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Pesticide Runoff from Soil Surface by Rainfall

Kyun Kim, Jeong-Han Kim and Chang-Kyu Park”(Environmental Toxicology Team, Toxicology Research Center,
Korea Research Institute of Chemical Technology, Yusung, Taejeon 305-600, Korea ; *Department of Agricultural Che-
mistry, College of Agricultural & Life Sciences, Seoul National University, Suwon, Korea)

Abstract  Pesticide runoff from crop fields is the important concern in environment because it may affect aquatic
ecosystem and human. And it is essential to find out the amount of runoff and evaluate the possible effect on
aquatic organisms for the human and environmental risk assessment.
However, no definite guidelines have been established and related researches are not active in Korea since
too many factors were involved in pesticide runoff and it was hard to predict it by using simple data.
Therefore, various runoff studies with natural field, simulated rain/field, and computer models were reviewed
for the general aspect of experiments and results.
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2H Fal, o] FAol gol, ¥ AXANHOZRE {&9
o FARY o]FL AHF JPHS WEIT Uk

H4EE ATE FNM 2719 AFAEL ESF TRA
A F71GEA FFE T EAEE A= ge
FZ299 U AEE FPstded, 2 AHEL Pio-
nke®} Chesters 7ol ¢J3) &, ARa=HUrh 19603
FRNE TR FA N FA1FaA sy w2t A%
Aagthe 2 A7 SRR oA kv & e
F&ol7l+ sht 24-D, 24,5-T, silvex 5% 4 HA&s 1
AeH, §4H ZHAM o] FrE WE F8E FFo
ga Bastch?

T FALRA G BT EES] FF =5 g A4
& 1980t B0l Foko] F &4 FolM HEHW
A At i@ =& g F97 FEEH7) AFAE A
Iy 10999zke) AFAHQ AL AR sy
2de 2718 /HREY 4] 4 L olylon, 4F
/o] ZAg FoFoly o]FAde] BAd wFE Bol AR
A A9 Fgegol EA svie AT 29
ATFEL A3,y FALIRYE 39 EYEE &9
FAMEA YL TH AlFAAE FFE v FF 82
dL AFsD Yed? F, At B FE25 F9 L9
TET ppm FEAZA =B 4 o HF o]zle]
A1 EAdola FE7t st o)y AR 3 34 o]
H7e s, 47 “Hd) 29 $+F(Maximum Contaminant
Levels, MCLs)" & Z#3le x4 288 4 Ide 75
gol Ae Aol
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T4 FEATE FEATS FF, BHE #ALY ¥
A4 FAE AEsr] A T 2RI gL
e 2 AR e Gt g2 FY FFol FEF
& FAAZEE FAHL, EAe olg 2 Y fH&
TEE HUgoz dEd WS o)&3ld &% F 3
7t 9§ RAeojrh

19604 & AA 1970858 &daA FPd F&o
T At AQREE ol &5t TF(HRESH v F 7
EP oA dAsigon, giie] 482% 58S 4X
B ¥ 5% oldke] fFo)gtn BaEtth ™ Triplett
F'90) atrazine®} simazine$ AH§3te] HAEFH v A2}
EYdMyg & 48 49 &5 480ppb, +5& 0~5.
%2 Rastyen, & %S vXe MY FRE <
A A AEA| 719 A A7) o] BAlolY, BAA| o] FE,
B9 ¥, BEFY FEUF o ot §E9 Fdol
ttzw, &4 EGET WA ZA EGIAY {FEE0] ¢
worm, 88F&E7 §-AME atrazine® simazine® H&&
atole olEe Ee|5EA Aol Aoldte] Eo WA
o) %] th2y] WEo2 #4331 glrh =¥ Leonard T
& atrazine¥} paraquat, trifluralin, propazine, cyanazine,

diphenamide 5 o8 AZAE A&t B A=A NA
fFELEE T2, 7282 paraquate) AY o}
34~109% AEQLw, 1 o9 HFEL 2% o|sln
B39tk Rhode $%& ethoprop FAIS AMg3te] #)#)
Feo B REATFTNM, A4 YA PN A& A
$3te] 48T HAa ddekAe f&F2E 283pph, £&
&2 01%929, YAE &5 5 45ppb, 28 0.01%=
T oA ezt &% 249 Aojrt YL BuEATh
Yamaguchi $°°& dhdelA <F 30709 BoF ARol &2
e U39 oy, #5382 0.26%(chlomethoxyfen) of A
A1 12%(simetryn) 744 @otn Busgm, ASvwst
49 Fofe 2+ diazinon, iprobenfos, dichlorvos, fenit-
rothion, molinate, simazine, thiobencarb, HCH isomers,
chlordane, oxadiazon 3} chlornitrofen ©|%129, Fx¥Y
¥ 0.3~300ng/L3t 35t ch(Fig. 2). Sudo $7 FZ
M e] T KE54Y AToNA simazine, oxadiazon,
atrazine¥} diazinono] AZEHJ oW, HF §25 = 747t
0.92, 0.61, 0.28, 0.04pg/L, A% &2 simazine 4.2%, oxadia-
zon 1.5%, diazinon 0.98% FZolg} B 13lg}H(Table 1).

Table 1. Detection rates, concentrations, and properties of
pesticides detected in discharge from D golf links.3?

Net concentration

Pesticide Detection Solubilinty
rate(%) range(ug/L) mean(pg/L)  (mg/L, (T))

Simazine 98 tr*-8.90 0.92 5 (20)
Oxadiazone 60 tr-6.05 0.61 0.7 (20)
Atrazine 62 tr-1.71 0.28 33 (25
Diazinon 92 tr-0.46 0.04 40 (20)
Fenitrothion 0 nd* 14 (30)
Fenthion 0 nd 54-56(room temp.)

*tr and nd mean trace level and not detected.

FYdNE 2 §90] Ro(iR) w3 TZFNM #&
E4 47E FYsIE e, ZUER) =94 ¥E butachlor,
cartap, chlorpyrifos, diazinon, IBP % 57} %98 iAo g
AYE& 9% A3} diazinond &80l 714 Fo} HE %
%ol 34%7t &AL, cartap?] K& &o) 7HE Yol 1%
olgte] o] FEHULL EF olE 5/ T KL
T4 #AE Yot £ A §&HEe FIY dL 2
T F8A4F vE AN &S Btk IZ
A9] Eoke) 5397+ metalaxyl, fenitrothion, iprodion,
propamocarb 5 47} kg Ao SFsig=d, B2
T fenitrothion®2 &%= 0.1ppb2 ¥4 942
FFolet Budtch 1990dthel] E0J4 Mayer 59 &
&5 AHEHQ FEgE FHE A 20 FA 14709
TI3L oz 4¥E 3% A 24-D9} dicamba 271 2|
Fogto]l AEHNY 1 BEe S WY FEoz 4
gEHoz & %L vAA de Aoz Byt
2o EolAde dwd] w4 FEexE Ylsted aAx
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dichlorvos 2 : - X6 /119(79.8%)
dlazinon T X 7 108/119(90.7%)
iprofenfos T X —1 871/119(73.1%)
chiorpyriphos methyl [ 7 10/119(8.4%)
fentrothion. T X 1 81/113(68.0%)
aalathion X 1 31/119(25.0%)
fenthion - 1 25/119(21.8%)
chlorpyrifos X — 49/119(41.1%)
nothydathion —x—1—— 19/119(15.9%)
propaphos X ) 43/119(36.1%)
pyridafenthlion - E— | 7 44/119(36.9%)
piperophos ) W1 ] 18/119(15.1%)
a -HCH C—x—— 117/117(100.0%)
A -HCH 2 X 1 117/117(100.0%)
7 -HCH —x—— 117/117(100.0%)
& -HCH - =3 T1/11{80.7%)
quintozene T—X ] 28/117(23.9%)
t-chlordane T > & 5 113/117(9%.6%)
c-chiordane T X — 108/117(93.1%)
t-nonachlor - X 7 109/117(93.1%)
c-nonachlor T — 71/117(60.7%)
oxadiazon T X } 88/89(98.8%)
chioronitrofen T X 1 80/89(89.8%)
chicastoxyfen T ) 23/89(25.8%)
molinate T : > 1 52/60(86.6%)
simazine T X 58/60(%6.5%)
simetryn C X 3 60/60(100.0%)
thiobencarb I » 71 35/60(58.3%)

Fig. 2. Concentration of pesticides in Yodo River basin from April to December, 1990.

Table 2. Major nonpoint source pollution catagories and subcatagoriesa.

Agriculture Land Disposal(Runoff/Leachate
Non-irrigated crop production  from Permitted Areas)
Irrigated crop production Sludge

Specialty crop production Wastewater

Pastureland Landfills

Rangeland Industrial land treatment
Feedlots On-site wastewater systems

Harzadous waste
Hydrologic/habitat modification

Aquaculture
Animal holding/management

Channelization
Dredging

Silviculture

Harvesting, reforestation,
residue management Dam construction

Forest management Flow regulation/modification

Road construction/maintenance  Bridge construction

Removal of riparian vegetation

Streambank modification/
destabilization area

Urban runoff
Storm sewers{source control)
Combined sewers{source control)
Surface runoff Other

Atmospheric deposition
Resource Extraction/Exploration/ Waste storage/storage tank leaks
Development Spills

Surface mining In-place contaminants
Subsurface mining Natural

Placer mining

Dredge mining

Petroleum activities

Mill tailings

Mine tailings

*Source . USEPA(1987)%
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Fig. 3. Herbicide concentrations in the sediment for the finalrunoff sample and in the soil profile after rainfall.
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Fig. 4. Pesticide losses(as percent of applied amounts) in
theaqueous phase of runof plotted vs. experimental plot
H 38)

size.

Fig. 5. Pesticide losses(as percent of applied amounts) in
theaqueous phase of runof, corrected to a loss at 7 days
afterapplication and a runoff volume of 1cm. plotted vs.
experimentalplot size.*®

TOXICOLOGICAL EXPOSURE
HAZARD DATA DATA
(Laboratory) (Laboratory)
- Ecological data - Chemical fate and transport - Pesticide use information
(e.g., LDsos; LCwos; datale.g. 1/2-life; Kd value; (e.g. label rate; frequency timing;

ECss; NELs, MATC)

- Human accumulation)

residue decline curves; fish

method of application; site
characteristics; potential

(e.g., Rat, Mouse,
Rabbit, LDsos; LCsos;

NELs)

(Field)

- Ecotoxicological data
(e.g. mortality; sublethal

effects;
effects)

Toxicology data
geographic extent of use)

- Non-target organism information
(e.g., types; distribution; abundance;
dynamics: natural history)

- Chemistry data(e.g., solubility;
vapor pressure; molecular
weight; structure)

\
(Field)

- Residue chemistry data(e.g.,
plant and soil residues:
metabolic products)

- Chemical data and transport
datale.g., field dissipation
rates; fish rates; fish residues)

population

S

Estimated Environmental Concentrations(EECs) for water, soil, non-target
food items; plus profile of non-targetorganisms at risk

l
v

INTEGRATION

'

Compare Toxicological Hazard Data to Exposure Data
Based on Regulatory Risk Criteria

'

OUTPUTS

1. Statement Assessing Ecological Risk from the Use of the Pesticide
2. Regulatory Actions

Require Additional Data

Require Restricted Use Classification to Reduce Risk
Initiate Special Reviews based on Risk Criteria
Recommend against Registration

Fig. 6. Flow chart for ecological risk assessment for pesticides.®®
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Level 1 Go to EEC table for direct application to water
EEC < Risk Criteria No Risk
EEC > Risk Criteria
Level 2 Modify Variables
1. Chemical Site Dependent Variables:
- drainage basin size (A)
- surface area (A)
- average depth (ft)
- % runoff (decimal)
2. How ?
- Use Literature References:
- Benchmark Chemicals
- Typical Runoff Figures
- Site Characteristics
- Spray Drift
EEC < Risk Criteria No Risk
Y
EEC > Risk Criteria
Level 3 Request EEC Estimation from Exposure Assessment Branch(EAB)
Computer Simulation Models(SWRRB and EXAMS)
SWRRB predicts pesticide concentration in the runoff off
EXAMS predicts pesticide concentration in the aquatic system
receving runoff. It has two versions: (A) steady state input and
(B) pulse loading. The latter is more representative of most
agricultural use sites,
Both pond and river scenarios available
{ EEC < Risk Criteria No Risk
r
EEC > Risk Criteria
Level 4 Request Actual Field Residue Monitoring Studies

Fig. 7. Aquatic estimated environmental concentration(EEC) tiersystem.5®
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