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COMPARING RISKS FROM CORN ROOTWORM INSECTICIDES IN
" GROUND WATER, SURFACE WATER AND AIR

Env1ronmental groups,, policy-makers,“-and even: farmers

1ncrea51ngly have recognlzed that agr1cu1tural practlces can 1ead

If to ser;ous,env1ronmenta1 degradatlon. The - off51te cost of soil

‘erosion alone wasioVerV$2 pillion annuallyvln»1985 (Clark_et al.,
:1985); ‘Policy-makers,.aware that'theirlconstituents are concerned
about agricultural-pollution,bhave responded with leglslation to
»attack the problem (Relchelderfer, 1988; Zinn andvTiemann; 1§59;,
EWomach 1988, Bat1e et al. ; 1989) Probably the most’significant.’
leglslatlon was the 1990 Food Agrlculture, Conservatlon, and Trade
'Act (FACT) :' The FACT strengthened ex1st1ng' programs to curb :

y pollutlon related to 5011 er051on and 1nst1tuted new programs tov

"ujencourage the use of agronomlc pest controls such as crop rotatlon.,

‘{ One prlmary concern 1s water pollutlon. Ev1dence 1ncrea51ng1y
}suggests that soc1al welfare mlght be dlmlnlshed from agrlculturalli
“contamlnatlon of ground water (Nlelsen and Lee, 1987 CARD 1988)ih

»and surface water (Clark et al., 1985) Water pollutlon 1s an

, externallty, 1ts costs can be excluded from prlvate 1nd1v1duals'b
decisions. Where markets fail to protect the env1ronment
appropriately, the government may step in tO'balance the economic '
beneflts of farm productlon methods w1th the1r env1ronmental costs.
Socral welfare ls 1ncreased w1th programs that 1nternallze
externalltles to the farm. Thls can be accompllshed W1th taxes,
sub51d1es or regulatlons--where the beneflts of pollutlon abatement:

exceed preventlon costs.



Most state and federal programs to reduce agr1cultura1‘

vd.:pollutlon target 51ngle env1ronmenta1 medlums such as ground water

ixor surface water.} Slnce the targeted medlums are not usually»
"Taaffected lndependently by agr1cultura1 pollutlon, these programsf

gbmay not 1mprove soc1a1 welfare. ‘The benefits of reduced pollutlon

1,1n the targeted medlum may be exceeded by ‘new costs 1mposed ongvf

7L;other env1ronmental medlums from the newly adopted practlces. Forh

Hffexample, 5011 conservatlon compllance ‘can reduce the use of,
Hba"sustalnable agrlcultural" systems, thereby 1ncreas1ng pest1c1de’
fand nutrlent runoff and 1each1ng (Hoag and Jack 1990) !
) In thls study,'a framework is developed to help decision—
Vhfmakers screenr pollcyy‘alternatives '£d yreduce enVironmental¥
“ffdegradatlon. The dec151on—maker is glven 1nformatlon about the,c
{bfilmpacts agrlcultural practlces have on env1ronmental rlsks for each:

':‘fenv1ronmental medlum affected. : He or she may compare rlsk‘

'Cv'tradeoffs by ass1gn1ng welghts to- each medlum that reflect hlS or

:'yher perceptlons about relatlve 1mportance. An emplrlcal example 1s .

'~deeveloped for corn rootworm 1nsectlcldes used in Iowa. The example

F:shows potentlal health rlsks from exposure to seven 1nsect1c1des in

‘:ground water, surface water or air. | ' » |

The Iowa example demonstrates that complex fate and transportlﬁ

Aymodellng systems can be used to develop 51mple presentatlon tools '

xtfor pollcy-makers.~ These tools can be used to dlrect research,"
resources and to 1dent1fy and analyze pollcy alternatlves. For;

k‘{example,r in our study, two '1nsect1c1des, Mocap and Counter,m

composed over 90 percent of all rlsk under any welghtlng system for
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. ground water, surface‘water and air. vOnly these‘twoiChemicals'
exceeded safety standards in air and in ground water, thus
'suggestlng that further study about the costs and. beneflts of

restrlctlng these chemlcals would be useful.

DEVELOPING A DECISION FRAMEWORK |

Ideally, env1ronmental damage is determlned on the basis of a
comprehen51ve evaluatlon of the fate of chemlcals as - they move
through an env1ronment' where human, ‘animal and»plant populatlonsv
are . exposed and face the risk of health and ecologlcal effects.
Data 11m1tatlons, however, often preclude the use of" complex fate
and transportumodels coupled w1th risk models.v Forfcorn-rootworm
f1nsect1c1des, beneflts valued by the market 1nclude 1ncreased farm
proflts and lower food prlces. Non-market costs'lncludeydamages to
all env1ronments--1n thls case, ground water, surface water-and
-alr.“ The beneflt of restrlcted use of these pest1c1des is the
reduced threat to the env1ronment Slmllarly, the cost is farmer s
'and consumer's 1ost beneflts of 1nsect1c1de use.

" The cost of obta1n1ng cost/beneflt 1nformation :ford a
comprehensive problem can be prohibitive. We utilized an index
system to compare rlsks among the three env1ronmental medla. The
1ndex is a proxy for risk and may or may not reflect social Values.
Therefore, weights were assigned to the three media as proxies for
economic or social values and varied to provide results over
several possihle value systems. A cost/benefit study was:beyond

the scope of this project.



dur data were uobtained ,fron» a. joint effort.fof: the U.S..
‘ EnvironnentalvProtection.Agency (EPA) and the University of Iowa
‘éenter for 'Agricultural and. Rural Development ”(CARb); These‘
agencies,produced a modelinq.system‘to trace pesticide movement
into_qround water, surface water and air (Gassman et al., 1996).
_This projectj’called CEEPES'(Comprehensiue Econonic Envlronmental
Policy Evaluation System), continues to develop and improve process
models‘tovprovidefincreasingly accurate “information about'ther
env1ronmenta1 1mp11cat10ns of pestlclde use (Johnson et al.;, 1990)

CEEPES prov1ded estlmates of potent1a1 exposure to rootworm®
‘1nsect1c;des in ground water, surface water or air that couldﬂbev
,compared‘with-health standards. ‘These risk‘measures Were used to
. rank the 1ndependent r1sk of each pest1c1de w1th1n a 51ngle
“env1ronment - Value—welghted ranklngs relatlng the rlsk of ‘each
vpest1c1de across all env1ronments ‘were also developed to yleld

1nformatlon about comblned rlSk.,,

| DATA COLLECTION AND DEVELOPMENT r‘
Corn Rootworms in Towa
Corn rootworms are a major economic pest in continuous corn
'production'in'Idﬁa,‘accounting for reduced yields of io percent or
more (Table 1). B Usually, = corn rootworm can be controlled
adequately with crop rotation, since most‘other'crops will‘not host
the.rootworms. ~In 1985 farmers applied rootworm insecticide to

about 36 'percent of planted acres. The most commonly used a

1nsectlcldes were Counter, Lorsban and Dyfonate (Table 1).
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There arebseveral 1ndlcatlons that u51ng these. 1nsectlcldes
hasbadverse env1ronmental-and health consequences.. lelted ground
: Waté?'”ﬁdﬁitoriﬁg‘lhéST:identifiedt‘contamination3 by ,Counter .and
Dyfonatelpatv‘concentratlon~llevels'fof up-‘to- 12; and '6'9f ppb:
vbrespectlvely.v Furadan,_though not proven to contamlnate ground :
vwater in Iowa has been found in ground water in. other areas of the

'country, ‘as have Lorsban' and Mocap All three- of these -

3: 1nsect1¢1des have been found to be moderately or hlghly tox1c to

humans and anlmals. Dust from these 1nsectlcldes has been found in.
farmworker clothlng Granules, ‘especially of Furadan, have been‘
'j:reported to k111 b1rds that consume them.‘v: L | |

The data for estlmatlng env1ronmenta1 pollut1on are from-

']fs1mu1atlonswconducted for‘12 years of Des M01nes, Iowa weather.: ‘

L'tffFatejan ‘transport werjvbased on a Hayden 5011 type 1n Story Countygj~».

:(Manale and Gassman,,1990) Contlnuous corn productlon w1th o

'reduced tlllage was assumed w1th the rootworm 1nsect1c1des bandeda;pV

at plantlngfv_‘ Mayx_"” at : a rate of 1 12 lbs/ac. o e

'.Fate and Transport

o The concentratlon of chemlcals resultlng from thelr transport
5and fate in each env1ronmental medlum 1ndlcates the potentlal of

"exposure to human or'anlmal~populatlons. Total applled 1nsectlclde_

- is partltloned 1nto mass avallable for surface water transport

': transport to ground water, and’ a1r transport by u51ng PRZM (Plant

Root Zone Model (Carsel et al., 1984)) PRZM requlres the

follow1ng chemlcal parameters for 51mulat1ng 1nsectlclde fate and
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'transport:'half-lifen(decay rate), 5011 adsorpt1v1ty (partitlon
“‘coeff1c1ent),v plant uptake eff1c1ency factor,r and- dlsperSion.
Q’Half life is measured in both 5011 decay and volatilization for a
1worst-case scenarlo and 1ndicates_the_longev1ty;or,pers1stence of
hiya chemical inha particular:environment. Longevitv,and mobilitv
flcombine to determlne fate and transport Mohility is a functionzof

‘}vthe adsorption, weather- and plant uptake. | |

- For ground water, PRZM 51mulates movement of the 1nsecticide

*-ngrom the ground surface, through the unsaturated s011 zone to the

_bottom of the plant root zone.- Exposure estimates here represent

“”-5concentrations in the leachate at 120 centimeters. Surface loading'

o available for runoff as estimated by PRZM becomes the 1nput 1nto

fﬁaisurface water transport model.k"Look up“ tableS'in the STREAM -

R .research prOJect (Donigian et al., 1986) were used to estimate;

",>f_concentrations of each 1nsectlcide into surface water bodies.

”df]STREAM*was developed through‘multiple HSPF (Hydrologlcal Simulation*/?

'vflProgram-Fortran, Johanson et al.,_1984) computer runs us1ng default»t;'

- »values to define representative watersheds in various agricultural,

,fregionsfof the country 'The user must evaluate thevcrop(s), the -

;reglon(s) of 1nterest the 1nsect1c1de appllcation rate, and three

'ﬂ_pest1c1de parameters related to movement through 5011 to obtain o

vpestlcide loadings and concentrations.

'Exposure.to pest1c1desathrough inhalation resultsiprimarily
“fromvvolatiliéation after application to Crops; Loadingsbfrom'
prZM:were combined withvthe’Point, Area, and Line SOurce'(PAL).

‘model and a Gaussianéplume steady-state algorithm developed to
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estimate-pollutant_transport for distances_of upjto‘50 kilometers
(Gassman et alL}ZlQQO){‘ In this paper,nexbosure.is reported as
concentration on a typicaldiday‘l kilometer from the source>over a

10-year study'period.

“RESULTS

Estimation of Risk - |
Human health rlsks or other adverse impacts on the env1ronment
are determinedkby'relating the‘concentration ofkpesticide to which
" the receptor populationv is’ exposed‘ to the _toxic or adverse
lenvirOnmentaldendpoint.‘ Because of differencesfin exposures and.
susceptibility kffor‘ receptor populations," risk ,may".vary
‘.s1gn1flcantly from one 1nd1v1dual to the next. For thls‘study, we
k7est1mate a- relatlonshlp between the concentratlon of pestlcldes 1n
the env1ronment (potentlal exposure) and a benchmark of adverse
veffects (tox1c1ty) The benchmark is the m1n1mum level of exposuret
that could result 1n adverse env1ronmental or health consequences.
A ratlo between the exposure and the benchmark equal to 1.0 or |
greater 1nd1cates the poss1b111ty of an adverse effect.- For ratlos"
below 1.0,'a lower value 1s more de51rable.

The general form for measuring rlsk within an’ env1ronment is:
(1) Risk; j = Exposure to chemical; / Benchmark.of Chem‘ic‘::alilJ

where exposure is the amount of chemical i delivered into

environment j over the study period, and the benchmark is the EPA
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hhealth standard or other benchmark of concern (Manale and Gassman,'

For ground water the hlghest level of pestlclde predlcted for:f;

'fa 51ngle day Of the year ;is- the assumed exposure.-i Thlsgaigrf'H'

:fconservatlve measure was chosen because the health endp01nt of
-concern relates to acute exposures and therefore any one-tlme

exces51ve 'exposure is con51dered unde51rable. .' ‘The model was"

":'allowed to run untll peak concentratlon had been reached in the“’

-ilnflltrate.v Only two pest1c1des; Furadan and Mocap, reached the "

fybottom of the rootzone. Furadan exposure was - nearly tw1ce that of

cMocap, however, 1t was only about 2 percent as. rlsky,'51nce the"“"

",ﬂltolerable rlsk level of Mocap 1s much lower than that of Furadanycéfﬁ

Ch(Table z)

Surface water exposures are calculated by a procedure 51m11arf5;f%*

fdto that used for ground water exposure.( In a Sllght varlatlon,ivﬂ@?‘;m

:“p”results were adjusted by 36 percent the percentage of acreage to‘lf*c

.7fwh1ch the corn rootworm 1nsect1c1des are applled to reflect actual'pffﬂ l'

fappllcatlon levels.f Surface water pollutlon ‘was’ spread more evenlyrf_”'”'

across all 1nsectlcldes than ground water pollutlon.- Runoff 1ntod}{~‘-'

' ysurface water was also less in absolute terms., Mocap agaln had the5hw”“;

'? hlghest rlsk level but dld not exceed 1 0 as 1t ‘aia for ground‘ ‘
water.. o A 3 ' RN ‘

The volatlllzatlon of corn rootworm 1nsect1c1des 1nto the a1r“

'f‘.was also compared to the benchmark of EPA reference dose estlmates_vfxpt

'(Manale and Gassman, 1990) Agaln, rlsks were spread more w1dely»

'racross the chemlcals than they were for ground water.»‘For Mocap,
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‘though risk was high, it was not as'hiqh as for Counter. Both
Counter and Mocap exceeded 1.0, but other chemicals were

ccnsiderably.lower; | S | |

Relative-Risk Rankings

‘7A ranking of relative.riskifor each rootworﬂ insecticide-is'
Shown in Table 2.15The,rankings are'based on eStiheted risk from
each insecticide in each enVironment.' The'higher‘the risk sccre,
' the greater the ranking. . Relati?e risk is the percentage of total
risk ecross al‘l‘ pevsticide*s in  a single environment j that is

contributed by insecticide is
(2) Relative Risk; jy = 'Riski,j / T Riskg 4
‘ - : i .

This ranking impliee,‘for exampie;*that Mocep.ie eimcst 100
' timee moﬁe»risky‘than Fufadan ih,surfaCe‘ﬁater (9@;22”compafed-tc
1.01). Tt also assumes that actual health risk is iinéarly related
to the fisk,indek; In_reelity, however, a emalllchenge in.the
iﬁdex below‘unity may:coffespond to actual health riek'diffefehtly
than the same chaﬁge in index ﬁelues above unity. L

The level of risk was significantly below uhity for most of
the pesticideswexamined, thch may indicate that absolute exposure‘
levels are not of coﬁcern}ﬂ‘However, for those who place a value en -

reducing risk below that considered safe by scientists, the

relative rankings may still be helpful. That is,'people may still



”o’ascrlbe value to marglnal reductlons in ‘risk much below that
. estlmated safe by 501ent1sts.,' ' | |
» In ground water, Furadan and - Mocap represented the only
,v measured rlsk (Table 2). Only Mocap had a risk level exceedlng its
"benchmark (relatlve rlsk > 1.0), and Mocap,represented,over;97
: percent of all risk; that is, Mocap was almost.40atimes more risky :
_vthan Furadan. ,MoCap also represented most of the,riSk in surface
‘Water. “In a1r,'Counter:andaMocan exposures exceeded.benchmark'
‘health 1eve1s, but Counter comprlsed ‘most of the r1sk at 77

"Hpercent compared to. 21 for Mocap

Except for Mocap, the 1nsectlcldes had dlfferent 1mpacts -

across the env1ronmenta1 medlums examlned. Furadan, a contamlnant

coin ground water, was, ofﬂllttle-or‘no relative‘conCern‘in~surface

:V7water;¢'Furadan s phy51cal and " chem1ca1 characterlstlcs gave 1tv

'11ttle 11ke11hood of occurrlng 1n runoff. L1kew1se, Counter was -
'yeryzamportant 1n-a1r.pollutlon'at 77.percent of total.rlsk but-'
hposed Géfy iittleﬂrisk in:the water‘media;f Mocap ranksnreiatiﬁely',
high across all ‘three medla."A : ’}"’ |

R1sk tradeoffs are 1nvolved in deallng with most pest1c1des."
'Therefore, a dec1s1on-maker could in attemptlng to. reduce risk 1n‘

|
the target media lncreasevthe risk associated with anothervmedla.

,Ground water, surface water and air must all be ‘evaluated to o

determlne accurate env1ronmental costs of pestlclde use. Thls.

r requlres a method to comblne»the,lmpacts of the insecticides into

a single measurement. U
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' Value-Welghted Ranklngs f
| Slnce several productlon alternatlves ex1st a pollcy-maker
mlght 51mply ban or restrlct the use of the two chemlcals that'
’exceed benchmark safety standards,‘ Mocap and Counter.l Together,'
| these 1nsect1c1des comprlse about one-thlrd of total 1nsectlclde

»ffuse. However, rlsks to alr, surface water and ground water may not
be equal.‘ Therefore,_a more ob]ectlve approach 1s to ascrlbe
: welghts to. the: env1ronmental problems a55001ated w1th each '
pest1c1de that reflect the value of damage to that env1ronment.

A welghtlng scheme should where poss1ble, be based on

' |

objectlve 1nformatlon such as economlc values. -The scheme,should :

'also reflect the values of the group ‘or groups affected. HoweVer;ﬁ'

*-.;collectlng 1nformatlon about 5001a1 value 1s expens1ve.f We d1d notf

. to each env1ronmen_,f

'yfhave 1nformatlon about the value of rlsk exposure 1n a1r, ground S

e ‘ ‘

water or surface water., Rather than ass1gn1ng subjectlve welghtsuf~*

"comparlng resultsifor several welghtlng scenarlos., Some results
E are 1nsen51t1ve to the welghts across - the env1ronmental medla.
Therefore, some chemlcals may surface as hlghly rlsky or as p051ng :
';llttle r1sk in all of ‘the welghtlng paradlgms.d “v |

- Once the welghts 'are obtalned they are multlplled by

restlmates of the relatlve rlsk of each 1nsect1c1de to ~each

env1ronment..
(3) value- S o e PR
Welghted Rlsk =z (Relative Risk; 4) x (Environment Weight,)

3

we' conducted a sens1t1v1ty ana1y51s bYa_ﬁ



‘~where the value-welghted rlsk of pest1c1de 171s the sum of the
bfrelatlve rlsk of pest1c1de i on env1ronment j tlmes the welght of
Jueach env1ronment j The welghts for each env1ronment are expressed
as. fractlons of one and should be con51stent (1f A is superlor to

B and B'ls superlor_to C, then'A 1s superior to C)s: Value*welghted .
fk,fiéks'are7normaliéed;. ' SR

If alr and surface water were the only env1ronments of concern

and were welghted equally, the value-welghted rlsk levels would behf -

"39 for Counter (1=17 X 0.5 + ~77f44 X 0'5) 'and 59 for Mocap.
: Mocap is ranked.hlghest 1n thls value-welghted 1llustratlon because.
blts use‘had-a;relatlvely hlgh 1mpact on;the quallty~of both_alr and

rsurface.water."The~chemical posing‘the greatest'riskrto7air,

VCounter, added'less to the'valueQWeighted'risk-thanithe chemicall:f

f5p051ng the most rlsk to surface water, Mocap ‘ For Counter to rank ,

.as hlgh as Mocap 1n the value—welghted 1ndex, a1r would have to be'f;f'

;fwelghted 70 percent hlgher than surface water.

The value-welghted rlsks for ground water,'surface water and'

‘3:a1r are glven 1n Table 3. In the flrst column, all env1ronments are

_welghted equally In the next three columns, each envlronment ;s‘ R

glven half the total welght while the ‘other half is divided
”, equally between the other two.r | | :
: The value—welghted ranklngs _are glven for alternatlve

»welghtlng assumptlons to indicate whether values could: alter the

ranklngs." When‘ relatlve ranklngs are evenly~ welghted _thé e

assumptlon is 1mpllcltly made that the absolute risk levels are

evenly reflected in. the relatlve measures. That 1s, an 1ndex of 50



‘_ s1 | |
percent 1n two dlfferent medlums 1mp11es the same rlsk level.' For
'l‘example, 97 percent represents a 1.8 1ndex in ground water, and 96
only represents a 0 55 1ndex 1n surface water for Mocap (Table 2)
‘This would 1mp1y-that people value an 1ncrementa1 movement in
| ‘relative risk fromv90 percent to 80 percent the'same‘across each
»medium3 The welghtlng system can be constructed to factor out the
bias. Alternatlvely, welghted indexes can be computed without
first normalizingtthe‘env1ronmental medla, as is done in the final
four COlumnsfof‘Table-ﬁ#hv“ | | ) | |

Under all welghtlng schemes two pest1c1des Mocap and Counter
contrlbuted over 90 percent of total rlsk. Mocap was.always
1mportant;u Broot Dyfonate, Lorsban and Thlmet‘were'never very
‘importantt' Furadan was of marglnal 1mportance only when ground‘
'-water was welghted heav11y.‘ ER

Relatlve ranklngs cons1dered only one env1ronment at a time..
In Table 3 the flrst and second hlghest ranklnqs under the‘~
relatlve ranklng system are 1nd1cated by * and Hk superscrlpts,
respectlvely., In the relatlve ranklng for ground water, Furadanl
' recelved 2.5 percent of the risk and Counter recelved 0 (Table 2)
-Yet 1n the value-welghted system, Furadan: contrlbutes less than 2
percent of rlsk and Counter comprlses 20 percent or more. The
'welghtlng scheme that gave half.the weight to surface water was the
only one that did not change the univariate relative rankiné; |

| Computing value—welghted ranklngs w1thout first norma11z1ng
w1th1n each env1ronmental medlum did- alter the results. Under the‘

normallzedwresults, Mocap was the most r1sky chemical, followed by



14

":Coﬁntef}"aﬁbpatternu*thath'Was reversedt’under”the ,"a’‘fii.te’rnative,.‘.f.'.f=

y{calculation;; ‘The reason Counter 1s now more rlsky than Mocap is
that 1t was 1n1t1a11y hlgher 1n absolute terms (Table 2) forh
lfexample, Counter exposure exceeded the benchmark safety level byh
"sevenfold in alr, but Mocap only reached a max1mum 1eve1 of 2 1nv
'ialr. The approprlateness of" these alternatlve approaches hlnges on>fjt

fhow people value changes 1n relatlve rlsk or absolute rlsk.

| These examples demonstrate the sens1t1v1ty of the ranklngs to.?w

the welghtlng system.» Patterns that emerge from such a. sens1t1v1ty

| analys1s may be very helpful where there 1s 11tt1e 1nformatlon~“

avallable about how;to construct'we1ghts~

CONCLUSIONS

ThlS study has shown that the numbers and welghts glven tobf”t

affected env1ronments can be 1mportant in ranklng pestlclde rlskshf“"‘

‘g;to health or the env1ronment. Unless cross medla env1ronmentalyf'r77

’vﬁfeffects are con51dered soc1al welfare may not be 1mproved w1th7

';‘programs that reduce a 51ngle form of pollutlon.' For example,_thee}ff

f@beneflts galned by bannlng a chemlcal from one env1ronment may notflbl

be as great as the damages to an alternatlve env1ronment to whlchl
rd'.the chem1ca1 has been relocated.Zb | | | |
| Slnce env1ronments may not be dlrectly comparable, a decls1on;'ﬂz
'maker often -1s forced to ‘use unlnformed value judgments toﬂ'
]_formulate pollcy that may have uneven 1mpacts across: env1ronments..
hThe examples used here demonstrate how objectlve 1nformatlon"

"_together with subjectlvefwe;ghts on affected env1ronments can be,
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ﬁtilized‘té help decision-makers evaluate the impacts of their
valuevjudgmentS'on the environment. This could help bridge the gap
that often exists between scientists who conduct reéearch and
government decision-makers who must balance competing social

interests.
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: 'Table~1?2_ Insect1c1de use and cost and return estlmates for corn productlon 1n Iowa

Towa Use® T Assumed 1 f: — IR Profit“'
. .. (% of all . ‘Rate - . Costb ‘ YJ.eldc : Advantage
- Pesticide -~ Iowa corn ac) ’,(lbs/acre)’ - ($/acre) . (bu/acre) ($/acre)

Broot (trimeth- f~1:00 12 1479 f127vh":’f “2og89f j;jﬁf"" )

acarb) . . R e . ‘ - T e
-~ Counter (terbufos) 32.80 . So1.12 ©.14.01 ¢ L1287 23,9000
. Dyfonate (fonofos) -18.00 . -. . 1.12 .  °12.40 - _ 126 . - 21.05 -

_ Furadan (carbo- v 7.30 1012 ‘12,70 . 126 T 20 75 

- furan)- R I B S T A L

‘ ﬁLorsban (chlor— . 25.60 - 1.12 713,140 '124g3 S '15 85'
‘Mocap (ethoprop) . -0.40 g 1.12. 12.35 - 126 - “21.10«..1u

Thimet (phorate) J13.10 0 o d.12 9072 X230 a0 17:04

*-Other Pestlcxdes 1.80%- - 1 e ' g ; e R
 No Pestxc;des - 64,00 . - o.0f o anf o

_Source°' USDA, 1984 Pestlcxde Use Survey. . ' ‘ ' -
The cost per acre is equal to the price per unit times the application rate. o
°»Equal to the average yield on teést plots treated with each pesticide (center for - -
. ‘Agriculture and Rural Development. (CARD)). R
- d The profit advantage .is the per-acre difference in net returns with an .«j;fv
1nsect1c1de and w1thout an insecticxde. : s O

,'g—m. .
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Table 2:»Insecticide3concentration-and risk for surface water and ground water in Iowa

Ground Water . T Surface Water L Ly Air
. Risk RelativeP Risk® " Relative®  Riskd RelativeP

R © (Exp./bench) ~~ Risk .. -(Exp./bench) - Risk (Exp /bench) - Risk
Insecticide . - o (%) ' (%) : (%)
Broot . 0.000 - 0.00 0.0015 0.26 . 0.05 . 0.49
Counter =~ 0.000 . 0.00 - 0.0067 1.17 S 7.20 0 77.44
Dyfonate. © 0.000 ~  0.00 - 0.0014 .~ 0.25° . 0.04 0.46
Furadan 0.0478 2.53 ~ 0.0058 1.01 . 0.00 - 0.00
Lorsban ~ ~  0.000 .. 0.00 ~  0.0038 ~  .0.66 ...0.01 0.10
Mocap .  1.833 97.47 0.5500 96.22 2,00 21.51
Thimet ~ 0.000° . 0.00- . 0.0025 __ 0.44 ' 0.00 ©©0.00

Total . -100’00- R . 100.00 . . 100.00

aEatlmated exposure, concentration in the root zone, divided by benchmark risk level (Manale
and Gassman, 1990).,

quual to the ratio of the exposure/benchmark for the given pesticide dlvided by the sum of
all exposure/benchmark levels in the. respectlve env;ronmental medlum.,. , _

?Estimated exposure, concentratlons in: surface water, d1v1ded by benchwork r;sk level.

_dEstlmated concentratlon 1 kllometer from source dlv;ded by benchmark rlsk 1evel.

i
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‘Table 3: Value-weighted relative risk index for corn rootworm insecticidevuse\in‘Ioﬁa?

Normallzed by Environment - _ Normalized across Envxronments .
" Equal . “Equal = o
Weight- One-half weiqht toP : Welght One-half we:.qhtb
% 7 “All ' ' Ground Surface Air All - ‘Ground =~ Surface Air
"“Insecticide - Envir.  Water Water R . BEnvir. Water Water -
Broot 0.2 . 0.2 . 0.3 0.3 0.4 0.3 0.4 0.5
Counter 26.2  19.7 . 19.9" . 39.0" = 61.53 52.9 - 58.6 = 68.4 -
' Dyfonate 0.2 0.2 0.2 0.3 0.4 0.3 0.4 0.4
Furadan . 1.2 . 1.5" . 1.1 0.9 0.5 0.7 0.5 0:3
Lorsban’ ~  0.3° . 0.2 - ' 0.4 0.2 0.1 0.1 0.1 0.1
Mocap . 71.8 . 78.1%  77.9" 56.2"  37.3 45.7° 40.1 30.3
Thimet 0.1 0.1 0.2 01 0.0 0.0 0.0 - 0.0
' 1100.0 . 100.0 100.0  -100.0 100.0 . '100.0 100;0 100.0

8Each column shows risk constltuted by each chemical as a. percentage of overall rlsk after
being weighted by each environment as indicated. ' .

bOther environments weighted one—fourth each.

Second rank w;th the relat;ve SLngle-varlate ranklng system. f






