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RECOMMENDATIONS

Feasible Remedial Measures

Insecticides and fungicides. The persistent organochlorine insecticides have virtually
been elimated from use in agriculture and have been replaced by organophosphorus and
carbamate insecticides. While many of these newer insecticides appear to be non-persistent
and rarely contaminate stream water, over-use promoted by the appearance of insect
resistance is leading to a build-up of residues in some muck soils which, in time, will
contaminate water. This problem has not developed on mineral soils.

On January 1st, 1978 the major use of chlordane, rootworm control in corn, was
deregistered leaving it available for minor uses on vegetables and major uses on turf and lawns.
In October 1977 a major use of endosulfan, foliar insect control on tabacco, was also
deregistered primarily because of residues in the cured tobacco leaf. These actions should
greatly reduce the volume of use and the chance of entering water courses.

Usage of insecticides and fungicides is not confined to the agricultural sector, but is
common to the domestic and industrial sectors and to the protection of forests. The Ontario
Pesticide Act has gone far in removing the highly toxic insecticides and fungicides from the
domestic sector and has made it mandatory that only trained personnel can apply such
compounds to the industrial, forestry and aquatic environments.

Strict enforcement of regulations, adequate training of users and general education
on new procedures and safeguards should contribute to lower the incidence of environmental
contamination and allay future concerns.

Herbicides. The use of herbicides has grown dramatically over the last decade.
These are employed by all facets of human society to control weeds in agriculture, on industrial
and home properties, in forests and recreational areas.

Mammalian and avian toxicities are generally much lower than the insecticides and
persistence is normally short termed; ranging from a few weeks to a season. A few herbicides
can persist for longer periods, for example, simazine, atrazine and diuron. Although there is
no evidence of any environmentally related problems, the rates at which atrazine (a corn
production herbicide) is present in stream water may be cause for concern. This herbicide is
readily removed from treated fields by storm runoff waters and can also be removed, but in less
guantity, via tile drainage waters.



Other herbicides, such as cyanazine, can be substituted for atrazine under appropriate weed
conditions and do not appear to either persist or be moved to stream water. Remedial measures
that reduce soil erosion and storm water runoff could greatly reduce the loss of atrazine to
water.

Some management practices like rotation, strip cropping, use of winter cover crop and
grassed buffer strips will force a reduction in the use of atrazine and increase use of herbicides
that neither persist nor turn up in stream water. Enforcement of current parts of the Pesticide
Act could minimize spillage and/or carelessness around streams.

2,4-D type herbicides have been used in cereals and corn, but have not appeared at
other than minimal levels in stream waters. These same materials are quite widely used for the
control of weeds on roadsides, ditches, utility corridors and to control aquatic vegetation. While
application personnel are generally aware of the dangers of spray drift damaging susceptible
crops and garden plants, they have not been cognizant of the need to keep their sprays from
contaminating water in ditches and streams around which weeds are being controlled.

The Pesticide Act of Ontario regulates the application of herbicides to water by permit
and stipulates that application to public lands be done by licensed operators. However,
education is needed to prevent the contamination of water when spraying such public
properties.

Industrial organic toxicants. The problems associated with organic toxicants in Great
Lakes water appear to be severe and reminiscent of the problems of the persistent
organochlorine insecticides. Industrial organic toxicants like PBB, PCB, chlorinated
naphthalenes and mirex are not used in agricultural production, but arrive on land through aerial
fallout, misuse or disposal in rural areas e.g. dispersal of oil containing PCB on roadways.

Persistence, toxicology and use data are urgently required for currently used industrial
organic toxicants. In addition, a system of collecting this data before new organics are
introduced should be mandatory if future damage to the environment is to be averted.
Continued monitoring and surveillance of industrial contaminants is paramount to safeguard
food and water quality and alleviate the current chronic contamination of the Great Lakes basin.



SUMMARY

SUMMARY

The analytical procedures employed permitted the monitoring of 79 pesticides, their
isomers and metabolites and two industrial chemicals. These 79 pesticides represented 74%
of the insecticides, 10% of the fungicides and 47% of the herbicides used in the 11 agricultural
watersheds. It did not cover nematocides, growth regulators or pesticide oils. Based on the
actual volume of use in the 11 watersheds, the analytical procedures accounted for 93% of the
insecticides, 0.2% of the fungicides and 81% of the herbicides applied (Table S-1).

Twenty six organic compounds were identified in stream water of which 18 were
parent compounds and 8 were isomers and metabolites (Table S-1). The incidence of these

contaminants in water varied from occasional to frequent.

Organochlorine Insecticides

Past Uses - Y DDT*: Four components of DDT namely p,p'-DDT, o,p'-DDT, p,p'-TDE
and p,p'-DDE were identified in water; their incidence in water samples was respectively 10.5,
2.4, 23 and 93% over the two year period. The concentration of ) DDT between the first and
second year of the two year study showed a slight increase, however, the unit area loading
showed a decline (Table S-2). The mean concentration of Y DDT was above the 3 ng/L 1.J.C.
objective and 40.6% of the water samples exceeded this limit. All components were identified
in sediment but only p,p’-DDE was found in rainwater.

The highest residues were found in AG-2 where larger quantities of DDT were used
more recently than in other watersheds. Y DDT entered streams largely with runoff events and
in 1975-76 57.2% entered in the January to April period. In 1976-77 the amount entering during
the same period was 83.4%.

Dieldrin: Aldrin was the insecticide widely used in Ontario, however. its metabolite
dieldrin is the compound found in environmental samples. Dieldrin was present in one fifth of
the water samples analysed (Table S-2) at a level of 1.6-1.7 ng/L. Sixteen percent of water
samples exceeded the I.J.C. objective of 1 ng/L concentration level. Dieldrin was detected in
the stream bed sediments of only one watershed (AG-13), the same watershed that had the
highest levels of dieldrin in water (7-8 ng/L). The greatest losses occurred in the January to April
period, with 49% and 90% of the annual total in 1975-76 and 1976-77, respectively.

'Y DDT - Sum of DDE, TDE & DDT



TABLE S-1 Pesticides used past and present in Ontario agriculture and on roadsides with the frequency of their presence in
water May, 1975 and April, 1977.

Nematocides

Insecticides
Fungicides Herbicides Growth Others Industrials
Present Past Regulators
Project 5 -Survey (4) 27 0 10 34 4 2 0
Project 4B -Analysis (#) 20 8 1 16 0 0 2
-Volume (%) 93.1 0.1 74.8 0 0 0
Frequency in Water Insecticides Fungicides Herbicides Industrials
Frequent 0.p"-DDE atraz!ne and desethyl PCB
(40 - 100%) atrazine
Infrequent p,p’-TDE, p,p-'DDT,
(10 - 40%) dieldrin
B-endosulfan &
endosulfan sulfate
Rarely cis & trans chlordane
(1 - 10%) 0,p'-DDT, diazinon 2,4-D, simazine,
o-endosulfan, 2,45-T
heptachlor epoxide
Occasionally alachlor, cyprazine

(less than 1%)

chlorpyrifos ethion,
malathion

dicamba, MCPA
prometone




TABLE S-2 Amounts of pesticides lost per hectare from 11 agricultural watersheds and the quality of the water in relation
to the 1.J.C. objectives

Unit Area Loadings WaterQuality 1.J.C. Criteria
mg/halyr 1975-76 1976-77 Objective Exceedence
1975-76 1976-77 Mean Presence Mean Presence (ng/L) (%)
(hgl) (%) (ng/L) (%) o ’
Organochlorine
Insecticides
Y DDT 32.1 25.5 6.7 92.5 7.7 93.6 3.0 40.6
dieldrin 3.91 2.80 1.6 20.9 1.7 20.4 1.0 16.0
chlordane 0.11 0.25 <94 0.0 <0.4 3.1 60. 0.0
) endosulfan 13.4 2.9 3.7 20.0 2.0 18.5 3.0 14.1
heptachlor epoxide 0.70 0.95 1.1 3.8 0.5 8.1 1.0 4.8
Organochlorine
Industrials
PCB 192 73 38 95.9 25. 92.9 10 78.2
(Mg/L) (%) (Mg/L) (%) (Mg/L) (%)
Organochlorine
Herbicides
2,4,D 94 45 0.7 8.1 <0.1 5.8 100 0.1
2,45-T 25 5 0.1 1.0 <0.1 2.7 100 0.0
MCPA 8 0 0.1 0.9 <0.1 0.4 100 0.0
dicamba 1 0 <1.0 0.2 - 0.0 100 0.0
Organophosphorus
Insecticides
chlorpyrifos 0 1 <0.01 0.2 <0.01 0.4 0.13 0.0
diazinon 914! 110! 0.81 49 0.18 13.3 0.08 8.1
ethion 0 0 <0.01 0.4 - 0.0 0.035 0.1
malathion 0 31 - 0.0 <0.01 0.8 5.1 0.0
Continued ......



TABLE S-2 Continued

Unit Area Loadings WaterQuality I.J.C. Criteria
mg/halylyr 1975-76 1976-77 Objective Exceedence
Mean Presence Mean  Presence
1975-76  1976-77 (ng/L) (%)
(ng/L) (%) (ng/l) (%)
Organonitrogen
Herbicides
alachlor 4 0 0.02 0.6 0.02 0.0 100 0.0
atrazine & desethyl 2190 1853 1.1 80.4 1.6 80.0 28 0.3
cyprazine 12 10 0.04 0.9 0.02 15 100 0.0
EPTC - 0 - - 0.1 5.7 100 0.0
metribuzin 4 9 0.02 1.7 0.02 1.3 100 0.0
prometone 1 3 0.02 0.2 0.02 15 100 0.0
simazine 24 58 0.02 6.2 0.06 12.3 100 0.0
Organonitrogen
Insecticides
carbofuran - 15 - - 0.5 23.0 6.0 0.0

! Point Source Losses



Present Uses: Chlordane - Heptachlor Epoxide. This insecticide was used on 4.5% of
the corn hectarage in 11 watersheds for the control of root-worm, however the losses from
watersheds using chlordane were negligible (Table S-2). Chlordane was not detected in stream
bed sediments or rainwater. Since chlordane contains heptachlor, the presence of heptachlor
epoxide (HE) in water was considered to originate from the use of chlordane. HE was present
in 3.8 and 8.1% of waters respectively in the two year periods (Table S-2) and the unit area
loadings were less than 1 mg/ha/yr and similar for the two periods. Both chlordane and HE were
identified in watersheds where no commercial application appeared to have been made.
Chlordane has been used for domestic purposes on lawns and shrubs (Table S-3). No water
samples exceeded the 60 ng/L 1.J.C. objective for chlordane, however 4.8% of water exceeded
the 1 ng/L objective for HE (Table S-2).

Y Endosulfan. Currently used to control foliar insects on tobacco, fruit and vegetables,
endosulfan was present in water samples as the a (9.5%) and B (17.8%) isomers and as the
sulfate metabolite (17.7%) over the two year period. Endosulfan was detected in watersheds
where no commercial use was found and may have come from domestic applications to
gardens. The major losses of endosulfan were in runoff waters (83.4% in 1975-76 and 66.9%
in 1976-77). Spills and spray drift accounted for 14.8% in the first year and 21.1% in the second.
Unit area loading was considerably lower in the second year of the study and may be linked to
its removal as a recommendation for application on tobacco because of high product residues.
Endosulfan exceeded the 3 ng/L 1.J.C. objective in 14.4% of water samples. Endosulfan was
detected in stream bed sediments of one watershed (AG-1). It was not detected in rainwater
samples.

Organochlorine Herbicides

2,4-D. This herbicide was used to control weeds at 0.5 kg/ha in 40.9% of the cereals
and only 8.4% of the corn in the 11 watersheds. Non agricultural land®, especially rights-of-way,
were sprayed with 2,4-D alone or in combination with 2,4,5-T. 2,4-D appeared in 8.1% and
5.8% of waters in the 1975-76 and 1976-77 periods respectively; annual losses amounted to
4.54 and 2.22 kg. Of the losses, 86.6% and 53.9% came from the spraying of rights of way and
13.4% and 47.2% came from agricultural use respectively in the two annual periods. In the case
of spraying of rights of way 0.46% and 0.15% of that applied was lost to water in the first and
second years respectively. In the case of spraying farm crops only 0.02% and 0.04% of that
applied turned up in water. 2,4,D appeared in water to correspond with summer and fall
spraying and was linked to actual use and not to residues in the soil. Unit area loadings in
1976-77 were half those in the first year (Table S-2). One water sample exceeded the 1.J.C.
objective and it came from right of way spraying where 2,4,D was directly sprayed into the
water.

2.4.5-T. This herbicide was exclusively used in the spraying of rights of way. It was
used in 9 of the 11 watersheds and was always used in conjunction with 2,4-D.

! 3184 ha of non agricultural land, 490 (15%) was treated with herbicides



Losses of 2,4,5-T in 1975-76 were 1.36 kg and in 1976-77 0.32 kg, and represented 0.4% and
0.10% of the 2,4,5-T used. It's noteworthy that the percentage losses of 2,4-D/2,4,5-T are
extremely close thus verifying that losses came from non-agricultural use. 2,4,5-T appeared in
1.0 and 2.7% of waters respectively in 1975-76 and 1976-77 (Table S-2). Unit area loadings
were much lower in the second year of the study than the first (Table S-2). No water contained
2,4,5-T at or approaching the 1.J.C. objective.

MCPA. The herbicide MCPA was used at 0.7 kg/ha on 11% of the cereal hectarage in
the 11 agricultural watersheds to control weeds. Losses amounted to 0.32 kg in 1975-76 but
none in 1976-77. This represented 0.046% of that applied. Losses were associated with spray
drift or losses around water and not the result of runoff events. Concentrations in water were
at or near the limit of detection of 0.1 pg/L. The unit area loading in 1975-76 was 8 mg/ halyr
and zero for 1976-77. No water sample contained MCPA that even approached the 1.J.C.
objective.

Dicamba. This herbicide was used on 0.6 to 0.9% of the cereal hectarage in two
watersheds only. It appeared in one water sample where it was suspected to have come from
the treatment of a non-agricultural site. This water sample contained only 1 pug/L and did not
approach the 1.J.C. objective.

Organochlorine Industrials

PCB. No uses for PCB that involved agricultural production were known or discovered
during the study. PCB were present in 95.9 and 92.9% of waters in the two yearly periods of
the study respectively (Table S-2). Unit area loading declined from 192 mg/ha/yr in 1975-76 to
73 mg/halyr in 1976-77. The mean concentrations in water for the first year was 38 ng/L and
for the second 25 ng/L. Taking 10 ng/L as the 1.J.C. objective, 78.2% of waters exceeded this
objective. PCB was shown to be present in rainwater between 2 and 100 ng/L in all six
watersheds checked in 1975. PCB was also found in streambed sediments of all 11 agricultural
watersheds at levels between 2 and 8 ng/g. No record was made of the number of transformers
in each watershed, a possible source of contamination.

Organophosphorus Insecticides

Chlorpyrifos was used at 1 kg/ha on 58.7% of the tobacco hectarage in the 4 agricultural
watersheds for cutworm control. A smaller percentage of vegetables were treated also.
Chlorpyrifos appeared in 3 of 949 water samples resulting in a total loss of 51 g. Runoff from
a tobacco field accounted for 35 g and the remainder was in two spills while spraying vege-
tables. The losses were 0.0035 and 0.0016% of that used in the two years of the study
respectively. No water samples exceeded the 1.J.C. objectives.

Diazinon was used at 0.7 kg/ha on only 11 ha vegetables. This use had little or no effect
on water quality. However, an out-of-season spill and the use of diazinon in a series of
mushroom houses that permitted its direct entry into stream water resulted in losses



TABLE S-3 Amounts applied to land in 11 agricultural watersheds and amounts lost in water
through runoff events, tile drainage and carelessness in use.

1975 Losses
Pesticides Application 1975 -76 1976 - 77
(kg) (9) (%) (@) (%)
Organochlorine Insecticides
Chlordane & HE Agric., 383 24 0.0063 62 0.016
Non- Agric.” (?) - - 4 -
Endosulfan 682 494 0.072 82 0.012
Organochlorine Herbicides
2,4-D Agric. 2307 607 0.026 1023 0.044
Non-Agric. 791 3932 0.497 1197 0.151
2,45-T Agric. 2 - - - -
Non-Agric. 277 1360 0.491 320 0.116
MCPA Agric. 697 318 0.046 - -
Dicamba Agric. 58 - - - -
Non- Agric.” (?) 25 - - -
Organophosphorus Insecticides
Chlorpyrifos 1003 35 0.0035 16 0.0016
Diazinon Field Use 8 2 0.0025 - 0.0000
Indoor Use (?) 23434 HIGH 2408 HIGH
Ethion (?) 5 - - -
Malathion Field Use 19 - - - -
Indoor Use? (?) - - 72 -
Organonitrogen Herbicides
Alachlor 2755 264 0.0096 - -
Atrazine 10570 1101 0.955 - -
Cyprazine ¥/ 14(?) 671 4.8 545 3.9
EPTC 540 - 0.0 0.1 0.00001
Continued .......



TABLE S-3 Continued

1975 Losses
Pesticides Application 1975-76 1976- 77
(kg) (@) (%) (9) (%)
Organonitrogen Herbicides (continued..)
Metribuzin 239 127 0.054 274 0.115
Prometone (?) 44 - 96 -
Simazine ¥ 389 973 0.250 2596 0.667
Organonitrogen Insecticides
Carbofuran 1092 - - 21 0.0019
v Non-Agricultural Uses Unknown - chlordane, dicamba, prometone
4 Indoor Uses - diazinon, malathion
. cyprazine and simazine - many uses missed in farm-to-farm survey
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TABLE S-4 Stream flow, sediment and contaminant removal from agricultural watersheds between 1975-1977.

Item - Volume 1975-76 (10 Watersheds) 1976-77 (11 Watersheds)

Weight (%) May-Aug Sep-Dec Jan-Apr TOTAL May-Aug Sep-Dec Jan-Apr TOTAL

Flow-x10°m? 28,768 43,439 137,908 210,115 40,100 26,956 90,178 157,234
(%) 13.7 20.7 65.6 25.5 17.1 57.4

Sediment(Mg) 3,944 817 9,373 14,134 2,091 265 6,207 8,563
(%) 27.9 5.8 66.3 24.4 3.1 72.5

) DDT(Q) 317 393 949 1,659 199 40 1,242 1,481
(%) 19.1 23.7 57.2 13.4 2.7 83.9

Dieldrin(g) 59.1 26.4 65.9 151.4 5.2 2.7 94.5 102.4
(%) 39.0 17.4 43.6 5.1 2.6 92.3

Atrazine(kg) 44.23 16.79 39.64 100.66 32.80 10.55 45.48 88.83
(%) 43.9 16.7 394 36.9 11.9 51.2

Atrazme 20.92 8.80 34.15 63.87 11.80 5.29 37.96 55.05

in runoff (kg)
(%) 32.7 13.8 53.5 21.4 9.6 69.0

Atrazme 7.11 5.99 5.49 18.59 5.59 4.07 7.52 17.18

in drainage  (kg)
(%) 38.2 32.2 29.6 32.5 23.7 43.8

Atraz.me 16.20 2.00 0.00 18.20 15.41 1.19 0.00 16.60

in spills (kg)
(%) 89.0 11.0 0.0 92.8 7.2 0.0

PCB (9) 1,658 2,066 5,405 9,129 806 693 2,213 3,712
(%) 18.2 22.6 59.2 21.7 18.7 59.6
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of 21.03 kg in 1975-76 and 2.41 kg in 1976-77. The unit area loadings were all due to two point
source losses (Table S-2). In 1975-76 and 1976-77 4.9 and 13.3% of water samples contained
diazinon. The 80 ng/L 1.J.C. objective was exceeded by 8.1% of waters all except one coming
from the one point source in AG-13. The one came from the out-of-season spill in AG-2.

Ethion. No recorded uses for ethion were found, however it appeared in two waters in
1975-76 at concentrations close to the detection limit. Losses on these occasions amounted
to 5 g. Ethion, being very toxic to fish, has a calculated 1.J.C. criterion of 35 ng/L, a
concentration close to the analytical detection limit. One of the two water samples contained
ethion above the 1.J.C. objective.

Leptophos. Leptophos was used to control cutworm on 36.2% of the tobacco hectarage
in the 4 agricultural watersheds. Leptophos was not detected in water samples from the
watersheds, but was detected in rainwater in AG-1 at 1.1 pug/L. No own use was found in AG-1
to explain this presence, suggesting it came from outside the watershed.

Malathion. Malathion was used in three watersheds to control insects in vegetables. No
losses to water were associated with this use. The 72 g of malathion found in AG-13 was
concluded to have come from an indoor use in the mushroom house mentioned under diazinon.
Malathion was found in 0.8% of samples in 1976-77, all in the one watershed. None of these
readings exceeded the 1.J.C. objective of 500 ng/L.

Organonitrogen Herbicides

Alachlor. Alachlor was used in 4.4% of the soybean hectarage and 16.2% of the corn
hectarage at an average rate of 1.9 kg/ha. In 1975 two spills occurred that contaminated water
and resulted in the loss of 254 g, one occurring in a mixture with cyprazine. Only three waters
were found where alachlor was present in the two year period (Table S-2). Losses represented
0.01% of that applied (Table S-3). No water exceeded or even approached the 1.J.C. objective
of 100 pg/L.

Atrazine. Atrazine was used to control weeds on 73% of the corn hectarage at a rate
of 1.7 kg/ha. Atrazine appeared in 80.2% of water samples as both atrazine and desethyl
atrazine (Table S-2). The ratio varied considerably but a mean average ratio was 3:1. The
following were the inputs and outputs for the watersheds between 1975-77.

1975-76 1976-77
(10 watersheds) (11 watersheds)

Input g/halyr 230 225
Output g/halyr

Storm runoff 1.36 1.05

Base Flow 0.45 0.39

Spills 0.38 0.42
Total 2.19 1.86
Loss/Application (%) 0.95 0.83
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The losses based on unit area loading occurred in the following periods by percent.

Loss (%)

1975-76 May-Aug Sep-Dec Jan-Apr Total
Storm Runoff 19.6 8.7 33.8 62.1
Base Flow 7.6 6.1 6.6 20.3
Spills 15.5 2.1 0.0 17.6
Total: 42.7 16.9 404 100.0
1976 - 77

Storm Runoff 11.7 5.0 40.1 56.8
Base Flow 6.3 4.6 9.9 20.8
Spills 20.2 2.2 0.0 22.4
Total: 38.2 11.8 50.0 100.0

The concentration of atrazine and its metabolite increased in water during the spray period
from a level of less than 1 pg/L to a peak of 8-20 pg/L in the June-Apgust period. The peak usually
occurred in one month and then declined rapidly to the 1 pg/L. In some watersheds a second peak
occurred in the fall to coincide with fall treatment of perennial weeds.

Losses of atrazine were greater from clay soils than lighter texture soils.

Losses (kg/halyr)

Soil Type 1975-76 1976-77
Clay & Clay Loam 4.47 2.75
Loam & Silt Loam 1.92 2.03
Sand & Sandy Loam 0.47 0.42

Only 0.3% of water samples exceeded the 28 pg/L 1.J.C. objective for atrazine and desethyl
atrazine.

Cyprazine. The actual quantity of cyprazine used to control weeds in corn was not known,
probably because of confusion during the survey between cyprazine and cyanazine, two s-triazine
herbicides of similar activity. This herbicide was being removed from the market during this period.
Cyprazine was observed in 0.9 and 1.5% of water samples for the two years of the study (Table
S-2). Losses occurred in watersheds where no record of use was available. In 1975-76 the 6719
lost to water consisted of 130g in runoff waters and 541g in spills. The losses in 1976-77 amounted
to 545g of which 540g was in runoff waters and 5g in spills. Unit area loading was 12 and 10
ng/halyr for the two years respectively. No water sample exceeded the 100 ug/L 1.J.C. objective.

EPTC. EPTC was used to control weeds in beans and vegetables. In beans 23.6% of the
hectarage was treated. EPTC was present in 5.7% of a limited number of samples collected during
the spray season. Losses amounted to only 0.1 g. No samples exceeded the 1.J.C. objective of 100

Mg/L.
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Metribuzin. Metribuzin was used to control weeds in soybeans, potatoes and tomatoes at
0.8 kg/ha. Over the two years, 1.5% of water samples contained residues of metribuzin. All
occurred in the May to August period corresponding to the time of use. Unit area loadings were 4
and 9 mg/halyr respectively for the first and second years of the study (Table S-2). Losses
amounted to 0.054 and 0.115% of that applied. In 1975, the total loss was 127 g of which 41 g was
removed in a single runoff event while 86 g entered water directly from two events resulting from
either spray drift or carelessness. In 1976 274 g were lost; 135 g were lost in one runoff event and
139 g entered a stream as a spill. No water samples violated the 1.J.C. criterion of 100 pg/L.

Prometone. Prometone is not used in the production of food but is used for total vegetation
control on industrial or non-agricultural lands. Prometone appeared in 0.2% of waters in 1975-76
and 1.5% in 1976-77. Losses in 1975-76 amounted to 44 g and occurred in a single runoff event.
In 1976-77 96 g were lost; 94 g in runoff events and 2 g in a spill. No water samples exceeded the
100 pg/L 1.J.C. objective.

Simazine. Simazine has many uses including weed control in corn, asparagus, tree and
shrub nurseries, industrial sites, driveways, fence rows etc. as well as for aquatic vegetation control
in streams. The survey only included its use on corn and asparagus, however, the enumeration
failed to cover the total use in corn because simazine is used in an unrecognized mixture with
atrazine. The survey indicated 3.3% of the corn hectarage was treated with 1.3 kg/ha however
simazine was found in water of watersheds where none was recorded as being used. Simazine
appeared in 6.2% of waters in the first year and 12.3% in the second year of the study (Table S-2).
Unit area loadings were 24 and 58 mg/ha/yr and while use was recorded only in AG-1, 3, 5and 13,
residues were also found in AG-1,3,4,5,6,10,13 and 14.

The losses in 1975-76 were 973 g and in 1976-77 2596 g; these losses occurred in the
following ways:

Losses (%)

1975-76 1976-77
Storm runoff 66.9 33.7
Base Flow 2.6 0.7
Spills 30.5 65.6

No water samples exceeded the 100 pg/L 1.J.C. objective.
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Organonitrogen Insecticides

Carbofuran. Carbofuran was used at 1.3 kg/ha on 9.9% of the corn hectarage to control
corn rootworm. In addition, a few hectares of vegetables were treated. Only a limited number of
waters were analysed during the June-September period in watersheds where it was used and 23%
contained traces of the insecticide. The total loss was 21 g or 0.0019% of that used (Table S-3).

No water samples exceeded the 1.J.C. objective of 6 pg/L.
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l. INTRODUCTION

1.1 Background

Article VI of the Great Lakes Water Quality Agreement, 1972, requested that the
International Joint Commission inquire into and report on "pollution of the boundary waters of
the Great Lakes System from agricultural, forestry and other land use activities, in accordance
with the terms of reference attached to this agreement”. The International Joint Commission
(1.J.C.) established the International Reference Group on Great Lakes Pollution from Land Use
Activities (PLUARG) to plan and implement the requested study.

In March, 1973, PLUARG submitted to the International Joint Commission a study plan
to assess pollution of the Great Lakes from land use activities. This preliminary study plan
outlined four main tasks including assessment of the problem (Task A), inventory of land use
activities (Task B), watershed studies (Task C) and lake studies (Task D). A "Detailed Study
Plan to Assess Great Lakes Pollution from Land Use Activities" was prepared (February 1974)
and formed the basis for the PLUARG study.

Task C was described as "Intensive studies of a small number of representative
watersheds, selected and conducted to permit some extrapolation of data to the entire Great
Lakes Basin, and to relate contamination of water quality, which may be found at river mouths
on the Great Lakes to specific land uses and practices".

Activity 1 (Canada) of Task C called for "Pilot Agricultural Watershed Surveys". The
objective of this activity was "to obtain data on the inputs of pollutants into the Great Takes
Drainage System which have their origins in the complex land use activities known as
agriculture”.

In February, 1974, the Agricultural subcommittee of the Task C Technical Committee,
PLUARG, prepared a "Detailed Plan for the Study of Agricultural Watersheds in the Great
Lakes Drainage Basin - Canada - 1974-1975". This plan called for a preliminary phase
consisting of a monitoring program and additional studies for collection of background data. The
second and intensive phase would consist of detailed studies of pollutants associated with
agricultural land use.

The preliminary study phase, April 1974-1975, has been reported in detail in "Agricultural
Watershed Studies, Great Lakes Drainage Basin, Canada Annual Report, 1974-1975". The
requirements for continuation of the study were identified in that report and included a
monitoring network, a detailed studies program, and a program for remedial
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TABLE 1-1 Size of Major and Minor Watersheds

Major Watershed Minor Watershed Distance ¥
Great Lakes
Name Size (km?) AG- Name Size(km?) ~ from Lake (km)
Lake Huron Ausable River 1562 3 Little Ausable River 62 121
Maitland River 2686 6 Trib. of Upper 55 110
Maitland River
Saugeen River 3972 14 Mill Creek 45 36.7
Lake St. Clair  Thames River 5882 1 Big Creek 51 16.7
5 Holiday Creek 30 253
Lake Erie Big Creek 742 2 Venison Creek 79 19.6
Grand River 6671 4 Canagagigue Creek 19 214
Hillman Creek 162 13 Hillman Creek 20 7.4
Lake Ontario Humber River 317 11 Salt Creek 24 34.9
Shelter Valley Creek 944 7 Shelter Valley Creek 57 7.7
Twenty Mile Creek 280 10 North Creek 30 26.5

al
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TABLE 1-2 LAND USE, LIVESTOCK AND SOILS IN ELEVEN WATERSHEDS

Watershed General Land Use Livestock Soils County
Cash crop, soybean
AG-1 P, S0y ’ few clay Essex
wheat, corn
Norfolk-
AG-2 Tobacco, cash crops few sand .
Elgin
Cash corn, beans, beef, swine, Huron-
AG-3 . . clay loam
grains, pasture dairy Perth
Silage corn, mixed . :
AG-4 . dairy, beef loam Wellington
grain, pasture
. loam,
AG-5 Corn, pasture dairy, beef . Oxford
silt loam
AG-6 Mixed grain, beef, dairy, loam, Huron-
pasture, corn swine silt loam Wellington
Forage, pasture,
AG-7 ge. p general sandy loam Northumberland
tobacco
Pasture, mixed dairy, poultry, .
AG-10 .u x 'Y, poultry clay Niagara
grains, corn beef
Pasture, mixed .
AG-11 . u x beef, dairy clay loam Peel
grains, corn
Cash crops, fruit sandy loam
AG-13 OPS, Truft few y foam, Essex
vegetables sand, clay
Past f, dai :
AG-14 asture, beg, ary, mixed loams Bruce
mixed grains swine
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measures or other future requirements.

The objective identified for the Phase | Monitoring Program was to measure the ambient
concentrations and loading rates for various pollutants that occur with agricultural land use. The
Phase Il Detailed Studies would be directed towards the determination of the effects of soil, land
use and associated practices on concentrations and loading rates of selected pollutants, the
study of mechanisms of transport and storage of these pollutants in selected agricultural
watersheds; and finally, the development of a predictive capability to allow extrapolation to other
areas. The Phase Il Future Requirement would allow for the development of remedial measures
as significant problems were identified.

Projects to be included in Monitoring and Detailed Studies Programs were identified and
an outline provided in the previously-mentioned "Annual Report, 1974-1975". The intensive phase

of the Agricultural Watershed Studies Program was initiated in April 1975.

1.2 Project 4 - Stream Flow Quality (B) Pesticides

Project 4 was designed to measure concentrations of pesticides in stream water leaving
each of the eleven agricultural watersheds and calculate actual amounts of pesticides leaving in
stream waters. These findings would then be correlated with the detailed information on pesticide
use in the watersheds collected under Project 5, Land Use Activities to determine unit area
loadings.

Eleven watersheds (Table 1.2, Fig. 1) were chosen for examination of water quality, each
being selected because it resembled a unique but larger area of the Province of Ontario where
agriculture was practised. These agricultural watersheds include those where the use of
pesticides ranged from intensive to extensive and included the use of specific pesticides or
groups of pesticides.

Frank and Ripley (1977) collected and compiled detailed information on land use practices
(Project 5) in eleven selected watersheds located in southern Ontario. The information on
material inputs in the watersheds was intended to help in the interpretation of output parameters
that were measured in the water leaving the mini-watershed on the way to the Great Lakes.

For this reason, tables showing the identity and amounts of those pesticides found in the
survey of the eleven agricultural watersheds are reproduced in Appendix I, I, [l and IV. Because
the area of each watershed drained by the stream was slightly different from the one surveyed
under Project 5, adjustments have been made on the data in the appendices.
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1.3 Pesticides in Ontario

During the past decade the types of pesticides used in Ontario agriculture have shown
considerable changes. DDT and other persistent organochlorine insecticides have been
eliminated and replaced by organophosphorus and carbamate insecticides. Herbicides have
increased in use and now account for more than half of the pesticide volume used in agriculture.
Roller (1975) conducted a survey on pesticide use in the province during 1973 and showed that
herbicides constitute 59% of the 4509 metric tons of pesticide now being used on field crops.

In comparison with organochlorine insecticide residues, little information has been
generated on the replacement compounds in stream water and aquatic environment. Project 4
was intended to rectify this situation.

Frank et al (1974) have compared the concentrations of organochlorine insecticide r se
dues in the bottom sediments of four study areas associated with four Ontario river and lake
systems. The tobacco growing area drained by Big Creek reveals the highest levels of 2DDT
(DDT and metabolites) in the sediments of the four watersheds studied. This was to be expected
due to the intensive use of DDT in this area. However, other areas showed only slightly lower
concentrations of 2DDT - Frequency and Content in Stream Water (ng/L) DDT in sediments
despite the much smaller quantities used. This indicates the importance of such factors as the
type of sediment sampled (sand or silt) and proximity of the application to the river, in addition
to the soil type. In the Muskoka Takes drainage basin, insecticides were applied directly to the
river and lake surfaces for biting fly control. Miles and Harris (1973) have reported also on the
concentrations of organochlorine insecticides in the river water of this drainage basin. They
concluded that the recreational use of insecticides was contributing a greater portion of these
residues to the Great Lakes water system than was the use from agriculture. The authors did not
attempt to draw any detailed relationships between pesticide use in the drainage areas and the
concentrations in the water.

Harris and Miles (1974) have reported some results for organophosphate insecticide
residues in the Bradford Marsh (a vegetable growing area of S. Ontario.) They found high levels
of diazinon (up to 2.04 pph) in the drainage water. These high levels were associated with recent
rainfall and application.

Project 4, Stream Flow Quality (B) Pesticides was inaugurated in 1974 and for one year
a monitoring program was conducted on ambient concentrations of pesticides in streams. During
the period 1975-1977 the monitoring program was expanded to cover a wider range of pesticides
for both ambient concentrations in water and actual stream loadings in each of the eleven
watersheds. This report summarizes the findings of pesticide losses in the agricultural watershed
but does not infer that these materials will reach the Great Lakes.
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TABLE 2-1 Pesticides and pollutants detectable in water by the prescribed screening procedures

A.

ORGANOCHLORINE PESTICIDES AND POLLUTANTS

() Diphenylethanes:

(i) Cyclodienes:

(i) Phenyloxy and Benzoic Acids:

(iv) Miscellaneous:

ORGANOPHOSPHORUS PESTICIDES

ORGANO NITROGEN PESTICIDES

(i) s-triazines:

(i)  N-methylcarbamates:

(i) Thio-carbamates:

(iv) Others:

0,p' & p,p'-DDE, TDE and DDT, dicofol, methoxychlor (8 compounds)

aldrin, cis- and trans-chlordane, oxychlordane, dieldrin, a and [-endosulfan,
endosulfan sulfate, endrin, heptachlor, heptachlor epoxide (11 compounds).

2,4-D, 2,4-DB, chloramben, dicamba, dichlorprop, MCPA, MCPB, mecoprop, silvex,
2,4,5-T (10 compounds)

dichloran, lindane, mirex, PCB (4 compounds)

azinphos methyl, carbophenthion, chlorfenvinphos, chlorpyrifos demeton, diazinon
and diazoxon, dichlofenthion, dimethoate, disulfoton, ethion & its oxon, fenchlorphos,
fenthion, fenitrothion, fensulfothion and its sulfone, fonofos, leptophos, malathion &
maloxon, parathion & paroxon, phonate & its sulfone and sulfoxide, phosalone,
phosmet (28 compounds)

atrazine and desethylated atrazine, cyprazine, metribuzin, prometone, prometryne,
simazine (7 compounds)

carbaryl, carbofuran and its 3-keto derivative, methiocarb, metalkamate(5 compounds)
butylate, cycloate, diallate, EPTC, molinate, pebulate, vernolate (7 compounds)

alachlor (1 compound)
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TABLE 2-2 Limits of Detection in Screening Procedure (ug/L)

A.

ORGANOCHLORINE INSECTICIDES

Aldrin 0.04 o,p’-DDT 0.002
Chlordane 0.01 Dieldrin 0.001
p,p’-DDT 0.002 Endosulfan 0.005
p,p’-DDE 0.001 Endrin 0.02
CHLORINATED POLLUTANTS

Mirex 0.04 PCB's 0.006
ORGANOPHOSPHORUS INSECTICIDES

Azinphosmethyl 5 Diazinon 0.05
Chlorfenvinphos 1 Dimethoate 0.25
Chlorpyrifos 0.1 Leptophos 1
Demeton 1 Malathion 0.1

CHLOROPHENOXY ALKANOIC AND CHLOROBENZOIC HERBICIDES

2,4-D 0.5 Dicamba 0.5
2,4,5-T 0.5 MCPA 0.5
s-TRIAZINE HERBICIDES

Atrazine 0.1 Metribuzin 0.1
Desethylated atrazine 0.1 Prometone 0.1
Cyprazine 0.1 Simazine 0.1
N-METHYLCARBAMATE INSECTICIDES

Carbaryl 1 Carbofuran 1
THIOCARBAMATE HERBICIDES

Butylate 1 Molinate 1
Cycloate 1 Pebulate 1
EPTC 1 Vernolate 1
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Heptachlor
Hept. Epoxide
Lindane
Methoxychlor

Parathion
Phosalone
Phosmet
Ethion

0.04
0.002
0.04
0.04

0.05
0.5

0.1



2. METHODS AND MATERIALS

2.1 Field Collection

Over the three years of the study, a total of 1338 water samples and 11 sediment samples
were collected (Appendix V) from eleven agricultural watersheds. Samples were collected from
streams beside the gauging station, from ground water piezometers, rainfall gauges and stream
bed. Stream water samples were taken to sample major high flow events with a few to cover
basic flow rates. Samples were collected in all months of the year for the duration of the stream
flow.

Depth integrated samples were collected at the centre of the flow. When the water depth
was too great for wading, a weighted bucket was used to achieve a depth integrated sample.
Under flood conditions 3 to 5 vertical samplings were taken depending on the cross sectional
width of the stream. The temperature and pH of the stream water were recorded at the time of
collection. When duplicates were collected these were obtained simultaneously. Water was
placedin 1.5-L glass bottles and delivered to the Provincial Pesticide Residue Testing Laboratory
as rapidly as possible, with transit time rarely longer than 5 days. After use, the bottles were
washed and rinsed to remove pesticides and avoid cross contamination before being re-used.

Rain and groundwater samples were collected from volumes collected in rain collectors
or from volumes drawn from piezometers. Stream bed sediments were taken from the top 5-10
cm of the stream bed which had been divided into 3-5 sections across the stream. The samples
we'e collected using an aluminum coring device and cores were composited before subsampling.
Temperature and pH of the sediments were determined prior to delivery to the laboratory.
Sediments were air dried prior to analysis.

Between April 1974 and May 1977 a total of 1338 water samples and 11 sediment
samples were analysed. This represented 7140 separate analyses (Appendix V). In 1974 water
samples were analysed for herbicides only, and waters from watersheds AG-1,2,3,5,10 and 13
were analysed for s-triazines while water from AG-4,6,7,11 and 14 were analysed for
phenoxyalkanoic and benzoic acids. Between 1975 and 1977 water samples were analysed for
diphenylethanes, cyclodienes, organophosphates, PCB, triazines and chlorophenoxyalkanes.
Between June and August water from AG-2,3,6,7 and 13 were analysed for N-methyl and/or
thiocarbamates. Ground waters were analysed for s-triazines from six locations in AG-13 at
depths between 2.4-7.8 m. Rain water samples collected May and December 1975 were
analysed for diphenylethanes, cyclodienes, PCB and organophosphates. Special samples
collected from AG-13 between October 1976 and May 1977 were analysed for organophosphates
and especially diazinon.

Sediments were collected in 1976-1977 from the 11 watersheds and analysed for
diphenylethanes, cyclodienes, PCB, organophosphates, triazines and chlorophenoxyalkanoic
acids.

25



2.2 Analytical Procedures

Samples were analysed for each of the chemical groups listed in Table 2-1 in eight
screening procedures designed to cover the detection of 79 pesticide compounds that included
parent compounds, isomers and major metabolites. The minimum reportable values of each
chemical appears in Table 2-2.

2.2.1 Organochlorine and Organophosphate Insecticides S Pollutants

Extraction: Water samples (ca 1.5L, accurately measured) were transferred to separatory
funnels. Sample containers were rinsed with 50 ml dichloromethane and added to the sample.
Saturated aqueous sodium chloride solution (50 ml) was added and the mixture was shaken
vigorously for 60 seconds; phases were allowed to separate and the dichloromethane extract was
drained through sodium sulfate. The extraction was repeated with a second 50 ml portion of
dichloromethane, beginning with the sample container rinse. The combined extracts were
evaporated just to dryness with rotary vacuum at 50C and re-dissolved in a measured aliquot of
hexane to give a 500x concentrated factor. An aliquot of 0.50 mL was removed for analysis of
organophosphorus insecticides and the remainder was cleaned up for organochlorine insecticide
and pollutant analysis.

Cleanup and Fractionation: Extracts were cleaned up on activated Florisil, 60/100 mesh,
25g in a 22 mm i.d. column, pre-washed with hexane. Sample extracts were quantitatively
introduced into the column with small hexane rinses and eluted successively with (A) 200 mL
20:80 dichloromethane: hexane and (B) 200 ml 0.35:50:50 acetonitrile:dichloromethane:hexane.
Eluate fractions were concentrated just to dryness with rotary vacuum. Fraction A was
re-dissolved in 5 mL acetone and Fraction B was re-dissolved in a measured amount of
iso-octane to give a 500x concentration factor. (Mills et al , 1972.)

PCB Separation: Organochlorine insecticides were separated from PCB'sona 9 mmi.d.
column containing 7.5cm charcoal (Fisher #5-690) sandwiched between two 1 cm layers of
washed sand; the charcoal column was pre-washed with 1:3 acetone:ethyl ether. The acetone
solution of Fraction A was introduced to the column using small acetone rinses to effect
guantitative transfer and then eluted successively with (1) 180 mL 1:3 acetone:diethyl ether and
(2) 80 ml benzene to give Fractions A-1 and A-2, respectively. Solvents were removed from each
eluate fraction by rotary vacuum and re-dissolved in measured amounts of iso-octane for a
concentration factor of 500x (Holdrinet, 1974).

GLC Determination
(a) Organophosphorus insecticides were determined by gas-liquid chromatography using
the following parameters:

Column: 1.8 mx2mmi.d., 5% OV.1 on 80/100 mesh Gas Chrom Q
Column Temperature: 185 C isothermal

Carrier gas: nitrogen at 60 mL/min.
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Detector: flame photometric, phosphorus mode (526 nm filter)
Injector volume: 10 pL (5.0 ml sample equivalent)

(b) Organochlorine insecticides and PCB's were determined by gas-liquid chromatography
with the following parameters:

Column: 1.8mx4 mmid., 1.5% OV-17 /2.0 OV-210 on 100/120 mesh Gas
Chrome Q Column

Temperature: 185 C isothermal

Carrier gas: electron capture, Ni-63 source

Injection volume: 5 uL (2.5 mL sample equivalent)

Insecticides Routinely Screened

Organophosphorus insecticides routinely screened included azinphosmethyl,
chlorfenvinphos, chlorpyrifos, demeton, diazinon, dimethoate, ethion, leptophos, malathion,
parathion, phosalone and phosmet. Additional organophosphorus compounds, if present in
sufficient quantity, would also be detected.

Fraction A-1 organochlorine insecticides include chlordane, p,p’-DDT, o,p’-DDT,
p,p’-DDD, p,p’-DDE and mirex; aldrin, heptachlor and lindane are also present in this fraction

but positive confirmation is difficult.

Fraction A-2 contains PCB's. Quantitation of PCB's was based upon comparison with
Aroclor 1254 as the reference standard.

Fraction B organochlorine insecticides include dieldrin, endrin, endosulfan, heptachlor
epoxide and methoxychlor.

2.2.2 Chlorphenoxy Alkanoic and Chlorobenzoic Acid Herbicides

Extraction: The water sample (1.0L) was transferred to a reparatory funnel and the
pH was adjusted to <1 by addition of 1 mL of 50% sulfuric acid. Extraction was effected by
shaking twice for 60 seconds with 100 mL portions of diethyl ether and filtering the ether
extracts through adsorbent cotton to remove excess dissolved water. Hexane (10 mL) was
added to the combined extracts, evaporated to 1-2 mL with rotary vacuum, and transferred
to a test tube using 5 mL iso-octane as a rinse. Diazomethane (4 mL, 4-6% in ethyl ether)
was added and esterification was allowed to proceed for one hour at room temperature. The
mixture was then evaporated to a fixed volume using a gentle stream of air (Yip, 1971.)

GLC Determination
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Methyl esters of the phenoxy and benzoic acid herbicides were determined by
gas-liquid chromatography with the following parameters:

Column: 1.8 m x4 mmi.d., 5% Dexsil 400 GC on 80/100 mesh Varaport 30 Column
Temperature: 160C isothermal

Carrier gas: helium at 50 mL/min.

Detector: Coulson conductivity, halogen specific mode

Injection Volume: 2-50 pL (0.4-10 mL sample equivalent)

Herbicides Routinely Screened

The following compounds are routinely recovered, identified and measured: 2,4-D,
2,4,5-T, MCPA and dicamba.

2.2.3 s-Triazine Herbicides

Extraction: Water (1.0 L) was transferred to a separatory funnel and the pH was adjusted
to 9 with dilute ammonia. Extraction was effected by shaking twice for 60 seconds with 100 mL
portions of chloroform and passage of the chloroform extracts through dry adsorbent cotton. The
combined extracts were evaporated to I-2 mL with rotary vacuum, 10 mL iso-octane were added,
and re-evaporated just to dryness followed by re-solution in a measured amount of methanol
(Ramsteiner et al , 1974, Sirons et al, 1973)

GLC Determination:

Triazine herbicides were measured by gas-liquid chromatography using the following
parameters:

Column: 1.8 mx 4 mmi.d. 5% Carbowax 20 M on 80/100 mesh Varaport 30

Column Temperature: 210 C isothermal

Carrier gas: helium at 50 mL/min.
Detector: Coulson conductivity, nitrogen mode
Injection Volume: 2-50 uL (equivalent to 0.4-10 mL samples)

Herbicides Routinely Screened

The following s-Triazine herbicides are routinely measured by the described procedure:
atrazine (including desethylated atrazine), cyprazine, metribuzin, prometone and simazine.

2.2.4 N-Methylcarbamate Insecticides

28



Extraction: Water (1.0 L) was transferred to a separatory funnel, adjusted to pH 2-4 with
sulfuric acid, and 10 mL saturated aqueous sodium sulfate was added. The mixture was extracted
sequentially with 150 mL and 100 mL dichloromethane, shaking 60 seconds each time. The
combined extracts were washed by shaking once with 100 mL 0.114 potassium carbonate. (The
carbonate wash may be retained and examined for the presence of hydrolytic carbamate
phenols.) The dichloromethane extract was dried by filtration through sodium sulfate, 2 mL
iso-octane were added, and the volume was reduced to 2 mL with rotary vacuum.

Hydrolysis and Derivatization: Methanolic potassium hydroxide (2 mL, 10%) was added
to the concentrated extract and hydrolysis was carried out at 60C for 2 hours. The contents were
transferred to a separatory funnel using a 50 mL water rinse, 50 mL dichloromethane were
added, and after shaking briefly the organic phase was discarded. The aqueous phase was
acidified to pH 2 and extracted twice with 50 mL benzene. Two mL iso-octane were added to the
combined benzene extracts followed by concentration to 1-2 mL with rotary vacuum.
Derivatization was carried out by adding 10 mL acetone, 25 pL 5% aqueous potassium
carbonate, 100 pL pentafluorobenzyl bromide (1% in acetone), and allowing the reaction to
proceed at 60C for 20 minutes.

Cleanup and Fractionation: Two mL iso-octane were added to the derivative solution and
the volume was reduced to 1 mL with rotary vacuum; an additional 5 mL iso-octane were added
and the volume was again reduced to 1 mL. Cleanup was carried out in a 10 mm i.d.
chromatography column containing 5 g silica gel (grade 950) previously equilibrated with 1.5%
water and pre-washed with 25 mL hexane. The concentrated iso-octane solution was
guantitatively added to the column with small hexane rinses and eluted with 25 ml 5% benzene
in hexane and all eluate collected to this point was discarded. The column was then eluted
successively with 30 mL 1:3-benzene:hexane (Fraction A) followed by 40 mL
3:1-benzene:hexane (Fraction B). Both eluate fractions were concentrated to <5 mL, volume with
rotary vacuum after the addition of 2 ml iso-octane and the volume was adjusted to 5.00 mL with
benzene (Coburn et al , 1976.)

GLC Determination: Gas-liquid chromatographic parameters for the measurement of
N-methylcarbamate insecticides were as follows:

Column: 1.8 mx4 mmi.d., 3.6% OV-101/5.5% OV-210 on

80/100 mesh Chromosorb W, acid washed, DMCS treated
Column Temperature: 200C isothermal

Carrier gas: 5% methane in argon at 80 mL/min.
Detector: electron capture, Ni-63 source, pulsed operation
Injection Volume: 5 uL (1 mL sample equivalent)

Insecticides Routinely Screened
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N-methylcarbamates screened by the described procedure include carbaryl (Fraction A)
and carbofuran plus propoxur (Fraction B).

2.2.5 Thiocarbamate Herbicides

Extraction: Water (1.0 L) was extracted twice with 100 mL portions of iso-octane, shaking
60 seconds each time. The extracts were dried and combined by filtration through sodium sulfate.
The volume was reduced to ca 2 mL with rotary vacuum at 50C, transferred to a graduated tube
with small iso-octane rinses and the final volume was adjusted to 5.0 mL.

GLC Determination:  Thiocarb mate residues were determined by gas-liquid
chromatography using the following parameters:

Column: 1.8 mx4 mmid., 3.6% OV-101/5.5% OV-210 on 80/100
mesh Chromosorb W-AW, DMCS treated

Column temperature: 150C isothermal

Carrier gas: nitrogen at 80 mL/min

Detector: flame photometric, sulfur mode

Injection volume: 5 pL (1.0 mL sample equivalent)

Herbicides Routinely Screened

The following thiocarbamate herbicide residues in water are screened by the described
procedure: butylate, cycloate, EPTC, molinate, pebulate and vernolate.

2.2.6 Confirmation Technigues

The low levels of pesticides and pollutants normally encountered in water makes
confirmation by alternate means of analysis difficult. Semi-confirmation of pesticide identity was
achieved by (a) the use of element-specific GLC detectors e.g., conductivity detection in the Cl-
and N-specific modes, and flame photometric detection in the P- and S- specific modes; and (b)
the use of alternate column GLC, i.e. use of a GLC column of different polarity so that
characteristic retention times are significantly changed.

2.3  Quality Control

Duplicate water samples were picked up at random on 31 occasions to check the sampling
technique and the analytical procedure (Appendix VI). On most occasions, good agreement was
obtained where the contaminatory subtance was a general contaminant of the system. Poor
agreement resulted on two occasions when, presumably, a slug of contaminant was passing
down the system. This was verified in AG-13 on June 24, 1975, when an atrazine slug was
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passing downstream and again on September 27, 1976, when both atrazine and diazinon was
passing downstream. On these occasions the duplicates contained marked differences in
concentration of the contaminants.

Internal laboratory check samples were also injected at random throughout the program
and good agreement was obtained in all cases.

2.4 Stream Loading

For purposes of tabulating concentrations in water the terms trace (TR) and not detected
(ND) were retained for the monthly means and ranges. (Appendix VII). For purposes of loading
calculations a number was assigned to trace levels (Appendix VII). In the cases of non-detection,
compounds were divided into two groups. With the ubiquitously persistent organochlorine
compounds e.g. DDT, dieldrin, PCB etc., a number was assigned for loading purposes on the
assumption that the majority of samples contained some background level of the contaminant
above zero but below trace amounts. With the non-persistent pesticides e.g. 2,4-D, MCPA,
cyprazine etc., a figure of zero was assigned for loading purposes. This was based on the
assumption that the majority of samples were in fact free of contaminant either because (a) none
appeared to have been used in the watershed or (b) where applied, the rate of breakdown would
suggest the level would more nearly approach zero than a level assigned to a trace level.

Flow data were obtained from Ontario Ministry of Environment (Appendix VIII).The daily
flows were fed, along with the chemical analysis data, into the NAQUADAT computer in Ottawa
and loadings were supplied through Agriculture Canada for each parameter in the agricultural
watersheds for the period May 1975 to April 1977. This period was used as the main basis for the
report. Unit area loading for all pesticides was based on the total area of the watershed and not
just the treated area. Adjustments had to he made to the farm-to-farm survey (Frank S Ripley
1977) because the exact drainage area of each watershed was not finalized until the survey was
complete. Corrections have been applied to data used from this survey.
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3. RESULTS AND DISCUSSION

3.1 General

From the standpoint of permitted agricultural uses of pesticides in the 11 agricultural
watersheds, the laboratory analytical screening procedures permitted detection of 20 of the 27
insecticides, 16 of the 34 herbicides and 1 of the 10 fungicides; none of the nematocides and
growth regulators were measurable by the screening procedures (Table 3-1, Appendix |, II, IlI,
IV). These procedures, however, accounted for 90.9% of the volume use of insecticides, 80.8%
of the volume use of herbicides, but only 0.2% of the volume of fungicides applied in the 11
watersheds.

Several organochlorine insecticides used in previous years, but no longer permitted for
use, were also identified and measured by the analytical procedures. These included the

diphenylethanes DDT and TDE, and the cyclodiene dieldrin.

3.2 Organochlorine Insecticides - Diphenylethanes

The uses of DDT and TDE for agricultural purposes were restricted in 1970 and cancelled
completely in 1972 (Frank et al , 1974, 1977; Harris and Miles 1975). Methoxychlor and dicofol
are still permitted for use; in the 11 watersheds under study (Frank and Ripley, 1977), however,
only dicofol was used in AG-13 (Appendix 1).

3.2.1: DDT
Presence in Water

Although no longer used in Ontario agriculture (the last official use was in 1972), DDT and
its metabolites DDE and TDE were still detected in stream waters. The frequency of their
occurrence in the water samples over the two-year study period was:

DDT 93% p,p’-DDT 10.5%
p,p’-DDE 93% 0,p’-DDT 2.4%
p,p’-TDE 23% o,p’-DDE and

o,p’-TDE not detected

The annual mean residues of : DDT for the 11 agricultural watersheds ranged from 3.1
to 21.0 ng/L with individual water samples containing from 40.4 to a high of 347 ng/L (Table 3-2,
Appendix IX); the highest mean residues were found in AG-2,5,7 and 13 and were associated
with tobacco and vegetable production where the use of DDT was either greater than that in
the other watersheds, or where use was permitted until 1972 (Frank et al , 1977).
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TABLE 3-1 Pesticides by group used in 11 agricultural watersheds and detected in the analytical screening procedure

Used in Watershed Included in Screening
Pesticide Chemical Number Volume Number Volume  Volume
Type Group (kg) (kg) (%)
Insecticides Organochlorine 4 1,113 4 1,113 100
Organophosphorus 15 5,589 13 5,196 93.0
Organonitrogen 8 2,055 3 1,828 89.0
TOTAL 2.7 8,757 20 8,137 92.9
Fungicides Organochlorine 4 2,348 1 11 0.5
Organonitrogen 6 4,881 0 0 0
TOTAL 10 7,229 1 11 0.2
Herbicides Organochlorine 10 6,385 7 6,348 99.4
Organonitrogen 24 21,706 9 16,351 75.3
TOTAL 34 28,091 16 22,699 80.8
Pesticides * TOTAL 71 44,077 37 30,841 70.0

! Does notinclude 2 nematocide -- 107,567 kg

2 growth regulators - 28,374 kg
2 petroleum products - 13,903 L

Ref: Frank 6 Ripley (1977)
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The mean residue for all 11 watersheds over the two year period was 7.1 ng/L consisting of 4.1
ng/L DDE, 1.6 ng/L TDE and 1.4 ng/L DDT.

Monthly mean levels of DDE, TDE and DDT varied widely. The highest levels tended to
occur between February and May, a period during which streams were being flushed by high flow
rates; conversely, the lowest concentrations appeared to occur between August and October
when the flow rates were low (Appendix VIII and IX).

Annual total losses of 2 DDT ranged from a low of 33 g in AG-4 to a high of 467 g in AG-2
in the May 1975 - April 1976 period, and from 7g in AG-11 to 698 g in AG-2 in the May 1976-April
1977 period (Appendix X). When calculated on the basis of unit area loadings, total losses ranged
from 12.2 mg/halyr in AG-14 to 59.0 mg/halyr in AG-2 for 1975-76 and 2.94 mg/hal/yr to 88.2
mg/halyr in 1976-77 for AG-11 and AG-2, respectively (Table 3-3). Generally, for the 11
watersheds the highest losses occurred in the January to April period and represented 61% and
85% of the annual losses during 1975-76 and 1976-77, respectively.

DDE was the predominant component of 2DDT; while present in 93% of the water
samples, losses of DDE represented 68.5% and 46.1% respectively of the DDT amounts lost in
1975-76 and 1976-77 (Appendix IX and Xl). DDE accounted for 61% to 100% of the 2DDT
concentrations found in individual water samples. TDE was present in 23% of the samples
representing 21.1% and 23.4% of the DDT lost in the 1975-76 and 1976-77 periods, respectively
(Appendix XI); TDE was found only as the p,p-isomer and its concentration represented 0 to 58%
of the 2DDT concentration in individual water samples. The o,p and p,p-isomers of DDT together
represented 10.4% and 30.5% of the 2DDT lost in the stream waters of the 11 watersheds in the
two periods, respectively (Appendix XI). The incidence of o,p’-DDT and p,p’-DDT was highest
during the high flow periods of March and April (especially in AG-2) and represented 0 to 85%
of the 2DDT concentration in individual water samples; at other times of the year, o,p- and
p,p’-DDT were generally absent or present at only low levels. Frequency, mean concentrations,
and amounts lost of DDE, TDE and DDT are briefly summarized as follows:

Frequency Mean Concentrations Amount Lost
(%) (ng/L) (%) (9) (%)
DDE 93.0 41 57.7 1819 58.1
TDE 23.0 1.6 22.5 685 21.9
DDT 10.5 1.4 19.8 625 20.0

(Appendix 1X,XI)

Sources of 2DDT
Since DDT has had no official agricultural use in Ontario since 1972, its presence in stream water
is the result of its long-term persistence. The main source of DDT and its analogs is largely
derived from the soil which serves as a storage reservoir from past uses. Frank et al
(1976,1977), Harris and Miles (1975) and Harris et al (1977) have reported on current levels of
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2DDT in agricultural soils of Ontario. Soils used for the production of fruits, vegetables and
tobacco are considerably higher in DDT content than those soils not involved in these practices,
thus explaining why watersheds where these crops predominate have higher DDT levels in
stream waters.

A second source of DDT is the stream bed sediments (Table 3-4). DDE residues were
found to be present in the stream sediments of all watersheds at levels ranging from 0.5 to 5.0
ng/g. TDE and DDT were found in sediments of only four watersheds and ranged from 0.3 to 9.0
ng/g. The highest DDT residues were observed in AG-2 stream sediments, again reflecting the
past uses of DDT as mentioned above. Frank et al (1974 a,b), Miles (1976), riles and Harris
(1973) and Miles et al (1976) have documented Y DDT residues in other stream sediments
across the province.

A third source of DDT residues in water is the atmosphere. Measurable amounts of DDE
were found in rainwater at concentrations ranging from 1.0 to 19 ng/L. DDT and TDE were not

detected in these samples.

Entry into Stream Water

The entry of DDT into stream waters is largely the result of runoff events which mobilize
soil particles carrying them into streams. In the 1975-76 and 1976-77 periods, DDT losses during
the January to April months represented 61% and 85%, respectively, of the total annual losses
and showed close correlation with runoff events, flow conditions and sediment mobility (Table 3-3,
Appendix VIII a, b, X). High and low sediment losses can be correlated with the high and low
losses of DDT but losses between these extremes were not readily correlated. This may be
explained by the fact that all soils are not equally contaminated and that DDT residues can vary
greatly from field to field and from farm to farm.

Stream flows, sediment losses and MDT losses are summarized as follows:
Flow Volume Sediment Loss 2DDT Loss

m?*x10° (%) x10°kg (%) g(%)
1975-76 (10 watersheds)
May-Aug. 28.8 (13.6) 3944 (27.9) 317 (19.1)
Sep-Dec. 43.4 (20.7) 817 (5.8) 393 (23.7)
Jan-Apr. 137.9 (65.7) 9373 (66.3) 949 (57.2)
Total 201.1 14134 1659
1976-77 (11 watersheds)
May-Aug. 40.1 (25.9) 2091 (24.4) 199 (13.4)
Sep-Dec. 27.0 (17.4) 265 (3.1) 40 (2.7)
Jan-Apr. 87.8 (56.7) 6207 (72.5) 1242 (83.9)
Total 154.9 8563 1481
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TABLE 3-2 The frequency and concentration of DDT found in stream water between May 1975 and April 1977 in 11 agricultural

watersheds
2DDT - Frequency and Content in Stream Water (ng/L)

Period Analysis Not Det. Trace Low Medium  High
Watershed 1 v-Apr. #)  (<04)  (04-09) (10-100) (11-100) (1004) Hean  Range =D
AG-1 1975-76 61 5 0 42 14 0 6.7 ND-39 14.0

1976-77 58 4 2 49 3 0 3.1 ND-14 7.3
AG-2 1975-76 29 1 0 21 5 2 21.0 ND-347 139.0

1976-77 34 1 2 21 8 2 17.0 ND-158 76.0
AG-3 1975-76 52 5 1 39 7 0 3.9 ND-46 17.0

1976-77 57 4 5 43 4 1 7.1 ND-114 34.0
AG-4 1975-76 34 5 0 26 3 0 3.8 ND-14 8.2

1976-77 43 2 3 33 5 0 6.5 ND-97 29.0
AG-5 1975-76 55 4 0 46 5 0 4.0 ND-17 7.7

1976-77 56 4 5 38 8 1 11.0 ND-261 72.0
AG-6 1975-76 58 3 1 45 9 0 5.3 ND-55 16.0

1976-77 41 3 3 29 6 0 4.5 ND-23 11.0
AG-7 1975-76 28 2 0 20 5 1 10.0 ND-120 45.0

1976-77 19 1 2 13 3 0 3.5 ND-13 8.7
AG-10 1975-76 24 2 0 21 1 0 3.9 ND-13 6.4

1976-77 37 2 1 28 5 1 8.9 ND-126 42.0

Continued ......
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TABLE 3-2 Continued

2DDT - Frequency and Content in Stream Water (ng/L)

Watershed Period  Analysis Not Det. Trace Low Medium High Mean Range SD
(<0.4)  (0.4-0.9) (1.0-10.0) (1-100)  (100+)

AG-11 1975-76 18 0 0 15 3 0 5.6 1.0-17 9.2
1976-77 5 0 1 3 1 0 4.7 0.7-12 1

AG-13 1975-76 62 2 0 48 12 0 7.9 ND-59 1
1976-77 87 5 7 61 12 2 9.6 ND-211 5

AG-14 1975-76 48 6 0 35 7 0 5.3 ND-27 1
1976-77 43 4 1 31 7 0 4.9 ND-24 11

TOTAL: 1975-76 469 35 2 358 71 3 6.7 ND-347 38
1976-77 480 30 32 349 62 7 7.7 ND-211 1

GRAND TOTAL: 1975-77 949 65 34 707 133 10 7.1 ND-347 2
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TABLE 3-3 Unit area loading of 2DDT and dieldrin in 11 agricultural watersheds from May 1975 to April 1977

Watershed 2DDT(mg/ha) Dieldrin (mg/ha)

May-Aug Sep-Dec Jan-Apr Total May-Aug Sep-Dec  Jan-Apr Total
1975-76 (May to April)
AG-1 7.28 8.27 21.26 36.81 0.71 0.53 4.74 5.98
AG-2 24.14 12.89 21.99 59.02 4.76 0.81 1.09 6.66
AG-3 1.29 9.68 36.94 47.91 0.00 0.00 0.60 0.60
AG-4 0.00 3.76 13.98 17.74 0.00 0.00 0.00 0.00
AG-5 0.00 2.00 12.67 14.67 0.00 0.00 0.00 0.00
AG-6 4.75 10.23 28.87 43.85 0.09 0.49 0.00 0.58
AG-7 7.62 12.58 18.07 38.27 0.00 0.73 0.00 0.73
AG-10 1.32 4.96 13.22 19.50 0.00 0.00 0.00 0.00
AG-11 - - - - 0.00 0.00 0.00 0.00
AG-13 3.52 4.02 23.12 30.66 8.69 4.57 14.82 28.08
AG-14 0.22 5.77 6.22 12.21 0.00 0.31 0.00 0.31
MEAN: 5.01 7.42 19.63 32.06 1.30 0.68 1.93 3.91

Continued ....
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TABLE 3-3 Continued

Watershed May-Aug Sepz-?)zz(mg”j]?n-Apr Total May-Aug Szlsjgrér;(mg/h\]?n-Apr Total
1976-77 (May- April)

AG-1 0.98 0.00 14.17 15.15 0.20 0.00 2.07 2.27
AG-2 7.20 1.26 79.74 88.20 0.00 0.00 4.18 4.18
AG-3 5.16 1.94 27.26 34.36 0.00 0.00 1.26 1.26
AG-4 0.54 0.00 12.90 13.44 0.00 0.00 0.00 0.00
AG-5 2.33 0.33 16.33 18.99 0.00 0.00 0.17 0.17
AG-6 4.39 0.37 12.61 17.37 0.00 0.16 0.75 0.91
AG-7 9.39 0.71 7.44 17.54 0.00 0.00 0.00 0.00
AG-10 2.31 0.00 12.56 14.87 0.00 0.60 0.00 0.60
AG-11 0.00 0.00 2.94 2.94 0.00 0.00 0.00 0.00
AG-13 0.00 0.00 37.19 37.19 2.11 0.00 19.35 21.46
AG-14 2.89 2.44 14.88 20.21 0.00 0.00 0.00 0.00
MEAN: 3.20 0.64 21.64 25.48 0.21 0.07 2.52 2.80
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TABLE 3-4 Residues of Pesticides and Pollutants found in stream bed sediment collected May 1976 - April 1977

Content in Dried Sediment(ng/g)

Component AG-1 AG-2 AG-3 AG4 AG-5 AG-6 AG-7 AG-10 AG-11 AG-13 AG-14
DDE 3.0 4.0 1.0 0.8 0.5 0.9 0.5 0.9 0.5 5.0 0.3
TDE 0.3 2.0 0.3 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 9.0 0.2
DDT 0.3 7.0 04 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 9.0 0.2
> DDT 3.6 13.0 1.7 1.0 0.7 1.1 0.7 11 0.7 23.0 0.5
Dieldrin <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 2.2 <0.2
Endosulfan 16.0° ND ND ND ND ND ND ND ND ND ND
Chlordane 15 0.3 0.3 ND ND ND ND ND ND 1.8 ND
Hept. Epoxide ND ND ND ND ND ND ND ND 0.4 ND ND
PCB 4 4 8 6 4 6 <2 6 8 6 5
Content in Dried Sediment(pg/g)
2,4,5-T ND ND ND ND 3 4 14 ND 4 ND 6
Atrazine-April ND ND ND ND ND ND ND ND 1581 ND ND
May-Oct ND ND ND 202 ND 72 ND ND ND ND 72

Simazine ND ND ND ND ND ND ND ND <1.0 ND ND
2,4-D ND ND ND ND 2 2 6 ND 4 ND ND

! 15.8 - 7.6 pg/g atrazine and 8.2 pg/g desethylatrazine (April, 1977)

2 Present as atrazine only (October)

3 Endosulfan 16.0 ng/g (a-endosulfan 13 ng/g, B-endosulfan 2.2 ng/g, and endosulfan sulfate 0.8 ng/g)
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TABLE 3-5 Contaminants found in rainwater collected between May to December 1975 in six agricultural watersheds

Content in Rainwater(ng/L)

Component
AG-1 AG-3 AG-4 AG-5 AG-10 AG-13 Mean

p,p’-DDT May-June 4 ND 8 1 3 7 4
June-July 3 2 11 2 7 4 5
Aug-Sept 5 8 5 7 5 4 6
Dec. ND 13 4 NA! 19 16 10

Hept. Epox. Dec. <1 ND 7 NA® ND ND 1

PCB May-June 60 40 10 50 20 30 35
June-July 50 50 50 ND 80 60 48
Aug-Sept 50 100 70 100 50 70 73
Dec. 20 10 30 NA 80 90 46

Leptophos May-June 1100 ND ND ND ND ND

! NA - not analysed
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Toillustrate the effect of rainfall events on the mobility of DDT, on June 24, 1975, following
arainfall in AG-1, the stream flow increased from 0.09 to 16.75 m®/sec, i.e. a rate increase of 186
times; the loss of 2DDT, however, increased from 1 pg/hr to 965 pg/hr revealing a much greater
increase in DDT mobilization than the rate increase on stream flow. While the DDE concentration
in water rose from 3 ng/L to 8 ng/L during this flow event, both TDE and DDT were absent at the
onset but increased with increasing flow rate to concentrations up to 3 ng/L TDE and 5 ng/L DDT
at the crest of the event, suggesting that high stream flows increased both concentration and
loading of EDDT (Appendix Xll and Table 3-6). In three rainfall events in 1977, >DDT carried in
stream water also increased as flow volume increased. During a declining high-flow eventin AG-3
on December 15-16, 1975,2 DDT losses were observed to decline also but wide fluctuations were
noted (Table 3-6, Appendix XII.) During a high flow situation in AG-4 on September 11-12, 1975,
DDT losses ranged from 2 ng/hr to 16 ng/hr (Table 3-6, Appendix XII.)

Water Quality

The 1.J.C. (1977) has adopted a water quality criterion of 3 ng/L DDT for evaluation of the
water quality of the Great Lakes boundary water. Applied to the 11 watersheds 40.6 of the water
violated this criterion during the 2-year study period.

3.2.2 Methoxychlor and Dicofol

Neither methoxychlor nor dicofol were identified in water from the 11 watersheds over the
2-year period. The survey (Frank and Ripley, 1977) of agricultural uses of methoxychlor and
dicofol revealed no use of methoxychlor in the 11 watersheds and only 36 kg dicofol used in
AG-13 (Appendix I).

3.3 Organochloride Insecticides - Cyclodienes

The agricultural uses of aldrin, dieldrin and heptachlor were cancelled in 1969. Following
these cancellations and the discontinuation of uses of DDT and TDE in 1972, an increase in the
uses of the cyclodienes chlordane and endosulfan occurred. Recommendations for the use of
endosulfan on tobacco were dropped in 1975 in order to reduce residues in cured tobacco
(O.M.A.F. 1975-76). Chlordane uses were cancelled during the 1.J.C. study period for all crops
with the exception of corn and recommended uses on corn will be dropped in January, 1978.
(Agriculture Canada, 1977)

3.3.1 Aldrin and Dieldrin

Presence in stream water: Aldrin was not identified in any of the 949 water samples
analyzed, while dieldrin was found to be present in 20.7% of these samples. The annual mean
residue of dieldrin ranged from non-detectable (<0.4 ng/L) in waters from AG-3,4,5,6,11 and 14,
to a high mean residue of 8.0 ng/L in water from AG-13 during 1975-76 (Table 3-7, Appendix
XIIN); water samples from AG-13 also contained the highest single readings of dieldrin. Watershed
AG-13 is associated with tobacco and vegetable production where aldrin found more extensive
use for the control of soil insects.

The mean dieldrin residues for all 11 watersheds over the two-year period of May 1975 to April
1977 was 1.6 ng/L and showed little change between the first and second year of the study (Table
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3-7); most water samples collected in 1976-77 showed slightly lower dieldrin residues than those
collected in 1975-76 with the exception of AG-10, which exhibited an unexplainable increase. This
increase was due, in large part, to a single sample with a level of 82 ng/L collected in September,
1976.

Annual losses of dieldrin by watershed ranged from 0 to 55.9 g in 1975-76 and 0 to 42.7
gin 1976-77 (Appendix XIV). Based on unit area loadings, these losses amounted to 0 to 28.08
mg/halyr in 1976-76 and 0 to 21.46 mg/halyr in 1976-77 (Table 3-3). The highest losses were
observed in AG-13 where extensive past use of aldrin had occurred. The second highest losses
of dieldrin were found in AG-2 where, again, aldrin had been used for the control of cutworm in
tobacco (Harris et al, 1962).

Sources of Dieldrin

The source of dieldrin in water is largely from the soil which acts as a reservoir for storage
of residues from past uses. Frank et al (1976, 1977), Harris and Miles (1975), and Hatrris et al
(1977) have reported on current levels of dieldrin in Ontario agricultural soils; dieldrin residues
are present in most soils of those watersheds producing tobacco and vegetables and are virtually
absent from other soils, thus explaining the incidence of dieldrin in the stream waters of the 11
watersheds.

Dieldrin was also present in stream bed sediments which acts as another source of water
contamination. Sediment analysis revealed that dieldrin was present only in AG-13 at a
concentration of 2.2 ng/g (Table 3-4). Frank et al (1974 a,b) and Miles and Harris (1971,1973),
Miles (1976) and Miles et al (1976) have documented dieldrin levels in sediments of streams,
rivers and lakes in Ontario. Dieldrin was not identified in rainwater collected in six of the eleven
watersheds in 1975 (Table 3-5).

Entry into Water

Dieldrin levels in water can also be correlated with runoff events which result in high soil
particle mobility. During the January to April period of each year, a period when 55% and 68%
of the total flow volume occurred, 49.4% and 90.0% of the total annual losses of dieldrin occurred
(Appendix XIII and XIV).

In two rainfall events in 1977, dieldrin was carried in stream water. Dieldrin increased in
both concentration and unit loading as the stream flow increased in volume (Table 3-6, Appendix
XII). In the first event actual water concentrations in AG-13 were 7 ng/L but rose to 20-25 ng/L
at the peak runoff. This was reflected in higher amounts of dieldrin carried downstream. In the
second event, the concentrations remained constant over the runoff event and losses declined
following the peak flow.
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TABLE 3-6 Rates of loss of contaminants during the sampling of six stream flow events, 1975-1977.

Watershed Date & Losses to Water (pg/hr)
Flow Time Insecticides Industrials Herbicides
(m®/sec) YDDT DLD DIA ENDO HE PCB 2,4-D 2,45-T ATR deA
AG-1 24 June '75
0.09 1130 1 16 162 97 907 23
1.31 1600 28 471 3301 1414 193,828 330
16.75 1725 965 6030 253,260 42,210 560,790 102,510
AC-3 15-18 Dec.'75
4.61 2330 763 498 - - 29,873 26,554
4.44 0030 48 160 - - 23,976 22,378
4.25 0130 61 459 - - 19,890 18,360
3.96 0330 100 428 - - 18,533 15,682
3.23 0930 290 1047 - - 10,465 10,465
AG-4 11-12 Sep.'75
0.00 1020 0 0 - - 0 0
0.07 2330 2 8 - - 25 50
0.08 0020 2 12 - - 58 29
0.12 0120 4 22 - - 43 43
0.18 0150 5 32 - - 130 65
0.27 0250 16 39 - - 486 292
0.25 0400 6 36 - - 630 360
0.27 0530 16 47 - - 1166 583
0.25 0700 10 36 - - 