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PREFACE

This study is the first South African investigation into
the presence of pesticides in ground and surface
water at low levels of contammnation currently of
concem to the global community. It builds on
previous research conducted in this area, but with
particular emphasis on being able to measure
organic pesticides at very low concentrations (paris
per billion) which are levels to which intemational
stancards for pesticides are increasingly moving.
Also central to this project has been the recognition
of the need 1o develop capacty, particularly
amongst histoncally disadvantaged research
institutions through collaborative research. The
support of the Water Research Commission for this
approach has been particularly important in the
success of this project, which has conschidated
collaborative relationships between Units and
Departments at the University of Cape Town, and
the Peninsula Technicon in the environmental
health field. We hope that the project’s important
findings will also find appropnate insertion into
current policy changes in relation to environment
and health in South Alrica, thereby contributing to
sustainable approaches 1o development in our

country.
NOTES ON TERMINOLOGY:

Throughout the report, we use the term ‘pesticide’ to
refer to all chemicals used for the control of pests,
weeds, or plant diseases, including agents used in
agniculture, public health and vector control. For a
more detaled description of the different types and
classification of pesticides, readers are referred 0
texts cited in the bibliography.

Ancther term used in this report is 'detects’, used
here as is commonly apphied in the literature to
indicate analytical results where a specific pesticide
has been identified on gas chromatography or cther
methods.

The study also makes use of the term
‘Quantification Limits' to indicate the concentration
in water above which results from the Peninsula
Technicon laboratory is confident to provide a
quantitative estimate of the concentration of the
pesticide in question. Where pasticides have been
detected at levels below Quantfication Limits, the
results are presented in full, but qualified with
acknowledgement that the results lie below the
limits of quantdication,

The term EEC is used 1o refer 1o the Eurcpean
Economic Community as well as to other acronyms/
titles for the transnational legislative body that aims
to merge European policy and trade initiatives,
variously called the Eurcpean Community (EC) or
European Union (EU). In this document, we have
retained the onginal acronym EEC under which the
first pesticide standards were issued, o refer to all
permutations of European govemance affecting
water standards, even though the EEC has been
subsumed under a new term the European Union
(EV) in this past decade.

Preface
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EXECUTIVE SUMMARY

BACKGROUND

A 3-year investigation into the presence of pestcides n
rural water sources n the Western Cape was undertaken
wih the financial suppert of the Water Research
Commisson from 1897 fo 1989. The study was
undertaken by the University of Cape Town's
Occupational and Environmental Health Research Unit in
collaboration with the Deparnments of Analytcal
Chemistry and Chemical Engineenng at the Peninsula
Technicon.

The study arcse out of a concern for the lack of data m
South Alnca on the presence of pesscides in rural water
sources, and the mportant polcy impiications that
pesticide poliution of water would have for rural
develcpment. South Africa is a significant user of
pesticdes in agnculture and public health and available
evdence suggest the potental for emvironmental
contamination is high. Mcreover, the infrastructure
menfior and control pestcides reaching water is poorly
Ceveloped.

MOTIVATION

Because low level exposures o pesticides over
prolonged penods are increasingly beng suspected of
being associated with adverse chronic heath mmpacts,
such as cancer, reproductive Impacts, immune
deficiencies and neurological diseases, attention to the
ascertanment of low levels of contamnation is important.
Many social. economic and environmental factors n rural
seftings n South Alrica may increase the risk
expenienced by farm workers and rural farmers from
pesticdes. Moreover, with the govemment's stated policy
of ncreasing paricpation of black farmers n rural
agnculture, and the absence of an adequale
infrastructure 10 protect new entrants from harmful
human and environmental exposures 10 pesticides, the
need 1o ensure salety in relaton 1o pesticides &

accentuated. When considering the benefits of pesticides
to agricuitural producton, the acverse mpacts related to
environmental contamination are often extemalsed or go
unrecorded in the absence of any surveillance

In South Afnca, data on pasticides in rural water sources
are sparse. Previous local research results have been
constrained by relatvely high detection limats used in
prevous analyses. Nenetheless, one study demonstrated
signficant resicue levels of a range of locally used
pesticides in farm dams in the Westem Cape and a
number of epidemiclogical studkes have provided indirect
evidence that environmental exposures, including water-
related routes, may be important causes of pestcde-
related morbidity in South Africa. Thus some empirical
evidence does exist 10 support the need for further
examnaton of the quality of rural water sources in South
Alfrica with regard to pesticides. Given the sparsty of the
data. and the importance of such data 10 publc polcy,
this study aimed to address the gap refated to menitonng
data on pesticides n water in South Alnca.

OBJECTIVES

The objectives of the study were:

(1) To identdy rural water sources n the Westem Cape

at high risk of contamination by means of:
review of secondary data
field obsarvation
nterviews with rural health care prowders,
farmers and environmental officer, technical
officers and other agrcultural personnel.

(2) To ascertam the presence of and 1o quantfy
chemcal poliubon at “high-risk” sites, relating the
presence of these chemicals to dfferent routes of
contammnation, and 10 spraying patiemns on farms.

(3) To estabish the relabity and vakdty of
methodologes for accurate determination of
pestizdes in rural water and the practicability of

Executive Summary
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detection levels for Ceterminng low levels of
agnchemicals in water

(4) To characterse more broadly the extent to which

farm agrichemicals contaminate rural water supplies

on farms and n rural towns in the Westem Cape,

taking account of seasonal vanations refated to

spraying patterns and cther confounding factors

To wentify azditional sources of ndivicual expasure,

particularly non- accupational routes such as the re-

use of pesticide containers, spray dnft into and onto

dwelings, and the unsale domestic use of

pestcides

'8) To cescnbe the water sources available to fam
workars, farmers and ther famibes for drinkong and
abluton

(7) To estimate tctal Getary intake of agrichemicals of
rural residents from wasér poliution, and % compare
this 10 intermational stangarss

w

METHODS

The project was undertaken in & phased approach

Phase | was concemed with:

a) the identification of stes in the rural Westem
Cape thought to be of concem from the
perspective of potental contammnanon of water
sources, and the identfication of appropnate
sampling ponts within the study stes

bl the choce of specfic pestcides and
metaboites for analysis

c) soliciting local stakehoider cocperation

d) establshing reliable and accurate analybcal
methods for pestcde analyses, including
establishment of quaity control anc quality
assurance protocels

e) formalising protocols for field sample collection

f)  pioting of farm-based quastonnaires, and

g) review of the Rerature, an activity that
contnued throughout the project

Phase Il involved the regular sampling of the selected
stes. implementation of quality assurance pratocols, and
ongong liaison with stakeholder groups. Phase Il
involved the completicn of farm-based user surveys, as
well as the analysis and write up of e findngs.

Three study areas were chosen for samping - the Hex
Rwer Valley, the Grabouw/Vyeboom area, and the
Piketberg region. The basis for selecting these areas was

that they represented a spraad of farming activities in the
regon and presented a cimanc and hydrologeal profile
that was most compatble with the best ikeshood of
fndng pestcides in ground water. In that sense. the
three sites were ‘worst-case’ scenancs, selected so as
o maximse the possibilty of detections, and were not
representative of all agriculture in the region.

Analyses were conductes at the Analytical Chemistry
laboratories at PENTECH for the main pestcdes of
concem, endosulfan and chiorpyrics  following
standardised methogs of extraction and analyses. Levels
of quantification achieved in the laboratory (0.05 g/ for
chiorpyrifos and 0.1 .g/t for endosulfan somers and
endosuifan sulphate) were substantially lower than
previcusly reported n the South Afncan Rerature, and
compatibe with monitorng neeced for low level
exposures of concern in other countries.

Parallel analyses, using similar methods, were run at the
State Forensic (SF) laboratones for 31 pestcides,
includng endosufan and chiorpyrifos, as quality
assurance (QA), and to detect substances for which the
PENTECH \aboratones were not adapted. Samples were
also shared wih the laboratones of the Agncuftural
Research Councd (ARC) as part of a QA programme.
Overal, QA analyses suggestad that for the twe
pestcides of concem, the PENTECH laboratones were
achieving adequate quality assurance.

Field sampling was conductas on an approximately
weekly bass weh each stucy area bemg wisted on a
monthly basis. Sites were chosen in @ach area 10 Cover a
spectrum of ground and surface water of different
descripticn and use purposes ncludng a range of
sources used for drinkng. Standard feld sampling
methods were kollowed at all tmes

Data collechon commenced n the Hex River region in
Apnl 1998, and n he other areas over the next few
maonths, and contnued through to May 1993, so as to
allow charactensation of a full year's cycle ¢f farming
activity. Concomitant with sampiing, data were collected
on Sprayng pamerns n the ragion, and on river fiow,
temperature, rantall, water pH and turbdity. Particular
anempt was made 10 increase e frequency of sampiing
in relation to tngger rans n late autumn,

Executive Summary
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RESULTS

The findings cemonstrated a significant spread of
detections throughout af three regions for both
chiorpyrifos and endosulfan. Concentratons were
generally very low (between 0.05 and 1 .g/). but there
were exceptions with levels n excess of 10 Lgh.
Chlorpyrifos was detected most fequently in Piketberg,
62 (66%) out of 94 times sampled compared 10 Hex
River, 96 (52%) out of 184 times and Grabouw 51 (49%)
out of 104 tmes. Endosulfan was found most frequently
in Grabouw, 72 (63%) out of 104 times compared 1o Hex
River 85 (£6%) out of 184 tmes and Pketberg, 37 (39%)
cut of 94 smes. Of importance is the observation that the
problem is not confined to the Hex River but is ubquitous
in all 3 study areas chosen for investigation. Out of 382
samples, there were 30% detects above the EU imit of
0.1 ug't for chiorpyrifos and 37% for endosulfan.

The temgoral trends were compatible with the role of
hgh imgation wash-out of both endosufan and
chiorpyrifos in the regions, with seemingly significant
ngress of pesticides brought through the Berg River into
the Phketberg area. Other factors such as  soil
charactenstics, shallow water tables and intensive
sprayng probably explain the presence of these
pesticdes n water. Detections were aiso consonant with
spraying pattems, but less so with rainfall,

The data were consistent n that sub-surface drains were
commonly contaminated and that cenain stes were
clearly active as “hot-spots” as a result of their siting and
vuingrabilty to run-cff. Contaminaton of surface water in
dams also emerged as an issue, particularly in the
GrabouwVyeboom area, often conssient wih periods of
local application, suggesting direct enry of pesticides
from spray actwity into dam waters. These findings are
consistent weth previous research on farm dams in
Grabouw.

Compared 1o intemational findings, the frequency of
detections in this study are consistent with results from
field studhes of nvers in agncultural areas in Spain and
Calfornaa, but higher than resuits cbtained from routine
surveillance (Texas, California). This discrepancy might
anse because the kelihood of detections s lower with
sporadic testing as occurs in routine survedlance.
Moreover, the concentrations detected in this study for
endosulfan and chiompyrifos were consistent with the
niernational iterature, with maxmum averages in

comparable studes of the order of magnitude of 0.3 1
04DA wugh for both endosulfan and chlorpyrifos.
Maximum levels found in ths study, on the other hand,
appeared substantially higher (adout to B0 to 90 orders of
magnitude higher) than found n wo Calfornian studies
that provided encugh detailed data for comparisons.

it should be bome n mind that ths study purposvely
sought out stes where probadilties of pestcides
reaching water were highest and s therefore not
representative of the owveral situation with regard to
pastcde pollution by agricultural pestcides. In contrast,
most of mtemational studies cled above were typicaly
conducted on integrated samples representative of the
target population.

HEALTH IMPLICATIONS

A number of sampling ponts where water is used for
drinking were conssiently contaminated, albent at low
levels. Mogeling of the contribution of consumption of
water from these points to hypothetcal daily intake
suggested that sources represent very low proportions
(generally less than %) of the Acceptable Dady Intake.
The pestcde concentrations n these water sources
therefore do not appear 1o represent levels of immediate
tweat 1o human heatth However, given scientific
uncertainty inherent in rsk assessment, and the
increasing evidence that endocrine disrupting efects
occur at concentrations far lower than other toxc effects,
these concentrations should wamant greater amtenton.
Moreover, current rsk assessment procedures do not
adequately address toxicty of combinations of
chemicals, as s often found in water monitonng results in
both developed and developng countnes, and as was
the case in this study.

Data in this study has also suggested that farm residents
may expenence other imporant indrect routes of
exposure 1o pesbcides, includng potential spray drift by
virtue of living in proximity 1o orchards or fiekds, use of
pesticides at home and swimming n contaminated cams.
Given an environment of poor nutrition, and many other
factors increasing e vuinerabiity of aduls and children
on farms, rsk from low concentratons of pesticides n
drinking water that may be of marginal importance for
healthy urtan populations, may be of critical importance
for farmng populations. Such cata should be bult into
future nisk assessment in relation to water poliution by
pesticdes.

Executive Summary
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A strking and encouraging feature 1o emerge from the
farm surveys was the relatively high levels of awareness
demonstrated by farm workers and employers of the
health hazards associated with pestcides. Particular
high-nsk behaviours such as the re-use of pesticide
containers were reported as virtually absent The high
awareness may be the result of training progrzmmes run
by agncultural employers over past months. Such high
levels of awarensss may make easeer reduchon in nsk
actvites (e.g. poor hygene n peshcice appicanons) and
compkance wih stancards for peshcices in water, should
the DWAF introduce such legisiaton.

A furher issue 1o consider is the need for sound
epdamiological studies that can begn to guantify the
actual nsk associated weh very low levels of pesticices n
drnking water. Epemiological studies are frequently
flawea by the lack of accurate data on exposures of rural
populaticns, with the result that possible inferences may
be invalidated by misclassification. Data from studies like
ths one should be used 10 prowde accurate exposure
estmates for aetological studies of the health mpacts of
these low levels of pesticides in dnnking water.

This is partcularly important for a pestode such as
encosulfan, which is recognisec as an endocrine
disruplor.

THE NEED FOR STANDARDS

Two aporoaches to setting standards for drnking water
are avaladle. The health-based approach adopted by
agencies such as the World Health Organisation (WHO),
ana the US Environmental Protection Agency (EPA) uses
a proportion of dietary mtake attributable to water ntake
in relation to the ADI 1o estmate acceptabe levels of a
contaminant in drinking water. The derivation of the ADI
or a Reference Dose (US EPA) is dependent on vanous
risk assessment assumptions and inclusion of safety
factors. In contrast, the policy-based approach adopted
by the European Umions sets permisstie levels of
pestcides at the lowest limit of analytical capabilty, as a
100l 10 drive down all exposures to pestcides. Such an
approach is also predicated on the pnmary apphcaton of
the precautionary prncple and the recogniton of
soeantific uncertainty in risk assassment.

Placing this study’s results in relabon to these standards,
when compared 1o EU standards, between 22 and 57%
of samples analysed yielded detects. This suggests that

¥ judged aganst a policy-based standard such as the
EUS, watsr poliution by pestcdes s @ maber of
concem. In contrast 1o the pelicy-based EU standards,
few of e detectons approached concentrations of the
order of those assocated with health-based standards
However, the rasults of the study do provide pointers for
taking action on two important poicy questions.

a) Should there be monitoring for pesticides
in water in South Africa?

Gven the extent of scentific uncertainty and
rends n the current policy emwronment n
South Afnca, there appear to be sufficient
grounds to warrant surveillance of water for
pesticides on a routine basis. Future
intemational standard setting is likely to shift
thresholds for endocnne disrupting chemicals
downward, and the lack of data in South Africa
make ratonal poicy decisions on pesbcides
difficult. Moreover, other policy commitments fo
ntemational conventons wil impose smilar
responsibiites. Data from this study suggest
that even in a relatively affiuent province such
as the Westam Cape, with a well-developed
infrastructure, the levels of nsk for rural
resicerts, while low, are not inconsequantial
With the groath of the informal agncultural
sector ang of smalkscale ‘arming. these nsks
are lkaly to be multipled. If the precautionary
prncicle is 10 be consstently acted upon by
govemment Ospantments. enough ewdence
exsts from this swudy to warram clser
atiention 10 pesticdes n water n the form of
routing or systematc mondonng, even in the
absence of proven excursons above current
heath-Dased stancarss, such as they presently
exst

b) Should regulatory standards be developed
JSor pesticides in South African
waters, and if so, what kinds of
standards?

Al present, we are faced with the chowce of
heaith-Dased standards based on current risk
assessment methods (e.g. EPA, WHO, etc), or
polcy-based standards used 10 drive down
usage of peshcides and meet the precautonary
prnciple  (EU  standards). Clearly lower
tresholds may camy higher costs for
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prevention or remediation, and Soumh Afnica
may find it difficul to compete with well-
resource developed countnes in its
envronmental  management  practices.
However, it would appear reascnable from thé
data that appication of nternasional heath-
based standards of the EPA and the WHO
would not present an overly burdensome set of
threshoids for practical use in South Africa. Al
the very least. such standards will prowde a
measure of health protection not presently
available 1o ordinary South Africans. and whch
the Constitution seeks 10 achieve. The question
&s 10 whether the much more stringent policy-
based standards such as the EU'S should te
consdered could perhaps best be left 1o
consultative multstakeholder processes such
as the Natonal Chemicals Profde 1o be
convened by the DEAT in 2000.

FIELD AND LABORATORY CAPACITY

The project was reasonably successful in #s capacity
buiding approach to developing the abilty at a
histoncally disadvantaged research nsttution 1o
undertake accurate and valid methods for analyses for
wo key pestcdes. The project was a'so able to establsh
quantfication limsts (0.05 .g't for chiopyrifos and
0.1 Lot for endosulfan) lower than previous studies
(abeut 10 times more sensitive) and more consstent with
the levels of senstivity demanded by current
developments in nisk assessment Moreower, this was
done whilst achiewng adequate quality control and
quality assurance in measurements,

Despite this, it & clear that further improvements in
senstivity woukd greatly assist risk assessment research.
The EPA and the US Geological Services report
datection Imits of the order of a further 10 1o 100 times
lower than that acheeved in tis study. Achieving this
level of sensitivity, which is required for protection of
aquatc bicta. presents significant challenges. Traditicnal
approaches 10 measuring pesticides in water could well
be supplemented by altemative, less costly methods,
such as bioassays and immuno-assays. One mponant
imitation in the study was the relance on grab sampling,
with the resuit that intermitient monitoring may give false
estmates of trve exposures, or nadequate
characterisation of contamination pattems. Methods that

ntegrale exposures over time would greatly assist the
nterpretation of data from survedance.

Furthermore, # monitonng is to be implemented, capacity
for field sampling s a key operatonal issve. Capacity at
local government level o manage monitorng
programmes needs 10 be developed since many
technical personnel charged with key nspection and
enforcement functions with regard to water quality o not
have adeguate ‘trainng or sensitivity %0 the ssues.
Practical guidelines to faciitate monitorng n this regard
would be very useful

PREVENTION AND REMEDIATION

Arhough this study was unable to identify in suffcent
deatall the precise farm practices responsible for egress of
pesbcices to water, gereric measures 1o control the loss
of pesticides 10 ground water may well be approprate.
These nclude training of farmers and farm workers in
pesticde safety, and particularly on envircnmental
hazards, n ways that enables farmers and farm workers
10 take ownership of the envircnmental consequences of

farming practices.

Other mterventions of a technical nature directed at pont
sources would include contanment lners to mixing
points used in orchards, fiekis and vineyards to prevent
spillage at mixing sites, which should be routine farm
practice. However, data n ths study suggested that
imgation was a mapor facior drivng the entry of
pestcides 10 water bodies n the areas surveyed. This
suggests that, 1o some extent. pollution of water sources
15 occurnng under “normal” farming practices and not as
a result of accxdental or unntentonal point source
releases (e.9. moong sies). The main remedial measure
under such crcumstances would be fo encourage
pesticide reduction as an overall restraint on the amount
of actwe ingredient reachng environmental media
Integrated Pest Management should be widely
encouraged 10 meet ths objective. Further detailed
research into the precise farmng activities associated
with these low-lavel exposures would also be desirable.

OVERVIEW AND RECOMMENDATIONS

This study suggests that although pestcide poliution of
water has not previously recerved adequate attsntion n
Scuth Africa, ewdence for consistent and low-level
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contaminabon Dy pesticides s present n rural water
sources n selected regions of the Westem Cape
Although the regions sampled were chosen purposivaly
as ‘worst-case’' scenarios with the highest tkelihood of
pesticides reaching water, and are therefore not
representative of all agncutture, as llustrative extreme
cases. they demonstrate that pestcides can and do
reach water sources n rural faming areas of South
Afriza in low concentratons.

There is no reascn to believe that simiar studes of
purposively chosen sites in other Provinces would yield
e55 severe pattams of detechions. It therefore appears
warranted 0 pay greater attention 1o estabishing reliable
mechanisms for survellance of water sources for
pestcide poliuton in the future.

Furthermore. athough few of the detections of
endosufan and chiorpyrifos approached concentrations
of the order of those associated wrth heath-based
standards of the WHO and EPA, and thergfore, did not
appear 10 pose mmmediate threats 10 human health,
Scuth Afncan waters cannot be assumed o be
adequately protected n the absence of drinking water
standards that include pesscdes and ther metabolites
Risk assessment methods. as discussed n Chapters 2
and 7, which take account of the multipiicity of exposure
routes, of aggravating socio-environmental factors, and
mixtyres | metaboltes should be incorporated in a
specfic process of standard setting for pestcides m
water, taking account of dfferent water uses.

Thirdly, although rural populations may expenence
dwerse potential routes of exposure to pesticides cther
than water, awareness of the hazards of pesticides s
relatively high and recognised risky practces (such as
reuse of pesbcide containers) are very rarely reported.
Regulatory standards should therefore be able %
captaise on this relatively highly developed awareness
o ensure adequate complance and protection of human
health. The positwe impacts of rural health and salety
traning initatives by employers and employees may be
refected n this high level of awareness and shoud te
encouraged further.

Based on the study results, the project therefore makes
the following recommendations:

I. The need for monitoring of water for
pesticides

The DWAF should actively pursue
development of surveillance and monitonng
methodologies 1o protect water supplies from
polution by pestodes. Data n this study
justify the conclysicn that survedlance is
warranted.

i. Local govenmert capacty, particularly in
rural areas, % implement monitoring of water
sources for pestcide poiscning should be
audited and strengthened.

o. In addton, rural communities should be
proviced with simple, cost eMectve tools 10
undertake menitoring of ther own water
supphes.

iv. Practcal guidelines for water monitoring for
pestcidas should be developed for all for
personnel (communty or govemmental)
charged with inspection anc enforcement
functions

v.  DWAF should aiso seek ways 1o ensure that
data in support of survedianca activities on
farms 5 effactively captured. In partcular,
every effort should be made 1 ensure that
toxic release inventories and use inventories
for peshides should be available and used
for survellance purposes. DWAF should
liaise weh other govemment departments 10
co-ordinate and maximise the impact of such
measures.

vi.  This study has focusad on the extreme end of
a specirum, concentrating on areas where
pesticice poliution was anticipated to be most
likedy. By introducing routne surveillance on a
broager basss, DWAF shoud seek to ensure
that t maps a representative sample of all
agncultural areas. so as 10 characterise the

overal state of water poliuton due %
pesticides. both extreme and average. These
data should serve as the basis for monitoring
temporal trends n the country.

2. Standards

i,  Estabished intemanonal  heaith-based
stangargs, such as those developed by the
WHO and the EPA although not without
criticism, should be adopted by the DWAF as
a means 1o offer a level of protection
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consistent with the provisions of the South
Afncan Constitution.

Pursut of more ngorous policy-based
standards, such as those set down by the
Eurcpean Union, should be considered within
the framework of an apprepriate national
multistakeholder process such as the
National Chemicals Profile initiative to be
undertaken by the DEAT in 2000.

Rk assessment in relation 10 pesticides
should inform the setting of water standards,
not only for drinking water but for other uses,
and should be uncertaken in recogntion of
the context of rural farm workers' additicnal
exposures, and concomdart wvuinerabiity
factors. Methods used should be able 1o take
account of cumulatve risks from many
sources and over time.

3. Improvements in Analytical Methods

L

Methodologies that offer the possiiity of
producing assessments of exposure that
should be explored. In particular, the ulity of
Solid Phase Micro Extracton (SPME) fibres
shoukd be adequately assessed in vitro and
under field use for possible adoption as part
of a menitoning programme.

Further research involing methods which
have lower levels of detection should be
explored.  particularly with the view of
informing risk assessment and standard
sefting for ecotoxicological purposes.
Tradtonal GC pesticide analytical methods
shouks be supplemented with aternative
methods such as boassays and
immunoassays, subject to adequate feld
testing, validabon anc cost-eflectiveness
evalyahon.

4. Control of Exposures

Policy measures that seek % avod potential
contamnaton of environmental media and
reduce leaching should be enccuraged:
Integrated Pest Management, Contanment
Iners at mixing sites, training, and general
movement foward pesticide reduction.

DWAF should enist the support of key
partners 0 encourage research directed at
dentifying the precise fafming activities that

are amenable % intervention fo reduce
potential egress of pestcdes o water
SOUICEs.

Behavoural determnants of pestcide
polluson  should be addressed by
encouraging heahth, safety and environment
franng o employers and employees in
farming communities. Any traning provided
on heath and salety should include the
hazards 10 e enveonment amongst the full
spectrum of safety nformation and be geared
o empowerment of rural residents. Particular
aftention should be grven 1 empowering rural
resdents 1o protect themselves and ther
communibes from adverse consequences of
unintended poliution

5. Health Outcome Studies

L

Studies should be done to capitalise on the
careful expesure data obtained in this study.
Such studkes can address many of the
difficulties in typical epidemiological research
by improving on the quality of exposure
assessment. This research can put South
Alrca at the cutting edge of public health /
environmental heakth research, and can help
o prowvide informed rsk assessment for
standard setting.

Studes that specificaly examine the
mportance of spray drt in human health
mpacts appear warranted gwen the
frequency with which human habitation abuts
onto areas of pesticide spray. Agencies other
than the Water Research Commission (such
as the Medcal Research Council, and the
Agncultural Research Council) should be
encouraged 10 pursue this avenue.

The benefits of hign levels of awareness
should be related 1o mproved health status
amongst rural ‘arm resdents. Research to
evaluate the impact of safety training on the
heakth of farm workers and employers wil
assist lobbying for greater resources for the
control of pesticide polluton in rural farming
areas.
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1.1 BACKCROUND

Despite the ungoubted short- and megium-term benefits of the use of pesticides in the control of vector
borne ciseases, and in boosting crop production In agriculture, the past two decades have seen a growing
global realisation that widespread use of chemicals for pest control may pose serious Iong-term risks to
numan heaith and to the environment (Restrepo et a/, 1990, WHO, 1890, BMA, 1982, Maroni and Fait, 1893
Repetto and Baliga, 1996, Lee er 3/, 1998, Dalvie er a/, 1999). Much of this is particularly focused on the
suspected links between xenobiotics in the environment and adverse reprocuctive heaith effects on
humans and other biological systems (Danish Ministry of Environment, 1995; Editorial, 1995, Colbomn et al,
1996; Schettler et al, 1956; Grayv and Ostby. 1998; Porter ef al, 1999 Increasing attention to issues of
sustainable development can be seen In international conventions and agreements' that challenge
national governments ang transnational agencies, Non-governmental organisations INGOs), communities,
mnaustry and orginary citizens to promote environmentally sound development. Indeed, the 1992 World
Development Report (World Bank, 1933 for the first time recognisec the cnitical importance of
environmental sustainability to future economic growth and the need for policies to ensure sound
environmental management.

In relation to agriculture and public heaith. the widespread use of pesticides has been one of the
consigerations that has come under scrutiny (Leslie and Cuperus, 1993; Thrupp, 1995; Consumer Union,
1998), with particular focus on the need to reduce our dependence on chemical control of pests and
disease vectors, precisely because of increasing evidence for the short-, medium- and long-term impacts
on the environment of these chemicals.

For many biological systems, the most important route of exposure to pesticides is through pollution of
water sources by pesticdes Moreover, contamination of grounawater Is of particular concern because of
the duration of impacts and the length of time taken for groundwater to recover, particular If persistent
compounds are involved (Premazzi and Zigio, 1995). Furthermaore, because of the propensity for many
contaminants 10 dicaccumutate through the food chain, water is a critical medium for such long-term
impaces. Thus, consideration of how to effect environmental and health policies that are able to support
sustainable development requires careful attention o the prevention and monitoring of pesticide
poliution of water. While concern for possible water peliution by pesticides has mobllised considerable
financial, scientific and technical resources in Other countries, particularly in the developed world,
relatively littie attention has been paid to this issue In South Africa until recently

1.2 PESTICIDE USAGE IN SOUTH AFRICA: HEALTH AND
ENVIRONMENTAL IMPLICATIONS

Pesticides are widely used in South Africa, predominantly in agnicultural applications but also in a range of
other settings, InCluding vector control In public heaith, commercial pest contrel. domestic use and In
selected industrial or f00d processing technologies’. However, data from the Crop and Animal Protection
Association of South Africa (AVCASA) indicate that the bulk of the pesticice market In South Africa Is
attributable to agriculture (Longen, 1892). This is Important because of the implications for environmental
exposure in that agricultural apphcations in general represent potential non-point sources of poliution.

For exampie, e Rio Declaranon on Ervironment and Deve'cpment (or Agenda 21) adoptec at the Eartn Summa, United Nations
Conference on Emwronment and Development held in Rio de Janeiro, June 1932
7 Forexampe, e dned fnut incdustry makes use of pesbodes in the initial preserving process. Presenvatives are widely used in
timbes-relaed production activies.
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NON-pOINE SOUrce are significantly more difficult ang costly to control than point sources (Uniteg States
General Accounting Office, 1999)

However, although agricultural applications represent the most significant source of pesticide exposures
it Is prugent to remember that 3 wide range cf activities anc occupations May Dring humans INto contact
with pesticiges. either in direct exposure, or through incirect environmental exposures (see Tadle 1.1).

Expendgiture on pesticides in South Africa has Iincreased markedly over the past cecade (Longon, 1892,
Rother and London, 1998) and a far greater variety of chemica’s are used locally when compared to other
developing countnes (London and Myers, 1985¢; Lonaon, 1995). Ingeed, South Africa 1S the largest market
for pestic:cde in sub-Saharan Africa (Dinnam, 1533

Usage patterns are extremely variable across agricultural sectors and in different regions (Longon and
Myers, 19952 For example, herbicide use IS the largest component of the national market for pesticides
associated with maze production, while in the western Cape with its wetter winter climate, and
concentration on fruit. grapes and wheat, fungicides are much more in evidence (London and Myers

19935D)

Table 1.1: Potential environmental routes exposure to pesticides

TYPE OF ACTIVITY CENERATING EXPOSURE EXAMPLE OF ROUTE OF EXPOSURE
Agricultural ang forestry apphcation | Drift ¢rom 10C3al archard or plantation apphcation
| Drift from aenal spray
| Chemigation
Soraying for quelea
Balting for preqatory animals
LOCust control
Non-agricultural environmental Aerial spray tC eradicate marjuana cultivation |
applications Security applications
Domestic uses Domestic pest control
Gargening
Commercial pest control FUMIGgation ang other forms cf application In
homes
Soraying of public places
Such as schools and public parks
PuDIIC parks
SChools
COIf courses
RO3g verges
Railway sleepers
Waste INJUSTrial Waste emissions
Residual pesticige releases
Pudlic Heaith Pesuciges in endemic areas for vector control |
Airplane spraying for vector control
Residues On treated objects (e.g wood progucts)
On fooastufss

Spraying of Pudlic Amenities

Chapter 1. Intreduction Page1-2
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Use of protectivé measures by farm workers in the application of pesticides is unevenly reported (Longon,
1994; London. 1995; Barnes, 1997, Robins e a/, 1998). As a3 result. acute poisoning by pesticides amongst
farm workers IS an important and under-reported public health problem (London et al, 19943,
Approximately 150 to 200 cases of pesticide poisoning are reported to the Department of Health each year
iDepartment of Heaith, 1585 However, the real rates are probably five times as high (Emanuel, 1993; Barlin
Brinck, 1991, Loncon ef a/, 1954 with particular under-reporting of occupational poisonings and
poisonings amongst women (Ballie and London, 1998). If this is the case for acute posoning, the situation
in regard to chronic effects, which are more difficult to getect (Maron and Fait, 1883), is sSimply unknown
in the absence of any effective surveiliance systems.

In agdition, MOst South African farm workers live on the farms where they work, frequently In close
proximity to the fields or orchards that are the subject of pesticioe apphcation (London, 19843), often by
aerial methods (London, 1896 The potential therefore exists for substantial comestic exposure arising
from environmental contamination, which may be mediated through contamination of water sources,
particular If surface water s used for drinking or other domestic purposes.

Furthermore, there is consigerable evicence that application methods in practice take little account of the
risks of environmental contamination Myers, 1950, Barlin-8rinck, 1991; London, 1894; Yousefi, 198%. For
example, mixing sites In fields and orchards in the western Cape show littie attention to industrial hygiene
measures to avoid run-off (London, 1995, London, 1999). Moreover, aerial spraying, with its high degree of
vulnerabllity to drift, continues to be widely used Iin settings where Impacts on non-target sites may be
significant® Barlin-Brinck, 1999, London, 1994b). Most recently, the South African police services
recommenced aenal spraying for the eradication of illegal cultivation of marijuana plants, without any
reference to the environmental impacts of such activities (quoted in the Cape Times, 29th September
1998

Notwithstanaing the substantial opportunities for human exposures to pesticides, both direct and
indirect, little systematic monitoring of the extent of envircnmental contamination by pesticides occurs in
South Africa (Coetzee and Cooper, 1981). Most local authorities, constantly constrained by limited budgets
see their responsibility for ensuring provision of potable water ang maintenance of water quality met
through the monitoring of rural water supplies for bactericlogical quality ana rarely test for the presence
of organic contaminants (Rother and Longon, 1998). This emphas:s on Colioforms counts in drinking water
has remained largely unchanged since a previous investigation in South Africa 15 years ago Vurgarellis,
1984). The absence of monitonng for organic contaminants is largely because of the lack of avallability of
cheap analytical methods, and the relative sparsity of laboratories with the technical skill and equipment
1o conguct high-quality analyses required for measurement of pesticides in environmental media. Even in
Eurcpe, reviews of laboratory practices in support of water protection regulations have shown how
gifficult it is to achieve reliable and valid monitoring performance (Premazzi and 21910, 1995).

The lack of monitoring is of concern, given the significant opportunities for human exposure and the
Increasing number of chronic health conditions being associated with long-term exposure to pesticices
(for example, Maroni and Fait, 1993; Landrigan et al, 1993, London, 1995, Repetto and Baliga, 1996; Schettier
et al, 1956, Lee et al, 1958; Dalvie ef 2/, 1959).

3 Ancther common example is concems expressed by rural Jown residents as a result of aenal spray appiicabions of pesticdes to
sumounaing fams.

¢ In 1633, rescents in Momeesburg were sufficiently concamed 1o prompt their local authonty 10 seek acwice on the impacts of aenal
spray on neighbounng agncultural land (comespandence between the West Coast Regional Services Counall and the Regional
Director for Heath, 13 August 1993).

' 1n 1937, the Police were forced 10 stop aenal spraying of hertitides ‘or the eradicaton of dict rural manjuana plants after public
ouicry over, amongst other thngs. the environmental hazard - ("Expensive war the police can't wn' Mail and Guardian, 25° July
1987)
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121 WHAT EVIDENCE EXISTS WITH RECARD TO WATER POLLUTION BY PESTICIDES IN SOUTH AFRICA
AT PRESENT?

Despite international attention to pesticides in water, there is 3 paucity of 10cal research to date
(London and Myers, 1955D). One published study investigatec rural water contamination by
pesticides in Two sites in South Africa (Weaver, 1993). This study founa evigence of atrazine
contaminating Incomng waters to the vaalharts irngation scheme, but little evigence of locally
appled pesticides reaching water sources. The investigation in the Hex River conaucted as part of
the same report, found no evidence of pesticige contamination in the Hex River area based on
sampling 12 subsurface drains and wells in the region. However, the inferences possible from this
particular study were limited by relatively coarse Quantificiation Limits 0.5 Lg% or highern
reported Dy the South African Bureau of Stancaras laboratory for the Hex River samples (Weaver
1993). Particularty for chronic effects of long-term exposure, the attainment of sufficiently low
levels of getection is important for surveillance strategies.

A secong case study involving intensive application of 3 range of herbicioes by the South African
Defence Force in the 15805 to protect 3 sisal fence serving as a sécurity barrier on the Limpopo
River border © |llustrates the ease with which pesticides move In water. The herbicides were
3Joplied by contractors to maintain 3 clear barrier in front of the sisal but because of
Inappropriate and too frequent use. migrated from the lang INtC the nver water, seemingly
affecting the safety of irrigation water used by local farmers Research Dy the Agricultural
Research Council appearec to confirm this evidence for poliution of the river IMeinharat et a/,

1968

Anecdotal evigdence cited In Barlin-8nnck (1931) describes evidence of atrazine and selected
organochiorings in surface water in the Free State in 1985 and of the impact of atrazine on fish in
the former Eastern Transvaal. More recently, 3 farmer In the Mpumalanga province reported the
presence of picloram (at concentration of 13.9/% in grounc water from boreholes over 100m
deep that was associated with damage to tobacco seedlings and gastrointestinal aisturbance
amongst employees drinking this water”. However, data on environmental contamination and its
health implications are relatively sparse ang unsystematic in nature.

Notwithstanding the lack of systematic evidence from surveillance Gata, there s considerable
circumstantial evidence that envircnmental exposures are common in rural communities (see for
example, Koch, 1991, pages 26-27 and Coetzee anc Cooper, 1931, page 132). Researchers
investigating the impact of insecticide spraying on coffee farms in the Northern Province found
lowereg cholinesterase levels' suggestive of organcphosphate exposure amongst rural control
Subjects, suggesting substantial environmental exposures were taking place UJaga and Rama, 1993,
Anotner stugdy igentified an environmental cluster of neurclogical disease In 3 farming area of the
Northern Cape subject to high rates of aeral spray of organophosphate Insecticiges (London,
1994b), while other studies have shown impacts on rural women of domestically-applied
pesticides for malaria control (Bouwman, 19901. Studies cited in Barlin-8rinck from the late 1970s
and earty 1980s identify the presence of a number of organochlonne residues in animals ana fish
in 3 number of studies. While none of these studies specifically implicated water sources as a
route of exposure, the fact that there was evidence for environmental contamination by

¢ *Crops Pasoned by SADF herbicides® Segt 15 1935, Mail ang Guargian

T Personal communicanon with Mr Brian Law. Whae River, Apnl 2000

' Chohinesterase s an enzyme in the plasma and red blood cells which is inhibded by organcpnasphate and carbamane peshodes n
nUMans, and 1s Merelcre Used as 3 marker for exposure. Lowered levels nacate uptake of. and blogical charges from exposure
W these pesbcides.

Chapter 1. Intreguction Page1-4




THE QUALITY OF SURFACE AND GROUNDWATER IN THE RURAL WESTERN CAPE WITH REGARD TO PESTICIDES

pesticides suggests that further attention should be focused on the precise contridbution of water
as a potential route for exposure.

1.3 GLOBAL TRENDS IN THE USAGE AND MONITORING OF
PESTICIDES

Although pesticice sales continue to increase woricwige®, many countries, not only In the developed
world (Premazzi anc Zigio, 1935; Emmerman 1995; Jorgensen, 1996, Bureau of Resource Sciences, 1998) but
2ls0 in developing countries (Davies, 1997) have begun to implement national policies aimed at pesticice
use reguction. This has principally arisen from a recognition of the potential hazaras to human heaith and
to the environment.

Central to these pesticide reduction policies has been the implementation of Integrated Pest Management
(IPAD strategies (see box below! in agriculture. IPM strategies aim to reduce reliance on chemical controls
Dy usSing 3 awverse range of alternatives in 3 comprehensive toolkit of pest control options (University of
Califorria, 1992; Consumer Union, 1998). By adopting these alternatives, IPM reguces the amount and
frequency of pesticide applications, while retaining economic productivity of agricultural outputs
Through widespread acoption of IPM strategies, countries have been able to significantly reguce pesticide
loads and the potential for environmental contamination of water and other media. Indeed, agricultural
sectors within South Africa with heavy investment in export markets have shown themselves to be most
sensitive to both IPM 2doption as well as 1o the mitigation of potential environmental impacts of pesticide
applications (Rother and Loncon, 1958). Recent World Bank reports (Schillhorn van veen TW, 1997) have also
recognised the dual economic and environmental value of IPM by Inciuding an IPM commitment to reduce
reliance on chemecal pesticides In future Bank-funded projects (PANUPS, 1927). Similarly, research
commussioned Dy the Department for International Develcpment (DFD) In the UK has focused on the
potential for organic farming in sub-Saharan Africa (Harris et 3/, 1998).

Simuitaneously, developed countries have maintained highly active monitoring systems for the detection
of pesticides in water sources. For example, extensive monitoring has been implemented of water and
groundwater in the US over past decaces in response to legisiative requirements to protect water quality
(US Soil Conservation Service, 1583, Hogmire ef a/, 1990, EPA, 1995, USCS, 19983, EPA, 1959). Similarty In
Europe, extensive monitoring has been driven by legisiative pressures to comply with EEC directives,
resuiting in extensive testing of water throughout the member countries of the European Union (Premazzi

and Zigio, 1995

Moreover, the World Health Organisation has provided technical guidance recommending the regular
monitonng of water sources for adequate quality, Including control of pesticide residues ang metabolites
WHO, 19933; WHO, 1593D). These standards are discussed in more detall in Chapter Two, but reflect 2
growing international consensus that the risks associated with long term exposure to pesticides through
water are not insubstantial anc geserve scientifically rigorous risk assessment and standard setting.

¥  For example, pestcide sales contmued 10 increase over the past 3 years, with 3 cut of the 1op 10 pestiode companies in the world
increasing sales m 1399 by between 0.2 and 26% -Agrow: World Crop Production News, March 25 1929, and Apnil 16™ 1968
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What is Integrated Pest Management (IPM)?

IPM 15 a lmowledge-intensive and farmer based management approack that emcourages matural control of pest
populations by anticipating pest problems and prevemting pests from reaching ecomomically damaging levels
Appropriate techmigques are used, such as enhancing natural enemies, planting pest-resistant crops, adapting cultural

management, and, as a last resort, using pesticedes udiciously

Source: US Department of Agriculture / Agricultural Research Service: USDA Programmes Related o Integrated Pest
Management. USDA Programme Aid 1506, Bethesda, Maryiand, cited in Schillhorn van Veen et al, 1997

IPM Technical Toolbox
The maimn features of IPM involve the use of non-chemcal metiods of pest control

o Biological controls. The use of natural ememies, ofter called beneficials, whak mclude parasites, predators and
insect pathogens

o Cultural and crop or livestock management controls. Tissue culture, disease free seed, trap crops, cross
protection, cultivation, refuse management, mulching, field sanitation, crop rotations, grazimg rotation and
mtereropping.

o Strategic controls. Planting location, timing of planting and timing of harvest

o Genetically based comtrols This includes insect- and disease reststant vaneties and root seock. Environment-
friendly chemical interventions are sometimes inciuded in biological controls such ac tie use of semiochemicals,

including preromones and feeding attractants, and biopesticides.

In practice, IPM often combines natural forms of control, taking advantage of (and providing traming in) ecological
relationsiups in the agricultural system, with ecomomucally dertved rules for the application of pestindes. However, the
pesticede use mn IPM differs from the approach used in convemtumal pest comtrol. When possible, IPM relies on
pesticides that target specific pests, can be applied at lower rates, and are less toxie to beneficial organisms. New
application methods are being developed that employ bislogical materials such as pheromones and feeding attractants to
lure the targer pest to the pesticide Application rates, timing and frequency ave chosen to mimimise effects on
beneficials. Pesticides that can be substituted for each other are interchanged to slow the development of pest reststance

to pesticides

Source: Schilliorn van Veen et al, 1997

1.4 POLICY QUESTIONS

In consigering the guestion of pesticide poliution of water sources in South Africa. 3 number of policy
questions emerge.

Firstly, the South African Constitution guarantees South Africans the right to an environment that is not
harmful to one's heaith and to have the environment protected through legisiative and other measures Lo
prevent poliution Such rights are to be seen in the context of an expectation on government to take
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progressive action towards their realisation. The Constitutions thus both enables and expects government
to prioritise actions to support the attainment Of these nghts. Yet in order for government to set
priorities, data is needec on what precise measures are appropriate given financial constraints and
competing priorities. There is therefore a need for 0ata to inform pPolicy choices arouncd environmental
health priorities, particularly with regarc to characterising the extent of pesticide contamination of rural
water supplies and thereby helping to answer whether systematic survelllance for chemical contamination
of rural water supplies should be introduced in South Africa

Secondly, agriculture is 3 major employer in the country (Donaldson and Roux, 1954) and Is particularly
important for the Western Cape economy (WESCRO, 1992). Small-scale farming is likely to expand
substantially under future government policy (ANC, 1934; Department of Agriculture, 1993). The potentially
exposed rural population and the opportunities for environmental contamination is therefore large and
Increasing The human heaith consequences are compounded by the pocr living and working conditions
of many farm workers, whose poor general health status and poor nutntion may make them more
susceptidle to the adverse effects of pesticides (London et 3/, 1988), Children are particularly vuinerable to
the toxic effects of pesticides (ACOEM, 1993). Civen the lack of rural chiig care facilities, and snortages of
access to water In many parts of the country, the consequences of exposure of rural children to pesticides
through water contaminated by pesticide application may be significant (Rother ang London, 1998

Moreover, it Is well recognised that small-scale or emergent farmers may be particularly vuinerable to
aggressive marketing of pesticides, with little technical support, thereby Increasing the prospects of
human exposures and environmental contamination from inappropriate and uncontrolied use (Rother and
London, 1958). The expansion of agricultural activities with the framework of the Reconstruction and
Development Programme, particularly related to small-scale farming, should 3im to ensure practices that
are safe for human heaith as well a5 environmentally sustainable. Without baseline data, such policy
choices are not possible.

Thirdly, were South Africa to introcuce routine monitoring for pesticides in water. what resource
implications would there be in terms of capacity, skills, equipment and expertise? One of the main
constraints to Monitoring to date has been the lack of access Lo reasonable cheap analytical methods.
Research should help to icentify where appropriate resources are neeced to address problems once
identified. The need for specific and systematic monitoring systéems, at a cost that is affordable and
sustainable is a relatively giobal priority (Premazzi and 2:gio, 1985

Fourthly, environmental law In South Africa is presently undergoing fundamental revisions, with one of
the prinCipal goals being the rationalisation and/or integration of existing environmental management
frameworks (Department of Environmental Affairs, 1997; Department of Environmental Affairs, 1938a;
Department of Environmental Affairs, 1998b). Attempts 10 address water poliution by pesticiges therefore
need to be fully integrated INto such legisiative developments. Inceed, this 1s the best window of
opportunity for such measures that South Africa has seen for many a decade

Lastly, from a public heaith perspective, and from the perspective of managers responsible for planning
water provision in South Africa, the relative importance of health iImpacts that are non-acute, often
insiduous and multifactorial compared to the effects of acute poisoning are critical for policy choices.
While the latter events are easy to flag, and readily Interpretable to popular audiences. chronic impacts
may be more difficult to understand and act upon. However, they may be of equal or even greater
importance. particularly for lower middie income countries such as South Africa Ingeed, the phenomenon
of the epidemiological transition (with changing patterns of preventable Infectious diseases giving way to
nsing rates of non-communicable diseasel has been well documented (Frenk et ai, 1989). There s some
evidence that South Africa has already entereg such a transition in its mordidity and mortality experience
(Bradshaw, 1997, Attention, therefore, to measures directed at the prevention of chronic heaith impacts
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associated with low levels of pesticides in water, are therefore entirely appropriate for 3 policy agenaa for
south Africa at this stage of its development

1.5 RATIONALE FOR THE STUDY

Civen the above context, of arcumstantial evigence suggesting under-awareness of environmental routes
of pesticige pollution, and the many policy implications flowing from this, this study seeks to adaress the
neea for careful attention to survedliance for water poliution by pesticices

This study was therefore motivatec in orger to

A) CHARACTERISE THE NEED FOR SURVEILLANCE OF RURAL WATER SOURCES

A number of related research guestions that arise from the previous discussion are agaressed in this
stugdy. What Is the extent of potential pesticide contamination of water sources in the rurd! areas of
the country? K it of sufficient significance to warrant regular monitoring? If survey Cata ingicate 3
significant degree of chemical pollution, attention will need to be directed in future to establishing an
effective chemical surveillance system for water quality in rural communities. Moregver, such systems
should De able to trigger abatement ang control measures to reguce exposures, as has been
implemented in other countries Therefore, data from this study should be able to be used for the
development of policy guidelines and preventive strategies in future

Such pohcies may adgdress

« whether spray activities on farms need to be curtalled.

« Wwhich spray activities are particularty hazardous for environmental contamination

« whether faulty storage of pesticdes on farms is a source of environmental contamination

¢ whether existing mechanisms dimed at maintaining environmental integnty are effective, or
require reforming

 which rural populations are Most at risk

*« whether safety behaviours amongs: rural resigents reguire intervention

By repcrting results to appropriate forums such as the Intergepartmental Aavisory Committee for the
Safeguarding of Man against POISONOUS Substances) INDAC, feedback will 3im to maximise Impace

D) ADDRESS THE MEALTH OF RURAL COMMUNITIES

The toxic effects of long-term pesticide poliution in water in the clet may represent a significant and
unrecognised source of chronic morbidity and mortality among rural populations, who are aiready an
impoverished community. it is precisely because of the Insidious nature and muitifactorial aetioclogy
of chronic disease, that chronic disease burgen may 9o unnoticed, particularty in 3 social group with
little acCess tO pOwer ana resources to chalienge the conditions under which they live. Data from this
study will enable better assessment of the health risks posed to rural communities by pesticices in

water
C€) ENSURE TMAT RURAL ECONOMIC DEVELOPMENT IS CONSONANT WITH LONG-TERM ENVIRONMENTAL SUSTAINABILITY
Rural water contamination by pesticides would have major implications for rural agricultural

cevelopment in general and particularly for 3 major expansion in small-scale farming. The control of
rural water poliution by pesticides 15 thérefore a prereqguisite for the successful implementation of
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rural development objectives and for the attainment of the goals of the RDP in rural areas. This study
therefore has the potential to contribute to development objectives consistent with current rural

economic policies,

d) PROVIDE INFORMATION THAT CAN BE USED TO SUPPORT INSTITUTIONAL RESTRUCTURING AND COVERNMENT
SERVICES

Considerable restructuring of 10cal government is currently ongoing, with increasing responsibilities
being aevolved to the lowest levels of government. At the same time, significant restructunng is
taking place In many national and provincial government cepartments, with increasing focus on
efficient, user-friendly and community-criented service delivery. In the heaith field, for example, the
cevelopment of district based health services, with considerable devolution of managerial
responsibility and autnority, Is seen as the cornerstone of a shift towards Primary Heaith Care. Data
from such a study will contribute greatly to local capacity to manage publc services in ways that
benefit rural communities. Given this scenario, It Is likely that public health authorities will be in a
position to make use of data generated by this research. A close refationship with the relevant district
and reglonal structures in the planning and implementation of this research would ensure the best
chances of the application of research findings. In addition, collaboration with other relevant
government, private and NGO organisations would offer an excellent cpportunity for implementing
intersectoral strategies. Depending on the results obtained. it may be possible to identify which
government departments (€.g. Labour, or Agriculture or Water Affairs anc Forestry) ang which civil
society stakeholders should be most involved in developing appropriate surveillance strategies to
adoress the problem.

The generation of new knowledge creates opportunities for multiplying impacts. By charactersing
the nature and extent of water pollution, estimation of environmental routes of human exposure, so
critical for epicemiological studies required to investigate long term impacts of low dose exposure to
pesticides become possible. Furthermore, new focus areas for future research emerge from such
studies, and can De used to ensure optimal application of research findings obtained in this study

1.6 CAPACITY BUILDING

In agdition to the value of the possible research outputs, this study also presented an opportunity for
training Institutions to utilise the research programme for purposes of capacity development. A research
team, composed of staff from the University of Cape Town (UCT) and the Peninsula Technicon (PENTECH)
undertook this study in a collaborative arrangement. The team included Associate Professor Leslie London
(Project Leaaen, Mr Agiel Dalvie (project coorainaton and Ms Anouchka Nowicki from the Occupational and
Environmental Health Research Unit in the Department of Community Mealth at UCT and Dr Eugene
Cairncross from the Department of Chemical Engineering and Mr Abdullah Solomons and Mr Rashied 1saacs
from the Department of Analytical Chemistry at PENTECH.

Through the project, one of the project team (AS) was able to undertake a three week study tour of
laboratories at the University of Michigan (Ann Arbor) and the University of Michigan State (Lansing) for
training in analytical techniques for organic pesticides. This was made possible by collaborative links
established between the University of Cape Town (Department of Community Health) ang the University of
Michigan (School of Public Heaith) through a3 Fogarty Centre award for capacity development In
occupational and environmental health in South Africa. The same team member was able to utilise the
research towaras an M. Tech degree at the Peninsula Technicon
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Moreover, the research programme has been usec for teaching under-gracuate and post-graduate health
professionals at both coliaborating institutions (UCT and PENTECH! in relevant skills and in exposing them to
relevant rural health projects. Stugents In public hea'th, occupational heaith, geographical sciences and
epigemiology have been involved In various related projects through the main study. For example,
stugents in Public Health at PENTECH undertook the field surveys for the water use and knowledge,
attitude and practice guestionnaire component of the study. Such multidisciplinary training opportunities
are well suiteg 0 attempts 1O reorientate training of a3 range of health professionals te a primary health
care approach and to provide rural exposure for other disciplines. In general, this research project has
plaved an important role in bullding links between UCT and PENTECH at Institutional level that may have
long-term benefits for both institutions

Lastly, opportunities for collaboration with other institut:ons have also been utilised Thus, the University
of Stellenbosch Zoology Department who are currently undertaking a3 WRC-funded project investigating
endocrine disruption have made use of the project sSampling points and access routes

1.7 AIMS AND OBJECTIVES

Based on the prececing ciscussions. the project therefore aimed to assess the extent of possible rural
pesticiae poliution of water sources in the western Cape

The study objectives were

3 To ldentify rural water sources in the Western Cape at high risk of contamination by means of
« review of secondary data

« field cbservation
e Interviews with rural heaith care providers, farmers and environmental officer, technical officers

ana other agricultural personnel

Dl To ascertain the presence of and to gquantify chemcal pollution at “high-risk” sites, relating the
presence of these chemicals to gifferent routes of contamination, angd to spraving patterns on farms

¢! To estadblish the reliability and validity of methodologies for accurate determination of pesticiges in
rural water ang the practicability of getection levels for aetermining low levels of pesticides in water

dl  To characterise more broadly the extent to which farm pesticides contaminate rural water supplies on
farms anad in rural towns in the Western Cape, Taking account of seasonal variations related to spraying

patterns and other confounding factors

el To igentify adaitional sources of indvidual exposure, particularty non-0ccupational routes such as the
re-use of pesticide containers, spray drift Into and onto awellings, and the unsafe gomestic use of

pesticiges

fi To gescride the water sources availadle to farm workers, farmers and their famulies for annking and
aolution

g To estimate total cietary intake of pesticides of rural resigents from water pollution, and to compare
this to International stangaras.
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1.8 AN OVERVIEW OF RESEARCH METHODS AND AN OUTLINE
OF THIS REPORT

The project was undertaken in a phaseg approach.

Phase | was concerned with

al the identification of sites in the rural Western Cape thought to be of concern from the perspective of
potential contamination of water sources, and the identification of aporcpriate sampling points
within the study sites

D) the choice of specific pesticides and metabolites for analysis

soliciting local stakeholger cooperation

g establishing reliable and accurate analytical methods for pesticice analyses, Including establishment of
quality control and quality assurance protocols

€ formalising protocols for field sample collection

fi piloting of farm-based guestionnaires, and

g review of the literature, an activity that continued throughout the project.

4]

Phase Il involved the regular sampling of the selected sites, implementation of quality assurance protocols,
and ongoing liaison with stakenholder groups. Phase Il involved the completion of farm-based user surveys,
as well 3s the analysis and write up of the findings

Thus first chapter of the report therefore sets out the background to the study, charting the important
policy questions that motivate the study, as well as outiining the alms ang objectives. Chapter Two of this
report provides a comprehensive Nterature review addressing the benaviour of pesticides in the
environment, methods for the measurement of pesticides in water, a summary of the empirical evigence
relating to the contamination of water sources Dy pesticides, a review of epidemiological stuoies
addressing the health impacts of pesticide contamination of water, and a review of policy and legisiation
with regard to pesticide in water. The latter section includes specific attention to methods used to set
legal limits for water contamination, as well as comparisons of international guidelines and standards.

Chapter Three outlines in detall the study methods, providing an account of the method of site selection,
of fielo sampling, and of analytical techniques used. Strategies applied In pursuit of SUPDOrt quality
assurance and quality control are outlined. This chapter also elaborates on the methods used for the farm-
based User surveys and the methods used to estimate daily dietary consumptions. The ethical issues,
particularty relating to stakeholder involvement are explored

Chapter FOur presents the main results of the study, ocutlined by study site, and over the period of the
stugy. Interpretation of the resuits, in relation to exposure cata, temporal patterns and other predictive
factors is included in this section.

Chapter Five agdresses the heaith ana environmental Implications of the study, with particular reference
to the findings of the farm-based surveys, workers' knowleage, attitudes and practices and the
implications of anticipated human exposures to pesticiges.

The final chapter (Chapter Six reflects on the role of surveillance, and on implications for future policy.
providing general recommendations as well 3s recommencations for future research
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A literature review was ungertaken to address 3 wide range of key Issues.

a the behaviour of pesticides in the environment,

B)  methods for monitoring for pesticides in water

0 empirical evidence of pesticide contamination of water sources and tne relevance of this research to
south Africa

d epigemiological studies on the health impacts of pesticide contamination, ang

e 3 review of policy ang legislation with a comparative analysis of standards, regulations ang

interventions.

The review was uncertaken Dy tapping 3 number of sources, Incluging waterlit, MEDLINE searches and
email list server aiscussion groups. Key informants were consulted for access to literature. The Worlg Wide
Web was alsc used to access relevant Information,

2.1 BEHAVIOUR OF PESTICIDES IN THE ENVIRONMENT -
FACTORS INFLUENCING POLLUTION OF WATER BY
PESTICIDES

Factors which determine contamination of water by pesticiges’ include the pesticides physicochemical
properties. pesticice formulation, site of application, soil type. climate and irngation practices and
amounts of pesticiges applied (California Environmental Protection Agency, 1996, Beach 1995)

Pollution of surface water usually occurs from runoffs which is the lateral movement of pesticiges into
nearby water systems such as grains ang rivers, but can JIs¢ occur by volatilisation which is the dispersion
of pesticides from plant and soll surface Into the atmosphere (McCregor, 1999, Groundwater
contamination usually occurs from leaching, which is the downward movement of pesticides Into solls, but
can also occur from Cirect streaming which is the movement of pesticices through conduits. The factors
which getermine runoff and leaching are the physiochemical properties of pesticices anc soil
characteristics

The physicochemical properties of pesticiges which make them vuineradle to leaching and runcff incluce,

a Water solubility. PesticiGes that are highly soluble in water will tend not to remain in soil and will be
vuinerable to both leaching and runoffs.

) Soil mobility wnich is determined by the affinity of pesticices to soll and IS in turn usually measured
by Its sorption to soil (Koo value. Pesticides with a small Koc will be more mobile in soil and more
prone to runcff and leaching

C Persistence is the tendency of pesticicdes to remain in soil and is often measured by its haif-life: the
time required for 50% of the pesticicde to degrade (T:a), A pesticide with a3 high persistence will be
more prone to leaching Into groungwater. For example, Hogmire et af (1290 found evidence for
endrin contamination of wells in orchards In West Virginia that appeared to be associated with
pesticide mixing operations. The fact that registration for endrin had long previously been witharawn
yet the agent still appeared In groundwater, reflects Its persistence in the environment. Similar
fingdings of atrazine in groundwater have been reported in Europe, despite discontinued use in the
countries where atrazinge has been detected (WWF, 1996).

' For a more detisled cescnpton cof the dilerant types and classiicaton of peshodes. readers are referred to CODEX (1984), FAD
{1588) and the Intermatcnal Programme on Chemical Safety (1938)

Chapter 2. Literature Review Page 21




Twe QuALITY OF SURFACE AND CROUNDWATER IN THE RURAL WESTERN CAPE WITH REGARD TO PESTICIDES

Several screening methocos have been proposed to guantify leachibility of pesticides including the
Groundwater Ubiquity Score, GUS (Custafson, 198%), which is an index based on the mobllity and
persistence of pesticides. A GUS score for 3 particular pesticide is derived by plotting the organic carbon
sorpticn coefficient (mobility) and half-iife in soil ipersistence). Leachers nave CUS scores of above 2.8,
transition pesticides have a CUS between 1.8 and 2.8, and improbable leachers have CUS scores < 1.8.

SOil characteristics which determine leaching ana runoff events are

al Soi textures. Sandy anad porous soil will promote leaching

) Orgamic matter content of soll. Solls with high organic content will enhance agherence of pesticides
to soil

© The gepth of the soil horizon. Shallow soll upperiayers will promote water reaching the watertable.

@ Soil erosion which are determined by soll erosion potential and hydrological factors. Soils with 3 high
gegree of soil erosion are more prone to runoffs of pesticiges.

e Soil pH

fi Microbiais present in soil IWWF, 1596)

Run-Off events (precipitation, rains, etc) IMportant for moving pesticices INte water via arains, streams,
etc, especidlly when immediately after appiication. For atrazine, up to 2% of appled dose may be lost to
water in this way, mainly in the first two weeks Uayachandran et 3/, 1994) but cetectadble levels may be
found up to a year later in experimental situations (German Environmental Protection Agency, 1958

FOr atrazine, aged resigues desord more siowly from organic matter than recently applied atrazine, and
hence, may continuously leach to grounawater (Montiel and Weilte, 1592). Simuitanecus application of
ammaonia (contaned in ferulisers) appears 1o increase the risk of contamination of shallow aquifers (Liu et
al, 1955). Because of the many factors that influence cesorbtion, Ieaching of atrazine Lo groundwater may
occur at rates of surface application compatiblie with currently company and regulatory recommencations

WWF, 1598

Atmospheric deposition via precipitation IS also important to consicer. During application, pesticides may
enter the atmosohere as fine droplets, or bound to fine soil particles curing winds. Evaporation may also
occur after fielC application. Once atmospheric, air currents May move particies over long distances.
when precipitatec, or washed out by rain, this may result in depositon at great distances from their
original source, and possibliities of entry tO water sources, either girectly or through the soil. Thus,
background contamination of areas remote from agricuitural activities or cther primary sources is likely
although at low levels WAWF, 1996). For example, Iow concentrations of atrazine 10.02 to 0.08 .g/h were
found in precipitation in NOrway In 1992/83 cespite the banning of atrazine use in the country & years
previously, suggesting long-gistance transport as the likely reason for contamnation in Norwegian rain
(Loge et a/, 1995

Typically a3 mix of pesticides are detected In water sources at low levels with seasonal pulses of higher
concentrations (EPA. 1988). For example, more than S0% of all stream samples monitored by the US
Geological Services programme from 65 sites between 1992 and 1998 had S or more pesticiges getected
Gilliom et al, 1999). Although grab sampling Is commonly used for water monitoring, such methogs have
severe imitations. Crab samples simply reflect an Instantaneous Cross-secton whereas contamination s
often random and intermittent and may be missed by occasional sampling (WHO, 1984). Another
constraint is the problem of pesticides or their metabolites absorbed to sediments. By taking unfiltered
‘whole-water' samples, monitorning misses the pesticides and resicues absorbed in sediments (Rae, 1998).
These pesticides May easily be mobilised with heavy rains or changes in the pH and may have substantial
heaith ana ecotoxicological impacts
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2.2 ANALYTICAL METHODS

For routine screening of water, existing analytical techniques able to detect more than one compound
(for example, using muitiresidue methods) tend t0 be expensive, time-consuming, limited to certain
pesticice classes and lacking in sensitivity (Holgen, 1986, cited In Premazzi anc Zigio, 1995). Moreover, much
of the regulatory frameworks are dependent con analytical methods capable of detecting low
concentrations of pesticides with good sensitivity and precision. However, achieving such analytical
standargs Is often difficult. Indeed, review of pesticide monitoring practices in the Eurgpean Community
(EQ) In the early 1980¢ showed a number of problems in survelllance practices (Tabie 2.1)

Table 2.1: Problems in pesticide monitoring practices in European Community countries, 1991

EQuIty In practices | * Large disparities in the degree to Which monitoring occurs.
| « Differences appears to be due to country size and location, culture,
economic status, agricultural practices and main source of drinking

water.

Dufferent emphases on | « Different rationales between states.
different pesticides « Some pesticiges are commonly monitored

« Ease of monitoring major determinant for monitoring
Disparities in sampling e Lack of stangargisation for cleaning of vessels measures 1o avoio
procedures cross-contamination, storage time, storage procedures
Disparnities in analytical |« lack of stangargdisation On extraction technigues (iquia/Mliguid
procedures versus soliadiquid) ang clean-up methoas.

+ Different instrumentation (CC-NPD, CC-ECD, GC-MS AND HPLC).
- sometimes histonical, reflecting past practices, abilities 1o rause

; funcs, expertise
Disparities in Quality  Vanations in external certification and audits
Control « Vanations in interiaboratory Comparnsons

e Vanations in interfaboratory procedures and good practice

TDisparities in interpretation Caps in knowledge
of results o Omussion of key environmental factors.

Adapted from Premazzi and Zigio, 1995.

2.5 CONTAMINATION OF WATER BY PESTICIDES

Contamunation by pesticides of both ground ancg surface water have deen reported widely Uabbar et al,
1993, Johnson, 1994, Bouguerra, 1993, LOAICIGa anc RoDInson, 1995, Vighi and Funar 1995, California
Environmental Protection Agency, 1995, Pesticiges News, 1997, Domagalskl, 1937, Espigares. 1997, Texas
Center for Policy Studies, 1999, Gilliom et ai, 1999; Abassy, 1999, Barias, 1999). There is extensive 0ata in
North America and Europe but data in other parts of the World Is lacking. Of the cver 293 pesticiges that
have already been tested in water, 94 have been positively detected. The pesticides that have been
detectec are usually in high usage or are persistent In the environment. The frequency of detection for
some pesticides are high, for instance for atrazine (WWF, 1986), which is the pesticide gdetected most
frequently in both groundwater and surface water Atrazine has been found in 53% of surface water
samples In Texas menitoring programmes (Texas Center for Policy Studies, 1999 and 38% in Eurcpean
groundwater samples (Vight and Funarn 1935). Other pesticides such as 2.4 D (1734 and silvex (16%) has been
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found regularly in surface waters (Texas Center for Policy Stucies 1993) and molinate (20%) alachor (10%) in
groundwater. The US Ceological Services identifiec atrazine, SiImazine, giazinon and prometon at
concentrations in excess of 0.01 .g/t in over B0% of streams and groundwater sources sampleg in urtan
areas between 1992 and 1936 ana at slightly lower frequencies In rural areas (Cllliom et al, 1999)

The class of pesticiges founa frequently are organochiorines, organophosphate, trazines and phenoxy
derivatives IVighi and Funarn, 1995, California Environmental Protection Agency, 1996, Texas Center for
Policy Studies, 1999, EspIgares et a/, 1957, Abassy er &/ 1999, Gilllom et al, 1299) In 3 review of grouncwater
poliution by pesticices in Eurooe (vighl, 1995), herbicides have been identified as the group of pesticides
found Most in grounawater because of being cirected Into the ground when applied. Thirty-two
heroicices, of which 29 excesded the European water standard, were identified In this review. Nineteen
insecucidss Including AlCICard and cardofuran nNas 3'so been detected in groundwater Vighi and Fuann
1895), Nematocicdes have also been found freguently in groundwater, whereas fungicides have not been
getecred frequently Nematocides have been found most frequently in Dutch waters (Pesticide News,

1997).

Many banned Or restnctec pesticicdes such as the persistent grgancchiorines DOT and Dielann as well as
ethylene dibromide, 1,2 dibromo-3-chioropropane (DBCP) are still detected in water (Beach er a/, 1995,

Weaver 1293 vigni and Funari, 1985

The levels at which pesticides have been detected usually vary between 0-100 L9/, dut levels as high as
1000 .9/ has been reported (Vight and Funar, 1985, This include annking water, mastly in wells and at
depths of ud T G0m (Vigh! and Funari. 1935). There have been many exceecences cf the European arnking
water stancarg, as well as other less stringent water standards such as the United States Drinking water
stangards and those of the World Heaith Organisation. Twenty rune pesticides have already exceeded the
European standard Iin UK waters (Pesticde News, 1937)

For surface water, pesticide water pollution appears o occur guring high rains or aurng irrigation periods
uohnson €, 1958, Domagalski, 1997). MOst of the surface water contamination was detected in rivers at

the outiet of Irngation drainage (Bartas, 1999, Domagalsk:, 1997),

In the USA, EPA (1999) estimates that up to 95% of streams and about 505¢ of wells near agricultural and
urban areas contain getectable levels cf at least one, and often two Or mare pesticides. Most aquifers and
half of the streams investigated by these programmes are direct sources of drinking water. Precisely
because groundwater supplies drinking water to over 97% of US rural population (Office of Technology
Assessment, 1984) and provides drinking water to 40% of population served by public water supplies in the
US INIelsen and Lee, 1987), groundwater contamination by pesticdes is of particular concern in the US. In
1988, the presence of pesticides in groundwater had been confirmed In 37 States and suspected in 8
others (Soll Conservation Service, 1988, Once groundwater is contaminated. the aifficulties of managing
such contamination are substantial. Besides the ongoing heaith CoONSeqUeNces, watér contamination may
reguce the value of property as has been reported in North Caroling (Qulllin, 1999)

In Germany, atrazine has been found in 335% of wells in Bavaria and 6% of wells in Baden-Wurttemberg at
levels in excess of the EC Maomum Allowabile Concentration (MAC). Overall 11% (22/208) wells in Cermany
tested during 1984-86 had detects > EC imit (Premazzi and 21gio, 19951 Subsequent testing by the Cerman
Environmental Protection Agency between 1986 and 1990 found that the percentage of getects with
atrazine levels above 0.1 .G/ has risen 1O Close to 205 (data cited in WWF, 1956

In Italy, 54% of samples carried out in 1585/87 found evidence of at least one pesticide contaminant in 318
sites examined, and over 50% exceeced the EEC MAC Most detects were atrazine (Premazzi ang 2igio,
1895 In the UK, triazines are commonly found in grounawater. particularty atrazine, and phenoxyacetic
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acics in surface water. Between 1989 and 1980, 273 of 170 samples of London drinking water had detects >
EC limit. but for the whole of England and Wales the figure was only 2% (Premazzi and Zigio, 19985)
suggesting that contarmenation is very unevenly distributed

With reference to South Africa, atrazine Is presently declining In use, but has previously been detected in
irrigation water entering the vaalharts area as 3 proguct of run-off from surrounding maize farming areas
(Weaver, 1993 Other triazines (particularly simazine) are In use In the Western Cape but have not been

wicely monitored

A stugy of 29 farm dams in the Eigin area in the Western Cape (Davies, 1997) found that endosulfan isomers
ang metabolites were commonly detected (in 28 out of 28 cams) at levels above the Target water Quality
Range’ of < 0.01 .g/t and aimost half of the dams had levels above the Acute Effect Level of 0.2 .ot
IDWAF, 1995). These are levels associated with substantial Impacts on aguatic ecosvstems. In adgition to
endosulfan, the stuay found detects of other pesticides, Inclucing chlorpyrifos, azinphos methyl,
penconazole and parathion, with less frequency than endosulfan, but stil above EEC standards for

arinking water

2.4 EPIDEMIOLOGICAL STUDIES ON THE HEALTH IMPACTS OF
PESTICIDE CONTAMINATION OF WATER

Acute effects of water contamination may arise through ingestion Or skin or mucosal contact. For
example, Koo et af (1995) report on an outbreak of dermatitis arising in workers cleaning up a pesticide
spill in California In 1991. Nowever, It is well-recognised that acute toxic effects from pesticides in water
are unlikely uniess there has been some unusual accigental spillage (WHO, 1993). Most concerns related to
pesticices have focused on the capacity of lower levels of pesticides in water 10 Cause chronic effects
(Bedding et al, 1983).

However, many factors complicate the design of an epidemiological study investigating the chronic health
effects of pesticide drinking water contamination. These problems are typical of environmental

epidemiciogy, and principally relate to

« Qgifficuities In charactensing the exposure of subjects to environmental hazargs because of a lack of
blomarkers, or the presence of multiple interactions,

« difficulties in identifying specific outcomes, particularly where latent phases (for example, for cancen
are long, and where competing causes are muitiple,

« levels of Increased risk are often small excesses necessitating large studies to achieve sufficient power,

« confounding of study results may be common.

One important type of confounding is occupational exposures, which will correlate highly with exposures
In grinking water in an agricultural setting. This could be overcome Dy Igentifying non-agricultural areas
where water contamination occurs and cComparing them to areas where no water pollution occurs. For
certain pesticides, pollution of water might be more important than In an occupational setting.  Other
problems are confounding due to other risks factors and the absence of water monitoring ang heaith
outcome data in developing countries.

i The Target Water Cuaity Range is that range for which no measurable adverse effects are expected on the integrty of agquanc

ecosystems. (DWAF, 15550)
1 The Acute Effect Level is the concentation above which There 1S 3 Sigrficant nsk of 2cu0e 12 efects cn sensitive organisms in the

aquatic enveonment [DWAF, 19952)
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Much of the epidemiological evidence for chronic heaith effects of pesticiges arises from studies of
occupationally-exposed workforces. These groups are different from subjects exposed to pesticides in
arinking water in 3 number of ways

e Workplace exposures are genenily higher than environmental exposures and may have different
charactenstics (peaks, etc.)

« Different types of factors influence breakdown and egress - more pregictable than environmental
meaia

« Because contained environment, monitoring is relatively easier - both of air and surfaces. and
biological measurements In exposed subjects

e From an epigemioclogical perspective follow up of groups and allocation of exposure categories may
be more accurate. 0Often in environmental epidemiological studies exposure characterisation is
ecological, |.e. unlinked to the inQividual.

As 3 result of these gifficuities considerable cebate exists in the epigemiological literature as to the
relative contridution of environmental hazaras to the causation of chronic gisease, particularty cancer

Ciwven the difficuities of establishing causative relationships Detween environmental exposures and
agverse heaith gutcomes, let us turn to the exact literature.

A number of studies have found heaith effects Including reproductive, cancer and other agverse health
outcomes (Swan ef 3/, 1598, Cantor et 3/, 1998, Hildesheim et 3/, 1988, Zhang 1997, vojcani 1937, Lewls 1999)
resulting from chemical poliution from non-agricultural sources of drinking water at concentrations in the
orgder of magnitucde detected In grouna and surface water. For example, the association between chlorine
ang chiorine progucts in drinking water and birth gefects has long been controversial (williams ang weiss,
1998). Another study of drinking water from rural China founa evidence for an association between the
use of pond water and spontaneous abortion, one cause of which may have been run-off from
surrounding cotton plantings (Cho et 3. 1999). However, this linkage was only hypothetical and relatively
few epidemiological studies have implicated pesticides other than arsenic, whose use as an Insecticide in
agriculture has declined substantially, at least In South Africa

Only two epigemiclogicyl studies investigating the human health effects of pesticde contamination of
water coulg De found in the literature. One stucy had an ecolog:cal design and found no relationship
detween DBCP contamination in grinking water and birth rates in Fresno County, Cakfornia (Wong et a/,
1988). The other showed altered numbers of T-cells but nO alteration in disease status in women who
ingested low levels of aldicarb (Thomas, 1991, In both studies It IS unclear how occuPAtIoNal exposure was
controlled for. Research seems to have concentrated on nealth effects due to occupational exposures to

pesticiges.

Despite the absence of relevant epicemioclogical studies, contamination of water by pesticges IS
potentially an important heaith problem. There have been reports of acute ill-heaith due to improper
dispesal of pesticides In water (egitonal Lancet, 1992 Amstrong 1984). A growing number of chronic
health conaditions Including cancer, neuroiogical diseases. resdiratory diseases are increasingly being
associated with long-term occoupationyl exposure to pesticides (Maronl 1953 Cray and Ostby, 1998, Porter
1998, Dalvie et a/ 199%). Interactive mixtures of aldicard, atrazine and nitrates have been shown to have
chronic effects on the immune, engocrine and nervous system of laboratory animals at maximum
contaminant levels (MCLS! (Porter, 1939). Additionally contamination of water Dy pesticides have been
founa in fish Ueffery, 1952) and has been shown to alter reproductive abliities in amphiblans (Quellet et 3/

1998
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An agditional concern has been that the focus of epidemiological research may be placed on the incorrect
agents in that breakdown products of pesticides may be more acutely toxic or of greater concern from
the perspective of chronic health effects. For example, dealkylation of triazines proguce metabolites
Desethylatrazine (DEA) and Desisopropyl-atrazine (DIA) which are reported to have endocrine disrupting
properties (WWF, 1996)

2.5 LECISLATION AND THE CONTROL OF PESTICIDES IN

251

Chapter 2. Literature Review

WATER

HISTORICAL OVERVIEW

The tracitional approach to water quality has been historically domenatec by 3 pubhc health focus
on mecrobiological contamunation (Packnam, 1990). For example, the Worlg Health Organisation
views the control of microbial contamination as paramount. and acknowledges that chemical
stangaras could be considered of secondary importance (WHO, 1993a).

This policy bias has been reflected in the type of legisiation covering water quality concentrating
on control of bacteriological, parasitic and virological threats. It was only when evigence emerged
that potentially hazardous organics could be generated from water treatment processes that
regulatory emphasis shifted to incluge standards for organics such as pesticides (Toft, 1985). The
first US legisiation to address specific contamination by organics was the 1974 Safe Water Drinking
Act (SWDA) which enabled a set of regulations to set Maximum Contaminant levels that assured
‘no known or anticipated adverse effects of the heaith of persons.. *. By 1979, US regulators,
pesticide companies and researchers began to focus increasingly on pesticides in groundwater as
2 result of frequent cetections of DBCP and aldicard in grouncwater in the gastern US (Cohen,
1996). The SWDA has subsequently been amendec in 1986 and 1996 0 as to ensure that “the food
they (the US population) eat and the water they drink are safe” (Bill Ciinton, cited in USEPA, 199%
Similarty, Canada promuligated its first legisiation specifically adaressing pesticides in water as
Federal regulations in 1978, which Included health-based limits for 16 pesticides in water (Toft,
1985). Since then, there has been much development oOf legisiative standarcs with the
recognition of important long-term hazards associated with organic pesticides and other
Chemicals in water sources, particularly those used for arinking

European legisiation has akko seen a proliferation of legally binging standards over the past
cecade, with a move from away from legal flexibikity to one that seeks to put explicit measure to
public judgements about the acceptability of the impacts of human activities on the
environment. Between 1970 and 1991, over 30 directives and other regulations to address water
quality were passed by the EEC (Premazzl and Zigio, 19951 In the United Kingdom, for many years
the legal standard for drinking water was simply expressed as “wholesome water” for which the
law offerec no precise cefinition. Today, however, stangarcs for drinking water are subject to an
array of standards, requiring the support of 3 complex institutional machinery for development,
implementation and monitoring iMacrory, 1929). Much of this has been driven by the adoption of
the European Economic Community (EEC) Directive on the quality of water intendec for human
consumption (80/778/EEC) (Premazzi ana Ziglo, 1993).

The rationales for these shifts and gifferences In approaches s outlined below. Given the high
costs of analyses for the presence of organic contaminants In water, It Is crnitical for regulators to
ensure sound science in the judgement of how to implement water quality monitoring.
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2.5.2 BASIS FOR STANDARD SETTING

The unaderlying premise for the setting of standaras for water is to safeguard human health
particutarty with regard to annking water (Toft, 1985; WHO, 19933 although more recent
developments recognise the importance of maintaining ecological Integrity and mitigating or
2voiding IMPAcTs On aQuatic ecosystems (Premazzl and Zigio, 19935). Stangards to attain these two
objectives may giffer significantly, with requirements for ecotoxicological safety higher than for
human heaith, and Management Interventions required may also differ (Beacing et a/. 1983). For
example, the WHO guideline value for atrazine based on human neaith consigerations is 2 ugh
(WHO, 1993a) while thresholds for aguatic toxicity are of the order of 0.008 to 0.23 (cited in Dallas
and Day, 1993). Safeguarding health can Include both primary standards which seek to avoid risk
of disease or death, and secondary standards of aesthetic satisfaction® (Toft, 1985). Water that is
of an aesthetically unacceptable quality may lead to rejection of an otherwise safe water supply
for one that is less safe (Packham, 1950, WO, 18932

Approaches o standard setting with regarg to pesticides in water have differed across the world
Approaches based on mogelling health risk using experimental data Isuch as adopted by the
USEPA and the WHO) differ substantially from approaches agcptec by the European Union, whose
stangdards have been set rather as policy too's These approacnes are cutiined in more cetal

below

2.5.2.1 US EPA approach

NOC unlike many other countries®, there are a3 number of different laws in the US® that address the
control of pesticice contamination of the environment. However, despite the potential for legal
ouplication anc overiap (Rother and Lonadon, 1998), institutional responsibility in the USA for
monitoring, enforcement anc remediation is at least co-orginated through the US Environmental
Protection Agency and its policies

The principal legisiation governing water quality Is the Safe Drinking Water Act (SOWA) which
places the responsibility for protection of national water resources on the United States
Environmental Protection Agency (EPA). In meeting this cbligation, the EPA nas chasen to focus
on prioritising the protection of water sources currently used to supply drinking water, those
with potential t0 supply drinking water in future, and those water sources that represent
particularty vuinerable ecosystems. Standards for water quality form part of a comprehensive set
of measures for water protection, including agequate treatment of water sources, ensuring the
integrity of aistribution systems anc providing information to the public (EPA, 1599).

EPA’S general approach has been to develop standaras that are heaith-based with some account
taken of tecnnical feasibility, avalability of methods of detection. and the impacts of regulation
on water systems, the economy and public health (EPA, 199%) Where no reliable method exists
that Is economically and technically feasible t0 measure a3 contaminant at particularly low
concentrations, a3 Treatment Technique (TT) is sét rather than an MCL A TT is an enforceable

¢ Inthe USA these pamary health tased standands fall in the category of Navcrd Primary Drinking Water Reguiatcns (NPOWR)
anc the sedondary cosmedc or aesMelic standarcs fal in e category of Natcral Secondary Dnnking Water Reguiatons
(NSOWR). Compiance with seconaary stancards «§ cpbenyl for State Reguimars
For example, Scuth Afnca had at last count 14 peces of legsiation acmnistered by 7 afferent govemment depariments pertaining
%0 peshoades in 1538 (Rother ana London, 1398). Legsiation goveming water réscusce maragement inciuded 5 Acts and 2 Bills
rvolving at least ‘our govenment degariments (DEAT, 1996¢)

¢ These ndude the Federal Insactoide, Fungcide and Rocenacae Act (FIFRA) e Sale Water Deriung Act (SDWA), the Clean
Water Act (CWA), e Rescurce Comservaton and Recovery Act (RCRA) and e Comprehensive Environmental Response
Compensasen and Liabilty Act (CERCLA or *Superfund®).
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procedure or level of technological performance which public water suppliers must follow to
avoid contamination (EPA, 1929), Although there Is some attempt 10 develop standards that
encompass environmental impacts using ecologically based protection criteria (Premazzl and
21910, 1895, EPA standards presently remain essentially focused on human health. However, a
number of workgroups were established by £PA in 1958 to Improve methods used to evaluate
potential threats 10 ecosystems (BNA, 1898)

It should be NOTEC, however, that the EPA IS also subject T0 the Federal insecticide, Fungicide and
Rodenticide Act (FIFRA) which allows for the tolerance of 3 non-negligible risk if important socio-
economic concerns warrant geviations from strict agherence to heaith basea limits. EPA thus has
o try to batance potentially conflicting legal imperatives in this regard

For purposes of dietary risk assessment mandated by the Food Quality Protection Act (FOPA), EPA
has sought to take INto account sources of pesticiges in drinking water to Inform Its reguiatory
decisions. Prior 10 1996, EPA assumed that 10% of dietary intake of resicdues was accuired through
consumption of water. However, after the passing of the Food FOPA in August 1996, the Office of
Pesticige Programmes (CPP) has adopted a more complex risk assessment approach that makes
use of pesticide-specific data on movement to groundwater, degradation potential, persistence
and toxicity breakdown progucts in mathematical mogelling to estimate pesticide concentrations
In water in pesticioe use areas ([EPA, 1989). This screening datd is then compared to health-based
*Drinking Water Levels of Comparison® IOWLOC) which take account of food-based and residential
exposures for which cata exist. A DWLOC will be ‘ow if competing EXpOosures are substantial, but if
there are few COMPELING exposures, the DWLOC will be higher. If the screening data exceec the
DWLOC, the OPP will seek empirical data to clarify the fincing, and may then implement
monitoring or mitigation actions (EPA, 1939),

Key to this approach is the use of screening models, a3 number of which have been shown to be
useful for risk assessment (Cohen, 19961 In general, these models tend to glve conservative
estimates and that can de used to rapidly identify pesticides unlikely to be a water problem (EPA,
1999). However, the models need verification against empirica! data

Mitigation actions (ncluding revocations or denials of 3 tolerancel are generally based on more
than Just 3 screening estimate. Monitoring data are applied to known human heaith risk mogels
that agdress both acute ang chronic effects (cancer! using levels in the high range of the reported
monitoring results (not the highest), In conjunction with estimates of fooo and residential
exposure to complete an aggregate risk assessment, and characterise human health risk. In theory
such data can also be used to produce a regionakbased picture of the agistribution of
measurements. In future, the 0P has been reported as wanting 10 move towargs probabilistic
arinking water exposure assessments ([EPA, 1959). However, such cevelopments will demand
much more accurate scientific data than currently available, sincé most éxisting monitoring data
provige little more than a piece of a complex puzzie Residues or metabolites in water are static
indices of dynamic processes (Kerr and Vas, 1973 cited in Dallas and Day, 19%3)

A useful observation to be made abcut the US framework is its model of governance for the
control of pesticide poliution of water sources. Uncder the US federal system, the EPA takes
national responsibility for uniform action for particular pesticides of high concern, while leaving
substantial responsidilities to States at regional and local level for ensuring acequate regulations
and monitoring to protect water quality. EPA sees Its role as cntical in providing support for
States and for users, that hoi¢ responsibilities t0 change DPractices through education and
training, and adoption of alternatives Premazzl and Zigio, 1995). Civen South Africa’s comolex
system of often-competing national and provincial competencies, such frameworks might be
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useful for acaressing the institutional governance needed In South Africa to manage water
Quality standards.

2.5.2.2 EEC approach

Underlying European stangard setting for pesticides IS an environmental management policy
stemming from the 1972 Stoecknoim Conference on the Environment ang subseguent action
programmes (Premazzl ang 21gio, 1935.. Key elements t0 this approach Include recognition of the
primacy of prevention, acoption of the “poliuter pays” principle the optimal use of scientific
information to inform standara-setting, and application of the precautionary principle where
data are Insufficient, and the recognition of the transbouncary nature of many poliution
problems (Commission of the European Communities, 1596

Although the EC directives seek to harmonise standards across EC member states, there is still
some discretion left to Individual countries to treat EC standards as 3 minimum, or 10 justify
ciffening standargs on the basis of diffenng social and cultural contexts (Commission of the
European Communities, 1996; Macrory, 1999). For example, Dutch standards effectively set at 0
@ the MACs for 12 pesticides, and indications are that this list will be extended in future The
1991 directive places grouncwater management in the context of an integrated approach to
address both surface and groundwater. The Fifth Environmental Action Programme of the EEC
(1923 to 20000 highlights 3 move away from “commanc and control” approaches to using a range
of policy instruments, including co-regulation and seif-regulation (Premazz: ang Zigio, 1995).

In terms of water quality, three groups of EEC cirectives apply, the first geared towards
protection Of public heaith, the second Lo eliminate poliution Dy nitrates from agricultural
activities, and the third to control discharges to groundwater and surface waters. The directives
lst various schedules of hazardous chemicals with gifferent levels oOf responsibility on
governments to prevent egress t0 groundwater. EEC agirectives estadiish both Maximum
Admissible Concentrations (MACS) ang Culde Levels ICLS). MACS were onginally calculated assuming
a 85% compliance rather than 100%. For pesticides, the MAC Is set at 0.1.g' for any pesticide and
0.5 .gM for all pesticides. Unlike other contamenant MACS, the MAC for pesticides not based on
toxicological aata, but was set at the limit for the detection of chiorinatea pesticides, presumably
as 3 surrogate for 3 zero stangard (Premazzi and 21610, 1595 Inceeq, as indicated above, Dutch
standaras explicitly list 3 zero stancard for 12 pesticides. By placing such low limits on acceptable
hmits, the Dutch authorities are essentially signalling that their limits are to dbe led by analytical
capabiities. In doing so, they are merely extending current EEC approaches where maximum
acceptable levels have been set at the current detection capabilities of existing technologies. EEC
pPOlicy Is TO pursue high levels of water protection, for reasons of human health as well as
protection Of natural ecosystems (ICommission of the European Communities, 1998 Not
surprisingly, the pesticide industry has been amongst the most vociferous cntics of this approach
(CIFAP 19500,

One of the cnticisms of the approach that reliés on ngorous standaras expressed In quantifiable
form is that there is innerent o science 3 cegree of uncertainty the complexity of which Is lost In
the reguiatory urge for clanty (Macrory, 1995) For example. the cifficulties of establishing
causation for chronic heaith outcomes from low cose exposure, and of characterising the dose-
response relationship are substantial, particularly when dealing with extremely low exposure
levels typical of environmental exposures.

However, the EEC makes use of other regulatory mechanisms tC protect groundwater. For
example, EEC directives link pesticice registration to requirements o demonstrate environmental
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safety with respect to water sources Pesticides should not be registered if they have
‘unacceptable” impacts on drinking water, or if no MetNoas for analysis exst which can meet the
levels of detection demanded by EEC stancards (Premazzl and Zigio. 1995 Thus, for example, the
Netherlands has cancelled registration of any pesticide found to leach at concentrations
exceeding 0.1 .gN after 3 transport time of four years at a depth of 10m below the ground
(Organisation for Economic Co-operation and Development, 1996). EEC directs countries to
consider both health and environmental conseguences under anticipated conditions of use and
taking into account scientific uncertainty, and consigeration of all routes of exposure (Premazzi

and Zigio, 1995

2.5.2.3 The approach of the WHO

In pursuit of its pudlic health agenda, the World Heaith Organisation has focusec on the guality of
drinking water and provides guidelines for action by member states. The guidelines are not
Intended to be mangatory limits. WHO recognise that national regulatory standaras should take
Into account local and national environmental, social, economic and cultural considerations using
a risk benefit approach WHO, 19833l For example, In situations of relative water scarcity,
adoption of drinking water standards of overly rigorous stringency may compromise water
avallability for communities with marginal access to water, with adverse health consequences
WHO emphasises that the trade-off in risk-benefit needs to aim for maximal protection of human
heaith, and shoulg be based on informed societal decision-making

As with the EPA, the WHO has adopted a health based toxicological approach to guideling setting,
and guideline values represent concentrations that are regarded as not resulting in any significant
risk to the heaith of a consumer over a ifetime WHO cautions against treating the guideline
values as sufficient for minimalist regulation by countnes and encourages standard-setting to aim
for the highest water quality (WHO, 19933 The WHO Culdelines also recommend flexibility in
Jpplication to take account of the purpose of the water use. In practice. many countries agopt
the WHO approach if not their Cuideline Values in their reguiadtory frameworks.

Two difficulties exist In relation to health hazargs at low concentrations of contaminants
Methoas to measure particular pesticides might not be avalladle at the very Iow concentrations in
the range where long-term health Impacts might be expected. Furthermore, methods to
remediate or control exposures at these levels may not be practical or avallable. WHO takes these
prodlems into account by setting provisional guiceline values.

While the WHO Guidelines apply to bottied water, and to ice intended for human consumption,
natural mineral waters are coverec Dy standards developed by the Codex Alimentanus
Commission

2.5.24 New Directions

Recent empirical evidence suggest that the use of animal populations as sentinel populations
would be useful In risk assessment to inform regulatory standards (van der Schalie et al, 1999).
Ingeed, Casey and Mevyer (1996) cite evigence that in Canada drinking water standards for humans
are partly based on possible bioaccumulation of pesticides In livestock with secondary impacts on
human consumers. Proposed South African stangaras for pesticides for livestock watering (Casey
and Meyer, 1996) are of the same order as levels summarised for human drinking water standards
in Appendix A. Future research will focus on developing bioassays anad sampling procecures for
histopathological examination of animal tissues to assess rnsk from pesticides in groundwater
Ipersonal communication, Mr K Pietersen, Water Research Commussion, November 1999).
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253 STANDARDS

Published standards for maximum levels of pesticides permittec in water are summarised in
Appencix A

2.5.3.1 EPA Standards

EPA's general approach has been to develop standards that are heaith-based (generatng
Maomum Contaminant Level Coals, MCLCs) but which take into account, to some extent, the
practical ana scientific feasibility of achieving the health based standards (generating Maximum
Contaminant Levels, MCLS) The process of ceveloping health bases standaras differs for
carcinogens ang non-carcinogens. Because carcinogens are thought to have no thresholg of risk
the MCLG Is set at 0, while for non-carcinggens, the goal is basea on 3 percentage of an Acceptable
Daily Intake (ADI genvable through water intake (see below). The MCLs are, in general, set as close
as possible to the MCLCs

However, for carcinogens, the goal of zero exposure IS NOT practicadle, both in terms of
eracicating all exposures. and In terms of having the technical Capacities to measure exposures at
extremely low levels. Thus, for carcinogenic effects, EPA relies on the notion of neghgible risk,
based on a probability of anything less than 1 in 10* excess risk in 3 lifetime being negligible. This
means that for carcinogenic effects, a3 probabllistic model Is used. Because this model makes
assumptions (usually assumptions involving linearity) about risk at low levels, for which empirncal
ata are not avalladle, there have been many cnticsms of this approach, both from the point of
view of overestimating and underestimating risk.

Where there are deviations from MCLCS in setting MCLs, the concerns are usually for whether the
heaith-based limits are at 3ll achievable. Unlike Health Advisories (see below) MCLs are legally
enforceable stancardas. MCLs are 53id TO take account of vuineradle sub-populations. However, to
estimate MCLs for non-carcinogenic pesticides in drinking water. EPA does not take account of
total dietary intake of pesticides through all meaia

Health Advisories (HAS) are prepared by the Criteria and Stangargs Division of the Office of
Drinking Water («ODW) of the EPA to provice technical guidance to public heaith officials on health
effects, analytical methodologies and treatment technologies associated with darinking water
contamination (Anonymous, 1988). They are primanly amed at acdressing public need for
QuItance In response to emergency situations involving contamination of drinking water. The HAs
sSUMManse data on the occurrence, pharmacokinetics and heaith effects to estimate
concentrations of a contaminant in drinking water that are thought to have no adverse heaith
effects. Unlike MCLs, HAs are not enforceable and are only used to provide guidance

Because noO threshold is understood to exist for cancer, HAS only apply to NON-Carcinogenic
effects. HA's are calculated for varying durations, including 1-day, 10-day, long-term
tapproximately 10% of 3 lifetime or 7 years) and lifetime HAS

HAs make use of No Observed Adverse Effect Levels INOAELS) and Lowest Observed Adverse Effect
Levels (LOAELs! from studies specific t0 the duration of exposure for that HA. Generally, stucies
with the hignest NOAELS or LOAELS are used, ana the degree of conficence of the study ancd the
degree to which its findings are supported by other dose-response data also influence the final
choice of parameter. The calculations used to derive 3 MA from a3 NOAEL or LOAEL take into
account body mass, assumed dally water consumption and make use of an Uncertainty Factor
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which is 10 where data s most reliable and 1000 where data Is least reliable. Short-term MAs are
calculated for a 10 kg chilg, while lifetime HA Is calculated for a 70kg aduit. Lifetime HAS also take
Into account other sources of exposure cther than water (which is modelled as being the source
of 10 or 20% of exposure, depending on whether It is an organic or inorganic contaminant).

For chemicals that are classified as possible human carcinogens, an additional 10-fold uncertainty
factor is acded. For chemicals classified as probable or definite human carcinogens, an entirely
gifferent approach is used involving muitistage mathematical modelliing. which determines
theoretical upper-bound cancer lifetme risks based on existing epidemiological and toxicological
data (EPA, 1989). This latter approach has been cnticsed for assuming uniform susceptibility
amongst the population and the absence of Interactions between chemicals and other
susceptibility factors, when much empirical cata exists to the contrary (Perera and Boffetta, 1988)

However, although the short-term HAs use child parameters for mass in the caiculations, they do
not use child or Immature (in animal studies! subject toxicological data for the estimation of the
HA. Civen that the toxicity per kg is recognised to be greater in children, the uncertainty factor
may not be sufficient to compensate.

EEC Standards

As indicated above, the EEC standards 0.1 g/t for any one pesticide and 0.5 .gX for all pesticides)
are not based on toxicological information but on technical feas:bility and policy considerations,
intended as a proxy for a zero standard. AS a result, 1t s clear that the EEC standards will resuit in
some cases, In levels of control In excess of what would be needed for the protection of human
heaith, while in other cases, EEC standards may still be compatidle with contaminant levels of
concern from a pubiic heaith perspective. One of the other problems with the EEC standard is
that. notwithstanding 0.1 .g/ being at around the Quantification Limit for organochlorine
pesticides, many other pesticides (for example, DNOC, oxamyl, tebuthion, etc are not detectable
at these levels. Thus real presences of pesticides at very low levels may be recorced as non-
getects ang thus underestimate exposure scenarios.

Premazzi and Zigio (1995 report that the UK has indicated that it intends to push for grounawater
limits based on toxicological data because of the limitations of analytical methods to achieve
levels of detection low enough to support the EC stancards, and because of a preference for
methods that take account of toxicity. However, It appears that the EEC standards are likely to
remain in force, primarily as a policy tool to drive down pesticide use

In general, European countries tend to follow the EEC standards, although France has been
reported to include toxicological-based standards for some pesticides, wnile the US, Canada and
Australia use approaches to standara setting that use toxicological data (iPremazzi and 2igio, 1995).

WHO Guidelines

As indicated above, the World Health Organisation essentially uses the framework of heaith-based
toxicological assessments to Inform its standards for pesticides similar to the EPA approach. Its
1993 standards (WHO, 1893a) identify 7 categories of water pollutants for which risk assessments
are developed, of which one category is pesticides. Data for these assessments are derived from
data provided by the International Programme on Chemical Safety (IPCS), the International Agency
for Research on Cancer (IARC), the Joint FAD'WHO meetings on Pesticicge Resigdues UMPR) and the
Joint FAOWHO Expert Committee on Food Aaditives UECFA). In estimating risk, WHO generally
Asumes an average daily consumption of 2 | water for 3 60kg aduit
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central to the risk estimate |s the calculation of an Acceptable Dally Intake (ADI) or, In the case of
xenobictics, a Tolerable Daily Intake (TDI. TDIs, expressed as 3 mass unit of contaminant per mass
ynit of organism, are usually reliant on animal stucies 1o provide No-Observed-Agverse-Effect-
Levels (NOAELS) or Lowest-Observed-Adverse-Effect-Levels (LOAELS). The NOAELS/LOAELs are
adjusted by 3 series of uncertainty factors that take account of interspecies variation for
extrapolation from animals to humans, inter<ndivicudl variabllity, agequacy of the studies, anc
tne nature and severity of the effect Use of 3 LOAEL (in the absence of 3 NOAEL also necessitates
an adciuenal uncertainty factor. The tota weighting from the sources of uncertainty is not
allowed to exceed a factor of 10 000. The TDI, thus adjusted, is then modelied on daily drinking
water consumption, average dbody weight, and the fraction of the TDI 3liocated to intake through
gietary water (WHQO's default assumption in the absence of empirical gata 1s 10%) to generate 2
Cuigeline Value (GV) see box). Where the uncertainty factors used in calculating a TDI are greater
than 3 1000, WHO cites these Guideline Values as provisional to emphasise the high level of
scentific uncertainty

For carcinogens, WHO distinguishes between compounds thought to be genotoxic, for which no
threshola exists and mathematcal low-gose extrapolations are applied. and carcinogens acting
through other mechanisms for which thresholds and belleved to exist. For the latter group, the
CV i1s derived using the TDI approach outlined above. For the former group, an excess lifetime risk
of 1in 10% is used as representing significant Increased risk. Cenerally, a linear multistage mode! is

used
The WHO guidelines have been criticised on 3 number of grounds:

al Because they are averages for aduits, they may not take Into account the higher consumption of
water per kg for chilaren, for people in hot climates.

D) Sub-groups of the population iwomen, children, undernourshed, etc) may nave higher risks due
to biclogical ana behavioural factors that increase vulnerability

© Interactions between muitiple chemicals may result in risk profiles that are more than simply
acaitive, as assumed by the WHO approach.

@ The linear assumption for risk associated with low-level extrapelation may not be valia

WHO argues that the adaition of safety factors with wice margins addresses these concerns (WHO,
1953a). Furthermore, for some agents indicated by sccial and public heaith significance, WHO has
reportedly based its estimates on children or Infants CoONSUMING Proportionately more water per
kg Doay weight than adults. The derivation of GVs for some carcinogens is said to take account of
empincal evigdence where alternative extrapolations appear suited for specific pesticices
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ESTIMATION OF WHO GUIDELINE VALUES FOR
DRINKING WATER CONTAMINANTS

Tolerable Daily Intake (TDI) ’

: NOAEL or LOAEL
TDI = UF

NOAEL = No-observed-adverse-cffect-level I
LOAEL = Lowest-observed-adverse-cffect-level
UF = Uncertainty Factor(s)

Guideline Value (GV) l

IDIxBW=xP
GV = ¢+

! BW = body weight in kg
P=fraction of TDI allocated to drinking water
C = daidy dninking water consumption

|
‘ Source: WHO, 1993a

However, of the 33 pesticices for which WHO has established CVs (see Appendix A), only one (DD
makes use of an estimation including the intake of an infant, and none of the 4 pesticides for
which estimates were based on Carcinogenicity used non-inear extrapolations to estimate excess
risk. For most pesticiges for which CVs exist, the default assumption of 10% of dietary intake
through water has been used except In 6 cases where the assumption was 1%. These include 5
organochioring pesticides assumed to have greater presence in diet cue to persistence and
permethrin, thought to have greater environmental routes of exposure (WHO. 15930

WHO standards are supposedly based on toxicological criteria and Intended to represent safe’
levels for human consumption as an average dally intake over a lifetime. But criticisms levelled
against the standards stress that they only address a small proportion of the 1000s of active
ingredients, do not address problem of mixtures, and ¢0 not take ecotoxicity Intd account
(Anonymous, 1996).

2.5.3.4 Standards in other countries

In practice, the WHO guidelines are the main source of standards used by many countries
(Packham, 1990; Macrory, 1998). Australia, for example, uses a similar approach in setting
standards for pesticides, that include Health Values based on 10% of an ADI to be derivegd from
arinking water, whilst also including Cuideline Values, which are based on the analytical limit of
getermenation, in order to prompt investigations and remedial actions (National Health and
Medical Research Council, ang Agriculture and Resource Management Council of Australia and New
Zealangd, 1998,
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The USSR established explicit standards for organic substances in gnnking water in 1573 that
included toxicological stancards for only two pesticides, DOT (limit of 100 g/ and heptochlor
timit of 50 .9/ but organoleptic standards for at least 19 others. These regulations were
regarded at the time a modern and explicit (Begaing et al, 1983 but were not necessarily
supported by any enforcement or monitoring, as was typical of much of Soviet standara-setting

In the rest of Africa. legisiation Is extremely underdeveloped, and what little regulations exist
focus mainly on the registration process and on occupational stancaras, with littie reference to
environmental impacts (Akhabuhaya, 1951; Mbiapo ana Youovop, 1933, Lekel ana Mngeme. 1999)

2.54 HUMAN STANDARDS IN RELATION TO ENVIRONMENTAL STANDARDS

Dallas and Day (1983 summarisé watér quality criteria related to biocides for the protection of
aquatic life from aifferent countries. When compared to human nealth stangaras, It is clear that
levels needec for ecolotoxicological Integnity are far stricter. It IS perhaps not surprising that
much early environmental standard setting to protect water guality sought to promote human
health and welfare above ecotoxicological integrity (Bedding et al, 1983

Aquatic life criteria establisned by the EPA, Canada or International Joint Commission for the Creat
Lakes were exceeded by at least one compound for two-thirgs of streams sampled for routine
monitoring by the US Ceological Services between 1992 ang 1996 (Cllllom er a/. 1995). Diazinon
chiorpyrifos anad malathicn were the agents most frequently found to exceec aquatic limits

Table 2.2: Water standards to protect aquatic ecasystems (ug/!)

SUBSTANCE SOUTH AFRICA | UNITED KINGDOM | US EPA | AUSTRALIA | CANADA
Algrin 0.01 001 | 001 | 0004
Chicraane 0.025 | 0004 60
ooT 0.0015 0.025 0.0005 0.001
Dielarin 0.005 0.01 0.002
Chiorpynifos | 0.001

Encosulfan 0.003 \ 0.001

Encrin 0.002 | 005 0.003 0.0023
Azinphos-methy! | 0.01
Heptochior 0.005 0.0003

Lnaane 0.015 0.003

Malathion 01 007 |
Methoxychior 0.02 | 0.04

Mirex 0.001 0.001

Parathion 0.008 0.004

Toxaphene 0.002

2.4 Dichigrophenal 40 a0

From: Dallas and Day, 1993.
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2.5.5 SOUTH AFRICAN EXPERIENCE

The history of environmental legisiation in South Africa has been one of weak and fragmented
regulatory systems, lacking in monitoring and enforcement capacity that have inspired little
confidence in the ability of government to control major environmental hazargs (White, 1991;
Lazarus et al, 1997; Asmal, 1928). Unger the previous government, legal standards for drinking
water were ungerdeveloped. Indeed, some critics argued that guidelines had actually been
relaxed in the course of the last cecade (Coetzee and Cooper, 19581). To scme extent, sanctions
Imposed on South Africa under Its apartheid government ensured that South Africa was relatively
isolated from Iinternational developments in environmental management that applied to markets
in other countries (Morns, 1995)

However, since the 1994 elections, consigerable changes in the legisiative and policy framework
nave taken place, with far greater emphasis placed on modern approacnes tc environmental
management that recognise firmly the importance of environmental sustainadility as a pre-
requisite for economic development. Indeed, the post 1984 period has seen stricter
implementation of existing regulations by the Department of Water Affairs ang Forestry (Morris,
1896). Principal amongst these developments, has been the acoption of far-reaching clauses
under the Bill of Rights unger the Constitution. The current South African constitution guarantees
all South Africans the rights to “an environment that is not harmful to their heaith or well-being*
and to have the environment protected through legisiative and other measures “that prevent
pollution and ecological cegradation ...* (Chapter 2, Clause 24 of the South African Constitution).
The presence of this clause will ensure that future legisiation will be held to this standard, anc will
also influence judicial decision-making by requiring greater weight to environmental
considerations in legal matters (Lazarus et 3/, 1957)

In terms of water poliution control, South African legisiation Nas ungdergone sudstantial revision
over the past 5 years. Following 3 consultative process involving the publication of 3 White paper
on 2 National water Policy for South Africa (Department of Water Affairs and Forestry, 1997), and a
Draft White Paper on Integrated Poliution and Waste Management for South Africa (Department
of Environmental Affairs and Tourism, 1998b) pariament enacted the Naticnal Water Act In 1998
(Cepartment of Water Affairs and Forestry, 1998). Principal in the changes contained in the Act is
the move toward management of water resources on 3 catchment basis, baseg on ‘demand”
rather than supply, and emphassing greater conservation of water resources. through measures
SUCh as an appropriate pricing system. The AcCt also emphasises public participation and provides
for greater community involvement in water management structures

The ACt also adopts the concept of “fitness for use” In relation to water quality. Thus, different
users requiring different qualties of water will be accommodated in the legisiative framework,
which will move away from sole rellance on uniform effluent emission standards, to an approach
based on receiving water quality objectives, a shift In approach which has been ongoing since
1991 (Lazarus et al, 1997). Uniform emission standards, which were in practice often subject to
widespread exemptions, were unable to prevent the cetenoration in South Africa's water quality,
and the application of an approach based on receiving water objectives aims to ensure that
dOwNSTream users receive adequate quality water

The current approach frameg by the Act also contrasts with the traditional reliance on
management of pesticices pollution on a voluntarist basis, relying on SABS codes to guide
decision-makers without standards. Despite this, the most recent DWAF water Quality Cuidelines
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11998) refer only In 2 very limited manner to pesticides, and set specific standarads onlty for aguatic
ecosystems and for aquaculture use but not for human consumption’

Another key piece of environmental legisiation to ungdergd revision in recent years has been the
Environmental Conservation Act, now replaced by the National Environmental Management Act,
NEMA (Department of Environmental Affairs and Tourism, 1998c). The NEMA is 3 framework act
that places on record a set of principies and approaches for all aspects of envircnmental
management. anc¢ t0 whicn all other government legisiation and practice, at all levels of
government, must conform. It seeks to transiate constitutional provisions to the right o a safe
environment Into policies, practices and laws of all key players. The Department of Environmental
Affairs ang Tourism (DEAT also has responsibility as lead agent for managing a number of key
International conventions, such as the Convention on Prior Informed Consent (PIC), and the United
Nations Environment Programme (UNEP) Convention on Persistent Organic Poliutants (POPS) (UNEP
18445) Moregver, DEAT has indicated its intention to pursyé 3 national auait of management of
chemicals within the framework of 3 United Nations sponsored National Chemicals Profile format
(personal communication, Mr Mashaba, DEAT, November 19990 Such an Judit would address all
aspects of chemical management and policy at a national level

The main piece of legislation specifically regulating pesticide usage and registration in South
Africa, Act 36747 (Department of Agriculture, 1847) coes NOt address environmentayl consegquences
of pesticide usage. while the Act provides for the establishment of a Registrars Office to deal with
registration of pesticices anc regulates their toxicity classification, requirements for ladeling
aagvertising, disposal, sale, Importation ang use of pesticiges, it does not specifically adaress Issues
of pollution of water. Users may be gulity of an offence If they apply a pesticide contrary to the
label and thus, In theory, control might be exercised over INAapPropriate use However lack of
enforcement characterises much of South Africa's pesticide regulation (Rother and London, 1958
The act is currently under revision, and appropriate changes could substantiaily improve on the
ACt's Capacity 10 obviate acverse environmental impacts on water sources. through for example,
inclugding 3s 3 regestration requirement, 0ata on anticpated environmental Impacts on water,
under usual use conditions in South Africa

2.6 INTERVENTION MEASURES

In countries where large numbers of pecple are cependent On SUrface and grounawater sources
that are potentially contaminated (For example, the USA), interventions to restore water guality
are cntical. Many rural communities in South Africa cepend on Doth surface and ground water
and the potential hazarc to their health may need similar interventions.

However, approaches to the management of polluted water are complex The bulk of water
treatment methods focus on removing turdidity and bacteriological contamination ana are not
set up to adaress organic pesticide contamination (Toft, 1985 Even though they will remove up
to B0% of natural organic matter in water, inorganic coagulants nave little effect on synthetic
organics dissolved in water Other methods of removal (activated carten filters, aeration facilities)
have been used [0 remove volatile organics from contaminated grocundwater provicing
communal water supplies (Toft, 1985 but these are resource-intensive. Civen the high costs
associated with remeqgiation (United States Ceneral Accounting Office, 1999), It is prudent to
remember that regulation should be shown to have a beneficial iImpact on improvea health status
Premazzi and 21gio, 19851. Moreover, prevention of contamination is always a better option

The netiace arazne  the only pesbode for which guideine levels for dankung water a%e descnbec i the DWAF Water Quality
Guadaines
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Under the US EPA framework. interventions aimed at remediating contaminated grounawater will be
triggered by the number of sampling sites with detections and the frequency of detections made
(Premazzi and 21910, 1995). Management measures proposed by EPA are listed in Table 2.3,

Table 2.3: Pesticide Management Measures proposed by EPA

« Moratorum areas |
« Wellhead protection areas |
« Buffer zones: location, gepth and construction only for new wells

« Change in practice of applications (time, rate and method)

« Restrict area or form of application, or no application permittec at ail

« Advance notice of application

« Best management practices

* Integrated pest management

« Training ang certification

From "Agricultural Chemicals in Groundwater - Proposed Pesticide Strategy”™ US EPA.
Office of Pesticides and Toxic Substances, 1987, cited in Premazzi and Zigio, 1995, and
adapred from Premazzi and Zigio, 1995.

TO protect groundwater geographic restrictions on pesticide use, ang buffer zones near water
bodies wnere pesticide use IS prohibited may be useful to protect surface water [EPA, 1939
Restrictions have played an important role in responses to ewvidence of groundwater
contamination throughout OECD countries (Organisation for Economic Co-operation and
Development, 1996). In the case of atrazine, the first action was withdrawal of registration In
Finland ana its cancellation in Sweden in 1989. Over the next decade, fingings of the persistent
presence of triazines, particularly atrazine, in groundwater, led to various restrictions of its use in
13 countries. These restrictions ranged from regulations recucing use rates or settings conditions
for application, through to outright bans (WWF, 1986). Such restrictions have sought to reverse
the trend of contamination by atrazine found in many studies

Cther measures such as buffering have played an important role. For example, more than 2200 km
of border strips are legisiated In Cermany to separate waterways from crop lands (Organisation
for Economic Co-operation and Development, 1996). Preventive measures such as tightening of
restrictions on filling and cleaning of spray equipment have also been successfully pursued.

One of the many options at a policy level for adaressing pesticide poliution is to levy 3 tax that
ams to regduce usage and therefore the potential for exposure. Huang and Url (1989 have
modeled the level at which such a tax might be set in order to reach the optimal trade-off
between achieve adequate agncultural production and limiting acverse environmental impacts
on water sources. Although such measures are relatively blunt toclks for controlling water
pollution, they should still be considered in the scope of regulatory and policy Interventions to be
considered for protecting South Africa’s water quality. Taxation as a tool for discouraging
unnecessary use has not been widely applied in OECD countries, where economic instruments
such as green labeling and environmentally-linked subsidies have found wider implementation
lOrganisation for Economic Co-operation and Development, 1996),
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2.7 CONCLUSION

A wide vanety of factors will getermine the movement of 3 pesticide Into water and 2l these factors will
neeg to be taken Into account when conaucting monitoring, Or setting stancards for pesticide
contamination of water. Analytical methods for measurement of many pesticices in water are available
but the effective implementation of monitoring reguires careful attention to standaraisation of sampling
and analytical procedures, quality control in laboratory performance and accounting for key

environmental variables

Empirical evicence, largely ariven by regulatory requirements for survelllance in the US and the EC. have
vielged extensive gatabases of testing reports, InCicating fairty widespreac cetection of pesticices in
ground ang surface waters at relatively low concentrations in Eurgpe and the USA. It appears that certain
pesticides, such as atrazine, are more commonly detected in water ang that these patterns are fairly
ubiquitous across cifferent continents. However, the heaith implications of these low levels in water is less
than clear, with very sparse epigdemioicgical research availlable, ang equivecal findings emerging from

these stuaies

In the face of uncertainty, regulators have to make gecisions 3s to how to set permissible stancards for
pesticides in water. In this regard, two approaches that giffer fundamentally in their outiook, are avallable
The US EPA and the WHO acopt a health-basea approach to standard setting, using existing scientific data
albiet known to be imperfect in its depth and coverage, to derive levels thought 1o be protective for
human heaith, Use of muitiple protection factors is thought to compensate for the uncertainty in the
gata. Where standarcs are set for pesticides in water in countries outsice of Europe ana the USA. these
generally tena to follow the WHO guidelines. Differences between the WHO approach and the US EPA are
not funcamental, but relate to the type of data fed into the mocgeling

In contrast, the Eurcpean Union has adopted regulation 2s 3 policy tool to drive down pesticide usage,
rather than seeking to use science to establish supposedly safe levels. The underlying philoscphy Is that
where uncertainty exists (as it does for much of the toxicology with regard to pesticdes, particularty for
chronic effects), 3 precautionary approach is used. The EEC thus set their Stancaras effectively at the lower
limit of analytical Capabilities to detect pesticides In general EEC standargs are lower than WHO or US EPA
stangarcs, but Decause they are not Neaith-based, are not In themselves, guarantees of absolutely safe

hmuts

Moreover, stancards for human heaith are generally much higher than standards needed o maintain
ecosystem integrity. Attempts to INCOrporate aguatic ecosystem ImpPacts INto regulatary frameworks will
therefore Impose even greater requirements for lowerning of levels and increasing sensitivity of

Cuantification Limits.
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THE QUALITY OF SURFACE AND GROUNDWATER IN THE RURAL WESTERN CAPE WITH REGARD TO PESTICIDES

3.1 IDENTIFICATION OF STUDY AREAS ("AREAS OF

CONCERN") AND SAMPLING POINTS

The choice of study areas and sampling points was primarily motivated to igentify settings with the worst-
case potential for pesticide poliution of water. This was largely intenged to address the fact of previous
negative studies by locating sites with the best opportunity to identify pesticide poliution, should it be

present

Table 3.1: Criteria used for choice of study areas - factors associated with highest likelihood of

SOl Characteristics | Upper soll characteristics governing | Direct measurements adsent. Soil

pesticide pollution of water
CRITERION __ KEY FACTORS | SOURCE
Annual rainfall | RuN-Off to surface water and leaching = Department of Water Affairs
into ground water are initiated by rainfall maps and 18971998 rainfall
7 rainfall triggers ¢ata from the SA Weather bureau
watertable A shallow watertable (< 5 mJ favours  CONsultation with gechycorologist

groundwater pollution

run-0ff and leaching, incluges mapping aata, ARC Institute for
| permeability (5ol structure and Soil, Water and Climate
texture), organic matter content, (Stellenbosch), interpreted by soll
| moisture, pH and cation exchange | scientists from Elsenburg
capacity. Agricultural College
intensity of Intensity and duration of pesticide Sales cata costly. Consultations
agricuiture spraying with persons in Ingustry
Accessibility of Areas where accessibility coula be Farming unions, environmental
arexs arranged. officers and co-ODS.
Boreholes Croungwater usage Borehole cata from the
Department of Water Affairs

511

STUDY AREAS

lgentification of study areas was conducted through an iterative process of review of secongary
data, field observation of potential sites and Interviews with rural health care providers, farmers,
environmental officers, technical officers and other agricultural personnel. Study areas were
regarded as areas of concern where there was greatest potential for water contamination by
pesticides. AcCess tO sites was negotiated with local farmer associations or prooucer
organisations’. Specific assistance was sought from geohydrologists outside the project team?
both to igentify areas which might be most vuinerable to pesticides reaching water and to locate
sampling points within these areas. Critena consigered in determining Study areas are
summarised In Table 3.1, Based on these Critena, three Aistricts (Piketberg, Grabouw and the Hex
River Valley) were selected as study areas (Figure 1). Table 3.2 lists a summary of hydrogeological
data for the three regions. Full data are contained In Appendix B. Sampling points were selected
In each area to capture a spectrum of ground and surface water points and in configurations that
could assist in explaining potential routes and sources of contamination.

' See discussion on Ethics and Stakeholder invoivement, as wedl as Appendix 2
! Assistance from John Weaver, Gideon Tredoux and Kewin Pietersen are acknowiedged in this regar
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Figure 3.2a: Location of sampling peints for pesticides in the Hex River Valley
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e ————— i —

e Sampling Points

Figure 3.2b: Location of sampling sites for pesticides in the Grabouw/Vyeboom Area
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Berg River

o Sampling Points
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Figure 3.2¢: Location of sampling points for pesticides in the Piketberg Area.
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THE QUALITY OF SURFACE AND GROUNDWATER IN THE RURAL WESTERN CAPE WITH REGARD TO PESTICIDES

The Hex River district (Figure 2a) is an intensive grape-farming area with high pesticide usage.
Water drawn from 3 nearby dam high up in the mOountains Is the most important source for
drinking as well as for irrigation. Soil congitions are conducive to pesticides reaching the water
table and contaminate groundwater (shallow water table, unconfined aquifer, coarse soils with
low clay contentl. The soil is also advantageous for surface water pollution (table 3.2). The Hex
River, which runs through the migdie of the farming area is vuinerable to pollution. The climate is
Mediterranean to semi-aric, with moderate winter rainfall.

Tne Crabouw district (see Figure 2b) Incluced two areas (Crabouw and Vyeboom which are
intensive pome-fruit farming areas, with high pesticide inputs (London and Myers, 193532). in both
areas, the soll is complex (Table 3.2) but is generally acvantageous for run-offs to surface water
sites. The high annual rainfall is also advantageous for water contamination. Climatic conditions
are typically Mediterranean.

Table 3.2: Soil, climate and hydrological characteristics of the three study areas

l (MM) BOREHOLES
-

Hex River Sandy and moderately deep, with rapid |  100-700 | <2
infiltration and permeabllity, but rock layer '
will send water sideways to nearest river

Low probability of groundwater

| contamination
Crabouw, ! Medium textured, moderately permeable. >1000 <20
Highiands | Siceway run-offs probable.
vyeboom { Medium textured, and slowly permeable.
Lateral movement probable. | <20
Piketberg/ - sanay, moaerately ceep soil on rock > 100 - 400 >20

Mooreesberg  Run-offs to rivers and leaching Into
Mountains ‘ grounawater through rock cracks possible

Sancy soils on clay and medium-textured '
SOllS. Leaching and surface run-offs |
probable. |
Source: institute for Soil, Water and Climate, Agricultural Research Council, Stellenbosch, 1995,

Blain

Piketberg (Figure 20 is an iImportant farming region covering a vast area. Climatic conditions are
Mediterranean to semi-arid. Frult farming Is practiced on the Piketberg mountains and wheat
farming on the non-mountainous areas. The soil in DOth areas is multi textured, but generally
leachable and prone to run-offs (Table 3.2). The water table is moderately shallow and annual
rainfall low. There are numerous boreholes in the area. The Berg is the major river running
through the area and water is purified for domestic consumption at a number of places along its
course. The purification scheme at Wittewaters is 3 major source of drinking water in the rural
western Cape and is fed by the Misverstand Dam, situated amidst extensive wheat farms, where
aerial spraying of pesticides Is commonly practiced. The Bergriver, flowing through fruit farming
areas 250 flows INnto the Misverstand Dam.
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312 SAMPLING POINTS

Table 3.2 summarses the gifferent sampling points used in the study.

Hex River

Sampling poInts In Hex River region included three points along the course of the Hex River (€, F
ang C), representing a sequential flow downstream. 20int C was of rniver water after the Hex River
nad been joined by 3 tributary draining pristine mountain water from 3 northerty direction (see
Figure 2a. Other river points (M and LU were addec in the course of the study basec on
preliminary fingdings, as well as 3 point (X) on another river Other points includea two water
reservoirs situatea alongside vineyaras (Ar ang Ban. Both are open tanks receiving water from 2
protectec mountain spnng One reservoir (Ar was situated in close proximity to a labourers

house

TwO drains in the vineyards (Bdr ang Can that collect water from soil surface run-off and seepage
were also included. Car s a collection point for an open arain that arains both direct surface run-
off (during heavy rain and irrigation), Similar to 3 stormwater arain, as well as water moving
through soil under the surface. BAr is 3 collection point for 3 set of underground pipes that act as
3 sub-surface drain collecting seepage through the soil In the vineyaras at a depth of
approximately 1 m Botnh drains eventually feed into the Hex River. The drain Bar s enclosed and
flow was maintained throughout the vear. Drain Car 1s open, and flow In this drain ceased dunng
the dry summer months

Alse included was one of the many large open dams situated near vineyards angc accessidle to
farm werkers (DC). This cam s made of earth ang recelves water from the Hex River. It was
subject to considerable fluctuations during the year as water was pumped in and out of the cam

During the course of the study 3 further point (M) being a shallow well used for domestic water
consumption was Included. The depth of this well was 2 m. However, the well 3150 received some
surface water carried by a shallow open surface canal and the contents therefore represented a
mixture of ground and surface water, The only other site for sampling for arinking water in the
area was a tap ) at the Hex River Irrigation board receiving piped reservoir water from 3 ¢am
outsige the valley

Crasouw

Sites in Grabouw were selected on farms belonging to one of two major apple-packing Co-
operatives in the region. One borehole site ICED) in the Vyeboom area was included for sampling.
The borehole is 30m deep and is pumped throughout the year. On both farms, water from the
borenoles Is used for gomestic purpeses by the owners

Two sites were selected on the Paimiet River which runs through the main agricultural area of the
valley. One site (G3) Is situated in the middie of Intensive agricultural proguction ang the other
IC& towards the end of the nver before it leaves the agrcultural area,

FOour gams were selecteq, three in the Crabouw area IC1g, C2a and C5d) and the other In the
Vyeboom area. The one dam (C1a0) recewves irrigation drainage water from the farm and then
flows out to the Paimiet Riveér. The other dam (CSQ) receives water from a number of sources
INcluding other dams, IMgation and the Palimiet River. This water IS pumped to another reservoir
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for purification through sand, charcoal and UV light for domestic use, Inclugding for arinking
purposes The water output from this scheme was sampled from 2 tap in a farm office (C8D

Table 3.3: Sampling points in the three study areas

River point = high up the valley, towaras the top of the proguction area

River point - In the middle of the rivers course tnrough the valey, at
| densely agricultural area

c | River point - at lowest end of the valley, after confluence with a fresh river
from pristine area
. River point-between F anc G
M River point - between E and F, before discharge of Bar
Ar Reservosr On farm: SPring water and Mountain IS source, but reservoir is
open
Br | Reservoir on farm: MOUNT3iN IS SOUrce, but reservoir is open
Cor Surface drain; Drains superficial vineyard run-off, Open drain
Bdr Surface drain; Drains vineyard run-off ana run-off from nesghbouring farms;
Closed dran.
Dd Open farm dam
H Shalliow well: water level about 5m deep. used for domestic consumption
J | Tap at Irrigation Board Offices. representative of potable water supply to
' | the valiey. Source = distant mountain dam close to Ceres
K PoINt On another river near F

Grabouw / C1ia

Dam, receives irrigation drainage, flows Into river

Farm dam, water pumped from Paimiet.

c3

River point In midst of an intensive agricultural proguction area
ca | River point lower in the course of the river
GSa Dam receiving 2 wide range of source, inCluding river, irrigation run-off,
| other dams; Purified for domestic use.
Gebr Borehole used by farmers for domestic use, 20 m in depth
| G7 A stream flowing from agricultural area into the Theewaterskioof Dam . The
| stream is part of the dam when the dam is full
(=13 Tap water using output of C5¢
| G9 River point on Palmiet after joining Krom
Piketberg P1b I Borencle (depth = 100m) on farm in intensive farming area; used for
domestic water supply
p2c Dam receiving borehole and surface water but near the top of the
mountain
P3b Borehole (depth = 70m) on farm in intensive farming area; useq for
! domestic water supply
Par River site just after stream running through Moravian Mission
PSr River site mid-way further on
| PSr | River site at pumping station pProviding municipal water
P | Borehole on wheat farm on the plain below the mountain, depth
| PBr | Tap at water purification scheme (river

Chapter 3. Matenals & Methods
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The 8% sampling site (C7) was taken from 3 stream entering the Theewaterskioof dam supplying
just over 50% of Cape Town's dnnking water, which Is surrounded Dy intensive farming activities
in the Vyeboom area, some 15-30 km from Crabouw. The stream is filled with water from the
upper reaches of the dam when cam levels are high. Another site (C9), situatec on the Paimiet
River after the Kromrivier has joined It, was sampled at a late stage in the project.

PixeTeesc

Uniike the other two areas, access to farms for sampling was arranged In Piketberg dy the local
environmental officer, 3 municipal official responsible for public health functions In rural areas

Two boreholes (P1b and P3b) which are 100m and 70 m in depth, respectively, and pumped
throughout the vear, were chosen on 3 large farm in the Piketberg mountains serving a
community of over 250 people ana situated in an intensive fruit farming area. Water from the
first borehole (P1D) was collected from 3 domestic tap and the other (P3b) from 3 pipe feeading a
local farm dam_ A thirc borehole (borehole depth, pumped throughout the year! (P7D) was
selected on a wneat farm at the foot of the Piketberg mMountain and water samples collected

fromatap

The only gam site (P24 is I0Cated on the same farm on which the two first boreholes are located
at the top of the Piketberg mountain, ang receives iIrrigation drainage from surrounding farming
activity 25 well as the one borehole (P3D). Water from this dam passes through 3 Moravian Miss/on
Station community of adout 400 resigents where It Is purified for comestic consumption. The
stream serving this community was also chosen as a sampling site (Par). Further from this point
the stream aischarges Into the Berg River and sampling poInts were selected further along the
Berg, one at 3 neardy farm (P5r that purifies water from the Berg for comestic consumption, and
one 3t 3 mMunICipal pumMpIng Station (PSr just below the Piketberg

In addition, sampling was also congucted from the tap at the water punfication scheme at
Wittewaters (P8r)

3.2 FIELD SAMPLING

The analyses were basec on regular grab sampling conducted on average monthly in the study areas over
2 12 to 15 month penod. Sampling commenced in the Hex River in February 1998, in Crabouw in April 1998
ana in Piketberg In May 1998, ang was completed for all 3 areas in May 1999 Samples were collected by the
project research co-ordinator anceé monthly in each area, on a rotating cycle, and twice in the week after
the first rainfall trigger (> 10 mm over 24 hours or > 15 mm over 48 hours), using a stangargised collection

procedure

Samples were collectec in 2.5 ang 1L ambder botties fitted with 3 screw £ap lined with clean aluminium foil
The samples were collecteg girectly into the dotties which had been preparec by cleaning with water,
rinsing with methanocl and arr grying. Samples were kept at ambient temperature in a holding box for
transport to the laboratory where It was stored in 3 refrigerator until extraction. The researcher recoroded
sample pH. water temperature river flow (low, megdium or highl ana the occurrence of spraying within
1km of the sampling point with every sample. Approximately 7 to 10 sites were samplea with every field

visit

A more detalled description of Sampling Protocol, including colleéction, preservation, handling, anc
equipment are contained in Appenaix C

Chapter 3. Matenals & Methods Page 38




THE QUALITY OF SURFACE AND GROUNDWATER IN THE RURAL WESTERN CAPE WITH REGARD T0 PESTICIDES

3.3 CHOICE OF PESTICIDES FOR ANALYSES

Because of the prohibitive costs of multiresidue screening methods, and the concern of the project to
develop in-house capacity for analytical techniques, attention was pald to focusing on only the most
critical pesticide agents for analysis rather than attempting to measure all 0rganic contaminants arising
from pesticide applications. Thus, expert industry opinion and recommended cooperative spray
programme 0ata were used to draw up a comprehensive list of pesticides in use in the respective areas
From this list. pesticides were selected on the basis of:

« Their potential to cause adverse Nealth impacts. This was assessed from their presence on the EPA list
of endocrine disruptors (World Wild Life Fund, 1987), a German list of endocrine aisruptors (Bruhn et
al. 1998) ana from Schettler et a/. 1996 (Summarised in Appendix D). We aiso took account of the WHO
list of drinking water standards (WHO, 1993) and the EPA list of arinking water regulations and healith
advisories tO select pesticices for analysis (USEPA. 19982).

« Significant usage in the specific study area as determined from expert industry opinion and from
published literature (London and Myers, 19953; London and Myers, 1995D). Data were also collected on
local spray application from farmers, commercial spray Operators ancg cocperatives regarding
chemicals used (types, concentrations, methods of application) and on weather conditions at the time
of water sampling.

« Likelhood of contamination based on a comoination of industry expert apinion, presence an the EPA
list of water pollutants (wWade, 1588), and known groundwater ubiguity scores ICustafson, 1983), which
are geveloped to screen leacnadility of pesticides by means of organic sorption coefficent and half-
life in soil (Table 3.1).

The fina! list of pesticices selected for andlyses was also conditioned by the availability and existence
locally of metnods for analysis. This meant that not all pesticides could be selected because the analytical
methoos were either not existent or feasible to do. FOr example, analyses for aldicard could not be
incorporated In the study because of prohibitive costs and logistic aifficulties in ferrying large numbers of
samples to specialised laboratories elsewhere

A total of 31 pesticides were igentified through this process. (Table 3.4)

Analyses were conducted jointly by the Analytical Chemustry laboratones of the Peninsula Technicon
(PENTECH) In Cape Town and the State Forensic (SP Laboratory in Cape Town. The latter laboratory
undertook analyses conducted as a battery for all 31 pesticides in line with their statutory function of
providing a screening service for monitoring of pesticide residues on foodstuffs, Based on their
preliminary results and on anticipated fingings. the PENTECH laboratory developed in-house capacity to
analyse water samples for the insecticides BHC igamma. beta and delta isomers), 4 4-DDT and 4,4 -DDE,
dichlorvos, chlorpyrifos and endosulfan (isomers | and Il and endosulfan sulphatel The SF Laboratory thus
acted as a preliminary screen.

Because relatively few pesticices® other than chiorpyrifos® and endosulfan® were detected on screening by
either the State laboratory or the ARC laboratories (used for quality assurance collaboration - see below!
the project laboratory at PENTECH did not pursue establishing methods for measuring pesticides other

3 These incluced pnodione, aznphos-mettyi, prothiclos, deltamethnn and fenanmol cetected on & occasions at low levels at 10
cifferent snes over the course of the project. See Chapter Four for more details

¢ The cherxcal descnption of chiomynfos is 0,0-dethyd 0-3.5,5-inchlore-2 pyncyl phespherothiate.

¢ The chemical descnption of endosul'an is: 6.7 8,910, 10-hexachicro-1,5.52.6,9 Sa-hexahycro-6 S-methano-2 4 3-benzodioxathenns
3onde.
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than chiorpyrifos and enaosulfan. There were no cetections of BHC (gamma, beta and deita isomers), 4.4
DDT ana 4 4-0DE, or dichiorvos by the PENTECH laboratory in the pilot phase of the project in any of the
samples taken in the Hex River Valley

Table 3.4: Main pesticides used in the three study areas

AREA (N, Y = SICNIFICANT USAGE; N = NO SICNIFICANT USACE)
HEX RIVER (N=25) = Crabouw in=22) = Piketberg (n=27)
|

PESTICIDE |
Azinphosmethy! |
| gromopropylate |
Bupirmate
Captab
Chiarpynfos
Copper oxychioriae
| Cypermetnrin
Demeton-S-metnyl
Dichorvos
| DNOC
Dimethoate
Endosulfan |
Esfenvalerate |
Ethyiene Bromige
Fenamiphos
Fenarimol
Fenvalerate, |
Folpet |
Formotnion |
lprogione
Methyl Parathion .
Mevinphos |
Penconazole
Propioconazoie
Prothicfos
Pyrefenox
| Simazine
Terbuconazole’
Tridimenol . ;
Tnchiorfon
1 vanmigotnion N Y 1 Y

p—

—

S — -

Y
Y
Y
Y
Y
Y
Y
N
Y
L |
N
Y
N
N
Y
Y
Y
Y
Y
Y
N
N
N
N
Y
N
Y
Y

<| <) Z| <| <| 2| 2| <| <| <| <| <| <| <| 2| 2| <| <| <| <] <| <| <] <| <] <] <] <

<| <] <] <| =] <| <] <| <] <] <| <| <| <| <| <| <] <| 2| <| 2| <] <]| <| 2| 2| <| <

—

<
<

Additional to the above organics, a subset of analyses were congducted on samples for Copper content as
part of uNCErgracuate training by students In Analytical Chemistry at the Peninsula Techmicon. A number
of copper-based fungicides are in widespread use in fruit farming In the Western Cape, and it was
anticipated that useful Information on copper levels in water might be obtained. However, copper is a
trace element essential for human function, IS NOT regarded as an endocnng aisruptor of note, and is
uDIQuItous In Natural water scurces. Toxcity of copper is usually related to high levels of over-exposure
Thus, it cig not qualify in terms of Criteria listec above 3s 3 pesticide for analysis in this sTudy. Accorangly,
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this sub-study is not presented in any detail in the text of this report. However, readers are referred to
Appendix € for a fuller description of the findings of this sub-study.

3.4 ANALYSES

SamMPLE EXTRACTION

The PENTECH Laboratory used solid phase extraction for analyses following EPA methods (EPA. 19952; EPA.
1995D). All samples were extracted within 7 cays of collection. The water samples were prefiltered by
vacuum filtration through S&S Ffilter paper (ref. No. 334508) to remove particulate matter before
extraction. Bond Elute Extraction Cartridges (C18. 10mI LRC (Loose Reservoir Cartridge), S00 mg sorbent
mass) was used in extraction procedure. The column was first congitioned with 2 column volumes (2 X 10
mi ethyl acetate and 1 column volume (1 X 10 mil of methanol and 1 column volume (10 mb of delonised

water.

All solvents used were high-pressure hiquid chromatography grade. 250 mi of filtered water sample was
slowly aspirated through the column at a rate of 20 - 25 mi per minute under vacuum. The column was
then washed with 1 column velume (10 mil of deionisec water and then thoroughly aried for 15 minutes
under vacuum. The pesticides were then eluted Into 3 borosikicate glass vial using 2 samples of 10 mi ethy!
acetate. The ethy! acetate was then evaporated off at room temperature. 1 mi hexane was then added to
the glass vial to redissolve the residue. This solution was now ready for CC analysis.

AnaLyTicar. MeTHODOLOGY

Analytical standards (> 98% purity) were used to prepare standard solutions [EPA, 1995). The extracted
samples were subjected to gas chromatography for identification and quantification. All compounds were
determined using a Varian 3300 GC equipped with an electron capture detector (ECD) 2 . sample was
Injected onto a caplilary column with 3 BPX 5 stationary phase. The temperature program was 170 °C
Initially Increased at a rate of 7°C'min to 290 °C and held for 5 minutes at that temperature. Injector and
detector temperature were 250 °C anc 300 °C, respectively. Although the PENTECH laboratory aimed to
make use of an autosampler 1O cope with the volume of assays in the course of the project, software
incompatibilities precluged use of the instrument in the course of the stucy

The PENTECH members of the team trained a specific staff member (RN taken on for the project to manage
the analyses as well as having the assistance of students in analytical chemistry. The need to appoint a
specific staff member was prompted in January 1998 by the increasing volume of analyses required over

the project.

Methods used by the SF laboratory were similar to that of the Pentech laboratory. The SF laboratory used
solid phase extraction and a methy! sillicon CC column anc a C18 ec column for sample prep. The
temperature programme was as follows: temperature was held at 170 ° C for 0.Sminutes, increased at 20°C
per minute to 195 °C and held for 1.75 min, then increased at 30 °C per minute to 280°C where It was held
for 2 minutes and then increased at 30 °C per minute to 285 °C where it was held for 2min. SF laboratory
results were reported without Quantification Limits

The Agricuitural Research Council (ARC) laboratory participating in @ Quality Assurance programme (see
below) used a multiresidue method described in Manual of Pesticide Residue Analysis, VoI1,p.383-400. The
sample extracts were analysed On 3 gas chromatograph equipped with EC detecter anc a 2m 3% OV-17
column. Using 3 temperature starting at 200 degrees Ceicius, the alpha-endosulfan, beta-endosulfan and
endosulfan-sulphate eluted at 6.4.8.3 nd 9.4 minutes respectively. Chiorpyrifos eluted at 5.4 minutes
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3.5 QUALITY CONTROL AND QUALITY ASSURANCE

Quality Control measures implementeaad in the PENTECH laboratory Inclugeg

« Sampling anc analysis of cuplicate measures at least once per sampling run

. A reagent blank and spike were run with each set of samples

Recoveries of below 70% or In excess of 130% of spike concentration prompted investigation and, if

necessary reanalysis

« Mixed standard solutions were injectec prior to sampleé injections angd peak shape, resolution ang
response evaluated by companson with previous chromatograms to ensure that the instrument was

operating properily

Where samples gave inordinately low recovenes (21 runs, iInvoiving 22% of the total of 783 samples, mainly
for chiorpyrifos), the results have still been reported but have been highlighted in tadles. The mean and
range for recoveries were also calculated for analyses for encosuifan ang chiorpyrifes

A more cetalled description of Sampling Protocol. incluging collection, preservation, handling, and
egquipment, and 12bOratory procedures are contained in Appenaix C

A Quality Assurance protocol see Table 3.5) was estadlished with the laboratories of the Agricultural
Research Council (ARC) ang the SF laboratory. The former runs a CLP-accrecited facility. Eleven runs of
parallel samples were forwardged to the SF laboratory over the course of 1988 (& from Piketberg, 2 from
Crabouw and 5 from Hex River) and two sets to the ARC In March and August 1893 (from the Hex River) The
set on the 12 August 1998 therefore Included a set of samples submitted tc all 3 laboratories
simuitaneously (PENTECH, SF and ARO. Inter-laboratory comparisons enablec estimation of bias. In
acaition, one triplicate set of multiple samples (n«=7 for each laboratory) taken from a single sampling
point in the Hex River (Ban was sent to all 3 laboratories In June 1998 Thus enabled estimation of bias and
precision in inter-laboratory agreement

Samples for the SF laboratory were held overnight at 5* C and transported within 24 hours to the SF for
extraction and analysis. Samples for the ARC laboratones were counered to the ARC laboratories using
polystyrene Contaners to achieve temperature control. In AuUgUst anc September 1998, sampling point
S80r was sampled twice ana the second sample given a false identifier () TO Dlingd the laboratories Lo assist
assessment of QA. QA procedures in the study are summarnised in Table 3.5 and the results discussed in
detall in Appendix G

Table 3.5: Quality Assurance Testing: Outline of Sampling comparisons conducted

DATE SAMPLES INVOLVED | LABORATORIES METHOD MEASURING

Split samples in=2) from One sample of
rch 1 .
r:g‘;:, 19:& A9 31 8 different sampling | ::'C“'E'g each pair sent 1o ;';tf;'::’:‘?t;;
) points in Hex River | each lab

8 samples from one | ARC + PENTECH One sample of inter-aboratory

May 1998 sampling point in Hex 'S sL each tnplet sent  agreement bIas and
River spiit into 3 to each 'ab. precision
Split sampies (N=2) from One sample of

April 1 L

og;;m?:ffgge. Jll 8 Sifferent sampling ARC ana SL €ach pair sent to ':tree:’::?‘;:
POINtS in Hex River eacn lab greeme

ARC = Agnicultural Research Council: SL = State Laboratons
. Although comparisons with the Siate Laboratory continued throughout the study, the SL was unable
1o provide effective quality assurance analyses after Seprember /998 - see text
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Whereas the extraction methods usec by the SF laboratory follow that used by PENTECH closely, the ARC
laboratories use liquig-to-liquid extraction for its analysis. All three [aboratories use CC methods with
Electron Capture Detectors (ECDS) but with different columns and temperature programmes. The ARC
laboratory made use of 3 2m 3% OV-17 column, using a temperature programme starting at 200°C.

Note that the pesticices identified and quantified at the PENTECH and at the SF laboratories were not
confirmed on a second column nor by GC /MS method. In the course of the study, we were informed that
analyses at the SF laboratory had been delayed by the analysis of a sediment sample that disrupted the GC
column cedicated to pesticide analyses. The impact of this event on the pick-up from the SF laboratory
and on QA analyses Is aifficult to predict and Is giscussed in Chapter 4 under section 2

3.6 FARM SURVEYS ON WATER USE AND KNOWLEDCE,
ATTITUDE AND PRACTICE

To meet the objective of assessing the practices of farm residents in relation to water, farm surveys were
conducted on a sample of farms in the study areas. Because of logistic difficulties, only two of the study
areas (Mex River and Grabouw! could be surveyed, and these surveys were only completec very late in the
project. Access to both areas was arranged through the 102al producers’ organisations, partly accounting
for the delay in completion date.

A pilot study was conducted early in the project to fleld test the questionnaire. This was carried out in the
Slanghoek valley region, some 25 km from the Hex River with farming conditions thought to be similar to
that pertaining in the Mex River area.

3.6.1 SAMPLING

Cross-sectional surveys were conoducted of farms In the study areas, as indicated in Table 3.8
below. For the study areas, two sampling strategies were used. One arm selected a random
sample of 25 farms from each study area based on a listing obtained from the Producers’
Associations Iin those areas. In acdition to the random sample, the farms on which sampling took
place were 3is0 InCluded in the survey.

For each farm, Interviews Were sought with the owner or manager, one pesticide apphcator, one
farm worker non-applicator, and one farm resident not working on the farm. Liaison with the
farm owner or manager meant that the workers participating in the study were not randomiy
selected

5.6.2 OQUESTIONNAIRE

Interviews explored water usage (sources at home and in the field for drinking and non-annking
purpeses), contamination of water sources, drift, domestic use of pesticides or containers and
knowiledge of, and training in pesticide safety. Interviews were conducted in Afrikaans and
acdministered by the project coordinator and students from the PENTECH Public Mealth
Department. Surveys took place in 1937 and 1999
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Table 3.6 Field surveys for water usage and knowledge

SAMPLE TYPE

IMI

mm'

PARTICIPANT SUBJECTS

June 1997
Slangnoex Valiey

PiloT Al farms In
Sanghcek Valley

1%

2

| 7 farm owners

5 managers

12 sprav operaters
2 farm workess

9 nan-farm workers

October 1999
Cratouw
vyeboom

stucy farms

.~

2 Maragers

2 50ray operators

2 farm worvers

2 nonfarm workers

Rancom sample

T owners
23 managers
29 spray operators

28 farm workers

.25 non-farm workers
2 managers
3 spray operators
3 farm workers
3 non-farm workers
10 managers
14 5pray coerators
16 farm workers
12 non-farm worwers
19 owners
40 managers
60 spray cperators
58 farm workers

| 5% NON-farm workers

Stuay farms 6 4

Ccroner 1999 Hex
River valiey

Rancom sample a0 13

TOTAL 108 &0

5.6.3 ADDITIONAL SURVEY DATA

While the project was ongoing, additional cpportunities arose to COlIECT Jata on another farming
community near Cape Town (5telienbosch) where the Department of Community Health was
conoucting 3 health survey. The survey included a rancom sample of 53 farms and 665 households
in the perioc August to October 1938 As part of 3 household questionnaire information was
collected from respondents on sources of water ang use of farm dams for swimming. This Gata
are also Inciuced In Chapter S for companson

3.7 ESTIMATION OF DIETARY CONSUMPTION

Initial plans for the estimation of dietary consumption included the INCOrporation of a detalled dietary
INventory as part of the farm-Dasea surveys to identify all potential sources of pestcige intake However
following consultation with 3 nutntional expert 3t the Medical Research Counclil (personal communication,
Dr L Bourne, MRC, January 1998), it was decided to simplify the exercise by using a standard 2 { of water
consumption as an average daily water intake for an aguit

Concentrations of pesticiges (only encosulfan ang chiorpynfos were used in this exercise because of the
low number of detects of other agents! found in water at each of the sampling points used for drinking in
the three study areas were used to estimate potential dietary exposures experienced by users Two

models were used in a sensitivity analysis:

a Use of the highest concentration found at the sampling point applied to average daily pesticide intake
from water
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Dl Use of 32 root mean square concentration to derive a proxy for average daily pesticice intake from
water. Only results with acceptable recoveries achieved In the laboratory (> 70% or < 130%) were
used to derive this estmate, so as to reduce error margins.

In both cases, results were modeled assuming 3 60kg aguit consuming 21 of water per day to generate total
pesticide consumed through arinking water. Results were compared to the ADIs cited by the WHOIPCS
(IPCS, 1999) to estimate the proportion of ADI represented by this exposure. The percentage could then be
compared to the models used in current stancard setting (WHO, 19933, EPA, 1992) that assume that
between 1 anc 105 Of dietary Intake through drinking water.

3.8 FEEDBACK OF RESULTS, ETHICS AND STAKEHOLDER
PARTICIPATION

All participants in the study were guaranteed of confidentiality, and participation in the fieid surveys took
place only after respondents had the study fully expQinec to them, and were able to give informed
consent. Care was taken by the researchers to ensure that no farm workers suffer any adverse
consequence as a result of their participation in the study (ob loss, housing loss, etc)

Co-operation of key stakenolders in the three study areas was crucial to the progress of the project. Inthe
Hex River area, the project team conciuged an agreement with the Hex River Producers Association isee
Appendix F) as the basis for ongoing research. The main element to the agreement was confirmation of
regular feegback, and providing the Producers’ Association with opportunity to comment on the findings.
During the course of the project, three meetings were held in De Doorns to give feedback and further
communication will beé ongoing The Producers Association and the Hex River Irrigation Board played an
invaluable role in providing data to the research team on chemiCals used in the region, on farming
patterns and geography, and commenting on research fingings. ACCess to sites was also facilitated by the
Assoclation.

In the Crabouw region, the technical officer for a large apple co-cperative provided access to and
Information for sampling points. A similar agreement to that with the Hex River Producers Association, but
less formal, was reached with the local farmers association, as the basis for cooperation in the study. Links
were Jis0 established through the Chair of the Producers Association in Crabouw with the Paimiet River
Water Catchment Taskteam, with whom some of the relevant project data were shared.

In the Piketberg area, access to sampling sites was obtained through the assistance of 10cal pesticide
company staff, and local environmental health officers working for rural local authorities. The western
Cape Agricultural Association office has also been helpful in facilitating contacts for the project.

Cooperation from Dr Andre ce Klerk and Mr Kobus Hartman from Nietvoorby and UNIFRUCO, respectively,
greatly assisted in this project, partly in response to requests from the Hex River Producers.

Feeaback of results IS critically important and will continue over the next period as the Steering
Committee concluges its reCOmMMENations on the project. in adcition, results will be disseminated in the
scentific literature, at scientific meetings and In the non-scientific media to ensure maximal dissemination
to appropriate target groups. It 1s iImportant for relevant government departments to be informed of the
study finaings, particularly the agifferent departments with responsibilities for water quality and safety so
as to inform policy development. Further, non-governmental organisations, particularty those in the
environmental sector, will 3lso be involved.
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4.1 QUANTIFICATION LIMITS

Quantification Limits were estimated 1o ingicate the concentration of a pesticide In water above which
resuits could provide a quantitative estimate of the pesticioes concentration with a sufficient (95%)
degree of confidence. Analyses in the PENTECH laboratory to estimate the quantification limits for the
chlorpyrifos and endosulfan calculated the standard deviation for a series of 7 assays of each pesticige
standard. and multiphked the standard deviation by 2. The quantification limits for the PENTECH laboratory

analyses were thus found to be 0.05 wg/X for chlorpyrifos and 0.1 wg/i for endosulfan.

Table 4.1: Quantification limits for chlorpyrifos and endosulfan (..g/t)

PENTECH EPA METHOD
PESTICIDS CONCENTRATION OF | EMPIRICAL | EMPIRICALLY-DERIVED* QUANTIFICATION
STANDARD USED | MEAN VALUE OQUANTIFICATION LIMIT | LIMIT (EPA, 1995B)
Chiorpyrifos 0.080 0.096 | 0052 NOt avarlable
Alpha-endosulfan 0171 0103 { 0.108 0.030
Beta-engosulfan 0.182 0.206 0132 0.030
Endosulfan sulphate | 0.266 0.290 0.130 0.030 |

|

© Empincaly-3enved SuatAcanan imet = 2 X SI2 Denahon Cf 7 5aTS 65 O IOW CONCentraten ¢f respecove slancand

This report has NOt used the more conventional term ‘Detection Limit which implies the absence of a
pesticide below 3 certain threshold, but rather the term Cuantification Limit which acknowlecges the
degrees of uncertainty at very low concentrations, where quantification is not possidle with any
meaningful degree of accuracy. 8y citing quantification limits, we Indicate explicitly the limits of
quantification. Where evidence for 3 pesticide’s presence has been cetected at levels below Quantification
Limits, the resuits are presented In full, but qualified with acknowledgement that the resuits lie below the
imits of quantification. The resuits are presented In full to allow the reacer maximum opportunity to
Interpret best the finaings.

Thus, results are reported throughout as follows:

« Al getections for chlorpyrifos at levels below 005 .Gt have been reported in parentheses to
indicate these are levels below our quantification limits. For example, chiorpyrifos at 002 g/

* Al getections for endosulfan isomers and endosulfan sulphate at levels below 0.1 L@/ have been
reported in parentheses 1o InCicate these are levels below our quantification limits For example,
endosulfan at 10.08 .gM).

« Al results for chiorpyrifos or encosulfan where no peaks were detected on the CC are reported as ND

inot detected).

« Wnere samples were not taken from particular sampling peints on particular runs (for example, flow
rate too poor to generate sufficent volume for samples), resuits have been reported as NS (not

sampled)
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4.2 QUALITY ASSURANCE AND QUALITY CONTROL

Details of the Quality Assurance measurements for the 3 study areas over the course of the project are
contained In Appendix # Both intra- and Inter-laboratory variation were measureg with the participation
of the laboratories of the Agricultural Research Council (ARC) the State Forensic (SF) services ang the
pPeninsula Technicon (PENTECH using 3 defined Protocol isee Chapter 3, Table 3.5

It shoulg be borne In Ming that vanabiiity between laboratories In analytical measurements may be large
without implying any of the results are invalic, particularly when 1aboratories are measunng pesticiges at
very low concentrations (parts per billion) as is the case in this stucy. The reasons for such variation may
reflect the inherent instability of the samples and may relate to the timing of sampling, the presence of
ume Ccelays, and other factors that may aifferentially affect the "cecay” of crganic compoundas
Acaitionally, 3 large part of the variation in results may be attributable to the aasorption of pesticces
onto aifferent species in the water. ang gifferent methods of sample preparation may detect gifferent
fractons of the species present (personal communication, Dr Phillip Kempster, Institute Water Quality
studies). While QA analyses attempt to control for these factors as far as possidble, it is not possible to
stangargise such congitions entirely, ang it Is not unusual for such cifferences to be encountered in usual
anaiytical practice. Thus QA analyses for organic chemicals need to be Interpreted with these constraints in
ming. Indeed, because 3 single reading is always itself the product of a process of innerent vanabllity with
3 laboratory, nOrmativé practice in some INStances emphasises an analytical range as being the
aporopriate way to present a single fingding

Furthermore, when one of the participant laborataries 1S an analytical research 1aboratory geared o the
anaysis of pesticides, it IS quite likely that greater attention will bé paid to precautions and pProcecures
than occurs at laboratones where analyses are routine

Civen these consigerations, what may be more mportant from a QA perspective at very low
concentrations is that resulits shoula consistently be able to

« Igentify gualitatively the presence of the same pesticiges across different laboratones. angd report
similarty the qualitative absence of the same pesticide, where such pesticide is not getected

e sShow a consistent gradient in concentration patterns for different samples analyseC by the same
laboratory - i.e. where 3 pesticice Is found in differing concentrations in 3 number of samples
andlysed by one [aboratory, another laboratory should demonstrate a similar gragient of
concentrations, even if discrepancies arise between laboratories in the absolute concentrations,

Based on the above critena, the findings of QA in Appendix C J0Pear to suggest acceptable agreement
ang precision of measurements conaducted at the PENTECH laboratories for encosulfan and chiorpyrifos.
Strong qualitative agreement for most sampling points emerged in the comparnsons for laboratories in
1998. For example, QA analyses In the Hex Rwer valley (table A7.1) in March ana April 1988, showed
reasonable agreement for the presence of pesticides (11 of 20 possible detections were events where
both laboratories reported cetections! ang strong agreement on the absence of pesticiges (41 of SO
possible non-getectionsl. Moreover, agreement for high vs Iow results was 3/so commonly founa across
sample points, giving an overall pattern of consistency

INtra-1aboratory assessments fOor precision appear Lo yield Comparad/ie results across laporatories (see Table
A7.5 in Appendix Cl. IT IS noteworthy that although recoveries less than 70% were noted for a number of
analyses for chlorpyrifos at PENTECH (35% of the total 400 analyses for chiorpyrifos but less than 8% of the
383 analyses for encosulfan), these would tend t0 underestimate the concentrations obtained in the
study. In tOtal, the Mean recovenes for 43 geterminations for chiorpyrfos was 67% while that for
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endosulfan for the same number of geterminations was 71%. Whereas a low recovery may tend to
invaligate the result from a single analysis, assessing the overall picture of analytical results from a range of
samples, requires assessment of the mean and range of recoveries for the whole population of samples
This is particularly Important when analysing the results of 3 number of samples, as is the case In this

study

There were problems with comparisons with the SF laboratory towards the ena of the study. This was
largely due to the consequences of 3 sediment sampie IMcGregor, 1599) being analysed on the SF CC late in
1998 which disrupted the functioning of the GC column. This preciudes meaningful interpretation of the
c¢ata obtained from the SF laboratory from September 1958 onwards for inter-laboratory agreement.
However, 3 number of factors provide grounds for believing that the levels of precision and accuracy
achieved earfy in the study were maintained throughout the study:

* Patterns cetected in the Hex River valley area in the first 4 montns of the study by the PENTECH
laboratory Were more or less reproducec one year kater, giving a consistent pattern across 12 months.
« Intralaboratory procedures and OC did not change at PENTECH.

In summary, the resuits of the OA analyses thus suggest that the Ladboratory analvtical procedures followed
In this study were able 10 achieve acequate precision and inter-ladoratory agreement, consistent with
normative practice for such strategies. Discrepancies that were detected are entirely consistent with
normative variation obtained in such procedures and were relatively small. MOst importantly, the QA
analyses provige sufficient ground for making reasonable Iinferences from the main fingings of the stuay

4.3 FIELD RESULTS

Preliminary results from pilot studies In 1997 indicated that only a limited number of pesticides were
being detected in rural water sources in the region. The tTwo mMEst commonly detected were the
insecticices endosulfan and chlorpyrifes. For this reason, the PENTECH laboratory chose to concentrate
specifically on measuring these two agents, Results presented below for chiorpyrifos and endosulfan are
therefore from the PENTECH laboratory. However, where other agents were detected by the SF
laboratory, these results are cited In Tables 4.6 and 4.11. Endosulfan cata are quoted as the sum of its
somer forms plus endosulfan sulphate (l.e. total endosulfan), uniess otherwise specified.

Hex River

Given Its soll and hydrological characternstics (Table 3.2), the Hex River Valiey probably represented the
scenario with maximum lkelincod for identifying pesticide poliution of water of the three study areas.

Tables 4.2 to 4.5 list endosulfan (as total endosulfan in g/l and chiorpyrifos (.g/0) levels, detected by the
PENTECH laboratory in the Hex River valley from February 1998 to May 1999, respectively. Where the SF
laboratory detected other pesticides for the Hex River valley, these are also indicated in Table 4.6.

The highest levels of contamination are consistently found at point Bdr, which is a closed sub-surface
arain, coliecting drainage from a number of neighbouring vineyaras isee also Figure 4.1). Virtually no
pesticices were getected in the open drain Cdr, which dried up completely towards the end of the study.
Because Bar Is 3 drain that collects drainage from a number of gifferent farms. this might explain why It
Wwas consistently more contaminated than the open arain at Car. Where pesticides other than encosulfan
and chiorpyrifos were also detected by SF laboratory screening, these were most commonly at Bar
(Table 4 6).
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Littie evicence of contarmination was found in the single cam sample D before September 1998 (Tables 4.2
and 4 &), but consisTent CONTaMINation occurred afterwaras with both endosulfan and chlorpyrifos. One
explanation for this might relate to the concentration of the dam water with increasing use of cam water
for irngation. The dam at site D is an earth dam so that agsorption Lo soil Or sediments may occur
However there was no evicence of significant pH changes in the dam water (see Appendix M that may
have prompted potential release from seaiments to have explained this phenomenon. The half-ife of
endosulfan is 120 days ana prolonged persistence in dam water may be consistent with a concentration
effect Inany event from October onward, bath chlorpyrifos and encosulfan are in use In the region
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Figure 4.1. Endesulfan and Chlorpyrifos levels in sampling peint, Bdr: A sub-surface vineyard drain in the Hex River Valley

Of the 2 open reservoirs sampled Ar contains spring and Br contains spring and borehole water. Both were
erratically contaminated, ana generally at low levels.

River contamination isee Figures 42 and 4.3 by both endosulfan and chlorpyrifcs at points €, Fand C
appeared to peak in mig-valley (P and was oresent in smaller quantities at the lower valley (point C) after
confluence with a tnibutary. Because this suggested dilution by inflow, further sampling was conducted at
a point (U which lies between F ang C. Results showed that peint L had similar levels of contamination as C.
suggesting that cilution occurs between L and F. NO obvious pOoInts source (@ g. pesticice mixing points
were (centfied 3long the Course Of the river [Although a muang stand 1$ sited some 0 m from the river at
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L). However, this site (L) was only sampled 4 times. No inference could be drawn from the sampling of a
site (K) on another river which joins the Hex River, because virtually no contamination was founa the three

umes that it was sampled.

Temporal trends need to be considered. Chiorpyrifos is generally spraved auring May, mid-July to end of
August. while endosulfan Is sprayed during September to mid October. Irrigation occurs in September to

May (about 125mm per month)

Low levels of contamination were detected durnng the spraying months across most of the sites
However, for the MOost contaminated sites isee Figures 4.1 to 4.3), concentrations did not necessarily
match the timing of spraying, and seemed rather to coincide with pericd of maximum irrigation
Endosulfan contamination was highest in the peak spraying time in September 1938 at point F (mid valley
on the Hex Riven but was also raised In the periods February to April in 1998 and 1998, which s the period
of maximum irrigation. Similarty, chlorpyrifos appeared to peak in both river points and Bdr in the period

February to April In both years.
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Figure 4.2. Endosulfan levels in the Hex River Valley: Sampling points E, F and G on the Hex River
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Figure 4.3: Chlorpyrifos levels in the Hex River Valley: Sampling points £, F, G on the Hex River

The first autumn raing Meetng the criteria for trigger raing fell in the Hex River an 10 May 1998 andg 18
April 1999. The data are equivocal for either any dilution Or washout effects for either chorpynfos or
encosulfan. Sub-surface drain detections (particularly Bdrn are consistently present throughout the year,
although there is littie evidence O discern 3 washout effect in relation to the rain trngger

Given the main irngation periog guring summer months, It appears far more plausible that constant
irrigation washout IS more important as a mechanism for both endosulfan ang chlorpyrifos reaching
surface and sudb-surface waters

Low levels of contamination were also found in the shaliow arain (H) and from the water of 2 tap (J). both
of which supply water usea for arnnking purpeses. The implications of these findings are aiscussed In more
cera ! in Chapter 5

Low levels of Fenarimol, Prothiofos ang Deltamethnn were 3lso detectea by the SF Laboratory, again
predominantly at the Bar site. These detections were all In the range of 0.06 to 1.4 .gX, and are relatively
consistent with the timing of use of these particular pesticides In the area  These findings, although not
that significant in themselves, help to support the construct validity of the overall results of the study
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In summary, detections of endosulfan and chicrpyrifos were widespread in the Hex River region at
generally low levels. However, some sites were clearly "hot-Spots™ with regular detections at significant
levels. These included the sub-surface drain Bdr and the mic-point of the nver, F. Of the three main
competing potential mechanisms (rain washout, irrigation and spray activities), irngation appears to be
the Most important mechanism, although some evigence of a temporal relationship to spray activities

could be discerned.

Table 4.2: Endosulfan levels detected in the Hex River Valley

—— SITES AND CONCENTRATION IN _a/:
E F c cdr Ar__ | Br ° %
11298 | __ND 0.24 ND ND 019 | 043 | 016 ND NS
18298 | ND 032 ND NG 037 | 011 ND ND NS
25298 | ND 0.24 ND ND 0.18 | 0O0® | ND ND NS
/398 ND 0.26 ND NC 222 | 028 | 0204 | WD NS
11398 ND 0.16 ND | 007 | 158 | 016 ND ND NS
18398 | ND 0.22 ND ND 181 | 014 ND ND NS
25398 | WD 0.20 ND ND 110 | ©08 | ND ND NS
221498 | ND 0.26 ND ND 043 NO ND ND ND
12/598 | ND ND ND ND | 00& | ND ND () ND
19598 | ND | 1006 | 003 | ND 0235 | 006 NS ND ND
12898 | 1003 | 008 | NO ND | 1003 | 002 | 0.20 ND NO
25998 | 003 | 156 ND NS | .00 | 002 NS 0.2 ND
211098 | ND | 00& | 026 NS ND 018 | 009 | 005 | 023
121198 | _ND ND ND NS 013 ND ND NC ND
181198 | _ND ND ND NS 0.58 NDO | 008 | 058 ND
13199 | ND ND ND NS NS ND ND 025 | 089
247299 ND 102 | 045 NS 184 ND 051 | 047 ND
177399 NS 125 | 019 NS 385 | 102 ND 0.35 ND
07/499 NS 0.54 ND NS 0.79 ND ND | 009 | ND
200499 | 035 | 029 | 005 | NS 148 NS 079 | 008 | ND
260499 | 047 | 0.27 ND NS 059 ND NS 02 NS
12599 | 10.02 | 10.03 NS NS | 1003 | ND NS ND NS
NS = NOt sampled

Table 4.3: Endosulfan levels detected in the Hex River Valley. Other Sites

DATE SITES AND CONCENTRATION IN .Q/¢
J K L M

23/9/98 10.03 ND ND NS
21/10/98 ND ND NS NS
12111/88 ND NS ND NS
181198 ND 04 ND NS
13199 NS NS NS NS
22/2/99 0.15 NS 0.37 NS
17/398 0.62 NS NS NS
07/a98 ND NS NS NS
20/4/99 NS NS NS NS
26/4/98 NS NS NS NS
13/5/99 0.43 NS NS ND

NS = NOT sampled

ND = NOt detected

() = Below quantification imit of 0.1 .g"
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Table 4.4. Chlorpyrifos levels detected in the Hex River Valley

SITES AND CONCENTRATION IN .g/:

—— 3 g c car Bar Ar Br [ -

11/2/98 ND | 029 ND NO 1111 | 006 014 ND NS
18298 NO | NO ) ND 049 | ND ND ND NS
25298 NO NO NO | ND | 218 ND ND | NO | NS
a3%8 | ND ND ND ND | 251 | NO 017 | NO NS
11398 | ND 019 0.10 1.14 1913 | 017 NO [ 015 NS
187398 ND 013 NO NO 7.81 ND | NO NC NS
25398 | ND ND ND ND 2.3 ND | ND ND NS
245 | NO 0.18 NO ND | 113 ND ND | ND ND
12558 ND ND ND | ND | 142 ND ND NO ND
19588 050 009 | 004 | 006 | 254 | 00Q NS | 006 ND
12898 | ©00& | 008 0.07 NO 036 | ©0O0% | 003 | 033 0.02
23998 | 005 | 0.21 002 NS 133 | 00N NS 0.29 002
21/10/%8 ND 0.05 ND NS 018 | ND ND 0.08 NO
121138 | ND 0.08 ND NS 057 ND 008 | 008 ND
181198 | NO NO NO NS NO NO ND ND 003
13/1/99 014 032 | NOD NS NS 0.17 NO | 009 0.10
24259 0.11 025 | 0.107 NS | 1483 | ot 0.12 0.24 ND
17359 NS 04 031 NS 0.20 0.24 0.17 | 0.13 0.17
07/4'99 NS 3133 0.13 NS 20.36 ND NO 018 0.24
201499 048 1.90 0.35 NS 17.97 NS 013 032 0.27
649 | 0 | 086 | 012 NS 019 | 009 NS 019 | NS

1359 | - | 003 NS NS 033 | NO NS 002 | NS

NS = NOT sampied
ND = NOT detectec
{) = Below quantification limit of 0.5 ug/. :recoveres were delow 70%

Table 4.5: Chlorpyrifos levels detected in the Hex River Valley. Other Sites

DATE SITES AND CONCENTRATION IN .9/¢
J K L M

23998 0.02 ND ND NS
2110/98 ND ND NS ; NS
12/11/88 ND ND ND | NS
181128 ND 0.09 ND NS
13189 | NS NS NS NS
24299 | 009 NS 0.31 NS
177399 | 0.21 NS NS NS
07/4%9 0.47 NS NS NS
20499 ND NS NS NS
26'499 ND NS NS NS
13/599 ND NS NS NC

NS = Not samplec

ND = Not cetected

()] = Below quantification limit of 0.5 ug"
Recoveries were below 70%
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Table 4.6: Other pesticides detected in the Hex River Valley (Forensic Laboratory)

DATE SITES AND CONCENTRATION IN -g/!
E F G | Cdr Bdr Ar ar D H
11/2/98 NS
18/2/98 NS
25258 NS
4/3/98 NS
11/3/98 NS
18398 NS
25/3/98 NS
22498 . . . . 1.4 Fenanmol . . . -
12/5/98
19/5/98 0.08 . . . 0.082 ! Fenarmol | - NS » .
12/8/98 . Deita- . . . . Delta- . Delta-
23/9/98
211098 . . . . 0.06 Fenarimol . . - .
12111/98 NS
18'11/98 . . . . 0.6 Fenarimol
13199 NS NS
24/2/99 NS
17/3/99 NS NS
07/4'99 NS NS
20/4/99 NS NS
26099 NS NS NS
13599 NS | NS NS NS
NS = NOt sampled

Tables 4.7 anc 4.8 present total enaosulfan and chiorpyrifos levels for Piketberg from May 1998 to Apnil
1999, respectively. There were no cetects of other pesticices reported by the SF laboratory for this

perioc

Low levels of contamination were found in all sités, and were most obvicus durnng February and March
1999, corresponaing to the irmgation periog. Many of these sites include points used to dernve potable
water for drinking purposes (P1b, P3b, P7b, P4, PBL).

Both pesticides were getected in the water of the purification scheme supplying drinking water to a big
area in the West Coast region (P8, especially the endosulfan level in October 1998 This latter time perod
coincides with peak spraying of endosulfan, probadle in the surrounding fruit and grape growing areas.
Encosulfan levels 3iso peaked in two of the borehole samples (P1b and P7b) shortly after the spraying
percgd, suggesting movement of the pesticige through the soll after application

Generally low levels of contamination were found In the two sites on the Berg River (P5 and PG although
one site p6 was not sampled consistently due to inaccessibility. Chiorpyrifos was generally detected more
frequently than endosulfan, but a moderately high level of endosulfan was found in January 1999. The
Berg River drains water from 2 large area of the western Cape where Intensive fruit farming and vineyard
activity occurs upstream. Thus detects in the water of the Berg may only partly reflect local apphications.

Low levels Of contamination were noted for both total endosulfan and chiorpyrifes in the open dam (P3a.
Endosulfan levels were somewhat correlated in time with endosulfan levels detected in the stream (PQ)
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Which drains the dam (P20) above on the mountain. water from this stream (P4) 1s punfied for grnnking for
a community of about 250 people. Contamination seems tO Dé MOre pronounced during the irngation
periog, as in the Hex River

In summary, the finaings suggest low levels of detects of enacsulfan and chiorpyrifos at numercus sites
NO cetections were made by the SF laboratory of other pesticides from sampling points in the Piketberg

Irea

Table 4.7: Endosulfan levels detected in Piketberg

SITES AND CONCENTRATION IN .g/!
- P1b P2d P3b Par PSr PGr P7b pPat
13/5/98 013 NO NOD 002 ND ND NS NS
20/5/98 NS ND NS ND ND ND ND ND
1/7/38 ND 0.0 ND ND ND NO NOD ND
2998 ND 012 ND 0.01) 10.04) ND 002 NS
711098 0.05 024 0249 ND ND 007 | 001 | 2631
11/11/58 013 0.20 .01 020 0.on 0.25 115 | 008
25/11/58 ND NO NO ND ND ND | ND ND
27/01/99 ND ND ND ND 1.05 NS | ND 1.12%
170298 047 0.57 ND 0.18 0.1 NS 0.21 | 10.09)
10/03/99 04z 013 ND 035 034 NS | 056 0.16
31,0399 ND ND ND 024 ND | NS ND NO
220495 ND 0.08) 0.08 ND NDO | NS 027 ND
2804/5% ND | NO ND NO NO | ND ND NS
NS = not samplec
ND = not getected
) = Delow quantification iimit of 0.1 .Q/t, : recovenes were below 70%
Table 4.8. Chlorpyrifos levels detected in Piketberg
DATE SITES & CONCENTRATION IN .g/¢
PIb | P2d P3b Par PSr P6r | P7D P8t
13556 006 0.12 0.06 0.31 10.03) 0 &6 NS NS
20/6°98 NS | ND NS NO ND ND ND NO
1/7/98 0.09 10.03) 0.06 0035 | 0.0 10.04) 0.03 0.05
2/9'98 ND 0.07 ND 003 0.06 10.08) 004 NS
7/1098 ND 10.02) 002 ND 0 08 10.02) 10.02 0.05
11/11/58 ND 10.02) 001 10.01 005 10.048 0.09 10.01)
2511498 ND ND ND ND ND ND ND ND
2770199 ND 012 0.09 0.17 0.70 NS ND ND
17/02/99 01 0.15 ND 0.12 022 NS 0.1 0.16
100399 023 0.0 08 017 0.39 NS 0.19 0.1
510399 NOD ND 04 ND 0.16 ND NOD ND
220498 NO 008 0.09 ND 0.29 NS 018 NO
280495 0085 | 01 10.08 01 | 008 0.0% 0.08 NS

[NS = Not samplea
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Crapouw / VYEBOOM

Tables 4.9 and 4.10 present total endosulfan and chiorpyrifos levels, detected in Crabouw from April 1968
to May 1999, respectively. Where the SF laboratory detected other pesticides, these are also indicated in

Tabled 11

Low levels of contamination were detected in all the sites. Endosulfan contamination seemed to occur
more freguently than chorpynfas, although the Iatter is sprayed more regularty

Contamination in all sites was detected consistent with the tming Of spraying activities on farms in the
area, (endosulfan sprayed curing October and December; chiorpyrifos sprayed in August-September, and
November - February), with engosulfan levels being raised after the October spray (in November) and the
December spray Uanuary to March 1299). The penod February - March 3iso represents the period following
maximum irngation applications and may thus pick up significant sub-surface drainage resulting from
irrigation

1.4
} s G
,.2 ” o G"
| .
o8- - o

Endosulfan spraying

Concentration (..g/t)

27/5/98 6958 17/11/98 e 0ase 1545 05599

23456
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Figure 4.4. Endosulfan levels from sampling points in the Paimiet River (Grabouw/Vyeboom)
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Figure 4.5: Chlorpyrifos levels from sampling points in the Paimiet River (Grabouw/Vyeboom)

The two open dams (C10 and C5a) were also contaminated consistently with endosulfan but less so with
chlorpyrifos. Concentrations Of endosulfan were also generally migher than chiorpyrifos and seemed to
persist in the dams well Deyongc the periog of apocation (Fgures 46 and 4 71 Data on pH collected with
samphing (Appendix P Gi1C NOT SUGSESTt any MOobilisation of sediments Dy DH changes as an explanation

Sampling sites supplying water used for arinking yielded fairly consistent low levels of contamination for
both endosulfan anag chiorpyrifos. Particularly high levels for the dam (C2¢) that supplies water to one
household, for both endosulfan ana chiorpyrifos were noted There was Intermittent presence of both
endosulfan and chiorpyrifos (at low levels) In the stream (C7ad) feedaing the maor dam supplying annking
water to Metropolitan Cape Town
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Figure 4.6: Endosulfan levels from sampling points in dams: Grabouw/Vyeboom
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Figure 4.7: Chlorpyrifes levels from sampling points in dams: Grabouw/Vyeboom

Chapter 4 Resuits

Page 413




THE QUALITY OF SURFACE AND GROUNDWATER IN THE RURAL WESTERN CAPE WITH REGARD T0 PESTICIDES

Low levels of iprodione, azinphos-methyl and penconazole were 3isO cetected Dy the Forensic Laboratory
on screening at TiMe consistent with these pesticides’ use in the area (Table 4.11)

In summary, the fingdings in Cradouw / Vyeboom are similar to other areas. with significant cetects of
chiorpynfas and enaosulfan in many of the sampling sites, iIncluding 3 number useg for drinking water. As
in other areas, Irrigation appears to be an important mechanism for movement of pesticices to water. The
results snowing endosulfan In Crabouw Gams are consistent with findings of Davies (19%7) who aliso
igentfiec encosulfan as 3 common contaminant of dams in the Crabouw region. The concentrations
detecred in this study were of similar order to those founda by Davies

Table 4.9: Endosulfan levels detected in Grabouw

DATE SITES & CONCENTRATION IN g/
c3r car c7d G1d csa cad csT c6b Gor
23/4/98 10.01) ND 1009 10.08) 10.08) 1.08 NS ND NS
7/598 ND ND 10.09) 0.32 10.09) 081 10.09 NS NS
27/5/98 10.08) 053 ND 0.24 ND 1.78 ND NS NS
29798 ND ND ND ND ND 0.16 NS | NS NS
6998 ND ND ND 10.03) 0.70 10.05) 10.07) NS NS
1210/98 ND 0.10 0.20 10.07) ND 0.10 ND NS NS
17/11/%8 0.18 0.98 0.80 1.08 1.61 441 0.4% NS NS
21298 0.62 NO | 082 0B8 | 079 811 058 | NS NS
18199 0.50 1.09 1.14 038 | 12 S8 | 058 | 026 NS
18/2/99 0.30 1.28 NS 0.95 0.50 NS 080 NS NS
03/3/99 0.47 10.03) 0.54 0.56 063 $.50 1.06 NS NS
24399 0914 ND 091 ND 045 644 1.77 ND NS
15499 0.55 ND 015 016 050 1.85 088 NS 0.2%
23499 ND 0.27 ND ND 021 NS 0.17 NS NS
05599 ND ND ND ND 010 ND NS ND ND
NS = NOt samplea
Table 4.10. Chorpyrifos levels detected in Grabouw
DATE SITES & CONCENTRATION IN .g/!
G3r car c7d c1d csd cad c8t c6b cor
23498 NO ND 002 ND 10.04) 0.12 NS ND NS
7/5/88 NO ND 005 0086 006 ND ND NS NS
27/598 0.08 0.10 ND 10.03 ND 0.07 ND NS NS
29/7/88 ND ND ND ND NO 10.01) NS NS NS
6998 ND 10.01 ND ND ND 0.06 10.04 NS NS
121098 ND ND 0.1 0.15 ND ND ND | NS NS
17/11/98 012 ND 0.18 ND ND ND ND | NS NS
211298 ND ND ND ND ND ND 052 | NS | NS
18193 0.15 0.14 0.24 0.18 0.32 0.39 007 | 006 | NS
18293 018 068 NS ND 0.14 ND ND NS NS
03299 ND ND ND NO ND 1.62 ND NS NS
24/299 ND ND ND 02 ND 1.28 032 ND NS
15/4/99 028 ND 0.31 007 023 0.47 ND NS 016
23499 ND NO | 021 NO | 041 NS 012 NS NS
05/5/99 ND NO 013 015 | NO 0.07 NS | NO 0.10
NS = NOt sampleg
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Table 4.11. Other pesticides detected in Grabouw (Forensic Laboratory)

DATE SITES & CONCENTRATION IN g/
G3r car c7d Cid | G5d C28 C8T | Céb | Gor

23/498 iprodione . AZINphos- . AZINphoS- | Iprogione . . .

7/S/88 (3 NS
27/5/98 NS NS
29/7/98 NS NS NS
6938 NS NS
12/10/98 . pencon- NS NS
17/11/98 NS NS
21298 | | NS NS
18188 | NS
18/2/99 NS NS NS
03/399 NS NS
24/3/99 NS
15/4/99 NS

23/4/99 NS NS NS
05/5/89 | | | NS

NS = NOT sampled

OVERALL DETECTIONS
If one reviews the overall profile of detections, It Is clear that detections were commen in all three areas

Chlorpyrifos was detected most frequently in Plketberg, 62 (66%) out of 94 times sampled compared to
Hex River, 96 (52%) out of 184 times and Crabouw 51 (49%) out of 104 times. Endosulfan was found most
frequently in Crabouw, 72 169%) out of 104 times comparec to Hex River 85 (36%) out of 184 times and
Piketberg, 37 (29%) out of 54 times (Table £.12)

Table 412 shows the proportion detected above our OL, and proporticn above 0.1 g/ (EEC Iimiv in the
three areas, and COMPares total detections stratifiec by whether the sampie sites were grouncwater or
surface water

Table 4.12: Number of detections in the three areas sampled, and detections stratified by

groundwater or surface water
PESTICIDE, AREA AND NUMBER OF DETECTS (PERCENTACE)
LEVEL CHLORPYRIFOS ENDOSULFAN
HEX PIKET- CRABOUW TOTAL HEX PIKET- | CRABOUW TOTAL
ALL 86 (52 62 166) 5189 209 (55 85 an 37 39 72 169) 194 (51)
> 0L B3 4% 41 a 40 (38 164 143 60 (33 24 26) 59(57) 143137
> EEC 84 135) 21122 2827 1330 60 33 24 126) 59 (57 1483 (37
Croundwater Surface water Crounawater Surface Water
ALL 29 (55) 180 (59 17 32 177 @7
>0L 23 143 141 a3 1223 131 (20)
> EEC 25 &7 148 2% 12 123) 131 (80)
ALL : All detections
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Tne stightly higher freguency of detection. especially of engosulfan and its metabolites, in Crabouw
compared TC Hexriver and Piketderg might be explainec by the mere freguent rainfall and the spraying of
engosulfan curing the irrigation pericd. The more freguent levels of contamination by chiorpyrifos In
Piketoerg althcugh at low levels Is unexpected because it is NOt spravea in the wheat farming areas anc
the scil and climatic congitions are not more conclusive e contamenation than Crabouw ang Hexriver.
However, this finding might be explained by INPULS INtO the Bergriver by surrounaing fruit and grape
farming areas outsice the area of investigaticn

Although the number are based on small samples (only 5 sites in the three Study areas, totalling 53 samples
over the study). detections of chiorpyrifos at low levels appears as common In grounawater sources as for
surface water (about 433, but encosulfan cetections slightly lower for grouncwater (23%) compared to

surface wacer (40%)

It IS 3lso worth noting that the SF laboratory detected sporadically a number of other pesticides In both
the Hex River and Cradbouw/Vyeboom areas that are commonly used in deciduous fruit farming. These
getections (of azinphos-methyl, fenarimol, Iprodione, deltamethrin, penconazole and prothiofos) occurs at
times more or less consonant with usage of these agents in the Industry, and at relatively low levels (below
2 .G/ but not as low as detections achieved in the PENTECH laboratory’ However their presence in the
samples adds consistency to the picture obtained and to the construct validity of the overall resuits

Both cholrpyrifos and endosulfan, and some of the other pesticides detected in the study are consigered
to have 3 low pollution likelihcod (ICustafson, 1989). Despite this they were detected consistently in all
three areas in both grouncwater and surface water. Other factors such as soil characteristics, shallow
water tables anc intensive spraying probably explain the presence of these pesticiges in water. Previous
studies Vigh and Funar 1995 Jabbar er 3/, 1993 Calfornia Environmental Protection Agency, 1596) have
shown that these factors are important In pesticide contamination of water. Had the PENTECH laboratory
been able to undertake regular analyses of pesticides such as Iprodione (which 1S extensively used in all
threée areas). azinphos-methyl (that nas a hugh pollution likelihood), and sSimaziné ana vanmidothion (high
usage and poliution likelihood), we might have established similar patterns for these pesticiges. This Is
especially likely in Piketberg where the use of encosulfan and chorpyrifos is only for fruit farmeng and
gdoes not occur In the wheat farming areas. However. in light of the SF laboratory screening findings of a
few detections of ipriodione and aziNphos-methyl, these suppositions are only tentative and require

further exploration.

As found previousty by Domagaiski (Domagaliski, 1997). irrigation seem to be an important tngger for both
leaching and run-Off events. In that study, high levels of contamination was found in Irrigation drainage
water flowing Into the river, and In this stuCy the encliesed drain in Hexriver and cam sites in Grabouw
(P1g, PSa, PEQ showed hign levels of contamination during the irrigation penod. Our findings suggest
Irnigation as 3 more important factor than rainfall, consistent with Prévious research in the same study

area (Weaver, 1993)

' PENTECH quantficancn imas were 0.1 .g/¢ ‘or engesuttan and 0.05 .g/: for chiompynias
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4.4 OVERVIEW: FIELD RESULTS IN RELATION TO
REGULATORY STANDARDS AND TO OTHER RESEARCH

FINDINGS
How do the results compare to health and other regulatory stangards?

Although the WHO does not provide a health-based stancard for drinking water for either chlorpyrifos ang
endosulfan, the EPA does post Health Advisory levels for short term (1-Cay ang 10-cay), longer-term (7
years or 10% of an average lifetime) and for lifetime exposures for chlorpyrifos in aninking water for
aduits and children (Table 4.13). The levels for children are 30 g/« for all gurations of exposure and for
adults are 100 g/t or 20 g/, depending On duration. The Australian Drinking Water Cuidelines also cite 30
mg/t as Its Health Value for endsulfan, based on a calculation derived from 10% of an ADI

A much lower standard Is held by the California Inland Surface Water Plan (CAISWP) California
Environmental Protection Agency, 1598 with an encosulfan water quality criterion of 09 .9/l (30 day
average). Even lower IS the European Community (19800 universal standard of 0.1 .9/t and 0.5 .ot for a
single pesticice and total pesticices, respectively. There are no South African (South African Department of
Water Affairs, 1996 or WHO (WHO, 1892) guideline values for all pesticices investigated in the study
Standards to protect aquatic ecosystems are far lower than those for human heaitn,

Table 4.13: Comparison of Standards: Human Health, Aquatic Safety

- HUMAN HEALTH' | Pesticide & Standard (.g/i)
Endosulfan Chlorpyrifos
USEPA HMealth 10 kg child 1 cay na 0
Agvisory 10 cay na 30
longer-term na 0
(7 years)
70 kg acult longer term na 100
(7 years) |
| lifetime ' na 20
DWEL 1 na | 100
california 30 gay average | 09 | n'a
EEC | 01 | 0.1
Australian Health vValue (103 ADI 30 | na
world Health Organisation (WHO) na | na
TIC SAFETY* !
Australian | 001 | 0.0
South Africa | 0.003 | na
r/a = not available;
Sources:

*  European Community, 1980, USEPA. 1986: National Health and Medical Research Council, and
Agriculture and Resource Managemen: Council of Australia and New Zealand. 1996 California
Environmental Protection Agency, 1996

*  From Dallas & Day 1993

In relation to all these health-based standards, results reported in this study are generally low. The level
of chlorpyrifos contamination in all three areas was generally 10w in relation to the EPA lifetime annking
water heaith agvisory and DWEL, but moderate to high in relation to the stringent European Community
single pesticige standaras. The level of contamenation in the enclosed drain in the Hex River Valley (Bar)
was consistently in range of lifetime EPA Health Advisory for drinking water for 3oults, but this is not a site
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used for dnnking water. Endosulfan contamunation in all three areas was alse mogderate to high wnen
compared to the CAISWP and EEC standaras and the levels of the other pesticiges 2150 mostly exceeded
EEC standards. The levels of both pesticices in most of the study sites where water IS directly used for
arinking consistently exceeded the EEC standard but not the health-based standards from the EPA, CAISWP
Or Australia. The implications of these findings for human neaith are ciscussed in more detail in the ‘inal

TWC chapters

Relatively few studies have previously detected encosulfan (Vignl and Funari; 1995; Oskam er 3/, 19393,
Callfornia Environmental Protection Agency, 1995, Vighi and Funar 1395, California Environmental
Protection Agency, 1956 ). Monitaring in Texas between 1984 ang 1997 found the presence of enaosulfan
in only 13 of surface water samples (Texas Center for Polcy Stuales, 1999, The levels found in this stucy
are consistent with the range 10.1-100 .g/7) found in grounawater (Vighi and Funari 1985; Vighi and Funari
18953, California Environmental Protection Agency, 1996 and California Envircnmental Protection Agency
1896) and surface water (Oskam et a/. 1933)

Espigares et 3/, found cnlorpyrifos at least once in all of the 22 points sampled on the Guadalquivir River in
Spain in 1997 at mean concentrations that ranged from 001 .g/t anc 047 .g/l. Chlorpynifos was also
detectead at shghtly lower concentrations (range 0.006 .g/ to 0.32 L@/ in ancther study that tested 3 new
nestea surface monitoring Network to Measure variadility in pesticide concentrations in the San Joaguin
River Basin during the irrigat.on season (Comagalski, 1997). High quantities were alse found during a spill in
3 UK river (Raven ef al, 1989). In contrast, chlorpyrifos was not getected in a stugy that monitored the
seasonal occurrence of pesticides and other organic pollutants at the mouth of tributaries of the Nile 33
they flow INto the Mediterranean Sea (Abassy ef al, 18991 nor In another investigating residue
contamination of the Coho Saimon in the Great Lakes (Clark ef 3/ 1884,

contamination by both endosulfan and chiorpyrifos found in all three areas In this study appears more
consistently than found previously in other studies probably a functicn of increased frequency of
sampling (Domagalski, 1297). Spraying of engosulfan and chlorpyrifos In Crabouw which ranges from 05 -
1.5 kg active ingregient per hectare, seems higher than in geveloped countries.

Of particular note was that this study contrasted o some extent with previous research conducted in the
Heéx River vValley in 1930, where no evicence was found for pesticides reaching ground water (Weaver
1993). However, that study Identified 3 gifferent set of pesticides for analvsis ang focusea primarily on
groung rather than both ground ang surface water. In agaiuon, analyses for Weavers study were
congucted by the laboratories of the South African Bureau of Stancarads (SABS) using analytical techniques
for which the quantification limits were substantially higher than in the present study lowest limits of
detection given in Weaver's study as 0.5 .g/l 3s comparec to limits in this study of 0.05 or 0.1 .gn.

Nonetheless. one sampling pDoint in the 2 stucies were icentical (site H), ana the findings of this study 4o
suggest that low levels of water conNtamination are occurring In BOTH SUrace anc to a lesser extent In
ground water. Of importance !s the ODservation that the prodleém is Not confined to the Hex River but is
ubiquitous In all 3 study areas chosen for Investigation. Out of 382 samples, there were 30% detects above
the EEC limit of 0.1 .gt. for chiorpyrifos and 37% for endosulfan.

One important Iimitation to this monitoring Is the reliance on grab samphing, with the result that
intermittent MOoNItonng may give false estimates of true exXposures. Or '\nagdequate charactensation of
contamination patters. FOr example, Domagalskl (1997) showed that thrice weekly samphing of surface
water in the San Joaquin River Basin was more than twice as likely to identify concentrations exceeding
State water stanaaras than single weekly sampling. Efforts to develop methoads that sample water sources
on 3 continuous Basis, to provide an integrated assessment of water contamination by pesticides should

be explorea
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In summary, the field results have demonstrated widespread detections of low levels of endosulfan ang
chiorpyrifos in water sources in farming areas 'n the Western Cape. Concentrations have generally been
low, particular for ground water sources, and temporal patterns generally consistent with Irrigation
IMpPacts and, to a lesser extent timing of spray activities. QA measurements provice adequate support for
the valicity and reliability of the data on which these findings are based. The implications for human
heatth are explored in the next chapter
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THE QUALITY OF SURFACE AND GROUNDWATER IN THE RURAL WESTERN CDE WITH REGARD TO PESTICIDES

This chapter explores gifferent consigerations related to human health arising from the stuay. Knowleage,
Attitudes ang Practices of rural farm resicents in relation to water and pesticides assessed from a set of
farm-based surveys conducted In the study areas are presented and discussed. In adaition, the
implications for human health of the concentrations of pestiCices detectea in this study are discussed in

the latter part of the chapter.

5.1 KNOWLEDGE, ATTITUDES AND PRACTICES OF RURAL
FARM RESIDENTS IN RELATION TO WATER AND
PESTICIDES

Fifty-six farms in total participated In the surveys in the three regions. All study farms as well as a random
sample of farms in two of the study areas were chosen. Demographic characteristics of respondents are
summarised in Table 5.1. Participants were mostly male, angd average age was in the late 30's, with
Crabouw having the Olcest participants (average age = 46 years). Water sources for gomestic uses are
summarised in Tables 5.2 (by farm as unit) anc 5.23 (by respongent as unit

Table 5.1: Demographic characteristics of study participants: Knowledge, Attitudes and Practices in relation to

water and pesticides
SITE SAMPLE(FARMS)' ACE (YEARS) GENDER
| MEAN (SD) | RANGCE M F
slanghoek Pilot, n=40 (12) 33088 | 1861 T 2
Crabouw / Rancom sample 3980112 1974 B6 26
vyeboom n=112029
Stuay farms, 460102 2864 7 | 1
i n=812 i
All Granouw a03M.2 19-74 93 I 27
| partiopants
Nn=120 31
Hex River Random sample, 3370111 18-63 aa g
N=53(13) ‘
Study farms, | ®/BM19 2265 ‘ 1" 5
N=16 & 1 ‘
Al Hex River /211 | 1865 55 14
participants
. n=8% 117 '
YotTAL | | 229 (60) 375012 | 1874 185 a3

*  In the Hex River Valley and Grabouw/Vveboom areas, two arms 1o the samples were included: Study
farms were those where water sampling took place, while the random sample was drawn from all other
farms in the respective regions 1o achkieve a representanive sample for those areas
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Table 5.2: Water Sources by purpase and by area, as percentage of farms

. CRABOUW / HEX s
PURPOSE SOURCE REPORTED" | SLANGHOEK vvesooM | mver | ALL FARMS
— ' n=12 T =31 n=17  n=60
o Water storage dam 50% 74% £5% 87%
Fountain / borehole 58% 55% 76% 82%
oninking Rainwater g% o e 2%
entrapment
Farm dam 3 71%¢ 235% 45%*
River s ' 0% % % ‘
T Water storage dam S0 78% 5% = 67%
Fountain / borehole 58% 55% - 76% 57%
DOm ST e S nwWater , o
ctner than 8% 1% 0% | 3% |
arnking entrapment ‘
Farm cam 8= 7155 23 5% a5%4° |
River 8% 10% - 7% |
- water storage dam 25% 0% 7% 72% |
Fountain / borenole 53% 35% T 52% |
Rainwater 0% e 0% 2% &
Field entrapment | |
abwtions " Farm dam T s T Te0%t | 35% | 53w |
River 1 TS0 | 0% [ 0% 15%
Other subsurface — - [ e -
dran
Recreation :::"""" RF-. 56 7% 29% 29% a8t

*  Reported as supplied for the farm. Percentages are not mutually exclusne as respondents may repor:
more than one source.
Includes farm water storage dams

Groungwater and water from relatively pristing mountain sources 3appear to be the most important

source for aninking for the farming community. Relatively few rural resigents are cepencent on surface

water for drinking®. Scurces of water for domestic purpeses closely mirrors that for arinking. For use in

the fielc (both arinking and othen, river water IS useg (35%) in the Slanghoek area ang farm dams in

moderate proportions in all three areas. In the Crabouw area, water from the Croenlanad water scheme s

tored in farm cams for drinking on Many farms. Thus, water sources used for annking on farms appear |
to be mainly from protected socurces, although non-drinking usage and usage while in the field appears to |
make use of more surface water. However, the majority of respondents still are using relatively protected
water |

The risks of pesticige grift appear significant (Table 5.4). About a third of respondents reportea living |
within 10m of the nearest site of spraying. Seven (115 respondents reported noting that pesticides from |
1ocal spray had within the preceding @ months drifted into their nomes (Tadle S & |
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Table 5.3: Water Sources by purpose and by area as percentage of respondents

SOURCE CRABOUW / HEX
PURPOSE SLANCHOEK RESPONDENTS
REPORTED" | ' VYEBOOM l RIVER L
i n=4ao0 n=120 n=69 n=229
e ! o 58% 52% 529
cam l .
Fountain/ | :
%% a0% %% 485
Orinking DOTehos - - -
SRR || 1% | o% 1%
entrapment ,
Farm dam 8% a7%* 9% 28%°
River 5% | 3% 0% 26%
| F—— % | 79% 7 63%
aam
ni
SO 7% 28% 55% 3a%
Flelo borenole :
ablutions Sub-surface 8% 0% ' 9% a%
drains _
Farm dam j 1% 61%° 16% 38%*
River | 32% 4% 0% B%
| Swimming in | A
Recreation e— 2% . 14% 15% 17%
. Reported as avatlable by respondent. Percentages are nor mutually exclusive as respondents may

report more than one source.

’ Includes farm water storage dams

Table 5.4: Distance from pesticide spraying activity by area as reported by farm residents

CRABOUW /
RESPONDENTS
DISTANCE FROM HOUSEHOLD ‘ SLANCHOEK vYEBOOM | HEX RIVER  ALL
n=40 n=120 n=69 n=229
Nearest < 10m 58% | 30% , 30% 35%
sprayed | 10 - SOm ‘ 33% | 52% | a53% 46%
Orchard / | ‘
“ d > 50m 10% 17% . 25% 185%

In acdition, opportunities presented for multiple sources of exposure appear to be relatively high (Table
5.5. A sizeable number of respondents used pesticiges, either for domestic pest control or for home
gargening, and about half reported obtaining these pesticides from the farm store. However, re-use of
pesticide containers was low, reported by only 9% of farm resigents, and was always reported as being for
the purpose of serving as a garbage bin. Simultaneously, awareness of the nazarcs of pesticides was
reportec as high, with farm workers scornng slightly more highly than farm owners or managers.
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Table 5.5: Risk Activities, knowledge and attitude toward pesticides on farms reported by farm residents

| GCRABOUW /
SLANCHOEK HEX RIVER ALL RESPONDENTS
- VYEBOOM °
n=4a0 n=120 n=69 n=229
: nfting Into 1 o o
Reported spray anfting — pr - e
nome
est.ci0es at home for - ] o B
Use of pesticio a © 30:1 % 56"3 411:
pest control . . - B
f pesti for home
Use of pesticides for ho — — — -,
garaer 1N o
Of those using pesticices, what
proportion obtain pesticice 33% S8¢%s S1% $33%
from farm
Use of " nO™E N past T 1 -
Use of pesticides at ho [ — p— aihe o
& months
4 (| NLainer at 1 o
Use of pesticice container 15% 12% 0% 9%
rome
Knew Pest.CiCes were 0angerous | i
i et ) 88% 935 aass 92%
o their heaith I
Farmers 70% 843% Ga% 85%
Farm workers RS EEES sa%: 858 |

The surveys suggest that 3 number of aifferent potential routes of expesure for farm residents may be

IMPOrtant to consiger. In partcular

Through water:

In Grabouw. the storage of drinking water in farm cams s widespread. If cams are contaminated
a5 2 result of proximity tO pesticide spraying. as appears to be the case from resuits in Chapter
Four, this may be 3 route of exposure worth attention and control. Up to 18% of farm workers
reported spray arifting intd their homes, tenging to confirm the significance of this mode of
exposure. Swimming in farm dams (16 8% may present an 332iTIONAl source of expaosure
although probably miner in guantity

Though routes other than water:

Chapter 5. Human Health Considerations

Between 30 and 58% of farm residents live in very close proximity (< 10mi to orcharas. vineyaras
or fielas subject to pesticide application, Increasing opportunities for exposure through arife. A
moderate percentage of farm residents make use of pesticices at home. of wnhich about 3 naif is
obtained from farm sources Use of containers occurs at 3 low level, but reportedly only for use
for garbage Reuse of containers for water storage d'd not appear to occur at all

In general, however, awareness of pesticides as 3 health hazard appears relatively good, and was
petter amongst farm workers than amongst farmers. The positive effects of egucation reported
by some of the employers In the area appear to be borne out by very low levels of re-use of
containers, which augurs well for public health and occupational hygiene measures need to

control pesticige exposure
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Coltateral evidence from the survey of farms congucted In Stellendbosch in 1998 suggest that the
pattern in this area Is not dissimilar to that in the Slanghoek, Cradbouw and Hex River areas (see
box

Water and Sanitation Conditions: Farm Survey in the Stellenbosch area:
DOPSTOP Project, Aug-Oct 1998
665 households om 53 randomly chosen farms
o Just over 50% of respondents made use of borehole water for dninking.
s Heowever, 9 respondents (1% ) made use of river water, and 19% made use of dams for water used for
drinkmg This ts a total of about 20% wsing surface water
o 23% dependent on bucket or pit latrines for totlet
o Of these, 10 families use @ communal pit
o 27% have taps outside their houses.
o Of these, 46% are communal taps
*  93% of households reported a dam on the farm
*  Of these, 45% reported farm residents use the dam for swimming
Source: DOPSTOP Project Research Report, October 1999

5.2 DIETARY CONSUMPTION

Table 5.6 lists sampling points where water was useg for drinking purposes. A set of assumptions was
requirea in order to estimate dally cietary consumption of pestic:des in drinking water in the StUCy areas
These assumptions are simplistic in the extreme but are used heuristically in order to derive 3 rough
estimate of total dietary intake in relation to published values for an Acceptable Daily Intake (ADD, The
assumptions incluge the following:

. The grab sampiles are representative of a population gistribution of levels pertaining in the
sampled sites and can De used to extrapolate to consumption over the year
. The nature of the exposure 15 cumulative and peak exposures or exposures of increased intensity

are of no relevance to estimation of heaith implications of dietary intake other than their
contribution to the average dally Intake over a prolonged period

. Only sampling sites reported as providing drinking water are examined.

. Consumption of water is assumed to be 2 1 for an adult. Additional fluld intake in other beverages
I$ assumed to be daditional to annking water.

. The average body weight of an aduit is assumed to be 60kg.

Note that In this model, exposure Is assumed to be to a single pesticide. Possidle aaditive or synergistic
effects of exposure to several gdifferent pesticiges cannot be accounted for, Moreover, the methodology
does not account for endocrine disrupting properties of chemicals, which might occur at concentrations
far lower than convention NOAEL and NOELs.

The modeiing in Table 57 assumes two scenarics. A worst case scenario where drinking water
concentrations are charactensed at the highest concentration detected at the site, and a scenario where
the concentrations of the detections found at each site aré averaged using a root mean square
conversion. These are then used to estimate total aally intake of pesticide and compared to published ADis
(IPCS, 1999) to Calculate a percentage of ADI gerived through water consumption
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Table 5.6: Sampling points where local populations use water for drinking in the three study areas

AREA POINT POPULATION
—— | _ pos Feecer stream to Gam supplying 515 OF Cape TOWN'S
arinking water
o T Gh Supplies 3 adults on a farm (Cwners) h
Tap In Office, representative of the water supply for |
o about 50 residents on farm
Farm community of about 200 pecple using the
Piketberg Pt
borehole for drinking water
e3 Farm managers house - about S agults ana chilaren
pa Moravian village of about 200 residents using stream for
grinking water
o7 Borencle on wheat farm supplying about 15 farm
resigents
ps : Tap at outiet of water purification scheme supplying
| water to west Coat (about 150 000 pecple)
Tap at imgation Boarg, representative of the reticulated
Hex River J crinking water supply to the Hex River Valiey, Inciuding
town residents in De Doorns
" Deep well, supplying about 50 farm residents

Of importance is the consideration that the assumptions used in this moceling are vuinerable to many
confounding factors. Clearty, not all consumed water will be from the water point icentified by the study
and may be taken in beverage form or other supplies. This might lead to an overestimation of risk
However, other factors may underestimate risk. Workers in hot and sunny environments may increase
their intake of water in field conaibons, and data earlier In this chapter suggjest that workers in the fiela
are more likely t0 use surface water sources when in the fields. Moreover, vulnerable subjects, such as
children, have higher water consumption per kg body weight ana will therefore have greater risk than the
aduits used In our Mmodelng. While many of these factors ada significant margins of uncertainty, the
resuits provided here are useful to explore methods for standard setting for the South African context

What the tadles suggest is that only 3 small proportion of the ADI may be contriduted by contamination of
annking water for these populations. Of the two pesticides. endosulfan is Of greater importance because
of a iower ADI and a generally higher concentration found. Only in the case of the peak concentration of
endcsulfan for the site providing water for the water purification system for the West Coast in Piketberg,
did the percentage of the modeled ADI exceed 10%. All the average estimates except that for the same
site providing water for the water purification system, the percentage ADI did not exceed 1%. Civen the
use by the WHO of a range of 1 to 10% of ADI contributed by pesticides in drinking water, In
modeling of health risks due to pesticides, it may be reasonable to infer that the levels found in
drinking water in this study fall below levels that would be of immediate concern. In particular, the
levels for both endosuifan ana chiorpyrifos at the site for the stream feeaing the Theewaterskioof dam
IC7) that Is 3 major supplier of urban drinking water for Cape Town, were at concentrations that
approximated to less than 1% of an ADI
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Table 5.7: Modeling of daily intake of pesticides for study populations using selected sampling points for

drinking water (.g/:)
| ' | ROOT MEAN | DALY INTAKE
ARBA | pomt lmm DAILY INTAKE SQUARE BASED ON ROOT
TRATION (Lg/) | BASED ON PEAK  CONCENTRATION  MEAN SQUARE
J ' wg CONCENTRATION
wo/kg) | ADI (ug/kg) | %ADI
ENDOSULFAN ‘ |
Grabouw c6 | 0.26 | 0009 018 | 013 0008 = 007
(7 1.14 | 0038 | 063 | 053 0017 | 030
c8 1.77 | 0.059 098 0.74 0025 | 041
Pketberg | P 0.2a | 0015 | 024 0.15 | 0005 | 009
| P3 0.25 | 0009 | 014 0.31 | 0010 | 017
. Pa 0.36 0.012 020 | 0.14 | 0.005 009
P7 0.27 0.009 0.15 022 0007 | 012
- P8 26.31 | 0877 | 146 10.74 0.360 600
HexRiver | ) 0.62 | 0.021 0.34 0.27 0.009 0.15
0.89 | 003 | 049 0.25 0.008 0.14
CHLORPYRIFOS , ;
Crabouw G5 008 0002 | 002 | 0 0 0
G? | 0.31 0010 010 | 0.12 0.004 0.04
c8 | 052 0017 025 019 0.006 006
Piketberg | P1 0.23 0.008 0.80 008 0.003 0.03
Py 0.77 0.026 026 | 0.32 0.011 0.11
£ 0.31 | 000 | 010 | 0.12 0.004 002
p7 0.19 0.008 060 0.09 0003 | 003
L 0.21 0007 0.70 0.08 . 0003 | 003
HexRver | ) | 0 0007 | 070 01 . 0.004 004
M 027 | 0009 | 080 014 | 0.005 0.05
ENDOSULFAN: ADI < 0006 mg/kg bw (IPCS, 1995
CHLORPYRIFOS: ADI < 0.01 mg/kg bw (IPCS, 1939)
Note: Only results used where recoveries were > 70% and < 130 %.

However. there are some issues to consider that may alter the significance of these exposures. Rural
populations may experience considerable exposures through routes other than drinking water to that
experienced by non-rural residents (see for example, Tables 5.4 and 5.5). Moreover, the toxic effects of
endocrine Aisruption May occur at levels far lower than current risk assessment methodologles cater for.
Nonetheless, the margins of error inherent In the modekng would have to be quite substantial to elevate
the levels sufficiently to represent iImmediate dangers to human heaith. For example, althcugh the worst-
case (highest concentration) scenario is NOt a realistic mode!, It does Jlert one to the fact that the margin
of error would have to be very large to negate this adaitional risk.

Wnat do these levels mean In practice? As pointed out in Chapter 4, the levels found in this stuady
generally fall below various guidance standargs issued in other countries, except for the stringent criteria
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held by the EEC, and in relation 10 dietary intake, levels o NCt appear to warrant immediate threats o
human health. However, much of our present knowledge about dose-response effects in relation to
chronic impacts of pesticides 1S hmited by lack of agequate Gata, anc threshalds for concern are being
continually revisec cownwarg as more empincal evidence emerges

Chiorpynfos IS an organophoshate and has been associated with 3 number of health effects Incluging
neurological, respiratory and reproductive effects. The WHO classifies It 35 moderately toxic (class I) to
numans. Endosulfan is classified as class Il and has been shown In vitro to have oestrogenic effects
comparadle to estracicl (50t0 e 3l 19%4). Both Endosulfan and Chicrypifos are listeg as endocrine
@Isruptors isee Appendix DI ang both pesticides are very tOxiC TO AQUARIC life (IDWAF, 1298). Thus. a'lthough
the contamination by these pesticides of sources used for aninking water occurs at low levels, their
presence, and thewr potential for bicconcentration anad bicaccumulation should warrant further
attention. The implications for human health and survelllance strategies are discussed in more detail in the

next Chapter
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6.1 STUDY FINDINGS IN RELATION TO PROJECT OBJECTIVES

In terms of the aim of the study set out in Chapter One, most of the main objectives have been met. We
have identified sTtudy areas of concern (Mex River, Piketberg and Crabouw/Vyedoom), where the likelihood
of pesticides entering ground and surface water may be anticipated to be higher than for other regions
{objective 1), and have been able to measure the presence of pesticides at Iow CONCentrations in these
areas of concern (objective 2) Reliable and valid methods for the accurate determination of the main
pesticides in rural water in the Western Cape (endosulfan and chlorpyrifos) have Deen established at the
Peninsula Technicon laboratornies, and the practicabllity of detection of pesticices at low levels confirmed
(cbjective 3). By relating the detections to data on spray patterns, chimate, irrigation practices ang other
factors, we have been partly able to Interpret the results sO as to characternisé the extent to which
pesticides contaminate rural water supplies in the region (objective 4). However, the exact mechanisms,
routes and agricultural risk activities associated with entry of pesticides into rural water sources could not
be adequately addressed in this study. and Is the subject of a recommendation for future research.

Non-occupational routes of human expaosure (objective 51 and a profile of rural water sources for drinking
and ablution (objective 6) have been explored In this study through a series of user surveys. Although
initially intenced to be inked 1o a full dietary intake survey, assessment of the health impacts through
food and water intake (objective 7) was curtailed and substituted by modeling using normative water
intake figures. Thus the modeling of human health Impacts was somewhat simplifiec, although useful
comparisons to the Acceptable Dally Intake (IPCS. 19950) enabled us to partially meet this objective.

6.2 REVIEW OF RESULTS

AS IS tO be expected, the results show a3 wide degree of variability in the presence of detections and in
concentrations of detections found between sites, and between regions, although relative consistency in
the pesticiges found imainly chiorpyrifos and endosulfan). For example, in the Hex River sample site C
flowest point on the Hex Riven yielded only one detection of endosulfan above the quantification limit in
the course of the stucy, while point Bdr (sub-surface drain) consistently (17 out of 22 samples) yielded
levels of endosulfan above the quantification limit (Table 4.7.1). Similarty, cetections of total endosuifan
were recorgec above the PENTECH gquantification limit in only 26% of samples taken In Piketberg but in
57% of samples in Crabouw/Vyeboom (Table 4.15)

To what extent is such variability attributable to laboratory error? Careful attention to standardised field
and laboratory protocols for sampling, extraction and analysis, as conducted in this study should have
successfully minimised the contribution to variability In results from intra-laboratory error. Furthermore,
apphication of Quality Assurance (QA) procedures in this StuCy SOUght Lo bolster the confidence we could
place in the resuits.

when measuring pesticides at very low concentrations (parts per billion), as was done in this study,
variabliity between laboratories in analytical measurements may seem relatively large without implying
lack of valigity. The inherent instability of the samples, the timing of sampling, and the presence of time
celays may differentially affect the “decay” of organic compounds. Additionally, agsorption may occur of
pesticides onto gifferent species in the water, and different methoos of sample preparation may detect
gifferent fractions of the species present. While OA analyses attempt to control for these factors as far as
possible, it is not possible to standardise such conaitions entirely, and it is not unusual for such differences
to be encountered in usual analytical practice.

M&mm.n m‘-‘
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In this Wgnt, QA results In this stucy provide sufficient reassurance that the PENTECH laboratory results are
a valid reflection Of the true situation, particularty when Jveraged over 3 population of samples. In the
Quality Assurance programmes with the SF and ARC laboratonies, the PENTECH results showed good
agreement in the early stages of the project for discriminating qualitatively for the presence or absence
of selected pesticides, as well as agreeing on the patterns of high versus low concentration. Table A.7.5 in
the Appendix, in particular, illustrates most clearly consistent patterns for detections at low levels with
reasonable agreement Detween all three particpating laboratones.

There were cifficuities encountered with Quality Assurance COmpansons in the secona half of the projecs,
largely related to aisruption of the CC column at the SF laboratery Dy a sediment sample. However, the
consistency of the PENTECH findings across the two spraying $easons, and strict aagherence to quality
control procedures support our belief that the PENTECH results offer 3 9ooad overview of the extent of the
problem. PENTECH results for samples taken from dams in the Crabouw/Vyeboom area were also
consistent in the detection, and concentrations of enaosulfan ang chiorpyrifos in the study by Davies
conducted on Gams in the same region (1987

Moreover, there IS 3 specificity to the results which supports the inference that measurable levels of
encosulfan anc chiorpyrifos were consistentty foung across study sites. Uniike the case with endosulfan
ang chiorpyrifgs. there were no cetections of BHC (gamma, beta ana delta isomers), 4 4-DDT and 4 4-00E,
or gichlorvos by the PENTECH laboratory In the pllot phase of the project in any of the samples taken in
the Hex River Valley. Moregver, the SF laboratory did sporadically detect other pestic.ges in high use in the
Mex River and Crabouw/Vyeboom areas (procione, azinphos-methylh. The former group of pesticiges
would not be expected to be identified in the survey areas. while the latter might be anticipated to be
present in Iow concentrations. This pattern thus further strengthens the postulated valigity of the overall

fingings

The strategy of using the SF laboratory to screen for pesticices had both positive ang negative effects. It
rapidly enabled the project team to focus on the main pesticides of concern through ceveloping sensitive
analytical methods with substantially lower levels of detection than previously encountered in flelg
studies Weaver, 1993, as well as providing opportunity for ongoing quality assurance comparisons
However the project team may well have ungerestimated the scope of the problem by reliance on the SF
laboratory for pesticides other than chiorpyrifos and endosuifan, since the quantification limits for the SF
laboratory were not subject to the same criteria as that for the PENTECH laboratories. Low concentration
of commoniy used pesticiaes in Grabouw (such as iprodione, azindhos-methyl and smazine) may well have
€SCaAPEC cetection as a result of this strategy. HOwWever, even were this 1o be the case, It IS important to
remember these are very low concentrations, and conclusions Similar to those made for endosulfan and
chiorpyrifos regarding health impacts would most likely have been made. At the very least. the screening
by the SF laboratory excluced high levels of contamination that wou!d have poses immediate threats to

human heaith,

6.3 DISCUSSION OF CRITICAL FINDINGS

What are the most important fingings to emerge from this sTudy ang Now do we place these findings In a
policy perspective for South African environmental managers?

The percentage of detects in this study was relatively high, and consistently sO across different sampling
sites within Study areas, and across study areas. Patterns emerged that emphasiseg surface run-off and
sub-surface movement through the soil following irfigation as an important route for entry of pesticides
INto shallow water sources. This was particularly marked in the Hex River, where one sud-surface drain (Ban
yielgeC consistently high levels of both chiorpynfos and endosulfan. Trigger rainfall appeared to be less
mportant as 3 precipitant for movement of these two pesticides. Contamination of surface water In
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cams also emerged as an issue, particutarly in the Grabouw/Nyeboom area, often consistent with periods
of local application, suggesting direct entry of pesticides from spray activity into dam waters. These
fingings are consistent with previous research in the same area which demonstratéd widespreac preésence
of both endosulfan and chiorpyrifos but at much higher concentrations found in our study (Davies, 1987).

Table 6.1: International literature on endosulfan and chiorpyrifes in ground and surface water —

comparisons to South African data.
AVERAGE RANCE 0
TYPE OF STUDY oF WATER
AUTHOR (YEAR) LEVEL peTECTION | TYPE
g/ .o/
(%)
Endosulfan Studies
Lizerature Review of
Vigh & Funari, 1995 Crounawater Crouna-
monitoring - . o NOGID | yater
international_ 157 - 1953
Oscam ¢ ar, 1935 Overview of Dutch |
Water Dolution NO Cata NO Cata NO data | Surtace
Calforna
Californian monatoring
Environmental 20Ut of 267 Croung-
resuits July 1995 - June 0as* 004s
::t‘m Agency. 1996 wells water
Texas Pesticioe
Texas monitoring resuits s overa 0
rggmauonmm. 1984 - 1997 NO oata NO cata veer period Surface
Dawes. 1997 SEuhEgh/Gmow. | as 0- 626 OUtOf T | orrace
SA dams
Surface ang
Borenole, am, orain, r S1% of 383
Current study, 199899 Fiver water in W Cape SA oa I 0-2631 samotes grouna-
Chiorpyrifos studies
1 Al 22
River Basin sampling in | samping
Espwgares et o 1997 Spansh agricuttural 0072 00133 points nag at | Surface
area, 198990 east one
detection
Nile River Basin
Abassey er al, 1999 sampling, Egypt, 1995 0 0 0 surface
1097
Monitoring over 5 80 - 100%
Domagaiski 1997 w"”‘n""‘ - M$ 017 0006022 | acrossthree | Surface
y R $IMping areas
Caufornia, 1992
Raven 1989 ;“‘ g river aftes ' surface
Cilliom er J_ 1999 Routine monitorng = N3 25% of amples > 001,97 | surface ang
US Geological Survey in | urban 3% of samples > 005 .gt | shallow
20 geographical 10% of ampies > 001LgN | Srounc.
regicns AP 2% of samples > 005 gt | Water
Davies, 1997 Y 133 0-138.gk | TTOULOFR | o race
gams
Surface ang
Borencie, dam, orain, N §5% of 200 :
Current stuay, 199899 | L Cae. SA 042 0-&0.36 ampes :";,”

* Based on two positive finding of 0.45 ug/t
# Cired as “high levels™ in Henrigues et al, 1997.

The frequency of detections of chiorpyrifos in surface and groundwater in this stugy (both around 429%)
appears higher than results from routineg monitoring in Texas (Texas Pesticice Information Network, 1999)
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or California (California Environmental Protection Agency, 19361 but simily- to results from field studies of
rivers in agricultural areas (Espigares et al, 19597: Domagalski, 1957). One expianation might be that because
routine monitoring is far more sporadic than monitoring conguctec under research conditions the

likelihooa of detections Is lower (Comagalski, 1997)

n the publishea studies where endosulfan and chiorpyrifos were detected, the range of concentrations
reportecd was similar to this stugy, with the maximum averages of the order of magnituge of 0.3 to 0.4
49/, Unlike the Spanish and Californian studies, Abbassey, ef 3/ (1939 Qid not detect chlorpyrifos In water
of the Nile basin. It is not clear whether the use of chiorpyrifos is sufficently hign in Egypt to result in

significant contamination.

Although relatively few of the published studies give detaled data on maxmum levels (California
Environmental Protection Agency, 1996, Domagalski 1957), the cata from this study (and inceed in the
other local study by Davies (1897) suggest that maximum levels found locally are substantially higher than
studies internationally. Maximum concentrations found in this stuay for chiorpyrifos (40 4 .g/f in the Bar
samphing point in the Hex River: and for encosulfan (26 3 g/l in the P8t sampling point in Piketbery are,
respectively about to 80 to 20 orders of magnitude higher than those maxma reportea California
(California Environmental Protection Agency, 1996; Domagalsk: 1997).

t shouid be borne in mind that this study purposively sought out sites where probabilities of pesticioes
réaching water were high anc is therefore not representative of the cverall situation with regard to
pesticide poliution Dy Jgricuiturdl pesticides. in contrast, most of INternational studies cited above were
tyoically conducted on Integrated samples representative of the target population. The Gata in Tadle 6.1
shoulc therefore be interpreted with the proviso that we are examining what may De worst Case scenarios
- Stugy areas with all factors congucive to pesticices reaching water - favourable climate, scil and
nyarology, coupled with high usage. On the other hand. the limitations of reliance on grab sampling in this
stucy may have resuited in missing peak concentrations and influenced results in the null girection
Comparisons of maxmum levels may therefore be of particular importance in contrasting our results to

that of cther studies

How do we make sense of these cata in terms of what would De acceptable contamination? Two
Approaches Lo setting stancaras for arinking water were outlined in aetail in Chapter Two

Thée health-based approach a00pled Dy 3gencies such as the Worlg Health Srganisation (WHO), and the US
Environmental Protection Agency (EPA) and followed by many countries such as Australia, uses a
proportion of dietary intake attnbutable to water intake in relation to the ADI to estimate acceptadle
levels of a3 contaminant in drinking water. The derivation of the ADI or 3 Reference Dose (US EPA) is
dependent on vanous risk assessment assumptions and inclusion of safety factors. In contrast. the policy-
based approach acopted by the European Unions sets permissidle levels of pesticiges at the lowest limit
of analytical Capability, as 3 tool to dnve down all exposures to pesticides Such an approach is alse
precicated on the primary applicaticn of the precautionary principle and the recognition of scientific
uncertainty in risk assessment.

Placing this study's results In relation to these standards, althcugh the detections were at relatively low
concentrations, when compared o EU stancards, between 22 anC 57% of samples analysed yielded
detects. This suggests that if judged against a policy-Dasec standarg such as the EU's. water pollution by
pesticides is 3 matter of concern. Indeed, compared to some of the literature from Europe on frequencies
of detection (see Chapter 2 for more detail) it would appear that pollution by pesticices in the selected
areas in this stugy occurs more freguently than in those countries where water guality is regularty

manitored

Chagter 6: General Discussion Page 54




THE QuaLiTy oF SURFACE AND GROUNDWATER IN THE RURAL WESTERN CAPE WITH REGARD TO PESTICIDES

In CcONtrast to the policy-based EU standards, few of the cetections approached concentrations of the
proer of those associated with health-dDased stancaras (such as the EPA or WHO approaches) Furthermore,
modeling of the concentrations as a3 percentage of ADI dic not identify any immediate concerns for
numan heaith Of all the sampling points in the 3 study area, only one of the 30 points yielded a
contripution of more than 1% of an ADI when modeled on the root mean square endosulfan
concentration in 3 dally intake of 2 : 0f water by 3 60kg aduit (Table 5.6). Thus, given the existing scientific
pase for regulatory standargs immediate threats to human health from pesticides in water ¢o not appear

to emerge from the data

However, some caveats should be made In consicering the implications for human heaith in light of
criticisms of current risk assessment procedures that form the basis of human health standargs isee for
example the discussion on page 33 In section 5.3.3). Firstly, the current scientific models that Inform risk
assessment do not adequately adaress toxicity of combinations of chemicals, as is often found In water
monitoring results In both developed and developing countries, and as was theé case in this study
Moreover, relatively few pesticides have been adequately researched with a view to establishing standarads
for drinking water. Indeed, neither the EPA nor the WHO offer regulatery standards for either endosulfan
or chlorpyrifos (EPA does provide a guideline for the formen, and the Australian standard for chlorpyrifos
is simply a simplified percentage of an ADI. refiecting the lack of precsse science in the standard setting
process

Secondly, drinking water may be only one of many routes of exposure for rural communities. Although
risk assessment models do make some effort to take Into account other routes of potential exposure to
pesticides, unique additional exposures may exist for rural communities in developing countries, Inciuging
South Africa Data in this study has shown that farm residents may be potentially subject to spray drift by
virtue of resicential arrangements on farms, commonly make use of pesticiges at home for gardening and
domestic pest control and may pick up small agaitional exposures through swimming in contaminatec
dams. Moreover, given an environment of poor nutrition. and many other factors increasing the
vuineraoility of agults and children on farms, risk from low concentrations of pesticices in drinking water
that may be cf marginal importance for healthy urban populations, may be of critical importance for
farmung populations. This is particularly so where they have ample opportunities for other routes of
exposure to mixtures of pesticiges. It s therefore not surprising that the EPA has recently introduced
changes to Its screening models for risk assessment that am to produce more accurate estimates of
pesticiges in drinking water by examining more carefully the assumptions implhied in back calculating
Dnnking Water Levels of Comparison, (DWLOCO used to derive a Maximum Contaminant Level IMCL (EPA,

1999).

Thiraly, it is of concern that 3 small number of Sites In this study where water is girectly used for drinking,
vielded detections of both chiorpyrifos and endosuifan. Although these concentrations were generally
very low levels, endosulfan Is well-recognised as an endocrine disruptor, and It is known that endocrine
disrupting effects occur at concentrations much, much lower than other kinds of toxic effects (Colborn ef
al, 1986). Current risk assessment procedures do not take endocrine disrupting Impacts into account In
standard setting and the EPA is only now beginning to explore methodologies to incorporate the science

related to endocrine disruption in its risk assessment DFOCEOI.IT'QS‘. The fact that endosuifan was so widely

aistributed In this study, despite a haif-life said to be relatively short for organochlorine compouncs, IS
unusUAl and may be partly explained by the strategy of seeking “high probability” sampling sites with

' The EPA Endocnne Screenng and Testing Advisory Commmmee (EDSTAC) plans 10 establish a screening programme for over
150000 chemcals to heip mfom EPA's reguatory actons. EPA Adminstrator Carol Browner 1s quoted n Cctober 1338 as sayng
“Science has only recerdy come 1o understand the potential theeals posed 15 pubic heah from endocnne disauptors. The natonal
SCreenng programme recommendec by the commitiee § a crical first sted n our %ONS 10 ICemdy and heath thveals drom these
substances and ensure that human heatth and the environment are protectec.” Ched in EDSTAC repont on the World Wide Web:

ffio/'www e2a gov oponntrioppsencs, T Ccteder. 1998,
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sancy soils and littie Organic matter. Moreover, at least two of the sites (G7 1n Crabouw Vyeboam, ana P8 in
Piketberg! Included sites supplying potentially large human populations

Thus although the concentrations found Ao nOt exceed current NEJith based standaras Nor the ADI-based
models. the results of the study do provide pointers for taking action on Two iIMmportant policy questions

that underiay this stuay
al Should there be monitoring for pesticides in water in South Africa?

Given the extent of scientific uncertainty and trends in the current policy environment in South
Africa. there appear to be sufficient grounds to warrant some form of survelllance of
water for pesticides on a routine basis Future international stangarag setung 1s hkely to snift
thresholds for engocrine gisrupting chemicals downwards, and the lack of cata in South Afnca
make rational policy decisions on pesticides gifficult. Moreover, other policy commitments to
nternational conventions will Impose Similar responsibilities. For example, the United Natons
Environment Programme, (UNEP) Convention on Persistent Organic Poliutants (POPs) will gemang
the South African government undertake 3 range of related survelllance activities (ang in all
probability a phase-out program) for selected high-risk (PFOP) pesticices

Existing data from this study suggest that even in a relatively affluent province such as the
western Cape, with 3 well-developed Infrastructure, the levels of risk for rural residents. while
low, are not inconsequential. ‘'With the growth of the informal agnculitural sector ang of small-
scale farming, these nsks are likely 00 be multiplied. If the precautionary pnnciple s to be
consistently actec upon by government departments, enough evidence exists from this study to
warrant closer attention to pesticides in water in the form of routine or systematic menitoring
even in the absence of proven excursions above current heaith-basec stancarads, such as they

presently exist

b) Should regulatory standards be developed for pesticides in South African waters, and if
so, what kinds of standards?

At present, we are facec with the Choice of health-Dased standargs Dased on current rnisk
assessment methods (e.g. EPA, WHO, etCl, Or policy-based standaras used to drive down usage of
pesticices ana meet the precautionary principle (EU standaras). Clearly lower thresnolds may carry
higher costs for prevention or remediation, and South Africa may fing 1t difficult to compete with
well-resource ceveloped countries in its environmental management practices. However, it would
appear reasonable from the data that application of international heaitn-based standaras of the
EPA and the WHO woulc not present an overly burdensome set of thresholas for practical use in

South Africa At the very least, such stancards will provige 3 measure of heaith protection not
presently available to ordinary South Africans, and which the Constitution seeks to acmevez_

The question 3s T0 whether the much more stringent polcy-based standards such as the EU's
snould be considered could pernaps best De left to consultative multistakeholder processes such
as the National Chemicals Profile to be convened Dy the DEAT in 2000 Creater input from all
parties might help to clanfy the relative benefits ang burcens of implementing such an approach
to standarag setting.

Secvon 24 m Chagter 2 (the Bl of Rigs) cf ™ South Afncan Constitubon indcates that “everycne has Me nght 10 an enveonment
hat 15 St harmhd 1o thew heaih cr wel-Deng: and 1o Nave the environment Drotecied .. MUough reascnadie iegisiative and cther
measures Mat prevent polison and ecciogical cestrucien | °
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6.4 OTHER ISSUES TO EMERCE FROM THE STUDY

A striking feature of the farm user surveys was the relatively high levels of awareness demonstrated by
farm workers and employers of the heaith hazards associated with pesticides. Moreover, particular high-
risk behaviours such as the re-use of pesticide containers were reported as virtually absent. although a
number of environmental (drift from spray activity in the fleld and orchard) ang behavioural (domestic
use of pesticides) factors that may contribute to exposure remained present. While this high leve! of
reportec awareness may to some extent reflect 3 reporting bias. we are not aware that the size of such
bias would be so large as to invalidate the finaings. It is thus encouraging that many rural resicents were
able to icentify iImportant dangers of pesticiges. This may be the result of training programmes run by
agricultural employers over past Months and such programmes, mangatory in terms of occupational

heaith loqulatnona, should be encouraged. Such high levels of awareness may make easier reduction in risk
activities (e.g. poor hygiene In pesticide applications) and compliance with standaras for pesticides in
water, should the DWAF introduce such legisiation.

One key element essential to survelllance Is the availability of Gata on usage patterns In this study, such
data were not easlly avallable, despite numerous legisiative requirements for the reguldr ang accurate

maintenance of records in relation to chemical huaras‘. To some extent, this reflects the culture in
agriculture of non-regulation, or a tradition of operating outside of the formal regulatory framework
(London, 1998; London and Rother, 1998). While this is likely to change gradually, it should be recognised
that any effective survelllance system needs to make use of muitiple sources of data Sound
environmental management of pesticides would require an effective system for monitonng the sale and
application of pesticides. Use registries or release registries are routinely required in other countries and
such Cata would be essential to Interpreting monitoring cata from water sources In Scuth Africa

In order to uncertake surveillance, attention needs to be given to establishing the capacity to ungertake
such analyses. Research in this study took a capacity development approach to ensuring a2 historically
disadvantaged research institution could successfully develop accurate ang valid methods for analyses. wWe
believe that the project was successful in meeting one of its key sub-Objectives to move towards
establishing auantification limits lower than previous studies and more consistent with the levels of
sensitivity demanded by current developments in risk assessment. MOre so, this was done wnilst achieving
acequate quality control anc quality assurance in measurements. Despite this, it s clear that further
improvements in sensitivity would greatly assist risk assessment research. The use of an Jutosampler in the
Cas Chromatograph (now Installed at PENTECH but not available during the course of the project) would
facllitate the use of replicate samples, with the attencant imprevement of the precision of the analyses.
The EPA and the US Ceological Services [admittedly using different methods to that usec in our study)
report quantification limits of the order of 10 to 100 times lower (using CC-MS) than that achieved in our
study (Gilhom €L 3/, 1999; Environmental Protection Agency, 1929,

Achieving this level of sensitivity, which is required for protection of aquatic biota, presents significant
challenges. Tracitional approaches to measuring pesticides in water should be supplemented by
Jternative, less Costly methods. Bioassays are clearly the most important opportunity but other methods
fsuch as iImmuno-assays) sShould be explored. Although the research team was adble to set up collaboration

?  The Hazardous Chemical Substance Regulatons (Depatment of Labour, 1935) mandate empioyers 1o prowde exiansive iranng
on hazardous chemecals 1 workers potentially exposed 12 such hazards.

¢ For example, the Hazardous Substances Azt (Depanment of Health, 1973) requires anycne sellng a Class | pestoide 10 mantain a
regisier of the puschaser, type and quartity of chemcal sold Simdady, the Mazardous Chemucal Substance Regulabons
{Depatment cf Labour, 1995) similarly recure empioyers 15 maintain records of emaronmental meas.ements ‘or pesticides for 20
years. In total, 14 ditferent preces of legsiation, involving 7 different govemment cepaniments pertan 10 pestiode use in South
Afnca (Rother and London, 1996),
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with the team of Prof. Van Wyk at Stellenbosch, It was unfortunately unable, for Iogistic reasons, o extena
this T0 3 number of other opportunities for collaboration with other key researchers In the fielg of

DI0assay development

Further extension of these skills are needed, both in the specific Institutions, anc more generally in the
environmental heaith community. Further, capacity at local government level to manage monitonng
programmes should alse be gevelopea since many technical perscnnel Chargec with keéy inspection ang
enforcement functions with regard to water quality do not have adeguate training or sensitivity to the
issues. Practical guidelnes to facilitate monitoring In thus regard would be very useful

One of the major hmitations of surveillance METNOCS S the reliance on gradb sampling. Methoas that
nregrate exposures over time ang /or getect Peak concentrations in 3 given time interval woulg greatly
assist the interpretation of cata from surveilllance. Duning the course of the study. exploratery testing of
solid phase extraction micro-fibres was undertaken in vitro, to achieve 3 measure of water contamination
petter integrated gver time was conducted. However preliminary findings with these Solla-Phase Micro-
Extractors (SPME fibres were not encouraging because of substantial inconsistencies in recoveries
achievecd in the laboratory using diluted standards for an endosulfan/chiorpyrifos mix. However, the
testing conducted was not properly set up as an experiment and was interpreted qualitatively. There Is
thus 3 need for exploring alternative methooologies that can successfully characternise continuous and
fluctuating exposures in water sources more effectively.

Measures to control the loss of pesticides t0 grounc water neec o be consicerec Although this study
was unable to igentify in sufficient detail the precise farm practices responsible for egress of pesticides to
water, genernc measures may well be appropriate. These include training of farmers ana farm workers in
pesticide safety, and particularly on environmental hazards. Such training shoula be able to engage with
farm residents in ways that enables farmers and farm workers to take ownership of the environmental
consequences of farming practices. Particularty for farm workers, in 3 resource constrained and socially
controlled environment, this demands particularly sensitive methoas, geared towarads empowerment and
self-efficacy. Other interventions of a technical nature would inciude containment Liners 1O MaNg points
used In orchargs, fields ana vineyards to prevent spillage at mixing sites, which should be routine farm
practice.

However, data In this study suggested that irrigation was 3 major factor griving the entry of pesticices 10
water bodies in the areas surveyed. This suggests that, to some extent, pelivtion of water sources s
occurring under ‘normal* farming practices and not as a result of accidental or unintentional point source
releases (@ g. mixing sites). The main remedial measure under such circumstances would be to encourage
pesticide reguction as an overall restraint on the amount of active ingrecient reaching environmental
media Integrated Pest Management should De widely encouragec o meet this objective. Further
detalled research into the precise farming activities 3ss0Ciated with these low-level exposures would also
be gesirable. A last Issue to emerge from the data Is the need for sounc edigemoicgical studies that can
begin 10 quantify the actual risk associateg with the levels of endosulfan and chiorpyrifes founa in this
study. Epidemiological studies are frequently flawed by the lack of acocurate data on exposures of rural
populations, with the result that possible Iinferences may be invalidated by misclassification. Qur study has
generated consistent findings of low levels of pesticides In rural water sources. and can provige much-
needed Cata that can help to answer aetiological questions about the health Impacts of these low levels of
pesticides in drinking water. The ability to bolster such important research Is 3 valuable spin-off of the
study. HOwever at the same time as conaucting such research. implementation of the precautionary
principle should inform generc moves towards recucing potential hazaras, no matter what the degree of
scientific uncertainty. Based on the discussion above, the final chapter summarises our conclusion and
presents a number of recommendations for action by vanous authorities and stakenpigers.

Chapter 6. General Discussion Page 6-8




CHAPTER 7:

RECOMMENDATIONS




THE QUALITY OF SURFACE AND GROUNDWATER IN THE RURAL WESTERN CAPE WITH REGARD TO PESTICIDES

In developed countries, concerns for the health effects of water poliution by pesticides are sufficiently
well-recognised for the monitoring of water sources for organic and inorganic contaminants to be
prioritised (Oskam ef al, 1993). However, for most developing countries, the capacity and Infrastructure for
addressing the control of chemical poliution of water sources is extremely limited. This study suggests that
although pesticide poliution of water has not previously received adequate attention in South Africa,
evidence for wigespread, consistent, albeit generally low-level contamination by pesticides IS present in
rural water sources in selected regions of the Western Cape. It should be remembered that the regions
sampled were chosen purpesively as potential ‘worst-case scenanos with the highest likelihcod of
pesticides reaching water, and are therefore not representative of all agnculture. However, as illustrative
extreme cases, they demonstrate that pesticides can and do reach water sources in rural farming areas of
South Africa in low concentrations. Moreover, the reliance on grab sampling in this stucy may act to
underestimate the extent of the problem

We have no reason to Delieve that the situation in otheér farming areas of the country would be
substantially different to that obtained in this study, and therefore surmise that similar studies of
purposively chosen sites in other Provinces meght yield similar patterns of detections

The widespread extent of the low levels of cetection therefore warrant greater attention te establishing
reliable mechanisms for surveillance of water sources for pesticide poliution in the future.

Furthermore, although few of the detections of endosulfan and chiorpyrifos approached concentrations
of the order of those associated with health-based stanaaras of the WHO and EPA, and therefore, did not
appear to pose immediate threats to human health based on current scientific approaches to
international risk assessment, South African waters cannot be assumed to be adequately protected in the
absence of drinking water standaras that Include pesticices ang their metadolites. Risk assessment
methoos. 3s discussed In Chapters 2 and 7, which take account of the muitiplicity of exposure routes, of
aggravating socio-environmental factors, and mixtures'metabolites should be Incorporated In 3 specific
process of standard setting for pesticiges In water, taking account of different water uses.

Thirdly, although rural populations may experience diverse potential routes of exposure to pesticides
other than water, awareness of the hazaras of pesticides is refatively high and recognised risky practices
such as reuse of pesticide containers) are very rarely reported. Regulatory standaras should therefore be
able to capitalse on this relatively highly developed awareness to ensure acequate compliance and
protection of human health. The positive impacts of rural health and safety training initiatives by
employers anc employees may be reflected in this high level of awareness ang shouid be encouraged
further

Recommendations

The Project Team therefore makes the following recommendations:
g E THE NEED FOR MONITORING OF WATER FOR PESTICIDES

1.1  The DWAF should actively pursue cevelopment of survelllance ang monitoring methodologies to
protect water supplies from poliution by pesticiges. Data in this study justify the conclusion that
surveillance is warranted.

1.2 Local government Capacity, particularly in rural areas, to implement monitoring of water
sources for pesticide poisoning should be audited and strengthened.
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1.3 Inacdition, rural communities should be providea with simple, cost effective tools to undertake
monitoring of their own water supplies.

1.4 Practical guidelines for water monitoring for pesticides should be developed for all for
personnel icommunity or governmental) charged with Inspection and enforcement functions

1.8 DWAF should also seek ways to ensure that data in support of surveillance activities on farms is
effectively captured. In particular, every effort should D€ made 1o ensure that toxic release
inventoriés and use inventones for pesticides should beé availadle ang used for surveillance
purposes. DWAF should liaise with other government departments to co-orainate and maxmise
the impact of such measures

1.6 This study has focused on the extreme enc of a spectrum, concentrating on areas where
pesticide pollution was anticipated to be most likely. By Introducing routine surveiliance on a
broadger Dasis, OWAF should seek to ensure that it Maps 3 representative sample of all
agricultural areas, so as to characterise the overall state of water poliution due o pesticides,
both extreme anc average. These Jata should serve as the Dasis For monitoring temporal trenas

in the country

2. STANDARDS

2.1 Established International heaith-Dased standards, such as those developed by the WHO and the
EPA, aithough not without criticism, should be agopted by the DWAF as 3 means to offer a level
of protection consistent with the provisions of the South African Constitution,

2.2 Pursuit of more ngorows policy-based standards, such as those set down by the Eurgpean union,
should be considered within the framework of an appropriate national muitistakeholder process
such as the National Chemicals Profile initiative to be undertaken by the DEAT in 2000.

2.3 Risk assessment In relation to pesticices should inform the setting of water stangardas, not only
for drinking water but for other uses, anc should be ungertaken in reccgnition of the context
of rural farm workers acaitional expeosures, and concomitant vulnerability factors. Methods
used shoulac be adble to take account of cumulative risks from many Sources ang guver tme

3. IMPROVEMENTS IN ANALYTICAL METHODS

3.1 Methodologies that offer the possibllity of progucing assessments of exposure that integrate
fluctuating concentrations over time should be explored. in particular, the utility of Solig-Phase
Micro-Extractors (SPME) fibres should be adeguately assessed in vitro and unager fielg use for
possible adoption as part of 3 monitoring programme.

8.2 Further research involving methods which have iower levels of detection should be expiored,
particularly with the view of informing risk assessment and stancard setting for ecotoxicological
purposes

3.3 Traditional GC and GC-MS pesticide analytical methods should be supplemented with alternative
methods such as bioassays and ImMmMUuNOassays. subject to adequate field tesung, validation and
cost-effectiveness evaluation

4. CONTROL OF EXPOSURES

4.1 Policy measures that seek to avoid potential contamnation of environmental media and reduce
leaching should be encouraged Integrated Pest Management, Containment liners at mixing
sites, training, and general movement toward pesticige reguction

4.2 OWAF should enlist the support of key partners to encourage research girected at identifying
the precise farming activities that are amenable to intervention to reduce potential egress of
pesticiges tTo water sources
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5.2

Behavioural determinants of pesticide pollution should bé adaressec Dy encouraging heaith,
safety and environment training to employers and employees In farming communities. Any
training provided on health and safety should include the Nazarcs to the environment amongst
the full spectrum of safety information and be geared to empowerment of rural residents
Particular attention should be given to empowering rural résidents to protect themselves anc
their communities from adverse consequences of unintenged poliution

HEALTH OUTCOME STUDIES

Studies should be done to capitakise on the careful exposure data obtained In this study. Such
studies can address many of the difficulties in typical epidemiological research by improving on
the quality of exposure assessment. This research can put South Africa at the cutting eage of
public heaith / environmental health researcn, and can help to provide infermed risk assessment
for standard setting.

studies that specifically examine the importance of spray crift in human health impacts appear
warranted given the frequency with which human habitation abuts onto areas of pesticide
spray. Agencies other than the Water Research Commission such as the Medical Research
Counall and the Agricultural Research Council) shoulC be encouraged to pursue this avenue.

The benefits of high levels of awareness should be related to Improvec health status amongst
rural farm residents. Research to evaluate the impact of safety training on the heaith of farm
workers and employers will assist lobbying for greater resources for the control of pesticide

poliuticn in rural farming areas.




CHAPTER 8:

REFERENCES




THE QUALITY OF SURFACE AND GROUNDWATER IN THE RURAL WESTERN CAPE WITH REGARD TO PESTICIDES

ABBASSY MS, IBRAHIM HZ, ABU EL-AMAYEM MM. (1999). Occurrences of pesticides and polychlorinated
biphenyls in water of the nile river at the estuaries of Rosetta and Damiatta branches, North of Delta,

Egypt. J Environ. Sci. Health, B34(2), 255 - 267.

ACOEM. (1993). Pesticides and Children, Statement by the Directors of the Amencan College of Occupational and
Environmental Medicine. July 24" 1953.

AKHABUHAYA J. (1991). Pesticide legisiation and registration. African Newsletter on Occupational Safety and
Health. 2 :42-44,

AFRICAN NATIONAL CONGRESS. (1994). The Reconstruction and Development Programme. A Policy
Framework. Umanyano Publications, Johannesburg.

ANONYMOUS. (1988). Introduction to Health Advisories for 16 pesticides. Rewvews of environmental
confamination and toxicology, 104:1-8.

ANONYMOUS. (1996). New WHO Guidelines for pesticides in water. Pesticide News 33:30.

ASMAL K. (1998). Environmental Justice and the South African Legal Process: An Overview. Opening Address. In
Conference Proceedings: Environmental Justice and the Legal Process. April 1998. pp 6-11.
Environmental Law Unit, University of Cape Town, and Environmental Law Centre. Macquarie University,

Sydney.

BAILIE R, LONDON L. (1998). Enhanced surveillance for pesticide poisoning in the Western Cape - An Elusive
Target. S Afr Med J88 : 1105-1109.

BARLAS NE, (1999). Determination of organochlorine pesticide residues in aquatic systems and organisms in
upper Sakarya Basin, Turkiye. Bull. Environ. Contam. Toxicol, 62:278 - 285.

BARLIN-BRINCK M. (1991), Pesticides in South Alfrica - An Assessment of their Use and Environmental Impact.
The Wildlife Society of South Africa, Durban.

BARNES J. (1995). Occupational health aspects of the deciduous fruit farm workers in certain areas of the
Western Cape. Masters thesis, Department of Community Health, Stellenbosch University

BEACH ED, FERNANDEZ-CORNEJO J, HUANG W-Y, URI ND. (1935). The potential nsks of groundwater and
surface water contamination by agricultural chemicals used in vegetable production. J. Environ. Sci.
Health, A30(6), 1295 -1325.

BEDDING ND, MCINTYRE AE, LESTER JN. (1983). Organic contaminants in the aquatic environment. lil. Public
health aspects, quality standards and legislation. The Science of the Total Environment, 27.163-200.

BMA. (1992). Pesticides, chemicals and health. British Medical Association. Edwin Amold. Kent. 1992.

BNA. (1998). EPA seeks to improve assessments of ecological nsk under FIFRA. Bureau of National Attairs: BNA
Chemical Regulation Daily. April 24* 1998.

BUREAU OF RESOURCE SCIENCES. (1998). Management of Agncultural and Veterinary Chemicals: A National
Strategy. Agriculture and Resource Management Council of Australia and New Zealand. Kingston,
Australa.

Cuapter 8 References Page 81




THE QUALTY OF SURFACE AND GROUNDWATER IN THE RURAL WESTERN CAPE WITH REGARD 10 PESTICIDES

BOUGUERRA ML. (1934). Chemical analysis: pollution and pestcide residue in North Alnica.  Trends in analytcal
chemustry, vol 13 (3)91-94

BOUWMAN H, COPPAN RM, REINECKE AJ, BECKER PJ. (1380). Levels of DOT anc metabolites in breast mik
from KwaZulu methers after DDT application for malana control. Sull WHO 68, 761-768.

BRADSHAW D. (18397). The broad picture: Health Status and Determmnants. In: South Afncan Health Review 1957
Chapter One. Health Systems Trust, Durban

BRUHN T, LUDEWIG S. GULDEN M, SEIBERT H. (1938). Classification of chemcals as endocrinely active
compounds. Report UBA-FB 216 02 001/08. (Original in German). Institut fur Toxicologie, Chnstian
Albrechts Universitat ze Kiel, Germany.

CALIFORNIA ENVIRONMENTAL PROTECTION AGENCY. (1996). Sampling for pestcide residues in California
well water. 1995 Update of the well inventory database (EH6-06). California Environmental Protection

Agency. Sacramento, California,

CANTOR KP, LYNCH CF, HILDESHEIM ME, DOSEMECI M, LUBIN J, ALAVANJA M AND CRAUN G. (1998
Drinking water source and chionnation byproducts. |. Risk of bladder cancer. Spigemiology 1998, 9: 21 -
28

CASEY NH, MEYER JA. (1996). Interim water quality guidelines for kvestock watenng. Water Research
Commission: TT 76/96, Pretoria.

CHO S, LI Q, YANG J, CHEN C, PADUNGTOD C, RYAN L, CHRISTIANI DC, XU X (1989). Drinking water
sources and spontanecus abortion: A cross-sectional study in a rural Chinese population. /ntemational
Joumal of Occupational and Environmental Health,5:164-169.

CLARK JR. DE VAULT D. BOWDEN RJ, WEISHAAR JA. 1584. Contaminant analys's of fillets from great lakes
Coho salmaon1980. J. Great Lakes Res,10(1): 38-47.

CODEX. (1984). Guice 1o CODEX recommendations conceming pesticide residues. Part | General notes and
guidelines. The Hague, CODEX Alimentanus Commission. (Repott CAC/PRI-1384)

COETZEE H, COOPER D. (1991). Wasting water. Squandering a precious resource In: Eds Cock J, Kock E
Gong Green. People, politics and the environment in South Africa. Chapter 9, pp 129-138. Oxford
University Press, Cape Town.

COHEN SZ. (1956). Pesticides in Ground Water in the United States: Mcnitonng, modeiing and risks from the US
perspective. J Environ Sci Health B31(3):345-352.

COLBORN T, MYERS JP, DUMANOWSKI D. (1996). Our Stolen Future. Abacus Books, Litle Brown and
Company, London.

COMMISSION OF THE EUROPEZAN COMMUNITIES. (1996). European Community Water Policy. Brussels

CCREM. (1931). Canadian Water Quaity Guidelines. Canadian Council of Resource and Envircnment Ministries
Inland Water Directorate. Environment Canada. Ottowa, Canada

CONSUMER UNION. (1998). Pesticide management at the Crossroads. New York,

Chapter 8. References Page 8.2



The QUALITY OF SURFACE AND GROUNDWATER IN THE RuRal WESTERN CAPE WITH REGARD 0 PESTICIDES

DALLAS HF, DAY JA. (1923). The effect of water quality variables on nvenne ecosystems: A review. Report
prepared for the Water Research Commission. August 1993, Freshwater Research Unit, University of
Cape Town, Rondebosch, 7700.

DALVIE MA, LONDON L. (1998). Unwanted pesticides in South Africa: A need for a Public Health intervention? SA
J Sci (in press).

DALVIE A, WHITE N, RAINE R, MYERS JE, LONDON L. THOMPSON ML, CHRISTIANI D. (199). Long-term
respiratory health effects of the herbicide paraquat among Westem Cape farm workers. Occup Envir Med.
56. 391-396.

DANISH MINISTRY OF ENVIRONMENT. (1995). Male reproductive health and environmental chemicals with
oestrogenic effects. Copenhagen, DKK 185, Denmark.

DAVIES H. (1997). An assessment of the suitability of a series of Western Cape Farm Dams as walerbird habitats.
MSc (Conservation Biology) thesis. Zoology Department, University of Cape Town.

DAVIES M. (1987). Ghana goes for IPM. Pesticide News 38 : 4-5.

DEPARTMENT OF AGRICULTURE. (1947). Fertiliser, Farm Feeds and Agricultural Remedies Act, No. 36 of 1947,
Govemment Printers, Pretona.

DEPARTMENT OF AGRICULTURE. (1993). Agricuttural Policy in South Africa. A Discussion Document. Ministry
for Agriculture and Land Affairs. Pretoria.

DEPARTMENT OF ENVIRONMENTAL AFFAIRS AND TOURISM. (1997). White Paper on the conservation and
sustainable use of South Africa’s biclogical diversity. General Notice 1085 of 1997, Government Gazette
28 July 1997, volume 385, no 18163. Government Printers, Pretona.

DEPARTMENT OF ENVIRONMENTAL AFFAIRS AND TOURISM. (1998a). Draft National Environmental
Management Bill. Notice 1195 of 1998. Government Gazette 1 July 1998, volume 397, no 19031.
Govemnment Printers, Pretona.

DEPARTMENT OF ENVIRONMENTAL AFFAIRS AND TOURISM. (1998b). Draft White Paper on Integrated
Pollution and Waste Management for South Alrica. A policy on Pollution Prevention, Waste Minimisation,
Impact Control and Remdiation. General Notice 1686 of 1998. Government Gazette 19 August 1998,
volume 398, no 19161. Government Printers, Pretoria.

DEPARTMENT OF ENVIRONMENTAL AFFAIRS AND TOURISM. (1988¢). South African National Country Profile
Report. Commission on Sustanable Development. Directorate Sustainable Development, Pretona.

DEPARTMENT OF ENVIRONMENTAL AFFAIRS AND TOURISM. (1998d). National Environmental Management
Act. Act 107/1998, Pretona.

DEPARTMENT OF HEALTH. (1673). Hazardous Substances Act. Act 15/1973. Depantment of Health, Pretoria.

DEPARTMENT OF HEALTH. (1995). Pesticidal Poisoning in South Africa, 1980-1994. Epidemiological Comments
1995 ; 22(5) : 112-138,

DEPARMENT OF LABOUR. (1935). Regulations for Hazardous Chemical Substances. R 1179. Government
Gazette 5549, 25 August. Pretona.

Chagter 8 References Page -3



THE QuaLiTy 0F SURFACE AND GROUNDWATER 1N THE RumaL WESTERN CAPE WITH REGARD TO PESTICIDES

DEPARTMENT OF WATER AFFAIRS AND FORESTRY. (1996). South African water quality guidelines, volumes
1-7. Pretona

DEPARTMENT OF WATER AFFAIRS AND FORESTRY. (1937). White Paper on a Naticnal Water Policy for
South Africa. Pretona.

DEPARTMENT OF WATER AFFAIRS AND FORESTRY. (1998). National Water Act. Act 36/1998. Pretoria.

DINHAM B. (1993). The Pesticide Hazard. A Global Health and Environmental Audit. Pesticide Trust. Zed Books,
Longon.

DOMAGALSKI J. (1997). Rasults of a prototype surface water network design for pesticices developed for the San
Joaquin River Basin, California. J Hydrology, 152:33-50

DONALDSON A, ROUX A. (1994). Education, employment and income of black South Africans in 1985.
Development Southem Africa. 11;131-143,

DOPSTOP PROJECT RESEARCH REPORT. (1999). Results of a Baseline Health Survey in the Stellenbosch
Area, 1998, Department of Community Health, University of Cape Town,

EDITORIAL. MALE REPRODUCTIVE HEALTH AND ENVIRONMENTAL OESTROGENS. Lancet 1995 345.933-
35

EHRLICH R. (1995). The Hazardous Chemical Substances regulations: Occupational health comes of age in
South Africa. Occupational Health Southem Africa 1(6):12-15.

EMANUEL K. (1992). "Poisoned pay: Farmworkers and the South African Pesticide Industry.” Group for
Environmental Monitoring and The Pesticide Trust, Johannesburg

EMMERMAN A (1996). Sweden's reduced risk pesticide policy. Pesticide News 34 - §

ENVIRONMENTAL PROTECTION AGENCY. (1992). Guidelines for dnnking water quality. U.S Environmental -
Washington,DC. 202-260-7572.

ENVIRONMENTAL PROTECTION AGENCY., (1995a). Solid phase extraction methed 3535 U.S Environmental -
Washington,DC.

ENVIRONMENTAL PROTECTION AGENCY. (1995b). Organochlorine pesticides by capillary column gas
chromotography method 8081A. U.S Environmental - Washington,DC.

ENVIRONMENTAL PROTECTION AGENCY, (1999). Science Policy 5: Estimating the drinking water component
of a dietary exposure assessment (122298 Draft). Web: hitp/www.epa govidocsfedregst/EPA-
PEST/1989/January/Day-04/6028 htm

EUROPEAN COMMUNITY. (1980). Council Directive of 157 July 1980 relating to the quality of water intended for
human consumption. 80/778'EEC. Official Journal of the Eurcpean Communtties. No L 229/11, 30/8/80.

Brussells.

Chapter 8. References Page 8-4




Tie QuaLrry oF SURFACE AND GROUNDWATER I THE RURaL WESTERN CAPE WITH REGARD TO PESTICIDES

ESPIGARES M, COCA C, FERNANDEZ-CREHUET, MORENO O. BUENO A GALVEZ R. (1997). Pesticide
concentrations in the waters from a section of the Guadalquiver river basin, Spain. Enwviron Toxico! Water
Qual12; 249 - 256

FAO. (1988). Intemational Code of Conduct on the Distribution and Use of pesticides. Food and Agricultural
Organisation, Rome.

FAO/WHO. (1989). Codex Alimentarius Commission. Food and Agncultural Organisation. Secretariat of the Joint
FAO/WHO Food Standards Programme Food and Nutrition Division, Rome.

FOURIE HO. (1989). An estimation of the health implications of chemical contaminants in food and water. A fotal
diet (*market basket") study. Report to the Water Research Commission. WRC Report 173/1/89, Pretona.

FRENK J, BOBADILLIA JL, SEPULVEDA J, LOPEZ CERVANTES M. (1989). Heakth Transition in Middle Income
Countries: New Challenges for Health Care. Health Poiicy and Plannning. 4:29-38.

GERMAN ENVIRONMENTAL PROTECTION AGENCY. (1984). Jahresbencht. Pp163-168.

GIFAP. (1930). GIFAP position paper on pesticide residues in water. Intemational Group of National Associations
of Manufacturers of Agrochemical products. Brussels.

GILLIOM RJ, BARBASH JE, KOLPIN DW, LARSON SJ. (1999). Testing water quality for pesticide poliution
Environmental Science and Technology News April 1%, 1993: 164A-163A.

GRAY LE, OSTBY J. (1998). Effects of pesticides and toxic substances on behavioural and morphological
repreductive development: endocrine versus nonendocring mechanisms. Toxicology and Industrial Health
14:155-184.

GREATER BOSTON PHYSICIANS FOR SOCIAL RESPONSIBILITY (GBPSR) AND THE MASSACHUSETTS
PUBLIC INTEREST RESEARCH GROUP (MASSPIRG). (1996). How environmental toxins may affect
reproductive health in Massachussets. Boston.

GUSTAFSON DI. (1989). Groundwater ubiquity score: A simple method for assessing pesticide leachibility.
Environmental Toxicology and Chemistry.8: 338 - 357.

HARRIS PJC, LLOYD HD, HOFNY-COLLINS AH, BARRET AR, BROWNE AW. (1998). Organic agriculture in sub-
Saharan Afnca: Farmer demand and polential for development. The Henry Doubleday Research

Association, Coventry.

HART BT, ANGEHRN-BETTINAZZI C, CAMPBELL IC, JONES MJ. (1992). Austrakan Water Quality Guidelines.
Australian and New Zealand Environment and Conservation Council. Australia.

HENRIQUES W, JEFFERS RD, LACHER TL, KENDALL RJ. (1997). Agrochemical use on banana plantations in
Latin America: Perspectives on Ecological Risk. Environmental toxicology and chemistry 16(1):91-99.

HILDESHEIM ME, CANTOR KP, LYNCH C, DOSEMECI M, LUBIN J, ALAVANJA M, CRAUN G. (1998). Drinking
water source and chionnation byproducts Il. Risk of colon and rectal cancers. Epidemiclogy 1998.9: 29—
35.

HOLDEN PW. (1986). Pesticides and groundwater quality. Issues and problems in four states. Pp 5-13. National
Academy Press, Washington. Cited in Premazzi and Zigio, 1995, below.

Chapter 8. References Page 8-5



THE QUALITY OF SURFACE AND GROUNOWATER IN THE RURAL WESTERN CAPE WITH REGARD T0 PESTICIDES

HOGMIRE HW, WEAVER JE, BROOKS JL. (1830). Survey for pesticides in wells associated with apple and paar
orchards in West Virginia. Bull Envir Cont Toxicol 44 : 81-86.

HUANG WY, URI ND. (1989). The determination of an cptimal policy for protecting ground water quality. Water
Resources Bufletin 25(4).775-782.

INTERNATIONAL PROGRAMME ON CHEMICAL SAFETY (IPCS). (1929a) The WHO recommended
classification of pesticides by hazard and Guidelines to classfication 1958-1993. WHO, Geneva

INTERNATIONAL PROGRAMME ON CHEMICAL SAFETY (IPCS). (1998b). Summary of Texicological
Evaluations performed by the joint WHO/FAQO meeting on pesticide residues (JMPR). WHO, Geneva.
(Accbe File on WHO Website)

JABBAR A, MASUD SZ PARVEEN Z ALl MUBARIK. Pesticide residues in cropland soils and shallow
groundwater in Punjab Pakistan. Bull. Environ. Contam. Toxicol. (1993)51:268 - 273.

JAGA K. RAMA D. (1993). Cholinesterase actiity in workers exposed to organophosphate pesticices at a coffee
plantation. Poster presented to 8th Conference of the Epicemiclegical Society of Southem Afnca.

Johannesburg. July 1993,

JAYACHANDRAN K, STEINHEIMER T, SOMASUNDARAM L. (1934). Occurrence of atrazine and degradates as
contaminants of subsurface drainage and shallow groundwater. J Envir Qual 23:311-319.

JOHNSON AC, HARIA AH, BHARDWAJ, CL. VOLKNER C, BATCHELOR CH, WALKER A (1934), Water
movement and isoproturon behaviour in a drained heavy clay soil: 2. Persistence and transpont. Joumal
of Hydrology 163 (1994) 217 - 231.

JORGENSON LN. (1996). Measures to cut Danish fungicide use. Pesticice News 34 : 7

KEMPSTER PL, HATTINGH WHJ, VAN VLIET HR. (1980). Summansed water quanty cmena. Department of
Environmental Alfairs Technical Report TR 108, Pretana, South Africa.

KERR AT, VASS WP. (1973). Pestcide residues in aquatic invertedrates. In: Environmental Pollution by
pesticides. Plenum Press, Londen, United Kingdom.

KOCH E. (1931). Rainbow alliances. Community struggles arcund ecological problems. In: Eds Cock J, Kock E.
Going Green. People, poltics and the environment in South Afnca. Chapter 2, pp 20-32. Oxford University

Press, Cape Town

KOO D, GOLDMAN L, BARON R. (1995). Imtant dermatitis among workers cleaning up a pesticide spill: California
1931. Am J Ind Med 27(4) : 545-53.

LANDRIGAN PJ, GRAHAM DG, THOMAS RD. (1993). Strategies for the Prevention of Environmental Neurctoxic
liness. Envir Res 61 : 157-163.

LAZARUS P, CURRIE |, SHORT R. (1997). The legsiative framework. Environmental law, investment and
industrial practice. In: Eds Bethiehem L, Goldblatt M. The Bottom Ling. Industry and the Environment n
South Afica. Chapter 1, pp9-29. University cf Cape Town Press, Rondebesch, South Africa.

Chapter 8- References Page -6



THE QUALITY OF SURFACE AND GROUNDWATER IN THE RuRaL WESTERN CAPE WITH RECARD TO PESTICIDES

LEE B, PAULAUSKIS J, LONDON L, CHRISTIANI D. (1998). GLN-ARG 192 Polymorphism of the Human
Paraoxonase Gene in a Coloured South African Population. Poster: Intemational Society for
Environmental Epidemiology, Washington, 1998, Epidemiology July 1958.

LEKEI EE, MNDEME RR. (1999). Licensing and control of firms dealing with pesticides in Tanzania. African
Newsletter on Occupational Health and Safety 9.18-21.

LESLIE A, CUPERUS GW. (1993). Successful Implementation of Integrated Pest Management for Agricultural
Crops. Lewis/CRC Press, Florida.

LEWIS R D, SOUTHWICK JW, QUELLET - HELLSTROM R, RENCH J, CALDERON R. (1993). Drinking water
Arsenic in Utah: A Cohort mortality study. Enviren. Health, Perspect 107: 358 - 365 .

LIU Z, CLAY, SA, CLAY DE, HARPER SS. (1995). Ammonia fertiliser influences atrazine absorption-desorption
characteristics. J Agnc. Food Chem. 43:815-819,

LOAICIGA HA, ROBINSON TH. (1935). Sampling of agrochemicals for environmental assessment in rice paddies:
dry tropical wetlanas, Costa Rica. Summer 1995 GWMR, 107 - 118.

LODE O, EKLO O, HOLEN B, SVENSEN A, JOHNSEN A. (1995). Pesticide precipitation in Norway. Science of the
Total Environment. 160/161: 421-431,

LONDON L. (1992). An Overview of Agrichemical Hazards in the South African farming sector. S Afr Med J 81 :
560-564.

LONDON L. (1994a). Agrichemical safety practices on farms in the Westem Cape. S Afr MedJ 84 : 273-278.

LONDON L. (1994b). Assessment of an apparent outbreak of Guillane-Barre syndrome in Hartswater. Report to
the Minister of Health and Welfare, Northem Cape Province.

LONDON L, EHRLICH R, RAFUDIEN S, KRIGE F, VURGARELLIS P. (1994). Notification of pesticide poisoning in
the Western Cape 1987 - 1991, SA Med J 84 : 269-272.

LONDON L. (1995). An investigation into the neurological and neurobehavioural effects of long-term agrichemical
exposure ameng deciduous fruit farm workers in the Westem cape, South Africa.

LONDON L. MD Thesis, Department of Community Health, Faculty of Medicine, University of Cape Town,

LONDON L, MYERS JE. (1995a). Agrichemical usage pattens and workplace expcsure in the major farming
sectors in the southem region of South Africa. SA J Sci 91:515-522.

LONDON L. MYERS JE. (1995b). General pattemns of agrichemical usage in the Southern Region of South Africa.
SA J Sc191: 508-514,

LONDON L, MYERS JE. (1995c). Critical issues in agrichemical safety in South Africa. Am J Ind Med 27 : 1-14.

LONDON L, NELL V, THOMPSON ML, MYERS JE. (1998). Health status among farm workers in the Westemn
Cape - collateral evidence from a study of occupational hazards. S Afr Med J 88 : 1096-1101.

Chapter 8: References Page 8-7




THE QUALITY OF SURFACE AND GROUNDWATER IN THE RURAL WESTERN CAPE WITH REGARD TO PESTICIDES

LONDON L, ROTHER A. (1938). People, Pesticide and the Environment. Who bears the brunt of backward pelicy
in South Africa? In: Conference Proceedings: Envircnmental Justice and the Legal Process
Environmental Law Unit, University of Cape Town, Cape Town South Afrca and Environmental Law
Centre, Macquarie Univensty, Sydney, Australia. April 1958

LONDON L. (1938). Occupational epidemiclogy in agriculture: A case study in the Scuthern African context. Int J
Environmental and Occupational Health 4:245-256

MACRORY R. (1388). Environmental Standards, Legitimacy and Social Justce. In: Environmental Justice and the
legal pracess. Conference Proceedings. April 1998. pp 12-19. Environmental Law Unit, University cf Cape
Town, and Environmental Law Centre. Macguarie University, Sydney

MARONI M, FAIT A. (1893). Health Effects in man from long-term exposure to pesticides. A review of the 1975-
1991 literature. Toxicology 78 ; 1-174.

MBIAPO F, YOUOVORP G. (1993). Regulation of pesticides in Cameroon. J Tox Envir Health 1933 ; 3¢ : 1-10,

MCGREGOR F. (1989). The mability of endosulphan and chiorpyrifos in the soil of the Hexnver Valley. Thesis
submitted in partial fulfillment of the requirements for the degree of Masters of Science in Environmental
Geochemistry. Department of Geological Sciences, University of Cape Town

MEINHARDT HR, CLOETE MM, MYBURGH RM, BOUWMAN H. (1998). Aspects of herbicide poliution in the
Republic of South Africa. Poster Abstract. International Conference on Pesticde Use in Developing
Countries: Impact on Health and Environment. Universidad Nacional, San Jose, Costa Rica.

MONTIEL A, WELTE B. (1932). Altemative options for atrazine: incidence on water treatment devices. Water
Science Technology 25(11):103-110.

MORRIS R. (1996). Rational and practical approaches required when selecting standards for hydrocarbon
contaminated site assessment and remediation. Chemical Technology. Mar/Apr 1996.30-33

MYERS JE. (1990). OCCUPATIONAL HEALTH OF FARMWORKERS. S Afr Med J 78 : 562-563

NATIONAL HEALTH AND MEDICAL RESEARCH COUNCIL, AGRICULTURE AND RESOURCE MANAGEMENT
COUNCIL OF AUSTRALIA AND NEW ZEALAND. (1996). Australian Dnnking Water Guidelines. National
Water Quality Management Strategy. Canberra.

NIELSEN EG, LEE LK. (1987). The magnitude and cost of groundwater contamination from agncultural chemicals.
Agricultural Economic Report Number 576, Economic Research Service, US Department of Agriculture,
Washington, DC.

OFFICE OF TECHNOLOGY ASSESSMENT (1984). Protecting the Naticn's Ground Water from contamination.
Office of Technalogy Assassment, Washington OC.

ORGANISATION FOR ECONOMIC CO-OPERATION AND DEVELOPMENT. (1936). Activities to reduce pesticide
risks in OECD and selected FAO countries. Environmental Health and Safety Publications Senes on
Pesticides. Number 4, Part |: Summary report. Inter-Organisation programme for the sound Management
of Chemicals. (IOMC). Pans.

Chapter 8: References Page 8-8



THE QuaLry oF SURFACE AND GROUNDWATER IN THE RURAL WESTERN CAPE WITH REGARD TO PESTICIDES

OUELLET M, er al (1988). Developmental abnormalities in free-iving anurans from agricultural habdats.
Canadian Wildide Service

PACKHAM RF. (1990). Chemical aspects of water quality and health. J IWEM Oct 1920:4:484-488.

PERERA F, BOFFETTA P. (1988). Perspectives on comparing risks of environmental carcinogens. Joumal of the
National Cancer institute B0(16): 12821293.

PESTICIDE NEWS, 37.(197). Water. 16-17

PORTER W, JAEGER JW, CARLSON IH. (1999). Endocrine, immune and behavioural effects of aldicarb
(carbamate), atrazine (triazine) and nitrate (fertiliser) mixtures at groundwater concentrations. Toxicology
and industnal Health 15:133-150.

PREMAZZI G, ZIGLIO G. (1985). Regulations and Management. In: Eds Vighi M, Funan E. Pesticide Risk in
Groundwater. Chapter 10, pp 203-240. CRC Lewis Publishers, Boca Raton, 1995.

QUILLIN M. (1299). Pesticide residues taint neighbourhood. Raleigh News Observer,
RAE J. (1998). Pollution in river sediment. NERC News. Winter 1998:10-11.

RAVEN PJ, GEORGE, JJ. (1989). Dursban spill on the river roadings and its impacts on arthropods. Environ.
Poliut., 59:55-70

REINHARDT C, WEAVER JMC. (1997). Containing Pesticide Spillage to protect Ground Water. Farmer's Weexly.
15" October 1997,

REPETTO R, BALIGA SS. (1996). Pesticides and the Immune System: The Public Health Risks. World Resources
Institute. Washington.
RESTREPO M, MUNOZ N, DAY NE, PARRA JE, ROMERO L, NGUYEN-DINH X. (1990). Prevalence of adverse

reproductive outcomes in a population occupationally expesed to pesticides in Columbia. Scandinavian
Journal of Work, Environment and Health 16; 232-8.

ROBINS T, SALIE F, GWAGWA T. (1598). Occupational hezards, living conditions, and physical assault of sugar
cane workers in KwaZulu Natal, South Africa. S Afr Med J88:1117-1127.

ROTHER HA, LONDON L.(1998). Pesticide Health and Safety Policy Mechanisms in South Africa: The state of
the debate. Occupational and Environmental Health Research Unit Working Paper 1. Apnl 1998,
Department of Community Health, University of Cape Town.

ROTHER HA, LONDON L, NOWICKI A, NONXUBA P. (1998). National Consultatve Workshop on Pesticide Policy
in South Alrica. 6°, 7 April 1998, Breakwater Lodge, Cape Town. The Pesticide Policy Project,
Occupational and Environmental Health Research Unit, Department of Community Health, University of
Cape Town. Cape Town, 1998

SCHETTLER T, SOLOMON G, BURNS P, VALENTI M. (1996). Generations at Risk. How Environmental Toxins
may affect reproductive health in Massachusetts. Greater Boston Physicians for Social Responsibility,
Massachusetts Public Interest Research Group (MASSPIRG) Education Fund, Cambndge.

Chapter 8. References Page 8-3




THE QUALITY OF SURFACE AND GROUNOWATER IN THE RURAL WESTERN CAPE WITH REGARD TO PESTICIDES

SCHILLHORN VAN VEEN TW, FORNO DA, JOFFE S, UMALI-DEININGER DL. COOKE S. (1997). Integrated
Pest Managemen:. Strategies and Policies for Effective 'mplementation. Environmentally sustainable
development studies and monograph senes no. 13. World Bank, Washington.

SOIL CONSERVATION SERVICE. (1988). A Naticnal Programme for Scil and Water Conservation: The 1988-97
Resource Conservation and Recovery Act Update. Soil Conservation Service. US Department of

Agniculture, Washington, DC.

SOTO AM, CHUNG KL, SONNENSCHIEN C. (1994). The pesticides endosulfan, toxaphene and dieldnn have
estrogenic affects on human estrogen-sensitive cells. Environmental Health Perspectives 102.380-383

SWAN SH, WALLER K, HOPKINS B, WINDHAM G, FENSTER L. SCHAEFER C, NEUTRA RR. A prospective
study of spontaneuos abortion: relabon to amount and source of dnnking water consumed in early
pregnancy. Epidemiology 1998; §: 126 -133.

TEXAS CENTER FOR POLICY STUDIES. Austin. 1989, Pesticides and Texas water quality
THRUPP LA. (1396). New partnerships for sustainable agriculture. World Resources Institute. Washington DC.
THOMAS PT. (1921). Chemicals that harm. Chemtech, May: 282 - 285,

TOFT P. (1985). The control of organics in drinking water in Canada and the United States (Standards, legisiation
and practice). The Science of the Total Environment, 47:45-58.

UNITED STATES GENERAL ACCOUNTING OFFICE. (1993). Water Quality. Feceral role in addressing - and
contributing 10 - nonpoint source poliution. Report to the Chairman, Subcommittee on Water Resources
and Environment, Committee on Transportation and Infrastructure, House of Representatives. US GAO,

Washington.

USEPA. (1986). Quality critena for water - 1985. United States Environmental Protection Agency. Washington DC,
USA.

USGS. (1998a). Pesticides analyzed in NAWQA samples. Use, chemical analyses and water-quality cntena. US
Geological Services. March 117 1338: httpz//water.wr.usgs.gov/pnsp/anstrat.

USGS. (1998b). A systemalic approach to understanding nutrients and pesticides. Natonal water quality priorities
and concems. US Geological Services. hitp2//water. wr.usgs.gov.

UNEP. (1999). International Activities related to Chemicals. Excerpts from a report on “Enhanced coherence and
efficiency among intematicnal activites related to chemicals” presented to the 20" session of the
Goveming Council of UNEP in 1999 by the Executive Director. UNEP Chemicals, Geneva.

UNIVERSITY OF CALIFORNIA. (1992). Beyond Pesticides. Biological approaches to pest management in
California. ANR Publications, Oaklands

VAN DER SCHALIE WH, GARDNER HS. BANTLE JA DE ROSA CT. FINCH RA. REIF JS, REUTER RH,
BACKER LC, BURGER J, FOLMAR LC, STOKES WS. (1939). Animals as sentinals of human health
hazards of environmental chemicals. Environmental Health Perspective 107(4).308-315.

VURGARELLIS PT, (1984). An investigation to determine critena for “good dnnking water.” Unpublished repon.
Department of Community Health, University of Cape Town, Cape Town.

Chapter 8: Refereaces Page 8-10




The QUALITY OF SURFACE AND GROUNDWATER IN THE RURAL WESTERN CAPE WITH REGARD TO PESTICIDES

WEAVER JMC. (1993). "A Preliminary Survey of Pesticide Levels in Groundwater from a selected area on
intensive agriculture in the Westem Cape.” Repont to the Water Research Commission by the Division of
Water Technology, CSIR. Water Research Commission Report 268/1/83. Pretona.

WESGRO. (1992). South Africa's leading edge? A guide to the Westem Cape economy. Editors Bridgeman D,
Thomas W, Paimer D. Wesgrc, Cape Town.

WHITE J. (1991). The teeth need sharpening. Law and environmental protection. In: £Eds Cock J, Kock E. Going
Green. People, politics and the environment in South Afnca. Chapter 17, pp244-251. Oxford University

Press, Cape Town.

WHO. (1984). Guidelines for Drinking-water Quality. Volume |. Recommendations, World Health Organisation,
Geneva.

WHO. (1990). Public Health Impact of Pesticides used in Agriculture. Worid Health Organisation, Geneva.
WHO. (1933a). Guidelines for water quality. Volume |. Recommendations. World Health Organisation, Geneva.

WHO. (1983b). Guidelines for water quality. Volume |l. Health Criteria and other supporting information. World
Health Organsation, Geneva.

WILLIAMS MA, WEISS NS. (1998). Dnnking water and adverse reproductive outcomes. Epidemiology, 9:113-114.

WORLD BANK. (1993). World Development 1992. Development and the Environment. Oxford University Press,
Oxford.

WORLD WILD LIFE FUND, CANADA (1937). Known and suspected hormone disruptors list. World Wild Life,
Canada. Toronto.

VOJDANI A, MORDECHAI E, BRAUTBAR N. (1997). Abnormal apoptosis and cell cycle progression in humans
exposed to methyl tertiary-butyl ether and benzene contaminating water. Human and Expenmental
Toxicology :16 , 485 - 494,

WONG O, WHORTON MD, GORDON N, MORGAN R. (1988). An epidemiological investigation of the relationship
between DBCP contamination in drinking water and birth rates in Fresno County, California. Am J Pubiic
Health, 78 : 43-46.

WWF. (1996). The Tnazine Pesticides - Reasons for concem. WWF International, Gland, Switzerland.

YOUSEFI VO. (1929). Agrichemicals in South Africa. African Newsietter on Occupational Heaith and Safety 9:6-
10.

ZHANG J, LI S. (1997). Cancer monality in a Chinese population exposed to Hexavalent Chromium in water.
JOEM.: 39 (4) 315 - 319,

Chapter 8. References Page 81




APPENDIX A:

SUMMARY OF INTERNATIONAL STANDARDS
FOR PESTICIDES IN DRINKING
WATER (mg//)




APPENDIX A

INTERNATIONAL STANDARDS FOR PESTICIDES IN DRINKING WATER (mg/f)

Summary of International Standards for Pesticides in drinking water (mg//)

-

USEPA
Type of Standard: MCL Child Advisories Adult Advisories Advisory at | Australian wno
standard I day 10 day Longer Longer DWEL Lifetime |10-4 Cancer
) term term Risk
Pesticide Child Child Child | Adult | Adult Adult _ Adult
Acifiuorten 2 2 0.1 0.4 0.4 01 | B S
Alachior 0.002 0.1 0.1 04 0.04 0.002 0.02
Adicalb 0007 0.035 0.007 0.001 001
Aldicarb sulfone 0.007 - 0.035 0.007
Aldicarb sulloxide 0 0.035 0.007
Aldnin 0.0003 0.0003 0.0003 0.001 0.0002 0.0003 0.0003
Ametryn __ 8 9 09 3 | 03 0.06 0.05
Ammonium Sulfamate 20 20 20 80 8 2 ‘
Atrazine 003 01 01 005 0.2 0.2 0000 ~ | ooz | o002
Bentazon 03 03 03 1 1 0.2 003 003
Bromacil - 5 5 3 9 8§ oos | 0.3
Hutylate 2 2 1 4 2 0.35
Cabard 1 1 1 1 4 0.7 | 003 R
Carboluran 004 0.05 005 0.05 02 02 0.04 o 0.01 0.005
Carbon tetrachionide | 0.005 4 0.2 0.07 03 0.03 003 0.003 N
Chloramben 3 3 02 05 0.5 0.1 - _
Chlordane 0.002 0.06 0.06 0.002 0.003 0.001 00002
Chlorpyrifos 0.03 003 | 003 0.1 0.1 0.02 -
24D - 0.07 o == B _ B N . - 003 003
DCPA 80 80 § 20 o - .
Diazinon 002 | 002 0 005 0.02 0.003 0.0006 __0.003 - -
Dieldnn 0.0005 0.0005 0.0005 0.002 0.02 0 0002 ooo03 |
Diphenamid N R 0.3 03 | 03 | 1 1 02 ) | 03 | -
D amine 1 1 03 __1} I | 02 Nl .
Diquat__ —o002__| 008 [ 002 0005 |
Disulfoton 0.1 0.1 0.003 0.009 0.001 0.0003 0.003
Endosullan I D ) | o003
Endothall 1 01 08 0.8 0.2 0.2 0.7 0.1 01
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INTERNATIONAL STANDARDS FOR PESTICIDES IN DRINKING WATER (mg//)

USEPA
Type of Standard: MCL ~ Child Advisories B Adult Advisories Advisory at | Australian wWHoO
standard I day 10 day Longer Longer l DWEL Lifetime |10-4 Cancer

- - term ferm | | Risk N B
Pesticide ) | Child Child Child Adult Adult Adult Adult

Ethyleno dibrormide 000005 | o | o 0 _ 0.00004 | 0.001
Fenamwphos 3 — 0009 0.009 0.005 0002 009 0002 | | 0.0003

Fonolos 002 002 002 0.07 007 001 l
Glyphosate 0.7 20 20 1 1 “ 0.7 - 10 . B
Heptachlos 00004 | o001 | 001 0005 0 005 0.02 ) 0 0008 0.0003 0.00003
Heptachlorepoxde | O 0002 ool | 0.01 0.0001 0.0001 0.0004 _0.0004 __0.0003 _0.00003
'Hc.'x.\l hlorobenrena 000 005 I 005 005 02 0.03 i 0 002 0.001
Hexachlorocyclopentadi 005 02

cne |

Lindane 0.0002 {13 003 0.1 0.01 00002 | 000005 | 0002
Malathion 02 02 02 08 | 08 2

MCPA | o1 | o1 | o4 | 005 0.01 | 0.002
Methomyl 03 03 03 03 09 | 02 - __Dbo3

Mf.!lluu,rhh)l 004 0.05 0.05 005 02 02 | 004 \‘ 03 | 002
Methyl parathion 03 03 0.03 0.1 0 0 )

Metolachior 2 2 2 5 a5 0.07 03 | o001
Metnbuzin N (SRR NN (A e 03 05 05 A 005 +
Naphthalene 05 0% 0% | 1 0.1 0.02

Oxamyl 02 | 02 02 02 09 09 02 0.1

Paraquat N ) 0.1 0.1 0.05 02 02 0.03 0.03
15’011“« hiorphenol 0o 1 03 | 03 | 1 | 003 om 0.009
|Picloram | 05 | 20 20 | 07 | 2 2 | 0% 03

PCB's 0 0005 | ) | 0.0005 0 0005

Prometon 02 02 | 02 05 05 0.1 '
{l'nm.mml | 1 08 ! 3 [
\Propachlor | ] 05 | 05 | 01 : 05 | 05 | 009 | 7
\Fropazine | | LI | LI | 05 l 2 | 07 | 001 | | 005
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APPENDIX A:
INTERNATIONAL STANDARDS FOR PESTICIDES IN DRINKING WATER (mg/{)

USEPA
Type of Standard: MCL Child Advisories Adult Advisories Advisory at | Australian wWHO
standard I day 10 day Longer Longer DWEL Lifetime [10-4 Cancer
term term Risk 1
Pesticide Child Child Child Adult Adult Adult Adult I
Simazine 0004 | 0004 | 007 | 007 | 007 | 02 | 0004 0.02 0.002
Tebuthiuron 3 3 07 2 2 05
Terbacil 03 03 03 09 04 0.09 0.03
Terbulos 0.005 0.005 0.001 0.005 0.05 0.0009 00005 |
Toxaphene [P R [Pl - N — s 0.003 0.003
Tritburahin 0.08 0.08 0.08 03 03 0.005 0.5 0.05 002

Sources:
National Health and Medical Research Council, and Agriculture and Resource Management Council of Australia and New Zealand, 1996,
USEPA 1986; WHO, 1993b

MCL . Maximum Contammnant Level
DWEL : Dmnking Water Equivalent Level
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APPENDIX B:
SoiL DATA FOR STUDY AREAS

THE SOILS OF SELECTED AREAS IN THE WESTERN CAPE; THEIR
INTERNAL DRAINAGE AND CATION ADSORPTION CAPACITY

Reviewed by: Mr S van Niekerk and Mr J van Zyl, Elsenberg Agricultural College

HEXRIVER VALLEY

Land types: la 22, Hb 40

Dominant soils: Sloping to gently sloping, moderately deep to deep grey sand

(FERNWOOD and DUNDEE soil forms)

Present land use: Irrigated table grapes.

Water movement: These sandy soils have a rapid infiltration and permeability.
Soil water will move down until it reaches impermeable or
slowly permeable rock or saprolite. It will then flow laterally
down to the nearest river. Probably only a small percentage
will reach a groundwater aquifer.

Cation adsorption capacity: Low

GRABOUW AREA

Land type: c 264

Dominant soils: Moderately deep (30 - 60 cm) red and reddish brown light to
medium textured soils on moderately permeable clayey

matenal (HUTTON and OAKLEAF forms).

Present land use: Irngated fruit (apple and pear).

Water movement: Most excess rain and irngation water will percolate to
moderate depth but end up in the rivers.

Cation a ion ity: Moderate to Moderately High.

Land types: Fa 139 and Fa 173

Dominant soils: Shallow, medium textured soil on moderately weathered
shale(Glenrose form). Soils with a dense clay layer between
the topsoil and the shale also occur (SWARTLAND and
ESTCOURT tforms).

Present land use: Fruit under irrigation and pine plantations,

Water movement: Mainly lateral movement over the clayey subsoil at shallow
depth. Most rain and irrigation water should end up in rivers
with a small percentage percolating to great depth.

Cation adsorption capacity: Moderately Low.
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VYEBOOM

Land types:

Dominant soils:
(1)
(ii)

Present land use:
Water movement:

Cation adsorption capacity:

Land types:
Dominant soils:

Present land use:
under
r movement:

Cation adsorption capacity:

Fa 211

High rainfall area

Clovelly, Avalon, Pinedene

Light to medium textured yeliow soils, commonly with
slowly permeable clayey subsoil from about 70 cm.
(CLOVELLY, AVALON and PINEDENE soil forms).
Shallow sandy scils on wet, slowly permeable clay or soft
saprolite (ESTCOURT, CARTREF,and GLENROSA soil
forms).

Mainly pome fruit under irrigation.

Very little deep percolation. Water will tend to flow
laterally over the impermeable clay and land up in the
niver/dam.

Moderate on the Clovelly, Avalon and Pinedene soils.
Low on the Estcourt and Cartref soils.

Dd 103 and Fa 207

Lower rainfall areas

Shallow medium textured, soils on relatively fresh Bokkeveld
shale (GLENROSA form). In the case of Swartiand form soils
a discontinuous clay layer occurs between the opsoil and the
shale.

Greater part of area under rain-fed small grain with the rest
pome and stone fruit.

In most of these soils the shales are sufficiently unweathered
to allow deep percolation of rain or irrigation water.

However percolation is not deep enough to prevent most of this
water to end up in the river.

Moderate to Moderately Low.

ON TOP OF PIKETBERG MOUNTAIN

Present land use:
Water movement:

Cation adsorption capacity:

Ac 482

Sandy, moderately deep, yellowish and reddish soils
(CLOVELLY and HUTTON soil forms)

Apples and pears under irrigation.

Water will move rapidly through the soil profile until it reaches
saprolite or sandstone at depths ranging from 600 to about one
metre. A larce proportion will then move laterally down slope
towards the nearest river while the rest will percolate down
cracks and cleavages and may end up in the Berg River.

Low to Moderately Low.
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weathered

Present land use:
Water movement:

ion ion acity:

ation a tion acity:

Da177,Da 178
Shallow fine sandy loam over dense, structured clay with

Maimesbury phyllite deeper down (SWARTLAND soil form).
Rain-fed small grain.

Rainwater should move down to the clay material. Once the
topsoil is saturated surface run-off with ensue. There will also
be some lateral movement over the clay. Most of the surplus
water will end up in the nearest drainage line while a small
percentage will percolate deep and may reach a deep
(commonly saline) water table.

Moderate

Ab 213, Ab 214

Moderately deep to deep, medium to heavy textured red soils
(HUTTON soil form)

Rain-fed small grain.

The largest portion of the rainfall goes back into the
atmosphere through evapotranspiration. A small percentage
may percolate deep and reach the saline groundwater and a
small percentage may end up in the rivers.

Moderately High to High (especially phosphate sorption).
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APPENDIX C:
PrROTOCOL FOR FIELD SAMPLING, SAMPLE PREPARATION AND ANALYSIS

SAMPLING PROTOCOL FOR PESTICIDE ANALYSIS

SAMPLING EQUIPMENT

1. Grab sample bottle - amber glass, 1 or bigger fitted with screw cap ined with Teflon or clean aluminium
foil. If amber bottles are not available, protect sample from kight.

2. The bottles must be washed with water, rinsed with acetone or methylene chloride or methanol and air dried
10 minimize contamination,

SAMPLE COLLECTION, PRESERVATION AND HANDLING

Grab samples must be collected directly into the bottle without ninsing it.

Samples should preferably be chilled to 4°C cr below from time of collection until extraction.

It is recommended that at least 3( of water be collected to represent one sample from one water source.

If samples will not be extracted within 72 hours of collection, the sample should be adjusted 1o a pH range of

5.0 to 9.0 with sodium hydroxide or sulphuric acid.

5. All samples must be extracted within 7 days of collection and extracts stored at 4°C and completely
analyzed within 40 days.

6. A sample collection report to filled in every time a set of samples are collected (Appendix A).

. Sampling bottles must be clearly labeled showing sample number, date and name of sample collector.

8. Al least 1 sampling site will be sampled and analyzed in duplicate under identical conditions per sampling

run.

Lol o

CLEANING OF GLASSWARE

1. Clean all glassware as soon as possible after use by rinsing it with the last scivent used in .

2 This should be followed by detergent washing with hot water and nnses with tap water and deionized
water,

3 The glassware can then be rinsed with acetone and pesticide quality hexane.

4 After air drying the glassware should be sealed and stored in a clean environment to prevent any
accumulation of dust or other contaminants.

5. Glassware should be stored inverted or capped with alumanium foil.

REAGENTS

1. Only high purity reagents and solvents must be used. Punfication of solvents by distillation in an all-
glass system may be required.

2. Reagents:
(a) Deionized water

(b) Acetone, hexane, isooctane and methylene chionide - pesticide quality or eguivalent
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(¢) Ethyl ether - pesticide quality cr equivalent

(d) Sodium sulphate - (ACS) granular, anhydrous. Punfy by heating at 400°C for 4 hours in a shallow
tray.

(e) Stock standard solutions 1 mg'mi.

SAMPLE EXTRACTION

Liquid - liquid extraction

All samples were extracted within 7 days of collection. One liter of sample was extracted in a 27 separatory
funnel with 60 mi methylene chionde (three times) and the combined extracts passed through a drying column
contaning about 10g of anhydrous sodium sulphate. The extract was then concentrated on a rotary evaporator
until the volume has been raduced to about S mi. Fifty ml of hexane was added tc the round bottom flask and
again concentrated to about 3 ml. The concentrated extract was then quantitatively transferred to @ 10 mi
volumetric flask and diluted to 10 ml with hexane. The solution was now ready for injection into the gas
chromatograph. All solvents used in the extraction were high pressure liquic chromatograph grade

Solid Phase Extraction

The water samples were prefiltered by vacuum filtration through S & S filter paper (ref. No. 334508) to remove
particulate matter before pesticide extraction

Bond Elute Extraction Cartridges (C18, 10 mi LRC, 500 mg sorbent mass) was used in extraction procedure.
The column was first conditioned with 2 column volumes (2 x 10 ml) ethyf acetate and 1 column volume (1 x 10
mi) of methanol and 1 column volume (10 mi) of deionized water. All solvents used were high pressure
chromatography grade. 250 mi of filtered water sample was slowly aspirated through the column at a rate of 20
- 25 ml per minute under vacuum. The column was then washed with 1 column volume (10 mi) of deicnized
water and then thoroughly dried for 15 minutes under vacuum. The pesticides were then eluted into a
borosilicate glass vial using 2 amples of 1 ml ethyl acetate. The ethyl acetate was then evaporated off a room
temperature. 1 ml hexane was then added to the glass vial to redissolve the residue. The sclution was now

ready for GC analysis.

Analytical Methodology

Ten pesticides were screened in the water samples. Analytical standards (> 98%: purity) were used 10 prepare
standard solutions. The extracted samples were subjected to gas chromatography for identification and
quantitation. All compounds were determined using a Vanan 3300 GC equipped with an electron capture
detector (ECD). 2 L sample was injected onto a capillary column with a BPX 5 stationary phase. The
temperature program was 170°C initially increased at a rate of 7" C/min to 290°C and held for 5 minutes at that
temperature. Injector and detector temperature were 250°C and 300°C, respectively. The pesticides identified
and quantified have not been confirmed on a second column detector, nedther has it been confirmed by GC'MS.
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Quality Control Measures

Duplicate samples to be sampled and analysed at least once per sampling run.

2. A reagent blank and spike 1o be run with each set of samples. The spike, in adcition of a known amount
of compound may contain up to 8 different pesticides.

3 if the recoveries of the spiked components fall below 70% or rise above 130% the cause will be
investigated to determine if the spike or the entire senies need to be reanalyzed.

4 Mixed standard solutions were injected pnor to sample injections and peak shape, resolution and
response evaluated by comparison with previous chromatograms o ensure that the instrument was

cperating properly.
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PESTICIDES LISTED AS POTENTIAL ENDOCRINE DISRUPTORS

WORLD WILD LIFE FUND CANADA lsis the following as o"oocme dsruptors

S,- rce D WWALW! 4a -ada org e laaatald pt ™

i telinla g b

245T DBCP h-eponds nitrofen
240 ooT xetnane oxychlordane
alachior DOT metabolites xepone permethnn
aidicare dicofol malahion synthet pyreshroids
amarale digidnn mancozed toxaghens
atrazne endasulphan maneb transnonaachior
penomy esfarvalerate methoxymy moutytn oxide
peta - HCH ethylparathon methoxychior triflurain
carbaryt fenvalerate metiram vinciozolin
chiordane Indane metrbuzn zneb
cypermeathrin heptachior mirex Zram
The German list of endocrine disruptors (Brunn et al, 1538)
" Endocrinely Active " Potentially Endocrinely Active ]
| Atrazne | 245 Trchlorophenoxyacetc acd
| 2.4 dchlorcphenoxyacets acd | Zram
| amtrole \Mavram
| metnbuzn Nonachlor (cis- and frans-
| Nirofen Aldrmn
Trnfurahn Dicofol
Thiram Pyrethroids
Manab 2.4 Dicholorpnenc|
Zingb
Macozeb |
HCB
PCP
Fenanmol
Carbaryl
Chiordane
3-HCH
yHCH
| Parathoon

US Physicians for Social Responsibility - List of known or suspected repreductive and geve opmental toxns, used in

Massachusetts (Schettier et al, 1958)

parathon benomyl axcofol
malathione maneb cypemethrin
diazanon nabam fenve erate
chiorpyrifos zineb sthylene tromigs
etrachiorvinphos thiram ethylane cxde
acephate vinclozin dcamba
dmethioale paraquat methoxychior
carvaryl atanne 24D

Iindane cyanazine

endosuiphan dieddrin
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APPENDIX E;
CoprpPeR LEVELS IN WATER SAMPLES FROM THE HEX RIVER

INTRODUCTION

Heavy metals are all metals with atomic number greater than 20, except for alkal metals. akaline earth metals,
lanthanides and actinides. Most of these metals (for example copper (Cu), lead (Pb) and 2inc (Zn)) are of
importance in life, but they can be highly toxic when present in high quantiies and thus be regarded as
pollutants.

Heavy metal concentrations in natural systems may be derived from two primary sources ie. through nature
and also through man's activities. Soil constitutes the natural sources, but except for a few cases, the amounts
added by natural means are less than those added by man’s activities.

Copper, lead and zinc are examples of metals that can be considered as pollutants when present in large
amounts. The Hex River Valley is situated in an agricultural area of grapes (vines). Farmers use pesticides to
control and take care of their crops. Pesticides are available in different forms, for example, insecticides,
fungcides, etc. Copper is introduced into the river in the form of copper oxychloride which is classified as a
fungicide. Copper compounds are very toxic to fish and other animal life in streams and are extremely toxic to
algae and other vegetable life in rivers.

Lead can be introduced into rivers in the form of lead arsenate which is chemical compound that is classified
under fungcides. Lead compcunds are toxic 1o all forms of life. Zinc on the other hand can be introduced into
river systems in the form of zinc oxide. As with other metals, zinc can be lethal to human and aquatic life when
present in large quantities.

The introduction of metals as water pollutants into a river system can either be direct or indirect. The direct
introduction includes using toxic chemicals for controlling some members of the water community and the
indirect introduction includes depositions from vehicles (eg leaking ofl or petrol on roads). These are washed
into the river system during rainy seasons.

Heavy metals are very harmiul to human health because they are either not broken down or they take long to
be broken down. The trace elements of most concem to human health are Copper (Cu), Lead (Pb) and Zinc
(Zn) which result in chronic ailments such as:

Copper: Causes skin and eye imitation. May lead to blindness.
Lead: Metabolic and neuropsychological disorders

i.. anemia and lowered 1Q.
Zinc: Causes imitation to the nose, throat and skin. May cause cancer.
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INDUSTRIAL POLLUTANTS

Diluted and dispersed sites can allow toxic chemicals to pollution groundWater, even though the theory behind
them is that natural chemicals and biological processes will render the wastes harmless as it seeps through
the undertying soil. Fears about diluted and disperse poliution have led several countries to limit land filling to
containment sites. These sites are lined with impermeable material such as clay or plastics or built over
impermeable soil. However, heavy rain can cause the sites to overflow and some cf the chemicals. Partcularly
industrial solvents can eventually penetrate the lining. The liquid draining from a waste dump may contain a
large range of concentrated pollutants such as heavy metals, solvents, NH,, phenols and cyanides. These
Pollutants are sometimes trapped in drains around the sites and then pumped back cn top of the site. Very
kttle is known of how leacheates may react duning their movement through unsaturated zone 1o the water table,
Toxic waste disposal is a growth industry, other waste is pumped directly into nvers or into water authority

sewers.

TYPES OF HEAVY METAL POLLUTANTS

LEAD

Lead is probably the best documented of all known poison, lead reaches us in several ways. Lead in petrol has
been a major public issue in recent years. Lead in paint, particularly the older high-lead varietes, has caused a
number of fatalies. The major factor goveming the amount of lead in the water is the presence of salt, acid,
water, but pipe length and condition the time the water has stood in the pipe or tank and the rate at which
the water flows through the system all make their contribution. Lead arsenate is an insecticide. Three types
exist: neutral type Pb3(AS04)2, Acid type PbHAS(O4, Basic type PbS0H(AS04)3. The acid type is the Stadle
and widely used. Its physical and chemical properties are melting point 270°C. it is insoluble in water. It is
insoluble in dilute nitnc acid and caustic alkals. Lead arsenate is a white powder containing 50%: Lead and
21.5% arsenic. Lead arsenate has been used as a pesticide for mandbulation types of insects. It is however,
prone to produce residues of soluble arsemic which become Phytotoxic to plant bodes. The toxic effect is
particularty pronounced in insects With alkali digestive juices. For agncultural application a solution of 25 to
389 of Lead arsenate in 10¢ of water is made up. To reduce the phytotoxic action, lime Bordeau liquid or up to
twice the quantity of ime is added. In industry, inhalation and in agnculture, accidental ingestion seem to be
the most common modes of entry. Poisoning may occur during both the manutacture and application of Lead
Arsenate insecticide. Lead and Arsenic excretion is mainly via the kidney, with Arsenic disappeanng from the
unne more quickly than Lead. Symptoms include nausea, vomiting, abdominal pain muscular cramps. Chronic
poisoning is manifested by anorexia, weakness and hepatitis. Lead Arsenate dust can cause ulceration and
perforation of the nasal septum. To prevent this, workers must wear protective clothing, respiratory protective
equipment and must be fully informed of its hazargs.
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ZINC

Zinc oxide is a white powder insecticide which melts at 1975°C. It is soluble in acid and alkalis and insoluble in
water. Zinc oxide fumes causes metal - fume fever, thirst, headache, pains in the limds and a feeling of
exhaustion.

COPPER

CuS0: is used to supplement pastures deficient in the metal as a plant fungicide. Copper Sulphate neutrakzed
with hydrated lime, known as Bordeaux mixture is used for the prevention of mildew in vineyards. Workers who
spray vineyards with Bordeaux mixture may suffer from pulmonary lesions (known as Vineyard sprayer's lung)
and copper laden hepatic granulomas. Nausea, vomiting sweating. comma and death may result.

Excess copper can be foxic to plants and this liable to occur where copper Compounds are appled as
fungicides, particularly on acid soils. Provineon and Mazoyer (1962) found copper toxicity in vineyards a few
years after spraying with copper sulphate, at pH values less than 6 in the soil (as Mg. Ka). Generally copper
remains isotopically exchangeable in acid soil is fixed in complex form in alkaline soils. Clay acids easily
absorb copper added to soil. Copper is rapidly and strongly fixed by organic matter and copper deficiency is
commonly found in high organic soils. Such a deficiency is almost a feature of newly prepared pest soils.

A NEED FOR PESTICIDES POLICY

A pesticides policy would provide central guidance on desired levels of use, a measure of control and
surveillance, as well as research and development of altematives to chemicals pesticides. An active research
program is necessary to extend our knowledge of likely effects of chemical pesticides on human health and o
expand the limits of what is possible to know. Direction from the govemment in the form of a national policy
would enable a national assessment of the future or market-led strategy as at present.
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Results for water samples

Table 1. Copper concentrations in watar samples (ppm)

SAMPLE

12-Aug

16-Sep
ICP '

|

1.
>

AR 0.757 0.813 0.68% 0.4158 7.374 9.81

80RH 0.004 00758 | 0465 0.184¢8 0.337 0.3052
D 8.303 8438 | 0445 0.1285 0.388 0.3308
E 0.027 0.0755 4526 3.553 0.41¢8 0.3267
F 0.716 0.603 0636 0.1757 0.938 0.705
G 0.267 03127 0.774 0.2453 3.331 2622

Table 2. Lead concentrations in water samples (ppm)

SAMPLE 12-Aug 16-Sep

AA ICP ICP

| — -
» " e

=
e

t

AR 0.197 01155 1.151 0.1175 0.882 0.192
8OR 0.308 01155 | 1173 0.1476 0,978 0.1713
oD 0.374 0.1155 1.421 0.1154 1.084 0.182!
- i 0.338 0.1155 1625 0.1857 ! 1.185 0.1851
: 0.428 0.1155 1,682 0.1567 | 1289 0.1982
G 0.335 0,155 1904 | 01205 | 1.398 3.2049

[
|
|

Table 3. Zinc concentrations in water samples (ppm)

[ 3

SAMPLE

12-Aug

16-Sep

AL

AA

ICP

IcP

AR
BDR
DD

0.563
0485
0.483

0.644
0.562
053

0.51
0.4332 0
0.4008

-
v Vo

0.612
0.4302

E 0.502 0.3425 0.749 0573 0.70% 04768
F 0.539 0.3605 0.583 24118 0539 03T
G 0.467 0.3718 0.764 0.56 0.904 0822
’ y - - I3 y e . » {
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Table 4. Copper concentrations in water samples (ppm) using Atomic Absomption (AA).

| SAMPLE 12-Aug 16 Sep 14-Oct

AR 0.757 0689 | 7374

BOR | 0004 0.466 | 0337

DD 8303 | 0446 0395

E | 0027 4526 | 0416

~ F 0.716 063 | 093%
G 0.267 0774 | 333

Figure 1. Cu concentrations in water samples using Atomic Absorption (AA),

- ——— —

Cu concentration in water samples,
using AA (Aug,Sep,Oct)

10 ‘

- i .
2 8] | =AR
%6 | —=—BDR
@ 4 — DD
0 '—u—F
—-G

12 Aug 10 Sep 14 Oct
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Table 5. Copper concentrations in water samples(ppm) using ICP

SAMPLE | 12-Aug | 16-Sep = 14-Oct

AR | 0813 | 04158 981 |
BDR 0.075 0.1848 | 03052 |
DD 8435 | 0.1265 | 03308 |
: 00755 | 3553 0.3267
~ F | 0605 | 01757 | 0.705
G 03127 | 02453 | 2822
Figure 2. Cu concentrations in water samples using ICP

Cu Concentration in water samples,
using ICP (Aug,Sept,Oct)

-2- BDR

10 - - e gy (PR
/ —— AR
i —— et

Concentration
o
|
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Table 6. Lead concentrations in water samples(ppm) using Atomic Absorption (AA).

SAMPLE | 12-Aug | 16Sep | 14-Oct
AR 0.197 1.151 0.824
E0R 0.308 1173 | 0978
0D 0.374 1421 | 1084

3 0.3%8 1625 | 1.185

F 0.428 1662 | 1269

G 0.335 1.902 1.298

Figure 3. Pb concentrations in water samples using Atomic Absorption (AA).

Pb concentrations in water
samples using AA (Aug,Sept,Oct)

2 —e—AR
15 /"‘—%l—— —3—BDR

DD
0.5 E
0 —%—F
12 Aug 10 Sep 14 Oct ——G
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Table 7. Lead concentrations in water samples(ppm) using ICP.

SAMPLE 12-Aug 16-Sep 14-Oct

AR 01188 01178 0.192

BDR | 01155 01476 | 01713
I DD | 0.1155 01154 0.1821
1 £ 0.1155 | 0.1857 0,1851
’ F 0.1155 | 0.1567 0.1862

G 0.1155 | 0.1208 0.2042

Figure 4. Pb concentration in water samples using ICP

Pb Concentration in water
samples, using ICP (Aug,Sept,Oct)

0.25

——

0.2
e —— AR
S -
5 0.15 | —
Q
2 01 {}— -
o e -
2 -G

0.05 —

|
0
12 Aug 10 Sep 14 Oct
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Table 8. Zinc concentrations in water samples(ppm) using Atomic Absorption (AA)

SAMPLE | 12-Aug | 16-Sep = 14-Oct
AR 0.563 | 0644 0.898
8DR 0485 | 0.562 0.869
DD 0483 | 053 0.624
E 0.502 0748 | 0.709
F 0539 | 0583 0.539
G 0.467 764 0904 |

Figure 5. Zn concentrations in water samples using Atomic Absorption

Zn Concentration in_water samples,
using AA (Aug,Sept,Oct)

1 .

09 % '

08 - - A .
€07 ///{ . ——AR
-,3 06 M -3 BDR
S %" —— ‘ DD
e 0.5 — E
e 04
c
< -+ F
O 03 g

0.2

0.1 A —

0

12 Aug 10 Sep 14 Oct
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Table 9. Zinc concentrations in water samples(ppm) using ICP

SAMPLE 12-Aug | 16Sep | 14-Oct

AR 0.4721 0.51 0.68
BOR 0.3856 04332 0.612
0D 406 0.4008 0.4302
- : .
£ ).342¢ 57 4788
e —— - —
F 0.3605 04118
SR - ! .
= p— — —
G 0.3718 0.56 022
[ - - B -~~~ - ” -~ - ' ™
Figure 6. Zn concentrations in water samples using ICP

Zn Concentrations in water samples,
using ICP (Aug,Sept.Oct)

Concentration
(|
&
m

12 Aug 10 Sep 14 Oct

-
-
-
-
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DISCUSSION OF RESULTS

This investigation had two main objectives. Firstly, to determine the concentration levels of heavy metals
(Cu, Pb and Zn) in the Hex River Valley. It is very important to do so, because there are concentration levels
under which the river will not be polluted and above which the river will be considered as being poliuted. The
department of Water Affairs has standard specifications which will help in deciding whether the river is pollutec
or not. Copper <1ppm

Lead <0.1 ppm

Zinc <5ppm

Secondly, another objective for this investigation was to compare two spectroscopic metheds of analysis i.e.
atomic absorption and atomic emission spectroscopy. AR (a reservoir sample), was poliuted due to copper in
the month of October and due to lead in all three months. Zinc concentrations were lower than the
specification, therefore zinc will not be considered as a pollutant. BDR (a drain sample), was poliuted only due
to lead. Concentration levels of copper and zinc were so low as 10 be of no concern 10 users of groundwater in
the Hex River Valley,

* DD (a cam sample), was polluted due to lead in all three months, due to copper only in August and never
poliuted due to zinc.

* E (asample taken up-stream), was polluted due to lead in all three months, due 10

= copper only in September and not poliuted due to zinc.

* F (a sample along the river), was polluted only due lead in all three months and not polluted due to copper
or zinc.

* G (a sample taken down-stream), was polluted due to copper in October, due to lead in all three months
and not polluted due to zinc.

In most cases the ICP gave slightly higher readings than the AA. This means that Atomic Emission
Spectroscopy is more sensitive than Atomic Absorption Spectoscopy.
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QOREENKOMS

MEMORANDUM VAN OOREENKOMS AANGEGAAN DEUR EN TUSSEN :

Die Uriversitet van Kaapstad
hiern verteenwoordig deur

<

van Privaatsak , RONDESOSCH, 7700
(hierna die "UNIVERSITEIT" gencem)

EN
HEXVALLE] PRODUSENTE VERENIGING

hienn venteenwoordig deur

van : Pasbus 183, DE DOORNS, 6875
(hierma die "VERENIGING® gencem)

AANGESIEN DIE UNIVERSITEIT EN DIE VERENIGING 'n onderscek of
oncersoeke wil laat nsied op dio effek wat die gebruik van andbou-Chemiese
spuitstowwe op die kwalter van die waterbronne in die Hexmvervaliel het met cie
ocog om die gegewens in die belang van die inwoners van die Val'e:r en in de
belang van die 'angd as gehee! to tabelicer en te verwerk en te cntieed;

EN AANGESIEN voormelde coel nio effoktief beroik kan word deur die
ongerscexke Op ‘n adhoc basis te doen nie, maar sistematies wvoigens
ocreengekome prosedures en deur middel van 'n ocoreengekome struktuur;

NOU DAAROM kom die partye soos volg coreen !

1. Die partye sal vir voormeide coel 'n Komaes saamroep bestaance ut :

a Universten van Kaapstad as kontraktant ten OpsSigte van de
Waterngversingskommissio se navorsingsprojek; r' ‘
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g

L. n verteenwoorciger van de Hexvallei Progusente Verenigng:

'n verteenwcordiger van die Navorsngsinsttuut vir Wingeratou en
Wynkunce;

c

d. ‘n verteenwoordiger van Unifruce

SCCS van tyd 1ot tya in samewerking met voormelice NSansies aangewys
4

2. Vcormeide Komitee sal op 'n gereeide basis vergader SOOS van tyd ot tyg,
na cie cenceftes van cie tyd, deur die Komtese se¥ bepaal,

3. Die VERENIGING sal toesien cat sy lece hulle hartiike steun en samewerking
aan cie UNIVERSITEIT en aan veormelde Komitee lewer ten einge dia ncdige
Caa te versamel en enge probieme wat U socanige data mag Ddiyk te
bestaan, aan te spreek.

4. Die UNIVERSITEIT sal so spcediy mcontik na oncenekening van hiercie
coreenkoms, 'n vollecge voorstel aan die VERENIGING voorid waam al die
verskilence stappe as wat NoCg is om die navorsingsprojek dewr te voer,
sstematies uteengest word.  Indien die VERENIGING inspraak wil lewer
insake gie staspe uteengesit, sal die partye die NOCIge SaMeSDrekings voer
ten enCe Cle prosecurs wat gevolg moet word gesamentik te bepaal tot
bevredigng van teide partye. Daama sal die partye saam werk om e
Navorsing coreenkomstg die prosecure te doen.

S. Die panye s n samowerking met die Kommtee SO spOeSig moontik die
versiifiende stagpe scos bepaal voig ten ence vas t9 stel of daar enge
pretieme in de Hexvalel Destaan vanwed die toedienng van
landbou-chemiese spuitsiowwe,

Ingden caar na die menng van e UNIVERSITEIT wel probleme bestaan, sal
die Unversfet sy Devindings aan die Komeee vooril wat SO spoedig
mocntik e bewndings sal crtised en In samewerking met die
UNIVERSITEIT, emge probleme sal probeer opios. Die gegewens soos
verkry Ceur cie UNIVERSITEIT sal nie publseer word, pf aan enige anager
instansie of persone as cie Komtee of de partye hiertce, beskikbaar gestel
word vOOrcat cie partye hienice nie dewr bemiddeling van die Komaee
geleenthaid gehac het om insette te lewer op enige bevindings wat gemaak

is en CM Ce Nodige besprakings CAarcor 18 voer. N7
- | - ,é_\g‘, 7CG N
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-5

Incien die VERENIGING beswaar het teen die gegewens voorgelé of die
interpretasie daarvan, sal die VERENIGING geregtig wees om enige geskille
wat daar mag wees, vir mediasie aan die Watemnavorsingskommissie voor te
Ié binne 14 (veertien) dae nadat die besware ontstaan het.

6. Die UNIVERSITEIT sal geen wraelyste wat hulle becog om onder precdusente
en/of ander groepe in die Hexvallei te versprel, na enige procusent en/of
ander groepe stuur voordat dit nie vooraf aan die Komitee voorgelé is vir

insae en kommentaar.

7. Die VERENIGING sal seff aanspreekiik wees vir enige koste verbonde aan
die deeiname van die VERENIGING se lid aan die werksaamhede van die

D L LOADDN
namens DIE UNIVERSITEIT VAN KAAPSTAD

— %Av{c’ 3 rer s P
URIVESSITY OF CAPE TOWN

GETEKEN TE La Ooeras op  hierdie (Gda dag van
Nvember 1987

P TR N N & o T

namens HEXVALLEI PRODUSENTE
VERENIGING

The Qualiry of Surface and Groundwater in the Rural Western Cape with regard to Pesticides
Page F-3




APPENDIX G:

QUALITY ASSURANCE RESULTS
INTERLABORATORY AGREEMENT



APPENDIX G:
QUALITY ASSURANCE RESULTS : INTERLABORATORY AGREEMENT

A Quality Assurance (QA) protocol (see Table 3.5 in the main text) was estabished with the laboratories of the
Agnicultural Research Council (ARC) and the State Forensic (SF) laboratory for the duration of the study. The
purpose was to measure and to minimise bias and imprecision in study results so as to improve the validity of
study findings. The QA protocol involved.

A total of 11 runs of parallel samples were forwarded to the SF laboratery over the course of 1998 (4 from
Piketberg. 2 from Grabouw and 5 from Hex River) and two sets to the ARC in March and August 1988 (from
the Hex River).

One set on the 12* August 1998 included samples submitted 0 all 3 laboratories simulktaneously
(PENTECH, SF and ARC). Inter-laboratory comparisons enabled estimation of bias.

In addition to the above, a triplicate set of multiple samples (n=7 for each laboratory) taken from a single
sampling point in the Hex River (Bdr) was sent to all 3 laboratories in June 1998. This enabled estimation of
bias and precision in inter-laboratory agreement.

In August and September 1988, sampling point Bdr was sampled twice and the second sample given a false
identifier (1) to blind the laboratories.

QA procedures used in the study have been summarised in the main text in Table 3.5.

SOURCES OF VARIABILITY

Potential sources of variability that may give rise 10 discrepant results were addressed:

1.

Field sampling methods
For all the samples for different laboratories, the same sampling methods were used in the field.

Time to analysis

As outlined in the main text, care was taken 10 try 10 reduce variability in the time taken for samples to reach
participating laboratories. For example, samples for the SF laboratory in Cape Town were held overnight n a
refrigerator at the PENTECH laboratory at 5°C and transported within 24 hours 1o the SF for extraction and
analysis. Samples for the ARC laboratories were couriered to the ARC laboratonies using polystyrene
containers aiming to keep temperature reasonably constant.

Extraction methods

Whereas the extraction methods used by the SF laboratory follow that used by PENTECH closely, the ARC
laboratones used bquid-to-liquid extraction for its analysis.

Analytical Methods

Al three laboratories use GC methods with Electron Capture Detectors (ECDs) but with different columns

and temperature programmes.

e Analyses at the PENTECH laboratory proceeded using a Varian 3300 GC equipped with an electron
capture detector (ECD). 2 ul sample was injected onto a capillary column with a BPX 5 stationary
phase. The temperature program was 170°C initially increased at a rate of 7°C/'min to 290°C and held
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for 5 minutes at that temperature. Injector and detector temperature were 250°C and 300°C,
respectively.

e The SF laboratory used a2 methy! sillicon GC column and a C18 ec column for sample prep. The
temperature programme was as follows: temperature was heid at 170°C for 0.5 minutes, increased at
20°C per minute to 195°C and held for 1.75 min, then increased at 30°C per minute to 280°C where it
was held for 2 minutes and then increased at 30°C per minute to 295°C where it was held for 2 minutes.
SF laboratory results were reported without guantfication limits

e The ARC laboratcry made use of a 2m 3% OV-17 column. using a temperature programme starting at

200:C.
5. Confirmation

Pesticides icentified and quantified at the PENTECH and at the SF labcratories were not confirmed on a
second column nor by GC /MS method. It is understood that the ARC laboratories as conforming to good
laboratery practice would have confirmed all positives on a second method but no verification of this was

confirmed dunng the study.

In the course of the study, we were mformed that analyses at the SF laboratory hac been delayed by the
analysis of a sediment sample that disrupted the GC cclumn dedicated to pesticide analyses. The impact of this
event on the pick-up from the SF laboratory and on QA analyses is dficult to predict and is discussed below

QUALITY ASSURANCE RESULTS

Detai's of the Quality Assurance measurements for the 3 study areas over the course of the project are
contained in Tables A.7.1 1o A.7.5. The first two tables (A.7.1 and A.7.2) contain results of split samples from the
Hex River for interfaboratory compansons. Table A.7.1 includes 1 week's samples comparing PENTECH to the
ARC laboratory and 5 weeks of sampling involving comparisons with the SF laboratory. Table A.7.2 is a similar
comparison for data from all three laboratories for the sampling run of 12 August 1938, Tables A7.2and A.7.3
include comparisons between PENTECH and SF laboratories for Grabouw and Piketberg. respectively. Table

7.5 presents data from compansons of multiple samples taken from cne site in the Hex Rwver (Bdr) to assess
intra-laboratory agreement for bias and precision.

a) In the March runs, PENTECH results were systematically higher than the ARC for chlorpyrifos but not for
endosulfan. The ARC laboratory also did not detect chlorpyrifos peaks in 3 samples, which were all samples
for which PENTECH identified chlorpyrifos at levels comfortably above our quantification limit,

o) Inthe Apnl runs, PENTECH results were in both qualitative (detection occurred in same sampling spots) and
quantitative (magnitude of similar order) agreement with the State Laboratery

c) However, when the May runs took a range of samples from the same samgling cont (previously showing
peaks of chiorpyrifos and endosulfan), the bias between PENTECH and State laboratory increased
somewhat, whereas that between the ARC and PENTECH was reduced for chlorpyrifos but appeared ¢
increase for endosulfan species.

d) Inthe August runs, agreement between PENTECH and State laboratory was of a reasonable order, across a
range of concentrations. There was one exception in that the blinded duplicate specimen for Bdr produced
a level of 0.435 .g/f at PENTECH but was negative at the State laboratory. However, because the original
sample for Bdr gave reasonably good agreement between the two laboratones (0.356 g/t and 0.22 .gf,
respectively), we feel the PENTECH result shows reasonable consistency
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Note aiso that the intra-laboratory comparisons (Table A.7.5) showed comparable precision between the three
laboratonies, with PENTECH having the lowest Coefficient of Variation (CV) for the measurement of chicrpyrifos,
and ARC having the lowest CV for endosulfan sulfate. However, CV's appeared to be dependent on mean
concentrations, with greater precision achieved for higher mean concentrations.

DISCUSSION

Vanability batween laboratones in analytical measurements may be large without implying any of the results are
invalid, particularly when laboratories are measuring pesticides at very low concentrations (parts per billion) as is
the case in this study. The reasons for such variation may reflect the inherent instability of the samples and may
relate to the timing of sampling, the presence of time delays, and other factors that may diferentially affect the
“decay” of organic compounds. Addtionally, a large part of the variation in results may be attnbutable to the
adsorption of pesticides onto different species in the water, and different methods of sample preparation may
detect different fractions of the species present (personal communication, Dr Phillip Kempster, Institute Water
Quality Studies). While QA analyses attempt to control for these factors as far as possible, it is not possible to
standardise such conditions entirely, and it is not unusual for such differences to be encountered in usual
analytical practice. Thus QA analyses for organic chemicals need to be interpreted with these constraints in
mind. Indeed, because a single reading is always itsell the product of a process of inherent variability with a
laboratory, normative practice in some instances emphasises an analytical range as being the appropriate way to

present a single finding.

Furthermore, when one of the participant laboratonies is an analytical research laboratory geared to the analysis
of pesticides, it is quite likely that greater attention will be paid to precautions and procedures than occurs at
laboratones where analyses are routine.

Given these considerations, what may be more important from a QA perspective at very low concentrations is
that results should consistently be able to:

o identify qualitatively the presence of the same pesticides across different laboratories, and report similarly
the qualitative absence of the same pesticide, where such pesticide is not detected.

* show a consistent gradient in concentration pattems for different samples analysed by the same laboratory -
i.e. where a pesticide is found in dffering concentrations in a number of samples analysed by one
laboratory, another laboratory should demonstrate a simdar gradient of concentations, even if discrepancies
arise between laboratories in the absolute concentrations.

Based on the above criteria, the findings of QA in this study appear 10 suggest acceptable agreement and
precision of measurements conducted at the PENTECH laborateries for endosulfan and chlorpyrifos. Strong
qualitative agreement for most sampling points emerged in the comparisons for laboratories in 1998. For
example, QA analyses in the Hex River valley (table A.7.1) in March and April 1988, showed reasonable
agreement for the presence of pesticides (11 of 20 possible detections were events where both laboratories
reported detections) and strong agreement on the absence of pesticides (41 of 50 possible non-detections).
Moreover, agreement for high vs. low results was also commonly found across sample points, giving an overall

pattem of consistency.

There were problems with comparisons with the SF laboratory towards the end of the study. This was largely due
1o the consequences of a sediment sample being analysed on the SF GC late in 1958 (McGregor, 1999) which
disrupted the functioning of the GC column, This preciudes meaningful interpretation of the data cbtained from
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the SF laboratory from September 1938 onwards for inter-laboratory agreement. However, a number of factors
provide grounds for befieving that the levels of precision and accuracy achieved early in the study were
maintained throughout the study:

Patterns detected in the Hex River valley area in the first 4 months of the study by the PENTECH laboratory
were more or less reproduced one year later
Intralaboratory procedures and QC did not change at PENTECH.

CONCLUSION

Results of the QA analyses suggest that the laboratory analytical procedures followed in this study were able to
achieve adequate precision and inter-laboratory agreement, consistent with normative practice for such
trategies. Discrepancies that were detected are entirely consistent with normative vanation obtained in such
procedures and were relatively small, Most importantly, the QA analyses provide sufficient ground for making
reasonable inferences from the main findings of the study.

Table A.7.1
HEXRIVER QUALITY ASSURANCE RESULTS

PESTICIDES & CONCENTRATIONS IN (.g/)

DATE &
SAMPLE ID CHLORPYRIFOS ALPHA- ENDOSULFAN | BETA- ENDOSULFAN SULPHATE

Pentech ARC Pentech ARC Pentech ARC Pentech ARC
11398
Ar 0.17 0.04 ND ND 0.06 ND 0.105 0.1509
Br ND ND ND ND ND ND 0 0.0631
Bar 19.13 0.1 on ND 0.28 0.41 1.243 16.78
Car 1.14 ND ND ND ND ND 0.073 0
Da 0.15 ND ND ND ND NO 0 0
E ND ND ND ND ND ND 0 0
F 0.19 0.1 | ND ND ND ND 0.161 0.1361
G 0.1 ND ND ND ND ND 0 0
Pentech Forensic |Pentech Forensic |Pentech Forensic |Pentech Forensic
22/4/98
Ar ND ND ND ND ND NO D ND
Br ND ND ND ND ND ND ND ND
Bar 1.13 0.64 ND 0N ND 0.03 0.43 0.21
Car ND ND ND ND ND ND ND NO
Od ND ND NO ND ND ND ND
E ND ND ND ND ND ND ND ND
F 0.18 0.12 ND 0.01 ND 0.03 025 0.18
G ND ND ND ND ND ND ND ND
19598
Ar 0.04 ND NO ND 0.019 ND 0.038 ND
Be NS NS NS NS NS NS NS NS
8o 254 1.42 0.0 ND 0.029 0.0 0.126 004
Car 0.0 ND ND ND ND ND | ND ND
Dd 0.06 ND ND : ND ND ND | ND ND
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PESTICIDES & CONCENTRATIONS IN (..g/)
DATE& ENDOSULFAN
SAMPLE ID CHLORPYRIFOS ALPHA- ENDOSULFAN | BETA- ENDOSULFAN SULPHATE
Pentech ARC Pentech ARC Pentech ARC Pentech ARC
E 0.5 0.38 ND ND ND ND ND ND
F 0.09 ND 0.02 ND 0.017 ND 0.024 ND
G 0.043 ND 0.01 ND ND ND 0.014 ND
23998
Ar 0.01 ND ND ND 0.02 ND ND ND
Br ND ND ND ND ND ND ND ND
Bar 1.34 ND 0.1 ND 0.01 ND ND ND
Car ND ND ND ND ND ND ND ND
Dd 029 ND ND ND 0.06 ND 0.14 ND
£ 0.06 ND 0.01 ND 0.02 ND 0.01 ND
F 021 ND 0.29 ND 0.66 ND 09 ND
G 0.02 ND ND ND ND ND ND ND
= 0.02 ND ND ND ND ND ND ND
| 129 ND 0.05 ND 0.15 ND 029 ND
J 0.022 NA ND NA ND NA ND NA
K ND ND ND ND ND ND ND
21/10/98
Ar ND ND 0.02 ND 0.08 ND 0.11 ND
Br ND ND 0.05 ND 0.05 ND ND ND
Bar 0.17 ND ND ND ND ND ND ND
Dd 0.08 ND ND ND 0.05 ND ND ND
E ND ND ND ND ND ND ND ND
F 0.05 ND 0.04 ND ND ND ND ND
G ND ND 0.03 ND 0.08 ND 0.15 ND
H ND ND 0.02 ND 0.09 ND 0.13 ND
J NO ND ND ND ND ND ND ND
K ND ND ND ND ND ND ND ND
18/11/98
Ar ND ND ND ND ND ND NO ND
Br ND ND 0.06 ND ND ND ND ND
Bar ND ND ND ND 0.13 ND 0.45 ND
Dd ND ND 0.09 ND 0.12 ND 0.36 ND
E ND ND ND NO ND ND ND ND
F ND ND ND ND ND ND ND ND
J ND ND ND ND ND ND ND ND
ND = not detected
NS = NOT SAMPLED

NA = NOT ANALYSED, : Recoveries were below 70%
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Table A7.2
HEXRIVER QUALITY ASSURANCE RESULTS SAMPLES, 12/8/98, PENTECH, ARC AND FORENSIC
INTERLABORATORY COMPARISONS

PESTICIDES & CONCENTRATION IN (.g/)
CHLORPYRIFOS ALPHA-ENDOSULFAN | BETA-ENDOSULFAN | ENDOSULFANSULPHATE
' Results Results' Results |Results |Results| Results ' Results Results Results | Results Results Results
. Ex Ex Ex ex ex ex Ex ex ex ex ex ex
' Site |Pentech| ARC | Forensic |Pentech| ARC | Forensic |Pentech| ARC | Forensic |Pentech| ARC | Forensic
| Ar 0.03 ND 0.02 ND | ND ND ND ND ND 002 ND ND |
g 003 | ND 004 | 001 ND ND 004 | NO ND 015 | NO ND
or 0.36 0.5 022 ND ND | ND ND 1.02 ND | 0.03 0.18 NO I
Coar | ND NA | NA ND NA NA ND | NA NA ND | NA NA
Dd 0.33 NA | 0.16 ND NA ND ND | NA ND ND NA ND
E | 004 ND | ND ND ND ND ND ND ND 0.03 ND ND
F 008 | 012 | 004 0.02 ND NO ND 0.53 ND 0.02 ND ND
G 007 | ND ND ND ND ND | ND ND ND ND ND ND |
- 002 | ND 002 | ND ND ND | ND ND | ND ND ND ND |
| 042 04 ND 0.01 ND ND 0.02 ND ND 0.04 ND ND
SP 0.21 ND 0.03 | 052 | ND 04 2" ND 1.12 433 ND 154

IND = Not detected
|NS = Not samplad
NA = Not analysed Recovenes wese below 70%,
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Table A.7.3

GRABOUW QUALITY ASSURANCE RESULTS

PESTICIDES & CONCENTRATIONS IN (.g/)
e CHLORPYRIFOS | ALPHA-ENDOSULFAN | BETA-ENDOSULFAN ENDOSULFAN SULPHATE
Pentech | Forensic | Pentech |Forensic | Pentech | Forensic | Pentech | Forensic

2977756
G ND ND ND ND ND ND ND 0.04
Gzb 0.01 ND ND ND ND ND 016 1
Gar ND ND ND ND ND ND ND ND
Gar ND ND ND ND ND ND ND ND
G5 ND RO ND ND ND ND ND 0.0¢
Geo NS NS NS NS NS NS NS NS
G7d ND ND ND ND ND ND ND ND
GE! NS NS NS NS NS NS NS NS
069198
G1d ND ND 0.03 ND ND ND ND ND
G2b 0.06 ND 0.04 ND 0.01 ND ND ND
G3r ND NA ND NA ND NA ND NA
Gar 0.01 ND ND ND ND ND ND NO
G5 ) ND 002 ND 025 ND 045 NC
Gee NS NS NS NS NS NS NE NS
G ND ND WD ND ND ND ND ND
Gét 004 ND 0.05 ND 0.02 ND ND ND
12/10/98
G1d 0.15 ND ND ND ND ND 0.07 ND
G2b ND ND ND D 0.04 ND_|_ 006 ND
G ND ND ND ND ND ND NG ND
Gar ND ND ND ND 0.05 ND 0.06 ND
G54 ND ND ND ND ND ND ND ND
G 0.1 ND 0.06 ND 0.09 ND 0.08 NC
Gat ND ND ND ND ND ND ND

ND- Not detected

NS - NOT SAMPLED

NA - NOT ANALYSED
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Table A.7.4
PIKETBERG QUALITY ASSURANCE RESULTS

Pmes_a@c_%nmm:L
SAMPLEID| CHLORPYRIFOS | ALPHAENDOSULFAN | BETA-ENDOSULFAN g
Pentech | Forensic | Pentech | Forensic | Pentech | Forensic | Pentech | Forensic |
205198
PiE NS NS NS NS NS NS NS 1 NS
P20 No L __ND ND ND ND ND__ ND )
P NS NS NS NS NS NS NS NS
P4R NO | ND NO L ND | ND ND ND ND
£33 ND ND ND —ND _ND _ND ND ND
F&R _ND __ND ND ND | _ND ND ND ND
F78 ND ND ND ND ND ND ND ND
P8t ND NOD ND ND ND ND ND ND
01/7/98 ' |
P1E 0.09 ND ND | ND NO_ N ND__ L __ND
P20 0.03 ND 0.03 ND _ 006 | ND ND | ND
P18 0.0 ND ND ND ND ND ND ND
P4R 003 ND ND _ND ND ND ND ND
PiR 0.04 \D ND ND ND ND N ND
PER 0.04 NG ND ND ND_ | ND ND ND
P18 0.03 ND ND ND ND ND ND ND
-1 go0s ND ND ND DQ_: ND ND ND
1
P18 ND ND ND ND ND \D \D ND
P20 0.12 ND 0.02 ND 004 ND 0.07 ND
P18 ND ND ND " ND ND ND (% ND
PR 003 ND ND ND ND_ ND ND | ND
PR 008 ND ND ND ND ND 0.04 ND
PaR 004 ND ND ND ND_ ND ND ND
P78 004 ND ND ND ND ND ND ND
71098
P8 ND ND_ 00! ND 0.02 ND 502 ND
P20 0.02 ND 0.03 ND 008 ND | 01 | ND
0.02 ND 0.02 ND 009 ND | 01a ND
PeR ND ND “ND ND ND ND | ND | ND |
PR 0.04 ND. ND | ND ND ND N0 | ND
PER 002 ND 0.01 ND 0.04 | ND 0.10 \Q_‘{
PTE. 002 | ND 0.01 ND —ND ND ND ND
PET 005 | ND 0.08 ND 0.21 ND | 2804 ND
| 111198
P18 ND_ | WD ND | ND 0.06 ND 0.08 ND
002 ND 003 ND 0.07 ND | o ND
P38 0.01 ND ND ND _ND ND ND ND
PR 0.01 ND 003 ND_ 0.09 ND 2.08 ND
. PR 0.05 ND 0.01 ND 0.08 ND ND ND
|__PeR 0.04 ND 0.05 ND 0.11 ND 0.10 ND
P8 0.0 NA 0.02 NA 035 NA 0.78 NA
PaT 0.01 “ND 0.01 ND 0.01 ND | o004 ND
[ND- Not detected
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Table A.7.5
MULTIPLE SAMPLES TAKEN FROM ONE SITE (BDR) IN HEX RIVER: INTRALABORATORY AGREEMENT
| 18/6/98 PESTICIDES & CONCENTRATION IN (g
CHLORPYRIFOS | ALPHA-ENDOSULFAN | BETA-ENDOSULFAN msuwsu:;:"
Results |Results| Results | Results |[Results| Results | Results |Results| Results | Results |Results| Results
ex ox ox ex ex ox ex ex ex ex ex ex
Site |Pentech| ARC |Forensic/Pentechi ARC |Forensic/Pentech| ARC |Forensic|Pentech! ARC |Forensic
Bdr 1 0598 | 0728 | 0.162 | 0.007 ng nd 0.021 nd ng 0.052 | 0.151 nd
Bdr 2 0781 | 0895 | 0.340 nd nd nd 0.007 nd nd 0.019 | 0.140 nd
Bdr3 0835 | 0618 | 0.272 nd nd nd 0.018 nd nd 0039 | 0138 nd
Badr 4 0897 | 0863 | 0.336 | 0.025 nd nd 0.008 nc nd 0.107 | 0.307 nd
Bar 5 0.772 | 0123 | 0.1068 | 0.023 nd nd 0.010 nd nd nd 0224 nd
Bdar6 | 0.723 | 0630 | 0.354 | 0.007 | nd nd 0.031 nd nd 0.027 | 0.194 nd
Bar 7 1.071 | 0.801 0.31 0.041 nd nd nd nd nd 0.009 | 0177 nd
Mean 0811 | 0602 | 0272 0.034 | 0.186
Standard
Deviaion 0.148 | 0297 | 0.090 0.034 | 0.057
Coefhic.em
of 0182 | 0493 | 0331 1.00 | 0.308
vanabon
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APPENDIX H:
CLIMATIC DATA: PH, TEMPERATURE AND RIVER FlLOWS

CLimATIC DATA : HEX RIVER

[siTE| 117298]1 257298 11798/ 1 25/398, 22/498 1wsme| 127898 23998 21/10/98(12/11/98|18/11/98| 13199 247299 177399] 07 201499 1
[
T | 24 | 238 ]| 24 23 | 2 22 20 16 16 19 | 195 | 202 | 20 25 26 18 19 | 75
pH| 72 | 81 | 754 | 693 | €92 | 679 | 689 | 687 | 699 | 825 | 627 | 635 | 806 | 690 | 613 | 665 | 1701 | e8e | 724
S n n n n n n n n n N n y ¥ n -y n n n n
Fl | | | | | | | | m 1 | | | | | | | |
F
T | 25 26 25 24 21 20 20 18 15 17 21 207 | 205 24 23 24 20 18 2 |
pH| 762 | 868 | 874 | 728 | 711 | 700 | 7 | 71 707 | Bay | 727 | 653 | 756 | 747 | 620 | 782 | 752 | 746 | 711 | 698
S n n n n n n n n n n n y n n n n n n n
Bl | I ] 1 1 I I m " ] [ m | m I m m L
G
T 22 235 2 225 22 21 20 16 17 17 18 218 195 24 22 25 20 19 21
[ pH | 712 | B13 | B26 685 67 662 676 66 687 8.46 579 577 7.2 605 601 647 558 664 6 6 S
S n n n n n n n n n n n n n n n n n n n n B
Fl m | | | | | 1 m m I m m m m m m | m m
Cdr 3
T 23 25 24 2 | 2 21 20 16 17
pH| 761 | 753 | 754 | 645 | 65 | 64 | 625 | 646 | 688
S n n n n n n n n n n
3 B I I ] i I I m I
Bar - — s -
T 25 27 25 27 2 23 20 18 s 17 20 | 197 238 30 30 23 20 225 20
pH| 757 (863 | 866 | 72 7.1 7.9 727 | 714 | 689 | 819 | 706 | 629 | 757 | 701 733 | 705 704 | 684 | 637
S on_ n n n n n n n n n n Y ¥ n n n n n n n
Fi N e [ [ | | [ | | m | I m m m I I [ 1
Ar | 0062 0 0 0 0.187 0 0 0 0 036 0.03 0.01 0 0 O 10169 | 0106 | 024 0 0.089 0
T | 2 |25 245 | 25 | 225 | 22 19 14 12 20 | 161 8 2 2 23 21 21 | 21
(pH | 738 | 807 | 785 | 692 | 692 | 701 7.1 68 | 694 | B26 672 | 794 | 733 | 66 | 673 | 642 72 | 664
S n n n n n n n n_ | n n n n n n n_| n n n n
Fi m m | h | | | | 1 | m m m m | . m m | m
Br
T | 25 | 25 | 24 25 | 227 | 21 21 " 20 | 21 18 26 25 23 18 =
(pH | 737 | 774 | 821 [ 687 | 682 | 684 | 700 | 626 832 716 | 83 | 733 | 638 | 748 | 729 | | 718
s n n n n n n n n n y Y n n n_ | n n n__ -
Fl | m m | m 1 | L m m _l.m | m | h
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SITE

pN

w—

Arrenmx H.

CLMATIC DATA: PH, TEMPERATURE AND RIvER FLOWS

11/20|10/298] 25/298] aame| 117398 18me| 2573v98| 22/498| 190598 12/8098] 23:mv9e[21/1008]12/1 1981801198 131190 unm‘ 177399| 071499 200499| 26/499| 13599
29 29 30 28 P 26 | 22 18 17 18 21 23 3 28 30 25 19 21 26
799 | 863 | 8B4 | 729 | 709 7.27 7.28 753 698 851 7.93 7.88 817 761 7.7% 79 753 (W) 7 86
_';‘ n n _v 7(& . Vl,_ n = (2= l;l l!» n !7I Le 4§ 7!l‘~ n n B n i n . —n_ n - Q i _ﬂ
m I | | I L . | m | | m | | m m m m m

o S N S R v e | v [ s ] e |22 |2 |22 |20 | e |

- — 832 | 55 | 64 7.43 737 800 758 7 46 V 5567
n n n n n 13 n n n n
R - | | - s : m ——" . m | .

o - | B 0D 022 0 0 0 | 0088 0212 D47y | 0

185 195 227 19 24.5 24 24 22
B 56 6/ 79 727 6.5 641 7.04

o R n n Y,, n | 74“777 N (!_ 77\ - ',(! 1
—_— —_—— ' —_— — —
0 0094 |
) i 11 20 18
i o 634 64 7.13 Il
. - o n n n I - el . o b
| - | I T T . | ) | |
| 0 0 0 0311 | - |
| 15.5 258 22 28 | |
661 o 7 84 775
‘ . I " 1
I | |
. N LN  —

| T(‘I b

. - | 21

| | | | |

m

Water temperature in degrees celous
Spraying 1 km from site, y = yes, n = no
= Flow, | = low, m = medium, h = hugh
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APPENDIX H:
CLIMATIC DATA: PH, TEMPERATURE AND RIVER FLOWS

GRABOUW
Site 12/10/98117/11/98| 181961872 §/4/99(23/4/99 05/5/95.
G3
T 18 14 11 16 16.8 21 24 18 18 15 15
pH | 678 £.85 7 736 | 742 | 651 | 808 64 | 85 | 716 | 748
S n N N N N N N N N N N N
fll m M N M M L L N X L M M
G4
T 11 17 12 17 16.6 24 29 23 21 17.5 20 18
pH | 679 896 | 883 | 512 754 | 51 | 702 | 568 | 67 | 685 | 678 | 685 | g8
s | 125 N N N N N N N N N N N N
Fil m "M M L M M M [Y) N M M M M
G7d
T| 18 125 | 17 18 25 24 24 15 16
pH| 678 659 7 | 482 720 | 678 | 6896 71 | 6.17 | 891 7 | 762
s N N N N N N N N N N N N
£l L B L M M L L L L L L
G1d
T 17 17 14 22 16.8 255 30 25 22.5 18 18 19
pH | 693 7 7.00 | 673 896 | 742 | 785 | 783 | 788 | 713 | 674 | 7.04 | 690
S N N N N N N N N N M 5 N N
Pl - - L L L \ L L L M
G5¢
T| 186 16 13 | 18 18.7 21 23 21 19 18 19 18
oM | 684 699 | 683 | 581 545 | 627 | 606 | 634 | 623 | 647 | 65 | 651
S N N N N N N S N N N N N N
Fl L M - M X 2 L L L M M M
|G2d
T 15 17 19 | 29 15.5 29 29 23 15
pH | 877 699 | 707 | 62 81 712 | 7.09 742 | 647 | 7.02
S N N N N N N N N N N
Al NA NA | NA | M NA | NA NA | NA | NA
Gt
T 16 18 17.7 22 26 22 21 21
pH 6.59 6.26 809 | 583 | 663 | 64 682 | 672 | 6.67
S N N N N Y N N N N
Fl M NA NA | NA | NA NA L NA
60
T| 17 23 23 20
pH| 688 £64 647 7.0
S N N N N
Fl | NA NA NA
Ge
T 19 175
i 6.53 7.07
S N N
£ L M
T = Water temperature in degrees celcius
S = Spraying 1 km from site, y = yes, n = no
Fl . Flow, | = low, m = medium, h = high
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APPENDIX H:
CLUMATIC DATA: PH., TEMPERATURE AND RIVER FLOWS

PIKETBERG

1 1 l
Date| 13/5/58 | 20v5/98 1!7!'0] _m 7I1MJHIHMIZSI‘HM 27/01/99/17/02/99) 1003!99]31@3(!’ woaml
Fib ! |
T 16 | 14 19 18 23 258 23 22 28 | 18 22
6 44 66 441 416 S8 64 504 429 8.07 557 681 721
£ n n n n n n n n n n n n
F ra na na | | ra na na na na na na na
P2d
T 14 13 14 17 17 22 25 a1 28 a7 28 18 21 |
p 594 702 7.01 s.92 885 875 8§82 877 581 6.32 6.97 7.08 S92
S n n n n n n n n n n n n n
= | m m | | | m I | | I
P30
T 16 15 18 18 245 205 20 29 28 27 17.5 20
pH | 634 6.53 462 424 584 5.45 4 54 588 6.7 4 06 4. 56
S n | n n n | n n n n n n n n
£ - m | na na | na na na na
= | {
T 185 1§ 14 18 18 24 21 26 27 23 27 19 21
o €8s 7.01 655 628 838 687 £ a8 863 6.08 8.61 68 7.5
S n n n n n n n n n n n n n
Fl m m | m | m | | | | | | |
()
T 158 15 14 16 18.5 2 5 29 29 28 27 20 22
pH | 684 6.85 6.96 7.67 572 6.67 7147 59 611 6 84 64 68 6 48
S n n n n n [ n n n n fa) n n
2l | m m m m m m na m m
P8 |
T 15.5 15.5 13 16 19 21 25 21
[oa) 8.8% 7.02 875 a.7s 8.31 888 887 | 7.52
S n n n n n n n n
Fl m m m | m m m |
Py
T 1% 13 18 17 23 22 7 37 32 32 22 26
oH 6.92 7.02 6.64 522 559 55 547 5.86 6.61 6.08 £ 85 T 14
S n n n n n n n n n n | n n
[2) na na m na na | na na na
P8t
T 17 16 20 5.5 o8 3N 28 27 28 21
oM 635 7 633 653 714 68 743 7.85% 68 6.85
S n n n n " n n n n n
Ll na na al. ] ra ~a na ~a na na
T = Water temperature in degrees celcius

Spraying 1 km from site, y =yes, n=no
Flow, | = low, m = medum, h = high

w
L |
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