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1 INTRODUCTION |

A large number of households in Ontario use pesticides in one form or another. Common
amonyst these are garden pesticides used for controlling insects, fungi and weeds. During use,
exposure 10 these pesticides may occur during mixing, application and/or cleaning and repair of
equipment. Several pesticides are used extensively in and around the home and, while exposure
is probably infrequent, they are of concern because of the large number of persons who may be
exposed 10 these chemicals. The herbicide 2,4-D is ene of the most widely used chemicals in
the home garden and in landscape weed control and the recent Panel Report (CCT, 1987)

pointed to the lack of adequate information or bystander and household exposure to this
chemical. o ; -

Exposre to pesticides may result from a number of operations that are carried out before,
during, and after the application process. Pathways of pesticide exposure include: transport,
storage, mixing, loading and application of the pesticides. Eposure may also result from reentry
into a sprayed area following the application. Usually the mixing operation results in greater
contact with pesticides than any other. Pesticide formulations may be ranked from those which
cause the greatest risk of contact during the mixing operation to those with least risk as follows:
Dusts > wettable powders > emulsifiable concentrates (high and low volatility) > granular >
soluble granules (CCT, 1987). The final operations which would expose applicators to
pesticides is the cleaning and repair of equipment, and disposal of empty pesticide containers.

Contrary 1o label directions, people may re-enter treated areas before minimum re-entry
periods have expired. Post-application exposure risk is highest in fruit and vegetable production
where hand contact with treated surfaces is greatest. This problem has been recognized for some
time and has been the subject of recent extensive reviews (Gunther er at.,1977; Popendorf and
Leffingwell, 1982). Toxicological problems concemning re-entry have almost always been
associated with organophosphorous pesticides (Kahn, 1980) and this type of bystander exposure
is seldom measured for other types of pesticides.. Recent studies (Thompson et al., 1984) have
suggested that dislodgeability of 2,4-D amine from turf is in the order of 2-8% of the applied
amount but the relevance of this to bystander exposure has not yet been determined.

Two general methods of assessing exposure to pesticides have been used in the several
existing studies on 2,4-D. These general methods make use of two techniques, one of which
is called passive dosimetry and measures actual exposure via sampling of the several possible
routes of entry of the pesticide and the other measures actual dose (biological monitoring). The
former method makes use of patches or other similar devices attached to parts of the body,
personal air samplers and analysis of these then allows an estimation of the exposure on that
particular part of the body. By extrapalation and the making of an assumption with regard 10
uptake via the skin, a dose may then be estimated. This method is useful in estimating exposure
to different parts of the body but may miss important areas of exposure should a patch not be
used in that location. It also fails to take into account variabilily in and IOWer-ﬂlan+predicted
rates of skin absorption. This method also involves several analyses per individual for each time
period of exposure. S 5

+

Biological monitoring depends. on a good knowledge of the metabolism and
pharmacokinetics of the pesticide in question. ‘Measurement of excretion of the pesticide or a
major metabolite will, in the case of certain pesticides, indicate the total dose absorbed by the



body. This methm:l gives a good cahmatmn of thf: ac:tual dose to which the body 1s exposed, a
useful parameter for assessing possible toxicity, and requires fewer analyses. It also has the
advantage that unknown routes of exposure are taken into consideration but it dnes not allow the
verification of the relative importance of these routes.

Following an occupational exposun: to 2,4-D amine or ester the majority of the compound
will be metabolised to 2,4-D acid in the body and will be excreted in the urne.. Exposure to
2,4-D has been measured via this second method in a number of published studies (Frank er al.,
1985; Grover ez al., 1986; Kolmodin-Hedman and Eme, 1980; Lavy er al., 1982; Lavy et al.,
1987; Libich, 1981; Libich er al., 1984; Yeary, 1986). Studies on the pha:macomneﬂcs of 2,4-
D acid in humans (Feldman and Maibach, 1974) have indicated that 100 4 2.5% of an
intravenously administered dose was excreted in the urine in 5 days and that the half-life for
excretion was 13 h. After dermal administration of [*C]2,4-D acid (1 uCi; 4 pg/cm?,), 5.8 +
2.4% of the amount applied was excreted in the urine, Other studies (Sauerhoff er al., 1977)
showed a tm for the urinary elimination of 17.1 h (range 10.2 to 28.4 h). Most (82 %) of the
2,4-D acid was excreted unchanged, but 13% was excreted as conjugates. The clearance of
2,4-D acid from the plasma and the urinary elimination of 2,4-D followed first-order kinetics,
whiich could br: described by a one-compartment model. In a study of Canadian farmers (Grover
e al., 1986) comparison of urinary acid and paich concentrations of 2,4-D amine showed that
there was a positive and significant correlation between the amount deposited on the hands and
the amount excreted in the urine, In summary, the half-life for clearance of 2,4-D acid from
the body is <24 h, Afier occupational exposure to 2,4-D, dermal absorption appears to be the
major route of eniry into the body. These conclusions agree with those of others (WHO, 1984).

The rclcva.nt pharmacokinetic studies provndc evidence of a reliable and constant
relationship between exposure, uptake and urinary elimination of 2,4-D in exposed workers.
These studies also suggest that, in wnrke.rs who use 2,4-D regularly, the amount excreted in the
urine over a 24-hour period is a reliable measure of the absorbed systemic dose, prowded that
they have achmve.d steady state pharmacokinetics. Extraction of 2,4-D from urine is refatively
easy and only a single analysis is needed for the period of observation. Because of the relevance
of the dose absorbed and the reduced numbcr of ana]yses biological mommnng was used in this
research. :

The ndk associated with exposure | to a pestxmde ©or any toxic SUbsLance is dependent on
both the toxicity of the chemical in question and the dose which enters the iexposed person.

" While many of the questions associated with toxicity and hazard may be addressed through the

use of animal tests and procedures, the dose received by users of these substances is often poorly
defined. Rouune.ly, exposure studies are required for registration purposes but these usually
address exposure under conditions of farm or large-scale use of the pcsumde Very little

~ information jis available on exposure of homeowners and the general public to pesticides and

even less is known of bystander expﬂSunB under mcse use conditions. This was the basis upon
which thxs study was initiated. ‘



2  EXPERIMENTAL METIIODS
2.1 EXPOSURE TO 2,4-D S
210  HOMEOWNERS AND BYSTANDERS
2.1.1.1  OBJECTIVES o 5

The objectives of thisf. study were (o deter;mine the effect of 2,4-D forfhulation and the
use of protective clothing on exposure rates of home applicators, and (2) to determine the effect
of 2,4-D formulation on exposure of bystanders and concentrations detected in the air.

2.1.1.2  VOLUNTEERS

Forty-four volunteers composed of 22 applicators and 22 bystanders were selecied to
participate in the exposure study. Bystanders were considered to be persons living within the
household but not applying the pesticide.  The applicators and bystanders were randomly split
into two groups ‘(protective and non-proteclive; apparel) prior o the applications. Two
applicators and three bystanders from: the non-protective group withdrew from the study for
personal reasons, leaving 39 participants, Each applicator agreed to apply a weed and feed

fertilizer with 2,4-D in the spring and 2 liquid formulation of 2,4-D in the fall. One applicator
in the non-protective group failed to complete the fall application of liquid 2,4-D.
2.1.1.3  AIR SAMPLING G - ]

Air sampling pumps (Gilian Model HFS 113A) connected to absorption tubes via 1.5
metres of TYGON® tubing were calibrated using a bubble flow meter and set to draw air at a
rate of 1 L/minute. Absorption tubes were made:by filling pasteur pipettes with approximately
2 g of fluorosil (60 mesh) and stopped at both ends with glass wool as described by Frank ez al.,
1985). Absorption tubes were stored in capped KIMAX test tubes until needed.

Prior to each application, two air sampling pumps connected to absorplion tubes were set
up 1.5 metres off the ground, one in the front hall way of the house and one outside of the
home, downwind of the application site within 3 ‘metres of the properly line. -Sampling pumps
were run from approximately 10 minutes before and up to 30 minutes after each application.
All sampling times were recorded. :

At the end of each application, one absorption tube was spiked at the field site with 0.22
ug 2,4-D acid dissolved in methanol to serve as a field recovery check. All absorption tubes

were returned 1o their original containers.and stored in the freezer until extraction the following
day. c S :
2.1.1.4  APPLICATIONS . | !
Eleven applicators and 11 bystanders were selected to participate in the protective group.
This group was given verbal instruction regarding measuring, mixing, application, disposal of
containers and cleaning of equipment prior to and during the application. Clean overalls, gloves
and rubber boats were supplied to the applicator before any equipment or pesticide was handled.
The applicator was instructed to keep the additional apparel on until the end of the application.
The nine applicators and eight bystanders in the non-protective or control group wore their
typical clothing for pesticide application and were allowed to apply the: pesticide as they
normally would. Typical clothing worn by the non-protective group included, long pants,
running shoes and short sleeved shirts. . Gloves or rubber boots were not worm. Only minimal



verbal mstmcnons were, gwc:n if rmuesu.d Appdﬂ:l and footw::dr wom durmg, the apphcauon
was noted.

A gra.nular formulanon of fertlhzer (10: 6 4) with 1% 2 4-D was used for the spring
application. If necessary, a profﬁssmrnal 36 inch drop spreader was supplied for the iarger
properties and a 24 inch drop spreader was used on smaller properties, A liquid formulation
of 2,4-D (250 g/L 2, 4-D amine) was.used for the fall application. ' All applicators. were supplied
wnh a clean hose-end sprayer. One hundred and fifty feet-of hose which was rinsed after each
use was available to the applicators to reach the far ends of their properties if necessary.

All m\aasunng, mﬂxmg and portions of aprt‘.admg or spraying were videotaped for later

visual review. Information regarding product used, rates, area treated, wealher applicator and
bystander sex, age and we:nght was racnrdcd at'l,er application.

2.1.1.5 EIOLDGICAL MDNII‘OR[NG

To chcck for pre.vmus expasurc 10:2,4-D, a mummg urine sample was obtamcd from both
the apphc.atnr and the bystandcr on thc day of apphcauon and was stored in a refngcratur in 500
mL NALGENE bottles until it was: picked up! that afternoon or evening. : Shortly after the

‘ dpphcanon‘ sub- sampﬁes of approximately 100 mL were taken from the mommg pre-exposure

samples supplied and were spiked with 11 ug 2, 4-D acid dissolved in methanol to serve as field
recovery checks. Spikes were stored in 125 imL or 500 mL NALGENE bottles and were
returned to the volunteers after apphcauon Volunlecrs were instructed to store the spiked
samples with their day 1 samples either in the refrigerator, in supplied atymfoam coolers or soft
sided cooler bags with frozen ice pax:ks ;

Immedlalf:iy followmg apphcatmn, both the applicator and the hystander were instructed
to collect all urine for a consecutive 4 day penod A minimum of 4 clearly labelled 2 L
NALGENE bottles were supplied to cach volunteer, one or more for each day. For ease of
collection, volunteers were instructed 10 void all samples immediately following application until
8:00 or 9: 00 am the following day. This day-1 period varied from 12 to 24 hours depending
on the time of application. The day-1 sample period for each volunteer was recorded, Day-2
to day4 samples were collcctf:d over 24 hour penods and picked up each day at the home or
work address. -

Upon armmival in thc laboratory, the volumcs of all samples (prc—exposure spike, day I, 2,
3 and 4) were measured and 1 ml sub-samples were taken from day 1, 2, 3 and 4 samples and
analyzed for urinary creatinine. Urinary creatinine is a waste product of creatine which is
necessary for muscle mctabohsm and it is formed by an irreversible reaction at a fairly constant
rate. Itis commonly uscd as an index of the complelencss of 24-hour unne. .collections.

2.1.2 PROFESSIONAL APPLICA TOR AND BYSTANDER EXPOSURE
2.1.2.1 DBJECTWE‘S

The ijchVES of thlS study were to measure the daily exposure of prufessmnal applicators
overa? wc:ek period and under conditions of use in Ontario, and to measure concentrations of
2,4-D in air samples and urine samples supphad by bystanders who recewed a professional
application|of 2,4-D to t.hcu' property. . ;

2.1.2.2 :PROFESSIDNAL APPLICATORS




2.1.2.2.1 Subjects - : :

A professional lawn care company in Ontario was asked to participate in the study.
Agreements from managers/owners from’ two locations were obtained. Five lawn care
technicians from oné area and seven . technicians (including one mixer/loader) from another
location agreed to participate in the study. : :
2,1.2.2.2 Products used 1 5 oo

Records of the amount of 2,4-D grams active ingredient (A.1.) sprayed were kept for each
technician throughout the 14 day period. Technicians from group 1 sprayed a mixture of 2,4-D
amine/mecoprop (118:125 g/L). Volunieers from group 2 applied a mixture of 2,4-D
amine/mecoprop/dicamba, (200:10:18 g/L). Al technicians were asked to supply information
regarding application pm@dures, and personal irformation such as age and weight.

21223 Biological monilor o . :

Prior to§ the commericemem of spj'ajing in the: spring (Group 1), and in tﬁe fall (Group 2),

a pre-exposufe urine sample was collected from each participant on the first day of the study.
Daily samples were collected from |1 technicians for a period of 14 days inciuding week-ends
or days off. One technician supplied samples for a period of 7 days. The technicians were
instructed to store their urine samples in the supplied cooler bags with frozen ice packs while
at work and in the refrigerator while at home overnight. Frozen ice packs were supplied each
day of the study. - L ;

Field-recovery spikes of 11 ug 2,4-D acid dissolved in methanol in approximately 100 mL
of urine were processed to verify percent recovery of 2,4-D in 1, 2 and 3 day samples that werc
not possible to collect (i.e. long weekend, holiday). If possible, ali samples were picked up each
day and extracted that same day. Sub-samples of 1 mL were taken from each daily sample
provided by the technicians for use in creatinine analysis. ;
2.1.2.3  BYSTANDER EXPOSURE | 5 |
21231 Subjects ‘ | :

Ten volunteers were sélected in the Guelph area to participate in the bystander exposure portion
of the study. Three volunteers withdrew from the study for personal reasons. All professional
applications were set up to be completed in one day by one applicator. The remaining three
applications were completed the following sumr?ner. :

2.1.2.2.2 Air sampling R .

Air sampling methods were conducted as previously described (Section 2.1.3) Sampling
pumps were run from approximately 10 minutes before and up to 15 minutes after each
application. : o : :

Once air samplers were running, the technician was free to apply the pesticide in the
manner in which they had been trained. - A mixture of 2,4-D amine/mecoprop (110:115 g/L) was
applied. Portions of the spraying were videotaped for later visual review. After each
application, the property was measured and a sign was posted indicating pesticide application.
Tank dip measurements recorded by the technician were used to estimate the amount of pesticide
sprayed on each pmpjerry. L i ;




21234 Biolopical monitoring ‘-

Urins:.f sampling procedures were cpnduclcd as those described in Scctiorigl 1.5. However,
volunteers were instrucled to store the spiked samples with their day-1 samples either in the
refrigerator or in soft sided cooler bags with frozen ice packs. ;

2.2 CONTROLLED EXPOSURE
2.2.1  OBJECTIVES | | :

The aim of this sty was to simulate a park or playground situation where people may be
exposed to the herbicide 2,4-D; to measure that exposure in relation to the type of clothing worn
and the amount of mechanically dislodgeable 2,4-D at the application site; and to determine
appropriaté re-entry periods for the general public following application of pesticides to private
and public areas. : f : :

2.2.2  VOLUNTEERS | | ,

Volunteers were chosen from faculty, staff and students at the University of Guelph. Ten
volunteers, consisting of two females, aged 22 and 25, and eight males ranging in age from 22
10 55 participated in the exposure session 1 hour following the pesticide application, and 24
hours following pesticide application, ten voluniteers consisting of two females, aged 25 and 31,
and eight males aged 22 to 61 took part in the study. Prior to both studies, the volunteers were
split into two groups. Five of the participants wore long pants, a t-shirt, socks and closed
footwear.  The other five wore shorts and a t-shirt and were barefoot. All volunteers were
supplied with written information outlining the possible risks they would be taking to participate
in the study. It was estimated that no higher than 1 mg total dose would' be possible. The
protocol was appraised and approved by the University of Guelph Ethical Review Board and
Consent forms were signed belore the: initiation of the study. :

2.2.3  APPLICATION : |

The area of turf used was mowed three days in advance of each study to level out the grass
surface. Tén areas of 2 m by 15 m were marked out side by side with a bright yellow rope
pegged into the ground, Five areas of 1 m by 1 m were marked out for. the dislodgeability
portion of the study. A professional lawn care company representative of the industry in Ontario
was asked 10 apply the pesticide on both dates. A mixture of 2,4-D amine/mecoprop/dicamba
(190:100:18 g/L) was used at a rate of 1.0 kg @.e.(acid equivalent)/ha. Theoretically, 3.3 g of
2,4-D a.e. were present in each 2 by 15 m plot and 0.11 g a.e. in each | m by I m plot. The
plots were sprayed cross wise so that any overlap in the spray patiern would be identical in each
plot. : 3 ;

2.2.4  EXPOSURE | ; ;

The re-entry periods tested in this study were 1 hour and 24 hours following 2,4-D
application, The same area of turf was used for both exposure periods which were conducted
I month apart under similar weather conditions. Ne rainfall occurred on either exposure day.

6



The volunteers arrived at the spray site between the period of 12:00 and 12:15 p.m. and
were randomly assigned io plots. At 12:30 (1 hour and 24 hours after the completion of the
spray application) they were asked to step intotheir plots and begin the 60 minute exposure
session. The volunieers \were instructed to walk on the turf for a period of 5:minutes and then
sit or lie on the area for 5 minutes and to continue in this fashion for 50 more minutes. Each
person was asked to cbv}:r the Targest area possible in the plot while walking and to expose the
greatest area of their body while lying or sitting on the plot. Volunieers sat on six different
areas of the plot to faciliitate maximum exposure. One volunteer in the 1-hour exposure session
removed his shirt during the last 30 minutes of the study, The whole exposure period was
videotaped.’ Followingilhc 60 minute exposure, the participants were allowed to wash their
hands and were served a picnic lunch on an adjacent unsprayed area of turf:

oo \ S : .

L B L
2.2.5  .DISLODGEABLE RESIDUES OF 2,4-D :

During the 1 ho}ug‘ exposure period, disladgeable residues were determined by vigorous
wiping of five, | m? plots as previously described by Thompson €f al. (1984). A pair of running
shoes was covered wijthi disposable polyethylené plastic bags and a double layer of cheesecloth,
tied above the ankle. The chessecloth was moistened with distilled water and the sampling was

performed by scuffing backwards and. forwards across the grass in a 1 m*area for 1 minute

while wearing the coﬁrcr:ed shoes. The cheesecloth was removed from the shoes, and the excess
unexposed material was cut away. The cheesecloth sample was immediately immersed in
acetone and transported to the laboratory for extraction. Dislodgeable residues of 2,4-D were

analyzed as described by Thompson ez al. (1984).

f. o )
2.2.6 - BIOLOGICAL MONITORING

Uriri?; sampiing p;rocedures were: conductied as described in Section 2;52.3.4.

B 1 Lo :
2.3 PEHCUTANEDPS PENETRATION OF 2,4-D ACID AND 2,4-D DMA IN HUMAN
VOLUNTEERS}i
2.3.1  OBJECTIVES ‘ . .;
The objectives :ofLithis study were to: 1) determine the difference in percutaneous absorption
between 2,4-D acid and 2,4-D dimethylamine salt (DMA) following dermal adminstration to the
dorsum of the hand bfiiﬁve: male volunteers; 2) to determine the relationship between the amount
of each formulation j‘ absorbed and  the amount washed off the hand. 6 hours following
administration; 3) to determine half-lives of excretion for each formulation; and 4) to determing
if 96 hour urine collection is sufficieat to calculate absorbed dose following a human exposure
to 2,4—D. : o :

P ] u
232  SUBJECTS AND APPLICATION ;E
Five healthy male volunteers aged 27 to 48, weighing 75 to 100 kg participated in both
experiments.. A solution of 10 mg of 2,4-D dimethylamine salt, tachnical formulation (2,4-D

DMA 710, 710 g/L acid equivalent (a.c.), isupplied by May and Baker) dissolved in 40 pL
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distitled wau_r was apphc.d 10 an area nf 9 cm® an the hand dumun This dilution was chosen
as it is representative of the concentration of 2,4- D contained in products rc-gxstered for domestic
use in Ontario. The solutmn was plpeltcd ofito lhe area and evaporated by gentle blowing. One
month following the first application, a second apphcatmn of 10 mg analytical:grade 2,4-D acid
(99.5% purity) dmsolved in 500 uL acetone was pipelied onto the back of thc hand of each
volunteer and was cvapbrated by gentle blowmg The area of skin was not protected and
subjects were mstrucled to avoid all cumact qf the application site with clothmg or other
materials. : :

This stuuy was conductcd using water asa camcr for the 2,4-D amine lo parallel a pratical
field situation. It is more relevant to determine the dermal ab.sorpuon of 2,4-D formulated
product in its typical carrier (i.e. water). The acid formulation of 2,4-I} dissolved in acetone
was used i the second sludy 1o determine iff results from previous studies|could be rﬁproduccd
and it so, to determine the prauml difference m. absorption of the f()l'll]uldlt:d product in water

w that of the acid turmulaunn in acetone, | i

To determine the gmoum of 2,4-D whmh could be removed trnm the skin, six hours
following the dpphcalmn the marked area was washed with 100 ml dmullcd water and scrubbed
with a tmlhbruah Thﬁ wash water was then a.palyzcd for 2,4-D. Recovery spikes of. 10 mg
2,4-D acid or 2,4-D: DMA were conducted for each application and used to correct for
incomplete Tecovery. Thu. titne interval was chosen to simulale a pracucal ﬁeld situation. In
previous dermal dbsorptmn studies (beldnman and Maibach, 1974), the pesumde has been left on
the skin for 24 hours. Mmt homeowner apphcalors wash their hands immediately following a
pesticide application. Prpfessmna} apphcators who spray pesticides on turf may wash their hands
at tunch hour and dmne;r or every 6 hours.: Therefore, a large percentage nf pesticide on the
skin may bc washed ntq and a lower amﬂunt av:ulablc for absorption.

2.3.3 BmmchL Mommuma

To chu:k for prevmua expcsurc to 2, 4-D ,ia moming urine sample was ‘obtained from the
volunteer on the day of Epphcatmn Sub- samplcs of 100 mL were taken from the morning pre-
exposure samplcs suppl‘led and were splked wnh 11 pg 2,4-D acid dissolved in methanol to
determine recovery. ‘Spikes were storad in 125 mL NALGENE bottles and returned fo the
volunteers following thb dermal application. Voluntaers were instructed 1o store the spiked

samples with their day }ﬁ and day 1:samples in soft sided cooler bags with frozen ice packs.
Immadlatf:ly foll()\‘mng applicatior, the paruclpant was instructed to coliect all urine for a
consecutive 6 day penclnd The first day, .unrtc was collected in two 12 hour periods. The
remaining : 5 days, unne was collected as:24 hour specimens except for one volunieer who
collected for 12 hour pe.nods for the entire: study Two L NALGENE bottles were supplied 10

each volunteer, one or hmre for each day

Upon arrival in. the laboratory, all samplcs (Day 1, 2, 3, 4 and 5) were measured and 1
mL sub- samples were taken and analyzed fur urinary creatinine to vcnfy compliance with
complete urinary collections. .

2.4 EXPOSURE TO 2,4-D - ANALYTICAL METHODS




2.4.1 CHEMICALS -

All solvents were: of pesticide grade (Caledon Laboratories Lid., Georgetown, Ont.,
Canada). The analytical standard of 2,4-D was 0 ‘tained from Sigma Chemical!Company (P.O.
Box 14508, St. Louis, | o 63178). Polyclonal antibodies, the 2,4-D[H] glycine conjugate,
buffers, and other reagents, were supplied by Dr J.C. Hall, Department of Environmental
Biology, University of Guelph, Guelph, Ont. The *Res-I-Mune* ELISA kit, manufactured by
Immunosystems Inc,, Biddeford, Maine 04003, was supplied courtesy of Biotech-Transfer
Consulting Inc., Waterloo, Ont. C ;

242  URINE SAMPLES

Human urine was collected from a finale donor over a 24 hour period, péaoled, and stored
atd°C. i | o ;

2.4.3  EXTRACTIO
2.4.3. 1 WATER . S :

One litre of water containing 2,4-D was acidified with 2.5 ml of 1:1 H,$0, and extracted
iwice with 50 mL of diethyl ether, The cther extracts were combined and dried with Na,80,

and evaporated to dryness.
2,432 URNE . :

Urine samples (50 mL) were first hydrolysed with 250 mL of 0.1 N NaOH for 40 min at
70° and washed three wﬂ:s with 50 mL of dichloromethane/hexane (20:80, v/v). The aqueous
portions of éach: urine extraction were then progessed as the waters.
2.4.3.3 Esmm:cx;nfn L . :

The herbicide residues were esterified with boron trifluoride in methanol (14% BF;) at
90°C for 30 min. The methyl esters of the herbicide were extracted with three x 5 mi petroleum
ether and 25 mi distilled water was added to the mixture to remove the excess boron trifluoride.
The petroleum ether extracts were dried with aphydrous Na,50, and the total volume adjusted
to 5 mL by.ie\frapomﬁQnJ Isooctane: was added as a keeper, -
2.4.3.4 GAS CHROMATOGRAPHY = :

Either a Tracor 550 and a Varian 3700 gas chromatograph equipped with an electron
capture (**Ni) detector was used 10 quantitate herbicide residues. The gas chromatographic
column was 2 giass column, 2 mm LD. x 2 m in length, packed with 3% OV 17 oa GasChrom
Q. The temperature was kept isothermal at 180 the detector al 300 and the injector at 2000C.
The peak heights obtained in each fortified sample or unknown sample were quantitated relative
to peak heights obtained for a known quantit of 2,4-D (a stock solution of 1000 ug/L. was
diluted to a working concentration of 0.1 ug/L). ;

24.4  RADIOIMMUNOASSAY (RIA) PROCEDURE

A serial dilution of 100 ul of standard or sample was transferred into a 1.5 mL
microcentrifuge tube (Fisher Scientific; Don Mills, Ont.). Control tubes received 100 ul of non-
fortified sample solution. Incubation mix (300 1 per wbe) consisting of one part dejonized
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water, one part inert sérum,. 12 parts PBS (phosphate buffered saline), and sufficient radiolabel
to yield 10,000 cpm papj:ssay was added 1o each tube, Antisera diluted in PBS (1:100) was
added to the tubes (100 xl per tuba) ‘One set| of control tubes did not receive antisera for
dete.rmtnauon of non-specific binding; and a second set of control tubes received antisera only
for maximum binding dfl)radmlabel (B,): The contents of the tubes were mixed thoroughly on
a vortex mixer followed by a 2 hourincubation at 4°C. The antibody-bound radiolabel fraction
was pre:cxpltated by addtrtg 0.5 mL of 2 90% (NH‘)2504 solution, mixing, and mcubaung for one
hour at 4°C. The pret:t tate was cenmfuged (12,000 g) for 5 min and the supernatant was
discarded. ‘The pellet was washed once with a 0.5 mL portion of a 50% (NI-L,);,SD., sotution.
The tubes were re-Cantn*'uged and the supernatant discarded. The pellet was: dissolved in two
300 ul aliquots of deionized water and was transferred 10 6 mL scinlillation: wvials, Bach vial
received 4 mL of scintillation cocktail {Aquasol 2). The scintillation vials were assayed for
radioactivity on a Packard Tri-Carb 460C liquid acmttl!ahon system. Alf results were corrected
for non-specific binding.| Values for atandards wcre divided by B, and were plottcd against the
log of the herbicide concentration (;tgfL) The qua.ntlty of the herbicide in thc unknown sample
was calculated baaad on the standard curva :

24.5  ENZYME ‘u KED IMMUNUASSAY (ELISA)

The Res-I-Mune kit was used accnrdmg tﬂ instructions, Briefly, 4 drops (160 ul) of
sample or standard 2 4-[“ were put in antibody prc—cdatad tubes, followed by 4 drops of the 2,4-
D "enzyme conjugate”. The tubes were allowed 1o incubate for 10 minutes at room temperature
before rinsing the unreacted mixture away uung 4 walter rinses. Four drops of substrate

. followed immediately by 4 drops of chromogen wctc added to the nearly dry tubes and the tubes

incubated for 5 minutes at room temperature., “ﬂ'he tubes were examined wsually by observing

- the blue culuur pmduced In order to read the results on a spectrophotometer, the reactions in

vich tube were stopped by adding 4. drops of the supplied acid solution, The yellow colour
produced in!the tubes, as read using & Varian Superscan 3 ultraviolet visible Spectrometer at
450 nm, The absurbancas obtained were graphed against the concentration (ug/L) of 2,4-D to
obtain a standard curve, [Unknowns and standards were analyzed in dupltcate w1th the unknowns
being quantttated on the basis of the standard curve :

2.4.6 RES ULTS

The standard curves obtained for the llqmd-illquld extraction of 2,4-D from water are given
in Figure 1.. The concentrations for.each set of fortified samples analyzad ranged from 0.05 to
10,000 yg/L ‘The resultx indicated a distinct lmcar relationship with the correlation coefficients
of the lines for distilled water and fortified watars at 0.9997 and 0.9983 réspectively. This
indicates t.hat a conventional llqtud-ltqmd cxtracuon technique was suitable for determining 2,4-D
in water over a wide range of concentrations. It should be noted that a level as low as 0.005
pg/L was tested but was determined to be below1 the minimum detectable level. The sensitivily
of the electron capture detector 1o the two chlonna atoms on the methylated 2,4-D is such that
low levels such as 0.1 pg/L can be de:tttcte:d Since the water extractions involved a
concentration step equivalent to 200—ft)ld the detection limit for 2,4-D in water by conventional

gas chromatdgraphy is 0.0005 ug/L.. | Racovcnes were determined by fomfymg water prior to
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Figure 1 Standard r.:ur{res for the determination of 9.4-D in water by Gas Chromatography.
Each point represents the mean of two determinations

extraction with 2,4-D at levels of 1.0, 10, 100, and 1000 pg/L; the recoveries and the standard
deviation for six replicates in brackets were 86(12), 92(8), 97(9.2) and 1D1(7.5) respectively.

The results for the analysis of water for 2,4-D by radioimmunoassay are given in Figure
2. All assays for standards and samples were performed in triplicate and the means are graphed.
As indicated in Figure 2, RIA was suitable for the determination of 2,4-D in water over a wide
concentration range of 10 to 10,000 pg/L. The assay showed a linear relationship with a
correlation cocfficient of 0.9871. Comparatively, water samples were analyzed that were
fortified in the range of 10 to 10,000 pg/L and the results showed a similar linear relationship
with a correlation coefficient of 0.9525. At levels of 10 pg/L or less, the sensitivity of the assay
is somewhat .qucstionahld. This indicates that the RIA assay is suitable for determining levels
of 2,4-D in water at a range (10 - 10,000 pg/L) slightly less than that for liquid-liquid extraction
(0.05 - 10,000 pg/L). In spite of this narrower range of determination, the RIA assay was used
directly without a concentration step. - By adding a concentration step, such as that used in the
liquid-liquid extraction, or using some solid adsorbents such as Sep-Paks, the RIA could be used
to determine significantly lower levels of 2,4-D in water.

The Res-I-Mune kit test results are given in Figure 3. The standard curve for the kit also
gave a linear relationship (correlation coafficient of 0.9882) for absorbance versus concentration
but at a narrower range of concentration (1.0 - 100 ug/L). This range could be extended to
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o : S I
coefficient of 0.9234. o :

Each of the three assay techniques were tested using fortified water samples as unknowns.
The results for the analyses obtained by each of the three methods is given in Table 1. As
indicated, both the RIA and GC methods show excellent recovery in the range of 1.0 to 10,000
pg/L with results obtained by RIA being slightly better than those obtained by GC. The analysis
of a 10,000: ng/L. fortiﬁEd water sample by GC was quantitated to be 14,000 pgl/L which
represents a recovery of 140%. The number is higher than anticipated but it is important to noie

that this concentration is far greater. than the normal detection level of 1.0 xg/L or quantitics

used in the normal environmental range:of 0.1 fo 1.0 pg/L. .

The resuljtsobtajne& by the ELISA techniqufe are more remarkable, The 100 pg/L fortified
sample was quantitated to be 101 pg/L but quantitation at 1.0 and 10.0 pg/L gave results of 2.0
and 21 pg/L rcspecﬁvdﬂr. These results represent 200% recovery and are the mean of two
determinations. - The slope of the line is critical and any minor change in absorbances could
dramatically alter the results. The linearity of the kit is a function of the amount of antibody
in the tubc.| When 2,4-D concentrations greater than 100 ug/L are used, there is insufficient

antibody to give: positive resuits.
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. RIA: Radioimmunoassay
. GC: Gas liquid chromatography
. ELISA: Enzyme lmkad nmmunosorhem assay
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1. RIA: Radioimmunoassay
2. GC: Gas liquid chromatography
3.
4
5

ELISA: Enzyme lmkad 1mmunosorbe:nt assay

. ND: Not detected
., NA: Not analyzed

6. Percent remvery is mdlcated in brackets
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Tuhlw:l= A Cumpurﬁon of 2,4-D RMGIVﬂlmTFurllﬁed_Wnter by Three Anulytlul; ==\

Procedures. ; . .

RIA! - GLC* ELISA’
{Fortification fevel pug/L) | 2,4-D ppil
1.0 | NA*: NA 2.0 (200)

10 8. 75'}(3755 8.3 (83) 21, (210)

w0 95:(95) 100.(100) 110. (110)

1000 1000; (100) 820. (82) ‘NA

10000 (0600. (106) | 14000. (140) _ NA




Table 7 App'licalur and !};‘Slﬂllﬂﬂ expmuife in n:hhion 1o grams of weed-and-feed 2.4-D
(A.L) applied under conditions of non-proteclive application. '

. . '2,4-b Urine (total Cre.t:hinine‘ in urine (average | 2,4-D Air

g | pglpehdn in 4 days) 4 day, mmole/24 hours) (ug/m’)

la | 1200 | 169 ND 9.8 1.1 ND | ND

7b s00 | ND ND 5.9 7.3 ND | ND

3¢ 500 | ND ND | 9 7.5 ND | ND

ad | moo | ND ND 12,9 8.6 ND | ND
5e 300 ND. ND 1.2 11.3 ND ND‘\
6 | 200 | ND ND 14.5 8.2 ND | ND |
7y 200 ND - | 99 - D | ND |

gh 400 ND ND 12.4 4.6 ND | ND

9i 150 | ND ND 17.4 8.1 ND | ND
X | 550 | 13 | nD - ~ | nD | g

ND - not detectable <4 ug/L

No bystanders in this group showed exposure to 2,4-D. One positive indoor air sample
was found in the non protective applications (Volunteer #1a, 0.0l mg/m?®). Once again, this did
not result in measurable exposure of the bystander and may have becn as a result of accidental
contamination ‘during hand]‘ling. - | :

Lack cf protection of the hands and for obviously resulted in a greater incidence of
exposure in the unprotected group, however, highest exposure was consistently associated with
spills or accidental contamination of the skin, Previous studies (Davies, er al., 1983) have
shown that 85% of potential exposure 1o diaz.inon‘duﬁng yard applications could be eliminated
by protecting the applicators hands. Spills from aﬁaoﬁgi{m} container could have been avoided
through the use of a better design to allow for easy pouring and the use of a firmer plastic for
construction. ' Leaks of concentrate from the hosé-end sprayer could be reduced through better

design of seals between ,ﬁth‘ sprayer and the pesticide container and through the use of a freely
rotating coupling to the end of the hose. '

It appears that the' use of protective apparel for application of a granular formulation of
2,4-D does not reduce e:xﬂu‘sme in the applicator, | However, an obvious differénce occurs when
applying 2,4-D liquid. The use of rubber gloves and possibly overalls and rubber boots, when

pouring, applying and cleaning the equipment reduced exposure.
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roup (Figure 6), despi're the considerably higher amount of 2,4-D
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lines indicate the SE of the mean. N :

There was high variability in the:exposure of individual sprayers in relation to the amount
of 2,4-D A.l. applied. Coj{mpaﬁsnn of total 2.4-D excreted 1o the amount excreled per mmole
of creatinine suggesied mnim incomplets surnples, but, on the whole, compliance with cotlection
protocols was good. Total exposure was poorly correlated with total amount of A.l. used (Table
7, Figure 8) and exposure data conected for creatinine values also failed to show correlation
with A.L used, It was not possible to observe each sprayer during all of their regular operations
for the 14 day period, but it is likely that 2,4-D d yse is correlated with personal work practices
and precautions taken to decrease exposure. In other words, poof technique leads to higher
exposures. | . L -

The highest ﬁsingleidéa;( %cxposuré'io 2,4-D in any of the sprayers was 1.108 mg. This is

about 1/19 of the ADI suggested by the World Heéalth Organization which is 0.3 mg/kg/day or
21 mg/day in a 70 kg persol

averaped over the two w
the ADI. All average ¢

These results suggest that

not present an unacceptable risk. However, it should be noted that exposure was variable from
one individual to another and the correlation between amount of pesticide used and exposure was
very poor. These observations suggest that personal work habits and hygiene may be the major
factors which affect exposure. Good training, consistent use of personal protective equipment

and adherence to'a code of good spray practice may reduce exposure still further.

son, (WHQ, 1984). Ia all other cases, exposure was lower and, if
ek period of the study, gave higher safety factors when compared to
posures fell within the| range previously reporied by Yeary (1986).

exposure of spray appliti:amrs to 2,4-D under these circumstances does
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no detectab!e re

samples or in: :ur sa.mples
presents a mlmmai risk. :

‘Table 7 Tutxl 2,4-D use and excremm m pru
JL).

mlxerllnnder (

suggests that exposure

S —r—————S—

I'annal applicutors and a

residues of 2 4 D. Thc. ldck of detection of any 2,4-D in the bystanders urine
o 2,4-D via this use—pattem is very low and

Tut:s'ljl uﬁi:lmrnule Total Frnfcﬁnn
rEtes crenlinine pe/e AL ol ADI
| | 28 (pg/kg/day) :
1 512&‘2; 4127 0.80 _ 1/68-
2 8300 | 2812 51616 0.34 11107 |
3 gloy . | 1574 170.1 0.19 1176 ‘\
4 999 | 27w . 214.1 0.30 190 |
5 6577 . 2800 2499 0.43 1/61 “
6 7400 | 3128 " 226.0 0.42 1107 |
7 13960 | 2011 s 0.14 11143 i
8 | 20480 | 6345 3449 0.31 1/55
o | iaspo | 4428 2314 0.30 o1 |
jo | 18880 | - 3125 2619 0.17 1/81 “
11 | isdse | . 2280 1214 0.15 1150
M/L gmlm 1 na 90.0 0.01 1/333
uess | osae | - | 17103

1 R? for the regressmn of total p.g exi.re.wd Vs

2 Me.an ues not mc ude. values tur m:mrllua.c 8

3
)

total g applied = 0.172




of ?pusure undeﬁ cdnditiuns of professional spphcation of ';2,4-[).
. ‘ n l 2,4-D pg/m’
] 2,4—]) apphed Total 2,4-D i =
Volunteer £ | g AL ~urine (ug)! Creatinineg’ | Inside | Outside
I SR ¢ 9,43 ND? 7.80 ND . ND -
2 37.63 ND 10.1 ND |  ND
3 817 ND 0.7 ND | ¢ ND
4 1472 'ND 6.30 ND | ND
5 . 4815 ND 16.7 ND | | ND
6 41i63 ‘ND 13.0 ND | | ND
7 1543 ND 16.0 ND | | ND
g 2152 ND 11.2 ND |  ND
9 7.90 ND 15.0 ND | | ND
1o 5905 ND 18.1 ND | ND
! 2,4#} ,ug in mmﬁned 4 day unm:‘sample corrected for field recovery
2 NDi- qot dett:ctahFe. <4 pp/l. .
3 average four day Cre;uininu value (mmole/28 hr) sample collection,
3.3 CONT GLLED xro:sUR'E “
331 D SLODGI' BLE RESIDUFS OF|2, 4—D

those found by Thompson er al.,(1984) who found that less than 6%

D1slodgeable resmFes of 2,4- D determined 1 hour and 24 hours followmg application

(Table 9) were ‘similar H
jged immediately after spraying|

could be dlSl

sprayed at'a rate of 1.

kg a.e./ha. Although

al a rate of 2,24 kg a.e./ha and 4.5% when
residues determined in this study were slightly

higher, thcy showed a sfmxiar rapid decrca:.f.: over lime, Higher dislodgeable residues may have

been due to ‘spraymg 9
I shuuld also|
researchers: had no control over the rate. This
rates applied Fo the plo %
compared because expe

surface.

ments were. conducted

hniques used, weather conditions and the composition of the turf
be noted that a pmfmi

iional applicator applied the pesticides and the
may have resulted in higher than recommended

Results of these dislodgeability studies cannot be directly statistically

I month apart. These results do however, allow

fora comparauvc estimation of human cxposurc based on amount of dlslodgeablc residues at the

time of exposure.

Sxmllar ‘mmpan‘
determined the relatiol
dlslodge:able fohar resi

correlation::

f\SI have. been attempted by other rescarchers.
nship between . dermal
dues of captan, vinclogolin, carbaryl, and methiocarb. A positive
t}.veen th:sc:} two parameters was found and lop-log regression analyses were

ZWeig er al. (1985)
pesticide exposure by fruit harvesters and

26




T S o |
essentially lme;l;tr petween dislodgeable foliar residues and dermal dose rates. The authors
proposed that a\ rough first approximation of dermal exposure raie for fruit harvesters based on

dislodgeable@fu}iax residues (DFR) can be calculated using the following Eexpression:
Dermal Exposure Rate (mg/hr) = 5 x 10° x DFR

This transfméfm\ttibn suggests a methuci for obtaining exposure rates of fruit hairvesters in order

to obtain safe re-entry ‘ ods \yithout §inj;folvamel t of human supjacts. Ho\ye:_ver,_lhis equation

does not account: for variation in percutaneous penetration of different pesticides and does not

allow for méﬁca;alculation of total dose, which is more relevant to human health risk assessment.

Table 9 Dfiisl;hldgmhle%risjiduﬁ of Z,Jé-lifupplied tu‘iturfgrass 1 hour and 24 hours

post application.
E ﬁislndgéut?ilé}rﬁidue - l h;mr Dislodgeable residue - 24 hours
Pt | | mwm! | | % of upplied mg/m? % of spplied
L 10030 ) 9.118 1.166 1.060
2 | iwes2 9.956 ).161 1.055 j
3 ©g200 7.455 1024 0.9300
4 S 4904 | 4.458 1080 0.9818 Jl
5 & sas 7.085 1.156 1.051 |
Average || 8446+ 0927 | 7.614 £ 0949 | 1.117£0028 | 1016+ 0.026 |
Conrot | | - ND'| | NAT | ND NA “

I Non-detectable < |5 ug/L.
2 Notapplicable |

A herhilide which may be highly dislodgepble from leaf or plant surfaces (which indicates
high dermal exposure rates) may be poorly absarbed through human skin thus reducing systemic
dose. Studies conducted by Feldmann and Maibach (1974) indicate that, of 12 pesticides tested,
carbaryl was alimost completely absorbed (73.9%) following wpical administration to the ventral
forearm, and @ijquat showed only slight penetration. All other compounds tested ranged between
5 and 20% absorption. | These absorption factors will dramatically affect total dose absorbed In
humans and must be considered whien establishing re-entry periods.

HUMAN EXPOSURE ;
Total dose of 2,4-D found in 96 hour urige samples supplied by volunteers is presented in
Tables 10 and 11. | Creatinine vaiues were caleulated in mmoles from daily volume
measurements for four 24 hour periods for each volunteer and a mean of the 4 days is reported.
All creatining values were above or fell within the normal range for adult females (5.0 - 16.0

3.3.2
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mmole!24 hours) ancl f

oradult males (i‘LO - 18.

on a dzuly bas:s indicating complete sample c«

0 mmole/24 hours), and ahowc..d little variation
nllection.

‘removed from:

Table l(l Tolal duse f 2 4-D found m; urine samples suppli:ed by voluntecrs ;:xp(hsn:d o turf 1
huur following u 2,4-D upphwimn : :
Vuluntéeﬁ Wgu_. ht Cre.atmme Spiked Baseline Total HE 2,4-D
RS (kg) mmole/dzay Tecovery L exposure 2,4-D pe/ky
i shows | 1000 19.86 76.01 | ND' 153.06 1.53
Zshoas | 95.5 19,87 8436 | ND ND 0.00
3shons| < | 636 11:37 89.48 | | ND ND 0.00
ashoms | | 4555 712 1134 |. ND 103.06 | 227
5shotts| | 795 - 18.00 97.54 | ND 42644 | 536
6 paﬁﬁ Sl T 1484 9792 || ND ND 0.00
7 panu. S esz 983 §1.82 |  ND ND 0.00
Spants | 7207 12:29 9990 | ND ND 0.00
gpants | 659 1467 76.29 6.58 x e
0 pants | 795 15.20 lost  ND ND 0.00
| Non-defectable < 5 ju/L.

““‘rejﬁu‘vm from st

| Thc;high'est cxpd
apphc:.atmn ‘ E.xpmure

udy due to pu:-.uwc baselit

sure encountered in a v
of this volunieer was

wearing sho(gu when' conSidcn'ng both-total do

2,4-D was detected in
(Table 10) ok in clthf:.r

urine samples: of volu

‘the study due to posmve baselin

treated surfaces can affect total dose absorbed,

the 1 hour %:xposure

roup wearing shorts.

variation between sub_]qcts is the mest difficult

human skin ‘bcc:urs at
either area of contact
time before athmg or

factors such as amount

affect absorpuon

ifferent rates and perso
with the treated surface
showering will affect t

There anonshlp between tDt:a.l dase and d
12, Averag= lptal doscj' for the 1 hour re-entry
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18 CXposUre

olunteer (#5, shorts) occurred 1 hour following
at least two times higher than other volunteers
se and dose on a mg/kg body weight basis. No
nteers wearing long pants and closed footwear

group 24 hours following application (Table 11). Two volunteers were

e exposures. While the area of skin exposed to
this does not account for variations seen within
As with all human experiments, the individual
to control. The absorption of pesticides through
nal habits (i.e. how people sit or lic) may affect
or the anatomic site of the body exposed. The
he absorption of the pesticide and various other

oof exercise and’ sweatmg and the wcanng of contammate:d clothing, may

islodgeable 'residues of 2,4—D is shown in Table
period was calculated from volunteer #'s 1 and




4 1otal dose 'm?.éSureménis; assuming a worst cade scenario but, for sake of comparison with

the 24 hour fe-entry period, volunteer #:5 was ot included. Volunteer 5 was not included

because he rer‘noved his shirt for para of the exposure session and was therefore not

representative qf the other members: in the group. An absorption factor was calculated by
dividing the amount of 2,4-D (mg) avmlable. for human contact by the average of the two
£Xposures. This factor wis used to estimate the theoretical total dose of 2,4-D which could be
found in urine ymples t:-ﬁ volunteers in the 24 hour re-entry exposure session. ‘This dose was
calculated at: 16.8 ne. ”xs is the the:urcncal amount of 2,4-D that would be recovered in a
volunteer whonore chorts and showed no variation from the two volunteers in the 1 hour
exposure Sessi ‘n All ﬁ\Le vulunt::crs had uring volumes of at least 4 litres, over the 4 day
period, which would reddcc exposure. 10° ‘non-detectable levels (5 ppb). 1t is thus possible that

these pmple wcre in fact expusad 10 2 4—D but below the limit of detection.

Table ll Tuu‘u dose uﬁ‘ 4-[! found in urine suanlﬁi su_pplued by vulunuw:;powd to turf
24 h‘murs l'ullo ving a 2,4-D upphmuun.
Volunteer ¥ We:ght § Creatmme.. Spiked Baseline Total pg 2,4-D
T (kp) | ] 1 mn:;lc!ddy recuvery exposure 2.,4-D pe/kg
lshons | 1000 18.83 81.79 ND* ND 0.00
yshoms) || 713 | 135 103.51 ND ND 0.00
Ashorts: | . 63.6 10.66 19.41 ND 'ND 0.00
ashons. | 795 11.86 95.02 ND ND 0.00
sshons || 727 1178 84.43 ND ND 0.00
spancs: | 150 13.94 121.40 ND 'ND 0.00
Tpams. || 636 8.42 $8.26 nal| = |-
| spams | 673 11.20 84.49 ND 'ND 0.00
| o pamsﬁﬁ 659 R 14.04 7.5 ND ND 0.00
|L 10 pants 1 wn 0 15.03 113.89 ND _ ND Lﬂul.oo

1 Nun—dﬁa:tahla -=': 5 pgil.. § ‘
= rmmwd from snudy because of pusmve baseline.

hat)




Table 12| The relutmn.shnp buwwn dl.sludbmblo: residucs and - total dose of 2,4~D
© | cileulated in 2 voluntéers. § '
1 Hour 24§Hours
) Amouat of 2,4-D dpphad in each plot (g): 3.3 3.3
pur..-enéﬁ'.1Jsiémgeautﬁma-i : 1 f 7.6 1.0
‘Amuuréf uf 2 4-D avqllahle for human cuntat,t (mgf): 251 ;33,0
Average total dose mb . 128 16.8°
Absorpifniuh Factor: L 1961 | 1961

' 1 Avemgc: of voluntt:er #51 d.l'ld 4 '
"2 Theorem.a] dus:;L est:m.ited b}f dwldmg amount available for human contact Wll.h absorption factor.

In su

\'?mafY: it

the total dose of 2,4-D absorbed. in:humans

human ex

Spre 02,

than 0.5 mg.. This is much lowet thzn the a
Suggest&d by the Warld Health C)rgamzatm
reduce expm\ure to non-detectable; lc:vcls cat remain off treated turf for a period of 24 hours
or until after rainfall or irrigation so that dislodgeable residues and Lhc.reforc potential exposure

are essennally Zero.

It !ml.hl: also bf.'

Uncommon

minimal’ f T

ld adults.
r 2 4= D.:

taken mlo conmdc:rau

| ! | | |
3.4 PERCUTANE()US PENETRATION OF 2,4-D ACID AND 2,4-D DMA IN HUMAN

VDLUNTEEILS

The mount of

(and in graphical forn

the applied
the two for
and - tested
hypothesis
volunteers.
DMA salt

suggt:sted lhal: a relationship existed between
absorbed. It also appf:ared that absurpnun was inversely related to the amount of chemical that

off the skin, 3.
when UQQT{M ﬁxcrcmm values and handwash

was wash d

acid and 1
mulations |

iconsidcrcd'? th{m child

Children may eat grass

2, 4—D detected m hand

for sigmflcance: at-the 2.5% level with a two-tailed Student’s t-test.
was rejected and therefore, significantly higher absorption of the acid was found in -
‘The same analysis of hand wash
was washed off the back: of the hand than the applied 2,4-D acid. These resuits

It was not possib

‘ppe:ared lhal:typie of clothing worn during exposure tofsprayad turf affected

In.addition, as dislodgeable residues declined,

<D decreased. | The highest total dose calculated in any volunieer was less

ptable daily intake of 23.9 mg (0.3 mg/kg/day)
(WHO, 1984). However, people who wish to

ren may be exposed to spréyed turf by routes

‘Adult exposure is mainly dermal, while oral and inlialation exposure are

or dirt and ingest the pesticide. This should be

nn;whc:n advising the public on exposure reduction practices.

wash and urine samples is presented in Table 13

Y in Appendix D). Volunteers cxcreted an average of 4.43 & 0.847 % of
.76 4+ 0.568 % of the applicd DMA salt. .
would result in the same absorption, the data was analyzed as a paired set

To test the null hypothesis that
The null
data showed that a significantly higher (2.5%) of
the formulation of 2,4-D and the percent of dose

e to account for the total dose of 10 mg applied
results were combined. Pesticide may have been
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dislodged from the skin by physical rubbing although all volunteers were careful not to disturb
the area. Other routes of excretion, such as| through perspiration and faeces were not
determined. In addition, it is thought that the skin can aclas a reservoir and only small amounts
of the chemical are released into the bloodstream and subsequently processed by the Kidneys and
excreted in the uring. Post-exposure reléase of the pesticide residues ~stored” in the skin may
be slow enough to keep c?nccntrations below the limit of detection in urine. -

Many factors will affect the percutaneous absorption of a pesticide. The concentration of
the applied dose, and surface area and site of the application have been shown to be major
factors affecting :absorption. These factors wete held constant in these =xperiments. The
chemical nature of the pesticide may also affect absorption. The hydrated strdtum cornewn has

affimity for 'ho‘r.h water soluble and lipid soluble non-¢lectrolytes. However, as the polar

character of a penetrant molecule is increased, lower permeability has been reported (Scheuplein,

1978). 2,4-D DMA is infinitely soh:::blé in watér whereas 2,4-D acid is only slightly soluble
(52.2 mg/100 mkL. at 25°C, QueHee and Sutherfand, 1981). This difference in solubility may
result in daﬁtee}g@d absorption of the: DMA formulation as compared to the acid.

- T 3 E_ — ﬁgﬁ%‘
Tuble 13 The reiutionship between 2,4-D recoveyed in the urine and amount recyvered in

handwash sumples following dermal applications of 2,4-D acid and 2,4-D DMA at a

vate of 10 mg/9 cm? of skin.

Vulunl'c:,er:if ‘ - 4 5 Mean + 5.D.

24-D acid recovered Gug/6 | 327.1 | 709.7 | 4873 | 2092 | 5003
days)i 0 | o

7.4-D'as a. % of apphied: 327, 1 700 | aw | 200 | 501 | 4.43 3 0.847
3.4-D acid in handwash (mg)®: | 6.60° | 5.6 | a5¢ | 464 | 579 | 539+ 0.384

Amount uﬁﬁc&ﬁumad for (mg): . 30‘1 5.15 3N '
2,4-D DMA recovered (ug/6 328, 1713.4 | 2663 “

days)':

1.73 766.1 1.76 + 0.568
722 | 634 | 7.68  0.493

2.61 3.39 “

2 4-D as a % of applied:

2,4-D DMA in handwash
(mgfs |

Amount unaccounted fur (mg):

I Corrected for spiked urine recovery.
2 Corrected for spiked water recovery.
' Bl P P .

The vehicle used to dissolve the chemical for application to skin may also affect absorption.
Perculaneous absorption of a chemical from a vehicle depends on the partitioning of the chemical
between the vehicle and the skin and the solubility of the chemical in the vehicle. In addition,
the vehicle may change the integrity of the skin|and influence absorption (Webster and Maibach,
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1983). Va,nous nunaaqueuus solvents: such as alcohols, dnnclhyhulfomde (DMSO) and benzene
have been t‘ested to determine the effect on alibsorpuun These solvents and chemicals can act
as membrane mndltmnars and affect absorption by producing changes in the' ‘physical parameters
or the chexﬂxcal natun: l:)f the membrane. Thuys, the distribution coefficient between the applied
product and the skin mdy be altered. . When the integrily of the serarum cornewn is disturbed,

it commﬂn!y results in increased pene.tratmn f chemicals:(Scheuplein, 1978; Wurster; 1978).

Feldm‘an and Mzubach (1974), found that 5.8 + 2.4% of the dpplll‘.'.d dose of 2,4-D acid
to the ventra] forearm could be racuvered in the vrine in 120 hours, The area of skm was not
protected . a.nd was washe:d 24 hours followi w the application. The tim~ period may have
allowed fnr‘ greater. dbmrpnon of the: c:ompou d as compared to resulls reported in this paper.
Itis also known that a reglonal variation in perutaneous penetration is seen at different anatomic
sites (Maxbac’“\ er al., 1971). Ahsorpuc:n of parathion, malathion and carbaryl was two times
higher when d])phf.‘.d to the dorsum of the hand as compared to the ventral forearm. If it is
assumed Ih 1t 2,4-D shﬂws a similar regmna] variation in absorption, the results reported for the
hand: dor:,uT 5hnuld apprmch appmxlmatf:.ly 10% absorpuion for the 2,4-D acid.

‘The percutanwua absorption of 2,4-D dimethylamine salt was significantly lower than
2.4-D acid, \ Other pesticides may show the|same patiern. 1t should be'considered that, to
calewdate loml body dose from de.rma.t exposure studies, the typical absorption facior of 100%

is as unreal stic as it is deceptive. ' : : :

“The a1 nunt of 2 4-D excreted in \ the urine in 96 hotirs following a dermal application as
a pe.rccntag of total recovered dose for both 2,4-D acid and 2,4-D DMA is presented in
Table 14, Excretion was not complete following the 2, 4 D acid application in 3 of the 5
vqunta::rs, and follcwmg the 2,4-D DMA application in 1:of the 5 volunteers, In all cases the
Jevels detected in the final 24 hours of'the study were approaching the limit of detection (5 ppb).
Therefore, for ease ol"wc:alculallon it was assumed that 100% of the absorbed dose was excreted
in the 144 hL)ur pt,nod Strmilar mum have been obtained by Kohli er af.,; (1974), who found
that 76.5 4+ 8.4 % was excreted in thé urine i 96 hours fnllowmg a single nral dose (5 mglkg)
to 6 human subjects. ' Many 2,4-D exposure | studies have made use of a four day collection
period, following one exposure, to ‘determine total absorbed dose.  Results indicate that,
parucularly with 2.4 D DMA, this 4 day tlmllcn:non period may not be adequate for all
volunteers. |However, due 1o lhe grﬁat variation in excretion rates, it is not possible to average

the 96 hour va]ues ﬁ:)r each volunteer and correct for incomplete recovery.’

Halflhw:s for unnary elimination were ¢alculated assuming a linear excretion over time
and are pre.jented in Table 14. Results of previous studies (Feldman and Malbach 1974) have
shown that the half-life for urinary elimination of 2,4-D following an intravenous admmstrahon
is 13 hours. ‘Follnwmg, oral adminstration, average half-lives for clearance from urine have been
ca.lculated at 17.7 hours (Sauerhoff et al., 1977) and from plasma at 33.0 + 3.1 hours (Kohli
etal., 19?4) Obvmusly, a great deal of variatjon occurs in human subjects. - One would suspect
that the hat ‘-hfe for excretion of 2,4-D following dermal administration should be longer than
those: follo ing intravenous or oral adminstration pardally due to the fact: that the compound

must penctrah: l;hrough the skin into t.hf.: bloodstream.
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Table 14 Fermnt of tntnl ’2 4D r.uueted in urine jn 96 hours and approximate | half-life of

urinary excrefion rulluwmb du‘nml application of 2,4-D acid and 2,4-D DMA in 5§
mule Wluntm“ L [

.~

. :: ‘ ‘

; ‘ I 2 4-D nud ap;hu:utmn

2% Total dose excreted Enw96§ hours | 89, 6' g79 | 83.11 | 756 | 87.9* | 84.8 1 2.55 |

Hall’-hl’e (hourts_: G 5 ;«;18-;0 335 | 385 | 68.0 | 39.5 9,5 + 8.10 “

plication ;
: P R __-___—T
% Total dose excreted in 96 hours | 66 -76.8 + 8.05
nu;r-ur;- (mfiu'm})f@ SN § 7.1 | 372 | 180 | 792 | 709 | 5854132

1 Excretlon of 2,4~ D was not Lc)mplt:te at 144 Hours but approaching the limit of detection.

4 THE .USE C)F 2 4-DICIILOR0 PHENOXYACETIC ACID (2,4-D)
EXPE) J DATA IN HUMAN RISK ASSESSMENT

4.1 INTRO UCT]DNw -
Broadly Peﬁned nsk assessrnent is the |gualitative or quantitative estimation of the

Tikelihood of adverse cff ts from expusurf: to specified health hazards or from the absence of

beneficial mﬂuLenccs ';'l"he process of risk assessment i$ typically composed of four steps: hazard
identification, - f:xpm«.urc Fss:.ssme.m ddlSt:—l’Lb nse assessment and risk characterization or

determination. ‘Not all four of these steps may be necessary in every situation and therefore only
dosc-response rassesa.mcn will be dnscus.sed
4.2 DOSE—RESPONSE ASSESSMENT

Dose-response a.-,.sessment is cnncemad wmt the cva!uatmn and quanutauve characterization
of the rfelaﬁonshlp between the level nf exposure to a pesticide and the toxicologic response,
particutaily:as it d.pphes to humans. | ' Three techniques frequently used in this process will be
described. | Total body dose calculations from recent 2,4-D applicator exposure studies are
presented i ‘Table 15.. Results of only bmlog: monitoring studies are presented because most
dtrmalieprsure studae.!w‘ have assumed 100% bsorption of 2,4-D through- ‘the skin and have
thercfore lead tu gross cwcr—csumatmns of total dose received in applicators.
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‘ bensmwty.

4.2.1 .‘S‘AFETY FACTOR . . o
Thc safety-factor approach is’ the most common technique used for estimating risk when

the endpmﬂu are NONCArcinogenic. it is used to determine an “acceptable” or “allowable”
human mtai:e level of a pesticide 0tlcn referred to as the Acccptablc Daily Intake (ADI)
(Franklin; 985 Steven.s and Sumner 1985).| This approiach is commonly: used for pesticides
which exer lomcologlcal effects. tlml demonstrale 1 no-observed-effect-level (NOEL). The
NOEL is. d!‘:termmed by animal toxu:lty testing and then' divided by an “appropriate” safety

factor to! a]fnw for crmrs in E:xlrapolatlon of janimal data to’ humans and iraﬁatinns in human

In a ng mrm feedmg study uf' 2 ,4-D in rats, a NOLL was cquw.alcm o 31 mg/kp/day
(WHC) 198‘ ) BdSEd\Oﬂ this, an ADL of 0.3 mg/kg/day for humans has been established. It
should ben ted that! the NOEL for alll of the ¢hronic adverse effects of 2,4-D in marmnmals has
not been ﬁ 1ly establlshcd and quite recently }e U.S. Environmental Protection Agency (EPA)
has deﬁnf:d a NDEL :‘n rats of 1 mykg/day ased on long-term feeding studies conducted by
the Hazieion, Labnmmnex (1986) under the sypervision of the Industry Task Force on 2,4-D.
Iis pomlbhi that the AD] for humans will be re-evaluated. ‘However, the safety-factor approach
is sxmpic 10 apply and 1:«; ‘widely used when interpreting results of 2,4-D exposure studies. Table
16 shows: ‘the ‘fmctmn of the ADI for each exposure study listed in Table 15. An average body
weight of 7 kg was usecl to compute the daily and lifetime exposures for each group on a mg/kg
body! we:ght basis. FOI’ s:mphcuy, total lifetime exposure calculations used: the values of a 365

day year and a 70 }'E-dl' lifetime. This: dpproac has been questioned as it results in a very small

estimated, dzhly e'.xpmure and ignores the toxntoglc.al significance of high pulses of cxposure.

lhm.. are: gan,rally no lOIlCOngy data 10 sup

be noted | ?.hT not- onc cxpnsure to 2 4-D encouy

oneg day

422 :ARGIN bF SAFETY
The: m gm—ot safely (MO3S) procedure'.l

rt this approach (Franklin, 1985) but it should
ntered in these studies exceeded the ADI on any

closely related to the safety-fac[or approach and

i5 obmned y dmdmg the NOEL- by the estimated human exposure hwel

: ttos NOEL (mglkglday) / Exp
The jnon; recently def ned NOEL of 1 mg/kg
with resufts prus;.mad \m Table i6 ”

josure (mg/kg/day) .
/day in rats has been used fdr these calculations
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Tuble 15 The

i ?t'!:ﬂjpusure ufperbuns applying 2,4-D in relation to application

Mﬂlhﬂd of 2,+-D 1Du1lputiu|1;€ Dose l)uya.!yeur Yeurs . Totul
application [ R 1 ¢ mgiday exposed exposed | intake (mg)

| Libich (1981) amd Libich ez af. (1984)

Packsprairer—hﬁndljlé:ld RDW‘ 153 | ° 60 10 01
gon | |seyer | ;

roadside | 345 o0 10 20700
sprayer | 3

ROW spmym:'% 486 | 60 10 2895.0
B N R Frank er ol. (1985) |
Helicopter | | mixer- loader | 1.043 12 20 | 2503 ]

Mist blower

. - -

mlxer-ﬂ.igger.é 0.463 12 20 111.6

S T :
ﬂag;,ur o 0336 12 20 : 80.6

Airplaneé : m“er—luaderig 0.153 12 20 36.7
s supervisor 1 0005 12 0 | 1.2
R L Grover et al. (1986) “
Tracor . |frmer | 0475 14 s | 1662 |
I Ye-xry (1986) |
i | 13 | 2454 “

Handwhcild gun : ‘r:ummen.ml 0.29

&

sprayer |
I NS B Harns et al. (1990) ; B
Hand-héld wand © | commercial . | 0.26° i3 223.1
A ESpraye..r : g : 1.7 13 0438

nl mlxer!loader | 016

13 j 137.3 JI

w (R [ER

Hose-eﬁd spuyer :Homauwnem : 0.744 20 29.8
S AR | /4pplicator :

i Rl;ht-of way sprayetf | |

2 Based on the Average ‘exposure of all] pmfm:-.wnal applicators

3 Based on the highest exposure detc.:rmmed in any applicator '

4 Bdsed on the hnghest cxpﬂsuru determmed in a homeowner applying liguid 2,4-D with no
pmteetwe clun.hmg Pl : :
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Many prbblerns are .1350ciamd with both
calculated NOEL is highly dependent or the sam

e safety-factor approach-and the MOS. The '
ple size and the sensitivity of the test species

and these appruaches dojnot account for the shape or slope of the dose-responsc curve for a

particular rbaanw of m‘LLrl::-.l These methods

imply the existence of an actual or practical

threshold, a'condition wmch is difficalt to justify biologically or calculate empirically (Franklin,

1985; Munro and Krewski, 1981). Fma]ly, the

interpretation of the results is difficult and 1s

subject to personal Judgcmcnt What is: considered an acceplable risk for one individual may

be consxda.rﬁd unm‘.ccs:ary risk for a.nothcr

4.2.3 c ?cwsmns

Most ns s assomatexj with Dccupam)nal or bystander exposure to 2,4-D are low, especially
when compa:ed to other ‘nsks taken in life. However, public perception regarding 2,4-D and

for that matter, peaumdes in general ;s cxtremely negative, despite the low values of these

c.dlwlated ns..ks.; )
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‘Tuble 16 Occupaunnul e.xpuﬁure exprﬁseﬁ as the margin of sufely and as a fraction of the
- AD1 #n ) danly and life l'.:me hmus. :
Method uf 2,4—0 .-.décjllputmn . Avuage Fraction of | Fraction of MOs!
appllcutmn IR intake ADI (1 day) ADI
I R R - (mg/kg/day) (lifetime)
o | Libich (1981} and Libich er al. (1984) '
Packsprayer—ﬁ RUWﬁ ff;D.OS 16 11255 20
hdndheld gunj — -
T roadside .05 1/6 1259 20
, Lol sprayer PP ,
Mist blower . | | ROW/ sprayer | 0.07 | 1/4 1/185. 14
B Rt - Frank et al,| (1985)
Helicopter -mlxeq-lnader 008 1/30 1/2143 100
- ,m:xeq‘-ﬂ‘ag,ger L £0.007 1/43 /4808 143
i | flagger 0005 1/60 116654 200
Airplan;e n:;xe;'rldader 0.002 | 1/150 1714612 500 l
| supervisor 000007 | 14286 1/44T125 | 14286 ]
i Grover et al, (1986) '
I “Tractor farmer 0007 | 1/43 1/3228 143
R ‘Yeary, (1986)
Handeld gun | commercial | 0.004 175 1/2187 250
i . | sprayer .
. e . Hacris et al. (19905 | !
Hand-held w commercial | © 0.004 1175 1/2405 250
I sprayer | o2 115 1/601 50
mixerfloader | © 0.002 1/150 1/3908 500
Hoseend sprayer | Homeowner | | 0.007 1/43 1/18029 143
; apphcamr“ é. I .
1 Margm mt‘ Safety fm' a one day exposure
2 nght-ﬂ‘frway sprayer
3 Based on the averz‘ige exposure of all professional applicators
4 Based on the hnghcst exposure: determmed in any professional applicator
5 Based|on the hnghast exposure determmeui in a homeowner applymg hqmd 2,4-D with no
pmtectlve clmhmg (lOQ kg). :
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