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Groundwater pesticide vulnerability:comparing simple
assessment methods
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Haarstad, K. 1998: Groundwa ter pest icide vulnerabil ity : comparing simp le assessment met hods. Norges geologiske

undersekelse Bulletin 434,45-52.

Residues of pesticides are fou nd in drinking water and groundwa ter, in fact in all compartm ents of th e water cycle.
Should we protect our water sources better,and if so,how?Four met hods have been applied to assess th e vulnera
bility of a phreatic aqu ifer used for a local drinking wate r supply serving approximate ly 1000 peop le.Of the 24 com
po unds listed in t he case study, a met hod based on labeled pestici de risk class accepted 14 (S8%).a met hod based
on data on pesticide soil-water part itio n values and very simplif ied local hyd rogeological data also accepted 14
(58%),a met hod based on model simulat ion accepted 18 (75%) and a meth od based on tabulated values of pest ici
de half-li fe and soil adsorpt ion values (the so called GUS-index) accepted 8 (35%) of 23 compo unds.Taking probable
values of high precipi tat ion into account, the accepted compou nds based on model simu lat ion were reduced to 10
(42%). None of th e 4 methods used all relevant information about risk assessment and drinking water and ground
water protect ion.The disagreement in th e conclusions between th e met hod s is high, rang ing from 35 to 60%.Since
none of them are consistent, we cannot be confident th at they will work under variable condit ions. Decisions sup
ported by site specific field or local variables like pesticid e half-life in soil and water, soil pesticide adsorpt ion, clima
t ic cond it ions and others,are recommended.

Ketil Haarstad,Iordiorsk, Centre for soil and environmental research, N-7430As, Norway.

Introduction
There is an increasing awareness of the possible risk of pesti
cide contamination of surface waters and groundwaters.

Shallow groundwater to a depth of about 200 m can be cha

racterized as having a mean retenti on time of 200-300 years,
and thus th e consequences of potenti al pollution have long

tim e scales.The drink ing water standards in most European
count ries were originally intended to have a 'no detection'

level regarding pesticid e residues.Several surveys and studi
es,however, have shown that there are residues of pesticide s
in drinking water and groundwate r, in fact in all compa rt

ments of the water cycle, even in precipitation (Helweg

1995a).The frequ ency of detectabl e concent ration s seems

to be increasing, but thi s may also be due to im provements

in analyt ical techniques. In Denmark, 8.6% of 1500 analyses
from 825 observat ion wells conta ined pesticides,according
to Helweg (1995b).A study of 284 dr inking water wells reve

aled pesticide residues in 14% of the samples. Similarly in
the UK, analysis of nearly 30,000 samples of drinking water
showed residues in nearly 30%, about 7% of which were

samples fro m groundwater (Mardsen 1992). An American

study reported th at in 100 wells sampled for 13 pest icides or
metabolites in 1991 and 1992, th e frequ ency of samples

with detectable residues of pesticides increased from 29%

to 46% when the detection lim its were lowered from 0.05
uq/ litre (Kolpin et al. 1995). The author did not specify the
new detect ion limits.

In a pesticide survey programme of surface, drainage
and grou ndwater in agricultural areas in Norway between

1994 and 1998, th e herbicides mecoprop, MCPA, dichlo r

prop, bent azone, metribuzin, metam it ron, 2A-D, simazine, li

nuron,propachlor,th e insect icide dimethoate and th e fun gi-

cides metalaxyl, propiconazole, mancozeb and its metaboli

te ETU, and fenpropimorph have been detected in surface

waters.The highest concentr ation in surface waters was 19

~g/I itre of metamit ron. The herbi cides bentazo ne, dichlor
prop, linuron, MCPA,mecoprop, metr ibuzin and metamit ron,

and the fung icides metalaxyl, proch loraz and propiconazo le

and t iabenda zol were detected in the upper part of the
groundwater ju st below the agricu ltural fields. The mean

concentration in groundwater was 1.03 uq/litre and th e hig
hest concentration was 33 ~g/Iit re of met ribuzin of 108 posi

tive samples.The most frequently found pesticide was ben

tazone. The survey also included 4 drinking water we lls in

which bentazone was repeated ly foun d.The mean concen

t rati on in the dri nking water wells was 0.05 uq/l itre and the
highest concentrat ion was 0.11 uq/Htre of bentazone in 12

positive samples.
It seems clear from th ese stud ies th at if the obj ect ive is

to keep drinking water free of pesticides, the too ls for pro
tect ing part icularly water recharge but also discharge areas

must be improved.This is especially important for ground

water resources because remediation is more difficult and

takes a longer tim e than for surface waters. According to

Norwegian standards for dri nking water,the maximum con

centrat ion of individual pesticides is 0.1 ~g/ Iitre, and 0.5
~g/litre total for all pesticides.The use of pesticides wit hin

the recharge and discharge areas of drinking wate r sources
in Norw ay is only allowed when approved by local health
and agricultural authorities based on professiona l evaluati

on of the actua l compo und s and their toxicity, potential for

bioaccumu latio n,degradation, metabolites and mobility,to

gether with local climatic factors.These regu lati ons are not

always follo wed up in practice, perhaps because there are
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Table 1. Information needed for evalua tion of pest icides (after Morka &

Harald sen, 1996).

Ecot oxicology Hydro lysis, photolysis, degradation and
metabolism in soil,adsorption to

soi l part icles, t ransport and mo bili ty in
soils (colum n and Iysimeter studies ),
degradat ion in soils (half- life time),
accumulation in soils, degradation in

water (b iot ic, BOO/COD, hal f-l ife time,
route of deg radat ion),vaporisation,
growth in hib itat ion of algae, acute and

chr onic toxicity to daphnia and fish,
accumulation in fish, effect on terrestrial

mic roorganisms and earth worms, acute
and subacute toxicit y to birds, repro

duct ion toxicity in bird s, field studies.

Ecot oxicology Effect on bees and other useful insects,

earth wo rms, aqua ti c organisms.

Physical/ pH, density (fl u id s),particle size

Chem ical data (powders),abi lity to stay in suspension/
emulsion , vapo ur pressure, flammability.

Acute oral-, de rmal- and inhalation

toxici ty, skin - and eye irritat ion , alle rgy.

Documents on

Acute oral- , dermal and inhalation

toxici ty, skin and eye irritation, skin
sensibility, 90 days toxicit y test (rat), 3

mo nths toxicit y test (dog), chronic
feedi ng test (at least 2 types of

mammals), carcinogenity, mutagenity
(m in tests ), reproduct ion (at least 2 or 3
generat ion study), teratogen it y
(misforms), nervetoxicity, metabolism in

animals (adsor ption, distribution,
excretion, b iotransformation, assume d
effect mechani sms, hematology
(blood), funct ions of liver and kidneys,

effect on enzymes), toxicity to
humans.

Boiling poin t, den sity,vapour pressu re,
surface tension,wa ter solu bility, lip id

solubili ty, pK. , K"w' solubili ty in organic
solven ts, stability to hyd rolysis, thermo
stability, phot ostab ility, flammability,

igni t ion.

Subject

Toxicology

Physical/
chem ical dat a

Object

Trade

Product

Act ive Toxicology
ingred ients

no standardised or common ly accepted methods, or the po

tenti ally useful met hods are too demanding or costly for

pract ical use.A simp le monitoring programme will generally

not do for groundwater supply sources because remed iati 

on will be too costly and time consuming. According to

Chilton et al. (1994), both scienti fic investiga tions and rout i

ne monitoring of pesticides in groundwater present signifi
cant difficulties. A strategy needs to be developed to assist

water utilities and regulato ry aut horities to protect ground

water from contamination by pesticides.
The paper describes and compares four simple methods

fo r assessing groundwater vulnerability, relating the met

hods and the criteria set by the authorit ies evaluating envi

ronmental effects of pesticides and comparing how the

methods separate specific pestici des into possible leaching
or non-leaching compounds. The objective is to illustrate

how differences appear between the meth ods, and not to
analyse if the met hods are the most up to date or perform

accord ing to ideal assumptions.The comparison is based on

a case study where there are very scarce field data to do the

evaluation, a situation also often encountered in practice .

The met hods are used to separate tolerable and non-tolera

ble pesticide applicatio n in the vicinity of a well producing

drinking water.

Pesticide regulations in Norway
In Norway, The Norwegian Agriculture Inspection Service

approves pesticides for a period of 5 years. By January 1,
1996, 190 pesticides were allowe d for use in Norway, inclu 

ding 120 diffe rent active ingredi ents (Morka & Haraldsen

1996).The Royal Minis try of Agri culture gives regulations for

distribution and use and th e latest version was issued in
1992. These regulations state that pesticides should not
have harmful effects on humans, livestock, animals and

plants and the environment in general, and they must be
ecologically and toxicological acceptable. It is a political ob

jective to reduce the consumption of pesticides in the coun

try.The procedure for approval of pesticides is based on the

documentation listed in Table 1.

Methods
Normal agricultural app lication of pesticides is considered
to be a diffuse load, although accidental spil ls and storage

may lead to point source contamination.Pest icide data have
been collected mainly fro m the pesticide database of the

Remote Sensing and Modelling Laboratory (1997).

Addit ional informati on has also been collected from :Tomlin

(1994), Hart ly & Kidd (1983), Kenaga & Goring (1980) and

Morka (1995).Typical values for soil adsorption and pesticide

half-life in soil have been chosen if given in the literature.
Otherw ise 'worst case' values have been chosen, i.e. maxi
mum values for half life and minimum values for soil adsorp 

tio n.

Case study
The fou r methods have been applied to assess the vulnerabi

lity of a phreatic aquifer used as the source for a local drin
king water supply serving approximately 1000 people. The
well screen is 37-50 m below surface,and the mean depth to

the groundwater level has been measured as 12 m from the

surface.Groundwater fluctuations are not considered; the va

riation is assumed to be neglig ible compar ed to the depth of

the unsaturated zone.The aquifer material varies from fine

sand to gravel,w ith an assumed mean hydraulic conductivity

of 8 m/day.The recharge area is about 100 hectares,of wh ich
50% is arable land used mainly to produce strawberries.The

names and descript ions of the app lied pesticides are listed in



1 phenmediph am Herbi cide - C
2 qlufosinate-Nl-l, Herbicide - C
3 cycloxydim Herb icide no data C
4 simazine Herbicid e Cl C
5 mecoprop Herbi cide Cl B
6 metamitron Herbicide - C
7 mecoprop+M CPA Herbicide Cl B
8 di- +paraquat Herbicide - B
9 glyphosate Herbicide - C

10 lenacil Herbicide - C
11 2,4-D Herbicide - B
12 MCPA Herbicide Cl B
13 permethrin Insecticide CI2 C
14 clofentezlne Insect icide CI2 C
15 azinphos-met hyl Insecticide - A
16 fent hion Insecti cide - B
17 demeton -s-methy l Insect icide - A
18 fenvalerate Insecti cide Cl2 C
19 tri adim efon Fungicide Cl C
20 chlorot halon il Fungicide Cl. B
21 tolylfluanid Fungicid e CI2 C
22 coppe r oxychloride Fungicide - B
23 quin omethionate Fungicid e - C
24 vinclozolin Fungicide CI2 C

# numb er of chlorin e atoms in molecule, - = no chlorin e
t Riskclass: A=to xic, B=health risk,C=minor health risk

KETlL HAARSTAD

INo. Active ingredient Type Chlorine # Riskclasst I
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probable h igh m o b il it y in so i l, and 3 are indicated as catio ni c

wit h lo w mobility in soil.The annual pesticide ap p licati o n va 

r ie s from 0.5 to 24 kg / hectare.This case study is representati 

ve for risk assessments based on re latively sparse data on lo

ca l cond itions, typica l for many groundwater investigations.

The avai lable information about lo cal soil and g roundwater

co nditions is lim it ed . It is, however, not unusual that real vu l

n e rab ilit y assessment and control of the areal use within the

recharge area of a d rinking water well are ba sed on less infor

mation t han this, giving not only justification but al so a need

for information about the performance of such a v u lnerabili

ty study based on limited information.

The m et hods used to evaluat e the risk of pesticide leac habi

lit y to groundwater were ba sed on: (i) the labe led risk class, (ii)

data on pes ticide water soi l-water partition, (ii i) model simulati 

on and (iv) the GU5index.The methods are described below.

Method (i), Risk class
Distribution and use of pesticides are regu lated by the aut

horities as described above. Th e producers classify pestici

des as fo llows:

X=Highly toxic

A=Toxic

B=Health risk

C=Minor health risk

Suggested acceptance criteria:
Pest ici d es accepted fo r use in recha rge areas are, accord ing

t o the authori ties, assumed to b e in class C (St at ens Institutt

fo r Fo lkeh el se, 1987).

Table 2. Pesticides applied in th e case study recharge area of a ground-
wate r well (with grain crops and strawberries production)

Tables 2 & 3, showing that 12 are herbic id es, 6 are in sect ici d es

and 6 f ungicides. Of the 24 applied p est icid es, 11 are ch lori-

nated , 5 are indicated as anionic in aci d ic soil water with a

INo. Active ingredient Koc pK. ionisation#
log log

1 phenmedipham 3.1 -4.1 <0.1 0
2 glufosinate-NH4 1 - 3.1 nv.
3 cycloxydim 1.4 4.2
4 simazine 2.0 - 2.4 12.3:1: +
5 mecoprop -1.4 3.8
6 metamitron -0.89 nv nd.
7 mecoprop +MCPA
8 di- +paraquat 2.3 - 4 nv. nd.
9 glypho sate -5.1 5.7 +

10 lenacil 0.3 - 2.8 10.3 +
11 2,4-D -1 - 0 2.6
12 MCPA 1 - 2 3.1
13 permethrin 4 -5 nv. nd.
14 d ofentezine 4.6 nv. nd.
15 azinphos-methyl 1.7 nv. nd.
16 fenthi on 3 -3.3 nv. nd.
17 demeton-s-meth yl 2.6 nv. nd.
18 fenvalerate 4.1 nv. 0
19 tri adimefon 2.5 nv. nd.
20 chloroth alonil 1.9-2.8 nv. nd.
21 to lylfluanid 2.4 nv. 0
22 copper oxychloride nv. nv. nd.
23 qu inomethionate 0.5 nv. nd.
24 vinclozolin 2.7 nv. nd.

20-120
3-20
1-12
70 -11 0
7-13
<28

>1000
2-174
82-150
7-14
6-60
3-200
28-85
5-15
0-112
8-63
75-287
6-23
5-36
2
nv.
3-21
3-75

# 0 = nonpolar,+ = cationic,- = anionic,
nv.= no value, nd.= not determ ined
t Half-life of compound in soi l if not

stated otherw ise
:I: pKb

* hydrolysed in alkaline media
** strongly adsorbed in soil
*** esther bond hydro lysed

Table 3.Case study app lication of pesticides in the recharge area of a groundwate r well growing grain

crops and st rawberries, soil adsorpt ion (Ko,), chemical characteristics and soil half-l ife (t 1l2) .
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Limitations:
The concept of risk classes is defined only by occu pational

risk, i.e. risk from di rect con tact with the act ive ingred ients

when hand ling the products, and gives no information

about the risk of leaching to groundwater. It is, ho wever,

frequently used to evaluate pestic ides . In a list ing in

Norweg ian guidelines for protection of groundwater re

sources, 21 pesticides are mentioned as examples of com

pou nds accepted for use, of w hich 10% we re in class A,

43% in class B and only 29% in class C (Statens Institutt for

Folkehelse, 1987).

Method (ii), Partition coefficient
Transport of pesticides th rough a soil column depends in

part on the potential for sorption to soil particles. Assum ing

ho mogenous transport, the velocity of a pestic id e relat ive to

wa ter can be evalua ted by equa tion 2.The sor ption is descri

bed by t he partition coefficient, Kd,which is the ratio betwe

en the concentration of the substance in the soil and in the

aqueous phase at the end of an adsorption test (Kuhnt &

Muntau 1994). Usually only the organ ic carbon part it ion co

efficient, Koc, is g iven for specific pest icides .The partition co 
e ff ic ients are rel ated by eq ua t ion 1:
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p lied, th e degradation of the pesticide and local variation in

soil physical conditions and climate.

Method (iii), Model simulation
Based on th e fact t hat the un derlying data were limited a re

lat ive ly sim ple model wa s select ed:

Pestan

Pesticide Analyt ical Model 4.0

Ravi & Johnson (undated)

The model uses an analyti cal steady-state solu tion of the ad

vect ive-dispersive-reactive tr anspo rt equation and includes

decay of pesticid e in soil and water, act ual precipitation, soil

depth and geology, and amount of pest icides applied. The

fo llo w ing assum ptions were used :

A simulation period of 20 years, 1 day betwe en applicati

on and start of wate r infiltration, ann ual mea n precip it at ion

and ma xim um prec ipit at ion expected to occur at least every

5 years.

The PESTAN model is not on the list of models specified

in th e Reg ulatory Modelling Working group FOCUS(Boesten

et al. 1995), but the selecti on of a single model may be diffi 
cu lt si nce th ere is no clear scienti fi c j us tification for ch o o sin g

one over another.

w here Kdesoil partition coefficient, Koc = soil organ ic partit i

on coefficient, foc= soil organic fraction (here assumed =

0.05 for local conditions).

Pesticide retardation in the soil column relative to w ater,R, is

given by (Freeze & Cherry 1979):

R =1 + r/n * Kd

(1)

(2)

Suggested acceptance criteria:
Based on previous detect ion of pesticides in groundwater in

Norway,and on local hydrogeologi cal cond it ions, the limit for

acceptable infil t rati on depth below surface of simu lated pes

t icides is 'arbi t rarily ' set to 480 cm.Thus, fo r the specified use

descr ibed here,pest icides wh ich do not infiltr ate deeper than

480 cm in 20 years are accepted, even if th e conc ent rat ion ex

ceeds th e acceptable lim it of 0.1 Il g/1. Below 480 cm the con

centration of individual pest icides must not exceed 0.1 Il g/1.

where r = bul k density, n = porosity, K, = soil partition coeffi 

cient. If R=l 0 the substance in question is 10 times slowe r

than water.

Suggested acceptance criteria:
A field location example in Norway, descr ibed in Lode et al.

(1994), showed that atrazine can be found in gr oundwater at

least 15 years after the last applicati on . If a safety factor is ad

ded,a R-value in the order of 100 or higher can be chosen as

acceptable for the case study.

Limitations:
The accep tance criteria are subjec ti ve ly chosen, based on re

sults from a location w ith application of atra zine, and pers i

sten ce of at razine in groundwater (Lode et al. 1994). Th is

might have been a 'worst case' situation where the applicati

on was not according to good agri cultural pract ice and thus

not relevant for other pesticides and other locat ions .There

is, however, an aspect of precaution.The soil adsorpt ion data

are not speci fie d fo r th e case study locati on. The met ho d

does not take into accoun t the amount of the pesticide ap-

Limitations:
There are no add it ional pest icide applicat ions wi thin the si

mulation period in th is model. Normally applicati ons are g i

ven regularly either each year or with intervals in real situati

ons .

There are no data on pest icides for the spec ified locati

on . Local var iat ion in e.g. the geoc hemistry of soil water can

signi ficantly change pesticide solubility and sorption cha

racteristics (McCarty & Jimene z 1985, Thurman 1985, Kan &

Tomson 1990).Ther e were on ly limited data on local soil and

hydrogeology.The Pestan model,accord ing to th e manual, is

insens itive to pest icide solubilit y, satu rated hyd rauli c con

ductivity and liquid decay compared to th e sensit ivit y in

partition coefficient and precip itation. So il bulk de nsity, po

rosit y and d ispe rsio n coeff icient will generally no t show a

large var iat ion relati ve to the oth er varia ble s. The outpu t

concentrat ion of pe sticide is about 5 t im es more sensit ive to

soil adsorption and pre cip it at io n than oth er vari ables ex

pressed as percentage change in conc entration relat ive to

pe rcentage change in the variable.
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Method (iv),The GUS-index
According to Gustafson (1989). the most relevant physical

variables to leaching of pesticides in soils are Koo whi ch is the

soil partition coefficient KD adjusted for soi l organic con

tent,and the half-l ife value,wh ich is the average time it takes
(preferab ly measured in the field ) for soil residues of the pa

rent molecule to decline by 50%.These variables are prefer
red because much of the variability of leaching of pesticides

is assumed to relate to the variability of the soil organic con

tent. The GUS value is calculated according to :

(3)

where to.s"'i1 is the half-life of pesticide in soil (days),and

K.x is the soil organic partit ion coefficient given in Table 3

Acceptancecriteria:
According to Gustafson (1989). data show that pesticides
wi th a GUS value above 2.8 invariably leach to grou ndwater,

pesticides wi th GUS values between 1.8 and 2.8 are in a tran 

sition zone, and pesticides wi th GUS value below 1.8 are ex

pected not to leach. The selected acceptance crite rion is

thus a GUSvalue equal to or lower than 1.8.

Limitations:
The Gustafson metho d can onl y be applied to uncharged
pesticides.At least 8 of the case study pesticidescan be clas
sified as anionic or cationi c and are thu s not well evaluated

by this method,as seen in Table 3.The method does not con-
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sider variab ility in hydrogeology or climate.Almost no regio

nal or local fie ld data are available for the case study. Many

pesticides are ionic substances that do not relate strong ly to

organic content, but have more affinity to clay part icles, for
example glyph osate, see Table 3. Thus, the Koc value might

not be relevant for the actual leaching cond it ions.
The analysis of th e met hods and the case study is only

theo retical but could be validated afte r fie ld investi gatio n

afte r th e groundwater well has been operated for some time

and if the given pesticide application is continued.

Results and discussion
Table 4 shows that of the 24 compounds given in the case

study, met hod (i) accepted 14 (58%), method (ii) also accep

ted 14, method (iii) accepted 18 (75%) and method (iv) ac

cepted 8 of 23 (35%) compounds. The distribution of the
compounds using meth od (iv) and the curved shape of th e

GU5 acceptance limits are shown in Fig. 1.When takin g pos
sible episodes with high precip itation into account, the ac

cepted compounds based on method (iii) were reduced to

10 (42%,Table 5) and eight pesticides change from non-lea

chers to leachers.Basedon given pKa values the compounds

2, 3, 5, 10 and 11 are likely to have anionic behaviour and

high mob ili ty in grou ndwater. Method (iii) predicts all these

as leachers.
On a subject ive basis, Table 6 shows that none of the 4

methods use all relevant information about risk assessment

relevant to dr inking water and groun dwater protect ion.

Method t

Pesticide Application :I: (i) (ii) (Hi) (iv )

1 phenmediph am 6 A# A A NA#
2 glufosinate-NH4 10 A NA NA A
3 cyclo xyd im 6 A A NA NA
4 simazine 3 A A NA NA
5 mecoprop 6 NA A NA NA
6 metamitron 8 A NA A NA
7 mecoprop +MCPA 3 NA NA A NA
8 di- +Paraquat 24 NA NA NA A
9 glyphosate 8 A NA A A

10 lenacil 2.5 A A A A
11 2,4-D 1.5 NA A A NA
12 MCPA 1.5 NA NA A NA
13 permethrin 0.35 A A A A
14 clorfe ntezlne 0.6 A A A NA
15 azinphos -methyl 2.3 NA A A NA
16 fenthion 3 NA A A NA
17 demeton-s-methyl 0.5 NA NA A NA
18 fenvalerate 0.75 A A A A
19 t riadimefon 4 A A A NA
20 chloro thalonil 2 - A A A
21 to ly lfluanid 10 A NA NA NA
22 copper oxyc hloride 7 NA NA A no data
23 quinomethionate 0.5 A A A A
24 vinclozolin 1.2 A NA A NA

Table 4. Riskassessment of selected pesticides and groundwa ter pollutio n.

t Method i=Risk class, ii=p artition coefficient,
iii=pestan model, iv=GU5
'*' Amoun t of pest icides ap p lied [kg / hectare)

# A= the pesticide is considered as
Accept able w ith respect to th e risk for lea
ching to gro undwater,NA = Not Acceptable
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Fig. 1.The GU5-index of the 24 pesticides in
th e case study relat ive to GUS-value 1.8,the
upper limit for non-leachers, and GUS-value
2.8,above which all the pesticides are consi
dred to be leaching.The GUS-index depends
on the soil adsorption value.K; H, and the
pesticide soil half-l ife, to.s (in days).
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Although here I try to apply the same assumptions for the

methods used, the disagreement between the results from

each method is probably due to different assumptions and
characteristics of the methods. The disagreement between

the methods is high, rang ing from about 35 to 60% (Table 7).

Since none of them is consistent, we cannot be confident

that they will work under variable conditions.

No. Pesticide Method iii & Method iii & Max.conc.
mean high

precipitation precipitation t

7 mecopr op +M CPA A :f: NA 2.7

9 glyphosate A NA 0.5
11 2,4-D A NA 13

12 MCPA A NA 15

15 azinphos-me thyl A NA 10

17 derneton- s-rnethyl A NA 20

19 tr iadi mefon A NA 47

20 chlorothalon il A NA 35

t Est imated maximum concentration of pesticide in groundwater

(J.l g/l)

:f: A= accept able risk for groundwater pollution, NA = unacceptable risk

Table 5. Mo del output by Pestan when precipitati on is changed from
the mean to the maximu m value.

Unt il now the use of pesticides in the vicinity of water

sources in Norway has been evaluated by simp le meth ods,
and it is reasonable to assume that this wi ll be the case also

in the near future. Therefore, this stud y has been restricted

to an evaluat ion of simple methods and it seems reasona

ble to suggest that groundwate r vu lnerability should not
be evaluated by an arbitrarily chosen method. It is probably

important to use the results from an active surveillance pro 

gramme on pest icide leaching to groundwate r from agri

culture, industry, transportation infrastru cture and urban
garden areas, if they are available. Ramsay (1 995) investi ga

ted the use of chemical indicators for groundwater vulnera
bility from pesticides , and concluded that a groundwater

age ind icator and adsorpt ion indicato r cou ld be used. The

study was based on supp ly wells in Denmar k conta in ing

groundwater with pesticide concentrations exceeding the
regulatory limit of regulatory lim it of 0.1 mg /1. The age indi 

cato r was the rati o between the sum of Ca2++Mg2+ and
HC03-, with values less than 1 indicatin g good protect ion .
The adsorpt ion indicator was th e ratio between Na and Cl,

with values greater than 1.5 indicating low vu lnerability.
Other indicators like nit rate, sulphate, electrical conductivi

ty can also be used.

Object Subject Method i Method ii Method iii Method iv
Risk class Part.coeff. Pestan GUS

Trade Product Toxicology High No Low Low

Ecotoxicology No No Low No
Physical/
Chemical data No Low High Low

Active Toxicology Medium No Low Low

ingredients Exot oxicology No Low Low Low

Physical/
chemical data Low Low High Low Table 6. Subjective estimation of the capaci-

ty (no-Iow-medium-high- complete) to as-
Drinking water standar ds No No Yes No sess risk based on use of different kinds of

background data.
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Method Method :j:
variables in the system,Le.their distribut ion and uncertainty.

Future risk assessmentswi ll probably be based on combina-
(i) (H) (Ill a) (lII b) tions of simple assessments from the compound's physical,

Risk class (i) 0
chem ical and toxicological qualities and more sophisticated

P.coeff. (ii) 50 0 and field validated model simulations based on the models
Pest.low (iiia) 50 33 0 listed in the Regulatory Modelling Working group FOCUS
Pest. high (iiib) 35 42 33 0 (Boesten et al. 1995).
GUS (iv) 41 52 57 39

t Disagreem ent = (number of pairs of assessment wi th different outco
me)/ (total number of pairs of assessments)
:j: Met hod i=Risk class, ii= parti tion coefficient, iii a=p estan model with
normal precip itat ion , iv=GUS index

Tabl e 7. Disaqreernent ' (in %) between risk assessment wi th different
methods.

Questions remain to determine how robust relevant as

sessment techniques are against variability in soil wate r so

lubility of pesticid es due to variable water qual ity because

of, e.g., ferti liser use or other environmental factors such as

soil water organic conte nt, humidity, pH and temperature. It
is important to characterise local but representative field va

riables such as pesticide half-life in soil and soil water, soil
pesticide adsorption and/or others .Other important factors
are soil textural and structural features, which allow prefe

rential and even flow of larger, non-colloidal part icles to gre
at depths. It is further important to incorporate all the as

pects listed in Table 1 when assessing risk from pesticides of

drinking water sources.Work is needed to forma lise the link

between available or wanted background information and

practicable tools for risk assessment of pesticide usage.

Conclusions
Of the 24 compounds and thei r specific appl ications given
in the casestudy, method (i) based on risk classaccepted 14,

or 58%, method (ii) based on data on pesticide soil-water

partition values also accepted 14,method (iii) based on mo

del simulation accepted 18, or 75%, and method (iv) based
on the so called GUS-index accepted 8 out of 23, or 35% of

the compounds.Taking possible episodes with high precipi 
tation into account, method (iii) accepted 10 compounds

(42%). The disagreement between the methods is high ,

ranging from 35 to 60%. Since none of th em is consistent,
we cannot be confident that they will work under variable

conditions. In view of the fact that some of the est imat ion
methods, particu larly methods (i) and (ii), are inadequate,
this is not surprising.

A risk analysis can be made on many levels from th e sim

ple to the complicated.This study shows that choosing a too
simp le approach can give unacceptable results compared to
more sophist icated methods. Care should be taken that the

input values chosen are representative for th e local pro

blem. This is especially important when taking mean values

over space and time.Generally, it is not desirable to use com
pl icated models without a detailed knowledge of the critical
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