 
1LC50 used were 1730 mg/kg food for quail and 5000 mg/kg for mallards 
 
There is no risk to quails from overspray at <1.8 kg ac/ha and a slight risk to quails from 
feeding on food items directly oversprayed at between 1.8 to 3.6 kg ac/ha.  Assuming only 
0% of the birds diet is actually oversprayed, the hazard to quails and mallards is low and 
cceptable for all applications at 3.6 kg ac/ha.  However, that is not the case for the two high 

n with consideration that half of the diet is not sprayed, there is a 
light to high risk to quails, Q = 0.12-2.27 (unacceptable at 16.5 kg ac/ha, Q = 0.5) and a 

hen used to treat non-agricultural situations, especially at rates greater than 3.6 kg 
c/ha and that the risk is unacceptable at rates of >16.5 kg ac/ha.  This risk would be lowered 

5
a
application rates where, eve
s
slight risk to mallards.   
 
The label conditions for application to rights-of-way, commercial and industrial areas and 
irrigation and drainage channels do not appear to be sufficient to prevent overspraying when 
avian food items, i.e. seed heads, insects, could be present.  Further, no evidence was 
presented that diuron has a repellent effect and it is assumed that birds will eat food items that 
have been sprayed.  Therefore, it is concluded that with the current label there is a slight risk 
to birds w
a
to an acceptable level if high application rate uses were removed from the labels due to runoff 
risks as recommended later in this report.  
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9.4.3.3 Terrestrial Plants 
 
When used according to label directions, the exposure to non-target vegetation should be 
limited to spraydrift or runoff.  In tests using both dicotyledon and monocotyledons seedlings 
(see Table 67), the most sensitive was tomato seedlings with EC25 of 2.2 g/ha but another 

ve species (wheat, pea, soybean, cucumber and sugar beet) were also very sensitive, with 

is 0.8% of the application rate, i.e. 2.24 g/ha and quotient is 1.  For 
e cotton application at 48 g ac/ha with a fine spray (boundary curve fine/very fine used), at 

e e application rate, corresponding to 2.2 g/ha, and quotient 
 1.  Note that wheat seedlings are sensitive to diuron and in the vegetative vigour test had an 

e Ganzelmeier data (field crops) shows that at 20 metres the 
spraydrift is 0.15% of the application rate for broadacre crops (maximum label rate = 1.8 kg 

ntifouling use of Diuron 
 

aints containing diuron are used on a range of vessels including large ships 
ut in Australia a large use is for yachts and other recreational vessels that are moored, as well 

he 
n Gold Coast City Marina, Coomera, Queensland.  This 

arina has an area of ~3.2 ha (8 ac), depth of 5 m (unusually deep to cater for larger yachts) 
and capa y for of the rder of 100 vessels , 2001).  For the 
purposes of the model, a low tide depth of 3 m and high tide depth of 4 m were assumed, with 
100 yachts having an a rage wetted area of 40 m2 cupying the area of the 
marina.   
 
To obtain an estimate of the leach rate of diuron it i the hull is coated with an 
anti-fouling paint at 25 g diuron/m2 y maximum 
appl  given in Table 21 an t there is an 

fi
EC25s ranging from 6 to 16 g/ha.  Note that the US EPA has recently set its level of concern 
for terrestrial plants using EC25 data with Q = 1 (US EPA 2004).  The US EPA uses this 
approach as the endpoints are effects, not mortality, and therefore there is the possibility of 
recovery. 
 
For aerial application to wheat and cotton at maximum rates of 280 and 48 g ac/ha, the EC25 
of 2.2 g/ha corresponds to 0.8 and 5% of the respective application rates.  For application to 
wheat with medium spray quality, AgDrift (using fine/medium boundary curve) shows that at 
620 metres the spraydrift 
th
220 m tres the spraydrift is 5% of th
=
EC25 of 13 g/ha yet the label would allow over spraying at 280 g ac/ha, presumably without 
damage to the crop.    
 
For ground rig applications, th

ac/ha) this corresponds to 2.7 g/ha and Q ~ 1.  Using AgDrift (medium spray, low boom) at 
150 metres the spraydrift is 0.12% of applied and Q = 1.   
 
There are few, if any, reports concerning damage to non-target plants from using diuron, 
which would appear to show that users are well aware to the toxicity of diuron to non-target 
plants and take appropriate precautions or that plants affected by spraydrift recover and there 
is no long tem damage.   
 
9.4.4 A

The use of diuron in anti-fouling paints impact on the Great Barrier Reef Lagoon, the 
contribution of diuron for this source have been examined.  The use of diuron on vessels <25 
metres in length has been revoked in the UK, Demark and the east coast of Sweden (Kevin, 
McHugh and Waldock, 2002). 
 
The anti-fouling p
b
as commercial and naval vessels.  The situation modelled using a large marina situated on t
coast near the GBR and is based o
m

cit  o  of various sizes (Leigh-Smith

ve  continuously oc

s assumed that 
.  This corresponds closely with likel

icatio ratesn d w s  thaith one by Wattyl.  It is as umed
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effectiv ime of th aint of one y  rate of ~68 
that all the active ingredient is exhausted over the life 

Heritage has used 6% as the 
egradation per tidal cycle for the decay rate (actually the dissipation rate of diuron from 

Application in 
mercia r shipyards with well controlled procedures to minimise environmental 

xposure during a , maintenance and removal (eg collection of waste material from 
-docks involved and disposal of appropriately to approved 
aints will generally be ap fessional applicators in 

ontrols, or by ‘DIY’ (do-it-yourself) boat owners.  (The 
nvironment and Heritage is awar rn marinas with well designed 

ters to remove fouling other waste material, although it 
proportion of such well designed facilities compared to more basic 

 in small centres adjacent to the G ).  Nonetheless, users 
nt State environmental regulations and local government 
likely to be less comp sive than for drydocks handling 

portant.   

e lifet e p ear.  This would imply an average leach
mg/m2/day for diuron if it is assumed 
time of the paint.   
 
The classical ‘tidal prism’ approach assumes complete mixing due to tide and a continuous 
loading of the contaminant, given: 
 

g = load introduced per tidal cycle (µg) 
P = Tidal Prism volume (exchange volume - i.e. difference between low and high 

tide), including river flow (L) 
V = Low Tide volume (L) 

P+V = High Tide volume (L) 
R = P/P+V = Exchange ratio, i.e. the fraction of well mixed water that would be removed 

from the estuary 
d = Decay rate of the pollutant per tidal cycle (as %) 

y=[1-R](1-d) = Fraction remaining after one tidal cycle 
gy = Amount of pollutant remaining after 1st cycle (µg) 

Css* = Steady State Concentration (µg/L) = gy/V(1-y) 
* Batley et al (1989) gives derivation of Css = gy/V(1-y) 
 
Table 87 gives estimates of steady-state concentrations for the marina allowing for 
degradation.  The Department of the Environment and 
d
water using t1/2 of 4.2 days from Table 30).  The marina has a tidal exchange of 25% per tidal 
cycle.  The predicted steady state concentration (Css) is 3.46 µg/L (Table 87).  The risk 
quotient is 1.44 for green algae.  It is also above the LOEC endpoints for seagrass (0.1 µg/L), 
crustal algae and corals.  It is concluded that within the modelled marina the steady state 
concentration of diuron is high enough to indicate a potential risk to marine organisms. 
 
While the above calculations show that diuron use in antifouling paints could affect marine 
organisms, a marina generally does not have high conservation values and therefore this is of 
less concern.  However, the area outside of the marina is of more concern.  Allowing for a 
1:10 dilution, used by the Department of the Environment and Heritage for industrial 
chemicals entering seawater (this may be generous for some marinas and given that the GBR 
lagoon is a high conservation area) the localised concentration outside of the marina is 0.35 
µg/L.  An effect on algae is unlikely (risk quotient 0.15) at this level, however it is still above 
the LOEC for seagrasses, crustose coralline algae and corals. 
 
In addition, there is a potential hazard from localised environmental exposure during paint 
application and during washdown or preparation of existing surfaces for repainting.  

 of diuron containing marine paints to pleasure craft is unlikely to occur 
l slipways ocom

e pplication
bunded areas of the slipways/dry

 plandfill facilities).  Rather, such
ed c

plied by pro
facilities with more limit
Department of the E e of mode
facilities containing sumps and fil  and 
is unclear as to the 
facilities, especially reat Barrier Reef
will need to comply with releva
requirements, though controls are rehen
large ships, where handling of TBT waste has been im
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Table 87:  Estimated steady-state concentrations (µg/L) for a model Australian marina and the 

calculated acute hazard quotient (Q) for the most sensitive test species, rainbow 
trout.   

 
Parameter  

Decay/adsorption rate per tidal cycle 6% 
Total wetted area of treated hulls (m2) 4000 

each rate per day (mg ai/m2/d) 68 L
g (load, mg/tidal cycle) 2.72 X 105

y (fraction remaining after 1 tidal cycle) 0.15 
P (tidal prism volume, L) 3.24 X 107

V (low tide volume, L) 9.71 X 107

Css (steady state concentration, µg/L) 3.46 
Hazard quotient for algae using EC50 1.44 
Dark shading  Q > 0.5.  light shading 0.5 > Q >0.1. 
 
Release of diuron during application and maintenance operations is likely to be localised to 
areas such as slipways and drain outlets in facilities lacking good control measures, with 
waste from well controlled facilities going to approved landfill and some degradation also 
occurring in collection sumps.  Releases would be expected to be relatively intermittent in 
nature, as not all vessels are treated at the same time or with the same product.  However, 
paint flakes may accumulate in sediment near the release points and any remaining diuron 
would be released slowly and potentially affect algae or seagrasses in the immediate vicinity.  
Such release should be minimised as far as possible. 
 

nvironmental and human health 

ian data for levels of diuron in marine sediments and seagrasses (Haynes et al 
ed positive detections in areas not closely associated with sugarcane: the subtidal 

sediments outside of the Fitzory River (0.9 µg/kg) and in interdial seagrass at Pallarenda (0.8 
µg/kg dw).  The Fitzory River and Pallarenda sites are near large metropolitan centres 
(Rockhampton and Townsville) where there could be diuron used on rights-of-way and 
commercial areas as well as antifouling uses in marina and ports etc.  In addition, the Fitzory 
River has a substantial area of the catchment (2790 km2, 2% of catchment) used for 
horticultural crops (GBRMPA, 2001). 
 
It is concluded by Department of the Environment and Heritage that the antifouling use of 

A Code of Practice has been developed by the ANZECC (Australia and New Zealand 
Environment and Conservation Council) for the use of antifouling paints, which has been 
published (ANZECC, 2000).  These guidelines should be promoted by registrants of diuron 
containing antifouling paints as part of their stewardship for these paints.  Appropriate 
guidance for the application and maintenance of vessel antifouling coatings may also be 
available from State environmental agencies (eg NSW EPA 1999; Vic EPA 1998).  
 
The UK Advisory Committee on Pesticides reviewed antifouling use of diuron and took the 
ecision to revoke the use of diuron on all vessels due to ed

concerns (ACP, 2002 and ACP 2000).  This was based on significant levels of diuron being 
detected in water and sediment throughout UK estuary and coastal sites as well as freshwater 
sites.  The measured levels in open marinas, more typical of Australian marinas, ranged from 
<1 to 613 ng/L with an average of 170 ng/L (see Table 58).  The UK modelled data showed 
levels of 2254 ng/L (100% of all boat using diuron antifouling paints), similar to that in Table 
87.   
 

he AustralT
2000) show
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diuron does make a contribution of the overall load of diuron in the Great Barrier Reef 
field evidence to support this is confounded by other non-agricultural 

uses of diuron.  However, due to the fact that the level of contribution is expected to be 
r a 1:10 

dil  in antifouling paints is considered 

Lagoon.  Although, the 

relatively small compared to that coming from agricultural sources and allowing fo
ution factor, the retention of the use of diuron

acceptable. 
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9.5
 
AC ting on 7 September, 2000.  
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9.6 Attachments  
 
Attachment 1  
 
Maps showing sugar production areas in central and northern Queensland and areas sampled 
by Duke at el (2003) for their mangrove dieback study.  The maps have been reproduced from 
the Duke et al (2003) report and the Figure numbers and descriptions are as appeared in that 
report. 
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Attachment 2 
 
Graphic of distribution of Avicennia marina and concentration of diuron taken from Duke et 
al (2003).   
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Attachment 3 
 
The BerrilOZ data fits are given below for all the entire data.  From the Barr type 3 curves, 
fitted to the data sets, the 99P

th
P percentile point was determined by the BerrilOZ program 

(output not given). 
 
Graph of fit for all data. 

 
 
 
The fit of the data to the Barr type 3 curves is not the best when using all the data set but 
when fitted to the fish, invertebrate and alga data sets the fit to the individual 3 data sets is 
much better.   
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Attachment 4 
 
Using the US EPA GENEEC 2.0 model (US EPA, 2004), the EEC were calculated as a 
comparison to the Department of the Environment and Heritage’s screening level assessment.  
Several parameters/factors are used, including number of applications, Kd, solubility, spray 
zones etc.  In order to keep it comparable, only a single application is considered and there 
was 100 metre spraydrift buffer to minimise the effect of spraydrift and examine runoff 
principally.  Table 1 gives the EEC and quotient in the same formate as used in Table 70 to 
allow direct comparisons. 
 
Table 1.  The EEC and risk quotients using GENEEC 2.0 model.   
 

Risk Quotient. 
95% protection P

1
P 

EEC µg/L 

fish invert algae 

Agricultural situation Min-max rates 
Kg/ha 

min  max mim max min max min max  
Orchards 1.8-3.6 61.9 123.7 0.11 0.22 0.23 0.46 11.4 22.9 
Broadacre 0.45-1.8 15.5 61.9 0.03 0.11 0.06 0.23 2.87 11.4 
Rights-of-way, 
commercial and 
industrial areas 

Initially 4-36 
retreatment at 3.1-16 

137.4 1237 0.25 2.21 0.51 4.58 25.5 229 

Irrigation and drainage 
channels 

10-75 343.6 2577 0.61 4.60 1.27 9.54 63.6 477 

Sugarcane 1.8-3.6 61.9 123.7 0.11 0.22 0.23 0.46 11.5 22.9 
 
 
The input parameters used were: 
 

• Kd = 2.9 (Kf value) 
• t B1/2B aerobic soil = 372 days 
• t B1/2B aerobic aquatic metabolism = 232 days 
• t B1/2B aquatic photolysis = 30 days 
• 1 application 
• ground boom spraying with 300 ft (100 metre) no spray zone 

 
The large spraydrift buffer that was used to minimise the input to the pond from spraydrift.  
The other parameters are from the fate section of this report and are worst case. 
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Attachment 5 
 
The BerrilOZ data fits are given for all the seedling vigour data set.  From the Barr type 3 
distribution curves the 95 P

th
P and 90 P

th
P percentile points were determined by the BerrilOZ 

program. 
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