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QUANTITATIVE ASSESSMENT OF EXPOSURE TO 2,4,5-T, SILVEX AND TCDD

INTRODUCTION

As part of its risk-benefit balancing procedures, the
Agency generally attempts to estimate potential human exposure to
pesticides in quantitative terms. The ultimate objective of these
assessments is to develop numerical estimates of the amount of
axposure that certain segments of the population may experience
as a result of pesticide use. These exposure data are combined
with toxicity information to generate an overall risk assessment.
The risk assessments are then used to predict potential health
effects based on the toxicologic effects of the pesticide in
question.

This document provides some quantitative estimates of exposure
to 2,4,5-T, silvex, and TCDD for use in the cancellation hearings.
These estimates are based as far as possible on observed residue
levels in the environment. However, while these estimates are
expressed as numerxical values, they are in fact much less precise
than their numerical nature would imply. This is because the
available data are meager, because conditions (spray techniqgues,
weather, etc.) are 8o variable, and because many assumptions have
to be utilized in order to arrive at the estimates. This intro-
duction describes some of the reservations which apply to the
numerical estimates presented in this assessment, and comments on
the limitations on the use and interpretations of this information.

a %
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General

Agency exposure assessments, including this analysis for
2,4,5-7, silvex, and TCDD, are based where possible on actual
field data. In the present case, the data upon which this
exposure‘assessment is based include data on chemical residues
in soil, food and other environmental materials, on actual field
exposure data for applicators, and on the data on transport and
fate of these chemicals in the environment.

In addition, information on pesticide use practices and
extent of use is necessary to arrive at reasonable estimates of
expogure. Thigs information includes the crops or sites which may
be treated, the rates and methods of application, and information
on the other activities during their subsequent application. This
information is used to develop estimates of the number of people
potentially exposed to the chemicals by oral, dermal and inhalation
routes as a result of specific use practices.

The information available for use in this exposure assessment
is variable as to its completeness, quality, and reliability. 1In
general, the greatest confidence can'be placed on the field exposure
and residue data, even thoughlit is incomplete in maﬁy ways. The
information relating to use practices is somewhat less certain.
Agency scientists started with information from the pesticide
label to determine application rates and crops or sites likely to

be treated. Estimates relating to the extent of sites or crops
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treated and other indicators of the probable extent of contam-
ination are subject to many uncertainties. In particular, the
numerical values for the populations at risk are highly uncergtain.
This is because information on population demographics. whether
or not related to pesgicide use, i; not well developed.

The uncertainties described above are common, in varying
degrees, to all exposure assessments, including these assess-
ments for 2,4,5-T, silvex and TCDD. In sum, although Agency
scientists have a high degree of confidence about much of the
empirical data which form the basis for this analysis, they are
far less confident about other informqtion. The quantitative
exposure estimates for the populations at risk are limited by
these uncertainties. |

Exposure Analysis

The starting point for exposure assassment for pestic;des
is descriptive information on pesticide release and distribution
to the different environmental compartments such as air, water,
soil, and animal and plant tissues during application. 1In
addition, 2,4,5-~T and silvex are known to move from sites of
application to non-target areas under some gonditions of
application.

This qualitative :nformation on potential sources of human
exposure is supported by analytical chemical data showing that

residues of these chemicals are present subsequent to application,
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both at application sites and at non-target sites. Such chemical
residue information provides the initial numerical base for quanti-
tative egtimates of possible human exposure. TFor example, unlike
many pesticides with relatively short half-lives and relatively
rapid disappearance from the envirénment, 2,4,5-T and silvex may
persist in the environment for several months &fter application;:
TCDD may rgmain for several months or years. Therefore, special
concefn is raised about 2,4,5-T, silvex and TCDD because they may
remain in the environment in significant concentrations for
several months or years after their application.

However, despite the availability of some useful information,
there are gaps in our knowledge. For example, although large
amounts of 2,4,5-T and silvex are used each year, comprehensive
monitoring information on 2,4,5-T, silvex, and TCDD residues in
the environment is, for the most part, unavailable.*/ This
paucity of residue information limits the Agency's ability to

make quantitative exposure estimates to only some routes of

exposure and only for certain uses.

¥/ The paucity of monitoring data on TCDD is due largely to
the only recent development of analytical methodologies with
sufficient sensitivity to measure the extremely low levels of
TCPD which are of biological concern, to the limited number of
facilities with these analytical capabilities, and to the high
.cost of analyzing samples at these levels. For 2,4,5-T and
silvex, the problem of insufficient monitoring information
appears to be largely due to a lack of. comprehensive monitoring
programs, or inappropriate sampling.
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Eveh whén some data are available for one kind of application,
there may be uncertainty as to whether those data are applicable
to other applications which may occur under different conditions.
For example, residue data collected during springtime application
in the Pacific Northwest may not properly describe the amount
and distribution of chemicals under different environmental
conditions at a different time of the year. Often, the only data
available are data derived from laboratory studies, with little
or no field data to verify that the laboratory data accurately
describe the residue levels which might be present under field
conditions.

Further, each of the several different hu?an exposure
pathways provides a different kind of exposure potential. Even
when some empirical residque data on a given route of exposure
dre available, there are often uncertainties concerning the
generalization of those data to other routaes of exposure. These
uncertainties are a éarticular concern when estimating exposure
to chemicals such as TCDD which appear to pose risks at very low
levels of exposure. |

In attempting to generalize to "average" or "typical" use
patterns, the Agency has encountered a wide variety of practices,
which were very difficult to address. An example is the appli-
cation rate to be used when rangeland vegetation is spot treated.

Despite the fact that the USDA-EPA States Report (Ref. 2) notes a
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2 1b/A maximal application rate on grazing lands, it was found
that other rates have been used and are permitted by the label.
Also, despite "typical" 5-15 year recommended intervals between
herbicide spray applications, instances of successive annual
treatments have been substantiated, and may, in fact, be more a
common practice than the USDA Report assumes.

A very difficult aspect of guantitating risk is specifically
identifying and quantitating populations at risk. The Agency
has found, for example, that deer and elk from 2,4,5-T treated
forested areas may contain TCDD residues in their fat at readily
measured levels. Also, it is known that some people include
deer and elX in their diets. But, the proportion of deer and
elk taken by hunters annually that are actually contaminated,
the level of contamination, and the numbers of people who
consume gliven amounts of contaminated meat is not known.

To extrapolate from the available information to potential
human exposure (and sﬁbseéuently to risk assessments), assumpe
tions based on the observed residue data, information about use
practices, and "typical” consumption patterns are made. These
assumptions may either over- or under-estimate actual risk.

Thig can be confirmed only by the acquisition of additional data;
Nevertheless, the Agency has developed some numerical values,
however uncertain, to permit the quantitative estimation of risk

for the cancellation proceedings.
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The exposures which have been quantified in this document
are as follows:**/

1) Occupational exposure to 2,4,5-T, silvex, and TCDD.

2) Dietary exposure of the general population and local
populations to TCDD residues in ﬂeéf and local populations to
TCDD residues in dairy products resulting from the use of
2,4,5-T and silvex on rangeland and pasture.

3) Dietary exposure of local populations to TCDD residues
in deer and elk resulting from the forestry use of 2,4,5-T and
silvex.

4) Dietary exposure of the general population and local
ﬁopulation to silvex residues in rice, apples, pears, prunes,
and sugar (from sugarcane) resulting from the use of silvex on
these food products.

S) Dietary exposure of the general population and local
populations to 2,4,5-T and/or silvexlresidues in rice resulting
from the use of 2,4,5-T and silvex on rice.

Finaily, the available data relating to some uses of 2,4,5-T
and silvex are inadequate even to begin assessing po;ential
human exposure.‘ FPor some situations, no monitoring information is

known to the Agency, and in other situations the available data

**/ The Agency is still evaluating and generating monitoring
Jdata which were not utilized in these quantitative assessments.
The Agency may utilize these data as they are developed.
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are too incomplete or too uncertain to provide the basis for even
a simple estimate of exposure. It is emphasized that the incom-
pleteness of data and the consequent lack of an exposure analysis
mean only that suitable data were not available, not that these

pathways are biologically insignificant.
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ESTIMATICN OF OCCUPATIONAL EXPOSURE TO 2,4,5-T, SILVEX, AND TCDD

Introduction

This analysis provides a quantitative human exposure */ estimate for
2,4,5-T, silvex, and dioxin in terms of absorption by the body of these

chemicals under normal agricultural working conditions.

Human exposure estimates are made on the basis of chemical analyses of
dermal and inhaled concentrations of the chemical or chemicals, and if
the information is available, on the basis of the amount of chemical(s)

or their metabolites excreted by the body (e.g. in the urine). **/

In the case of the pesticides and contaminant under consideration, there
are experimental data available on the occupational exposure to pésticide
applicators and farmworkers applying 2,4,5-T under actual use conditions.
These data consist of dermal, inhalation, and urinary concentrations of
2,4,5-T 6btained from the field application of 2,4,5-T in forestry and

*kde

rice” ", Exposures to 2,4,5,-T £ram other uses and to silvex and TCDD for

all uses were estimated by extrapolation and will be discussed below.

*  fThe tem "exposure”, as used in this paper, refers to the amount of

chemical absorbed by the body.
** During the past four years, since the initiation of the RPAR process,
the Hazard Evaluation Division has estimated occupational exposures
to many pesticides. In sane cases data on dermal and inhalation
exposure were availabls for these estimates. In other cases, these
data had not been generated, necessitating extrapolations fram infor—
mation on other pesticides (with similar application techniques) for
purposes of the exposure estimate.
*** Experimental data of the type required for this analysis were found
only for 2,4,5-T. Consequently, exposure to silvex and TCDD was calcu-
lated on the basis of extrapolations fram the 2,4,5-T data ag explained
in the text.
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Duration of exposure to specified cccupational groups and the nunber of
individuals camprising these groups ars critical slements in risk assess-
ment. These paramatars were estimated from use data from Raference 2

and are summarized in the Appendix (page@, et seq.) Qccoupaticnal exposure
o 2,4,5<7, silvax, and TCDD are estimated for the following uses:

forestry
rice

range and pasgture
rightg-of-way

® o 8 o

It sheuld be noted that because of information gaps, it was necessary to
maka a nunber ¢f assumprions and extrapolaticns in estimating applicator
exposure to 2,4,5-T, silvex, and TCID, As a rasult, our estimates are
subject to a considerable degraee of uncertainey.

Estimaticn of Occupational Exposure to 2,4,5-T

We are aware Of three studies on the exposure of applicators to 2,4,5-T
wﬁich provide exparimental data to be used for exposure assesanent. The
most detailed of these studies is cne conducted by Lavy on forest appli-
cators (Ref. 14, 15). The data from this study has been analyzed using
a pharmacokinetic modal in a report by Ramsey et al. (Ref. 19). Lawvy
also conducted a scmewhat abbreviated study of workers applying 2,4,5~T
to rice amd forests (Ref. 16). ’Iha third study vielding useful exposure
information is one by Kolmedin-Hedman et al. (Raf. 13) in which two
professional trackor craws consisting of two persons each wars menitcored
for 2,4,5-T during and after two applications of 2,4,5-T to forasts.
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T™wo cther studies reported in the literature */ provided confirmatcry

information on 2,4,5-T absorption by humans.

The information enabling us to estimate the absorption of 2,4,5-T by ccou-
paticnally exposed individuals is comtaified in the feld study conducted
by Lavy on foresty applicators (Refs.l4,15). The study was designed to
measure 2,4,5~T exposure to pesticide workers applying this pesticide
in the forest by three different methods:

aerial (helicopter)

groand application by tractor-driven mist blowver .

* ground application by backpack sprayers

Twenty-cne individuals (including two females) participated in this study.
The subjects wera engaged in normal pesticide application activities (e.g.
piloting a helicoptar driving a tractor and handling pesticide application
aquirment; mixing pesticides by dilution, ste.) A commersial preduct con-
taining 2,4,5-T Esteron®, was applied at day "O“ at a rate of 2 lbs a.e./A"

* Shafik et al. (Ref.24) report an average of 2.4 mg 2,4,5-T/1 of urine
in 6 spray cperators engaged in 2,4,5-T application. No spray history or
total excrstion ia given, so it is impessible to calculate total ex-
posure from this experiment. As a matter of fact, the purpose of the
reported study was to develop analytical methodology rather than msasure
exposure.

Simpson et al. (Ref.25), in a very brief summary paper, reporied urinary
lavels of 2,4,5-T in pesticide applicators hardling this herbicide rang-
ing from 0.160 mg/l to 1.740 mg/l. These incomplete results maka it
impogsible to calculate total body burden from 2,4,5-T axposura.

*

a.a. = acid squivalaent
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for tractor-driven mist hlower and helicopter applications and 1.6 lbs./A
in the backpack study. Urinalyses for 2,4,3-T7 (acid) were performed daily
for 7 days including 1 sample pri;gr.to expogsura. On the 7th day, the
herbicide applicaticn was repeated by the . .same individuals, and wine
éanplas ware analyzed as before. Dermal abscrption was measured by the
use of cellulcse=backed gauza patches which were placed according to
‘directions given by Wolfe, et al. (Ref.3l).

Tyrdcal attire of individuals participating in the study was long trousers,
shirt (long or sl'm:t slegvas}, cloth sneakers, and leather or field boots.
Temperatures durﬁxg the experiment ranged from a low of 13°C to a high

of 26°C. Wind speeds on 5 days of application wers recordaed at 0 meh whilae
the wind speed ranged fyom 0~5 mrh on three other days. The experiments
ware carried out in South Central Arkansas near Hot Springs, BSampton,

and New Monticello. The terrain thers is less hilly than other areas
whare 2,4,5-T and silvex are used, such as that in waestern Washington

and Qregon. It is conceivablae that different tarrain and weather
conditions may change the axposure pattern of the occupationally exposed
popuilation. However, we know of no experimsntal work that has been
carried out to investiqata these variations., Conplete experimental da
tails may be found in ths Project Campletion Report (Ref.l4) and in the
published paper (Raf.15).

Aecording to Ramsey et al. (raf.l9), "the total amount of 2,4,5~T excreted

in the urine following exposure represents a minimm gstimate of the amount
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.. abgorbed, since urinary excreticon may not be cowplete at termination
of the experiment. rowever, calculétion of the absorbed dose of 2,4, S<1
based on phammacokinetic analysis... is not dapendant on total axcretion
and can, therefore, provide a more realistic estimate of the absorbed
dose." FRamgey et al. have chosen maximuan estimated doses of 2,4,5<T
cbtained from three different kinetic equations (Ref.l9, p. 20).

We have used Ramsey's adjusted data based cn lLavy's study (Refs.14,15) in
estimating coompational exposure. Results for forestry application of
2,4,5-7 are tabulated in the lagt colum of Table i, giving the e
axperimental dose expressed as mg/kg body ugight/hcur. From Tables 2-A
and 3=A it may be seen that scame individual values varied widely. Tor
example, the ranges for pilcts were 0.005 - 0.024 my/kg/hewr and backpack

applicaters, 0.009 - 0.036 mg/kg/hour.

Lavy (Refs.l4,15) provides experimental data only for forestry uses of
2,4,5-7, Tharefors, exposure estimates £or uses on rice, rangeland,
pa.sture.‘ and rights—of-way weras calculated by comparing application rates,
occupations, and application techniques with the corresponding figures in
forestry use, assuning that exposure would he directly proportional to the
 application rate. It was further assumad that the difference in applica-
tion rate was the only variable factor which would result in differences
of applicator exposure Zor 2ach type of occupaticnal group. For example,
the rate used for aerial arplication of 2,4,5-T in range and pasture is
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1 1b/A (weighted avarage) and the corresponding rate in forest is 2.0
lbs/A (avarage). Thus, the exposura values for different occupational
groups for range and pasture use is estimated by multiplying the experi-
mental value (forestry use) oy one=half.*’

In order to convert unit exposure values to dose/person/hour, the figure
in the last colum of Table 1 may be multiplied by the estimated average
body weight of a male worker, namely 70 kg. Table 1 also provides data
on the estimated annual hours of exposure to each cocoupaticnal growp of
workars and estimated nunber of workers in each occcupaticnal category.
These nunbers ware darived from the total acreage™™ treated, found in
Reference 2. The mathodologies for arriving at these aestimates arae
fully explained in the Appendix.

In the Lavy study (Refs.14,15), dermal and inhalation exposures vy fileld
parscrnel wers measured, In additicon, urinary 2,4,5-T and othar urine

* Confirmation that absorption, as measured by urinary excretion, is
directly proporticonal to decsae applied has heen recently shown by Franklin,
gt al. in a study involving the insecticide azirncophosmethyl and orchard
workers (socn to be published) (C.A., Franklin, R.A. Fenske, R. Greenhalgh,
L. Mathieu, H.V. Denley, J.7., Leffingwell, and R.C. Spear, A Camparison
of Direct and Indirect Methods of Estimating Dermal Zxposure to Guthion

in Orchard wWorkers. Accepted for publication in J. Toxieol. 2nv.

Health) . .

** Reference 2 apparently does not separate 2,4,5-T and silvex treatment
for range and pastures, alzhough this is rot explicitly stated. Since
under racent usage pattern, silvex respresents only 0% (Ref. 35) of the
cembined use of 2,4,5-7 and silvex, we feel that ocur estimates of annual
hours of exposurs and number of workers in each exposed cocupaticnal :
group are indeed representative of 2,4,5-T treatment alone withowt
correcting for the small sercentage of silvex.
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TARLE 1

Estimated Exposure of Pesticide Arplicators and Farmworkers to 2,4,5-T

Estimated Avarage
Application Jo.Zxposed EXposurer Exposure?
Usa Pattern Exposed Group Ratel ' (1b/A) Personst  (hrs/vr) (ma/kg/hr)
FORESTRY
1. Aerial Pilots -2 73 200 0.0L5
Mixar/Loaders 2 73~-145 200 0.062
Flaggers 2 — 3 N0 0.003
Supervisors 2 - 3 20 0.004
2. Ground Srcadceast
a. Tracter Mixar/Loader 2 V-1 D 480 0.020
Misthlower  Tractor/operator/workar 2 D 240 0.013
Supervisor 2 - 3 48 0.0086
b. Backpack Applicators 1.6 300 00 0.021
Sprayer Mi xar/Supervisor 1.6 —_—3 00 0.008
RANGE AND PASTURE
1. Aerial Pilots 1.0 130 75 0.0084
Mixer/Loaders 1.0 130-260 100 0.0314
Flaggars 1.0 €00 25 0.0024
2. Ground Backpack Applicators 0.6 20,000 &0 0.0084
RICE
Aerial Pilots’ T 1.0 307 12 0.008%
Mixer/Loader 1.0 307 48 0.0304
Flaggers 1.0 6500 -9500 Q.6 0.0024
RIGETS=OF=WAY '
1. Aerial Pilots . 28 400 0.0604
Mixer/ILoaders 8.0 25-50 400 0.2404
2. Grournd '
a. Selective Applicators (hand) 6.4 13 1000 0.084%
Basal
b. Cut Stum Applicators (hand) 4.0 60 00 0.0534
c. Mixed Brush Applicators (hand) 6.0 2, 660 0.0794
Truck boom Applicators 0.8 178 660 0.0054
d. FRailroad Crew of Tour 5.{avg) 114 264 0.068
© a, Hectric
: Powar Applicators (hand) 5. (avg) 400 660 0.0804
1. .Sea Table 1-A
2. FResferences 19, Qalculated dose levels; received by EPA on February 14, 1979
3 16P [30,000/25]; Sea alsc Table 2-A for raw data.
3. (==} indicates that the number of individuals cannot be estimated.
4.  These valuss wers extrapolated as explained in the taxt.
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components ware analyzed., By Lavy's calculations, very poor correlation
existed between dermal exposwre to 2,4,5-T, as msasured by 2,4,5-T
analyses of the body patches, and the amounts excreted in the urine.”
One explanation for the lack of correlatic;n might e tha fact that the
dermal exposure patches were not a.l@ys placed in areas of highest
gotential axposure, e.g. the hands of mixer-lcaders. Thus, the exposure
derived from dermal patches might be expected to be too low, and,
consecuently, urinary excretion valuss would be more realistic.

In the secord Lavy 2,4,5-T-exposurs study (Ref.l6), only dermal and no
urinary analyses for 2,4,5-T ware performed. However, only results fram
urinary excretion experiments were utilized by us for exposure estimates
for the following reascons:

1. The gharmacckinetic behavior of 2,4,5-T has been described in
mammals, including man,

2. Analysis of 2,4,3~T in the urine is a more direct measuremsnt of
2,4,5~T absorption than the use of dermmal patches.

Thus, in ocur exposura estimates for 2,4,5~T wa have utilized exclusively
urinary excretion data derived from lavy's field study (Refs.l4,15), trans-
posed by pharmacokinetic calculations by Ramsey, ot al, (Ref.l9).

While we have relied heavily on Lavy's field studies and the pharmaco-
kinetic derivations by Ramsey, et al., based on the same studies, it is

*

Exposure through inhalation was much lower than that from dermal
cortact and, therafore, was not included by Lavy in the corralaticn
tast. . .
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prudent to review these experimental studies and kinetic derivations in
greater datail. Diring the cxoss examination testimony of Dx. Nisber,

several experimental deficiencies in the lavy studies (Refs.l4,15) were
discussed and inciuded apparently inccm_:leta or variable urine collect-

ion and failure to correct urine volumas according to creatinine levels.

The Agency is rresently amaged in an independent analysis of the pharma-
cokinetic treatment of Lavy's field data. After this review has been
canpleted, the axposure estimates may have to be revised appropriataly.

' KOLMODIN-HEIMAN STUDY

Recently, ancther study ram Swaden on the exposurs of two tractor crews
to 2,4,5-T has cane to cur attention (Ref.13). The study consisted of
the sm':véillame of two work crews of 2 individuals each. They applied a
mixture of phenoxy herbicides in a forest for one work wesk and 2-4 hrs/
day spraying time using a Gullvik" Forest Tractor equipped with a fan
sprayer., Bloed and urine samples weres analyzad before application of

the herbicide, cnce or twice during the applicaticn pericd, and at 12, 24,
and 36 hours after the last application. Urine samples were not taken

at regular inmtervals during the study, making it less reliable for the
estimetion of total #pc«sure than Lavy'§ study (Refs.14,15). lavy showed
that even a 6 day pericd is insufficient for camplete elimination of 2,4,5-T
fran the bedy. Thua, it is quite certain that Kolmodin's results are on

* The make of the Swedish tractor is menticned becanse the diffarence in
exposure batween Swedish and U.S. workers may be die to equipment differences.
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the low s3ide, since the last urine sample was taken cnly 1.5 days after the

last applicaticn of 2,4,5-T. Nevertheless, we campared Xolmodin's results

with lLavy's data.

Table 2 recapitulates the urinalysis results originally

reported by Folmdin, ¢t al. as wall as the intaryolated values on the

days on which no urine sample was taken.

TABLE 2

URIMARY EXCRETION CF 2,4,5-T (mg/L)t

TBY “RK mﬁ T =
Morday 0.5 0.5 3.1 1.3
Tuesday 1.0 0.4 11.4 4.9
Wednesday 1 v o* 4"
Thursday 1* 1* 6.5 3.7
Friday 1.2 1.2 4.2: 3.0 2.3; 3.3
(3.8 avg) (2.8 avg)
Saturday 0.9 0.9 2.7 4.3
Sunday (EM) 0.7: 0.4  1.0: 0.7  2.1; 2.2 3.5; 2.5
o (0.6 avg) (0.9 avg) (2.2 avg) (3.0 avg)
Total (mg/L) 6.2 5,9 38.53 24.0

t Raference 13.

Interpolated; no experimesntal valuss

LT wvag a tractor driver in Crew I
JC wag a tractor driver in Crew II

LEO was mixer-lcader 5 w leader in Crew II

KK wvas a mixer-workar and row leader in Crew I

**  Analysis before first =reatment were of the order of

lass than 0.05 ppm.

Exposuwre began on Morday and anded <n Friday.



The exposure by Crew II in Xolmedin's study appears to be 3 to § times
higher than that of Crew I. The reason for this may possibly be explained
by the diffgrent workirng conditieons during pesticide application by
Crews I and II. Crew I changed work clothes each eveniny and their tractor
had a partially protected seat. Cnthe;rdmrhand. the mixer/worker of
Crew IT only charged his shirt in the middle of the week. Also, the tractor
for Craw II had a campletely open seat. In addition, the mixer/woxker for
Crew II, who also perfommed the job of row leader, cculd have received
spray each tima the tractor turned, as could the tractor driver, depending
on the direction of the wind. Table 3 sumarizes and cawpares the results.
of the exposura to 2,4,5-T of the two work crews in Kolmedin's study.

| TRBLE 3 |

EXFCSURE TO 2, 4, 3=T"

Crew kg Spray tima Total
No. Person Occupation BY  (hrs/day) excxeta:;g* g /g -EW %‘*

I KK  Mixer/worker 70  2=4 hours 9.30 Q.13 Q.01
Ly Tractor Driver 80 2-4 hours 8.85 .11 0.01
IT LEO Mixer/worker 75  2-4 hours 36.0 0.48 0.03
JG Tractor Criver 62 2-4 hours 57.75 0.93 0.06

Arpropriate: 2~3 kg AI/ha (ecuivalent o about 2 1b/A) 330 g/liter 2,4-D and
170 g/liter 2,4,5-T. This calcuilates to about 0.66 Lb./A 2,4,5-T

CEW T Jeans, shirt: changed work clothes befora evening mesl.
Tractor has partially protected seat, The sprayed areas
wira marked by <X

CREW II Jeans ard shirt: L3I0 was the mixer and charyred shirt once.
JG was the tractor driver. LEC was "row leader."” (A parsm
who marks the row to direct tractor-driver). When the tyactor
turned, he coculd get spray licuid on-his body. Tractor driver
calld alss recsive spray on his body, since tracter had a
completely open seat.

:* Reference 1l3. .
e B29ed on 1.5 L wwrine/day: see Table 2 for tabulations.
Average 3xS = 15 hrs/week smray tima.



Table 4 i3 a camarisan of the rasults from Tables L and 3

Table 4
Carparison of lavy and Xolmoden-Hedman Studies

La St (Refs.14,15) Kolmdin Study (Raf.13)
. | Applic.]
Av. Dose Rate Av. bse {my/kg/hr) Rate
Scaupation (mg/kg/hr)  (lbs/A) Crew I Crew II (lbs/A)
Mixer/Ioader 0.020 2 Q.01 Q.03 0.68
(groamd) _
- Trackteor Driver 0,013 2 0.01 Q.06 Q.66

By miltiplying the exposurs values cbtained by Kolmedin by a factor of 3
(to adjust for the lower application rata in Kolmodin'as seudy), the tractor
driver of Crew II would appear to have a gignificantly higher exposure (by
a factor of approximately 14) than the corresponding U.S. workers in the
lavy studies.

If the conditions of described Ty Rolmdin ars typical of tIxvse encount-
ered in the United States, it my be prudent to parform a Quantitative
risk assessment using the higher exposure ficures.

EXFOSURE TO SIIVEX AND TCDD

We could find no reports, either published or unpublished, on the exposura
of wxrkers in the field to silvex or TCDD. Thersicre, in order to estimate
occuﬁu.tional exposure to these chemicals, we have assmumed the Sollowing:
1. Sllvex exposure iz the same as 2,4,5-T exposure, wherever and
whenever the use pattern for silvex and 2,4,5-T are similar or
identical. We believe that the chemical behavior of silvax and

2,4,5-7 is sufficiencly similar to justify this assumption.
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We are not aware of any information regarding the rate of dermal
abgorption by man of TCCD relative to 2,4,5«T. In the absence of
this informaticn, w8 are assuming.for the puwrpose of estimating

exposure that TCDD and 2,4,5-T are absorbed at the same rate.”

TCID exposure resulting fom 2,4,5-T application may be estimated
by applying concentration factors cbtained by direct analysis éf
2.4,5-7 formilaticns. Lavy reported that TCDD was present in

the Esteron® product used in his study (Refs. 14,15) at a level
of 0.04 pem (4 x 1078). Mamfacturer's voluntary specifications
of current 2,4,5-7 production claim TCTD concentrations of 0.1 ppm
or less.”™ Thus, TCDD exposure may be estimated by mualtiplying
2:4,5-T exposure for each applicator group by a factor rarging
frem 4 x 1078 to 1 x 1077,

Estimates for muber of axposed individuals and apmial hours of
exposure due to silvex use can he made by using conversion
factors based on ratics of 2,4,5-T treated acres to silvex treated
acres for diffesrent uses as shown in Table 5; these ratios range
fran 1/10 to 1/1000.

-

Anceher assumption is that the concentration of TCDD relative to

2,4,5=T does not charge £om the time it is formilated until it is

deposited on the skin of the ccoupaticnally exposed perscrnel.

** There are scme mamifacturers who claim that their 2,4,3-T mroducts

ceorrtain 0.02 ppm or even less dioxin.

™* Since the conmcentraticns of TCCD in 2,4,3-T and silvex are approx-
imately the same, the same factors may be used in estimating ex-
posure to TCDD resulting from silvex applicatioms. The same murber
of parsons exposed to 2,4,5~T or silvex are, therefore, assumed ¢0 be
exposed to TCOD. Moreover, the annual hours of exposure of a parscn
o 2,4,5-T and/or silvex are assumed to be the samm as his anmal

ours of axposure to TCDD.



Table 5

Camparison of Relative Rates of Usage of 2,4,5-T and Silvex

Uses 2.4,5-T:Silvex Ratio
Fargeland/pasture® 10:1
Forestry (Ref.2) 100:1
Rice® 1000:1
Rightg-of-<way® appX. 10:1

a. Raferance 135,
Y. Reference 17.

EXFOSURE ESTIMATE - INCREASED USE CF 2,4,5-T AND SILVEX

The exposure estimates summarized in Table 1 are based on recent pre-
suspansion use volume data for 2,4,5«T and silvex. For éll registered

uses, crily a relatively low percentage of all potential acresge i3 actually
treated with these two herbicides. If the acreage treated were to

increase, the total nunber of exposure hars * would incraease proporticnataly.
It is extremsly unlikely that one hundred percent of the acreage which could
be treated amrwally with 2,4,5-T or _sil.vex consistent with the labaling would in
fact be treated. ** However, because the increase in anmal exposure hours
resulting from swh maximm possible use provides an upper limit on the total
marber of anrual exposure hours, we are astimating the increase in total mmber
of exposure hoiurs which would result from such maximum possible use.

Of the approximataly cne billicn acres of masture and rargeland in the
U.S., enly 0.333 i3 treated with either 2,4,5-T or silvex. If all pasture
and rangeland wera treatad anrmally, ** the total anmial ayromsurs hours or

*/ Total mumiter of exposure hours is defined as the product of total
mmberotwrkersinapammlarocmpatimalgmuptmthemal
nunber of hours par worker Sor this use.

*¢/ In fact, only 268 of toctal rargeland and pasture land has undesirable
plants susceptible to treawment by 2,4,5-T or silvex. (Ref. 17)
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each type of applicator wauld increase by a factor of 300 over cur estimate

of total marber of anrual sxposure hours estimated to ocquir at the time of
suspansion.

Similar projections for increase in total number of exposure hours t
eithar 2,4,5-T, silvex, or TCDD might be made if the extent of uss of
2,4,5~T or silvex approached the maximum possible market for commarcial

forest land (factor = 500), rice land (factor of 10}, or rights-af-way
{factor = 200) (ref. 17).

SIMMARY CF OCCUPATIONAL EXPOSURE

Based on the lavy study, which measured 2,4,5-T levels in the urine of
applicators who applied 2,4,5-T, as wall as on a gharmacckinetic analysis
tw Ramsey of these experimental data, we have estirmated applicator exposurs
0 2,4,5-7, silvex and TCDD resulting from a nuumber of uses of 2,4,5-T

and silvex. These estimates are provided in Taklie 1.

Becaise of several factors, the exposure estimates made in this documant
are subject to cnsiderable uncertainty. Same of the more important factors
ara:

1. It is possible that the degree of care to avoid expomure which
was exarcised by the apolicators in the Lavy study may not be typical
of that used in routine 2,4,5-D or silvax applicaticns.

2. The applications iz <he lavy study were conducted under essentially
windless conditicns and <n relatively level tarrain. AL higher

wind valocities or diffarent tervain {(relling hills or mountains)
exposure ratas may be juite different

3. In estimating TCCD axposure, it was necsssary to extrapolate
frem data on 2,4,5-T =xzosure. In so doirg, it was assumed that
TCID was absorbed by e tody with an efficiency equal o that
of 2,4,5-T. In fact, TCID may be abscrbed at rates considerably
different than those of 2,4,3-T,
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4. The Lavy study may have had certain experimental deficiencies,
including incomplete or variable urine collections.
The Swedish study (ref.l3) indicated that under certain conditions, applicator
exposure, at least with respect to tractor drivers, may be considerably
higher than that estimated fram data generated in the Lavy study. Correct-
ing for differences in application rates, the exposure rate of one of the
tractor-drivers in the Swedish study was about 14 times higher than
the exposure rate measured in his American counterpart (0.18 vs, 0.013
mg/kg/hr). Thus, if U.S. field conditions were comparable to those
encountered in the Swedish study, it might be prudent to estimate risk

on the basis of higher levels of exposure than those found in the one

U.s. stlw.
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