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LEGISLATIVE COUNCIL
Question On Notice

Tuesday, 13 August 2019

2379. Hon Robin Chapple to the Minister for Regional Development representing the
Minister for Water; Fisheries; Forestry; Innovation and ICT; Science

I refer to the Ord River Irrigation Area (ORIA), and I ask:

(a) what chemical species are tested for in the ORIA channels or drains;

(b) is the department aware of any agricultural chemicals, pesticides, herbicides or fungicides
that are used in the ORIA that are banned in other countries or jurisdictions;

(c) how often is the ORIA tested for contaminants:

(1) will the Minister supply a map of approximate sampling locations;

(11) will the Minister table the data from these assays over the past five years; and

(iii) if no to (i) and/or (ii), why not;

(d) is the Ord River regularly tested for contaminants:

(1) how often are these test conducted and when was the last such instance; and

(i1) will the Minister table the data from the last test of Ord River referred to in (i);

(e) has the department investigated whether local fauna in the ORIA are contaminated with
chemicals;

(f) if yes to (e), what is the frequency and nature of these investigations;

(g) if yes to (e), will the Minister table the relevant information;

(h) if no to (e), why not; and

(1) if no to (g), why not?

Answer

(a) Details provided at attachment 1.

[See tabled paper no.]. :

(b) Under Australian law all agricultural and veterinary chemical products sold in Australia
must be registered by the Australian Pesticides and Veterinary Medicines Authority. The
Authority is appointed by the Commonwealth Government and manages the regulatory
services for the supply of safe and effective agricultural and veterinary chemicals in
Australia. Questions on chemicals registered for sale and use in Australia should be directed
to the Commonwealth Minister for Agriculture, Senator the Hon Bridget McKenzie.

(c) Four weekly

(1) Yes — attachment 2

[See tabled paper no.].

(i1) No

(ii1) This data is owned by the Ord Irrigation Cooperative

(d) No

(i) Not applicable
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(ii) Not applicable

(e) Yes

(f) Once

(g) Yes — attachment 3
[See tabled paper no.].
(h) Not applicable

(1) Not applicable







ATTACHMENT 1

Current List of Parameters - 2019

Organochlorine (OC) pesticides

Triazine herbicides

Aldrin (tot) Atrazine

Chlordane (tot) Metribuzine

DDD-p,p (tot) Simazine

DDE-p,p (tot) Nutrients

DDT all forms (tot) Total nitrogen (TN)

DDT-p,p (tot) Oxides of nitrogen (NOy)
Dichloran (tot) Total kjeldahl nitrogen (TKN)
Difocol (tot) Ammonium nitrogen (NH4")
Dieldrin (tot) Nitrogen dioxide (NOy)
Endosulfan (tot) Total phosphorus (TP)
Endosulfan sulfate (tot) Soluble reactive phosphorus (SRP)
Endosulfan-a (tot) Physical

Endosulfan-b (tot) Total suspended solids (TSS)
Endrin (tot) Conductivity

HCH (BHC) a,b.d (tot) Dissolved oxygen (DO)

HCH (BHC) a,b,d,g (tot) pH

HCH (BHC) g (tot) Lindane Turbidity

Heptachlor (tot)

Heptachlor and Heptachlor epoxide (tot)

Heptachlor epoxide (tot)

Hexachlorobenzene (tot)

Methoxychlor (tot)

Organophosphorus (OP) Pesticides

Bromophosethy! (tot)

Chlorfenvinphos (tot)

Chlorpyrifos (tot)

Chlorpyrifos-methyl (tot)

Diazinon (tot)*

Ethion (tot)

Fenchlorphos (tot)"

Fenitrothion (tot)®

Malathion (tot)*

Mevinphos (tot) Phosdrin

Parathion (tot) Ethyl parathion*”

Parathion-methyl (tot)*

Tetrachlorvinphos (tot)
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Summary

When irrigation began in the Ord River irrigation area (ORIA) around Kununurra in
the early 1960s, organochlorine pesticides (OCs) were commonly used and
application on cotton crops reached very high levels. The last year that commercial
cotton was grown in the ORIA was 1974.

Local people from the Miriuwung Gajerrong Aboriginal community utilise the Ord
River and riparian area for food and local residents and visitors fish the lower Ord
River immediately downstream of the irrigation area. In July 2003, the Department of
Water and the local community catchment group, Ord Land and Water, met with the
Miriuwung Gajerrong Aboriginal community and agreed that the best method to
determine whether or not pesticides were a significant contaminant was through a
program of sampling and chemical analysis.

The objective of this study was to provide a snapshot of organochlorine pesticide
residues in bush foods both in and downstream of the irrigation area. The survey was
exploratory in nature and did not include all species identified as forming part of the
human diet of the local community. The results showed that persistent
organochlorine and their breakdown products are still present in fish and plant
material in trace amounts.

The major findings of this study are listed below.

o A wide range of OCs were detected in aquatic samples. Residue concentrations
were at or below typical levels reported for agricultural areas of North America.

e The total concentrations of DDT and related substances were significantly higher
than other OCs.

o The residual levels of EDDT compounds present in fish flesh, wallaby meat and
plant species analysed in this study were all lower than the extraneous residue
limits prescribed by Food Standards Australia New Zealand (FSANZ).

e Median levels of DDT in (usually non-edible) fish offal are less than the
extraneous residue limits set by the FSANZ for edible mammalian offal, although
one sample of fish offal exceeded the limit.

e The concentrations of all other OC compounds in fish were less than the
maximum extraneous residue limits prescribed by FSANZ.

e Dieldrin levels in wallaby meat were found to be elevated in the few samples
collected, compared to the reference sample.

o Concentrations of OCs, including ¥ DDT, have decreased by approximately two
orders of magnitude since the 1970s.
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e Concentrations of the DDT congeners in other fish species are unlikely to vary
significantly from that measured in the barramundi, catfish and bream in this
survey.

Recommendations

It is recommended that:

e People should avoid eating large qualities of offal (guts, gills, liver, and brain) from
fish caught down stream of the Diversion Dam on the Ord River and bottom end
of the Dunham River. Based on the highest recorded pesticide concentration, the
safe limit for consumption of fish offal is 17g per day, every day, can be
consumed. This is based on a 70kg adult.

e if any further sampling of traditional foods is undertaken, species not collected in
this project should be targeted. This particularly applies to filter feeders such as
freshwater mussels, benthic species such as red claw and cherabin and aquatic
predators such as turtles and water monitors and especially those with high lipid
contents.

e future sampling of fish and shellfish should use composite samples and follow
protocols outlined by the United States Environmental Protection Agency for
preliminary investigations. The number of samples to be collected for each
species can be estimated using the data provided in this report.

vi Department of Water
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1 Introduction

1.1 Regional setting

The Ord River is 650 km long and is located in the east Kimberley region of Western
Australia. The Ord River is regulated by two dams which provide and regulate water
for the Ord River Irrigation Area. The Kununurra Diversion Dam, located immediately
upstream of the ORIA, was built in 1962. The Ord River Dam is located 50 km
upstream of the Kununurra Diversion Dam and was completed in 1972. Construction
of the dams created two water bodies, Lake Argyle and Lake Kununurra. Lake Argyle
is impounded by the Ord River Dam and has a surface area of approximately

980 km? when full and has a maximum depth of 60 m in drowned gorge areas. Lake
Kununurra is impounded by the Kununurra Diversion Dam and is approximately

50 km long with a maximum width of only 400 m. The lower Ord River lies
downstream of the Kununurra Diversion Dam and stretches 150 km to the
Cambridge Gulf. The Dunham River enters the lower Ord River approximately 2 km
downstream of the Kununurra Diversion Dam, and is the only major tributary into the
Lower Ord Figure 1.

Water stored in Lake Argyle is released to maintain a constant high level of water in
Lake Kununurra which is then diverted through a series of channels for irrigation
within the ORIA. The stable water levels of Lake Kununurra also support recreation
and tourism activities. Water released from Lake Argyle is utilised by the hydro-
electric power station at the Ord River Dam, which supplies power to the townships
of Kununurra and Wyndham and to the Argyle Diamond Mine.

The irrigation areas are located in the lvanhoe Valley (approximately 13 000 ha) and
on the Packsaddle Plains (approximately 2500 ha). They are gravity-fed by a network
of supply channels operated and maintained by the Ord Irrigation Cooperative. A
single large supply channel (known as the M1) distributes water via a network of
smaller supply channels which serve most of the irrigation area. lrrigators divert
water directly from the supply network on to farm blocks through furrows in the
paddock. Excess water flows off farms into a drainage channel network which
discharges back into the Dunham River and the lower Ord River at various locations.

Department of Water 1
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Figure 1 Regional map

1.2 The issue

While pesticide use today is closely controlled and consists mainly of compounds
with relatively short half-lives in the environment, a number of significantly more
persistent pesticides have been used in the past, sometimes at very high application
rates. When irrigation began in Kununurra in the early 1960s, organochlorine
pesticides were commonly used on crops. Application on cotton crops reached very
high frequency (ten or more applications per year) and quantity, with some 128 t of
DDT and 117 t of camphechlor applied to cotton crops in 1974, the last year that
commercial cotton was grown in the ORIA (GCL 1979).

Monitoring of pesticides in the aquatic environment in the 1960s and 1970s not
surprisingly found high levels of organochlorine pesticides (GCL 1979). While the
monitoring found that levels of these pesticides in the environment declined after the
collapse of the cotton industry, with the subsequent dramatic decrease in pesticide
application (GCL 1979), little monitoring of residue levels in soils, sediments or biota
and no assessment of bioaccumulation and biomagnification of OCs in the

2 Department of Water
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environment was undertaken. Pesticide monitoring virtually ceased between 1978
and 1997, when it was restarted.

Local people from the Miriuwung Gajerrong Aboriginal community utilise the Ord
River and riparian area as an important source of food and local residents and
visitors fish the lower Ord River immediately downstream of the ORIA. The Miriuwung
Gajerrong Aboriginal community have expressed concern about the potential for high
levels of agricultural chemicals (specifically pesticides from the irrigation area) in Ord
River food-webs, especially in species used as a direct food source. In July 2003, the
Department of Water and Ord Land and Water (the local community catchment
group) met with the Miriuwung Gajerrong Aboriginal community to discuss these
longstanding concerns. All parties agreed the best method to determine whether or
not pesticides were a significant contaminant of bush food used by the Indigenous
community in the region was through a program of sampling and chemical analysis.

In 2005 the then Department of the Environment (now Department of Water)
undertook a pilot study (Palmer and Kennedy 2008), working with the Aboriginal
community, to identify the presence or absence of ‘current-use’ and discontinued
pesticides in organisms within the Ord River environment. The study found no
detectable levels of ‘current use’ pesticides in the collected samples. However, the
study found one specimen, a water monitor Varanus mertensi, had low but
detectable levels (120 ng/g) of p,p’-DDE, an organochlorine compound which is both
a component and a degradation product of commercial DDT, last used in the ORIA
nearly 30 years prior to the sampling.

Following the detection of DDT congeners in this specimen, an analysis targeting
OCs at ultra-trace levels was undertaken on a single sample of barramundi flesh.
The analysis confirmed the presence of organochlorines and found DDT (10 ng/g)
was the major OC present, with ultra-low trace amounts of HCB, HCH, lindane,
dieldrin, heptachlor, chlordane, and mirex also detected. These results suggested
that OCs used in the 1960s and 1970s are still present in the environment today.
While the levels recorded were low and were not of concern from the perspective of
human health (that is, they were below the FSANZ extraneous residue limits), the
Department of Water decided that further investigations were warranted.

1.3 Objective

The objective of this program was to investigate the levels of persistent OC
pesticides in a wider variety of plants and animals collected in and along the Ord
River using ultra-trace analytical methods. Ultra-trace analytical methods are capable
of detecting extremely low levels of contaminant. The sampling program was
targeted at the plants and animals used by local Indigenous people as food sources,
but focused particularly on aquatic food sources as these were expected to have the
highest levels of persistent pesticide residues.
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A broader objective of the project was to continue the involvement of local
Indigenous people in water quality issues. An Indigenous person was employed
during the project to participate in the sampling program and to liaise with the local
Indigenous community.

1.4 Sampling design

The current survey was designed as a reconnaissance of OC levels in biological
samples in the ORIA region. The survey includes a variety of sample types and site
locations but has a low number of samples and replicates because of the limitations
imposed by the cost of the ultra-trace analyses of samples. The survey therefore
provides only an indication of the concentration and distribution of persistent
agricultural chemicals in the plants and animals sampled, rather than a full scale
survey with enough replication of analyses and samples to enable statistical
validation.

A list of important bush foods and food gathering sites was developed in consultation
with members of the local Miriuwung-Gajerrong Aboriginal community. This was used
to design a sampling program that included target species and sampling sites.
Additional locations that were considered to be heavily affected by agricultural
drainage were also sampled. Some remote sites were sampled to provide
background levels or reference conditions.

The target species identified with the Indigenous community were:
e fish — barramundi, black bream, bony bream, catfish, salmon

e crustaceans — red claw (freshwater crayfish) and cherabin (giant freshwater
prawn)

e gastropods — fresh water mussels
e reptiles — water monitors (goannas), freshwater turtles
e mammals — agile wallaby

e plants — wild melon, wild passion fruit, bush cucumber, bush banana, fig tree,
jiliyinybeng (bush goose berries), cane grass, and lily pads and roots.

Sites visited during the survey are listed in Table 1 and their locations are shown in
Figure 2
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Table 1 Locations from which samples were collected

Site Site Code Classification*
Kununurra Diversion Dam OKDD Reference
Lake Argyle — Revolver Creek OLARVCK Reference
L.ake Argyle dam wall OLADW Reference
Lake Argyle middle OLAMID Reference
Lake Argyle north OLANTH Reference
Lake Argyle Ord mouth OLAOM Reference
Lake Argyle Remote Is OLAREMI Reference
Lake Argyle Ulysses Bay OLAUSS Reference
Pentecost BBQ Hole PBBQH Reference
Pentecost River — The Ledge PLEDGE Reference
supermarket — reference meat sample OTOWN Reference
Valentines Crossing OVCRX ORIA
Agricultural research station OKRS ORIA
Buttons Gap OBUGAP ORIA

D4 drain OD4D ORIA
Forbes Beach OFORB ORIA
lvanhoe Crossing OIVANX ORIA
Ord-Dunham confluence 0ooDC ORIA

*Reference — sample sites that are not affected by irrigation drainage water

ORIA — samples collected within or downstream of the ORIA
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Sampling Site Locations
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1.5 Samples collected

A total of 38 biological specimens were collected for analysis from 13 sites (see
Table 2) which included both reference sites located upstream or distant from the
ORIA and ORIA sites located within, immediately adjacent to or downstream of the
ORIA. In total, 29 fish specimens, 6 specimens of edible plant material and 2 wallaby
specimens were collected in this study. One sample of meat (beef) was obtained
from the local supermarket as a reference sample. Sampling was, of necessity,
opportunistic and not all target specimens or species could be collected at the time of
the survey.

Table 2 Sampling details for each food type
Class Site name Site code No. of No. of
specimens samples
Fish
ORIA Buttons Gap OBUGAP 3 8
ORIA D4 drain 0OD4D 2 4
ORIA lvanhoe Crossing OIVANX 3 10
ORIA Ord—-Dunham confluence 00DC 3 17
Subtotal fish — ORIA 1 39
Reference Kununurra Diversion Dam OKDD 1 5
Reference Lake Argyle Remote Is OLAREMI 1 1
Reference Lake Argyle — Revolver OLARVCK 1 3
Creek
Reference Lake Argyle Ulysses Bay OLAUSS 1 1
Reference Pentecost BBQ Hole PBBQH 1 2
Reference Pentecost River — The PLEDGE 2 10
Ledge
Subtotal fish — reference 7 22
Bush food — meat
ORIA Ag research station OKRS 2 4
Reference supermarket — reference OTOWN 1 1
Subtotal bush food — meat 3 5
Bush food — vegetable material
ORIA Buttons Gap OBUGAP 2 2
ORIA Forbes beach OFORB 2 2
ORIA lvanhoe Crossing OIVANX 1 1
ORIA Valentines Crossing OVCRX 1 1
Subtotal bush food — vegetable 6 6
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Class Site name Site code No. of No. of
specimens samples

Total samples 27 72

The fish species collected and the sub-samples of tissue analysed are listed in

Table 3. The plant and animal material collected and analysed is listed in Table 4 and
a detailed itemisation of the water and sediment samples collected and analysed is
given in Table 5.

Table 3 Details of fish species collected and tissue samples analysed
Sample description Sample type ORIA Reference Total
barramundi flesh 3 4 7
(Lates calcarifer) gills 3 2 5
liver 2 3 5
visceral fat 2 2 4
barramundi total 10 11 21
bony bream flesh 4 4
(Nematalosa erebi)
liver
whole fish 3
bony bream total
bull shark brain 1 1
(Carcharhinus leucas) flesh 1 1
liver 1 1
bull shark total 3 3
catfish brain 1 1 2
(Arius midgleyi) flesh 4 5 9
gills 3 2 5
liver 3 2 5
visceral fat 2 1 3
catfish total 13 11 24
mullet flesh 2 2
(Liza vaigiensis) gills 1 1
liver 1 1
mullet total 4 4
Total fish samples 38 22 60
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Table 4 Terrestrial plant and animal material collected and sampled for chemical analysis
Sample description Sample type No. of samples
ORIA Reference Total

Plant material

Wild passionfruit
(Passiflora foetida) Plant 1 1

Bush Peanut
(Brachychiton tuberculatus)

Plant 1 1
Cluster fig
(Ficus racemosa) Plant 1 1
Flueggea
(Flueggea virosa) Plant 2 2
Leichhardt pine
(Nauclea orientalis) Plant 1 1
Total plant samples 6 0 6
Animal products
Agile wallaby Flesh — leg 2 2
(Macropus agilis) Flesh — tail 2 2
beef
(Bos Taurus) Flesh 1 1
Total animal products samples 4 1 5

Table 5 Water and sediment samples collected for chemical analysis

Class Site name Site code No. of samples
Sediment
Reference Lake Argyle Remote Is OLAREMI 1
Reference Pentecost River — The Ledge PLEDGE
Total sediment samples
Water samples
ORIA Buttons Gap OBUGAP 1
ORIA D4 drain 0OD4D 1
Reference Lake Argyle dam wall OLADW 1
Reference Lake Argyle middle OLAMID 1
Reference Lake Argyle north OLANTH 1
Reference Lake Argyle Ord mouth OLAOM 1
Reference Lake Argyle Remote Is OLAREMI 2
Reference Lake Argyle Ulysses Bay OLAUSS 1
Reference Pentecost River — The Ledge PLEDGE 1
Total water samples 10
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1.6 Sample collection methods
Fish were caught using the following methods™:

e Gill nets (2, 4 and 8 inch aperture size) were used at the river sites to catch small
to medium sized fish. Each net was approximately 30 m in length and was used
by draping across the river for approximately 30 minutes.

e Lures, hooks and line were used to catch larger fish.

Each fish was identified, weighed and recorded in the field. Where size of the
specimen permitted, samples of brain, muscle tissue and liver were collected from
each fish.

Two wallabies were shot by a Department of Agriculture professional shooter.?

A minimum of 150 g of the edible component of each plant species was collected by
hand.

All biological samples were double wrapped in aluminium foil, placed on ice and air-
freighted to the National Measurement Institute laboratory for analysis.

1.7 Sample analysis

Concentrations of organochlorines were determined by High Resolution Gas
Chromatography/High Resolution Mass Spectrometry using the institute’s standard
method (laboratory code AUTL_04). The prepared sample was freeze-dried then
spiked with a range of isotopically-labelled surrogate standards. The sample was
exhaustively extracted with an organic solvent, and the extract cleaned up using
column chromatography on florisil. Imnmediately prior to injection, internal standards
were added to each extract, and an aliquot of the extract injected into the gas
chromatograph. The analytes were separated by the chromatograph and detected by
a high-resolution (>10 000) mass spectrometer. Levels of OCs are reported in ng/g

' An ‘Authority to take Fish for Scientific Purposes — SPA 7/05’ was obtained from the Department of
Fisheries.

? A ‘Licence for Scientific or other prescribed purposes — SW010163’ was obtained from the
Department of Conservation and Land Management.

% A ‘Licence to take Fauna for Scientific Purposes — SF005465’ was obtained from the Department of
Conservation and Land Management.
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(lipid) and ng/g (fresh weight) for biological samples, ng/L for water samples and pg/g
for sediments. All results were corrected for labelled surrogate recoveries and are
reported on a dry weight basis.

Descriptions of the pesticide mixtures and the individual compounds determined are

given in Table 6.

Table 6 Description of organochlorine compounds analysed by National Measurement Institute
Pesticide Description Analytes
lindane Hexachlorocyclohexane (HCH) is a manufactured beta (f)-and gamma

aldrin and dieldrin

heptachlor

chlordane

DDT

mirex

hexachlorobenzene
(HCB)

chemical that exists as eight chemical isomers. One of
these isomers, gamma-HCH (or y-HCH), has the
common name lindane and is used as an insecticide
on fruit, vegetables, and forest crops.

Organochlorine insecticides with similar chemical
structures and very similar toxicological properties.
The extraneous residue limits from the Australia New
Zealand Food Standards Code are set for the
combined concentration of both compounds (see
Appendix 3).

An organochlorine insecticide used in buildings and on
food crops. Heptachlor rapidly breaks down to
heptachlor epoxide. Heptachlor and heptachlor
epoxide are generally treated together in toxicological
and environmental assessment. Heptachlor is also
both a degradation product and component of the
pesticide chlordane.

An organochlorine insecticide. Technically chlordane is
not a single chemical but is a mixture of many related
chemicals including frans-chlordane, cis-chlordane, 3-
chlordene, heptachlor and frans-nonachlor.
Oxychlordane is an oxidation product of chlordane that
persists in the body.

A pesticide that was used widely to control insects on
agricultural crops and insects that carry disease
(malaria and typhus). Technical-grade DDT is a
mixture of two isomers — p,p’-DDT (85%) o,p-DDT
(15%) and trace amounts of the related compounds
(congeners) DDE and DDD. DDE is the major
breakdown product of DDT.

An organochlorine pesticide mostly used to control
termites.

A widely used organochlorine pesticide. It is also
formed as a by-product during the manufacture of
chemicals used as solvents, other chlorine-containing
compounds, and pesticides. Small amounts of
hexachlorobenzene can also be produced during
combustion processes such as burning of city wastes
and as a by-product of chlor-alkali and wood-
preserving industries.

(y)-HCH

aldrin
dieldrin

heptachlor and
heptachlor epoxide

oxychlordane
trans-chlordane
cis-chlordane
trans-nonachlor

p,p-DDE
p,p-DDD
o,p-DDT
p,p-DDT

mirex

hexachlorobenzene
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2 Results

The results of the chemical analyses for fish and meat are given in Appendix 1 and
for the plant samples in Appendix 2. A total of 60 fish samples, 6 vegetable samples,
5 (non-fish) animal samples, 2 sediment samples and 10 water samples were
analysed for OC levels. The following discussion therefore focuses largely on OC
levels in fish.
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3 Discussion

3.1 Organochlorine pesticides that were detected

A wide variety of organochlorine compounds were detected in trace levels in aquatic
samples (see Table 7), largely because of the very low detection limits achieved by
the analytical methods used in this survey.

The DDT congeners were the most commonly detected with highest concentrations
found in fish samples (see Table 7). The DDT congeners were detected in all fish
samples analysed. Of these congeners, p,p-DDE was in the highest concentrations.
Maximum levels of p,p’-DDE recorded in this study were 7930 ng/g fresh weight
found in the visceral fat (fat from inside the body cavity) of an 84 cm catfish caught at
the confluence of the Ord and Dunham rivers on 16 August 2006. By comparison, the
muscle tissue sampled from the same fish recorded a p,p-DDE concentration of

85 ngl/g. This preferential accumulation within the fatty tissue of fish was commonly
observed in this survey (see figures 5 and 6).

As expected, the OC content of all fish samples was dominated by p,p’-DDE which
had a median concentration of 12.5 ng/g fresh weight. The DDT congenor with the
next highest concentration was p,p-DDT with a median concentration of 0.185 ng/g
fresh weight, approximately two orders of magnitude lower than p,p’-DDE. The major
contribution to the concentration of p,p’-DDE isomer is most likely from degradation
of DDT. Its dominance over the other components is consistent with the distribution
of DDT congeners from degraded technical grade DDT, which was banned from use
in Australia in the 1970s.

Dieldrin was the next most commonly detected pesticide in fish after p,p’-DDE and
p,p-DDT, with a median concentration of 0.27 ng/g fresh weight and a maximum
concentration of 6.3 ng/g fresh weight. The highest dieldrin concentration was

62 ng/g fresh weight measured in the wallaby sample. While dieldrin and the other
pesticides were widely detected, concentrations were generally at least two orders of
magnitude lower than p,p’-DDE.

All other OCs, whilst detected in most samples of plant, meat and fish, were present
at trace levels only and well below allowable limits in food.

Department of Water 13
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Table 7 Concentrations of organochlorine pesticides measured in all fish samples
Substance name Number Numberof Percent Median Maximum
of sam ples_ samples_ nglg nglg fresh
samples > dgtectlon > d.etectlon fresh weight  Weight
limit limit g

p,p’-DDE 60 60 100 12.5 7930
p,p-DDT 60 60 100 0.205 32
dieldrin 60 58 97 0.28 6.3
p,p’-DDD 60 58 97 0.26 25
trans-nonachlor 60 57 95 0.041 2.0
o,p-DDT 60 56 93 0.0185 2.8
mirex 60 54 90 0.021 2.1
HCB 60 47 78 0.046 1
heptachlor

epoxide 60 45 75 0.014 0.36
oxychlordane 60 45 75 0.016 0.63
aldrin 60 43 72 0.017 0.96
cis-chlordane 60 39 65 0.036 0.89
beta-HCH 60 26 43 0.023 1.9
trans-chlordane 60 24 40 0.265 8.4
heptachlor 60 16 27 0.0051 0.1
gamma-HCH 60 11 18 0.0225 0.03

3.2 Concentrations of organochlorine pesticide in the
sample types

Total DDT congener concentrations — 2DDT — and most other OCs were highest in
the fish samples (Figure 3) followed by terrestrial animal samples (wallabies),
concentrations of which were an order of magnitude lower than in fish samples. The
lowest levels of XDDT were detected in terrestrial vegetation, which had levels
approximately an order of magnitude lower than in terrestrial meat samples. Although
the number of terrestrial meat and vegetation samples analysed was relatively small
compared with the number of fish samples, low concentrations of *DDT in the
terrestrial samples supports the expectation that there are few mechanisms for
bioaccumulation or biomagnification within terrestrial species.

This study found no apparent differences in the levels of XDDT between fish species
and that all fish species collected showed elevated levels of ZDDT in at least one
sample. DDT and other OC pesticides are highly soluble in fat and as expected, the
highest levels of OCs were found in fatty tissues of fish, including visceral fat, liver,
brain, and gills. The concentrations of DDE measured in fish flesh (muscle tissue)
were comparatively low (see Figure 5).
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In contrast, dieldrin, the next most commonly detected organochlorine after DDT,
occurred in the highest concentration in terrestrial meat samples. The highest
concentration was 350 ng/g lipid?, 3 (0.350 mg/kg). In comparison, the concentration
of the reference sample (supermarket beef) was 2.1 ng/g.

OCs were largely undetectable in water samples even using ultra-trace analytical
methods. The highest concentration of the DDT congeners measured was 2.3 ng/L
(or approximately 0.0023 ng/g or 2.3 pg/g) in water collected in the D4 drain of the
ORIA.

Most OCs tested were detected in the reference sediment samples, but only at very
low concentrations. The highest concentration of OCs in the two sediment samples
was of frans-chlordane at 830 pg/g (0.83 ng/g). The highest level of p,p-DDE was
250 pg/g (0.25 ng/g) and the highest level of dieldrin was 240 pg/g (0.24 ng/g).

3.3 Locations of with the highest levels of
organochlorine pesticide

The levels of ZDDT in fish were significantly higher in sites within and immediately
downstream of the ORIA in comparison to the upstream and reference sites (Figure
8). This reflects the very high levels of DDT application in the ORIA. The five highest
levels of EDDT were detected in fish caught at the confluence of the Ord and
Dunham Rivers, lvanhoe Crossing, the D4 drain and at Buttons Gap. Elevated levels
of OC found in fish collected downstream of the ORIA probably reflect a combination
of OC transport from the ORIA by runoff erosion and sediment transport but may also
result from the movement of fish into and out of the ORIA during their lifecycles (fish
are prevented from moving upstream of the ORIA by the Kununurra Diversion Dam).

Aldrin, dieldrin, heptachlor and chlordane concentrations in fish showed a similar
geographic distribution to ZDDT but the relative differences between ORIA and
reference sites were smaller since these OCs were only detected at ultra-trace
levels.

3.4 Results of this survey compared with other recent
studies in the ORIA

A recent study of organochlorines in freshwater and saltwater crocodiles in the Ord
River (Yoshikane et al. 2006) also found very high levels of DDT congeners (mainly

2 Concentration in lipid extract from meat is not directly comparable to concentrations in fat and will
tend to overestimate concentrations.

3 This is calculated from the concentration expressed as ng/g fresh weight in Table 15 by dividing by
the lipid content.
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p,p’-DDE). Visceral fat and liver samples from specimens collected in the upper Ord,
the ORIA and the lower Ord were analysed for a wide range of organochlorines. The
highest concentrations of DDE were found in the visceral fat of freshwater crocodiles

collected from the lower Ord and drains of the ORIA (see Table 8). Very high
concentrations were also found in the livers.

The study also detected trace levels of camphechlor and heptachlor but

concentrations of these OCs were orders of magnitude lower than p,p’-DDE levels.

Table 8 Concentrations of p,p’-DDE in visceral fat and livers of freshwater crocodiles collected
from ORIA drains and the Ord River downstream of the ORIA
DDE in visceral fat DDE in liver
ng/g ng/g
fresh weight' fresh weight'
mean max mean max
Lower Ord ~28 000 ~66 000 ~500 ~3200
ORIA ~14 000 ~33 000 ~3000 ~8000

Source: Yoshikane et al. 2006

Concentrations have been converted from ng/g lipid to fresh weight using average
lipid concentrations reported by authors.

Significantly higher levels of ZDDT have also been found in freshwater crocodiles
collected in the ORIA (Yoshikane et al. 2006, see Table 9). Levels of XDDT in
saltwater crocodiles were lower than in freshwater crocodiles, and high levels of
2DDT are not expected to be found in freshwater crocodiles from locations away
from the ORIA.
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Table 9 Median concentration of ZDDT in freshwater crocodile collected in the ORIA drains
and downstream of the ORIA and the maximum allowable daily consumption (kg) for
adults

Mean concentration of | Tolerable daily intake of foodstuff for

>DDT in crocodile adults weighing 60 and 80 kg

sample kg

ng/g

fresh weight

60 80

Lower Ord
crocodile visceral fat 28 200 0.02 0.03
crocodile liver 507 1.2 1.6
Ord drains
crocodile visceral fat 13 548 0.04 0.06
crocodile liver 3023 0.20 0.27

Source: Yoshikane et al. 2006

Pesticide concentrations in fish today are an order of magnitude lower than levels
measured by GCL in 1979. The median concentration of DDT in fish muscle sampled
in the lower Ord River near the ORIA in the 1970s was 420 ng/g, with a maximum
level of 8800 ng/g recorded in a bony bream. The median concentration of DDT in
fish flesh sampled from the ORIA in this survey was 6.7 ng/g (fresh weight) which
represents two orders of magnitude reduction in DDT levels over a period of

30 years.
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3.5 Human health consequences

The allowable limit of pesticide residue in food products in Australia is set in Part 1.4
(Contaminants and Residues) of the Australia New Zealand Food Standards Code.
There are two different standards for pesticide residues, based on their type and
application. These two standards are the extraneous residue limit (ERL) and the
maximum residue limit (MRL).

Extraneous residue limit

This is the maximum permitted limit of a pesticide residue arising from environmental
sources other than the use of the pesticide directly or indirectly on the food,

expressed in milligrams of the chemical per kilogram of the food (mg/kg).

Department of Water
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Maximum residue limit

This is the maximum level of a chemical which is permitted to be present in a food,
expressed in milligrams of the chemical per kilogram of the food (mg/kg) unless
otherwise stated.

This study found that the mean concentration of 2DDT in fish flesh in the ORIA was
22 ng/g (median 6.7 ng/g), substantially less than the ERL of 1000 ng/g for fish. Five
samples taken from fish specimens collected in this survey contained 2DDT in
excess of this ERL(see Table 10). All of these samples were collected from usually
non-edible portions of the fish (the brain, liver, visceral fat or gills) for which there is
no direct standard. One of these samples, collected from a fork-tailed catfish (Sample
ID 200604916) contained a concentration of 2DDT of 7891 ng/g in the visceral fat,
which also exceeded the ERL for edible offal and meat fat (5000 ng/g) which is the
most similar food type to the sample analysed.

Table 10 Samples with 2DDT concentrations above the extraneous residue limit
Sample Location Specimen Sample 2DDT
description

200507324 Buttons Gap catfish brain 3734

200507350 Ivanhoe xing bull shark liver 3553

200604912 Ord—-Dunham catfish visceral fat 1558
confluence

200604916 Ord—-Dunham catfish visceral fat 7981
confluence

200604919 Ord-Dunham catfish gills 1275
confluence

The levels of DDT found in crocodiles by Yoshikane et al, (2006), were extremely
high compared to all ERL standards. While the FSANZ does not prescribe pesticide
residue limits for crocodile, the measured values exceeded both the Australian ERLs
for fish (1000 ng/g) and the highest ERL prescribed, that is for edible offal from
mammalian and poultry meat (5000 ng/g fresh weight in the fat)

An acceptable daily intake (ADI) is an estimate of the amount of a chemical that can
be ingested daily over a lifetime without appreciable risk to health. The ADI for DDT
according to Food Standards Australia New Zealand is 0.002 mg/kg body weight/day
(FSANZ 2003). Estimates of the allowable quantity of crocodile offal which may be
consumed were calculated, even though neither freshwater nor saltwater crocodile
form part of the diet of the local population at present. These calculations, based on
the results from Yoshikane et al. (2006) and using an ADI of 0.01 mg/kg body weight
are shown in Table 9. Allowable quantities for adult human consumers range from as
little as 40 g of visceral fat from crocodiles collected from the Ord drains to 1.6 kg of
liver collected from crocodiles in the Lower Ord.
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Dieldrin had a median concentration of 0.27 ng/g fresh weight and a maximum
concentration of 6.3 ng/g fresh weight. These concentrations are well below the ERL
for dieldrin and aldrin combined, namely 100 ng/g fresh weight.

All other OCs in meat and fish samples were well below ERLs and were of no health
concern. OC levels in plant material were even lower and also present no health
risks. For example, the median concentration of HCB was 0.046 ng/g fresh weight
compared to the ERL of 100 ng/g fresh weight. The maximum measured value in the
fish samples was 1 ng/g.

3.6 Source of the organochlorine pesticides

The highest concentrations of DDT congeners were detected in samples from the
ORIA. Large amounts of DDT were applied to cotton crops that were grown in the
area during the 1960s and early 1970s. A total of 128 tons of DDT and 117 tons of
camphechlor were applied in the ORIA, mainly to cotton, prior to 1974 (GCL 1979).
The widespread application of persistent OCs ceased after this date following the
collapse of the cotton industry.

Studies undertaken during the 1970s (GCL 1979) noted high levels of both DDT and
camphechlor in soils and particularly in sediments collected from drains, but relatively
low levels of OCs in soils in areas not growing cotton and only exposed to spray drift.
These studies also found high levels of pesticides in fish collected in the ORIA drains
and in the lower Ord River, with some samples in excess of present day ERLs for
fish.

3.7 Persistence of DDT congeners in environmental
samples

Organochlorines such as the DDT congeners have a high affinity for soil and
sediment particles and a relatively low solubility in water and are therefore retained
within the soils and sediments of the ORIA. Monitoring undertaken in the 1970s (GCL
1979) found that levels of pesticides in the soils and sediments in the tail drains
decreased greatly, largely as a result of bacterial activity (biotransformation and
biodegradation) and loss of volatile compounds to the atmosphere (evaporation).
While OCs are largely bound to soil particles and mostly retained within the ORIA
itself, soil erosion and the transport of sediments represent the probable pathway by
which these compounds were transported away from their point of application and
delivered into the aquatic environment.

Organochlorines that remain bound to sediments in the aquatic environment will
continue to degrade microbially, but loss of volatile compounds to the atmosphere is
reduced. The presence of DDT congeners in fish and crocodile samples collected in
2005 and 2006, some 30 years after the use of DDT pesticides was banned in
Australia reflects the properties of DDT compared to other OCs.
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Some of the factors which may be responsible for the high levels of DDE found in
recent samples collected from the ORIA are discussed below.

The high fat content of samples

DDT and its primary degradation product DDE are highly insoluble in water
(hydrophobic) but highly soluble in oils and fats (lipophilic). The highest
concentrations of the DDT congeners are therefore found in samples and specimens
with highest fat contents (such as visceral fat and liver). These tissues do not usually
form a major component of the human diet, but they can under some circumstances,
such as in some traditional Indigenous food preparation methods.

Bioaccumulation

Lipophilic substances cannot be excreted in urine, a water-based medium, and so
accumulate in fatty tissues of an organism if the organism lacks enzymes to degrade
them.

Biomagnification

When eaten by another organism, the fats present in the prey are absorbed into the
gut of the predator, carrying with it lipophilic substances such as DDT. If the biology
of the predator precludes it from eliminating these substances, they will accumulate
in higher concentrations in their lipids than they did in those of the prey. High level
predators such as crocodiles, barramundi, sharks and omnivorous species such as
fork-tailed catfish can contain very high concentrations of bio-pollutants as they are
accumulated from one trophic (energy) level to the next. For example from algae to
fish, to predator fish, to top level predators such as birds of prey, sharks, barramundi
and crocodiles.

Exposure to DDT in drains

Direct accumulation of DDT from fine grained organic sediments particularly by
bottom-dwelling species or individual organisms that enter the drainage network,
such as catfish and bream.

Limited home range

Species or individual organisms that remain in close proximity to pollutant sources
will tend to accumulate higher levels of pollutants than migratory species or species
that have a wider home range and which therefore spend less time accumulating
pollutants.
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Long lifespan

Species such as crocodiles and barramundi are sufficiently long-lived to have been
exposed to high levels of DDT present during the 1970s and early 1980s

3.8 How do these levels compare to other areas?

It is difficult to make detailed comparisons of pesticide residue concentrations
between different areas and between different studies due to differences in the
design of the surveys. These differences include the species collected, sample tissue
type (for example, whole fish, muscle visceral fat), analytical methods, detection
levels, reporting and the date at which different studies are undertaken. Despite
these difficulties some very general but useful comparisons can be made between
results from other studies and those from this study.

In general, DDT congeners persist in a wide range of organisms all over the world. In
Australian-based studies, detectable levels of DDE in eels (20-70 ng/g) and mullet
roe (20 ng/g) have been reported in Queensland rivers (anon. 2003). Similar levels
(40 ng/g) were found in fish flesh near a sewage outfall in Sydney (Miskiewicz and
Gibbs 1994). The National Residue Survey (NRS)
<http://www.daff.gov.au/agriculture-food/nrs> in Australia tests for pesticide residues
in a wide range of export food products. In 2003 the NRS reported detections of
¥DDT (where detection is defined as XDDT > 10 per cent of the ERL) in 20 out of the
1863, or 1.1 per cent, of animal food samples it had tested, although no samples
exceeded the ERL.

As discussed earlier, the highest concentrations of DDT congeners are frequently
found in top level predators because DDT both bicaccumulates and biomagnifies.
For example, in 2000 ZDDT concentrations reported in top predator fish in the Great
Lakes in the USA were approximately 1000 ng/g which was approximately 6 per cent
of the level recorded in the 1970s. The USEPA website has details of their monitoring
results. See
<http://www.epa.gov/ginpo/monitoring/fish/contaminant_concentrations.html>. ZDDT
levels in fish muscle in the ORIA (median = 6.7 ng/g and maximum = 95 ng/g) are
roughly comparable with levels reported elsewhere in Australia but lower than levels
reported for top level predator fish in the Great Lakes of North America. Very high
concentrations of DDT compounds have been found in crocodiles in the ORIA
probably because of their longevity, direct environmental exposure and position in
the food chain as a top level predator.

Dieldrin is another commonly reported OC of environmental concern. The limited
number of samples of wallaby meat in the ORIA prevented detailed assessment but
dieldrin levels were elevated in the wallaby meat samples compared to the fish
samples and the single meat reference sample (supermarket beef). Dieldrin, like
DDT and other OCs, is relatively persistent in the environment and is one of the
residues monitored by the NRS. Recent reporting (NRS 2004-05) of residues in beef
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found dieldrin at >10 per cent of the ERL in six out of 1096 samples tested and in two
of these cases levels exceed the ERL. The NRS data show that it is unusual but not
unprecedented to detect dieldrin in export beef (the export beef industry is
specifically monitored and managed to minimise residue levels to protect Australia’s
export industry).

3.9 Other traditional foods not analysed for levels of
OC pesticides

Target species identified in this study but not sampled were:

Black bream (Hephaestus jenkinsi)

e Salmon (Eleutheronema tetradactylum)

e Red claw (freshwater crayfish) (Cherax quadricarinatus)

e Cherabin (giant freshwater prawn) (Macrobrachium rosenbergii)
e Freshwater mussels

e \Water monitors (Varanus mertensi)

e Freshwater turtles

In this study we found that the levels of DDT congeners did not vary greatly between
fish species although the number of samples analysed was limited. Similar pesticide
studies undertaken in the ORIA in the 1970s (GCL 1979) also found that the
differences in DDT levels between fish species was relatively small, but with the
highest levels of DDT being found in fork-tailed catfish and barramundi. Studies of
DDT and other pesticides in Lake Kariba on the Zambesi River in central Africa (Berg
et al. 1992) found some significant variations between DDT levels in invertebrates,
fish and crocodile species. Highest levels of DDT congeners were found in bottom
dwelling, filter feeding mussels (10 100 ng/g fat), bottom-feeding fish (5700 ng/g fat)
and predatory tigerfish (5000 ng/g fat).

The data reported above suggest that the concentration of DDT and other OCs in fish
does not vary greatly between species, and that tissues from invertebrate filter
feeders, other filter feeders and crocodiles are expected to contain elevated levels of
DDT. Within the ORIA, it is therefore likely that freshwater mussels growing within or
immediately downstream of drain outlets would be expected to have somewhat
higher levels of OCs than that found in fish in the same environment.

26 Department of Water



89°0 10> §¥ A 00¢ 5L A ol €0 £5°0 £0> 9¥ (44 y00>| 20> [y ussy J8|nw 90/2/€ des suonng 82€.L05
9¢°0 50> L1 vZ'0 Ly 0LL7 AR 0> 82°0 20>l 9¢ v0'0> 05°0>| 10> vl ussi ysipes 90/2/¢ deo suopng 128108
29°0 150| @4 w00, 9l 0ge € 1T il 0l ¥8°0 19°0 £€0>| €5 0g°0> S00>|  ¥0> 6L Jany usies 90/2/S deg suoyng 92£L0S
S¥'0 91| €€ o] se 00€ 04 64| zeo| e £0> 80> 10> LS 60°0> 060> €0 v'e SIS Useo 90/2/S deg suopng §2EL0S
L 6Lz 90| 9t 008 L1 9'g gz 9l 4 1y g0>| 2l 12 200> £0>| glie ueq usipeo 9072/ deg suopng ¥2eL0G
') 1€0] 95 gzl ¢ 05 ¢ v'Z Sl vl £2°0 L0 s0| 66 ¥2'0 W00l ¥O0> 60 ysy ajoym weaiq Auog 90/2/ deg) suong £2€405
gl 620 z¢ ZL oz 085 | v'8 gL vy a4 44 L 1z 79 1900| 60> 76 Jan) weaiq Auog 90/2/8 deg suopng 22£L08
660 660°0| 61 gLl 98 0SL| 1L0| 8LO g> 10 €20 70> ve 60 £0°0>f 20> €5 ysay weaiq Auog 90/2/¢ deg suopng L2EL0S

2 2 |3 ¢ |8 | % |[s|s|8) 8 g | &§ |8 2|31 |T|&§ g 5 g ¢ T8¢

w 2 I - - - 3 & 2 =< = = = = S o] I 3 g3 g © °3

> v] =] o o 9 = 9 o o I3 =y 5 2 b = 83 23S

=] =] [~} =] H S S = o o 5 3 © T ~®

— = =] m S = = =) = = 3 =z = o5

B s 8 a El E ) S 3 2E

s | 3 |8 B 3 2 ® El

5 ° E ® B B g

2 @ x

VN0 JO WESASUMOP 0 Ul pajos|joo ysl ul (uooey pidi ut B/Bu) sieas] spiolisad LY {jgeL

sajdwes ysi} Ul S)9A3] 9pldlIsad | xipuaddy




96'0 6L°0] 6G 3 L'S 0S¥ $S'0 $9°0 9> €0 9€'0 €0> L't €0 ¥0'0> €0> 43 ysal punweieq 90/5/6 Buix aoyuea| £98¥09
6.0 ¥20| v'9 160 LS 06¥ 90 850 > 61°0 LL0 10> 9y S0 L0°0> 6%°0 0'8 s||ib punwesieq 90/5/6 Buix aoyuen| 998709
¥L°0 L0l L9 160 €l (A4 €€°0 y'0> £> 810 20> L'0>| 9¢ €10 9¢0'0 0> 928 1B} [BJ3ISIA punweseq 90/5/6 Buix aoyuen| 598709
¢L'0 L0 9 80 4] 0Ey 99'0 L'0> 9> 12°0 0 20> 8% €€°0 0L'0> 6'0> €62 43N] punuwieseq 90/5/6 Buix soyuen| 98709
L> 70| 6°¢ ¥2°0 L'E (9144 8L 6'l €l S2°0 9l yo>| 1L 9.°0 900 €0 €9 uielq JIeys |Inq 90/2/0L Buix aoyuen| LGEL0S
vl 8T 34 8€0 Sl 08S ¥ &4 L'l Sy 8¥'0 1€0 1'0>| 29 0 L€0°0 20> §'9L Jan| YIBys |Inq 90/2/0L Buix soyuen| 05€.0S
9T y€0| 87T L1°0 €C 0ee | €€ L'E [44 L0 1’2 90> cl €60 $0°0> ¥€0 90 ysay YJeys |Inq 90/2/0L Buix soyuen| 6¥€L0S
1> L¥y0 9l €l 8¢ 00¥ L ¥6°0 90> > 90°0> 90> 1'0>| 6¥% §9°0 020> L0 €6 s||i6 punweseq 90/2/0) Buix soyueA| 8¥€L0S
e S20| §9 98'0 ¥'6 0z, 4 14 62 820 € 90> €l Sl 800> L¥0 ¥'0 ysaly punweseq 90/2/0L Buix soyuen| 9Y€L0S

523|833 |8 |3 (85| ¢glg|zls|/e|zl2]g] ¢ 5g g 2 e

w 2 - - - - 2 & 3 < = = = = o o =4 3 23 & o ® 3

» =] =} o o i & g [2) & = Y 3 T 2 < 23 T

=] o =] o 2 5 (1} = [ ) 5 3 o = ~®

= = [} m 8 S e 5] = = S = = o3

B a ° 2 5] 5] = = ] =S

o = a 3 1 =
2] =l a o @ 3 ) m.
2| % |3 3 b = s
=] o >




0 3 £€C 91’0 144 018 | L'l 8¢'0 LS 4 91'0 Lo>| €9 $6'0 200> S1°0 V8 1} [2J30sIA usiies 90/8/91 | @dUKUOI WBYUN(—pIQ ZL6%09
'L €10l €9 8¥°0 Sl 44 43 vl €l 92°0 S0 68'0f 02 09'0> 0Z°0> 66°0 9T ysay weaiq Auog 90/8/9} | 80UhUOD Weyung-piQ 116909
£6'0 €2°0] 8L LL°0 9'8 64 3 §') 4] 10> 8%°0 0 St 00°¢> 05'0> L0 9t ysayy weasq Auog 90/8/91 | 32UJUOI Weyung-piQ 016409
68'0 eLol €9 ZL0 9'6 05T ¥l £ vl 8L°0 1670 6£°0] 2L ') 60°0> 43 L0 ysaf weauq Aucq 90/8/91 | 83UU0D Weyung-piQ 606¥09
£6°0 €L'ol L8 £l 6L A 44 €60 9'G 10> 810 A RA b S0 ¥2°0 %4 ysy ajoum weaiq Auoq 90/8/91 | @oUU0I Weyung—piQ 806%09
L'y L'0> 4 2’9 99 0592 R4 1'g 1S 89°0 [ 0'i> L X4 60'0> L'l ' ysap 9|nw 90/8/9L utelp ¢ 106909
i 70> 69 0| 04 06€ & |43 €L 0> 180 $6'0 100> ¥'9 S0'0> 0'Z> 90> gyl Jan)| 18inw 90/8/9L uelp yg 906$09
3 €10 59 Ll LL 099 ¢ 61 > Zl 89°0 29'0 2e0] 01 62 07'0> y¥'0 8’} s|ib jajinw 90/8/91 ui2ap ¥q S06¥09
S} 20> 62 S LE Q0L T £9'0 180 G> L2'0 9€°0 01°0> 13 01°0> 90°0> 820 (4 ysi sjoym wealq Auoq 90/8/91 uielp $(d $06¥09

sz (sl sl s [slels] ez zles/e]zlzls| ¢ 3¢ g 2 ¢

w o - - - - 3 & 3 < = =3 = = e} e} 5 3 23 T ® 23

x o o o (=] @ = b o a & 5 =1 3 T ] ST FB

) o =} o 2 5 2 = 23 [2) z 3 & T % o ®

= - o m S = = 5] = = E o= = =3

3 | s | 8 3 g 3 2 g g 8z

5 2 A < 3

5 3 & ] @ 3 kS 3

g ® 3 ® 3 = 2

2 o 2




6570 €0| €L L' 99 0s1 €0> €0> £> 2600 20> c0> 97¢ S0°0> 80°0> 3 8°L punwelieq 90/8/91 | 9JUlUOI Weyung-pio L26¥09
70 LL'0| 6'¢ €800 €T 09% 960 890 8> cL0 8¢0 820 StV 60°0> 0L0> 20> €l ysay Usijed 90/8/9} | 83UlU0d Weyung-pJo 026¥09
LE°0 €l [44 6L S'6 0Ll L Sl £0> > ¥20 20> 20> 6'S 010> 6€0°0 20> Ll ysyjed 90/8/9} | @3Uju0d Weyung-po 616¥09
850 LLO 0C €0 8 069 Ll l 6> 90> 250 LE0| €8 00'L> 0Z> 01> €l ysay ysyiea 90/8/9 1 | 30UUOd Weyung—pio 816¥09
LGS0 'L [43 0> Sl ole L Sl 0> > 1> £0> €0>| €9 00'v> 0'e> Q'e> v'6 oA ystes 90/8/91 | 82UlU0d Weyung-pio L16%09
L€°0 Sl 143 9%'0 L2 089 6 T 820 £> 920 10 Lo>| L. [ 1200 110 28 184 [BJ3TSIA ysijed 90/8/9 ) | 92UU0d Weyung-pJo 916¥09
890 S9°0 L 10 Sy ove L 1> 6°0> 0l> 00> L0 SPo| vL 020> 0L°0> £0> 90 ysal ysijed 90/8/91 | @9UU0D Weyung-piQ SL6¥09
€€°0 €L°0 Ll 810 9¢ oly L L9°0 LE0 v'e LL°0 L1°0 90| €§ 8L0 10°0> S0 L'yl ysies 90/8/9} | 93UU0d Weyung-pJO ¥16¥09
S0 SL0| TL 1’0 6C oy b 'l Sl 0L> €0> Se0 §'0> 1’8 00'2> L0°0> 9%'0 6L JaN]| ysied 90/8/91 | @3UlU0d Weyung-pio €16¥09

5| 2 |32 || % |§|§ |38 ¢ 0% |8 & P | % | £ ¢ §¢ g g 3¢

@ 2 - - i - 3 & 3 < 2 2 5 = o o g 3 &3 5 3

x o o o o ! = . x] Bl o = El - I B =g 5=

=] o =] =) 3 3 o = a a = m @ T o

= = o m g = = 5] = = El = = S35

® o = 2 g S g 3 S SE

o Q = - w

S = s ] o = ® T

g = | E * :




)
HOH | _ g @
Vv j=} (=]
Xal|wt © ©
A S S
(= Q =]
lag-d'd | ~ «~
< = <
Laa-d'o
@ ~ =
(] N e
n
ada-d'd | _ - >
[ o N
3aq-dd
Q (=) (=]
0 @K M~
& b= =
10JYo eUOCU-SUEY, N
Y J “ ;§ 8
vV (=] O
auep 10jyo-s1o
P 10jyo-s} -« g <
v (=] =
auep 10]ya-suey
P 1014 b < «
Vv v «3
auep Jojyos AxQ © 5
s < <
(=] (=3
‘\:I’ N2 \2
dal
xoda tojyo eyday .5 o
N (e -
v vV [=]
Jolyo vyday
Q N N
N (=] [e)
v vV N
upplaIp |, o @
v N ~N
uupje o
~N
& 8 o
(=] =] Vv
-A
HOHR 18 e 8
o (=]
9 Vv v
HoH-d 2 by &
v f=] (=]
% Jusjuod pidiy %) q
~. (23 o
~— (] x
adf)y sjduieg 8
©
=1 o 8
W @ 3
& 2 2
uondiissep |._ = -
* © o a
sjdweg = € g
£ € £
2 g £
« « «
O £ O
aje © © ©
a8 8 8
«Q <4 o
0 «© ©
< - -
] 8 8
S £ £
E e £
o Q Q
£
ays |§ 5 5
= £ K oe
[= o [=4
3 p=1 =1
3 g 3
B B B
o] o a
{00z x1ja1d)

Jsquinu sjdweg

604922

604923

604924




> L0> 8L 80 €l 9l i 2> 0e> G'0> 1> oL> Sy 90 080> | 0'L> x4’ ureiq ysijes S0/QL/IL abpa ayL — Janry js0d9juad 0l€L0S
£> gL 1L 820 9T t44 [ 1> 0> 88°0 L0 90> 44 8L°0 | ¥0'0> | ¥0> f44 Jan| ysipeo S0/0L/L abpa ayL — Janiy Is009juad 60€L0S
> 80 el 810 v'e €5 el 1> 8> £7'0 0> €0> 144 €r'0 | 200> | 20> L'e s|ib ystyes S0/QL/L abpa ayL — Janly 1s093uad 80€L0S
> K4 x4 LE0 L' L8 ST &4 0z> ¥l Ll 90> S o 020> | ¥0> 98 1€} [eJ3osIn ysies S0/0L/IL 96pa7 8y L — Jany Jsod9juad LOELOS
1> (3 40] 3 GE0 6'¢ 9l LT I*ir4 0e> 8L0 1L oL> ¥'9 8’0 | 0L'0> | 90> 60 ysay ysies 50/6/0€ S| ajoway 9|Abuy axe ¥0€L0S
8'0> 92’0 290 20 L'0> L €l 2> 0> 89°0 8L°0 L0> 9'¢ Ly'0 | §00> | S0> e Jan| ysyieo G0/6/62 | 2310 Janjonay — a|ABiy axen €0€L0S
1> €L°0 GE'0 | 800> | €0> L 180 1> 0> Ly 90> 0> e €€°0 | 900> | €0> k4 s|i6 ysiies S0/6/6T | %9310 Janjonay — alAbly axeT 20€L0S
L> 62°0 680 20 Ll 4 gl 1> 0z> ¥'0 96°0 G'0> Ly er'0 | L00> | 20> 6'l ysay ysijed G0/6/62 | 0310 Janjonay — alAbuy axeT L0€L0S
> 620 86°0 €0 1L Sl 8L 44 0e> 6€°0 96°0 ol> (A GE'0 | 900> | 80> 90 ysay ysiied 50/6/62 Aeg sassA|n alABly axe 00€L0S

zl 2| 3| | | 3| s§| g s| g 2l 7| &8 2 3| ® - 7 T g ol gg

w 3 - - W~ - 3 & 3 < = = = = o o =) 3 &3 Bl L o3

x =} o o o 9 = 9 o Iy Iy Ey 5 £ £ = =1 S5 25

>} =] =] =] 3 5 < = Q [a) 5 a © = ~®

= = o m 2 = = o = = o = = o3

o o g a =) ] =1 3 ] £E

a E] a Iy o = T ® 3

28| B 3| ¢ 2 g

= ® 8 ® e

VI¥O Jo Wweaysdn sa)is souasajal je pajos|jod (uonoel pidi B/Bu) Ysi Ul UOIEBIUSOUCD SpIoNSSd

Zv 3lqel




13 Zi0 €T €0 € £9 4 £ 9l 990 gL £r'0 £6 eLo 900> €l ol ysap punweleq 90/6/6 Weq Uoisial(q elnununy 2L8Y08
98’0 142Y Lt 220 L2 s 950 90 'S 120 ¥o (FAY g'e SL'0 | 00> 8o 09 |8 Ipunweleq 90/5/6 weq UoIsIaAI] elinununy; 128909
80 3¢ i 610 I44 28 ¥eo £0> £> S0 0> 0> ¥ €10 S0'0> $0> 1oL 184 |B4308In ipunieseq 90/5/6 WweQq UOISISAIJ elnununi 0.8909
960 SL'0 8L €0 34 85 980 ' L fA g 870 V0> v'e 610 S0°0> | SO> L6y Jonf ipunweseq 90/5/6 WeQq uoisisalq eunununy 698409
€1 8L'0 Lo eL°0 L0 Ll L 'L '8 180 L1°0 L¥0 S's 650 | 8€0°0 L0 6'L ysag lpunwe.ieq 90/5/6 Wweq UoISIaA|] elnununy 898¥09
Z 8L g 820 [ 4 09 6t ve LT | LT 1 143 €T €10 i24Y] |84 oA Ipunwelieq 9072ive S|0H Dgg 1s009iuad £6€.0S
4 160 L 620 G 28 Ly g'g 8¢ vea L'e 60> L Sl L0 250 €0 ysal4 ipunwielieq 9072 3joH DEG 1s003jUad ZGELOG
> GL°0 850 €10 61 S 680 6'0> 0> 920 9'0> £0> 4 120 €00> | €0> i yssy ysijeo S0/0L/L 9BpaT 3y — 1aAR 1S0093UId 1eL0G
190 €50 62°0 1o l 3] S50 960 L 2200 LE0 0> (&4 P¥0°0 | ¥0°0> 20> vl ysay ysiies SO/0L/L abpa ayL — J9AlY JS008jUsd LieLos

T 3 ® o > ® = g 3 o = = o B < © ® a» o ) o

S ] ] o F ; . [ o = 2w

AR N - S -4 B z 5| =y 2| =2 B &% & 3 s E] &3 & & g3

x =} =} o o} % = % o & & £ 5 2 2 = = ST 23

g o =} =] 2 5 2 = Q [2) 5 a ) T ® o

-~ = 5] m Ef 1 = ) = = o =z = S 3

o g 2 a 2 ) 2 © E] =

fx) M o o @ o D 3

= ® 2 3 © =2 g

g 8 ° g R =




¥8'0

S50

9l

6l

Ll

€0

20>

c> ¢60°0 | 1800 | L00> 4 980°0 | €0°0> 99 oLl s|iib Ipunuieseq 90/L/02 abpa7 ay L — Janly Js0osjuad L18Y09
SL°0 Ge0 Ll 20> ge 8l €0 €0> €> €0> €0> | ¥0°0> 1'e 600> | 0L°0> 4 S'v6 1€} [BJ3ISIA Ipunwiesseq 90/L/02 a6paT ayL — Janpy Js033uad 9.8v09
§8°0 8€0 9l €10 L' ¥ LLO 890 G> 20 ¥2°0 0> 4 020> | 900> | 2,0 e ysay Ipunwedeq 90/L/02 3bpa7 3y L — Janly Is00sjuad G.8v09
$8°0 2€0 Sl 10> §e L 8€0 g'0> 9> zl0 €0> 0> 9C ¢L’0 | L00> | 60> ¥'SS Jan| Ipunwiesieq 90/L/02 abpa ayL — Janny 1s0d33Uad ¥.8¥09

3 =l 3 3 g 3 3 & g g 3 3 5 = il z C 4 P 5 2 =L

w 3 - - - - 3 & 3 < = = = =X o o ° 3 23 T L) o3

x o =} =} =] i > 9 ) 8 5 s 5 £ £ = 5 S5 SR

=] o o o = o 9 =3 o 2] 5 a o T o o]

= = o m g = = 5] = = o = = o3

2 Y g s 3 3 3 3 ] =3

o w a o M - ] @ 3

= ) ) 2 - 2 g

g 3 £ S =




Buix
2100 880000 | €200 1€00°0 | PEQO | 97T 2100 100 1’0 Ly0°0 [3%0h¢] 1000 200°0> 28000 £000°0> <ioo'o> 0 ysafj Ipunwiesleq 90/20/0} mocomz 9¥£L0S
de
£€200°0 100°0> 8¥0'0 1100 G500 | 2¢ 9100 SL0C 10 2€00°0 15000 | €00°0> 2600 $200°0 $000°0> 000> % ysay Bl 90/20/€ mcoﬁOJm 82¢L0S
de
§00°0 2£00°0> Lo £E00°0 9l'0 6¢ G100 800°0 | 80°0> £00°0> 000 £00°0> LS00 9000°0> 200°0> 100°0> v ysap ysiies 90/20/€ mcozm_wm L2¢L0S
de:
6%0°0 1$0°0 S0 8500°0 'l 09¢ 910 1o 80> 9800 6¥0°0 200> ta 4 200> ¥00°0> 00> 6L Jang usies 90/20/€ mcoz®:m 92€L0S
de:
Si00 $50°0 Ll £20°0 L6'0 | 0se 990°0 LL00 Lo> 100> €0°0> | €00°0> (4] €00°0> £0°0> 10°0> y'e siib ysujed 90/20/€ mcoﬁOJm G2EL0S
d
ee'0 190 €l 6L°0 13 oLLe 8l 68°0 'S £9°0 9e'0 20> 8'c 99°0 900°0> 60'0> g'le utelq ysyed 90/20/¢ w:osz:m y2el0s
de
SL0'0 £200°0 6¥'0 22070 620 (4 1200 €100 ZL'0 2000 L€00°0 | SPOOC €500 12000 1$000°0 ¥00°0> 60 | ushaouym weaJq Auog 90/20/e mco«m_u._m €2eL0S
d
91’0 9200 6T Lo 6'L 051 LL0 2L 4 144 20 L0 6'l 150 28000 80°0> 2’6 JaAl wealq Auog 90/20/¢ mcom«wmwﬂm 22EL08
d
£50°0 £800°0 3 2.L00 TS0 oy 34940 v00 £0> 2100 8100 100> 62°0 120°0 Z00°0> 100> £'g ysay wieauq Auog 90/20/€ mcomtwm 12€L08
T ] ® = n » -
3 2 2 g 3 3 5 3| 3 g g g g & i 3 5 g g g g EE
o o - - o~ - 5 & o < =3 =3 = o, o o = 3 a3 ) o3
x S | g 8 it z : S 5 g = 3 T T = =3 e
=1 =] =] o ] 53 =3 = o o 5 3 o T ® ~®
=i 1 o M 3 2 = g oy = S - = s
-1 a S - 5 5 2 < =) SZ
o oS = o Q 9 3 B 3 =5
s 3 & 1 I z ? g
= 2
) 3 ® g = 8

VYO JO Wesnsumop Jo Ul pajoa|ieo (Gyblam ysal B/6u) ysy U] UOIRIUSOUOD SpIolsad oV 9[qel



¥€0°0 S00°0> 990 Lo 68’0 29 #10°0 200 10> 19000 €800°0 | 200°0> 20 200°0> 100°0> §900°0 0'C | usysjoym weauq Auoq 90/80/91 uielp yg $06¥09
Bi
L€00 19000 610 2€0°0 91’0 145 100 200 0> ¥600°0 ZL00 100> S0 1100 100°0> 100> 4ol ysay Ipunweseq 90/50/6 moc:nmg £98%09
Buix
£90°0 1200 $S°0 L2070 8¥'0 34 $50°0 6¥0°0 0> 9100 ¥10°0 | 800°0> 6€°0 €100 900°'0> L¥0°0 08 s||ib Ipunwiesieq 90/50/6 soyuen| 998109
Bu
190 (450} L' 80 Ll 06€ 120 £0> > S0 20> 80°0> € 110 €00 £0> 928 | 184 [eI3TSIA Ipunweseq 90/50/6 oo:%mz §98109
Bul
120 1600 8l ¥Z°0 gt oL 610 20> 2> 900 ZL0 90°0> i’ 8600 €0°0> €0> €62 Jani| Ipunuielieq 90/50/6 mozc.wz ¥98¥09
Buix
90°0> ¥10°0 erAl) G100 €20 Sl (450} 415 ¥8°0 9100 8600 €0°0> S¥'0 8v0°0 1$00°0 $20°0 €9 uleiq Yeys |inq 90/20/0} soyuen| LGEL0S
Buix
} 1z z€ 62°0 LLo|olse 6l €80 S'e LE0 €20 80°0> Ly €0 €200 0> §'9. Jan| Heys (inq 90/20/0) aoyuen| 0S€L0S
Buix
GL00 61000 | 9100 | 660000 | €40 L 6100 1200 €10 | 60000 2¢L00 | €000> L0°0 €500°0 2000°0> 61000 90 ysay Heys (inq 90/20/0) soyuen| 6¥€L0S
Buix
60°0> ¥¥0°0 Sl ZL0 9T oclL £80°0 900> | ¥'0> 900°0> 900> | 600°0> 90 1900 200> 9100 €6 lpunwieseq 90/20/0L soyuen| 8Y€L0S
= = R (] T k=] = Q =4 e a e < = | [72] o wm o ] T w
8 5 Y ¥ ¥ 3 §#§ § §y & & i §y §y oy % : 85 5 5 33
% S o] |- @ S o p g g 2 E) 2 2 = = S3 el
=] o} o |} > o a8 = o o 3 ° © T ® ~®
= = o m =] = = o = = 1 Z = Na
3 o =] g ) ) - [=] ==
8 8 2 g 3 8 g 3 . =5
Q =) =3 M ) - =
I I [ :




Juod weyung

6€0°0 900 180 6.00°0 £¢ (4% Lo L0 80> 200> 8200 00> ¥90 70> 900°0> L£0°0 6L Jonlf ysies 90/80/91 -pIQ £16¥09
U0 Wweyun
$€°0 £6°0 6l 10 61 0zst 880 2e0 194 L1'0 €10 80°0> o] 80 200> Lo %8 | 1B} [el3dsiA ysiyeo 90/80/91 4 I_Sn% a Z16¥098
. . . . . . . . . . . . . . . . . Juoo weyung
€00 2E00°0 4% ZL00 61°0 e 6200 9€00 ¥e0 19000 €100 €200 250 200> $00°0> G200 9T ysay weatq Auog 90/80/91 P10 116409
. . . . . . . . . JUoo Weyung
100 §£00°0 cL'o ZL00 €10 e L1070 [ 24 610 cQ00'0> G£00°0 | S900°0 €20 €0°0> 800°0> 2100 9l yssy weaiq Auog 90/80/91 —pI0 016409
. . . . . . . . . . . . . . . . . Juoo weyung
6G00°0 | §8000°C | 2¥0'0 L¥00°0 €900 | 91 600°0 200> | 2600 2Lo0'0 ¥€00°0 | 92000 180°0 18000 9000°0> 18000 L0 yssjy wealq Auog 90/80/91 -pI0 606709
. . . i . . . . . " . R . . . Bu0d weyung
200 1L200°0 810 8200 AN 9L 6800°0 1100 43y 200°0> 8200°0 | LE000 €10 200 2e00°0 1500°0 1’2 | usysjoum weasq Auoq 90/80/9) —pI10 806709
LEC00 200> G860 1270 £ 16 9o L0 8l €200 L$00 £0°0> 850 91’0 £00°0> LETO Ve ysay 18linw 90/80/94 welp yg L06¥09
ZA] £0°0> 6'6 8¢ 14 08. 0 610 1> £80°0 L0 1000> T6'0 £00°0> 0> 60°0> Syl J8M 1BjInw 90/80/91 uep $q 906709
8100 £200°0 ' leo v 001 €200 10°0> g0 2100 11070 LS00°0 810 2500 $00°0> 8.L00°0 8L spnw 90/80/9L uesp v §06v09
g 303z ¢ = s 3 ¢ § ¢ z# # ¢ ¢ 1 o o ¢ > 2 5¢
w 3 = - - - E & 2 < ° ° = 2 o o = 3 &3 £ ® 23
* o [} o o [ = g [} ) = = = = * = 23 23
=] o =] o E) 5 = = o o 5 3 G T o o ®
3 3 ] m ] = = S = = S - & N
3 a 9] = = = 2 < S g2
o o - o = 1 @ =3 = ~3
Q 3 a E] ) = ® T
=2 ® = ® kS ® 2
g @ *




Buod Wweyung

100> | €¥000 | ¥1'0 | €00 | 1o | 8z | z00> | v00> | 60> | L000> | 200> | 200> | 800> | L1100 | €000> | zoo> | b | ussy punweseq 90/80/9} e 226909
. . . . : ) " . . . . . . . . . JJuod Weyung
900 | v200 | L50 | ero | zgo | b | 200> | zo0> | z0> | 2000 | 200> | z00> | zo | vooo> | sooos | zsoo | g2 punweseq 90/80/9} e 126509
; . . . . . . . ) . . . . . . . . JJuod weyung
£500°0 | €6000 | 2S00 | 1000 | €00 | 19 | €100 | 68000 | 10> | s1000 | sooo | ze000 | so0 | sooos | sooes | cooos | €1 ysal usiped 90/80/9} gy 026509
u
9900 | €20 g€ e'0 v oz | zo | soos | ros | zoo | voos | voos L 200> | 69000 | v00> | L) si6 usies sooigr | MU 616400
. . . . . . : : : ; . . . ’ . . JU0d Weyung
£L0000 | 960000 | ¥20 | €v000 | L0 | s8 | 1200 | €100 | vo> | 8000> | $9000 | €000 | 10 100> | 00> o> | €4 | usew Usieo 90/80/91 e 816%09
[¢e]
¥S00 | 110 Lo | w00 | vL | 089 | w10 | v00> | v0> | 600> | £00> | €00> | 650 0> £0> co> | ¥ Jon| usied sorgorgs | MY ouMMES 116509
Byun:
520 e 8z 8c0 ez |oser| €20 | > 120 | €800 | 800> | €9 960 €200 | ¥600 | z'ze | vesleisosin usied sogoigk | PRI gu6p00
000 | 8£000 | 990°0 | 80000 | 92000 | €4 | 9000> | S00°0> | 90°0> | 2000°0> | L¥OO'O | 92000 | ¥v00 | 000> | 90000> | zooos | g0 | usey usied 90/80/9L | BUOD WeYUNa—pIO|  SLEV09
Uuod wel
6900 | L0 | sz | 9200 | &€ | obz | 6600 | sv00 | 6v0 | vzo0 | 9wo0 | €200 | 80 Lo 000> | 1200 | bl usted sogogr | ML pip00
5 2 2 3 2 3 3 # 3 g ) ) & 5 = Z & & g g 2 =
w 3 - - - - 5 S 3 < = - = = o o = 3 a3 ® ® %3
x =) =) =] =] n - i 2] & & = Bl T T o ° =T <i=h
=] o] =] =] 3 o 9 = I3 o 35 o © T o N ®
= = o m o = = ] = = 5 = o Na
=} o o " o ) =3 (=] =N
B 2 2 a <] 5] B S 3 =5
g 3 B ] s z ° g
g s ° g * |




e <
& ]
(=] (=]
80H
@2 -
3 N
o (w)
Xoljw
(] o
¥, @ -
laag-dd
o ©
o o~
Laa-4d'o
- <
-~ o~
aag-d'd
o (=]
© 3
3aq-d'd
o @0
<Q it
o o
JOJya BUOU SURIY
o~ ©
- “
o (o]
auep Iojya-sio
~ ~
v o
auep Jojya-suesy
o 0w
2 3
v g
auep Jojys AXQ
o~ (=23
(=] (o2
=3 =3
xoda i0]ya ejdaH v °
5 o
g g
10)yo eydaH
& o~
d ~
upplaIp
— ~
N o
o v
unpje
@ o~
= <
(=] o
v v
HOH-A
~ ~
p o
HoH-d
© 0
(V3 o
% Jusjuoo pidi © ©
&
had Q
@
adfy sjdwieg >
k<] k=i
c c
3 2
£ £
g g
£ =
O «
£ =]
uopndiasap
ajduteg
@ w0
< IS4
PO o«
S Q
© is]
- <
ajeq
= =
c o
1 8 ! 8
eE BE
ol o8
[= [=4
3 pul
a a
ajg
< <
o o
(<] (2]
S 3
(002 x1a1d) 3 3

Jaquinu afdureg




abpan
10> 600> (440 6500 910 I LL0 20> > 900> 10> 10> S0 G.00 10> 10> €cl uleq ysiies SO0/0LIL Janry 0L€L0S
15093)Uad
abpan
L0°0> ¥€0°0 §200 29000 8500 €60 2€00 200> 20> 6100 L10°0 L0°0> €600 1100 6000°0> 600°0> (44 ] ysied S0/0L/L BNy 60€L0S
1S093)Uad
abpa
L0°0> 1€0°0 6¥0°0 99000 €L0 4 S0°0 00> €0> 9100 100> 100> 1800 9100 £000°0> 100°0> L't s|ib ysied S0/0L/L Janiy 80€L0S
1S093jUad
abpan
20> 120 8.0 CE00 0 SL [44l) 120 > 210 8600 S0°0> €¥0 L0 200> €0°0> 9'8 | 1ej[eladsin ysijed S0/0L/L 9Ny L0€L0S
JS023jUad
S| 3j0
600°0> L€00°0 26000 2€00°0 G€0'0 L0 ¥200 2200 £0> L1000 100 600°0> LS00 L1000 6000°0> §00°0> 60 ysayy ysiyes $0/60/0€ M_\Mm._ﬁe._m ¥0€L0S
FEENle)
200> 1,000 6100 65000 200> €0 6€0°0 900> 90> 200 €200 200> L0 100 200°0> 200> 0e Janl| ysiped $0/60/62 ‘_m»_%ﬁw_ €0€L0S
3JAbJy 7
FEETle)
£0°0> 1200 100 ¢00°0> 600°0> (45l €200 €0°0> £0> ¥10°0 200> 100> L0°0 L6000 200°0> 600°0> 6'C ysiyed 50/60/62 ._m»_%>m~_ 20€L08
SJABay 7
FEET o)
200> ¥500°0 L100 6€00°0 2200 220 8200 200> 0> 1420070 8100 100> 880°0 18000 100°0> ¥00°0> 6'l ysay ysined §0/60/62 ._m»_mo\,mw_ L0€L0S
3JAbIY 7
Keg
100> 81000 65000 2000 89000 600 1100 100 20> €200°0 15000 900°0> r00 12000 ¥000°0> 500°0> 90 ysapy ysiies §0/60/62 mwmmmzn 00€.L0S
9JAbJY 7
22 3| ¢ g\ 8| § s s/ g 5 & & gz 3| /g g sz g gl sme
w 3 - - -~ - 3 & 2 < 2 = = =1 o o = 3 a3 T ) @3
x o o =} o] [ = 4 o a Iy g 5 L e = 98 =)
o o s} o 3 5 123 =z = o 5 3 ) oo o ®
= = o m 5] S = 5 3 = =) - = N
3 a o = 2 S = = ) SE
o o P o @ = 3 ] =3
o 3 W ] -] - o
m ® 3 ® 2 R 2
VI¥O Jo wealsdn ssjis aousisjal Je pajos||0o (Jyblam ysayy B/6u) ysi Ul SUOIIBIIUSUOD BpIolsad v 9|qeL




weq UoisIaniq]

1100 €100°0 €200 LE00°0 1070 $9°0 1200 $20°0 91'0 8900°0 S10°0 #4000 $60°0 ¥.200°0 9000°0> 400 ol ysap punwelieq 90/60/6 BUNUMY 2L8¥09
; weg uoIsIon:
s00 $800°C 8600 €100 91°0 4 £€0°0 LE0°0 Lo ZLo00 €200 ZL0°0 120 160070 200°0> 820°0 09 sib Ipunweleq 90/50/6 mtzc.:k ‘a 148¥08
weq UoISIsAl
190 980°0 l S0 [A> oy 810 0> 2> [33Y o> 0> 8l §60°0 00> £0> L'9L | 1B} |RS0SIA | IpUnWELEq 90/50/6 m.:::.: S a 0.8909
Wed UoISIon:
A 4] €L0°0 880 gL'a €T 62 £€°0 g9'0 '8 L'0> 20 20> L $60°0 20°0> o> 1’6y Jany Ipunuelieq 90/50/6 M‘.zc.: 5 1a 698¥09
$20°0 $€00°0 €100 62000 yL0°0 1€0 6100 2200 91’0 1100 100 88000 10 1100 2200070 €100 6l ysay punweneq 90/60/6 | weq uotsiand | 898409
sloH
$80°0 9.0°0 1’0 1100 81’0 ST 91’0 10 87 ¥¥0°0 11'0 €¥0°0 85’0 ¥60'0 $500°0 8100 24 Jan]| lpunuweudeq | 90/20/%% vgg €6€L08
}5008jUad
3loH
9800°0 8200°0 25000 88000°0 9100 S20 S10°0 L10°0 F4%] 1000 1100 £00°0> €500 SP00°0 £000°0 gilooo | €0 ysalg punweneq | 90/20/42 odgd 26€L0S
15098)Usd
abpaT
£0'0> 100 1800°0 61L00°0 920°0 €L'0 2100 100> L'o> 9€00°0 800°0> 000> Y00 6200°0 #000°0> 000> | V'L ysai ysies SO/QL/L 8y YLEL0S
JEILEE
abpan
9800°0 SL00°0 L#00°0 $100°0 100 91'0 L0070 6000 860°0 1£000°0 2500°0 £00°0> £€0°0 290000 9000°0> €00°0> | V') ysay ysyjeo S0/0L/L JBArY 11€L0S
15009JU9d
z 3 g 3 S i g 3 g g 5| g & A = e 5% 2 2 g¢
o o - W~ ~ - 3 5 2 < = = = = O o Y E] &3 ) © 83
> =] [w) [w] 0 73 = T o a & =, =] T T o =3 = =
=] > o v) = 3 S = = Q 5 8 © o @ o ®
= - [S] m ) = = g 5 = g s = 3
= o Q = = o =3 =l =5
s g 2 g 3 2 g E > =5
<) > W w b3 - o
m ® 3 ® $ = 2




abpa7

6800 6500 L0 1100 120 8l L€00 200> 20> L6000 98000 L00°0> €0 26000 €00°0> L0 0Ll s|ib punweueq | 90/.0/02 9Ny LL8¥09
1S099juad
abpa
LL0 £€°0 9l 0> ¥'C Ll €0 €0> €> €0> £0> ¥0°0> 6T 600> 600> 6 G'¥6 | 1B} |BIaoSIA punweueq | 90/L0/02 BNy 9.8%09
}s0d9juad
3 . . . . . . . . s 5 g . . i . . 9bpa —Jsanry
200 1100 S$¥0°0 LE0O0 800 S9'0 c00 6100 10> €L00°0 9000 900°0> Lo 900°0> 200°0> 200 0e ysay lpunweseq | 90/,0/02 1sooajuad G.8%09
, . . . < ’ : : g . . . . . . . abpa - sany
L¥'0 8.0 ¥8°0 900> vl 6 12’0 €0> £> 6900 20> 20> Sl 9900 ¥0°0> S0> 'S8 dan| Ipunweseq | 90/L0/02 Js000juad ¥.8Y¥09
3 g 3 3 | 3 ) g 3 g g I g Il % & ¢ 8¢ g 2l g%
@ 3 - - - - > & 3 < ! =4 = = o o g 3 a3 B o e3
x =] =] o =] o > i o o B = 2 == T o =] 32 x =
g =) =} =) ] o S = = [2) S ° ) T @ o ©
= = o m o = = =) ° = 3 = o Na
e e 2 a 2 g g 3 S SE
o @ = 3 @ 3
[a) 3 2 8 ° - -
W ® 3 @ <] B ]




JoUBIj3)

-Jayew

10 200> 10> 800> 10°0>| 980 00> 90°0> 9'0> 00> 90°0> ¥0'0>| L¥'0 200> 0> Z0>| g6l ysay 185 90/01/4] Jsadng] §G1G19
9200 L8500 $0'0 SLo0 GL0'0 190 43¢ 9v0'0 v'0>| 2L00 8€0°0 100> gL 100> €0°0>| Zi00 | 8% e} — ysaj Ageje 90/60/4.2] uoelg yasessay Byl ¥S1GLY
4$00°0 £400°0 $00°0>( 200'0> 12000 81'0 2100 $600°0 210 200°0>( ¥$00°0>| €000 3 800°0>( €0°0> £00>| 60 B9 - ysay Aqellem  90/60/1] uonelg yoleasay by  £51519
110 270 0 25070 2600 §C 3 81’0 L'h 1] 62°0 £50°0 29 9t’0 1A £90°0 | G°LL| lel—ysal Agellem  90/60/1] uonEls uyoIessay By]  ZGLGLY
6L00°C $600°0 8700'0 $00°0>| $¥00°0 820 9200 §900°0 L0°0> £0°0> Lg'o £00°0> € €0°0>| 100> 100> ¥l B3l ~ ysay Agellem™  90/60/12 uonels yoseasay By]  LGLG19
) 2 3 s 3 3 F 3 5 g 3 F 2 & I % & ¢ 2¢ g @ g

w@ ] .~ - - o 3 & 2 =< = = a =3 e} o = 3 g3 @ k4 23

x o =] =] =] @ = ? 2} & & 5 ) X £ S 23 2%

g o o =} = 5 23 =z o Q ) 2 ) g o ®

= = <] m ] S = 5 = Ea S -~ = NS

=2 a o I ) ) - = =] =<

E g S a g g s S 3 =5

s 3 8 3 g z ? g

g 37§ * :
VINO $0 Weslsdn says souaieel 18 pajosljoo (Jybiem ysal B/Bu) sajdules Sjosnw Ul UOBIUBOUOD SpIoNSad SY s|qEL

sojdwes jue)d pue jeaw ul S]9A3] 3pLI11Sad 7 Xipuaddy



97000 ¥0000°0>| 26000 €L00°0| €600°0| €S0°0 12000 cL00 €0 #000°0>| $€00°0| 200°0> 200 $00°0>| 9000°0>| €S000] 0L jueid By Jaisnp|  90/L0/LE Buix aoyuen| 02€L08

1L00°0> 9000°0> LS00°0 L1000 6€00°0| LLOO 12000 12000 £0°0> 110000 1200°0| L2000 100 1000°0> 100°0>| 1€00°0| L0 jueid elbBany|  90/L0/LE yoeaq saqio4 61€L0G

6€00°0 8€000°0 L€0°0 ¥000°0> 2200 ZLo 200 8100 9l0 €000 €100 L¥00°0| 2.L0°0|] 86000 €000°0>| §600°0f L'} juerd ynyuoissed pim|  90/L0/LE yoeaq saqlo4 81€L08
auid

200 §000°0>| 8900°0 91000 €€00°0| 9€00 5000 G500°0 ¢L00 860000 85000 L¥00°0| 2200 200°0>| G20000| S¥000| O} jue(d 90/10/LE de9 suonng LL€LOS
pleyyals|

200°0> §000°0>| 2S00°0 19000°0| 8€00°0| 9L0°0 82000 92000 6€0°0 2000°0> €000 200°0>| 2100 S000°0> ¥00°0>| 6¥00°0[ 80 jueid elbBany|  90/10/L€ de9 suonng 91€.L09
jnuead

¥0'0> L000°0> 2200 100 L10°0 Slo €00 $0°0> 70> 26000 6¥0°0 200> 910 $S0°0 200°0> 9€0°0[ G'LL juerd 90/L0/LE Buix saun,Jep SlEL0S
ysng

3 =l 3 ¢ % g 5 8 3 el E % &8 & 3 ¥ g ¢ I 2 g%

w 3 - - - - 5 & 3 < = = = = o o =k 3 a3 B L] e 3

x o] o] =] o] o = 9 ) I B = E T T a k= =1 i

=] =] >} =] = 5 9 = o o E} o o = ~®

= = o m ° S =3 5] = 4 I - = Na

3 2 ] a g g 2 3 S SE

o 5 = 2 ) s 4 m.

z ° 2 i3 2 g

] @ 2 B3 =

V140 3y} Jeau pejoa||oo (3yblem ysay 6/6u) |eusiew jueld Ul UOREIUSUCD BpIolSad 9V 9|qe |



L0> S0'0> 200> 200> 20> S0> LO°0> 0> > 00> 600> £0> L¥'0 L0°0> 20> 0> 3oUIIRjY Joiem S0/01/L[9Bpa7 BYL — JaAlY 15093)Uad ZLELOS
00> 10> L0°0> 600> 100> 10> 100> G00> 1> £0°0> 200> £0°0> 900> 0> 10> 20°0> VUBIREY Jolem 90/60/8¢ lfem wep 9|AB1y axe 9082609
€0°0> S0'0> 600> 170> 00> 0> 200> 900> 1> 10°0> £0°0> 80'0> 10> 900> 10°0> €0'0> 3VuIRY 818/ 90/60/82 ypou 9By e $082609
£0°0> S00> 10> 10> $0°0> 10> 200> $0°0> 80> £0'0> 200> ¥0'0> 600> 90°0> $0°0> £0'0> VU)o 1318 90/60/82 Keg sessAin sjAbly axen 082609
00> 100> L'o> 80°0> $0'0> 20> 100> €0°0> 8'0> 20°0> 200> 200> £0°0> £0°0> S0°0> 60°0> IvuaRSY 91BN 90/60/8C s{ ajoway d|Ab1y axe £082609
S0°0> 00> 10> Lo> ¥0'0> 0> 100> 00> L'0> 200> 200> ¥0°0> 90°0> L0°0> 00> 200> JVUBIYSY 3_M 90/60/8¢ aippiw SjABLY axe 2082609
£0°0> S0'0> 10> 20> 90'0> L'o> 200> 90°0> 1> €0°0> 200> L0°G> 620 90°0> £0°0> 00> [VUBIYRY J2BM 90/60/82 yinous piQ 9jABIy axer 1082608

a4 S0°0> 6£0°0 ¥Z'0 £0'0> 8l L0°0> 10> > 20°0> $0'0> £0'0> 960 L0°0> 0> L0 VU 91BN §0/60/0€ S| sjoway ajAbly oxery S0€.L09

z 3 ® o T ® 3 Q T o sz T 2 2 < b o @ g @ T
@ F = s s 2 g @ 5 2 32 3 2 g z z 3 3 S 5 3
x ] o o] ] 9 23 @ a i s 5 5 £ g = = EXS
= =1 9 =) 3 g =3 = &0 o 3 5 = £y
— — o m g 2 = =] = = o s o
o o 2 a g g = 3 F
o El 2 5 - - a o E|
= E E] 3 g
) =] ® ]
14 ]
SOJIS B0Ual8jal 1B Pa)oa||00 (/BU) JBJEM Ul UOBIIUSIUCD 3PIIISad 1Y 9iqel



Pesticide concentration in sediment samples (pg/g dry weight) at reference sites
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Pesticides in aquatic organisms — Ord River

Appendix 3 Extraneous residue limits

Source: Australian New Zealand Food Standard Code
SCHEDULE 2

Extraneous Residue Limits

ALDRIN AND DIELDRIN

SUM OF HHDN AND HEOD

ASPARAGUS E0.1
BANANA E0.05
BRASSICA (COLE OR. CABBAGE) E0.1

VEGETABLES, HEAD CABBAGES,

FLOWERHEAD BRASSICAS
CARROT E0.1
CEREAL GRAINS E0.02
CITRUS FRUITS E0.05
CRUSTACEANS E0.1
CUCUMBER. E0.1
DIADROMOUS FISE E0.1
ECIBLE OFFAL (MAMMALIAN) E02
EGG BLANT E0.1
EGGS E0.1
FRESEWATER FISH E0.1
FRUIT E0.05
HORSERADISH E0.)
LETTUCE, HEAD E0.1
LETTUCE, LEAF EQ.1
MARINE FISE EO0.1
MEAT (MAMMALIAN) (IN THE FAT) E02
MILKS (IN THE FAT) E0.15
MOLLUSCS (NCLUDING E0.]

CEPHALORCDS)
ONION, BULB E0.1
PARSNID E0.1
PEANUT E0.05
PEPPERS, SWEST E0.1
PIMENTO, FRUIT E0.)
POTATO E0.1
POULTRY, EDIBLE OFFAL OF E0.2
POULTRY MEAT (IN THEFAT) E02
RADISH E0.1
RADISH LEAVES (INCLUDING RADISH E0.]

TOPS)
SUGAR CANE E*0.01

BHC

(OTHER TEAN THE GAM\MA ISOMER, LINDANE)
SUM OF ISOMERS OF 1,2,3,4.5 6-
HENACHLOROCYCLOHEXANE, OTHER TEAN LINDANE

CHELORDANE
SUM OF C1S- AND TRANS-CHLORDANE AND IN THE
CASE OF ANIMAIL PRODUCTS ALSO INCLUDES

CEREAL GRAINS EQ.1
CRUSTACEANS E0.01
EDIBLE OFFAL (MAMNMAILIAN) E03
EGGs EQ.1
Fisq E0.01
MEAT (MAMMALIAN) (IN THE FAT) E03
MILKS (IN THE FAT) E0.1
MOLLUSCS (NCLUDING E0.01
CEPHALOPODS)
PEANUT EQ.1
POULTRY, EDIBLE OFFAL OF E03
POULTRY MEAT (IN THEFAT) E0.3
SUGAR CANE E0.005

*OXYCHLORDANE'

CEREAL GRADNS E002
CITRUS FRUTTS E0.02
COTTON SEED OL, CRUDE E0.05
COTTON SEED OL, EDIBLE E0.02
CRUSTACEANS E0.05
EDISLE OFFAL (MAMMALIAN) E0.02
EGGS E0.02
FisH EQ03
FRUITING VEGETABLES, CUCURBITS E0.D5
LINSEED OIL, CRUDE E0.05
MEAT (MAMMALIAN) (IN THE FAT) E02
MILES (IN THE FAT) E0.05
MOLLUSCS (INCLUDING E0.05

CEPHALOPODS)
PINEAPPLE E0.02
POME FRUITS E0.02
SOYABEAN OIL, CRUDE E0.05
SOYABEAN OIL, REFINED E0.02
STONE FRUITS E0.02
SUGAR BEET EO.1
VEGETABLES [EXCEPT AS E0.02

OTEERWISE LISTED UNDER THIS

CHEMICAL]

DDT
SUMOF P,p'-DDT; 0. -DDT; P,p-DDE ANDP,P -
TDE (DDD)

CEREAL GRADNS E0.1
CRUSTACEANS El
EDISLE OFFAL (MAMMALIAN) E3
EGGS EQ.5
FisH El
FRUIT El
MEAT (MAMMALIAN) (IN THE FAT) E5
MILES (IN THE FAT) E125
MOLLUSCS (INCLUDING El

CEPHALOPODS)
PEANUT E0.02
POULTRY, EDIBLE QFFAL OF ES
POULTRY MEAT ([N THE FAT) ES
VEGETASLE OILS, EDIBLE El
VEGETABLES El

HCB
HEXACELOROBENZENE

CEREAL GRAINS E0.05
CRUSTACEANS EO.1
DIADROMOUS FISH E0.1
EDISLE OFFAL (MAMMALIAY) El
EGGS El
FRESEWATER FISH E0.1
MARINE FISH E0.1
MEAT (MAMMALIAN) (IN THE FAT) El
MILES (IN THE FAT) EO0.3
MOLLUSCS (INCLUDING EO0.1

CEPHALOPODS)

The units are mg/kg (which is the same as pg/g) fresh weight. 1 pg/g = 1000 ng/g. E = extraneous
residue limit.
* indicates that the ERL is set close to the limit of determination.
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SCHEDULE 2

Exiraneous Residue Limits

PEANUT E0.01 LINDANE
POULTRY, EDIBLE OFFAL OF El LINDANE
POULTRY MEAT {IN THEFAT) El APPLE E2
CEREAL GRAINS E0.5
HEPTACHLOR CHERRIES ED.5

SUM OF HEPTACHLOR AND HEPTACELOR EPOXIDE CRANBERRY E3

CARROT F03 CRUSTACEANS El
CEREAL GRADS E0.02 EDISLE OFFAL (MAMNMALLAN) E2
CITRUS FRUITS EQ.01 EGGs EOQL
COTTON SEED EQ.02 Fisd Ei
CRUSTACEANS E0.05 FRUITS [EXCEDT A5 OTHERWISE EO.5
EDIBLE OFFAL (MAMMALIANY E02 LISTED IN SCHEDULES 1 AND 2]
EGGS EQ.05 GRAPES E0.5
FIsH E0.05 MEAT (MAMMALIAN) (IN THE FAT) E2
MEAT (MAMMALIAN) (TN THEFAT) E02 MILKS (DI THE EAT) E0.2
MIXS (IN THE FAT) EC.15 MOLLUSCS (INCLUDING El
MOLLUSCS (NCLUDING E0.05 CESHALOBODS)

CEPHALORODS) OILSEED [EXCERT PEANUT] E0.05
PzaNuT E0.0% PEACH E2
PINEAPPLE E0.0 PRANUT EQ.GS
POULTRY, EDIBLE OFFAL OF E0.2 PLUMS (INCLUDDIG PRUNES) E0.5
POULTRY MEAT E0.2 POULTRY, EDIBLE OFFAL OF EO0.7
$OYABEAN F0.02 POULTRY MEAT (DN THE FAT} E0.7
$OYA BEAN OIL, CRUDE E05 STRAWBERRY E3
$OYA BEAN OIL, REFINED E0.02 SUGAR CANE E*0.002
SUGAR CANE E0.02 VEGETABLES E2
TOMATO E0.02
VEGETABLES [EXCEPT AS E0.05

OTHERWISE LISTED UNDER TES

CHEMICAL)

The units are mg/kg (which is the same as pg/g) fresh weight. 1 pg/g = 1000 ng/g. E = extraneous
residue limit.
* indicates that the ERL is set close to the limit of determination.
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Pesticides in aquatic organisms — Ord River

Shortened forms

ADI acceptable daily intake

AUSLIG Australian Surveying and Land Information Group
DDT dichlorodiphenyltrichloroethane

DLI Department of Land Information

ERL extraneous residue limit

GCL Government Chemical Laboratories Western Australia
HCB hexachlorobenzene

HCH hexachlorocyclohexane (y-HCH is lindane)

KDD Kununurra Diversion Dam

ORIA Ord River Irrigation Area

ORD Ord River Dam

ORIC Ord Irrigation Cooperative

OCs organochlorine pesticides

OPs organophosphate pesticides

MRL maximum residue level

NMiI National Measurement Institute

NRS National Residue Survey (Australia)

USEPA United States Environmental Protection Agency
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Units

pg (picogram)
ng (nanogram)
Mg (microgram)
mg (milligram)
pg/g

ng/g

Ha/g

mg/g

1/1 000 000 000 000th of a gram, 107"? g
1/1 000 000 000th of a gram, 10° g

1/1 000 000th of a gram, 10° g

1/1000th of a gram, 102 g
picograms/gram

nanograms/gram

microgram/gram

milligram/gram

Department of Water
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Pesticides in aquatic organisms — Ord River

Glossary

allowable daily
intake

congenor

isomer

lipids

maximum
tolerable daily
intake

visceral fat

This represents the amount of the chemical which it is believed
can be ingested on a daily basis without appreciable risk. It is
set at 1/100 of the highest dose level which produces no
observable toxic effect in the most sensitive test species.

One of two or more substances related to each other by origin,
structure or function.

An isomer is any of two or more chemical compounds with the
same atomic composition (molecular formula) but with different
atomic structures.

Lipids are a group of organic compounds including fats, oils,
waxes, sterols, nucleic acids and triglycerides. Lipids are
insoluble in water, and account for most of the fat present in
animals.

Represents the amount of a naturally occurring chemical or
widespread environmental contaminant such as DDT which it is
believed may be ingested on a daily basis without appreciable
risk.

Visceral fat, also known as organ fat, is located inside the
abdominal cavity, packed in between internal organs, as
opposed to subcutaneous fat which is found underneath the
skin, and intramuscular fat which is found interspersed in
muscle.
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