
728 State Street   |   Madison, Wisconsin 53706   |   library.wisc.edu

Grade A dairy farm well water quality survey.
[DNR-058] 1989

LeMasters, Gary S.; Doyle, Douglas J.
Madison, Wisconsin: Wisconsin Department of Natural Resources,
1989

https://digital.library.wisc.edu/1711.dl/EYQPLS7KVJFBP8O

http://rightsstatements.org/vocab/InC/1.0/

For information on re-use see:
http://digital.library.wisc.edu/1711.dl/Copyright

The libraries provide public access to a wide range of material, including online exhibits, digitized
collections, archival finding aids, our catalog, online articles, and a growing range of materials in many
media.

When possible, we provide rights information in catalog records, finding aids, and other metadata that
accompanies collections or items. However, it is always the user's obligation to evaluate copyright and
rights issues in light of their own use.



) SOKA 

Wisconsin Groundwater Management 
Practice Monitoring Project 

Qe . it Water Resources Center 
NE ; aowk. vay of  snpaeuiiee 

Willow Drive WATER RESOURCES CENTER terion, Wi 5706 

ibaa he on Da a antes eR ff: 

2 tree ae "aT. ms tg 
“Es ego aq Serna ae 
Sa i A 

2 as = 3 Saco 

ES) || ake 
ay im 7 \4 oe Se 

SX asus i 

: Vow Qc yas} \ | fl et 
meee kK \ 

i! \ aa) \ 
i! ‘ a fs Meee. \| 4 

Ig rv a), ahi SS BS N Bats OVS ih 

GROUNDWATER 

er , 

Wisconsin Department of Natural Resources S



Pps cul uace joe a sae Mee \ he ite a ms one Re ie ; a a { Be bs i va 

rena 4. BU Tet Means ari ie Pua a ee ore SHIRT Dianne Eset Ub ii ies 
fired HEH eae see eva ae, shetty TEU Eas SR ba woh aa) es ZA Nr a hae eure Dirac Cares Venaie, tied ean 

vO Ea aA LU Ta nae Ay SAN eu Ne penta Pia RRotanar te Ae ee cb reece ca ico RPMs ean ot 4 ee ye 
SORES Pankey Prin eee at Bot Na ae Sela a eee Ma aa fin: Tei ns ee ey) 
i aa Hes Pe Far tiga Ui Ae Ut tN (oer earl ie Den be Seen n fee Rit i ieciiheere: >t ca baa FAN 

: ee Ma we oD ane ie aay We reeves i Mean) ental twa eaine bce Nese reser Rares ta Sa) 

Sa AH ata nel Cann eens Help is Py ae ae on ae ie 
ohn oe Sih) ANT As entra atte at HORS tues Shee CoA aU Ese stoi So : EDA) cng Bi 

eae I pie rg ; v aM hd fis ie ae eaten: Nana? a ue ‘ as a i ia eas a le i 
ae ‘ “i Cees iN eh ee ues pte a et eae wes ai F nid att cee ia a i es Pe Ad pee Ae ee Gaat es 

SR any Daal Bete uty Nits sae site Sth Pie 1 i ve Goa: eas palates Gr ape cae ais 

ane aN i Peo Paonia ee sat Pins i an mie Lie Sa ~ Pie. iy Fat i eM bs | Gh tid ieee: SNUB ea (enn scale Cre ae ie iiah Soed Wein cet e eer! ane eb Ss Deai 
a Ma ia ee Bo 

am Seen Alsen pean Wael ed Mee Lio St , Siund Teeties Sv Oyere ee ear ae yee a Pace en i > ee . 

Tie a fi Caeser ae ee Biel a) PE cee i, aint pelea fd aN Aaa ace i (oh Har sn He ae oe le 1 ES Ee ae ie mur SA aera it Sh! A Cpe aieumt sili aaa Ne eae I cre MareUee Si eu ea ea tec ae Re icear ham fie 
a a Bi le Ge riaere ti i mien Pa Ba 

ORD De le aa otra ae tac Lato) RM e Pica atc Pe Rae liga a epeuee. | MDa 

CATT SIN llega eae pei tes al ieee MONS) A oP Mite eA ooo Fai TY We WR Seiire Rca Re haa ieee GUS Ne sth mae. sae) 

Nan PSUR Penta ea vou er sak Dac age ach ee patie: Wil ei 

1A ae Oa aR RRL rnin ean VL At a Sa) Nae aio ay cane iA aT AL Sule ec ReanaMe  AMe Er taeaaee oa eee ce Bane ais, 

RM ayia a eit: haya ee) cue Rena aaa Pari Waa 

i Te are eae Maen yt oe AeA agen SNS tar dee Vis eI | tae Pe, eee « a ene ARN TREE OS maaan SU Rs aca La et eae 

OSIRIS RB pte nC cla eae re tor alee aan eng gle ate ee AB re or en eae aa 
ae sai Mya a a ere licen SE aera OR ain a wee 4 eee eee tia) eee ne 
aa elnaeey aA ea a DCG aoa CRE TORE MR Pree’ 

Se Re) mae ear as ae UF Mera heat eae ML ed) AE Oe ea Race: Wap Fe 
Se pani Bp ise Ge PAO oan as Poa nea Pleo aH ae Wa Gh Hehe ieee mene } ne. i 
(SUG Eater Le aut: RT SY SUa age te la Ee Ak aGe eRe Epa taste : ul ae otal aly i aay aig Albee Via ane NCAT SS Mae esa pgs a Te Mea 
eat EAT SA Nee enn ade sed cat WA ke ip cue Sceeiae R Puta ethan Rory. tet Oe a) aoe LE ave nae! nr higi sb 

A erie HAMS legen le Wen ment sas i SPM Past aham isnt mp Gea lesan ss Ce RRIAE oom ei Ne Bo an ‘ 

aioe Silene Yiswiiicat Peay wnt i ay EH SSAA has K “s Me e {CNG saan Naha) ae drohal Pakioeuts reat asler cad Merona eRe ME aaee ae Aa aI A ee 
HO re Faia Ma Hoiat a me gate UNA AAT PEt eae Nata vee CS HEN Catt GY eaten Re eo ue ey ace Seah sh ty i CL REN OT Bt a Dee PEA aretha else! ee % "i ie CE Ce Ce OW Lie Mealeds ae TD haa DUE ool ifs An PSTN ee eee po ae, 

oy ews site Tre aeky Mt eee Me Asoka cary t Bat ead areal bea ena fess. ie ie a SN RAPED Cr ela eae Pe istic et Bae GTM Ce atin odio coe ase Ties Cane Ri 2 ae Bets ibe 
i oh Maat sie i NSA Ege aitaeipie aN MeL A i aly elas abet aL Pee aa a Man) ht i 

ne Ea Niven Heer AFT Tati mba youn ee ‘ PNP vase Mya TR fee Manotel bi j 
Cr Ra es eps ye el adept gay ieecr antes a ra AT ae adie NREL A Cepine doy Cy ee be 

i a eiee tira bee gale SOL #214 Hate el EY j BLS eS EN OU ie UN eae aves ie Re: 

oy Certs ied Po omen st UN tans rae i Weare echt Era Wee oo Sa ee fi 

OS i ENB PGE 6 a cee eee Peace tree mannii haeta : ae ty. 

ie Wee sae ean Re itor pa MAN Aa ipa kr art rea eecit TAY urenet ten Ts mea fu Ane MIT aa SRI GEE Meas lS RRR ee ana CED Cease ale ee 
aa GR SE a MMnt aa a eee aS joe UNA ot Stas Clea ate OO ea AN AMR 

Siar uae ree alte : ‘ Pi alate eT i : ease AY, heed Rs + ony a 

ign f a aS tio a ate ah Lai wae es oF PARR ew ied ae ‘ ap an A : dee ies See hen SALOU SRSA cree FA een ta F prin cer teas rsh silted a ae 
Bey i os ASOD aaa BI ARE Sa ate aera Me Gist ME rc AL ch ta BC RHO BCR See MeN 

apg aie ia Aaah gar eget li svent AVA St eae alan aba ier aie ce hari ta A al Hn pa ee , 
ae ) o) Set cali eae fat peeves ann CGR DOL ATL aaa ia VeSN i ne he oh aa 

EAU tiers Nias: GES Fit ee a Le ee aH Dyas SalWe get Wie Serena Bee Ne eae a eo eae Clit at H Choe ee ee Aiea cE ste a ene aa ied se i es eh AM, 
aia }aebaierisus tpi Meera eis al Re ee Sena a PD earner Le hs Bene «Net 

7 ot Fae te ay (3 Se eae By tty 1 SGI Cees Bi bury fiery, Hey / puede ‘ se a inet 

age aha hee Neat ieee ci BPE Veh CADENA ae TAY PTR A eal Sane ae , 
1 ERO abe ep ca al SNORE AMPS Pec) Ray A a a — 
(ot ARM PSA) Ret I Reee sey ean ty Dp pan? ne GA tec taet a ee Lan een eae aw Ni ey ay: LJ oe sete | foe 

| ON ee Siar uF vat eather ARE re cs aia he a. 2 
a ae Was eronl SMa aii POEL en a a emerscaes ) ames 

Ea Oar aun ea seule eyes nas) ; year natal Pot ety fs ve Ba ee sei) MRE ERTS ee ae 

eta is q wae a PAVEUTG VEY Ret ks excl owe Un Mange ot en Vines ast Mises LOA pana fi : natnea ts eee tc 

xe ee Ligh aula ReeMietin. af iecob matte yt apa Ne cha eae du ; a He a | 
si RRA Aaa Pa i Mere sory iv RA Eo iat ena ae o ee). ee 
Og ic ani Meh an cs eee ks aE my RC ne RO: Rese ‘ 4 e. 
‘4 SRR y teste ; : } Hier tacret ey ices (ced eh ah a Oe a 
RS aan i sy ee Peer ANE He AURRE ATE Sap rhs) betel ca Peon tne a 

a ae aD : Sn UU ten cg cea ath eA neon BUN Nai riage) ae AD eleven Sa ae 1 A ei) Sale Sra ce ia cine ny. ime. Fg 

=U Te ee iN st ‘ ‘ i} yi saa teh laut inaery ao als En Ny ah as 

eres cuialc ie Y f i ca eerie gaeeh Sy eat teh ee) ae ie ae ae 
A a ees fee " 7 Nae x Soak Oy We Wena Waste Bray ui ae 2 Nhe 4 ae a ‘ 

UO a cane aN SIN ; ‘ Nie as Ale Sint ureak at at ca Poa Ve 
a eet : 4 HS ety iota aa aaa ya ie iM a a a 5 

ae Hho AMA aia Nee Coa PPAR kehAN “ie 
ee a ena MN TUNIS cL a Naa Re ROT lacs Ean 

Maat eine te ty Na ta raeare ed et ery eV esa ee |h 
ee See aia es 1 ieee ed Maa a NM oa A Laat 3 Pe tlernye |. ime 

Te mae ieee ee ies : is SS VY a anaemia te a u (ee eA Re Aes 8 : 

TiC any are aN ‘ i Hs a rarer ena fenodrayin x He aNN ela te a sas ee a). 
ce ae eae Seyi ¢ Me f ; ae } REA eth Hane Aan oh Pah RS a Fala Pe osanes (F ea ee We : oe ne ie ve me EN tee WU 1 et eee St 3) aaeru ae ai iG ad 

US Ree eT baer arte j Ue ul ra svat! fees cine eae ey aia UMN elt Es dey et fae 

AE Sa ST aes A ate Aaa pe aa a He Ate proanta : a he oe a 
ee cag it aay teat pe AS Iet ars var NPR arama eye Riek Be Ae 
he lr Eee Ue cane ae a aiat rane a's we EAT | A pecse ie hata vate Ay En atau ise aes. ‘ie 
Nii eal ibe cde aa ed Tecan Nir See a tae oe i irae 2 ae 
ORO E ra icc Des esi nat Be ter p verIag arco hI ear RR Deters Magen Ve ny oe 
Mero et hod (ei TEVCISSoan Sa rnb nie ae fl eu CT uae ae pages Hey Fai ‘ot rhc Hi oy ee Pe ae RARE Atle te mneet ee aah Moa ie ae igaie fre Hei RON aaa ee 

Lancia saul ie eee he cea Deore Hc uered fc) aaa Resi eta cia heat anne vi i: 

tees Na Pied jos meee WW one etn Sh Ser dae th ath (al Bhoh oa ea nies Shel ie ee eee ahs ee ee se eR art eae amen cia Sree eer | 
OU aR cet PRO a hitched Naan den feet en ey reg in coe te eae | 
ies RNC eral UU TERR hard ghetto es ae Pare fonts Vela Doe Tuts latte are ae ae ore 

ie irceHt eas a ee AANA vat thse Garett, ie ita Bae sd erase Re arse Gee Site i 

Sey aca eat Hep



. Water Resources Center 
. | University of Wisconsin - MSN 

: 1975 Willow Drive | 
» | [Madison, WI 53706 | 

GRADE A DAIRY FARM : 

) 

WELL WATER QUALITY SURVEY 

| Wisconsin Department of Agriculture, Trade | | | 

and Consumer Protection 

a and 

. : Wisconsin Agricultural Statistics Service 

; 

; . April 1989



Wisconsin Department of Agriculture, Trade * 
. and Consumer Protection = 

- Administration | | ( 

Howard C. Richards, Secretary ) 

| Helene Nelson, Deputy Secretary 
| Orlo Ehart, Executive Assistant 

_ Agricultural Resource Management Division 

Nicholas J. Neher, Administrator | | 

William E. Simmons, Director 
Bureau of Plant Industry | 

Ned T. Zuelsdorff, Acting Director 

Groundwater and Regulatory Services Section 

Food Division 

| William Mathias, Administrator a 

Operations Division | *. 

Sandy Burie, Administrator | “4 

Gerald R. Myrdal, Director | | 
Laboratory Services | 

| Wisconsin Agricultural Statistics Service . 

Carrol D. Spencer, State Statistician



| GRADE A DAIRY FARM | | 

y WELL WATER QUALITY SURVEY 

| | Wisconsin Department of Agriculture, Trade | | 

| and Consumer Protection (WDATCP) - — 

and | 

Wisconsin Agricultural Statistics Service (WASS) 

April 1989 

“ Gary LeMasters, WDATCP 

Douglas J. Doyle, WASS



Agricultural Grade A Farms 

Statistics Farms Sampled 
District (Ni) (ni) a ee 
Northwest 2755 64 
North Central 2178 48 
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Figure 1. Wisconsin Agricultural Statistics Districts, the number 
of Grade A dairy farms in each district (Ni), and the number 
of farms sampled in each district (ni).



| ABSTRACT 

The Wisconsin Department of Agriculture, pesticides is estimated with 95 percent | 
. Trade and Consumer Protection confidence to be between 10 and 16 © 

(WDATCP) estimated the proportion of percent. The proportion of wells 
; wells on Grade A dairy farms that contain containing detectable (at or above 0.15 a 

detectable levels of pesticides and nitrate- ug/l) levels of atrazine is estimated to be - 
nitrogen (NO,-N). A random sample of between 9 and 15 percent. Between 5 and 

oo ' 550 farms was drawn from the population 9 percent of the wells contain atrazine 
2 of 23,543 Grade A dairy farms. These above the Preventive Action Limit of 0.35 

i. farms were chosen because WDATCP has ug/l. There were insufficient data to 
_ authority to collect water samples as part estimate the proportion of wells containing 

of its inspectidn program and because any pesticide above an Enforcement 
sampling this population should provide a Standard. | 
meaningful measure of the presence of 
pesticides in groundwater in_ rural The proportion of wells containing NO,- : 

| Wisconsin. | N is estimated to be between 61 and 69 
: percent. The proportion of wells 

. Water samples were actually collected containing NO,-N above the Enforcement 
from 534 of the 550 farms and analyzed Standard of 10 mg/l is estimated to be 
for 44 compounds including 10 of the between 7 and 13 percent. 
herbicides and 4 of the insecticides most : | 
commonly used in Wisconsin. One or The survey was not designed to determine 
more herbicides were detected in 71 wells. whether the pesticide detections resulted 
Sixty-four (64) of these contained atrazine from pesticide application according to 

, alone, 3 contained alachlor (Lasso® ) alone, label directions or from mishandling. 
| 1 contained metribuzin (Sencor®) alone, However, many farm operators whose 

| 1 contained atrazine and alachlor, 1 wells contained a pesticide above the | 
contained atrazine and _  metolachlor Preventive Action Limit were interviewed 

(Dual®), and 1 contained alachlor and about the way they handle and apply 
metribuzin. The maximum concentration practices. From these interviews it seems 
of atrazine was 19.4 micrograms per liter that while most of the farm operators 
(ug/l) with a median of 0.45 ug/l. The handle these compounds carefully, 

7 Entorcement Standard for atrazine of 3.5 improper disposal of pesticide rinsate and 
- ug/l was exceeded in 3 wells. The empty containers may be a problem 
- maximum alachlor concentration was 5.9 source. Farm operators also need better 

ug/l with a median of 0.7 ug/l. The information about the construction of their 
| Enforcement Standard for alachlor of 0.5 well and the relationship between activities 

| ug/l was exceeded in all 5 wells where it at the surface and groundwater quality. 
was detected. Finally, the regulatory community needs to 

- assist the farm community in 
The proportion of wells on Grade A dairy understanding the health implications of 
farms that contain detectable levels of Wisconsin’s groundwater standards. 

i
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INTRODUCTION | 

. In 1985 Wisconsin farmers were reported to have used about 5.2 million 
pounds of atrazine (a herbicide used primarily to control broadleaf weeds in 
corn) and 3.4 million pounds of alachlor (Lasso®, a herbicide used primarily for 

° grass control in corn) on about 5 million acres of corn (WDATCP, 1986). At | =- 

about this time the Wisconsin Department of Agriculture, Trade and Consumer : 
. Protection (WDATCP) began a monitoring program to determine if agricultural 

chemicals were reaching groundwater in significant concentrations. Shallow 
- wells were installed at the water table immediately downgradient from 

_ agricultural fields that featured sandy soils, shallow depth to groundwater, and | 
irrigation. Among the most frequently found compounds in this program were 
atrazine and alachlor. At this time Wisconsin had not adopted any official 
groundwater standards for these compounds and the unofficial guideline 
concentrations were not being exceeded. 

| In 1988 the Wisconsin Department of Natural Resources (WDNR) adopted 
health-based groundwater standards for atrazine and alachlor which were 
significantly lower than the unofficial guidelines. While the monitoring 
program showed that these compounds could reach groundwater at levels above 
these new standards in susceptible areas, no reliable information was available : | 
about the statewide extent of groundwater contamination from these 
compounds. The Grade A Dairy Farm Well Water Quality Survey reported 
herein was designed to meet this need. 

| The survey was funded with pesticide research fund monies collected by the | 
Agricultural Resource Management (ARM) Division of WDATCP, and by a grant | 
from the WDNR. All samples were collected between August, 1988 and > 
February, 1989. A total of 534 wells on Grade A dairy farms were sampled. 

| Throughout the report the concentration of a pesticide is expressed in units 
of micrograms of active ingredient per liter of water, abbreviated ug/l. This is 

- the preferred unit for expressing a concentration of a pesticide in water, and is 
equivalent to the more familiar unit of parts per billion, abbreviated ppb. The 

* concentration of nitrate + nitrite as nitrogen is expressed in units of milligrams 

" of nitrate + nitrite as nitrogen per liter of water, abbreviated mg/l, which is 
the equivalent to parts per million. Nitrite concentrations in groundwater are 

| usually insignificant so throughout the report the abbreviation NO,-N will be 
| - used to denote both the nitrate and nitrite forms of nitrogen. 

1



: Regulatory Framework 

The Wisconsin Department of Agriculture, Trade and Consumer Protection 
(WDATCP) regulates the bulk storage of fertilizers and the bulk storage and use 
of pesticides. Chapter 160 of the Wisconsin Statutes, "Groundwater Protection oS 
Standards", was adopted in 1984. It established an administrative process to 
produce numerical standards, comprised of enforcement standards and _ 
preventive action limits, for substances in groundwater. The standards are a 
adopted by the Wisconsin Department of Natural Resources (WDNR) based | 
upon recommendations by the Wisconsin Department of Health and Social - 
Services (WDHSS). Standards that have been adopted for pesticides are in 

| Table 1. The standards for alachlor, atrazine, metolachlor and butylate were 
adopted in 1988 while the remainder were adopted in 1985. 

The Groundwater Law mandates that WDATCP consider the need for 
substance-specific rules each time the WDNR establishes groundwater standards 
for a pesticide. The Grade A Dairy Farm Well Water Quality Survey was 
designed to provide information to help WDATCP determine the need for rules 

| for atrazine and alachlor. These two herbicides are used on the majority of the 
crop acres in the state. 

| Pesticide Use in Wisconsin | | 

In 1985 the Wisconsin Agricultural Statistics Service (WASS) conducted a 

pesticide use survey, with data reported for each of the nine Agricultural 
Statistics Districts shown in Figure 1. The acres treated statewide with all 
herbicides in 1985 and the acres of all crops treated with atrazine for each of 
the Districts are shown in Figure 2. Atrazine was used on about 3.4 million 

~ acres of corn and sweet corn, while alachlor was used on about 1.9 million 
acres of corn, sweet corn and soybeans. The South Central Agricultural - 
Statistics District had the largest acreage treated with atrazine, 730,000 acres, 

| followed by the Southwest District with 506,000 acres. | - 
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| | OBJECTIVES : 

; The primary study objective was to estimate with a known degree of 
_ confidence the proportion of wells on Wisconsin Grade A dairy farms that 
contain detectable levels of the most commonly used pesticides and nitrate- 

. nitrogen (NO,-N). If possible, we also hoped to make acceptably confident 
statements about proportions of wells at the WASS Agricultural Statistics ~ 
District level. Finally, we desired knowledge about the relative contributions of 

OO | pesticide application versus mishandling to any detections in groundwater. 
ad 

a - METHODS 

| Survey Design 

Sampling Frame 
The Wisconsin Agricultural Statistics Service (WASS) was charged with . 

ensuring that the well sampling project would generate unbiased estimates of 
the proportion of wells on Wisconsin Grade A dairy farms that contained | 
detectable levels of pesticides and nitrate-nitrogen (NO;-N). Potential 

| contamination from pesticides is not limited to dairy farms. Corn was planted 
on over three million acres in Wisconsin during 1988 and only a portion of this 

| was planted on dairy farms. Funding limitations necessitated sampling from a 
readily available list of farming operations. Further testing of wells on non- 

| dairy farms is necessary to determine if they contain similar pesticide and NO,- 
| N concentrations. | | 

The Brucellosis Ring Test list (WDATCP Animal Health Division, 24 May, 
| 1988) served as the sampling frame for the project. Grade A milk producers | 

are part of an ongoing inspection program and therefore can be visited for well 
water sampling in a cost-efficient manner. In addition, the list of Grade A | 
producers is very complete and updated at regular intervals. The quality of the | 
list was important and reduced the effect of non-response bias in the sampling 

. | procedure. } 

“ Some of the logistical challenges included the availability of staff for the. 
r. water collection, laboratory analysis, and coordination of staff from several 

WDATCP divisions. 

. Further, there were only limited data from past water sampling on farms 
-and some of the information useful in survey design was unavailable. Prior 
knowledge of historical estimates of means, proportions, and variances typically 

| serves in determining sample size and sample allocation. 
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A stratified random sample of Grade A dairy farms was the most efficient 
| methodology available. The geographical strata captured some of the variation 

in soil, climate and hydrogeology in Wisconsin. It also provided a means of 
allocating the sample to regions of the state having most of the Grade A dairy 
farms. | Te 

There are nine Agricultural Statistics Districts in Wisconsin, providing land 
area coverage of the state (Figure 1). The sample was allocated proportionally a 
among these districts or strata based on the number of Grade A dairy farms in . 

: the district as a fraction of the total number of Grade A dairy farms in the - 7 
| state. At the time the stratified random sample was drawn, 23,543 Grade A ' 

dairy farms were in the sampling universe across all nine strata. It was 
estimated that no more than 10% of those dairy farms chosen for sampling 
would be out of business by the time water samples would be collected. 

Sample Size 
When estimating means, totals and proportions for a target population, the 

size of a stratified random sample is dependent on several factors including the 
| population of each stratum, the degree of precision desired for each estimate 

(limited by the most important estimate to the research), the variance of the 
estimate for each stratum, and the cost of obtaining an observation in each 
stratum. In this instance, the primary objective was to estimate the proportion | 
of wells on Grade A dairy farms with any pesticide and/or NO,-N at detectable | 
levels. In determining sample sizes for proportion estimators it is helpful to 
have some indicator of the proportion of the target population exhibiting the 
trait measured. 

As a pilot study, this project enjoyed few indications of the factors discussed 
above, except for the population size in each stratum. The Agricultural | 
Resource Management (ARM) Division provided some idea of the proportion of 
wells in which we might expect to find detectable levels of pesticides and NO,- 
N. Staff from ARM suggested that 10% of the wells might contain pesticides. . 
In addition, ARM felt that they needed to have a tolerance of plus or minus 
two percent of the proportion estimator. Based on this information and funding | * 
limitations we selected wells on 550 Grade A dairy farms, 534 of which were - 
actually sampled. The number of Grade A dairy farms and sampled farms are : 
in Table 2. Sixteen dairy farms were no longer operating when visited by the 

. water collector. | 
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Potential Non-sampling Errors 

Time Dependency | 

A special challenge associated with the sampling design is the time 

: dependency of groundwater recharge and leaching of pesticides and NO,-N 

| through soils. It was impossible to test all wells in a short time frame. The ok 

laboratory could process twenty-five samples per week and samples cannot be ~ 

7 stored for more than seven days, so the samples had to be collected over a six 

" month period. The effects of time dependency may have been confounded by 

_ the summer long drought of 1988 and are difficult to quantify without repeated | 

sampling procedures. Retesting wells would improve the explanatory power of | 

this pilot study. 

Laboratory Detection 
The analytical method used in this study has a detection level of 

approximately 0.15 ug/l for the pesticides and approximately 0.5 mg/l for NO;- 

: N. Therefore, if the concentration of the pesticide in question was less than 

0.15 ug/l it was not detectable and was considered a zero reading. As a result, 

the actual mean concentration of a pesticide in wells on Wisconsin Grade A 

dairy farms and the proportion of wells with any pesticide or NO;-N may be’ 

| underestimated. However, the detection level is quite low and is probably less 

| significant as a health standard than as a statistical concern. _ 

Water Collection Site 
In addition to selecting a random sample of Grade A dairy farms, it was 

—_ necessary to specify which well the water collector would sample if a dairy | 

farm had two or more wells. We specified that the water would be drawn from 

the well that supplies water to the two compartment wash sink in the milk 

house that is required of each Grade A milk producer. If there was more than 

one well the water would be sampled from a tap connected to the well most 

often used in the milk house. : | 

-. There are two problems with this procedure. First, any filters attached to the 

, supply line before the tap could affect the concentrations of pesticides and NO;- 

N in the sample. However, no research is available on the effects of water 

7 treatment on these compounds. Secondly, in the case of multiple wells accessed 

through the milkhouse, the water collector had to judge which well was most 

often. used in the milkhouse. These potential sources of bias could not be 

controlled without a more stringent experiment. | 
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Sample Collection _ 

The water samples were collected by the Food Division inspectors over the . 
period August, 1988 to February, 1989. The samples for pesticide analysis 
were collected in washed and capped one-liter amber glass bottles with Teflon- me 
lined caps. The NO,-N samples were collected in 125-milliliter (ml) 7 
polypropylene bottles. All samples were collected from the cold water tap at , 

| the two compartment wash sink. The tap was allowed to run for at least five . 
minutes before a sample was collected. No attempt was made to collect the . 
sample before any water treatment device that may have been present. All a 
samples were placed in an insulated shipping container, refigerated with | 
prefrozen ice packs and shipped to the WDATCP General Laboratory via courier | 
service. All samples were received by the laboratory within 48 hours of | 
sampling. About 25 farms were sampled each week. The three Food Division 
Region offices scheduled sample collection with their inspectors, with sampling 
rotating between the three regions on a weekly basis. | 

Sample Analysis 

Pesticide concentrations were determined using the Neutral Extractable , 
Method of the State Lab of Hygiene Organics Section, Method 1200 (Wis. Lab. 
of Hygiene, 1988). The analytes that can be detected using this method are 
shown in Table 3. The WDATCP General Laboratory analyzed about 150 
samples for NO,-N and the State Laboratory of Hygiene analyzed the remaining 
samples. Both laboratories used the Cadmium Reduction Method 418C (USEPA, : 
1979) with a reporting level of 0.5 mg/1. 

Notification 

Each participant was notified of the sample results by letter. If an ES for a 
pesticide was exceeded and was confirmed by followup sampling the well owner 

: was advised to seek an alternative source of drinking water. If the . 
concentration of NO,-N exceeded the ES of 10 mg/l the well owner was advised 
that the water should not be consumed by infants under six months of age. . 
The pamphlet Pesticides in Drinking Water (WDNR, 1985) was sent to each “" 
participant where pesticides were detected at any concentration. The pamphlet | 
Nitrate in Drinking Water (WDNR, 1986) was sent to each participant where 
NO,-N was detected above the ES. | 

- Followup to Detections 

Each well containing a pesticide above an ES was resampled and a milk sample 
was collected also. The water sample was split between the WDATCP General 
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Laboratory and the State Laboratory of Hygiene and there was close agreement 
between the two laboratories. The WDATCP laboratory analyzed the milk for 
the pesticide(s) detected in the water; none of these pesticides were detected in 

| any of the milk samples. Pursuant to Chapter Ag 161 of the Wisconsin 
Administrative Code, a preliminary investigation was conducted at each farm 

. where an ES was exceeded to attempt to determine the source(s) of the < 
contamination. The sample results were explained in person to the farm 

. operator and information was collected concerning pesticide application history, 
- pesticide handling practices and well construction. 

ve Statistical Analysis | | : 

| Proportion Estimates | 
, | An unbiased estimator of the proportion of elements in a finite population 

with a specified trait can be obtained from the following formula for a stratified 
random sample (Scheaffer et al., 1979): 

A A 
Pe = [1/N] = N; p; 

| where | | | 

N = the number of elements in the target population. _ 

N; = the number of elements in the i® stratum. 

- D; = the proportion of elements in the i* stratum exhibiting the 
, specified trait. 

| The unbiased estimator of the variance for this proportion estimator is given by 
(ibid.): | 

A Ay _ 2 ; A A 
— Vp.) = [1/N?] = N? |N, - 10, Pi di | 

- N; n,- 1 

where | 

*s n; = the number of sampled elements in the i* stratum. 

qi = 1 - D: | 

The variance estimator can be used to derive confidence intervals as follows | 
(Ott, 1984): | 

A A 

, [Bu - toos (V(Bu)”") < Pa S Ba + toos (V(B.)"7)] 
| a



where | | 

0.05 = the specified probability that the interval will not 
contain the true value with repeated samples. mo 

VB.) ya = Standard Error of the proportion estimator. . 

| For a 95% confidence interval this reduces to (ibid.): - 

[pe - 1.96 (S.E.) < P, < B, + 1.96 (S.E.)] | a 

Pesticide Concentrations 
oo The mean concentration estimator for pesticides is given by the following 

(Scheaffer et al., 1979): 

A A 
Yn = [1/ N] N; y: 

where 
: 

N = the number of elements in the population. | 

N; = the number of elements in the i* stratum. 

y, = the mean concentration for the i* stratum. 

The variance for this estimator is given by the following (ibid.): 

AA N; - n, S? | 

| N; n; . 

where | _ 

n; = the number of sampled elements in the i stratum. * 

S? = the variance estimator for the i* stratum. . 

The strata level variance is given by (ibid.): 

A | 
AA (y; - Jj )? | 

V(y¥,) = x —_———  — = S? 

| n, -1 - 
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| | where | | 

Vj = the concentration for the i* sample in the j* stratum. 

y, = the mean concentration for the j* stratum. 

n, = the number of sampled elements in the j" stratum. 
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a RESULTS 

Sixteen producers went out of business before the well could be sampled; 
0 therefore samples from 534 wells were analyzed. | 

| | Pesticides | a 

General Results | ) 

an Of the 71 wells that contained detectable levels of one or more pesticides, 
- 64 contained atrazine alone and 2 contained atrazine plus another pesticide. 

oy The table below shows the findings: | 

Pesticide Number of Wells 
Atrazine alone 64 | 
Alachlor alone 3 | 

| Metribuzin alone 1 | 
Atrazine + alachlor 1 | 
Atrazine + metolachlor 1 
Alachlor + metribuzin 1 

Total wells with pesticides 71 

_ The median atrazine concentration was 0.45 ug/l (The median is the number 

| where half of the remaining numbers lie below and half lie above) and the ES 
was exceeded in only 3 wells. In contrast, the ES for alachlor was exceeded in : 

| all 5 wells where it was detected. Metolachlor (Dual®) and metribuzin _ 

(Sencor®) were the only other compounds detected. All four of these 
compounds are herbicides, with all but metribuzin associated with corn 
production (Figure 2). The complete pesticide results tabulated by county 

| within each Agricultural Statistics District are in the Appendix. . 

State Proportion Estimates 
The estimators presented earlier were used to yield the proportion estimates 

7 in Table 4. Thirteen percent of the wells on Grade A dairy farms in Wisconsin 
“ are estimated to contain detectable levels of any pesticide. The standard error | 
r. of this proportion estimate is 1.4%. A 95% confidence interval can be | 

. constructed as follows: : | 

, [0.13 + (1.96)(0.014)] or [0.13 + 0.027)]} | : 

| We can say that in 100 repeated samples the estimated confidence intervals 
would contain the true population proportion 95 times. _ 
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The procedure estimates that atrazine could be found at detectable levels in 
12% of the Grade A wells with a standard error of 1.4%. The confidence . 

| interval for this estimate is: 

[0.12 + (1.96)(0.014)] or [0.12 + (0.027)] oe 

: Comparison of District Proportions | . 
Statistical Z tests (Zar, 1974) of District level proportions indicate that the 

South Central District had a higher proportion of wells with any pesticide . 
detect than the West Central District. The test used is as follows: - ' 

Z= |§- Bl / (Ba/n, + §4/n)7) 

The actual district level proportion estimates for any detect, atrazine, atrazine 
above the PAL and atrazine above the ES are in Table 5. The confidence 
intervals for some of the estimates for some of the Districts are very wide. 
Therefore, the observed geographic pattern is suggestive of the need for more 
analysis. | | 

State Estimates of Mean Concentrations 
| The mean concentration for atrazine in wells on Wisconsin Grade A dairy 

farms is estimated at 0.12 ug/l (Table 6). The standard error was estimated at 
0.04 ug/l. The 95% confidence interval is: 

[0.12 + (1.96)(0.04)] or [0.12 + (0.08)] 

Comparisons of District Mean Concentrations 
It is useful to compare the district level estimates. When interpreting 

multiple comparisons, it is important to remember that failure to reject the 
hypothesis that two or more means are equal should not lead to the conclusion 
that the population means are in fact equal (SAS Institute, 1985). Multiple 
comparisons were done with a Student’s t-test on all possible pairs of district . . 
level means. For the i* and j* district means you can reject the null hypothesis. 
that the means are equal if: - 

Vi - ¥;| /sQ./n; + 1/n) > t(e;df) . | 

where ¥; and Y, are the means, n, and n, are the number of observations in the . 
respective cells, s is the root mean square error based on the degrees of 
freedom (df), and the significance level of a two tailed test from a student’s t 
distribution shown by a (ibid.). | 

12 | |



_ Repeated t tests over several groups incur a large probability of type II error 
(chance of falsely rejecting the null hypothesis). Bonferroni t-tests provide 
simultaneous inferences in any statistical application requiring tests of more 
than one hypothesis. The SAS BON option in the SAS GLM procedure was used 
to conduct this test (ibid.). Both multiple comparison procedures indicate that 

. sample sizes were too small at the district level to warrant comparisons of | = 
mean concentrations. Although the estimates for district level pesticide | 
concentrations were not all significantly different from zero, they will provide 

- an essential basis for future sampling designs and follow-up studies. | 

‘ _ Enforcement Standards and Preventive Action Limits 
Estimates were made on the proportion of wells that contain atrazine above 

the PAL. The survey data are shown in Table 7. From Table 4, 7% of the 
| | wells tested had atrazine above the PAL with a standard error of 1.1% Using | 

the standard 95% confidence interval methodology we derive: | 

[0.07 + (1.96)(0.01)] or [0.07 + (0.022)]. 

There were insufficient wells with either atrazine or alachlor over the ES to 
make an estimate. , 

| Nitrate-Nitrogen 

| State Proportion of Wells with Detectable levels of NO,-N | 
. The proportion estimator and the corresponding variance estimator used for 

| the pesticides are also appropriate in the analysis of NO;-N detection. The 
procedure estimates that 65% of the wells on Grade A dairy farms contain 
detectable levels of NO,-N, with a standard error is 0.019% (Table 4). The 

| 95% confidence interval for this proportion is: 

[0.65 + (1.96)(0.019)] or [0.65 + (0.037)] | 

. Comparison of District NO,-N Proportions 
| Multiple comparison tests were conducted for NO,-N proportions. The Z test 

° (Zar, 1974) indicated that the Southwest Agricultural Statistics District of the 
* state has a higher proportion of wells on Grade A dairy farms with NO,-N above. 

the PAL than the South Central Agricultural Statistics District (actual proportion 
estimates and standard errors for NO,-N are in Table 5). | 

State NO,-N Concentration Estimates 
The mean concentration estimator and the corresponding variance estimator 

for the pesticides are also appropriate for the analysis of NO,-N concentrations. 
The estimate of the mean NO,-N concentration at the state level is 3.74 mg/l] 
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: with a standard error of 0.23 mg/l (Table 6). The 95% confidence interval is 
given by: 

[3.74 + (1.96)(0.23)] or [3.74 + (0.45)] | 

| Comparison of District NO,-N Mean Concentrations , = 
The strata level estimates of mean NO,-N concentration and standard errors 

may provide insight into the geographical variation of NO,-N. . However, several mt 
of these are not significantly different from zero and all had fairly wide v 
confidence intervals. Therefore, they are not included in this report. - 

Enforcement Standards and Preventive Action Limits . 
The number of wells above the PAL and ES for NO,-N are in Table 8. From 

| Table 4, 48% of the wells are estimated to have NO,-N above the PAL with a 
standard error of 1.2% percent. Further, 10% are estimated to have | 
concentrations above the ES, with a corresponding standard error of 1.3%. 

NO.,-N and Pesticide Association | 

Test of Association Between 
NO.,-N and Pesticide Detection 

A recent pesticide survey in Minnesota (Klaseus et.al., 1988) cited a non- | 
statistical association between the presence of NO,-N and pesticides in a well. 

| Pesticides occurred more frequently in wells with higher NO,-N concentrations. 
No statistical test of association was conducted. To test this relationship with 
the Grade A survey data a Chi-square test (Ott, 1984) of independence between 
NO;-N and pesticide at detectable levels was conducted as part of the overall 
analysis. The test statistic indicates that we should reject the null hypothesis of | 
independence between having NO,-N concentrations higher than the PAL and 
detectable levels of pesticides (a2 = 0.01). A test of association between wells 
with NO,-N above the ES and detectable levels of pesticides was significant (a | 
= 0.05). Wells with NO,-N above the PAL (2 mg/l) and above the ES (10 . 
mg/l) are significantly more likely to contain a detectable level of a pesticide . 

| than a well that contains NO,-N below these concentrations. The chi-square , 
test is not designed to indicate cause or effect, simply association. 

The Minnesota authors did report a lack of a significant quantitative | 
relationship between the concentrations of NO,-N and pesticides as determined 
using linear regression. A similar lack of a quantitative relationship was found 
in this study. : | 
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DISCUSSION 

) Followup Investigations | 

About 36 farms with the highest concentrations of one or more pesticides 

were visited by staff from the ARM Division. Each farmer was interviewed a 

about pesticide use and handling history and about construction of the sampled - 

| well. More detailed investigations were conducted at each farm where an ES 

. was exceeded. Soil samples were collected from areas of historic pesticide 

- mixing and loading and analyzed for the compound(s) found in the well. One 

‘oe warning letter was issued to a farmer where illegal pesticide container disposal oe 

practices were observed and significant concentrations of atrazine were detected 

in soil samples. Of the 36 farmers interviewed, about 50% mix and load 

| pesticides on the farm, about 40% hire commercial applicators and about 10% ~ 

| mix and load pesticides at a farm other than the one sampled. About 70% of | 

the farmers are themselves certified applicators. 

| Well Construction | , | 

The well on a Wisconsin Grade A dairy farm is required to meet the | 
standards in Ch. NR 112 of the Wisconsin Administrative Code for such things 
as minimum setback distances from septic tanks and barnyards, minimum casing 
depth and well depth, and proper plumbing. When a well is drilled the driller 

| submits the well log to the WDNR and leaves a copy with the well owner. The 

original well construction records are maintained by the Wisconsin Geological 

| and Natural History Survey (WGNHS). For a variety of reasons it was very 

difficult to locate well construction records for the Grade A dairy farm wells. 
Of the 71 wells that contained pesticides a well construction record could be 
confidently associated with only 16 wells. The following statements apply only 
to this set of records. | 

These wells were generally high quality, properly constructed wells. The 

pesticide detections in these wells cannot be attributed to improper well 

| construction or inadequate casing depth. The contaminated wells range in | 

- depth from 62 to 200 feet. The casing depth in these wells ranges from 37 to 

*. 117 feet. Eighty percent of these wells were finished in bedrock formations _ 

and 20% were finished in unconsolidated materials such as sand and gravel. 

None of the farmers who were interviewed were able to produce a well : 

| construction report for their well. | 
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Pesticides in Groundwater in the United States 

The Oregon State University Extension Service conducted a survey of state " 
lead agencies to summarize pesticides in groundwater (Parsons and Witt, 1988). 
The authors stated that the principal criterion for whether pesticides had been 
detected in a state’s groundwater seemed to be whether or not the state had = 
looked. Thirty-three of the 35 states who reported having sampled 
groundwater for pesticides had some contaminated wells. Fifteen of the 50 7 
states could not provide any data and in 10 of these no testing had been done _ 
by any agency. , 

Twenty-eight states, including Wisconsin, had tested for atrazine and 17 had 
: found it. No pesticides were detected in 4798 of 5569 (86%) wells tested 

(detection limits vary between states and over time), while 11 (0.2%) were 
above the Health Advisory level of 3 ug/l used in the survey. In the Grade A 
survey 88% were "no detect" for atrazine and 0.6% exceeded the ES of 3.5. . 
ug/l. Twenty-three states had tested for alachlor and 16 had detected it. Of 
the 5016 wells sampled, 4874 (97%) were "no detect" versus 99% for the 
Grade A survey. 

The authors of the Oregon report note that their survey results do not 
accurately reflect the incidence of pesticides in either wells or aquifers as a 
whole due to the use of pre-selected, susceptible wells and aquifers, as well as 
the effect of "mining", or multiple sampling in areas where positives have 
already been detected. In this context the agreement between their results and 
those of the Grade A survey is surprising, as no such preselection was used in 
this survey. | 

Pesticides in Minnesota Groundwater 

The Minnesota Departments of Health and Agriculture recently completed a 
survey of pesticides in two kinds of wells (Klaseus et.al., 1988). The Minnesota 
Department of Health (MDH) sampled 400 public supply wells and the | m 
Minnesota Department of Agriculture (MDA) sampled 100 observation, - 
irrigation and private drinking water wells and five drain tiles. Both sets of . 
wells were selected from agricultural regions of the state, and, within those 

| regions, from areas believed to be susceptible to groundwater contamination by | 
pesticides. For example, of the 400 MDH wells, 282 terminated in 

| unconsolidated glacial, alluvial, or lacustrine deposits. In the MDH survey | 
pesticides were detected in 114 (28.5%) of the 400 sampled wells, 

Atrazine was found in 107 wells and was the only pesticide in 94 of the . 
400 wells. As in the Grade A survey, atrazine concentrations were quite low, 
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exceeding 1.0 ug/l in only 7 wells. The authors reported an association. — 
between depth of the well casing and pesticide presence in those wells in 

| unconsolidated aquifers, but none where wells were finished in bedrock. Forty- 

three percent of wells cased less than 50 feet deep into unconsolidated aquifers 
were contaminated at least once, while only 18% of the wells deeper than 50 } 

. feet were contaminated. , 7 

: In the MDA survey one or more pesticides were detected at least once in 51 
coe of the 100 wells. Atrazine accounted for 112 of the 144 (78%) pesticide 

. detections. As in the MDH survey concentrations of atrazine were quite low, 
. with a median concentration of 0.38 ug/l. This is close to the median of 0.45 

: - ug/l in the Grade A survey. 

| From the Oregon and Minnesota projects it is clear that atrazine is 
commonly found in groundwater in susceptible areas in other states at similar 
frequencies to those found in this survey. The outstanding difference is that 

: the Grade A survey sampled randomly selected wells, without regard to 
susceptibility. | 

; | Distribution of Pesticide Detects in Wisconsin | 

The number of wells sampled in each Agricultural Statistics District and the — 
| number containing atrazine are shown in Table 7. Twenty-three of the 80 

| wells (29%) in the South Central Agricultural Statistics District had detectable 

levels of atrazine, followed by 13 of 78 wells (17%) in the Southwest District. 
| The South Central District leads the other districts in atrazine use, as shown in 

7 Figure 2. Atrazine was used on 730,000 acres in this district in 1985 compared 
to 506,000 acres in the Southwest District. When this use pattern is combined 
with the number of Grade A dairy farms in the district (3464, second only to 
the East Central District) one would expect to detect atrazine here if in any 
area of the state. This is a simplification, however. The East Central District 

: was third in atrazine use at 443,000 acres and contains the most Grade A dairy 
| farms, yet atrazine was detected in only 6 of the 82 wells sampled (7%). , 

« Differences in the geological materials from which the soils formed may . 
‘. partially explain the different frequency of pesticide detections in the South 

a Central and East Central districts. The soils of the East Central District are 
generally formed in medium and heavy textured glacial tills, while those in the 
South Central District, especially those in Dane County where most of the wells 
with detects are located (see the Appendix), include areas of soils that are | 

co shallow to bedrock or formed in a mantle of loessal material (wind blown silts) 
overlying stratified sand and gravel. Further work in these areas will in all | 
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likelihood identify other factors that may have contributed to the observed | 
differences. | 

Historical Explanation for Pesticides in Groundwater 

The Council for Agricultural Science and Technology (CAST) published a ~ 
report in 1985 titled "Agriculture and Groundwater Quality" (CAST, 1985). 
The authors attributed the detection of pesticides in groundwater in recent | 
years to the greater sensitivity of modern analytical instruments, and to the fact ¢ 
that the majority of the locations for analysis are areas of relatively heavy . 
pesticide use and susceptible soils and geology. The authors state further that | 
where pesticides have been detected in drinking water the wells were "...sited in 
or directly adjacent to repeatedly treated fields and drilled only to shallow 
water-table aquifers." (CAST, 1985, p.46). | 

| Greater sensitivity in analytical procedures for pesticides in water does play _ 
a role in the results of the Grade A survey. In 1986 the State Laboratory 
Hygiene lowered its reporting limit for atrazine from 1 ug/] to 0.15 ug/l. Had 
1 ug/l been used in this study the number of wells with atrazine would have 
decreased from 66 to 12. However, the greater laboratory sensitivity isa. 
response to lower groundwater standards as more is learned about the chronic 
health effects of these compounds. : 

CAST (ibid.) also attributes many pesticide detections in groundwater to 
: poor siting of wells. The Wisconsin Groundwater Law applies protection to the 

entire groundwater resource, rather than only certain aquifers. An exceedance 
of an Enforcement Standard in a monitoring well next to a farm field is given 
the same weight as an exceedance in a drinking water well. In addition, while 
most Grade A dairy farms are in areas where pesticides are routinely used, few 
of those visited during the survey are on landscapes with shallow water-table 
aquifers. 

. » 

18



SUMMARY : 

WDATCP sampled 534 wells on Grade A dairy farms to yield a statistically 
based estimate of the proportion of wells in the population of Wisconsin Grade 
A dairy farms with detectable levels of the most commonly used pesticides. - This proportion is estimated to be between 10 and 16%. The proportion of = | wells containing atrazine in concentrations above the Preventive Action Limit of 
0.35 ug/l is estimated to be between 5 and 9%. There were too few detections tos of a pesticide above an Enforcement Standard to permit estimates of this 

. proportion. — | 

- The Enforcement Standard for atrazine was exceeded in three of the 66 
wells where it was detected, while the Enforcement Standard for alachlor was 
exceeded in all five wells where it was detected. | 

The proportion of wells on Grade A dairy farms in Wisconsin that contain 
_ NO,-N above the Enforcement Standard of 10 mg/l is estimated to be between 

7 and 13%. | 

| 19



e 

. . 

= 

bal s « 

-- 

» * 

wv 

a * 

eo 

. Re 

» 

. . et 

e



Agricultural Grade A Farms 

Statistics Farms Sampled 
District (Mi) (ni) 

* Northwest 2155 64 
North Central 2178 48 

0 Northeast 1330 30 
Ae West Central 3899 87 = . 2a Central 1640 38 . 

4 oa East Central 3725 82 
Southwest 3422 78 

South Central 3464 80 
= «: Southeast 1130 27 

. i. a 23543 534 

oar etl 
: a O 

ee — CENTBA 

ee 

Langlade 

Oconto, 

Jackson: 

4 TRA 
TRAL ‘Winnebago 

4 = | ‘i 

° a . ‘Dane 

oe jellerson 

, SOUTH 

. Figure 1. Wisconsin Agricultural Statistics Districts, the number 
. of Grade A dairy farms in each district (Ni), and the number 

of farms sampled in each district (ni). 
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Herbicide Use in 1985 
(x1000 acres) 

Atrazine SW ; 
38362 506 1) ab 

EC q 730 : , 

443 

” Metribuzin b rr ee 

nage re NE ND: 

1944 Y : . aa ee PG 

eae sor NE 20 
All Herbicides Atrazine by Ag Stat. Dist 

from WDATCP 1985 Pesticide Use Survey 

Figure 2. Herbicide use on all crops in Wisconsin and atrazine use by 
Agricultural Statistics District in 1985. 
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Table 1. Wisconsin groundwater standards for pesticides detected 

| in or capable of entering groundwater uv 

. Compound Brand Name Category” ES”! PAL” 

| Alachlor Lasso H 0.5 0.05 

Aldicarb Temik I 10 2 om 

so Arsenic I 50 5 | 

. Atrazine Aatrex H 3.5 0.35 

0 Butylate Sutan HH 67 6.7 

 Carbofuran Furadan I 50 10 

cyanazine Bladex iH 12.5 1.25 

Dinoseb Dinitro H 13 2.6 | 

Endrin | | I 0.2 0.02 — 

EPTC Eptam H 250 | 50 

Lindane | I 0.02 0.002 | 

Methoxychlor | I 100 20 

Metolachlor Dual H 15 1.5 

Simazine Princep H 2.15° 9.2157 

en 

’ phese standards are published in Chapter NR 140 of the 

| Wisconsin Administrative Code, updated in October 1988. 

a Wy = herbicide, I = insecticide 

' 7 enforcement Standard, concentration in micrograms per 

7 liter (ug/l), equivalent to parts per billion. 

4 preventive Action Limit, (ug/l). | | | 

| / simazine concentration expressed as milligrams per liter 

(mg/l), equivalent to parts per million. 

. — 7 23



| Table 2. Grade A dairy farms and sampled farms by a Agricultural Statistics District. - 

Ag Stat Number of Grade A Number - District Dairy Farms Sampled og 
-_ | oo 

Northwest 2755 : 64 
North Central 2178 48 
Northeast 1330 30 
West Central 3899 87 
Central 1640 38 
East Central 3725 82 
Southwest 3422 78 
South Central 3464 80 | Southeast 1130 27 

| 
| Total 23543 534 

| | v 
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Table 3. Analytes recovered through the neutral extractables 
method. State Hygiene Laboratory, Organics Section, 
Method 1200 

NITROGEN/ PHOSPHORUS ELECTRON CAPTURE | 
‘ ANALYTE DETECTOR DETECTOR 

ALACHLOR X X a 
. ALDRIN xX ~ 

ATRAZINE X 
BENEFIN X | | X | 

78 BHC X | 
| BLADEX X 

. CASORON | X X | 
4 CHLORDANE Xx 

CHLORDENE X 
CHLOROTHALONIL xX 
CHLORPYRIFOS x | X 
DACTHAL xX | X 
DDT & ANALOGUES Xx 
DIAZINON X X 
DIELDRIN xX 
DIMETHOATE | X X 
DISULFOTON x | xX 

| ENDOSULFAN X 
ENDRIN x 
EPTAM | X X : 
FONOFOS | xX Xx | | HCB , | X 
HEPTACHLOR X 
HEPTACHLOR EPOXIDE xX 
LINDANE . | x 
LINURON | x x | 
MALATHION xX xX 
METHAMIDAPHOS . | xX | xX 
METOLACHLOR Xx Xx 
METHOXYCHLOR | xX | 
METHYL PARATHION X xX 
PARATHION xX xX 

. PCB'S | X 
PCNB xX 

*¢ PENDAMETHALIN Xx xX 
/ PHORATE X 

PHORATE-OXYGEN ANALOGUE xX 
* PHTHALATES Xx 
oS PROMETONE Xx | xX 

SENCOR | X a X | | 
| SIMAZINE X 

| SUTAN Xx xX 
. TERBUFOS Xx X | 

TRIFLURALIN X xX 

; NOTE: EVEN THOUGH MANY COMPOUNDS SHOW UP ON BOTH DETECTORS, THE 
NITROGEN/PHOSPHORUS DETECTOR IS SPECIFIC FOR THE ORGANONITROGEN | 
AND THE ORGANOPHOSPHORUS ANALYTES. 
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Table 4. State level proportion estimates for any detected 
: pesticide, atrazine, and nitrate-nitrogen (NO3-N). 

Category Proportion s.B, 2 Coe 
ee 

Ses SS SaaS SSeS srs sieht sPUS . 

Any pesticide | c 
detect 0.13 0.014 _ * 

Atrazine 
detect 0.12 0.014 

Atrazine 
> 0.35 ug/l 0.070 0.011 

NO3-N 
| detect 0.65 0.019 

NO3-N | | 
2 2 mg/l 0.48 | 0.012 . 

NO3-N . | 
2 10 mg/l 0.10 0.013 eee VE | 

"S.E. = standard error of the estimate. : 

“Proportion + tooy(S.E.) = 95% Confidence Interval 

ug/l = micrograms per liter. | 

mg/l = milligrams per liter. 

| \ 
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. Table 5. Agricultural Statistics District proportion estimates 

" Any Atrazine NOz-N  —-—« Atrazine NO3-N ~ 
Detect Detect Detect 20.35 ug/l 22 mg/l 

Ag + ; A A A | : Dist. Pi Pi Bi Bi Bi : ——— EP 

. North 0.08 0.06 0.78 0.05 0.50 
, west (0.034) (0.029) (0.052) (0.027) (0.062) 

North 0.04 | 0.04 — 0.77 0.04 0.46 
Central (0.028) (0.028) (0.060) - (0.028) (0.071) 

North 0.07 0.07 0.47 0.03 0.27 
East (0.046) (0.046) (0.092) (0.031) (0.082) 

West 0.13 0.11 0.77 0.07 0.57 
Central (0.036) (0.033) (0.045) (0.027) (0.053) 

Central 0.16 0.13 0.74 0.08 0.63 
(0.059) (0.054) (0.071) (0.044) (0.078) 

East 0.07 0.07 0.29 °/ 0.23 
Central (0.028) (0.028) (0.050) — | | (0.047) 

South 0.19 0.17 0.87 0.09 0.69 
West (0.044) (0.042) (0.038) (0.032) (0.052) 

South 0.29 0.29 0.61 0.20 0.50 | 
Central (0.050) (0.050) (0.054) (0.044) (0.056) 

South 0.04 0.04 ' 0.30 0.04 | 0.22 
Fast (0.038) (0.038) (0.089) (0.038) (0.080) 

eee 

* “Values in parentheses are standard errors of the proportions 
d 

- 2/ Proportion + too5)(S.E.) = 95% Confidence Interval 

/ No estimate available for Atrazine 20.35 ug/l in District 6. 

ug/l = micrograms per liter. | 

. mg/l = milligrams per liter. 
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Table 6. State level concentration estimates for atrazine and 
nitrate-nitrogen (NO,-N). | : 

Category | Mean s.E."/ (+ 

wre ww wenn nn -ug/ 1 -------------- . 

Atrazine 0.12 0.04 . 

wren ern nn mg/ 1] -------------- mo 

NO3-N | 3.74 0.23 

‘Mean concentration + toosy (S-E.) = 95% Confidence Interval 

ug/l = micrograms per liter. 

mg/l = milligrams per liter. 

. 
| o 

v 
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, Table 7. Atrazine data by Agricultural Statistics District 

. Ag Number Number -- 

Dist. n Detects Max! 20.35 ug/l 23.5 ug/l 
* e a_i sss iese=sssessnsuessnsnehesunsnssununeseecee 

™ Northwest 64 4 1.05 3 0 
. North Central 48 2 0.55 2 0 | 

: Northeast 30 2 1.22 1 0 
West Central 87 10 2.53 6 0 
Central - 38 5 4.16 3 1 
East Central 82 6 0.33 0 0 
Southwest 78 13 19.40 7 1 
South Central 80 23 4.43 16 1 
southeast 27 1 0.57 1 | 0 $$ eee 

Total 534 66 39 3 

ug/I = micrograms per liter. , | 

Maximum concentration, ug/l. 

ve 

| | 
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Table 8. Nitrate-nitrogen (NO3-N) data by Agricultural | 
Statistics District | 

Ag ‘Number Number - 

Dist. n Detects Max"! 22 ng/l 210 mg/l . -:- 
—_ CS Rc serge . , 

Northwest 64 50 16.00 32 5 - 
North Central 48 37 16.70 22 1 | 
Northeast 30 14 11.90 8 1 
West Central 87 67 24.00 50 , 6 
Central 38 28 21.80 | 24 6 
East Central 8:2 24 28.00 19 8 
Southwest 78 68 13.50 54 9 
south Central 80 : 49 44.00 40 19 
southeast 27 8 6.90 6 om ES 

nner 

Total 534 | 345 255 55 
eS 

mg/l = milligrams per liter. 

v Maximum concentration, mg/l. 

| .. 

. 
by 
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Appendix. Wells selected and sampled and pesticides detected by Agricultural Statistics 

| District. Wells with atrazine or alachlor at or above the preventive action limits or 

enforcement standards are in bold type. 

Wells 
. weennccenenenennnennnnnncencesees 

County Selected Sampled Detect(s) Well Pesticide Concentration 
| (ug/l) | 

. Northwest Agricultural Statistics District . 

Bayfield 2 2 0 | oT 

Barron 29 29 3 (1) Atrazine 0.39 

— | (2) Atrazine 1.05 
(3) Atrazine 0.19 

5 Burnett 0 

- Chippewa 13 13 2 (1) Atrazine 0.46 | 

(2) Alachlor 0.71 

| Metribuzin _ 0.17 

Douglas 1 1 0 

Polk 9 9 | 0 | 
Rusk 7 7 0 
Sawyer 1 1 0 | 

Washburn 2 2 0 | | 

a 
Subtotal 64 64 5 

: North Central Agricultural Statistics District 

Ashland 1 1 0 

Clark 18 «18 1 (1) Atrazine 0.53 

Iron 0 

Lincoln 1 1 0 

Marathon 23 21 1 (1) Atrazine 0.55 

Oneida 0 
Price 1 1 0 | 

Taylor 8 8 0 

Vilas | 0 
a 
Subtotal 50 48 "2 

: _ Northeast Agricultural Statistics District | 

Florence | 0 | 

Forest 2 2 0 | 

Langlade 3 2 0 

ca Marinette 4 4 (0 : 

Oconto 7 7 0 

4 Shawano 15 15 2 (1) Atrazine 1.22 

“e | (2) Atrazine 0.230 

Subtotal 31 30 2. 
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Wells | 

County Selected Sampled Detect(s) Well Pesticide Concentration | 

| (ug/l) 

West Central Agricultural Statistics District , 
Buffalo 6 6 0 
Dunn 20 18 0 | 

| Eau Claire 8 8 1 (1) Atrazine 0.25 os 
Jackson 2 5 2 (1) Atrazine 0.38 - 

(2) Atrazine 0.53 
| LaCrosse 6 6 0 »_* 

Monroe 8 8 1 (1) Atrazine 0.31 a 

| Pepin 3 3 0 . 
Pierce 6 6 2 (1) Atrazine 0.37 | > 

(2) Atrazine 0.45 
St. Croix 18 16 4 (1) Atrazine . 2.53 

. (2) Atrazine 0.25 
(3) Atrazine 0.15 

(4) Atrazine 0.48 
| Trempelcau 11 11 1 (1) Alachlor 3.87 

Subtotal 91 87 — il 

Central Agricultural Statistics District 
Adams 1 1 0 
Green Lake 5 3 2 (1) Atrazine 0.16 

(2) Atrazine 4.16 
Juncau a) 3 1 (1) Atrazine 0.64 

| Marquette - 2 2 0 
Portage 6 6 1 (1) Metribuzin 0.44 
Waupaca 9 9 2 (1) Atrazine 0.86 

(2) Atrazine 0.16 
Waushara 4 4 0 

Wood 6 — «66 0 

Subtotal 38 38 6 

East Central Agricultural Statistics District. | 
Brown 8 7 1 (1) Atrazine 0.29 | 
Calumet 12 11 0 
Door 2 2 1 (1) Atrazine 0.16 
Fond du Lac 17 17 3 (1) Atrazine 0.33 _ 

(2) Atrazine 0.27 . 
. (3) Atrazine 0.27 

Kewaunee 5 5 0 | ; r 
Manitowoc 13 12 0 | | 
Outagamie 16 16 "4 (1) = Atrazine 0.18 
Sheboygan 9 8 0 
Winnebago 5 4 0 

| Subtotal 87 82 6 . 

34



Wells | 

County Selected Sampled Detect(s) Well Pesticide Concentration __ 

| (ug/l) 

4 , Southwest Agricultural Statistics District 

Crawford 7 7 0 | 

Grant 19 19 3 (1) Atrazine 0.35 

‘ (2) Atrazine 0.25 . 

(3) — Alachlor 0.50 _ 

Iowa 16 14 3 (1) Atrazine 0.35 

«4 (2) Atrazine 0.30 

: (3) Atrazine 0.62 

z Lafayette 9 9 3 (1) Atrazine 0.62 

© ¢ (2) Atrazine 0.20 

yO | (3) — Alachlor 1.95 

Richland 6 6 1 (1) Atrazine 1.05 

Sauk 14 - 14 3 (1) Atrazine 0.27 
(2) Atrazine 0.25 
(3) Atrazine 0.33 
(4) Atrazine 1.91 

(3) Atrazine 19.4 : 
Metolachlor 0.56 . 

Vernon 11 11 0 

| tS 
Subtotal 80 78 15 

South Central Agricultural Statistics District : 

Columbia 8 8 3 (1) Atrazine 4.43 
(2) Atrazine 0.58 
(3) Atrazine 2.93 | 

~  Alachior 0.53 

Dane 22 22 12 (1) Atrazine 0.49 : 

| | (2) Atrazine 1.24 

(3) Atrazine . 0.52 

- : (4) Atrazine 0.57 
6) Atrazine 0.47 | 
(6) Atrazine 0.20 
(7) Atrazine 2.80 
(8) Atrazine 0.83 
(9) Atrazine 0.45 

| (10) Atrazine 0.18 

A (11) Atrazine 0.16 

(12) | Atrazine 0.27 © 

‘ Dodge - 23 23 0 
“8 Green 10 9 4 (1) Atrazine 0.23 

| (2) Atrazine 1.41 

(3) Atrazine 0.26 
(4) Atrazine 0.64 

: Jefferson 8 8 0 | 
Rock 11 10 4 (1) Atrazine 0.45 | 

‘ (2) Atrazine 0.80 

| (3) Atrazine | 068 — 
(4) Atrazine 0.19 

% i 

Subtotal 82 80 23 |



Wells 

County Selected Sampled Detect(s) Well Pesticide Concentration 

(ug) 
Southeast Agricultural Statistics District ; 

Kenosha 3 3 0 | 

Ozaukee 2 2 0 
Racine 2 2 0 vo 
Walworth 5 5 0 _ 
Washington 10 10 ol (1) Atrazine 0.57 
Waukcsha 5 5 0 . 

ea Eee rs tenes esenssnnusussnrssasnasereremenesnouse , Subtotal 2/7 2/ 1 é 
ee 

SSS SSS eer eeesshehasnnnssssssnsfsensnrerritenpereeeeeeereneeeees td * 

State Total 550 534 71 

| . 

' 
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