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Backgr ound

In 1984, a joint project between the
USEPA's O fice of Gound \ater and
Drinking Water (OGAMW ad the Ofice of
Pesticide Prograns (OPP) was initiated to
conduct a statistically based survey of
pesticide contami nation of drinking water

wel |'s. The Nati onal Pesticide  Survey
(NPS) had two primary objectives. The
first obj ective was to provi de

statistically valid data which could be
extrapolated to represent both rural
donestic and community drinking water
wells nationally. The second objective
was to attenmpt to evaluate possible

associ ations bet ween pesti ci de
contam nation of drinking water wells and
pestici de use and hydr ogeol ogi cal

vul nerabi lity.

A discussion of the results obtained
in this Survey is beyond the scope of this

article. However , a Phase | report
detailing the results of the first
objective was released in the fall of

1990. Copies of the “National Pesticide
Survey of Pesticides in Drinking Wter
Wells, Phase | Report” (Oder # PB9Il-
125765) are available from the National
Technol ogy Information Service, 5285 Port
Royal Road, Springfield, Virginia 22161.
A report concerning the results obtained
from the evaluations based on the second
objective is currently being prepared.

The data obtained in this Survey are
being used by the OGNW to identify
compounds for future regulation and wll
al |l ow better assessments of drinking water
treatnent nethods for the renoval of these
conpounds. The OPP may use these data in
setting |abeling and use restrictions for
pesticides, and to assist in defining
noni toring requi renents of pesti ci de
regi strants.

Presented in this article are brief
descriptions of the  design  and
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Survey, and the analytical nethods that
were used. Also presented are a series of
reconmendat i ons for t he conduct of
occurrence surveys.

Pilot Study

A pilot study was conducted in March
and April of 1987 to test many aspects of
the planned Survey inplenentation. Eight
rural donmestic and eight community sites
were sanpled in each of three states;
California, M nnesot a, and M ssi ssi ppi
Duplicate sanples from each site was
anal yzed at both an EPA, and a contract
| aboratory.

Ful I Survey

The key elenents of the final design
of the Survey included: 1) a statistically
based sanpling design using hydrogeol ogic
vul nerability and pesticide usage as
stratification vari abl es to sel ect
approximately 600 community system and 800
rural donestic wells used as a source of

drinking water; 2) anal yti cal met hods
capable of accurately quantifying 127
pesti ci des, pesti ci de degradati on

products, and related conpounds; 3) health
advisories for 61 pesticides of prinary
interest to the Agency; 4) a collection of
information concerning well construction
and pesticide use patterns, specific to
each sanple collection site; and 5) a
qual ity assurance program that enconpassed
all conponents of the Survey. In April of
1988, sanpling began for the full Survey.
Sanpling of comunity water systens was
conpleted in Decenber, 1989, and the rural
domestic systens in February, 1990.

Anal yti cal Methods

The fol I owi ng ei ght anal yti cal
nethods were used to analyze each sanple
collected in the NPS. Six of these
anal yti cal nmet hods wer e devel oped
specifically for the NPS. Sanples were
al so anal yzed using 2 previously devel oped
EPA et hods.

NPS Method  #1: Determ nation of
N trogen Phosphor ous Cont ai ni ng
Pesticides in Gound Water by Gas
Chr onmat ogr aphy with a Ni t rogen

Phosphor ous Detector (39 anal ytes).



A measured volunme of sanple of
approxi natel y 1 L is sol vent
extracted with nethylene chloride by
nmechani cal or manual shaking. The
net hyl ene chloride extract is
isolated, dried, and concentrated to
a volume of 5 nL after solvent
substitution with rmethyl tertiary
butyl ether (MIBE). Chromatographic
conditions are identified for the
separation of the analytes using both
primary (30 m x 0.25 mm |.D. DB 5)
and confirmational (30 m x 0.25 mm
|.D. DB-1701) fused silica capillary
gas chromat ography col umms.

NPS  Method  #2: Det erm nation of
Chl ori nat ed Pesti ci des in G ound
Water by Gas Chromatography wth an
El ectron Capture Det ect or (25
anal ytes).

A neasured volume of sanple of
approxi natel y 1 L is sol vent
extracted with nethylene chloride by
nechanical or manual shaking. The
net hyl ene chl ori de extract is
isolated, dried, and concentrated to
a volume of 5 nL after solvent
substitution wi th MTBE.
Chr omat ogr aphi ¢ condi tions are
identified for the separation of the
anal ytes using both primary (30 m x
0.25 nmm I.D. DB-5) and
confirmational (30 m x 0.25 mm |.D
DB-1701) fused silica capillary gas
chr omat ogr aphy col ums.

NPS  Method  #3: Det erm nation of
Chlorinated Acids in Gound Water by
Gas Chronat ography with an El ectron
Capture Detector (13 anal ytes)

A nmeasured volunme of sanple of
approximately 1 L is adjusted to pH
12 with 6 N sodium hydroxide and
shaken for one
hour to hydrolyze acid derivatives.
Ext r aneous organic mat eri al is
renoved by a nethyl ene chloride wash.
The sample is acidified, and the
chlorinated acids are extracted wth
ethyl ether by mechanical or manual
shaking. The acids are converted to
their met hyl esters usi ng
di azonet hane. The et hyl et her
extract is concentrated to a volune
of 10 nL after solvent substitution
with MI'BE. Chr omat ogr aphi ¢
conditions are identified for the
separation of the analytes using both
primary (30 m x 0.25 mm |.D. DB 5)
and confirmational (30 m x 0.25 nm
|.D. DB-1701) fused silica capillary
gas chr omat ogr aphy col ums. The
nmethod provides a Florisil cleanup
procedure to aid in the elimnation
of matrix interferences that nay be
encount er ed.

NPS  Method  #4: Det erm nation of
Pesticides in Gound Water by H gh
Per f or mance Liquid Chr omat ogr aphy
with an Utraviolet Detector (16
anal ytes).

A measured volunme of sanple of
approxi natel y 1 L is sol vent
extracted with nethylene chloride by
nmechani cal or manual shaking. The
net hyl ene chloride extract is
isolated, dried, and concentrated to
a volume of 5 nL after solvent
substitution with net hanol .
Chr omat ogr aphi ¢ condi tions are
identified for the separation of the
anal ytes using both primary (250 mm
X 4.6 mm |.D. DuPont Zorbax ODS) and
confirmational (250 mm x 4.6 mm
I.D. J+W Cyano) HPLC col ums.

NPS Met hod #5: Measur erent of
N-net hyl Car banoyl oxi mes and N net hyl
Carbamates in Gound Water by Direct

Aqueous I njection HPLC with
Post - Col um Derivati zation (10
anal ytes).

The water sanple is filtered,
and a 400 uL aliquot is injected onto
a reverse phase HPLC col um.
Separ ation of the anal yt es is
achi eved usi ng gr adi ent el ution
chromat ography. After elution fron
the HPLC colum, the analytes are
hydr ol yzed with 0. 05 N  sodiun
hydr oxi de at 95°C. The nmet hyl
amne formed during hydrolysis is
reacted with o-phthal al dehyde and
2-mercaptoethanol to form a highly
f1 uorescent derivative whi ch is
det ect ed usi ng a fl uorescence
detector. Chromatographic conditions
are identified for the separation of
the analytes using both primary (150
mm x 3.9 Mm |.D Witers Novapak C18) anc
confirmational (250 mm x 4.6 nmm
|.D. Supelco LG 1) HPLC col ums.

NPS  Method  #6: Det erm nation of
Et hyl ene Thiourea (ETU) in Gound
Water by Gas Chromatography with a
N t rogen-Phosphor ous Det ect or (1
anal yte)

The ionic strength and pH of a
neasured 50 niL aliquot of sanple are
adjusted by the addition of ammonium
chloride and potassium fluoride. The
sanple is poured onto an Extrelut
brand colum. ETU is eluted from the
colum with 400 nL of rmethylene
chloride. The extract 1is solvent
exchanged to ethyl acetate and
concentrated to a volune of 5 nL.
Conditions are identified for the



chromat ography of ETU wusing both
primary (10 m x 0.25 mm |.D
DB-Wax) and confirmational (5 m x
0.25 mm |.D. DB-1701) fused silica
capi |l l ary gas chromat ography col ums.

EPA  Method 504: 1, 2-Di br onoet hane
and 1, 2-D brono-3-Chloropropane in
Water by Mocroextraction and Gas
Chr omat ogr aphy

Thirty five nL of sanple are
extracted with 2 nL of hex ane.
Chr omat ogr aphi ¢ condi tions are
identified for the separation of the
anal ytes using both a primary (30 m X
0.32 mm | .D. Dur awax - DX3) and
confirmational (30 m x 0.32 mm |.D.
DB-1) fused silica capillary GC
colums. Three additional analytes
(1, 2-di chl or opr opane, and cis and
trans-1, 3-dichl oropropene) were added
to the scope of Method 504.

EPA Method 353.2 Nitrogen, N trate-
Nitrite, Col orinetric, Aut omat ed,
Cadm um Reducti on

A filtered sanple is passed
through a colum filled with granul ar
copper -cadnmium to reduce any nitrate
present to nitrite. The
concentration of nitrite is
det er m ned by di azoti zi ng with
sul fanilam de and coupling with N(1-
naphthyl)-ethyl enedi ami ne
di hydrochloride to form a highly
colored azo dye, which is nmeasured
colorinetrically.

Four of the nethods devel oped for the
NPS have been issued as EPA drinking water
conpliance nonitoring nethods; NPS 1 (EPA
507), NPS 2 (EPA 508), NPS 3 (EPA 515.1),
NPS 5 (EPA 531.1). These 4
net hods and EPA 504, as well as other
met hods proposed for wuse in conjunction
with the Safe Drinking Water Act, are

cont ai ned in a manual titled
“Determnation of Oganic Conpounds in
Dri nki ng Water”, or der nunber

PB- 89- 220461/ AS. This manual is available
through the National Technical Information
Service, 5285 Port Royal Road, Springfield
Virginia 22161.

The identification of all pesticide
and pesticide related analytes were both
qualitatively and quantitatively
confirmed. Confirmations were conducted
by reanal yses of all sanple extracts using
a second capillary gas chromatographic

(&0 or hi gh per f or mance I'iquid
chr onat ogr aphi ¢ (HPLO) col um. These
anal yses provided both a prelininary
qualitative confirmation for al | [ce

determ nations, and the final confirmation

for HPLC analyses. The anal ytes detected
using a GC based nethod were also
qualitatively confirned usi ng gas
chr omat ogr aphy/ mass spectronetry (G M) .
These confirmation procedures proved to be
essential due to the large percentage of
false positives observed when wusing only
one chromat ogr aphi c col um.

Due to the problems encountered with the
conparability of calibration standards used
in the pilot study, all I|aboratories were
provided with calibration standards from a
common source. The purity of all conmpounds

used as calibration standards was
certified through the EPA Pesticide and
Industrial Chemicals Repository. Usi ng

these certified materials, The Bionetics
Corporation produced stock (1-2 ng/ni)
standards, sealed in glass anpules, of each
analyte, internal standard, and surrogate
conmpound. These standards were verified by
the appropriate EPA | aboratory each tine that
a new set of anpules was prepared. Foll ow ng
verification by the EPA | aboratories,
these anpules were supplied to each NPS
| aboratory.

Recommendations for Conducting Cccurrence
Surveys

1. Devel op witten data quality
obj ecti ves. These describe the
mninmum quality acceptable to
neet the needs of the data
users. They should be devel oped
in cooperation with all parties
associ at ed with the survey
i ncl udi ng sanpl e col l ectors,
anal yti cal per sonnel , and the
final data users.

2. Appoint a survey leader. A director

or project manager should be
appointed to serve as the main
focus for all survey related

activities.

3. Appoint a quality assurance officer.
Even for extrenmely nodestly sized
surveys a quality assurance
officer cam be very hel pful. This
person should be responsible for
det er mi ni ng t hat everyone
i nvol ved in the survey understands
the work they are to perform and
then throughout the progress of
the survey, nonitors that all
operations are being conducted as
planned. It is best if this
person is not responsible for any
of the managenent functions of the
survey, and that they report
directly to the survey director
or a nore senior official.



4. Addi ti onal Q¥ QC  procedures. released to interested parties

Q¥ QC procedures, such as a or the general public. Wthout
program of analyzing duplicate this i nformation, peopl e
sanpl es at a second | aboratory, receiving the data will not be
anal yses of per f or mance able to nmake inforned judgnents
evaluation sanples, etc., are of the true inpact of t he
very beneficial for maintaining fi ndi ngs, and therefore wll
accept abl e | evel s of data al nost al ways assunme the worst.
quality. Aso, if analyses are
bei ng perforned by nmore than one 7. Consi der anal yte degradation
per son or | abor at ory, each products. Wen designing the
shoul d be provided with the same survey, consider not only the
calibration materi al s. Thi s parent conpound of interest but
will greatly i ncrease t he also any possible degradation
validity of conparisons nade products of t hat conpound.
bet ween data obtained from 2 or Frequently chemcals released
nor e sour ces. into the envi ronnent are
chemcally altered by exposure

5. Centralized data storage. Al to air, water, sunlight, etc.,
data should be subnmitted to a and the true inpact of the
central person or organization. chem cal on the environnent will
Al data should be submitted in be underestimated if anal yses
a format specified prior to are perforned for only the
begi nni ng the survey. original chemcal.

6. Health  and treat ment For additional information about the
i nformation. Heat h and National Pesticide Survey please call the
treat ment i nformation shoul d Safe Drinking Water Hotline at 1-800-426-

acconmpany any findings that are 4791.



