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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
WASHINGTON, D.C. 20460

DS e

OFFICE OF PREVENTION,
PESTICIDES AND TOXIC SUBSTANCES

MEMORANDUM

DATE: October 1, 1998

TO: Angel Chiri, CRM
Spec1a1 Review and Reregistration Division

FROM: David Farrar, Statistician, EFED task leader for terbufos . / 7% // e
Jim Breithaupt, Fate and Exposure scientists. gomn W
Environmental Risk Branch II '
Environmental Fate and Effects Division (7507C)

THROUGH: Betsy Grim, Acting Branch Chief 57z e LO-C-FY
EFED/ERB II ﬁ 7

RE: Terbufos: Responses to American Cyanamid Co. comments on the 1996 RED

draft.

DP BARCODE: D225276 ,D227482,D248246,D248249 r

EFED has reviewed comments subnntted by American Cyananud Co. (ACC) in response to the
1996 EFED draft RED chapter. Documents submitted were “An Analysis of the Environmental -
Fate of Terbufos: A Response to EPA on the Preliminary Science Chapters of the RED” prepared
by American Cyanamid, and “Ecological Risk Assessment for COUNTER® Systemic
Insecticide-Nematicide” prepared by Ecological Planning and Toxicology, Inc.

On 7/28/98 EFED provided SRRD with a list of items from these documents which would be
addressed. Attached are our responses for each item. As we have mentioned, a number of EFED
scientists wrote responses in 1996 dealing with particular areas. This communication serves to

, integrate the material developed by EFED in 1996 and relate that matenal to the points identified
in our 7/98 memo.

/& zef



Regarding ecological risk (aquatic and terrestrial), we conclude that the EFED and ACC risk
assessments are similar. For aquatic risk the major exception has to do with the ecological
significance of farm pond size bodies of water. EFED believes that farm ponds and bodies of
water similar in size to farm ponds (e.g., prairie potholes, small shallow lakes bordering rivers)
are ecologically significant. These provide cover and food for waterfowl, shorebirds, snakes,
turtles, amphibians and various mammals, in addition to aquatic organisms.

Regarding the terrestrial risk, EFED is not in complete agreement with all the assumptions in the
material submitted by the registrant but we have come to similar conclusions. In particular as
stated in our chapter ... while these studies have consisténtly documented acute hazard and
shown an indication of potential chronic problems from the use of the 15G formulation, the
extent of the effects appears to be limited to a relatively small number of species.” Based on the
properties of the granules it is possible that the 20G formulation is more attractive as grit than the
15G formulation; however, there is no information to confirm that one formulation or the other is
actually more attractive. '

In the RED chapter, EFED had expressed concerns about water quality issues for parent terbufos
and the metabolites terbufos sulfone and terbufos sulfoxide. Based on the information available
to us at this time, including the information from the documents submitted by the registrant
(reviewed here), we do not have major concerns for water quality for parent terbufos. However,
EFED still has major concerns about the potential of terbufos sulfone and terbufos sulfoxide to
reach surface and ground water.

With regard to fate properties of terbufos, the registrant cites different values for parent terbufos
for water solubility, vapor pressure, hydrolysis, and aerobic soil metabolism. Both the water
solubility (15 ppm for EFED and 5 ppm for the registrant) and vapor pressure values (2.6 x 10*
for EFED versus 3.16 x 10™ torr for the registrant) are similar, and EFED will update its data
base to use the new water solubility and vapor pressure information.- However, these differences
do not have any effect on our previous conclusions about the environmental fate and effects of
terbufos. The differences in half-lives from hydrolysis and aerobic soil metabolism depend on
the method of calculation, and EFED will continue to use the values reported in the current RED
chapter. ’

Additional recommendations. The EFED recommends surface water monitoring studies based
on approved protocols. It will be important to monitor for terbufos sulfone and terbufos
sulfoxide in addition to parent terbufos. We recommend distinct monitoring designs for drinking

water and aquatic effects, with the studies for aquatic effects focusing on relatively shallow water
bodies. '

cc  Betsy Grim ~ Jean Holmes Dennis MacLane
Denise Keehner Ed Fite
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Attachment: Responses to registrant comments on the 1996 EFED draft RED ch#pter.
The EFED has received two documents for review:

(1) An Analysis of the Environmental Fate of Terbufos: A Response to EPA on the Preliminary
Science Chapters of the RED” prepared by ACC 4/18/96 (the “ACC Fate Analysis.”) Cover
memo J. Wrubel (Am. Cyanamid) to A. Farrell (USEPA), 4/29/96.

(2) “Ecological Risk Assessment for COUNTER® Systemic Insecticide-Nematicide” prepared
by Ecological Planning and Toxicology, Inc. (The “EPT Report™), 3/14/96, with cover memo
4/3/96 J.Wrubel to A. Farrell.

Issues related to EFEDs aquatic risk assessment.

Our responses to ecological risk issues make substantial use of responses developed in 1996 by
EEB (4/16/96; author Dennis MacLane).

. The EPT report states that the most sensitive tested invertebrate is Daphnia (LC50=0.2
ppb) and that: “The most sensitive species of aquatic invertebrates may experience a local .
reduction, but the total invertebrate biomass may not be reduced because of tolerant
invertebrate species so that the food base for fish is unaffected.”

The RED document may be modified to include additional toxicity data which support that, in
fact, Terbufos is highly toxic to most aquatic organisms. In addition to the low values of 0.3 ppb
for Daphnia (crustacea) and 0.2 ppb for mysid (crustacea), a volume of ecotoxicity results by
Meyer and Ellersieck (USFWS) reports values of 0.2 ppb for Gammarus (crustacea) and 1.4 ppb .
for Chironomus (insecta). These values have not been incorporated in the RED although EFED
does view data from that source as acceptable. Finally, the comment focuses on biomass,

whereas species composition can also be ecologically significant. In the incidents, Terbufos
killed fish, snakes, and crayfish.

. The EPT report states (Section 6.2.1, p. 56) that USEPA has relied on a deterministic
exposure model that does not address vatiability in exposure. Aquatic incidents are said
to be related to unusual combinations of circumstances promoting runoff, including slope,
soil condition, and weather. :

No changes to the EFED chapter are suggested: As indicated on page 45 of the EPT report, the
registrant is talking about results obtained with the GENEEC model. The current assessment is
based on the Tier II procedure using PRZM and EXAMS. The Tier II approach takes into
account slope and soil properties by assuming a “reasonable worst case” scenario. Variation in
meteorological conditions is accounted for by use of time series of actual meteorological

" measurements. The meteorological data are used probabilistically in that the concentrations used
in risk assessment are values exceeded with an estimated frequency of once per 10 years.
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. The rebuttals point out that exposure estimates based on a “farm pond” scenario are not

necessarily appropriate for addressing impacts on larger bodies of water such as rivers
and lakes.

In accordance with current EFED practlce the RED chapter has been revised to include a ‘risk

. characterization’ section. That section includes discussion of variation among kinds of aquatic
habitat. The degree of dilution is the most obvious factor determining the vulnerability of a
given kind of water body. As indicated in the revised chapter, exposure for some kinds of
surface water bodies may be similar or higher than exposure of farm ponds as assessed using the
current model.

Relatively high-exposure situations may have as much or more ecological significance as farm
ponds. A scenario similar to a farm pond may be appropriate or under-protective for prairie
potholes (common in some agricultural areas) or seasonal pools, which are important habltat for
some species.

Terbufos can cause fish mortality in ponds iarger than the one acre pond used in EFED’s
exposure-scenario. In one incident the pond was 4 to 5 acres of surface with an average depth of
5 to 6 feet.

. The EPT report suggests (Section 6.2.3, p. 59) that farm ponds are artificially stocked
- with game species and have limited significance in maintaining the genetic diversity of
populations of native species.

No changes to the EFED chapter are suggested. The comment applies specifically to fish or
other exploited species. In addition to these species farm ponds are likely to be significant as
habitat for naturally-occurring vertebrates including amphibians, snakes, turtles, birds, and
mammals. Many of these will migrate overland between farm ponds and other aquatic habitat so
that farm ponds contribute to wildlife populations for natural water bodies. Regarding the fish,
we are concemed to some degree about impacts on fish that have been stocked. :

«  The rebuttals point out that farm ponds may be frequently disturbed by human activities.
No changes are suggested for the EFED chapter: The EFED does not regard the presence of
stressors other than pesticides as uniformly supporting lesser (or greater) concern for pesticide
effects. Presence of other stressors could sometimes be associated with elevated sensitivity to

pesticides.

. When compared to the 85th percentile of STORET values, the EEC's are below the level
of concern (pages 48 and 55).

No changes of the EFED chapter are suggested: Frequencies based from STORET are not |
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reliable for quantitative exposure assessment without careful evaluation of the circumstances of
the measurements, if it all. STORET values may be particularly deficient for evaluation of acute
risk, because (as noted by the registrant) acute exposures of concern may occur in a narrow
window in space and time. STORET measurements will not necessarily be targeted to regions

- where a pesticide is used. If untargeted STORET values exceed levels toxic to aquatic life, such
exposure levels may be widespread. '

. The EPT report provides a variety of comments on the fish kill incidents'for terbufos.

No changes of the EFED chapter are suggested: The registrant does not appear to disagree with
EFED’s interpretation of specific incidents, but rather focuses on generic issues such as the
difficulty of establishing causality and the environmental conditions where incidents occur. We
agree that fish kills often result from factors other than pesticide exposure including
eutrophication, turbidity, and ammonia poisoning, and we agree that fish kill incidents are
particularly likely after heavy rains. The EFED continues to believe that the record of incidents
for Terbufos indicates that aquatic impacts are widespread.

Issues related to EF. EDs assessment of risk to birds and terrestrial wildlife.
. The ACC document points to a lack of reported terrestrial incidents for terbufos.

The frequency of reported incidents does not provide a reliable indication of actual wildlife
mortality caused by a pesticide because we expect that pesticide related mortality will often not
be noticed, not attributed to the pesticide, or not reported. Also, as stated in the 1996 EEB
response, “Of more relevance, field studies designed to detect mortality find mortality.”

Since the rebuttal documents were submitted there has been a particularly severe incident
involving mortality to Swainson’s hawk in Texas. As indicated in our most recent RED draft
chapter, EFED tentatively concurs with the registrant that this incident occurred under a
combination of circumstances that is probably unusual; however, if similar incidents occur then
that tentative conclusion should be revisited. Also, we have one additional avian incident record
that has not been shown to have resulted from misuse. :

. ~The registrant relies to some degree on terrestrial field studies reportedly conducted by
Knapton and Mineau, which have not been submitted for review by the Agency.

As we indicated in our 7/28/98 memo, we hae not seen these studies. Based on subsequent
communications with SRRD (partlcularly 8/20/98) it is our understanding that this study has
never been submitted for review in the Agency.

. “Viewing all the field studies as a whole the evidence suggests that the birds at greatest

risk ... may be ground-feeding insectivores and omnivores such as robins, particularly in
wet years” (p. 33). Noting an apparent difference in mortality for such species in two
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years, Tank et al. speculate that higher mortality in one year may be due to relatively wet
conditions that drove earthworms to the surface (p. 28). On that basis the cover level
concludes that “The reduction in robin survival was related to extreme rainfall conditions
that brought robins to the corn fields to feed on soil invertebrates, such as earthworms,
that were at or nedr the soil surface because of soil saturation.” Evaluation of data from
the Breeding Bird Survey is said to show no population declines for such species.

The EEB response written in 1996 concurred that there was evidence from field studies that a
minority of species would be affected by the 15G formulation. Other parts of the argument (e.g.,
the relation of high robin mortality to high rainfall) are based on very limited information.
Supposing that there is some relanonshlp between rainfall and pesticide-related mortality of
robins and other ground feeding species, the registrant has not established that conditions wet
enough to cause significant mortality are so rare as to be of limited concern.

The registrant argues that population data shows no declines for those species they consider to be
at most risk (robins and other ground feeding species). EFED does not regard the absence of
negative trends in the population data considered by the registrant as establishing no concerns. In
particular, a local population reduction caused by a pesticide may not be reflected in the
population trend information for a larger region. :

. The EPT analysis includes a discussion of the properties of terbufos granules as these
properties may affect attractiveness to birds, arguing (p. 10) that: “The clay granules used
for COUNTER 15G® may not be viewed by birds as an adequate source of grit. The
inert material used for COUNTER CR® is rather soft and does not look or feel like silica
particlés and also may not be viewed by birds as adequate for grit.

Besides pointing to properties of granules that might affect attractiveness to birds as grit, no
information has been submitted supporting that one formulation or the other is actually more
attractive. Additionally, birds may be exposed by routes other than consumption of granules for
grit. As noted in the 1996 EEB response “Field studies show birds can be killed and intoxicated
. by applications of terbufos. Also, they show mammals can be affected. Therefore, birds and
mammals have been exposed even if by a route other than being mistaken for dietary grit.” Also:
“The breakdown of the granule may add to the risk in contaminating food by allowing
inadvertent distribution of the terbufos onto [soil organisms].”

The risk characterization in the EFED chapter can be revised to include additional material on the

properties of terbufos granules, with particular reference to how those propertles may affect
attractiveness as gnt
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. The EPT analysis presents extensive discussion of the risk from ingestion of invertebrate
prey items, concluding that exposure concentrations would not usually be lethal.

Estimation of terrestrial exposure is subject to considerable uncertainty. EFED’s review of field
studies for terbufos has concluded that they demonstrate avian mortality.

o The EPT analysis comments (Section 4.1.2) on uncertainties associated with the use of
LD50/4t2.

The issues raised are generic and not specific to terbufos. Exposure of terrestrial animals may
occur through multiple pathways. Information is generally not available to quantify the
individual pathways or their combined effect.

. The ACC argues (p. 14) that the available evidence does not indicate soil concentrations
higher in turn-row areas, where granules may be spilled.

The specific high exposure associated with turn row areas would more likely be from granules on
the surface rather than from the soil. If there is a trail of exposed granules in a turn row area and
the soil samples do not happen to be collected under the trail, it is not clear that the elevated
exposure would be detected.

Miscellaneous issues related to environmental fate and transport and water quality.

> The registrant argues (in the ACC Fate Analysis) that formation of the sufloxide and

-~ sulfone in soil is not a 1:1:1 process, but conservatively 1:1/2:1/4. These ratios appear to
be based on peak concentrations observed in aerobic soil metabolism studies (see p. 14),
i.e., for each degradate the concentration rises to a peak and then declines, with the peak
concentration of the sulfoxide about 50% of the initial concentration of parent and the
peak concentration of sulfone being about 25% of’ parent.

The EFED concurs that in at least some studies formaldehyde and carbon dioxide are important
degradates. The EFED agrees that in aerobic soil metabolism studies maximum degradate were
observed at 50% and 25% of the initial concentration of parent. The EFED will review the
wording in the current RED chapter with regard to consistency with these observations.

“The EFED has not calculated EECs for terbufos metabolites in surface water. The observations
that the concentrations of the sulfone and sulfoxide did not reach the initial concentration of
parent terbufos is useful information but it is not clear how EECs would be affected without
doing the model runs. Observations related to peak concentrations do not take into account the
fact that the degradates are more persistent and mobile that parent terbufos. Consequences of
higher persistence include greater availability for runoff and greater persistence in the receiving
body of water.
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o “Contrary to what was presented in the draft science chapters, the predominant terbufos
metabolites found in laboratory studies were carbon dioxide and formaldehyde” (p. 4)

The registrant is correct in saying that the predominant terbufos degradates are carbon dioxide
and formaldehye in some studies. In the hydrolysis study, terbufos sulfoxide was only a minor
degradate, and no terbufos sulfone was observed ‘Also, in the aerobic soil metabolism study,
EFED noted that terbufos sulfoxide and sulfone were observed at maximum concentrations of
approximately S0 and 25% of applied terbufos. However, EFED notes that in aerobic soil, the
pathway of degradation goes through the sulfoxide and sulfone metabolites to carbon dioxide.

As mentioned previously, the sulfoxide and sulfone metabolites are relatively persistent.

. The registrant argues ‘that terbufos degrades more rapidly than the RED chapter indicates.

Differences in the half-life values for hydrolysis and aerobic soil metabolism result from different
calculations applied to the same data. EFED will continue to use the values reported in the
current RED chapter. For hydrolysis, the registrant used the same data set as EFED (MRID
00087694) but calculated a half life of 3 days (versus a value 15 days calculated by EFED). The
registrant appears to be referring to the DT, which is the observed time of 50% degradation,

" whereas EFED used linear regression through all the sampling intervals.

For aerobic soil metabolism, EFED reported a value of 27 days, while the registrant reports
values of 7-10 days (MRID 00156853). The differences in method of half-life calculation was
the reason for the different half-lives. EFED notes that to calculate half-lives of 7, 10, and 27
days using simple linear regression, the 0-30 day, 0-60 day, and 0-180 day sampling intervals

_ must be used in the regression model, respectively. The 1 values for these calculated half-lives
are 0.95, 0.99, and 0.72, respectively. EFED also notes that thie 30-day interval took into
account only the steep part of the decline curve, and the 60-day interval only took into account 1
interval where degradation appeared to slow down. The effect of only selecting intervals where
the rate of degradation is rapid leads to a short calculated half-life, and ignores other data points
that are meaningful. However, EFED notes that the DT, (observed half-life) for parent terbufos
was 4-7 days in the agrobic soil metabolism study. This would indicate that the sulfoxide and
sulfone degradates are primarily the active ingredient(s) during a growing season.

* The registrant also cites a complete sediment:water system aquatic half-life of 0.2-6.8 days that
the Agency has not seen to date. EFED normally uses information on aquatic metabolism in
surface and ground water models.

. The registrant cites Goolsby and Battaglin (1995) as demonstrating that terbufos is one of
the least frequently detected pesticides in surface water (see particularly page 25). In
particular they say that terbufos has not been detected in the NAWQA unit with the
White, Missouri, and Ohio rivers.
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As of our most recent review of the USGS NAWQA data, there have been 17 detections of -
parent terbufos in surface water at concentrations ranging from 0.01 ppb to 0.56 ppb. (This
includes a single detection in the Albermarle-Pamlico study unit with an estimated value of 0.01
ppb, awaiting QA/QC confirmation.) Parent terbufos has now been detected twice in the White
river (at concentrations of 0.013 ppb and 0.16 ppb). The information from NAWQA data in the
RED chapter will be updated. We expect that if terbufos sulfone and terbufos sulfoxide had been
looked for in the NAWQA studies, those metabolites would have been found more frequently
than parent terbufos. :

The comparative information displayed by the registrant does appear to suggest terbufos is not
among the most frequently detected pesticides. However, the most frequently detected pesticides
~ were herbicides with relatively high volume use. If SRRD believes that a comparative analysis
like this will be important, we should do comparisons using the most recent data. Also, it may be
desirable to include information on the relative volume of use.

. The registrant asserts that ground water detections reported in the EFED chapter have
been discounted.

Based on information submitted by the registrant, EFED now considers ground water detections
of parent terbufos in Iowa to be uncertain; however, EFED still considers the detections in
Indiana and in the NAWQA database to be valid.

EPA's Pesticide in Ground Water Data Base documents 4,224 samples in twelve states tested for
terbufos residues in ground water. Four states reported detections in a total of 11 wells. Iowa
had seven of the eleven reported detections which came from five municipal well systems (public
drinking water supply systems). Thirteen Iowa wells were sampled for terbufos sulfone and no
residues were detected :

The reglstrant has disputed the detections of terbufos in Iowa municipal wells and provided a
memorandum from Susan Wayland of EPA to William A. Stellar of Cyanamid dated 1/10/89,
concluding that the findings were either not confirmed or were attributed to point sources. The
registrant provided a copy of the report from which these high detections were taken. In the
report, the detections of up to 11 ppb in Iowa were questioned by the study authors themselves,
who believe that the lab misidentified terbufos in the 1985 Little Souix study (Kelly, Iowa
Department of Natural Resources, attached as 9/18/98 fax from registrant). The problem with the
detections may be related to the EPA contract lab methodology or to a short-term spike that may
have occurred from unusually heavy rains immediately following application of terbufos. Upon
consideration of the additional information provided by the registrant concerning the detections
of terbufos in Iowa, EFED cannot draw any conclusions from the data. EFED does not expect
measurable levels of parent terbufos in ground water from application in most years.

The two detections ex{;eeding the HA of 0.9 ug/L were located in Indiana. The first detection,
and highest in the U.S., was from a spring in Indiana with 20 ppb, and the second was from a



domestic well with 12 ppb. Little additional information was available concerning the
detections.

According to the USGS NAWQA database, there have been 3 detections of parent terbufos in
ground water from a total of 3,333 samples. These were two confirmed detections of 0.008 ug/L
and one estimated detection (0.012 ug/L). The detection limits of the analytical method ranged
from 0.013-0.02 ug/L.

. The registrant says that none of three restricted use triggers (detection, mobility, and
persistence) would be met for parent terbufos, while for t. sulfone and t. sulfoxide
mobility and persistence triggers would be exceeded only based on laboratory
measurements (p. 24).

With the implementation of FQPA, EFED is no longer evaluating pesticides using the mobility
and persistence triggers for ground water as used in the draft of the 1994 terbufos RED. There is
still a concern about potential mobility and persistence of the degradates under certain
conditions. However, there is not sufficient evidence at this time to require a ground water label
advisory or a ground water study. Current information on detection is reviewed above.

. The EPT report cites (p. 48) runoff studies for granular pesticides (Wauchope, 1978) and
terbufos specifically (Felsot, 1990) as indicating that only a small percentage of the
pesticide applied will tend to be lost in runoff.

It is necessary to place field measurements of percentage runoff in perspective by considering
frequency, representativeness of the studies, and toxicological information. For assessment of

_acute aquatic risk, the EFED is concerned with occasional events involving high runoff.
Therefore we use probabilistic calculations to account for the frequency of runoff events
exceeding a given magnitude, for a ‘reasonable worst-case’ site. We do not consider these
procedures overly protective in light of the available field information (generated by Wauchope
and others). The only papers by Felsot reviewed in the RED chapters were published before
1990. :
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American Cyanamid Company
Agricultural Research Division
P.O.Box 400 =

Princeton, NJ 08540

{609) 799-0400

November 25, 1986

Dr. Gerald F. Kotas ' .

Environmental Protection Agency
" WH550

401 M Street, S.W.

Washington, DC 20460

re: counrEr(®! systemic
insecticide-nematicide
Terbufos: Agquecus Hydrolysis
and Photolysis; Soil Metatolism
Dear Dr. Kotas:

As we discussed via telephone on the referenced topics, reperts
enclosed are as follows: ' _

¢y 92,100 cooNTER'®) Insecticide: Metabolism Studies of
C-Labeled CL 92,100 in BHydrolytic and Photolytic

Environments.
coontER'®)  Insecticide, terbufos (CL 92,100): Water
Photolysis

These reports demonstrate that only traces of terbufos sulfoxide
(cL 94,301) and terbufos sulfene (CL 94,320) are formed as
photolytic/hydrolytic products and that terbufos in water is pri-
marily degraded to small nontoxic fragments, e.g. to formaldehyde
(65~70% of the total). -

I have also ericlosed a copy of the Environmental Fate and Exposure
Assessment Review conducted in conjunction with the Terbufos
Registration Standard.

As you will note in the last paragraph on page 3, the reviewer
concluded "The potential for terbufos to contaminate groundwater is
low belcaese terbufos degrades rapidly in soil and its residues are
immobile.

/2 o 5F
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pr. Gerﬂg Ins§8‘£j18ia¢ -2- | November 25, 1986

I have also included the most recent report from the state of Iowa
because a previous report from that state had reported finding terbufos
in the 1985 Little Sioux study (Kelley and Drustrup, 1986). The
enclosed report states on page 6, THowever, terbufos was not detected
and there is reascn to believe that the lab misidentified terbufos in
the 1985 Little Sioux study (Kelley and Drustrup, 1986)". In addition,
Wisconsin has assayed approximately 1000 groundwater samples and has
never detected terbufos. - .

I have also enclosed a literature article titled "Insecticidal Activity
and Persistence of Terbufos, Terbufcs Sulfoxide and Terbufos Sulfone in
Soil® by R. 'A. Chapman and C. R. Barris. 1In this study terbufos was
applied to two soil types at 3.4 kg a.i./Bectare which is three times
the recommended label rate. The conversion to terbufos sulfoxide and
sulfone and their rates of degradation in the two soil types are shown
on page 539. :

American Cyanamid Company does not believe there is any potential for
terbufos to leach into groundwater and further we see no need for
additional monitoring. ‘

If you require .any further data feel free to contact me at your

convenience.
Very truly yours,
-
William A. Steller, Manager
U.S. Regulatory Affairs
/s4
Enc.
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PESTICIDES IN IOWA'S DRINKING WATER

Richard D. Kelley

Iowz Deperizent ¢i Naturai Ress
Eenzy k. Wallace Blag.

Des Moines, 1zl 3
Cctcber 158

m Ul/

ABSTRACT

The collective and cacnerat‘ve work of resource acgencies

in Jowa over. the las%t five yeers has shown tha: many commeniy -

used pesticides are leaching threcuch the soil &nd into greund
water. The most commenly usz2é pesticides are now rout;ne
Getectes in the state's c*imary source of drinking water.
Recent investicztiohs suggest thzt over 25 percent of tha
state's populahxon is now ex:osea to pes.icides through .
consumption of ‘their. ﬁr_nking wzter. Althoughiconcentrations

-,

of the varicdus compounés ars relztively. IOV.JU=L111Y less . .. ... .

. than .2 ug/l, total pesticide conceﬁtrations*hEVB,been -kaown. -
‘tosexceed 60 ug/l.- The.implic¢ations to humsnihezlth-from

ingestion of pestxci&es et these concentrat;ons are qnot

clear. N -

~ Public water ‘supply systens rely heavxly upon nround
water for their source of water in Iowa." “However, many of
these supplies must obtain their wzter from aculfers .which
represent very .sernsitiveé hydrogeclogic sett ngs.”  In‘sum, 33%
of all water supply wells sazmpled in various: env1ronments
have exhibited pesticide residues. In some geccraph;c
regions over 50. percent of zll public wWater supply wells are
experiencing problems. And, recent studies have shown that

the best .tréatment techniques are unable to’ :emové pestxcides.

from the source water.

RS ] {"_.

MG



SEP 1B '98 P9:28 FR AMERICAN CYANAMID BUYY 71b L350 U Bl (¥ooudboys 0D/ =5

Intreoduction

Pesticides (he:bic"es ané ingsecticides) have becore an
integrzl pert of today's fzrming orerations Iowe's fzrmer

regt cver 27 percent cf tne stzte's coran a1& bean acrezcs
e&cChL yezr (Wintezstesr &z £ Hartzier, 1988&8). The use of thess
chemiczls aprears to.havs nrﬁve1te£, he-catastraphic loss cZ
crops .to pests, However, this chemical use has also re=u1:=-J3
in the appearance. of suue pes;1c1c5= ir the siate's primary .-
sources of drinking wat S C

H]

-

In recent vyears there hes teen & concerted effeor:t by
researchers in Icwa fo0 bettér unerstand res*i...‘e

contamixation of Lbkoth surfzce and  ground water. (The
t es id surfaice szreszms has’ alweys Lbeer
anticipeted beczuse of the stvrong eaffinity meny of thess
compocunds have to be eztsorbes ty crgenic matter,clay
‘particles and/or collcids, Eowavar, unless soils could-
Girectlv enter ground wa-er jsveﬁs.i‘ was. genera111 believes
that pesticides, espscizllyv those whicn were nct barszs:enz.
woulé nct ke founé in ground  water. We now know that
infiltration is the. cr;marv patduav by which pesticides move
into cround water An:, we - now find that manvy pesticice,
regcardless of pe—s stance or afzznluy for abscrption, can’
move by infiltration inio the g*ounc watex
Pesticides are keinc :founé. 1n grounc water - more
extensively than - anticipated, zlbeit.in’low concentraticns.
Much of the research in lowz, aan.hence much 0f the atteation-
to * this prcblem, .hes. * be-n focused: ‘on " ‘northeast -Icgwes, -
pa*thﬁ‘a’ly in the Big Spring .. Basin.; . Such ccngamlngtio",-v

ln -t h

h°VEV§Ir is :-cleazly; nchrrxng tnrcughou*;lo«a &nd-the. Co’n*fq.usvm
¢ beit. “Currently, this centaminaiion® s+ primazily - foun€iiin

"relatively shallow aguifers, -but this may.only be & ‘function .
of time. Few long-term - data exist + but Jowa studies: -suggest:
‘that pesticide . resicdues .in ground _water are llkely
"increasinc, perhaps analoaous ta the ‘rise in nltra es o =&
decade acgo. .
~AS with all non-po*n‘ source pollutlon ‘the scope of .the
prob‘em is large. - Ang, . because ‘exjosure "to commonly .useé .
pesticides calls into’ *questzon 1ssues of public hezlth, -
considerable public atte1tion and concezn are focused on the .
problem. TR :

Analytical Protocol ’ e

The University nyaienic Laboratory (UHL) is’ Towa® s state*"':

laboratory. Outside of 2 few" special p:ojects, all- pest;czae

/5 a7
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analyses in JIowa are conducted by UHL. The procedures
outlined in this section apply to all pesticide anzlyses,
~including' both research projects, .2s described by Georce
Hallberg in this conference, and the monitoring of public
water supplies. : :

All field samples were collected in one-liter glass jers
with teflon lids. Samplas were chilled, as needed, anc
generally returned to the lab within 48 hours. Stancazd E2.
methods were used for ex:traction. RAll multi-residue aralys

[=1-]
were performed using cas chromstography, with éiffsrent
pelarizy celumns, with aéditionz! periodic corfirmatiorn bBY¥
GC/MS. . . :

Nearly all of thes. pesticicde znalyses reperted hers wers
preformed by UHL. The excepticns baing the sanmpies frem <chs
Littie Sioux River SOC Survey (Xelley and Wauk, 1988), wiich

were analyzed by .the U.S. EPA, axc¢ some . splits of szmple

0«:--

arnalyzeé by 'U.S.° EP2 ané industrizl laboratories. 2z £
particuler detzils atcut the UEL pIoceduras are ouzline

below (Kellev e:f &1.,1985). Prisr to 198BS ail sampl:s ws

P

anzlyzed by gas chromastcgrapny using a split injection s¥st

e <7

‘with €uzl capillarv cciumzns ané eiectron czzture detsction,
The two capillarv columns rsed were & DB~3 end & DE-17C1.
Each sample with z potential positive was also analyzel with

packed cclumns, usinc & nitrogen-phcsphorous detector.
.21l of the pesticifes, except ztrazine, were quantitated
.using the electron capturz éstactor. Atrazine, beczuss cZ
its poor electron capturs response, was guantitated using the
nitrogen-phosphorous ¢€etecior.

Beginning in 1986 samples were analyzed by cas
chromztography using & spit injection and. two capilizry
columns with twc nitrogen-phosrchercus detectors. |

Cf ‘the most widely-useé pesticides im Iowa, most can te
adequztely detected using these multi-residue scans. Four
_commonly used pesticides recguire separate extractiens anc

“analyses; .the benzoics (chlcramber and dicamba) and Pphenoxy

“"{2;4-D) <. herbicides * recuire "~ an "-acid - traatment; the

_ thiocarbonate (butylzte) .also-.recuired:-seperate treatment

|, prior »tc-. 1986. 7 Separate [.ohe liter ‘samples’were take: for

‘-analyses 'of “these four pesticides (chloramben, dicamba, 2,4-D °
and . butylate). . Pricr to 1986. a1l analyses also includez
results for various chl&fin&téc ' hydrocarbon . pesticides and’

- related products (e.c.,-aldrin, DDT,DDE,  etc.).

g ¥
{13

»

i
*

T i i

o1y

. “"Concuzrrently, =~ with the field ‘“samples, Toutine
.calibration analyses &re. conducted .using- standards for
zlachlor,.. * atrazife, . carbofuran, “.cyanaiine, ~ foncios,

“metolachlor, metribuzin,  pendiméthalin, : trifluralin, and .

others “as needed.’ ' All the.analyses.reported in this pape=

. include the mzjor=use pesticides, the chlorinzted hydrocarbon.

> ‘pesticides .and other related mddern .pesticides. A lesser
number ‘of samples.weére ptocessed for ‘the.phenoxy and - benzoic.

herbicides in some: of .the Tesearch projects --.all samples

from public water Supplies and SOC surveys -include these, but

only about S percent of .the.total samples from the research

projects at Big Spring and Floyd/Mitchell: :counties include

these analytes. Butylate was only analyzed for in the Little

/. 34
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Sioux River SOC Survey and the Treatment Effectiveness Survey
and in <5 percent of the research project samples. No
analyses were performed for metabolites, or breazkdown
products, of these pesticides prior to 1986.

As noted, all of the basic data reported here, were
verified and quantitated from at least four different
celumn~GC analyses. Detections that can not be quantitated
are reported as less than detection. For that reason:. the
words - detectable ancé measursble sre used interchangeabliy in
this paper. 1In addition to reference standards, natural well
water samples were spiked with at raz-ne, cvenzzine, al_chlor.
metolachlor, and metcibuzin, ané routznely analyzes to
mcnitor recoveries. Blank samrles of organic free water ar
&lsc anzlyzed to ensure the absence cf interferinc cam“oancs .
which could be incorrectly identifies as pestic;oes. JRRSEE

Spiked samples from 1985 cave the following sverazze
rercent racoveries (ané standzrd deviations): atrazine,
91(S.4); -=a2lachlor, 85(12); cyanzzine, 79 (i8); metolachlor,
87 (5.2); anéd metribuzin, 88 (1li}. *pliné® duplicztes  cf
fielé sampies were also submittef to the lezr cn abouz 19
percent of the samplss, These resiications show coefficients
cf wveriation cf: 3% for caqcenz:a;ians <2 uc/l; «<Ss for
concentrations between Z and 10 us/l; and, azbout 5% abeve 19
ug/l. Ia adcition, unrenllcate* positives, &t or near
aetectlon limits have occurrec in <2% of the samples.

Pesticide Use .

Over 70 million pounds of active 1ngrea1-n‘ are a=u11e~
tc JIcwa's landscape annuzlly (Gianessi, 1988). Table 'l shoas
the primaery pesticides eprlie¢ t¢ Iowe -row. Crope, '-&s
éetermineé from the 1983 pesticiéec use survey. The compounce
listed in Table 1.accouant for 90 pexcent of: the .herbzcide=_
and 1nsect1C1ues useé in Ioﬁa. . ' ¥

Public Water Supplzes

‘There' are 2,161 publxc-w ter supplies in the State of

Iowa.  Eight hundred twelve of these supplies’ are municipzl

".systems and encther 35 are rurzl water systems.. Only 58-0-

the state's water suppliés rely tpon surface shreams for

their source of water.. Ground water is the- prxmary-source of
water for public water supply systems and .the sole source’ ior..

private supplies “(about 140,000). Approx;mately, 1,750,000

people or 65 percent of the state s pcpulatlon are served by

. -ground water systems. .

.Iowa has a number of bedrock aquzfers tha* prouuCe high

quality water in’ large quanity. These. bedzock _systems
- - approach the surface in the eastern half of the- state.,

| | N S v ',/7%;;6
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Table 1. Major pesticides applied to lowa cropland.
.Listed in alphabetical order.
(Wintersteen and Hartzlez, 1986)

HERBICIDES .
Common Name (Typicz! Trade Name)

alachlor (Lasso) éicamba (Banvel)
atrazine (AAtrex) - £PTC + safeninc add. (Erzdiczane)
bentazon (Basagrar) m=tolachlor (Duzl)
butylate (Sutan+) merribuzin (Lexone/Sencor)
chloramben (Amiben). ..triflurzlin (Treilan)
cyagaz;qe'(slgéex); il 4—D ’
INSECTICIDES
carbofuran (Furacan) permethrin (Ambushj
chlorpyrifcs (Lorsian) phorate (Thimet)
.- ethopror (Mocap) " . terbufos (Cocunter)

fonofos (Dvicnzte)

"In much. .cf western Jowa, bedrock aquifers are deeply
zhurled by clay—’lch glaC1a’ 'till, andé/or have-naturally higk
total d‘ssclveﬂ solids  concentrztions. Therefore, bedrsck
aquifers in western Iowa &re- ncu vtilized es - érinking water
sources to the degree they.ars inother parts of the state.
Alluvizl sanc end gravel depoelts, ‘located zlong mzjor stream
valleys in western Iowz, offer larce quantzties cf water with
. good natural, qualitv, coupled With’ 4aexpensive *drilling - .and
‘well’ constraction costs.: These'aIluvial eguifers are wicelv

. use€ by municipzli ties, tural:uat ~nis~r1c;s, ané iné;viaua1.
_.rural res;deﬁts.ﬁ~ﬂ., T ﬂg{yvﬁm”.- :

uonitoring_?ublic'Wégérééﬁféiiéé

Pesticides were <first' aeterted ‘in shallow alluvizl

- ground water systems :and publlc wateZ: supnlies in Iowa -in’
1974 (Richard ‘et al.,19751.“; xeséarche:s from Iowa" Stata -,
University looked at the occurrence of atrazine. DDE " ané
dieldrin in surface streanms, shallow gzound water ‘and the

- finished water of several large cities in "lowa. , Atrazine,
DDE and dieldrin were found . in.most of the water samples-
tested and, of the three, the concgntrattons of atrzzine were
the highest. Further, the water treatment processes used by
the supplies monitored were - shoun to. be ineffective at

. reducing or elzminating these - pesticides from the water;
‘including treatment with actxvated carbon.

'y Wﬁl
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Aside from the research of the Iowa Geological Survey in
northeastern 1lIowa, drinking water supplies in Iowa were not
monitored for commonly used pesticides again wuntil the
mid-1980's (Hallberg and Hoyer,1982; aallberg et al.,1983;
Hallberg et al.,1584). 1In 1984, basad on the findings ¢f the
Geological Survey, the Ilowa Depa:tment of Water, Air and
Waste Manzgement (ncw the Departmert of Naztural Resources;
DNR) decided to incluée pes.xc;;e analyses as part of a
Sjnthetl” orgenic monitoring survey cf public water . supplies
in Iowa (Kelley,1985). This was tc be the first of two
surveys of public water suprlies in the state to determine
the extent cf g:ound wazter cveontzmination from €4 svnthetic
erganic compounds, inciuding 35 commonly usec pesticides (nc
analysis was made fcr butvlate). These kecame known as the
E0C surveys. . : : v :

The 1984/BS SCC surv ey £
of cone or EoOre pesticices
[

un zsuratie -concentrezticns
in
- menitoreé (Tatie 2). T“e mest T
s
ie
1

E
43 percent of .the wells
quentlv éetected ‘compcunés
£ the 1984/8% survey tsnded
searchers. The <rs=sulis
incdiczted that atrezine was 1:: to be found year roundé:;

" shallow c¢rounc seter was the mos:t  susceptikle £
contamination (thers was &n inve:se relationship betveer well
dedth ané the rresence of x pesticife); ané, that pesticides
Fresent in & publi ¢ water supply's source wers not likely to
be remcve‘ by standerd treztmen=. processes -- including
activates carton filters.

In the s;rlnc of 1983 2 secend -survey cf public water
supplies was conductsé (anzlytes for this study were the same
as the first SOC survey, but includes butylate). This survey
focused on murnicipal systems in the Little Sioux River vallev
cf northwestern Iowaz (Figure 1). The findings of this survey
mirrorred the 1564/85 survevy. Hcwever, the -data m:cm'es..e»'e
that shallow  grouné water systems may be afiected, at least
for short peridés of time,. by any. aesticzﬁe.. .even . those
compounds with Irepid .decay rates. “'Terbufos, “iwhich = is
believed to decay raniu‘v WS repor eé ‘in &. numoer of “wel-s
ir the survey: (Kslley ané Waouk,1986) .- vy S e 5t

The .detection’ of iterbufos in the Little Sioux: SOC survey
was of concern to both the state and .the .manufacturer
-American Cyvanamid. Workinc with AmerlcanHCYanamia ‘and 'with"

. the assistance of the U.S. EPA, ex—anded penitoring - efforts
were begun in the basin by DNR in the spring of *198€.7 With
one exception,.all of the wells monitored were: found . to have
pesticide residues p*esent. :Further .every sample-collecte
with one except;on,vwas found to have pesticides . present.
including the pre-plant samples collected 'in mxn—hprzl “{Table
3). However. terbufos was not detected and thére ' is -reason

eve nat the lab misidentified terbuiosS "

Littie Sioux _study (Kel] and _Drustri TSEET.

“detection of ter uros 1s Lscussed Tater ‘in:this paper.

< Ib

were pesticices. The find:
to support the findings of ear

th ri

.'.'
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]
-
-
v
-
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Table 2. sSummary of frequency and range of concentrations.
1984/85 and Little Sioux SOC surveys of publxc
water supplxes.

¥ OF SUPPLIES % OF WELLS RANGE uea/1
PESTICIDES CONTAMINATED CONTAMINATED LOW HIGH
atrazlne 17 27 0.1 13.0
cyanzzine 8 e 0.1 1.4
alachlor 4 5 p.0¢ 11.0
metolachlor 4 € 0.32 7.8
metribuzin 4 £ 0.2% 1.1
fonofos 3 3 G.1:1 0.9
terbufost+ 5 7 0.3 7.3
su’prcfos*ﬁ 1 2 1.2 i.4
Mul tizle residues were éetectes in i3 wells.

*+ Confirmation poor, refer tc text for further discussion.

The U.S. Geological Survey (USGS) and UEL  have

systematicaily monitored pud - weter su*clies in Iowz fe=-
several years. Cdrren‘ly. +he USE:/LhL da includes 203
-wells from 80 pubtlic waier supolies. Ihe wells that arse

monitored represent a variety of hLydroceological ssttings.
Tzble 4 summarizes -the daga £rem the USGS/UHL monitcrinc
program. Tables 5,6 ané 7 summarize these data by various
hyéroceologic settings. _

It ‘is evident from the GSES/UHL datz that there is =z
relationship between the depth o the well and the ‘detectien
of pest;ciaes. The " data &lso 1illustrates the. aene'a1
ccexis;ence of nitrate  and pesticides, although, _in some
settings ."pesticides occur without nitrate.’ Researcnezs ac
the .USGS . and :-Iowa .Geodlogical ..Survey ‘have made Similar @
observations recardiﬂgevthe “relationshir between well idepth -
and pesticides,as- well“as denitrzf1cat1on in  -some ‘settings
(Thompson et :.-al., .198€; _.DeTrcy, 1986; Lzbre et a2l., '1982;
Hallberg, pe:sonai co:*eepénaence). .

-, Rs noted, monlto'lng ‘of - pvelic water supp‘ie-= has
suggested ' the inabll_tv ‘0f 'stardard treatment practices t
remove common pestlcides., In 1986, in an effort to better
assess water  supply - treatment effectiveness,. .the DNR
monitored 34 of the state's 58 surface water supplies. 2All
34 supplies collected €finished water samples and 14 of the
supplies collected intake water samples as well. ' In cases
‘where the supply sampled both intake and finished water
collection of ~thé ‘finished water sample was -delayed t°'
account for retentien time in the treatment process. - - '

20 .3t
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Table 3. 1986 Little Sioux River Study
: Maximum concentrations

‘ MAXIMUM
PESTICIDES VALUE ug/1
atrazine 16.0
cyvanezine 2.8
metolachicr 8.7
zlachlor .35
metricuzin 3.7
carbofuran 1.2
céicamsce .1z
Surfzca wster supcslies whese chosen  keczuse  tasy
represent the mesz effective and sophistlcated trestment
systems in the stzte. Treaztmenzs cznged from simple racid
sané filtsarion to granular activatad cerbon filtration.
®hirty one of the 34 supsiiss monitored had detectalle
residues cof pesticides in +the finished watsr (Tadle §6!}.
Further, 28 cf the suprliss hzd multiple residues. The
pesticides cetectes (ané the numter of peositive samples)

includes: atr-azine (45, cvanezine (38), metclachlor (33},
alzchlor (28), carbofuran (13), wezribuzin (5), 2,4-D (3),
Gicambz (2), butylzce (1), triflurzlin (1)- all 10
pesticides, for which positive vaziues were Treported, were
cetected in finishes water samples. Ané, in only one case
was a substantial reduction in concentration observed after
treztment (is. atrazine fell ‘from 21 ug/l to 6 ug/l}). The
trezatment technigue employes in this case 'wes -addition of
powdered activeated carbon.’ Concenzzztions decrease¢ slichtly
(typiczlly, - .2 wug/i) .in  35-‘observations, i&né .increased
typically, 1 ug/l) in 14 observastions(Wnuk,1966).. "

. The Gatz from the ‘treztmeént effectiveness study strongly
suggest that pesticides entering the ‘treatment- plants-are. in
soluble fraction ané not attacheé to soils. - Removel of
sediment failed to substantizllv. reduce . the pesticide

. .concentrations. More ' importantly, ~the .dazta clearly ‘shows
that recardless of the treiatment technigue  employed, Ppublic
water supvlies can not effectively remove pesticides from
their source water. Co e T ' :

Ggog;aphic Distribution

Although much of the research, .and thus much of the -
attention. to ‘the problem of ‘pesticides in ground water, has
been focused in northeast Iowa, in terms of areal extent the
problem is widespread. Clearly. the collective data of Iowa's
resource agencies show that' contamination: is - eccurring
throughout the state and probably across the corn belt.

_ 2/ .%gg"/
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Table 4. Summary data from USGS/UHL _
Public Water Supbly monitorxng
1982 - 1885

i Multiple . .
« . Total Wells $# of % of Residues % of Detections
Sampled (N) Detections Detections £ (%all) Muitiple Residues

263 39 198 2 (4%) 23s

MEAN VALTE .RANGZ. OF. VALUES

PESTICIDE % DETECTION ~ ‘ug/l = =~  'LCW (ug/l) EIGH
alzchlor 10 0,80 .0.16 . 2.30
atrazine - 90 0.4C 0.12 2.10
chloramben 3 1.7¢ - 1.70
cvznzzine 13 - 0.4% 0.11 . 1.60
Cicamba . 8 0.8: 0.G7 2.30

. metolachlor g 0.37 6.10 .71
metribuzin - 0.21 0.13 - G.36
triflurelin 3 G.0% 0.05
Detections constitute z24% of &ll weils less t 150 feat deed

Takle 5 Sunmmary of cesiicide datz -- Alluv1=1 Aguifer Wells
USGSIUBL l°82 - 1985.. :

o I o ualhlple . <
Total Wells of % Wells ..Residues % of Detectlons
Sampled:1N) Detections POSltiVe i (i a‘l"’ Hultl-Re=1édes

o1 . zé‘j . 268 S fi, 25#'

ALLUVIAL WEL»‘ WITH POSI VE RESIDHES
(Detectzans ~uaLch — December)

.Hean Well Range of Mean,s d. ' Range NOB”'
Depth(£t) Depth (ft) NO3 {msll) (mgll) '

40 16590 20,22 <05 - 98
ALLOVIAL WELLS wzmn NO nzwacr:ous o
58 28 - 190 . 13 S18° 1 0.5 < qsﬂ““*‘
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Table 6. Summary of éestiéide data -- Pleistocene Aquifer Wells
USGS/UHL 1982 - 1985.

- _ Hultiple .
Total Wells $ of ' % Wells Residues g of_Detegt;ons
Sampled (N) Detections Positive £ (3% all) Multi-Residues
70 | 7 10% 1 (1.4%) 14%

" PLEISTOCENE WELLS W’TE POSITIVE nscroaus
(Detections, ¥av -- December!

Mezn Well Rance of .. Mean,s.€é. . Range NO3
Depth!ft) Depth(ft) NT3 (mg/l) (mg/1)
5¢ 36 - 105 17 , 12 2.4 - 35

'PLEISTOCEME WEILIS WITE NC DETECTIONS

126 28 -485 €, 12 <0.5 - 45

Table 7. Summary of pesticide éata -- Bedrock Acuifer Wells‘
—  USGS/UHL 1982 - 1585,

3 Mcltiple o )
Totel Welis § of % Wells Residues % of Detections
Sampled (N) Detections Fositive # (% all) Multi-Residues
42 - R 319% 2 (sm) - 25%

S Carbonate Becrcck Acui er Wells®:-
3 g . 258 2 (%) 25

CAREONATE WELLS WITd POSI;IVE RESIDUES

'Hean'wéll ,Range ‘of Hean. s.¢. Range‘NOS
Depth(£t) Depth(ft) N03 (ma/1) ~ (mg/l):

T 54 - 140 .34 ,25 . 0.5 el
CARBONATE WELLS wzra NG nzrzcrzous

. 286 60 -2120 9.5,13:5 . <O 5.2 . 38
SANDSTONE WELLS ﬂITH NO DETECTIONS -

454 60 -1538 3-2,5;4 €0.5 - 16

g3y
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Figure 1 shows the locations where pesticides have been
detected in Iowa's ground water (exlusive of the detailed
studies in the Big Spring basin and Floyd-Mitchell counties).
On a statewide basis a total of 356 wells have now been
sampled (Table 9). Two hundred ninty eight of these wells
are public water supply wells. One hundred seventeen (33%)
of the monitored wells; eighty (27%) of the public water
supply wells have been found toc have measurable pesticide
residues present. Three hundred 'thirty four samples have
been collected from public water supplies since 1982. Of
these  szmples, 34 percent, or 113 samples, have had
_ measurable concentrations of pesticides present. Twenty one
percent of these samples were detections of multiple
resedues. : . ,

Table 8. 1986 Surface Water Supply Monitoring
Maximum concentrzticns. o

© MAXIMUM CONCENTRATIONS ug/1

PESTICIDES INTAKE DISTRIBCTION
atrazine 26.0 24.0
cyznazine 20.0 17.¢
metolacnlor 10.0 21.0
glachler : 9.3 8.8
triflurzalin «13
’ 2’4"D 03 -.!.5
carbofuran 17.0 14.0
dicambz 1.2 1.4
butylate . .27

metribuzin i .89 .31

Geological Distribution ' L )
© ' ~hA'@irect reldtionship exists betweeri-wellvdepth and . the
‘appearance of pesticides in ground water.:i®This Trelationship
is -evident ‘in both, the data from .indiwidual -xesearCch - -
projects -and the ‘data from public water s$upplies. Clearly,
shallow wells, less than S50 feet in 'dépth’-are - more
susceptible to contamination from the -léaching of land
applied chemicals. However, as noted earlier the movement of
these compounds to -deeper formations may.be:-only a matter
time. S ‘ R
" Table 10 Summarizes the collective data -of individual
.research and public water supplies (exclusive of 1986) by
hydrogeologic setting. While 62 percent 'of ‘- wells finished
into shallow bedrock and 39 percent of :alluvial wells were
found to have pesticides present, only 14: pércent . of the
wells firiished in  pleistocene aquifers .:were: experiencing
problems. .Of wells  finished “in deep  formatidns’ ‘only 4
percent of the wells and 9 percent of the samplés were found

Py
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Table 9. Summary of Collective Monitoring Data.

TOTAL =~ TOTAL § ¥ ® DETECTS
WELLS ¢ WELLS SAMPLES POS MULTI  WITH MULTI
N POS (%) N N(%) RESIDUES RESIDUES

356 117 (33%) 548 211(39%) 44 21%

Table 10. Summary of Coilective Datz by Hydrogeologic

Settinc,
TOTAL o VR % DETECTS
WELLS § WELLS SAMPLES POS MULTI  WITH MULTI
N POS (8) W N{(§) RESIDUES RESIDCES .
ALLUVIAL ZOUIFERS
i 148 58 (39%) 181 76(42%) zi . 28%
| PLEISTOCENE AQUIFERS
90 13 {14%)  S2 .15(168) ° 3 ~  20%
SHALLOW BEDROCK ans KARST
71 44 (62%) 211 114(54n) 20 9%
| ﬂbs#?fagbaock;'i " '
47 . 2 (4v) 64; 6( 9%) 0 -

Big Spring Ground Water

R - (256 249(97%) €3 ‘258 e

L}
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to have pesticides (and these are thought to be related to
local problems).
The work conducteé on nunxcxpal wells along the Little
Sioux River suggests thet in certain hydrogeolegic settings
the - problem may be more acute for public water supplies than
the collective data indicates. Eighty-eight percent of the
municipal wells finished in the alluvium along the Little
Sioux River had measuraktle resjdues of pesticides present.
Cne possible reason for the large number of shallow municipal
weils experiencing problams may be their tendency to disrupt
the strat;ficatlop of contaminznts that appears to be
occurring within the alluvial system. Certainly, the
preliminery date frsm the work conducted " in 1986 in
northwestern Icwa suggests that this is haprening (Thomsson,
C. personal correspondence, Kelley .and Drustrup, 1986).

Ficure 1. Pesticides In Greuné Water, Loczticns where pesticides
have been dstactaé in grou nd water, exclusive of IGS
studies in NE Iowa. ’

- . -rq--—! —— ey = —— .I"l" _‘r---“! -L-—--ﬂ- — o--!—.—-—;--—.—i

b UM
- S E— B
o | ! |
""""" o o < “ M L.
St At o S -
gt 1 1® PY _S
..... . A5 NS o ——— '___l__.'_ ‘-.-—“r .—-._ -""‘f"'
o { _%— L i 'l . ® 5‘ I- E.
i : b ! L, [_1 !
N <0 ot » ol ¢ c— < - i
4 !.l r..l....]..! ST ]
T S ale SR S

e
r‘ .

° . H R | N 3
I TSR ok T T R e G i
? 7 ‘T. l—.—-l-. ‘ vl— -‘ 3 l ‘ 4
. Y | . - ] .. -, i - ®
. o | je 1 ! i e 't i
......:_.L.T. . l_.-.L i ! T.—' -’-i’-'-—- '!—- .l "‘,‘i_‘"""!" b
Ao i pe e d b
-—--i-c----—!..._. '._----'.-.—- QT--—"-"—"‘.“'-."-‘;—.—L-__ @
3 { 1 ! 1 e
e N 1.‘

PESNCNESN!G&HHENMWER
&dmnn”GSﬂElswm

Tmnsﬂfkﬂﬁus -
‘. Alluv-al or Quctmry : & s.mdslone lCafbaucu

- -

. | ' | : 4 . an/



" 1:"Compound

R fonofos

A
\..r'.;/' B

18 'S8 @9:32 FR AMERICAN CYANAMID 6@3 716 2333 TO 817833856309 P.17724

/4

Distribution of Contaminants

In total, 10 herbicides and 3 ' insecticides have been
detected in ground water in the limited sampling conducted to
date (13 herbicides have been detected in the finished watex
of public water supplies, inclusive of surface systems).
These constitute the most widely used-pesticides in Iowz. On
2 yearly basis perioéds or pesks occur with regard to the
number of compouncs that are likelv te be detected. These
pezks generally take place in conjuction with late snow melt
and rainfall in late March ané early April: the early summer
rains -of June and July; aaé, during the period cf fall
recharge in October and Nevamber. These pezks are evident in
the summary of months in whick various compouna= were
detected, listed on Tazble 1i, Multiple pesticide resicues
have been cetected in inéiviéual wells throuchout the yesar,
but multiple res idue occurrencss pezk in June and July. As
noted though, in varicus locatizrs nearly all the herbicides
have besn detected in winter cr sprinc samples prior to new

&prlicztions. This &ll sugge ste that many c£ the her ices
are persistinc in the suvkscil znd hence are .present t~ ke
leache< by the weter movinc throuch the soil éuring winter or

spring recParge .

A In generzl, the typical concentration at which anyv cne
of these compounds is detected is low, usuzlly less then 2
ug/1. Altheugh, . the maximz for the most widely used
herbicides may range as high as 15 to 20 ug/l. Thcss
pesticides that have been detectes very infreguently tend to
degrade very quickly (e.g., 2,4-D) or have strong affinities
for ebsorption. Atrazine is by far the most commonly
Getectzd pesticide and it is zlsc the herkbicide that has had
the greatest use across the state, for the longest per icé of
time (Table 12). & - '

_ Table 11, Month In Wh;ch Pes i é Kas De»ected.

, .'4-,D* .
sulprofos**
. terbufog¥*’
. chlorambent*
trifluralin
dicamba*

ST R

X
metolachlor | . "X
alachlor ' j-¢Xf
‘cyanazine ) ~%
metrobuzin P ¢
_.atraZLne xﬁgxzﬁx‘

X
X
X
X
X
X
X
X
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R
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X
X
X
X
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X
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Table 12. Summary of All Pesticide Data.

TYPICAL MAXIMOM s OF
PESTICIDE VALUE(ug/l) VALUE(ug/1l) DETECTIONS
alachlor 1.% 16.€ 15%
atrazine .6 13.0 72%
chlorambern* - 1.7 <13
-cyanezine 0.7 13.¢ 13%
dicamba* 0.8 2.3 2%
metolachler 0.6 9.0 9%
metribuzin 0.8 4.4 10%
triflurzlin 0.1 0.2 1%
2,4-D* —— 0.2 . <€1%
fonofes 0.4 0.2 . 2%
sulprofos** 1.3 1.4 <1y
terbufog*s 5.4 12.6 S3%

* Anelyzed bv different methods, thus N nct the
same as for other herbicides. v ’
** Only édetected in one study, coniirmation poor.

Table 13. Pesticide anc¢ nitrate concentration from
10 case stuéies in vicinity of ag-chemical
Dezlership (Zallberg,19%€). ND=not detected.

_ MAXIMUM CONCENTRAIIONS

POCLS OR WELLS GR .. .~ LOCAL :

PESTICIDE SOILS (ug/) SEEES;;;/I). BACKGROUND (ug/1)

étrazine 70,000 xfob;aié . Nﬁfl.s

2lachler 270,000 $50.0 ND-1.3

cyanazine 225,000 .. .36.0 %7 .. NDr0.3

- metolachlor 270,000 . .250.07%.. .- "ND-0.8

metribuzin 52,000 28.0 . .. ND-0.2 :

trifluralin 1,000+ 0:2 ND : ETER
. carbofuran 1,000+ "NB . ND

- fonofo 1,000+ S S ND-0.3

FUMIGANTS e N

EDB © (10 1.0 ¥D

1,2-DCE to . . 2.0 ND

Carbon Tet 100) 66.0 ° "ND

Chloroform o . 4.0 - <1.0

NITRATE (mg/L) 20-117 © 49
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The detection of two insecticides merits some
discussion. The insecticide sulprofos is not registered for
use in the state of Iowz. VYet, it was detected in two public
water supply wells in northwestezn Iowa. This represents the
only incident of its detection in the state., Likewise, the
detection of terbufos in seven public water supply wells ir
western Jowa marks the only cdetection to date of this
compounc. Urlike sulprofos however, terbufos is registsrsd

&ané wicdely used in Iowa. ¢
While terbufos is persisteat in soil (up to 23 weexs < —
it is keiieved to decay ranldly onse in solution in waksr.
Thus, the appeazrance of terbufss in cround water weas
surprisinc tc both the state znd mamufacturer. At the
of its cetection it was suggested that it may refle
rather fortuitous ‘cémbinztion o‘ climatic conditiomns
sample collec;;on pPricr to the passzze of a sufficient pe
cf time to’'zllow for dezay. 1In i%E3, 60 percent of the
in the study arez was *lzd;eﬁ in 2 seven day periol pri
sampling (rootworm insecticides are commonly applied at
time cf planting). Over two inche= of rain felil in the €<
rez durin¢ the three days sampling cccurred. Thereifcre,
€etecticrn c¢f terbufos ma v have tegn attriburtatle te hee
rzinfzll ané macropere ficw at the time of applicatien (znd
menitoring). Certainly, if that is true, then it s-r‘"c v
suggeste thet shallow grecund water systems respendé aimcs:
immediztely to local climatic events. Indeed, & detection cI
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'metribuzin in the lowa River tuér wWee associates with =
similar set of circumstances; fi-st time application end eax
ezrly summer rainfall/recharge eveaxt (DeTroy,1986). Suzgih

occurrences suggest that the moveneni of some pesticides inte
and through shallow cground wats: systems may be ragzis,
sporadic 'and ‘highly dependent uper loczl weather events. '

Unicrtunzately, as noted ezrlier, UHL dié not prOViée

analyticzl support on tae Little.Sicux SOC survey. The EP:
contract 1lab clearly demonstrates its ability to correctly
identify sp ikeé ' samples - of ‘terbufos, however, .the 1z>

procedurs - fo' “cons i*matlon on . the samples -submitted fcr
. 2nalyses ‘Was .very:poor.. Thus.‘the‘nosSbelity arose’ that the
lab had errorred in:identifying terbuZos. - .

In 1856, Rmerictan Cyznamié asked DNR if. the state woulg
work with them on 2 monitoring ptojec; along the Little Sioux
- River in'an effort to iderntify their product in grouné wate:.
At the szme time, the U.S. EPA alsc providec support for the
monitoring of public water supciies in the study zrea.
Hunicipa‘ wells were monitored frog mid-April through the ené
of July. Sanples Were collected about every ten days anc
submitted to UHLfor analyses. Splits of the’ fzrst. ‘second
and . fourth rounds of semples were submitteé to ‘American
Cyanamid's lab ‘in Princeton, New Jersey. ‘As noted earlier,
pesticides .were. detected in every sample, . from every‘well. :
with one exception. owever, no terbufos,. or. ‘its ' breakdown
product sulfone, were found. Unfortunate Y
cropping and land management practices (20% of: the ‘land was
out of production. in 1986) were not the same in 1985 and
1986. At this point, it is nct clear if terbufos was

a27!;z f
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Pu correctly identified in the 1985 survey. However, given the ‘
unstable nature of the compound when in solution and the fact
that it has not been detected elsewhere in lowa, it seems
probable that the EPA contract 1lab did error in its
identification of terbufos in the 1985 study. The 1986 study
suggest that under the rather typical conditions, where
planting is conducted over &a period of ssveral weeks anc
rainfalls are not interse, terbufcs will nect move tc tie

/ ground water.

Local Preblem Arezs

As noted earlier, cbserved concentrations are generzlily
low. Cartainly, these concentraztions are -below thoss coe
might expect (2né have been orsszved) from the spillacs er
improper éisposal of these compounds. The potential he:zl

-J :“q

effects from low concentrations ¢f pesticicdes leaching

3

farm fielés +to scurces of

However, situaticns zars ari thzt are much mora ssriou
ané have ceused the clgsing ¢ t: public ané private waz
supply wells. These situations have all occurresc
immediate vicinity of local farm chemical dezlersalips.
13 summarizes datz from 10 suck case studies whers
water contamination has been found. It shouléd be point
that these situations have turned up inzdvertently

inkinc water are uncles
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roctine monitoring of public water supplies, for exampigi.
These were not cases whezre znvone was clezrly suspectas of
negligence or improper hznéiinc of any chemiczls. .
The pesticide concentrztions founé in pools of water or
the soils in loading, hanéling 2ad eguipment rinsing areazs
are relztively hich. In  these areas. the chemiczl
concentrations in tie loczl ground water ‘have increased
10-£folé for nitrate (NO3) and 100 times for pesticides, over
the background @ concentrations of the area. \1so, cther
pesticides and chemicals, which have not been routinsly
detected elsewhere, are leaching to ground water arcund these

gites; e.g. -~ EDE .and -.cazhon tetrachleride. Grzin
fumigants = from these sites hive besn suggested-as & possiktle
factor in the ‘relatively = freguent detection of

trihalomethanes in Iowa's grounc weter.

Public Health

. Pesticide concentration$, which are -being routinely .
detected in Iowa's ground ‘water, 2¥e beldw acute toxicity
levels end generally below levels assumeé to contribute to

. long-term, chronic - problems such as cancer and .
immunosuppression. However, chronic toxicity ané
carcinogenicity are legitimate concerns considering the low
concentrations presently found in ground water and the
potential for long-term and: widespread exposure to the
public. SE : . :

s

Work conducted ih Sweden has found the formation of
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human soft tissue sarcomas to be linked to exposure to 2,4-D
and 2,4,5-TP (Hardell ané Sandstrom,1979). Recent work at
the University of Iowa has indicated that the post World War
I population of Iowa farmers has a higher incidence of
certain cancers than other farm populations or the state as a.
whole (Burmeister et &l1.,1983). This coincides with major
changes in acgricultural practices, among which was the
development ¢f agriculture's hezvy use of pesticides. This
work is suppor:ted by rslatasé studiss in Nebraska and Illinois
which offer similar findings (Blair. ané Thomas, 187¢.,
Buesching, D., 1986). .

Bevoné concerns over cancsrs which may resulc
éirect expcsure, tihers ares alsc many unceztainties invel
with the comtinaztions ¢f pesticides and their metabciitss
that occur in relation tc other environmental factere. For
example, pesticides in grouné watar nearly elways appesr in
conjunction with hich nitrates. With triazine herbicidss the
possibilitv exists for comtinetion with N-compounds to form
nitrosamines, most ¢f whick are carcinogenic or mutagernic,
The implications o0f the coexistencz of these chemiczls in
érinking watzr with micrstiel pathogcens and with othes
mzn-made compcunés or metsls &Ze  unknown. The peiantisal
widesprezd, but unforesesn, expcsure of the puklic to

pesticides ‘through drinkinc water (in compination with otk
routes) and the possible synercistic intersctions with othe
contaminants, may necessitz:e 2 wholeszle reevazluaticn cof
risk azssessment. Certainlv, if we continue to weigh the risk
tc public hesith agzinst the econoric benefit of the compound
then, at the very least, we must begin tec recognize that
there' is am economic benefit t9 health” 25 'well. . The
lonc~term cost of treatments zssociated with adverse public
hezlth may verv easily out weigh zny short-term monetery gain
from putting the pubklic at risk.

Because we are just beginning to find pesticides in
Icwa's grouné water ,and, cancers and other chronic éisorders
may reguire 20 years or more to manifest themselves; the
impact tc human -hezlth (and = resulting ' economic cost

-associateéd  with those illnesses) . from exposure .to low
concentrations of one or more .pesticides and/or “.brezk down
products’ ‘reméins to be sesn. We do know however, from the
limited ‘sampling to dzte of @ 1little more than - €0 publie
water supplies with pesticide residuals in their source water
‘(2= well as the finished water for some), ' that we ace
possibly placing at risk approximztely 785,000 people, or 27
percent or the state's population. And, about 20 percent of
these are likely to have been exposed to multiple pesticide .

+
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exposures. '

Discussion .

Although” modern agriculture has relied upon heavy
pesticide usace ‘in the past 30 years, it has only been within
the last five years.that research has begun to systematically
monitor - for pesticides in ground water. Only recently have

.
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low concentrations of pesticides been detected in Iowa's
shallow ground water. And, although pesticide registration
requires detailed and extensive toxicity data, there is still
a great deal that is not known about -how pesticides behave in
the environment and the threat they may pose to human health.
Ongoing research projects, as well as numerous proposed
projects, should provide much of the information we currently
need. However, there are a gr2at many questions to be
answered. Besides questions concerning the implications to
human health from long term exposure to low concentrations of
one or more pesticides cr their break down products, there
are npumercus guestions regarding the fate of pesticides in
the environment and the economic ané social implications cof
both continued use andé changes in use. :

The collective céata cf research and public water suprly
monitoring provides a definition cf the problem between lanc
aprlication of pesticides and grouné water cuality. We are
now at & pcint where we must guestion the wisdom in
continuing to use the same arguments that led us into this
situation to justify continuation of present practices., As
long as the current generztion of pesticides are aprcliec to
1zné under -our current st cf agricultural practices, within
the vagaries of ciimatic conéitions, losses .to the
environment will continue,

' Ground water gquality problems related to agriculturs
will only be resolved throuch & holistic approach to
gricultural management and research. We must couple . our
tandaré concerns for soil conservation and surface water
guzality with the need to protect ground water. and, an
emphasis will have to be placed on the development anc
production of new, environmentally safe, approaches to pest
control. Resolving the problem .is going to reguire the
ccncerted efforts of every segment of society.

24
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