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1. Eackecrounx

A, Clexiczl arnc Physiczal Ciaracteristics

Cocal tar is produced by tie carbonization, alsc called cching, of
ccal. Crecscte anc neutral cils are products of coal tar. Zltrough
crecsote and neutral cil may pe cdistilled fra: scurces other than ccai,
tre terms "crecsote" and neutral oil” in this cocaument will refer to

Gistillates of coal tar. Ccel tar is cdescrited in the Cendensec Cheii-

czl Dicticnarv (iawley, 1977) as:

A black, viscous licuid {or seni=-sclid), rnaphthalene—
like ccer; snerp burning taste; cotainec oy the ces-
tructive cistilletion of Litumincus ceel, as in coke
ovens; 1 ton ci ccel vields ¢.b callens of ccal ter.
Cuarbusticle, Specific crevity l.lse-1,25 (6C/elF).
Solusle in etiier, cenzene, carion disulfice, cilorc-
form; rartially sclutle in aicchel, acetcene, nethancl,
anc bverzene; cnly slichtly scluble ir vater.

Althcugh it has ctier uses, tlie ten. creoscte ustally refers tc
thiat ccal tar distillate wrnich is used fcr wood preservatiocn. Leiini-

1/

ticrs of crecsote vary, however.

1/ As a wooc preservative, crecscte is cefinec by the Arerican '.ocd
Preservers' asscclaticn (1976) es:

A& Cistillate cCerived fra. cozl tar. as used in te
wooC vreserving industry, crecsote cerctes & distil-
late of coal tar produced Ly the high temperature
cartcnizaticn of bituninous coal. Creosote consists
rrincizgally of licuid and sclic arastic hydrocaricrns
and contains scae tay acids and tar bases; it is
heavier than water end p.as & _centinucus teiling
rznce Leginnirk; at aocut 266%.

(continuec cn pece 2)



Coal tar neutral oils are generally defined as a mixture of naph-
thalene, fluorene, anthracene, and cther neutral hydrocarbons (Smale,
1877). Neutral hydrocarbons are those coal tar hydrocarbons other than
coal tar acids (such as phenols, crescls, and cresylic acids), and cocal
tar bases {such as pyridines, quinolines, and acridines).

The actual constituents of coal tar, crecsote, and the neutral oils
are highly variable. They depend on the source of the coal used to pro-
duce the tar, the design and attendant coerating conditicns (temnperature,
coking time, gas collection systems) of the coke ovens, and in the case of
the coal tar distillates the design and cperating parameters cf the still
(e.g. the feed rate, terperature, and cthe blending of various tar distil-
late fractions) (Leach and Weinert, '1976).

Over three hundred carpounds have been positively identified in
coal tar. It is estimated that as many as ten thousand campounds may

1/ (continued fram page 1)

The Condensed Chenmical Dicticnary (Hawley, 1977) defines cresosote as:

A yellowish to dark brown, oily liquid; clear at 38°C
or higher; naphthalenic <dor; freguently contains sub-
stantial amounts @f naphthalene and 8nthracene; distill~
ing range 200-4007C; flash point 165 F (closed cup):
soluble in alcohol, benzene, and toluene; inmiscible
with water. Conbustible,

Von Rumker et al. (1975) defined creosote as a distillate of coal
tar distilling in the temperature range 271-362 C, heavy crecsote as dis-
tilling in the range of 235-395°C, ard light creocsote as distilling in
the range of 238-291°C. Ross (1948) identified crecsote oil as a distil-
late of ccal tar distilling in the temperature range of 230-2707C.

(2)



exist, though many are present only in trace amounts (NIOSH, 1977). Be-
cause the camposition _of_coal tar and coal tar products is known to vary,
they are usually assayed and specified by their physical characteristics
(including water oontent, specific gravity impurities, and fractional dis-
tillation axrve). Using these physical characteristics, specifications
for crecsote used to pressure-treat wood have been established by the
American Wood Preservers' Association, the American Society for Testing
ard Materials, and the United States GeneAr':al Services Administretion (Ao~
perdix A). The american Wood Preservers' Association has also established
specifications for crecsote-coal tar solutions (Appendix B). Abcut 98%
of the creosote used for wood preservation in the United States is aprlied
by pressure-treating methcds (American Wood Preserver's Institute, 1977).
Pressure-treating forces crecscte to penetrate deeply into the wood.

B. Registered Uses, Production, and Sucoly

1. Uses
The largest pesticidal coal tar and crecsote use 1s as a wocd pre-

servative. Coal tar is also used as an insect repellent, an acaricide,
and a crow repellent. Creosote's other pesticidal uses are as an herbicide,
an insecticide, an acaricide, an arachnicide, a fuﬁgicide, a tree dressing,
a disinfectant, and a horse repellent. Coal tar neutral oil is reg‘ist.ered
as a disinfectant, a larvicide, an insecticide, a woad preservative, an
arachnicide, an acaricide, and a fungicide. Specific uses and sites are
given in Table 1.

2. Prcduction and Supply

Von Rumker et al. (1975) reported that in 1872, 1,150 million

(3)
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TABLE 1

(continued)

USES AND SITES FOR CCAL TAR, CRECSOTE, AND COAL TAR NEUTRAL OIL

Product

Coal Neutral 0il

Use

Larvicide
(mosquito)

Insecticide
( srewworm)

Larvicide
(gypsymoth)

Acaricide
(mites)

Larvicide
(fly)

Insecticide
(lice)}

Insecticide
(fleas)

Disinfectant

Site

| Marshy Land; Stagnant Pools and Small

Streams; Sewers; Drains; Small Nom
fish Bearing Lakes and Pords; Temporary
Rain Pools; Rain Barrels; Closged
Gutters; Intemmittently Flocded Areas;
Tree Holes; Eaves; Canals and Ditches.

Horses and Mules.
Gypsy Moth Nests.®
Horses.

Garbage Trucks.

Horses; Dogs; Hog Houses; Sheep Barnms;
Dog Kennels; Horse Stables.

Hog Houses; Sheep Barns; Dog Kennels;
Horse Stables; Dogs.

Soluble Cutting Oils for Machinery; Hog
Houses; Sheep Barns; Dog Kennels; Horse
Stables; Yards and Pens; Poultry Feeders;
Waterers and Incubators; Boots; Animal
Equipment and Utensils; Cellars; Sinks;
Bed Pans; Washroams; Garbage Cans and
Pools; Heomes; Factories; Offices; Schools;
Public Buildirgs; Water Closets; Urinals;
Spittoons; Sickroam Walls; Kitchens; Bath-
rooms; Lavatories; Woodwork and Floors;
wash Basins; Toilet Bowls and Seats; Live-
stock Trucks; Cotton Mills; Farrowing
Equipment; Poultry and Meat Dressing
Plants:; Ships:; Planes; Railroad Cars;
Busses; Sick-roan Themmameters; Dishes;
Trays and Sputum Cups; Diaper Cans.

Horses



pounds of creosote were used in t.ﬁe United States, of which 990 million
pounds were damestically produced and 160 million pounds were imported.
Of its total use, wood preservation accaunted for 972 million pounds and
fuel burning for about 178 million pounds. Fuller et al. (1577) reported
that 96,266,000 gallons of crecsote, approximately 843 million pounds,
and 23,635,000 gallons of coal tar, approximately 238 million pounds,
were used for wood preservation in 1975, Pesticide production data re-
ported to the Envircamental Protection Agency under Section 7 of FIFRA
indicated that 34,847,384 pournds of coal tar, 366,839,110 pounds of creo-
sote, amd 2,019,951 pounds of coal tar neutral oil were formulated or
blended for pesticidal use in 1975,

C. Fate in the Physical Enviromment

Little information is available in the literature regarding the
envirormental fate of coal tar and coal tar products used for purposes
other than as wocd preservatives. The following studies indicate that-
coal tar and creosote migrate to same extent from the treated wocad into
the surraunding enviromment. However, the impact of this migration is
not known.

Leach and Weinert (1976) reviewed the literature on the loss of
crecsote fraom impregnated wocd and found that the loss was dependertt on
many variables; among these are the kind of coal used to produce the oocal
tar, the kind of coke oven (temperature, coking time, and gas collection
system) fram which the coal tar is made, the distillation facilities and
occerating parameters (feed rate, temperature, and blend of various tar

distillate fractions), the treatment ani handling by the wocd preservers

(6)



(seascning and incising of the woad; temperature, pressure, and time of
treatment; and the after-treatment cooling periocd) and the situations un-
der which the wood is used (surface of wocd expoéed, orientation of the
creosoted wood with reference to the wood grain, and the exposure envi-
rorment).

1. Vapor Loss '

Stasse (1964) found that the crecsote vapor 1css was greater fram
seasoned poles than fram green poles. Vapor loss is also related to the
temperature distillate fractions of the crecsote; the higher the tempere-
ture of the distillate fractions, the lower the vapor loss. Ower a three—
year period, low residue (resicdue, in this study, was defined as .the or-
tion of creosote distillate over 355°C) crecsote was found to have a va-
por loss of 27.5% ard 15.2%, fram the cuter 2 inches of seasoned and green
poles, respectively; high residue creosote was found to have a 10.3% and
4.4% vapor loss, respectively.

2. loss in a Marine Environment

Bramhall and Cocper (1972) found that the creosote concentration
in the treated zone of pilings of /a 40-year—old wharf averaged 15 pounds
per cubic foot (74% of the current minimum) in the cuter 1.5 inches.
Whether the substandard retention was due to the original treatment or
to leaching cculd not be determined. Sweeney et al. (1958) found that
creosote was lost fram treated panels when wet due to the swelling of the
wood fibers. Panels 5 x 1 1/2 x 1/8 inches were pressure-treated with
crecsote and exposed to flowing seawater at 25°C. Based on distilie-

ticn analyses, approximately 30% of the crecsote was lost in the first

N



month of exposure. By the twelfth month, approximately 40% of the creo-
sote was lost. The rapid initial loss was attributed to the initial hy-
dration of the wood fibers resulting in mechanical léss. It would be
difficult to determine the loss of crecsote fram marine pilings based on
the loss from small panels. 'Ihis‘ work, however, deoes indicate that ¢cal
tar-crecsote may be lost fram marine pilings by mechanical means, if not
by true leaching.

Miller (1977) founcd that the ability cof Douglas fir marine piles
to retain crecosote in cocl estuarine waters was directly related to the
density of the wood. Of the three piles studied, one had a detectable
lcss of about 0.31 ms of crecsote per linear foot of immersec pile
during the first year, 0.05 pounds/year the second year, 0.06 pounds/year
the third year, 0.22 pounds/year the fourth year, and an average of 0..’;5
pounds/year each year for the last 4 years cf the 8-year study. Thus,
in the first year a pile with 30 feet of its length in water would lose
about 9.3 pounds of crecsote, a daily loss of about 11.6 grams. The
speed of the water flowing past the pilings was about 2 feet per second
during flood tide and about 0.8 feet per second during ebb tide; upstream
tide volume between the mean lowest and the mean highgst daily tices was
900 million cubic feet of water. Miller concluded that because of the yvel-
ocity and the volume of the water flowing past the pilings, the crecsote
lost from the pilings was greatly diluted. Hochman (1967) found that about
20% of the crecsote initially impregnated into woad is expelled in the
marine envircrment during the first year as a result of wood hydratien.

Stasse (1967) found a creosote displacement loss of 21.7% from wood panels

(8)
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over & h.5-year pericd in ccean vater,

3. Leoss in the Freshwater Envircrrent

relso and Behr (1977) four that the greatest less cf creuscie fram
rouné Southern Pine roles in fresh water occourrsi in the cuter C.5 inch
zone where +8.1% of the crecsote was Cepleted in 13 ronths. Cverall losses
for tiie 13-ronth pericc were 19.5%.

L. Fate in the Riclocical Envircrrent

Lean~Fayrend arc Rarthe (1978) isolated six strains of Lacteriz
fran oil pelliutec estuarire water; all six grew on ngprthalene, Z-meth:l-
nzrhthalene, and 2-ethvlnavhthalerne. Fhenantiirene arc anthraceﬁe Vel
retatclized by tnree cf the six stréins. ™o of the six strains retzio-
lized 1l,5-<Civethvinerhtralene anx cne strain metaiolized l-rethvineriithe

lerne., launthalene, 2-retiivingrnthzlere, Z=ethylnertthzlere, l-retlyinragn-

thalere, anc 1,5-cirethvlnarhthalere have &ll ceen icertifiec in crececte
(Yatioral Fesearci: Council, 1223) (leorenz and Gjicvik, 1972).

Crisro enc ('iieill (1%¢¢) found thet the mixture cf microorcanisrs
present cn crecsoted ilings in the Port Huenere, Czliforniie harber ied
tre acility to0 retabclize crecsote, causir: icss of crecsote fran thre nil-
ings. w0 of the araetic hvdrocarbens crecent in crecscte - rﬁpizthﬁene
ard phenantl.rene = were retabelized tec e sigrificant extent. [Pseucorcnes

crecsctensis, vhich was isclated fram the miwture cf nicrocruanisns, uvti-

lized & nurler of rieutral crecscte constituents as a scurce of erery:
cenversely, acidic and basic crecscte constituents intitited its cro.ti,

Lepner (1977) feourl thet crecscte in & scil te sard misture (1:2)
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was deccmpos_ed by soil microorganisms. Fertilized soil plots were watered
weekly for 22 weeks with the equivalent of one inch of rain per week.
Analyses showed that the leachates degraded rapidly when crecsote concen-
trations in the soil were 0.l% or lower. Righer concentrations of crec~
sote can be degraded in the soil but at a mwuch lower rate (Hepner, 1577).
Davies and Evans (1964) studied the metabolism of naphthalene by
a Pseudamonas species. The ultimate metabolic products were salicylalde-
hyde and acetaldehyde.

2. Bicaccumulation

lfunn and Stich (1975) showed that mussels taken from crecsoted pil-
ings contained significantly more benzo[ajpyrene (B[a}P), a known carcinc-
gen (IARC, 1976), than those growing on other surfaces. B[a]P has been
identified as a constituent of crecsote oil (Lijinsky et al., 1963). M
sels taken fram the crecsoted wood showed mean Bla]P levels of 49 + 5.8
ug/kg, while mussels taken fram the same body of water but remote fram the
pilings showed mean contamination levels cf 2.1 + 0.3 ug/kg. Samples of
Crecsote-treated wood pilings (ocuter 4 mm) showed B[a}P levels averaging
570 ppm. Thim-layer chromatograms of piling extracts and of mussels grow-
ing on these pilings showed "similar fluorescent band patterns” and may
indicate that the creocsote migrated from the pilings into the mussels.

Dunn and Stich (1976) also measured the BlalP content of mussels
attached to and near a partially crecsoted wharf. Creosoted pilings
served as a bumper system around a concrete wharf, and a barricade of
crecsoted timbers was placed at one end of the wharf. Mussels taken fram

rocks underneath and near the wharf were contaminated with creascote, ramc-=

(10)



ing fras 54 te 76U u/kg wet tissue welght; vwhile those ¢roning directly
o tle crecscted zarricace w.ere conteninatet with 215 Uy/rc, ard tiose
on rcecise 1 nster fran the barricace witl, 1727 ug/Kg. The auticrs suc-
cested thet the levels of Z[alP in rwussels in tl.is arez ave nwuch iluner
than ticse cenerally found near crecsoteu structures anc ray reliect t:e
age ci the treated tinber. The crecscted raterial at the wharl wes cela-
tivelv new anc retairec a tarry residue cn its surfece; russels niear
olasr, weatherec pilings srould nave nuch lower levels cf Lla)r.

3. zffect on Frestwater Crysnis.s

Shite (1978), in a stedy at ¢ fresh weter laie, CUlLered an un-
treatec zile, tuc sentacnlorcchencl-treatoc riles, &n zrenizezl ccorer
arsenate—treatse Lile, ard & crecscte-treated pile, ~fter cne enth,
the createst nuiier of alcee sseCles wes UrOWIrg Ch te surfece oo T
: ides, excent the cre :.r?ate.:

CrecsCte=~treatea pille, After ne year all
with arTeoniacal cocpper arserate, Lec extersive algal ercrustrent, along
wWith many amphipods, lirgpets, amx. water.ites entanmcled in tiz &

Thuis, crecscted p.iles dic net affect the crovtis of attuci.eC Iresiiveter

cranisis.

L. ieuulztors Fistory

-

Since 180k, varicus uses wels cancellec i lininatel Zvres tic
latxels cn coal ﬁar o ccal tar products. i SuTiery of the ca::;celle.c
uses follows:

. r- : Ty . — T e Y s hianlnd -
- “he U,S, Letartrent ¢f Aevriculture (E00) car-

0

Feorvery 1, 1%¢

czled the registraticns of all froducts centaining crecscte used ZoU olse
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infecting potato bins and other equipment used in potato praduction,

Pebruary 1, 1969 - USDA canceled the registrations of crecsote and
coal tar neutral oil-coal tar acid cénbination products used on beef cat-
tle, goats, poultry, sheep, amd swine,

February 26, 1970 - USDA canceled the registrations of products
containing cocal tar reutral oil-coal tar acid cambinations used on dairy
barns and the registration of prcducts containing crecsote used on animal
sleeping quarters, barns, hog pens, and sheep folds.

March 12, 1971 - EPA canceled the registrations of c¢oal tar neutral

oil-coal tar acid cambination products used on poultry houses.

II. Sumwnary of Scientific Evidence Relating to Rebuttable Presumption

A. Oncogenicity

40 CFR Section 162.11(a)(3)(ii)(A) provides that "a rebuttable
presumption shall arise if a pesticide's ingredient(s), metabolite(s),
or degradation praduct(s)... induces oncogenic effects in experimental
mammalian species or in man as a result of oral, inhalation, or dermal
exposure..." |

This discussion concerns only reports of the oncogenicity of coal
tar, creocsote, and coal tar reutral oil. Reports on the oncogenicisy of
soot, pitch, and petroleum, which have many constituents in cammon with
coal tar, creosote, and coal tar neutral oil will not be discussed here.

In determining that the oncogenicity criterion was exceeded,

‘the Working Group considered case reports of workers who were occupa—
tionally exposed to coal tar or creosote and who develcped tumors, ard

reports of animal experiments in which mice, rats, or rabbits develcped

(12)



tumors fram either dermal or inhalation exposure to coal tar, creosote, or
coal tar praducts. In addition, the Working Group considered conclusions

by the Carcincgen Assessment Group (CAG) (CAG, 1977; CAG, 1978; McGawghy,

1978) that coal tar, crecsote, and ¢oal tar neutral oil are oncogenic.,

Alsc, the Working Group is aware that a mmber of polycylic and
heterocyclic aromatic hydrocarbons present in coal tar creosote and coal
tar have been well established as carcinogens [International Agency for
Research on Cancer (IARC), 1973; Freudenthal and Jones, 1976; Camnittee
on Biolcgic Effects of Atmospheric Pollutants, 1972). Specifically, IARC
(1973) reported that the following constituents of coal tar or crecscte
were carcinogenic to animals by one or more routes of administration:
benz[a] anthracene, benzo{b]fluoranthene, benzo[j]fluoranthene, benzola]~-
oyrene, benzole)pyrene, chrysense, dibenzo(a,h]anthrancene, dibenzola,h}-
pyrene, dibenzola,i)pyrene, indencll,2,3~cd]pyrene, benzlclacridine, g&i-
benz[a,h) acridine, and dibenzla,jlacridine.

There may be differences in the chemical camposition of the coal
tars and coal tar derivatives in pesticide prcducts subject to this pre-
sunption and the coal tar substances discussed in this section. If a
registrant seeks to rebut the presumption on the ground that identified
oncogens are not constituvents of a particular pesticide praduct, the
registrant should include relevant data on pesticide conposition inethe
rebuttal submission.

l. Summary Table of Coal Tar, Creosote, and Coal Tar Neutral
Qil Studies

Because of the numercus studies and reports on the onccgenicity
of coal tar, crecsote, and coal tar neutral oil, a summary table has
been prepared and precedes the discussions of the studies (Table 2).

(13)


https://chryser.se

-t -~
-l e - b
ol &
UM SRy O el Trx, GJUOSUT, iDL QUL T Laimn0L JIL SLOlIly
oo .
u.
Laah Cese nelorts
LLoUSTanCE LLer&ticr
arc v cof LiiCses The of noor
AUTIOYS yeer cf Luicsure InCividues rEELCnEE
U Y . .0 C e . S ey vy - PRI el PR 4
Slearleards 1235 Cuel Zzr on Tigierien - et cylegrial Cerilliaal Cl
- . 3 et S R Y] = T . e
Tel.gll lescie 1Tt wCliers “e Jouer 2l
iele net.esn
+L10.8
. L - i B . PR R - . . S ey ., . Y A cimye e e
-8 of 1581 meniliny of Ter distiilen Cancer ©f wiiin, 3CU_oTialy,
ooel Ter rltch WCTHe rS e, Gin 2li

Acsnanlt, 1UE3 f.ct Zeal Tar Le s
Varers s;ar u: CL;":.'. =
N :

f\-
(a1
s
4
it
'..:
kn
-
'_I
l *
(17
LA

- N ' - f .
stance MLl o T e O Ll
abthors TEear Tested relr L2SL CnEs

Tarellue i3 Ccel tar raiilts (ftreli. Fanaaluas of :;';c oY
& Ichirawe Lncelined) (site O &, sicéticr)

Tscitscl 1vlo  :zitgiincus idce = Trolish’ Fepiillaaas, cuarclig a3
coal tar 2% spiiaiie cell savcu e

nenna.ay 1028 Ceal ter jrom rice (Stroin soin teers (Lol
cicts of 450 C, tnuefine) ci cercinx enselis &t
5607C, & 1,250°C Ligher tsi .c':.-.t;r-.-s‘-
Cizrilleticn

-
d.
5



TABLE 2
{continued)

.QOAL TAR

Animal Studies

Dermal Exposure

(continued)
Substance Animal & Type of Tumor

Authors Year Tested Strain Response

Watson & 1930 Demral Applica— Mice (Strain Increased tumor produc-

Mellanby tion of cocal tar Undefined) ticn
following dermal
application of
fats, oils, or
tannic acid
Coal tar dermal Mice (Strain Righer incidence of lung
application con Undefined) ncdules
bined with addi-
tion of butter
to diet

Bonser & 1932 Scottish blast Mice (Strain Papillamas and scquamous

Manch furnace tar; Undefined) cell carcincas of the
English crude tar skin

Gorski 1959 Coal tar Mice Skin tumors (scme

(Bn Strain) malignant)

Hueper 1960 Coal tar Mice - Black Skin carcingnas

& Payne (C57 Strain)

Horten 1961 Coal tars, coal Mice Skin tunors in 75% of
tar mixture, (C3M Strain) each graup of animals
benzo{a] pyrene
mixture
Coal tar dis- Mice Skin tumors
tillates ' {C3M Strain)

Deelran 1962 Coal Tar Mice (Strain Skin carcingmas anc

. Undefined) papilleomas '

Shabag 1971 Coal tar Mice (C57 CHA Skin tumcrs

et al. ointments hybrid Strain)

(13)
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TABRLE 2
(continued)

COAL TAR

anirnal Studies

Inhalation Exposure

Substance Animal & Type of Tumor
Authors Year Tested Strain Response
Horton 1961 Coal tar fumes Hice (C3M Both graups developed
preceeded by in- Strain) proliferative alveclar
halation of for- necplasia; one mouse
maldehyde; coal (sroup unspecified) de-
tar fumes veloped a sguamous cell
carcinama
Herton 1963 Coal tar aercsol; Mice (C3H Both groups develooed
et al. Coal tar aerosol Strain) sguamous cell tumors of
& gasecus formal- lung and lung adencmas
dehyde
Tye & 1967 Coal tar; coal Mice (C3H/heJ Aenanas & carcinaas of
Stemmer tar & phenclic Strain) the lung
& norrphenolic
fracticns of
coal tar; nomr
phenolic frac-
tions of coal tar
Kinkead; 1972~ Aerwvsclized Mice (ICR=CFl} Mice develcped skin tu—
McConnell 1974 coal tar - Mice (JAX-CAF1) rors due to aercsolized
& Specht; light oil & weanling rats material deposited on
MacBwen & solid fraction (Sprague—Dawley) = skin; Tumor response was
Vernot removed Yearling rats t reported for rabbits,
(Sprague-Dawley) hamsters, or rats
HBamsters
(Syrian golden)
Rabbits (New
Zealand white)
MacEwen & 1976 2Aercsolized Mice (ICR-CFl) Mice - Alveolargenic car-
Vernot; Coal tar Mice (JAaX-CAFl) cincna and skin tumors;
MacEwen Rats (Sprague- Rats - Squamous cell car-
et al. Dawley) cinanas; No tumor response
Rabbits (New was reported for rabbits

Zealand albino)
Monkeys (Macaca
Mullata)

(16}
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TABLFE 2
(continued)

CRECSOTE

Animal Studies
Dermal Exposure

(continued)
Substance Animal & Tyre of Tumor
Authors Year Tested Strain Respcnse
)
Poel & 1957 Blended crecsote Mice (CS7L Papillamas & carcinamas
Kammer oils; Strain) metastatic growths in
lungs & lymph nodes
Light creosote oil Mice (CS7L Papillamas
train)
Boutwell 1958 Crecscte Mice (Albino - Papillamas & carcinamas
& Bosch (Carbasota) rendan bred)
Roe 1958 Creocsote oil Mice (Strain Skin & lung tumors
et al. (Carbasota) Undefined)
COAL TAR NEUTRAL OIL
Animal Studies
Dermal Exposure
Substance Animal & Type of Tumor
Authors Year Tested Strain Response
Cabot 1540 Benzene solution Mice - albino Inhibitory effect of tu-
et al, of neutral oil "market” mice mor response as campared
& benzo[alpyrene to tumor response with
benzola) pyrene (effect
credited to skin damage)
Berenblum 1947 5 Coal tar neu- Mice (Strain all fractions but two
& Schoental | tral cil frac- Undefined) were oncogenic
tions
Rabbits (Strain All fractions but one
Undefined) were oncogenic
Horton 1961 Coal tar neutral Mice (Strain - Produced tumors in 34.1

oils (maleic anhy= Undefined)
dride extracts)

(18)
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2. Coal Tar

é. Case Reports of Skin Cancer of workers

Nurercus reports of workers who developed cancer subseguent to coal
tar exposure have been reported in the literature., The followirng is a
surmary of three of these case studies.

(1) Shambaugh

Shambaugh (1935) described his investigations of the incidence of
cancer among fishermen and net loft workers who used and repaired tarred
nets. Coal tar was used on nets to prevent them fram rotting, and tar was
often inadvertently smeared cn the arms and face through use of the nets.
Shambaugh's interest was prampted by the case of a patient who had sought
medical help because of a grwﬁh on his neck. The growth was subsequently
found to be an epidermal carcinoma involving the lymph nodes ard invading
the submaxillary gland. Closer examination of the patient additionally
revealed a small, puckered scar on the lip, which the patient described
as a 'fiéherman's sore." The patient had been a fisherman for 6 years,
and while mencding his nets he had held the tar-smeared needle between his
lips at the spot where the growth developed. He»’had smoked a pipe but
normally held it on the opposite side of his mouth. This case led Shambaugh
to interview fishermen in Boston, Gloucester, New Bedford, and Province-
town, Mass. Using records of cases of cancer of the lip treated at Collis
P. Huntington Memorial Hospital in Boston in 1932 and 1933, four fisher-
men with lip cancer were identified. Each had used tarred nets ard at
least one held the repair needle in the mouth on the side where the can~

cer develcped. Tobacco was not used by this fisherman, but the other

(19)
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three smoked pipes. Two of the three cancers developed on the opposite
side of the mouth fram where the pipe was held.

Among net loft workers, three cancer cases were reported. All
held the repair needle in the mouth, and at least one of these workers
did not use tobacco. Two had died of lip cancer, while cne was treated
successfully with radium.

The exposure to tar through net repair needles in the eight cases
ranged »fx:an 5-60 years. All were epidermoid carcinamas of the lower lip.

(2) Mauro

Workers in a tar distillery were examined by Mauro (1951). Of a
crew of 32, 20 had significant exposure to tar (14 day laborers, 4 dis-
.tillers, and 2 stokers). All except the two stokers had scme type of
skin disorder; four of these were cancers. A 6l—year—old distiller de-
veloped cancer of the scrotum after a 30-year exposure. Treatment with
surgery and radiation was unsuccessful, and the patient died., A 50-year—
cld distiller, enmployed for 25 years, cdevelcped cancer of the scrotum
and forearm. He was also treated with surgery ard radiation, but the
cutcome was not stated. A 64-year-old day laborer developed cancer of
the cheek after a 30~year exposure and was cured with radiation. A 53-
year-old day laborer developed lip cancer after 22 years of exposure. ™
He was treated successfully with radiation. The author stated that the
workers were exposed to both tar and pitch, and that the two substances
prcduce essentially identical cancers.

(3) Rosmanith
Rosmanith (1953) described the case of a worker who developed

(20)
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papillaa (site unspecified) that had the appearance of a carcinama, but
were unable to examine the tumor histologically. The authors felt that
the inner surface of the ear was ricre susceptible to the develcgnent of
papillaras than the outer surface of the ear because there were fewer hair
follicles. Tne author did not report using any controls.

(2) Tsutsui Study

Tsutsui (1918) studied the turor response from bituninous coal tar
acplied to the skin of "str:ong"l English mice. The tar was .applied every
third or fourth cay. A totzal of 259 rice in seven groups were used; how
ever, only 67 mice survived for 1C0 days, Turors were exarunred histolc-
gically and ghotograghed,

Papillames develcped in 48% (32/67) cf the mice that survived 1C0
cays. ter sare c¢f the pepillamas developed into carcingmas, which in-
vaded acjacent tissuve, and were found in 24% (16/67) of the mice., A spin
dle cell sarcama was found in one rouse, and lung metastases, confirmecd
on histolegical examination, were 'present in two mice. The author did nct
report using any controls. |

(3) Kennaway
o o o

A study of coal tar procucts of 450 C, 560 C, and 1,250 C distil-

lation temperatures showed a higher rate of carcincgenesis at the hicfer

temperature fractions (rennaway, 1925). The tars were applied to tlie inter-

scapular region of 100 mice twice a week. After 230 days, 50% (10/20) hacd

°
skin tunors in the 1,250 C-tar orcugp, 34% (1C/2S) had skin tumors in the
o Q
560 C-tar group, ard 4% (2/49) had skin turors in the 450 C-tar group. lost
o o)

turors vere malignant in the 1,250 C and 560 C croups. Iwearly half the ani-

(22)
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¢ c
rals in the 560 C and 1,250 C vrours haa died v day 173, and rere ¢ied as

the experiient continued. The autlor did nct report using any centrcols,

{4) V.atson and lellaniv

& study reported by Wiatson and Mellanwy (1930C) testeC tie carci-
rnocenic effect con iiice (undefined strain) cf the caxiinaticn of fats in
the cdiet with dermal apnlication of ccal tar, of the corbination of the
cermzl egnlication of varicus fazts, oils, ¢r tanrnic acic pricr te the
cermal annlicaten of ccal tar, ard cf the cobinatiorn ¢f retreatrert
cf skin with retroleun ether to remove scre of the fatty sulstances vith
skin aurlicaticn cf coal tar. Four grocrs of U uice were derally tuee
trectec twice cach weeh with fztes (extracted Irom eitrer norm-al roeusc
tissre cr fra rcuse tissue cf rice wic had died fram tar-ixxuced tiocres),
clive cil, or tannic acic (first zp:clied in the exreritent as & 1v% sc-
luticn anc later in tle exiperirent as & seturasted scloticr). Coal ter
vas artlied to the shin 30 minuvtes later. JCentrol crouns of the sere
size were treatec conly with ccal tar. There vere ro controls in wi:lch
healthy anirals were usec Zor carparisen., The anirzls were treatec Ior
120 cays arc vere cbserved Ior & subsectent Za0-czv rericd exceirt in the
case of tlhe olive il group which was coserved for il davs stisecuent tc
YU cays of apwlicaticon. Fats weEre ecded tc the diet iy the acdition of
butter to the fowxi. The mice were fec @ diet ¢f cne rpart poaxiered bresad
arci one rert Sussex creund cat‘:s Lace into a rcist paste vith water. This
ciet was fed coily and was sunplemented ance weeilly with coi liver oil ard
martite,  Hutter wes added in acunts verving fran 12,5-25% of de diet 2f

the test mice. & conirol ¢rour cemsistec of ©iCe to which 0o Lutier wat

(23


https://a;:::;_:.l:.ec
https://r.cr:~.al
https://t.ar.r.ic
https://cer:-:-.al
https://c,;ra.1r

added to the diet but to which coal tar was derrally arplied. There were
no controls in which healthy animals were used for camsarison. This ex-
periment was done twice; once with 70 mice in becth the test group and the
controls and ance with 90 mice in the test group and the controls,

Sixty male mice were treated with petroleur ether to remcve at
least sane of the fatty substances in the skin. The petrcoleun ether
(B.P. 60~80°C) was arplied by reans of a cottor+wool plug 3C minutes
prior to the derral tar epplication. This treatment was perforrmed twice
\\weekly for 120 days, and the mice were cbserved for an additicnal 33C
days. & contrcl group consisted cf €0 male mice vhich were treated der-
rally with coal tar twice weexly for 120 days anc then ckserved for 33C
days. There were no controls in which healthy aniials were used for
casparison. An analysis cf results of all the experiments is found in
Table 3.

The apzlication of tannic acid solutien to the skin of mice crior
to coal tar arplication did not affect incidence relative to the inci-
dence produced by ccal tar alore. The fat extracts or the olive cil,
however, increased tumor incidence abcve the incidence produced by coal
tar alone. Fat extracts fran nommal nice and fram mice which had cdied
fran tar turors increased tunor incicence to alrost the same extent. -
Olive oil aprlied to the skin of mice prior to coal tar apglicaticn re—
sulted in a 72% lun§ tunor incidence Zong the skin tumor-bearing liice
cazTared to 57% for contrels (those treated with ccal tar alone). <Tne
mice treated with fats or oils pricr tc tar treatrent often develcred

tunors at several locations, which was noct true of those treated with

(24)
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TABLE 3

EFFECTS OF VARIOUS FATS AND CILS APPLIED LERMALLY CR Il THE

DIET C. TUMOR LWDLCTION BY CCAL TER (watson ana Mellanbv, 193C)

Precenditioning

No. Turs/
No. animals

Percent of
Turor-Bearing Animals
Develeorping Lunc Tumcrs

I. Skin Treatrents

Experirent 1

Tannic Acid

Mouse Extract
("Tumor-Bearing)

Mouse Extract
{Normal)

Tar Cnly

Experiment 2

Olive 0Qil
Tar Only

I1. TCietarvy Treatments

Experiment 1

Butter—fec
No Butter

Experirent 2

Butter-fed

0 Butter

III. Weshino with Petroleur Ether -

Petroleur. Ether
(wash)

Tar Cnly

(23)

19/70
35,70

41/70

18/7C

29/70
21/70

39/70
20/70

31/90
37/90

19/60

37/60

(27%)

(50%)

{59%)

(26%)

(41%)

(30%)

(56%)

(29%)

(34%)

(41%)

(32%)

(62%)

£

72

60

37

55

4l



tar alone. The addition of butter to the diet of two groups of mice led
to a higher incidence of lung nodules in nice with tumors (6U% vs. 37%
ana 55% vs. 41% in the two experiments), as cazpared to ﬁice treated with
tar with no dietary change. Butter—-fed mice develooed a greasy appearing
coat. Mice washed with petroleum ether to remove some natural skin fats
develcoped fewer skin turors (32% vs. 62%), and fewer of thcse with skin
tumors develcoped lung nodules than those mice treated with coal tar alone.
The author-concluded that addition of fats cr oils to the skin or to the
ciet of mice grior to ccal tar application caused ncre tar to be absorbec
anc thus increased tumor producticn. This conclusion was also supported
by the recuction in tuor formation found when natural skin oil was par-
tially remcved by washing with petroleum ether.

(5} Bonser and ranch

Bonser and Manch (1932) studied the tumor response fram applica=-
tion to rouse skin of three samples of Scottish blast-furnace tar, cre
sample of English crude tar, and an ether extract of the latter. The
three sanples of Scottish tar (I, 1II, and III) were rmacde fram coke—cven
charges which contained in addition to the cosl, 13-17%, 25%, ard 1(%
ccke, respectively; the English crude tar was mace from a charge centain-
ing 75% coal and 25% coke. Sixty rice were used for testing each sawple
of tar. There was no oontrol group. The hair was clipped away fram a
snall area of skin in the region between the shoulder-blades. The tar
was arrliec bi-weekly for the first 14 weels, and thereafiter once weekly
because of marked ulceration of the skin cf many mice. The study wes

centinued for 56 weeks, by which time 21l the mice hac diec. Fifty—-seven
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timors vere rosslv icdentified. Thirty-cne of the total 57 tuors which
na¢ Cevelcrec were confinmeC histoloically. Tesults appear in Table <,
In mice trected witl: the three Scottish: sarnles, the first turcrs
arpeared at the leth veck., The Scottish 1, II, and III tar satples nre-
duced & tumor incicence of 7/6GC (12%), 10/60 (17%), and &/6L (13%) resiec-
tively. e turors were malifgnant in three mice. Tre first towwor eo-
jeared at the 2lst veek when an Inclish crucde tar ves usei., Eicht rice
(13%) treated with the inclish crude tar ancé 24 1ice (4L%) treated wich
en ether extract of the Enclicsh cruce ter Zfevelc=d tuwers., lire Suocrs
in mice given the etrer extract were .alicnant. A&t 30 weeds ters were

-

LeC tumors.

W

25 survivers in the letter qrcu" of rmice, ant over Su%

Tre twors were cacillamss or scuamcus cell carcincares ©f the shin.
The carcingras invaced the ruscle. One nalicreant twer, seen after -
weeks of arplication of ether extract of Erclish tar, consisted < a nass
cf "morncniclezr round cells" invacire the adjecent rwuscle and fat eru Te-
tastasizirg to the lLatyh rcces.,

In this study, ast-f.:rnece ter ohtained frac e variety i scurces
incduced cenicn ard raligrent tuters ¢f the skin in rmice. 7The carcinc:enic
rrererties were enranced by extraction with: ether,

{(6) Ccrs:i -

Gorski (1959) investigated the carcincgenic pryerties of twe ccal
ters (cne rrocduced fram cocl fram the "zZobrek" rire anG one rroguce fras
ccel fra. the "lowa lute" nine), @ scft nitch, a herd pitcl, and an am-
tirecene fracticn. “hirty on rice abcct 2.4 mentls olf and cf arrrexis-

<
retely

.
A . . N
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THBLE 4

CJUCIBEMCE OF SKIN TUMORS 1H MICE TCRENTD WIN BLAST FURRIACE 'T'ARS

Carcinogen Assesstent Group (ChG), 1978

Hunber of Appcarance of :

Tunors e IFirst ‘Iumor lalignant
Tar Sample Huiber of Animals {(weeks) Tw.ors
scottish I 7/60 (12%) 16 6/60  (0%)
scottish 11 10/60 (17%) 16 2/60  (3%)
Scottish 111 8/60 (13%) 16 1/60  (2%)
Ernglish Crude 8/60 (13%) 21 0/60 (0%)
Ither Lkxtract
of English Crwle 24/60 (40%) 12 9/60 (15%)

(20)



not report using a control group. The mice were described as having a
"low thresholé for speontanecus growths.” One drop of the test solution
was arplied to the skin near the backbone of the mice twice a week fer
5 months, for a total of 44 applications per mouse. No data were prc-
vided on controls.

The test solutions were prepared by dissolving the materials in
benzene {(a 1l:1 ratio). Pitch, being insoluble in benzene, was extracted
using Soxtlet's apparatus, which provided a 1:5 solution in benzene.

Srin changes cbserved included peeling, swelling, and wart-like
growths of differing shapes and sizes. Skin effects apveared eerliest
ard with greatest intensity in the scft pitch grouz. Tumor results are
reported in Table 5.

After 8 weeks, same mice had died in each group. SKin turer co-
servations were rade at 4 rcnths. Tar fraom the "Bobrek" mice praduced
.an average of 0.6 turors per mouse in 22 mice; 6 had malignant turors.
Eight of 26 surviving mice in the Nowa Huta mine tar group had nalignamr
cies, and there were, on the averege, 0.2 tuncrs per animal. Twenty—one
mice survived in the hard pitch greup, with an average of cne turcr per
mouse; eight had malignant tumors. In the soft pitch group, 28 mice sur-
vived, with an average of 2.9 turors each; l4 mice had malignant tuQrs.
Of those to which an anthracene fraction was applied, 24 mice survived
with an average of 0.3 tuors each; 4 mice had malignancies.

Mice with skin charnces in all groups were cdebilitated and died
by the end of the seven-month experiment. Wwhite hard growths ranging

in size from that of a pinhead to that of a peppercorn were feuna by

(23)
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cissection of the skin tumofs, particularly in the later stages of the
experiments. Cther changes included enlarged lvrrh nodes, growths in
the lungs, flaccidity of the liver, pale harc¢ growths on the kidneys, and
degeneration of the liver and kidneys. Metastases tc the lyrph nodes
were confimed in mice from the soft and hard pitch groups.

The author concluced that all the products tested were carcino-
genic, that soft pitch was the most carcinocgenic, anthracene fracticn
the least carcincgenic, and the two tars and the haré pitch were in an
"intermediate"” group.

(7) Euerer arndé Paymne

Buerer ancé Payne (1960) fcund that skin tumors were procuced in
mice following the application of coal tar, Coal tar, four cetroleum
road asphalts (Venezuelan, Mississirpian, Cklahcmen, and Californian),
cne petroleun roofing tar, and paraffin oil were zapplied to the napes
of the necks of groups of 50 black C57 mice (25 cf each sex) for two
years. 2an untreated contrecl group consisted of 200 mice. So that the
materials could be applied as droplets, the coal tar and roofing as-
Fhalt were heated to make them liquic, ané the road asghalts were di-
luted with a sufficient amount of acetone. The paraffin oil was painted
on the skin. Postmorten examinations were performed'on all mice, and
histological examinations were macde of all tissues which exhibited |
gross abnormalities. The results are found in Table 6.

Carcincmas of the skin were found in 22 of 50 (44%) and papillc-
nas in one of 50 (2%) mice receiving dermal aprlications of coal ter,

whereas centrol mice dic not develep tunors ¢f the skin,

(31)
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TABLE 6

SKIN TUMORS IN MICE GIVEN DERMAL APPLICATIONS OlI' COML TAR, PLETROLLUM
ROOFING TAR, PARRAFIN OlL, OR PETROLLUM INOAD ASPHALLS
Carcinogen Assessment Group (CAG), 1978

Skin skin

Treatment Carcinumas Papillomas Total
Control 0/200 - (0%) 0/200 (0%) 0/200 (U%)
Coual Tar 22/50 (44%) 1/50 {2%) 23/50 (46%)
Petroleun Roofing lar 1/50 (2%) 0/50 (0%) 1/50 2%)
Paraffin 0Oil 1/50 _(2%) 1/50 (2%) 2/50 (4%)
Petroleum Road Asphalt

Venezuelan 0/50 (0%) 0/50 (0%) 0/50 (0%)

Mississippian 1/50  (2%) 1/50  (2%) 2/50  (4%)

Oklahoman 0/50 (0%) 1/50 (2¢) 1/50 (2¢)

Californian 1/50 (2%) 0/50  (0%) 1/50 (2%)

(32)



Hueper and Payne 2lso administered some of the substances via in-
‘halation and intramuscular injection. Coal tar did not produce lung tu-
mors in rats or guinea pigs inhaling such fumes for periods up to two
years but didlproduce muscle sarcomas following intramuscular injecticn.
The results of the intramuscular study are not discussecd here because
intramuscular injection is not a route of exposure incluéed in the cri-
teria of 40 CFR 162.11(a)(3) (ii)(A).

(8) BHcrton

In several experiments Ecrton (1961) tested a2 number of crude coal
tars, coal tar distillates, ard fractions of coal tar fcr skin tutor re—
sponse in C3M nice., In the firét gart of the stway, f.ve coal tars (feur
fram the coking of bituminous coal and one fram the ccking of lignite
coal), a mixture of cne of the biturﬁnous coal tars in 30% benzere, and a
benzo(alpyrene mixture were testea. The authors dié not report usirg &
contrel group. No data were provided on the nunber of mice tested ror on
the length of time the animals were treated; however, the tite-to-turor
. for each group wes reportec. The incidence of turcrs was repcrted to be
greater than 75% (only a percentage was reported) for each test group.
Horton developec a mumerical index cesigned to grade the various tars
anc tar fractions for relative carcincgenic potency. This index was re-
ferred to as the potency for a minimum concentration of material (PMNC).

A high PMC value is meant to indicate a greater carcincgenic pctency.
For tars D=l anc [-613 for which multizle doses were applied, 2 cose
response was evident. The mean time-tc-tutor (in weeks), the scheduls

of applicaticn, and the PMC values for each of the tars, the tar solu-

(33)
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A TINECITUECR AL FI.C VALEES TCR FCUR ZITUMIICLS
TARS, COit LIGITD TAaR, AL GL.E SCLUTIG: CF pm.cOle] PYREE
(Wsevtec fraq hcrton, 1G61)

Schecule of

rrplicaticn lean Time—to-
Trezthent (#/week = Lxj) TIor (weers) E.C
-1 - kituiinous tar =10 15,0* C.27*
2-5C 12.6% C.37*
>-1CC 7.L* C.C3*
[-¢ = bitunincus tar 2=10 24.8 .13
[-5 - citailncus tar 2=1C 23,6 Ueln
L~3A = 5C% ciluticn 2=1¢ 25.1 0.13
by weliyht of
-5 tar
D& - biturinous tar . 3-5C 21.9 .11
[-12 = lignite tar 3=50 17.1 v.le
D~€l3 - tenzolalpyrene 2=15 33.C* G.Co"
in 85% bete- 2-5C 3u.6* L, IL*
methylnapthelere
and 15% Lenzene
soluticn

x

The rultiple cdoses fcr Tars L1 and [-613 dacrnstratel & rean time
te-tuor arcc a PMC cese responses.



tion, and the benzo{a]pyrene soluticn are reported in Table 7.

Two tars fram the previous group (D=1 amd D-8) were chosen to tes:
the effect of skin washing wAith & cetergent in water 5 or 60 minutes after
tar application. Tars D-1 and D-8 had the highest {0.8) and lowest (0.1l)
benzene-inscluble content, respectively. Washing delayed tumor develcp—
ment, but the final tumor incidence was not significantly changec. The
delay was greater in the animals washed 5 rinutes after dermal arclicaticen.

Horton also cetermined the relationship between the arount of benze
la)eyrene in distillates of ccal tar and the carcinagenic potercy of those
distillates. Tar D-1, a2 distillate oil of D=1 (the first 9-13.5% of the
distillation), a proportionate reblernd of nine distillate fractions of D=1,
and two distillate fractions (a carbolic oil anc a light creoscte oil) of
a coal tar (D=9). not zrevicusly used in the experiments were testec fcr
B{alP content and carcincgenic potency (FMC) to the skin of mice. tiith
the excepticn of Tar D-1, all test materials were applied to rice (strain
unspecified) in 10 mg doses. Tar D-l1 was applied in 20 rg doses. The
nurber of applications was described as "repeated," out neither the fre—
guency nor the duraticn was specified. The RiC values and benzcla)pyrene
content of the test substances are reported in Table 8,

Canparison of the benzo[alpyrene content with the carcincgenig po—
tencies of various fractions showed that no turors were produced by these
fractions in which ro benzola)pyrene could be detected, while the carcino-
genic potency of the test materials that contained benzolalpyrene was core
related with their content by weight of this carcinogen. Despite this ot~
servation, the authors dié caution that these results ¢o not imply that

benzo[zalpyrene is the only carcinacen in these substances.

(35)
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PMC VALUES AND BENZO{a) PYIENE CONTERE FOR IV QUAL TALS, SEVERAL
DISTILLATES OF '1H05E COAL ‘TARG , AL A PIROPORPIONATE REBLEND OF
THE DISTILIATES FROM ONE OF NI TARS

Content of Relative Carcinoyenic
Test Material boses (ny) Benzolalpyrene (%) Potency (PMC)
Tar b-1 20 0.74 0.27
Distillate Oil of Tar b-1 10 0.01 0.01
Proportionate Rehblenxl of 10 0.08 0.11
the Nine Cuts of lar L-1 '
Carbolic Oil of Tar D-9 10 0.00 0.00
Light Creosote 0Oil of Tar D-9 10 0.00 0.00

(36)



{(9) Ceelran

Deelman (1962) studied the effect of tire between tar applications
cn tuwor developnent, Le found that papillaias ceveloped after 18 appli-
cations regyardless of the interval between applications (2 to 7 days). The
nurber of carcinaras was srall after 18 epplicaticns. In time, after the
end of the applications, however, rany of the papillaazs becare carcincras.

When tar was arplied to different size skin areas or fields, it
was found thet mice with the largest fielc (20 x 25 mm) had an averece of
cne carcina:a and seven papillamas each. Eight mice, with a tarred fielc
of 2.5 x 25 mm (The ccal-tarred area for the eight mice carbired is ecual
to the largest field testec cr 20 x 25 n; fielc for cre rouse.) i.ac¢ & to-
tal of 34 papillamas and three carcinauas avong then. It was found that
arcr the tar fields tested (20 x 25 i, 1U x 25 m and 2.5 x 25 1), tie
sneller the tar field, the laryer the nunber of turors [Fer unit area.
This may be a result of tlie greater toxicity to the anirals with the laryer
tar fielcs; the authcr ctservecd that mertzlity, weight less, and kicrey
darage ircreased as the size cf the ter field increased. 10 untrezstec
controls were used in the study.

(10) Shabac et zl.

Sraktad et al. (1971) applied three ccal ter ointhents [Lcrecorten
tar ointrent (USA), CIBA ccal tar ointment (Switzerland), anc coal tar
ointment (USSR)] to C57 (BA hybrid mice twc cr three tires each week for
10 or 12 rontns tc test for tumor production. The au*;:hors did not report
using any control grours. sll of the nice die¢ within 1€ ronths or were

sacrificed because of their poor conditicn. Eighteen cf 15 (94.7%), 20

(37)
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of 21 (95.2%), and 16 of 17 (94.1%) of the animals in USSR, CIBA, and
Loracorten oingment groups, respectively, developed tumors. The benzo
[2] pyrene content of the three ointments was 225, 5,020, and 5,190 ug/g,
respectively. Shabad also tested the effect of two birchwocd tar oint-
ments, Vishnevsky and Tashkent, cn groups of 20 and 24 C57CBA mice. lone
of the mice in the groups develpec tumors after 1€ ronths. The benzola]
pyrere contents of the Vishnevsky ard Tashkent tars were 0,0013 and 0.044
uc/g, respectively.
| (11) Horten

Horton (1961) studied the lung turor response in C3XE mice after
exposure to coal tar fures. One group of mice inhalec formaldehyde-
contaminated air intermittently for an unspecified amcunt of tive, while
a second croup was kept in clean air. The former group develooed scuatcus
metaplasia as a result of their exposure to formaldehyce. Both croups
were then exposed to coal tar fumes (0.33 mg/liter) for one hour/cav, trnree
cays/week for 13 to 33 weeks. A majority of the rice (nutbers were not re-
ported) in both groups developed proliferative alveolar necpiasia, and one
(the group was nct reported) develcped a squamous cell carcinara. The two
groups c;f mice showed no difference in neoplasia inciéende. thirdé group
of mice, exposed intemmittently to formaldehyde alone for 64 weeks, showed
no alveolar proliferation or carcinana develcogment.

(12) Horten et al.

Horton et al. (1963) examined C3t mice (a strain that was reported
-to have a low hiistorical incidence of spontanecus pulmonary adencras) Ior

lung tumors following inhalation exposure to cocal tar aercsol, gasecus for-

(38)
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maldehyde, or gasecus formaldehyde followed by ccal tar aercsol. In the
first part of the experiment, grouss of 60, 60, and 42 mice were expcsed
to concentrations of 0.5, 0.10, or 0.20 mg/liter, respectively, of gaseous
formaldehyde for three l-hour pericCs per week. The control grour consis-
ted of 59 untreated mice. After 35 weeks, none cf the animals that were
secticned of those that died (118 of 221) during the 35—weel pericd hac
develcoed lung tumors. The surviving animals were used to conduct fur-
ther experiments with cozl tar anc formaldehycde. The surviving 33 mice
fram the ‘control group in‘the first part of the experiment anc the surviv-
ing 26 mice from the group in the first part cf the experiment that had
peen exposed to 0.10 my/l of gaseous formaldehyde were exposed to (.30
rg/l of ccal tar aercsol for three 2-hour pericds per week for up to 36
weers. The surviving 36 mice from the group that had been exposed to
0.05 mg/1 of formaldehycde in the first part of 'the experiment were ex-
rosed to 0.15 mg/l of fcrmaldehyde for three l-hour period§ each week for
up to 35 weeks, There was also an untreatec ccntrol groupi/which Wwes co-
served for 82 weeks. |

The test animals were exposed to the test substances until ceath;
the first death ocaurred 1 to 11 weels after exposure ard the lcnoest
time until ceath was 36 eeks. | Serial secticns of the trachez, large
bronchi, and lung from the exposed animals and fran the lungs of 30

unexposed mice were exaninec (Table 9).

1/ The initial size of the untreated group was nct reported. At the
temination cf the exgeriment at 82 weeks, the group consistec of
30 mice.

(39)
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TABLE Y

TUMORS OF M, LUNG IN MICE INHALING FORMALDENYDE AND/OR ARROSOL OF COAL TAR
Carcinogen Assesisment Group (CAG), 1978

Treatment , Squamous Cell 'fumors Adenanas fotal

(-) 0/30 (0%) 0/30 (V%) 0/30 (V%)
Coal ‘tar 6/33 (18%) . 1/33 (3%) 1/33 (21%)
Foumaldehyde 1/26 (4%) 1/26 (4%) 2/26 (B%)

and Coal Tar

Formaldehyde 0/36  (U%) 0/36 (0%) 0/36  (0%)

(40)



Five niice inhaling ccel tar esercsol and cne mouse inhalinge fon}al-
derade followed by coal tar develcoiec squamous cell tucrs in de rexi;l-
ery of thwe luny, invelvine 1/3 to 1/2 cf the loke, In tioiddce {ra tle
" former group, several lokes were invelved. & sixth nouse in tle fener
group that died after 20 weers cf expesure had an invasive sguaroue cell
carcinua, wiiich wes descrived as "urcuestionslly a scquakcus cell carci-
nae whereas these cccurring in the cother five anirmals yroiably repre—

sented an earlisr stae of cevelcrrent at tie “le cf death.” (ne i"cuse

in eaci. grevp had ecename of the lune., Trers of the lung were rot cli-
served in Tice breatlinc formaldehyce cnly or in untreated concrcols.

There were cotier charues nrdcuced in the traci.ecIrinch ial eritte=
litm as tre result of the inralaticn of ccal tar. %le tcst striking was
a recrotizing traci.ecbrenci.itis in the majority of riice; the incicence wzs
rct rerortec, In adcdition, scuarcus cell retaslasis extendex: intu e
sraller brencri. htivrerplasie cf the breoncrizl epitieliu cccurres Zre~
cuently, scretimes with pepillary infoldinc, The ezitheliun cf untreatec
nice was norral showine reither retezlasia nor hyzerdlasia. |

Evithelial changes in mice inheling formalcdehvde invclved restly
tre trachea; extension intc the reajer brenchri was irfrecuent =¢ CGid rot
occur at 211 in e snzller Lrorchi. In ceneral, tle inialaticn of S~
ralienyde resulted in an acute trachechrorchitis rancing fram slightly te
severely necrotizirg, or cevelcrin; intc a chronic type vith preliferetion
of fibrous tisste. This vas saretives carplicated v Lrenchennauwoniz,

In sx:;:az-:-, rice inmhalirc ccal ter sercecl Ceveloved scuarous Cell Car~
cinaras ¢ tre lung, és well as inmen:lzstic ard reterlastic ermitielial
ch.arues,

(£1)



(13) ™ve an¢ Stomrer

Tye and Sterzer (19e€7) separated tvwo Cifferernt ccel tars into
rhenclic (P-tar) and nonphenolic (i'-tar) fracticns and exposec ldce oy
inhalation to varicus blends of tite coal tar fracticns and te ore of tie
cricinal ters. The sare coal ter (T-1) (Suecific gravity 1.17, 4.3%
tar acida, C.7% benzolz]lpvrene and (7% Ciele-iciler cantounds) that was used
in the exierirerts Ly horton, Tye, and Sterner (1963) and a secend, scie—
whet ¢ifferent tar (T-2) (Specific gravity 1,24, 1.4% ter zcic, 1.1% ten-
zolz]zyvrene, zrk 2% Ciels=-alder camjcurds), were tie bt ters fran viach
tihe zlerolic (r-tar) end remprercilc (MN=-tar) Ifracticne vere cenalated,

Fifty raie C3ii/Zal inice, tlree tc five rentiis cla, veve in <aCi:

test group. e tests grouns consisted of untreated, Tar-i, L-Tar-l, -

J

e % pl ., PO | A (sl . LR 0 VY
Ter-1 nius ~Ter-l, =Tar-1 g‘ ius I~Ter-s, end ~Ter-

r Ve
Voo b
-

=Ter=l, ‘ice
vere extesed for twe Lhours every three weeks. Durinc the first eicint
weeks, the expcsure wes at a concentration of €.20 ruw/l, tut this wes e
cuced to .12 g/l tecause st rmany nice diec,

Three nlce fran each creurn vere killed alter four weehs, ard Zive
mice were illed sfter 31 veels. Surviving nice were jilicd et e el
of 55 weeks. tortality fram expeosure vas high in all groups cf treoted
rdice. 2t the end cf the exreritent, tlere were I1/5(C (<¢2%), RyE LZ- ),
11/5C (22%), iC/30 (2C%), 21/5C {42%), and 21/50 (42%) rmice alive in tie
centrel, Ter-l, N -Tar-l, - ar-l tlus =Tar-1, W=Tar-l plus =Ter-2, ard
i~=Tar=2 plus F=Tar=l crcours, resfjectivelyv, TTCr resicnse IS reccrced

.

s ~ 5 N o3 im g 3.4 = - N - ~my 2 T
The rest yroninent lesiors vere intrahronchizl ecunaras and elde=

,eas
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1TALLE 10

i/
INCIDNNCE OF LUHG IUHORS TH HICE INGALING ALROUSOLS OF QUAL TAIS
Carcinogeh Asscsuent Group (CAG), 1978

2/ nlenaaas &
Treatment Metaplasia __Ndenavas Adenocarcinauwas — Carcinaws
(-) 0/32 ( 0%) 0/32 (U%) u/32  (0%) u/32 (0%)
Tar-1 5/13  (38%) 12/13  (Y2%) 3/13  (23%) 13/13  (100%)
M-Tar-1 2720 (10%) 16/20  (80%) 0/20  (U%) 16/20  (BUL)
o) + 5/19  (20%) 14719 (74%) 1/19  (5%) 15719 (79%)
P—lar-1
W-rar-1 + 7/25 (28%) 14725 (56%) 1725 (4%) 15725  (o0U%)
P-l'av—-2
Hiar-2 + 4/23 (17%) 14723 (Gl3) 0723 (uy) 14723 (61%)
P-rar-1

lj tiice surviving Ltor 46 wecks or lomger.
2/ Includes intrabronchial and alveolar adenamas.

(13)



nocarcinamas, occurring anywhere in the bronchial tree. Multiple tumors
were frequently seen. The intrabronchial adencmas were papillary. There
also were alveloar adencmas which were peripheral. Tumors of the lung
were diagnosed as adenocarcinamas only if there was invasion or if metas—
tases were cbserved.

Adencmas and carcinamas of the lung were coserved in 60% to 100% of
the mice inhaling aercsols of coal tars , whereas tumors were not seen in
any of the control mice. Incidences of squamous metaplasia varied fram
10% to 38% in treated mice and were absent in control mice. "Alveolar
epithelization” was also cbserved, but less often than sguamous metaplasia.
Areas of squamous and alveolar metaplasia were not considered as twtors,
even when they occupied relatively large spaces.

(14) Kinkead, McConnell and Szecht, and MacEwen
and Vernot

MacBwen and Vernot (1972-1974), Kinkead (1973), and McConnell and
Specht (1973) reported on a study in which mice, rats, hamsters, and rab-
bits were exposed to a ccal tar aercscl fram whnich the light oil and solid
fraction was removed. Gross skin patholagy for the mice was reported; any
other tumor response in tne micé anc in the other animals was nct repor-
ted.i/

Groups of 64 female yearling and 64 weanling (32 of each sex)

Sprague-Dawley rats, 50 male JAX~-CAFl mice, and 50 male ICR-CFl mice were

1/ Per contractual agreement, Sasmore performed internal and skin
histopathoclogy for the study and reported his results (Sasmore,
1976), but because information in the Sasmore repcrt is in-
canplete, no conclusions can be mace abocut the report.

(44)
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TABIE 11

TUMOR RESPORNSE IN MALE ICR-CFl AND JAX—CAF] MICE FOLLOWNING EXPOSURE
QDAL TAR AERCSOL (Acapted from McConnell and Specht, 1973)

3 by v
Dose (mg/m ) ICR-CFl JAX=CAF1

2/ Y

20.0 10/36 (28%) 10/27 (37%)
3 3y

10.0 3/8 (38%) 0/12 (0%)
¥y y

2.0 2/25 (8%) 0/47 (0%)
y 3y

0.2 0/2 (0%) 0/47 (0%)
Y Y

0.0 0/62 (0%) 0/74 (0%)

1/ The rumerator is the number of animals with tumors at 415 days post
exposure. The denaminator is the number of animals that were alive
at 93 days post exposure.

2/ This dose group began with 75 animals.

3/ This dose group began with 50 animals.,

TARLE 12

LATENT PERICD OF FIRST TUMOR INDUCTION IN CTV-I EXPOSED ICR-CFl MICE
(McConnell and Specht, 1873)

3 .
Dose (mg/m ) Time of Tumor Avpearance (Days)
20 - ' < 93
10 128
2 142

(46)
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TABLE 13

SKIN TUMOR RESPONSE IN ICR-CF1 AND JAX-CAFl MICLE POLLOWING EX1POUSURE
70 COAL TAR ALROSCL (Mactwen and Vernot, 1976)

i/
Cunulative Nunber of Tumors
3 Weck of 2/ ICR-CF1 JhX-CAF1
bose (ig/m )  Observation LExposed Control Exposced Control
10 100 44/75 (59%) 3775 (4%) 18775 (24%)  1/75 (1%)
2 103 14775 (19%)  0/75 (0%) 3775 (4%) 0775 (U%)
0.2 101 1/75  (1%) /75 (0%) 1/75 (1%) 1/75 (1%)

1/ ‘rfhe numerator is the number of animals with tumors; the denaninator
is the number of animals exposed.

2/ Includes the Y0-day exposure period.

(48)



ling rats, 18 New Zealand albino rabbits, and 5 male and 9 female lMacaca
3
mulatta monkeys were exposed to 10 mg/m of coal tar aercsol for 6§ hours

each day, five days per week for 18 months. The ccal tar used to gene;at:
the aeroscls in this study was the same as that of the first study. Aerc-
sol particle size was determined ronthly in the exposure chambers. 2 rini-
mun of 99% of the tctal droplets in both chambers were 5 microns or less
in giareter and were thus within a respirable size range for rcdents.
Expesure to the coal tar at 10 mg/m3 significantly reduced the becy
weignt of rabbits and rats campared with the controls, whereas monkeys
showed no significant change in body weisht. Sixteen of 18 rackits and
six ccontrcel nice died durimg the test pericd. These deaths were attrituted
to a chronic respiratory infection ;«'hich causec debilitation and cehvdra~
tion. At the conclusion cof the expcsure pericd, the test monkeyvs arc the
surviving test rabbits along with the unexpesed controls were celivered to
the NICSE laboratories in Cincinnati, Chio, for long=-term post-exposure
cbservaticn, but the results were not regorted in lacEwen et al. (197¢6).
Discussion with MacBEwen indicated that while the monkeys are still under
cooservation, the number of surviving rabbits (2 of 1B) was too few for
statistical comparison, and those animals were sacrificed (Gikb, 1978a).
o turor response was found in the sacrificed rabbits (Gibb, 1878b). -
Alveolargenic carcincmas were produced in 26 of 61 (43%) ICR-CFl
mice and in 27 of 50 (54%) JAX-CAFl mice. The nurber of turors in the
ICRCFl and the JAX-CAFl control mice were 3 of 68 (4%8) and & of 48 (17%),
respectively. The exposed ard control greoups cid not differ in the inci-

dence cf other types of turors including sguamous cell carcincmas, lvrpno-

(45)
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TABLE 14

QOAL, TAR TUMORIGENESIS IN RALS
(Mactwen, 1976)

et al.
Controls Exposed
tlales lemales Males Females
i/
Number Examined llistologically K} 37 34 38
Nutber of Rats with Tumors:
Squamous Cell Carcinama, Lung 0 0 34 31
Squaceous Cell Carcinaaa 0 1 0 V)
Intraabdominal Carcinana 0 1 0 0
tawnary Fibroadenana v 1 0 3
Hammary Adenocarcinaia 0 1 0 0
oOther Tunors 0 1 8 2
Overall Tumor Incidence (%) 0 13 100 $2

1/ The original number of rats per group was 40. llowever, because of
autolysis and/or cannibalization, a few animals were unsuited for
histopathological examinations.

(51)
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TABLE 15

2

SUMMARY OF HIDE FLUORESCENCE (ug/am ) OF ICR-CFl1 MICE DURING
AND AFTER EXPOSURE TO OOAL TAR AEROSOL

. ICR-CF1 Mouse
30 pays Skin Tumors at

3 Days of Exposure
Dose m ) 1 7 30 60 90 Post—-Exposure 100 Weeks
10.0 26,9 34.9 19.2 23,8 21.6 0 44/75 (59%)
2.0 2.4 9.3 7.6 4.4 9.9 -0 14/75 (19%)
0.2 0.4 1.6 4.9 1.0 3.8 -0 1/75 (1%)

(53)



had been crecsoting timber for 40 years. Warts had agpearec on his hands,
legs, and behind his ears seven years prior to reporting his case., The
warts had fallen off and left scars behind them. Eighteen ranths before
the case was reported, a wart on the patient's scrotum had fallen off,
leaving a small sore which rever healed and steadily enlarged. Three
months before admission to the hospital, the glands of the left groin er—
larged; the patient steacily lost weight and grew weaker., Cn admissicn
to the hospital, the case was considered inoperable.
(3) Cookson

Cookson (1924) reported on a worker employed for 33 years to carry
cre<‘:soted wocd, At least 15 years before the case wes reported, a s2ll
swelling arpesred an the back of the werker's right nand. The swelling
would occasionally break cpen anc then heal again. About 7 years later,
the swelling increased substantially in size until the growth had tc be
removed. A portion was exanined histoloyically prior to being excised
ard proved to be a suuemcus epitheliana. Following the patient's death
~ several years later, an autcpsy was perforred, and srall secondary eri-
thelicnatous cderosits were found in the liver, both lungs, and in both
kidneys. There were also two secondary Geposits in the heart walls.
Cne in the left ventricular wall invelving its whole thichness was the
size of a walnut and was beginning to brezk down in the interior. %The
other was the size of a pea at the right bcrcer of the right ventricle,

(4) Henry
Renry (1947) reviewed 753 cases of cutanecus eprithelicratz re—

perted to the British )edical Inspector of Facteries from 1920 tc 1945

(5¢)



and found 37 cases attributable to crecsote exposure. Of these cases 14
occurred among workers éreating timber, 9 amorg pecole handling creocsote
in storage, and 10 among pecple using creosote as a releasing agent for
brick molds. One case of épithelicma was téporied anong workers using
crecsote for the manufacture of furnace crucibles, and one case among
workers manufacturing crecsote disinfectants. The author also reports
two cases of cutaneous cancer not reported to the British :»legical In
spector of Factories: a railway platelayer handling crecsoted ties and
an assistant chemist testing crecsote for 1t months in a tar distillery
laboratory.
(3) Lenson

Lenson (1956) described a shipyarc worker who hac worked with crec-
sote for three years, Malignant cutanecus tumors of the face appeared 5
years after working with the crecsote. The worker had been a painter for
41 years and héd mixec his own paints, using lead and oils. Turpentine
and white gasoline had been used as paint removers.

b. Animal Studies

The following 6 animal studies are presented chronologically. In
general they show that tumors were produced following dermal exposure to
crecsote. As with coal tar, the Working Group notes that the interyreta-
tion of same of the early studies is limited by the absence of control
data. However, later studies which include appropriate contrel groups
genérally confirm and reinforce the observations in the early studies.

(1) Szll and Shear

Sall and Shear (154v) reported on severazl experiments which tested

(35)
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ti:e'potential of the basic fractions of crecsote to accelerate tumor pro-
duction by known carcincgens. Female Strain A mice cbtained fran the
Roscoe B, Jackson liemorial Laboratery in Bar Hartor, Maine, were used in
all the experiments which included administration by skin painting and
subcutanecus injection. In the skin painting experiments a mixture of 1%
basic crecsote and either 0.02% or 0.05% benzo'(a]pyrene was applied three
times per week to the treated animals, Concentrations of btenzolalpyrene,
at 0.02% and 0,05% were used alcne for two control groups; ancther con-
trol group was painted with 1% basic crecsote alone. There were no com
trol groups in which healthy animals were used for carrarison. The re-
sults of the skin painting experirents incicatec that the basic fraction
of creosote accelerated the turmor formation when applied with either 0.02%
or 0.05% benzo[a]pyrene concertration, although the basic crecsote alcne
produced no turcers. The results of the intramuscular experiment are nct
discussed here because intramuscular injection is not a route cf exgosure
incluced in the criteria of 40 CFR 162.11(2)(3)(ii)(A).
(2) Woodhouse

woodhouse (1950) studied the carcincgenic activity of 16 petroleun
fractions and extracts, anthracene oil, crecsote c¢il, linseed oil, pine tar,
and six spindle oils dermally applied to 50 groups of temweek-cld, albino
mice (undefined strain), Each test substance was applied with glass fcds
to the intrascapular area twice weekly for 25 weeks. Males and females
were tested in approximately equal numbers., The animals surviving 25 weeks
in each test group were counted, and pepillomas ané carcinamas were identi-

fied. Of the crecsote-treated animels, 19 survived 25 weeks; 19 tumors (1C

(5€)
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parillamas and 9 carcinawas) were reported. This was the highest nu.ber
of tumors in the 10 treatment groups tested. There was no control group.

(3) Lijinskv et al.

A study by Lijinsky et al. (1956) evaluated crecsote and its bLasic
fracton as possible tumor-pranoting agents. The experinent failed tc derrm
onstrate that creosote acts as a streng prascter when aministered to rice
receiving a sincle painting of 7,l2-dimethylienz{ajanthrancene {(LEA), but
it did demonstrate that crecsote is indepencently carcinocgenic.

The creosote usec was e "7l oil, dry gcint 240°C. collected as &
distillation fracticn fram a Wwilton still." The basic fracticn was pre-
rcared by the procedure of Cabot et al. (194U). Treatrents were given
twice weekly for 70 weeks to four grouss of 30 female Swiss mice. A Sin
gle drop of the treatment scluticn was agrlied with a glass crewper to
the intrascapular regicn of the skin,iwhicl: was kept free cof hzir by clip-
ping with scissors. A ccntrol group (Group 1) consisting of Su mice was
treate¢ with the initiatirg agent, 7,12-divethylbenzla]anthrancene (I}:E3)
given as a 1% solution in nineral oil. Group 2 was painteC with undiluted
creosote. The three remaining groups received a sirmgle initial painting
of 1% IIBA in mineral oil; one week later they were treated with unciluted
crecsote (Group 3), 10% crecsote in acetone (Group <), Cor a 2% tasic frac-
tion of creosote solution in acetone (Group 5). There were ro contrdl
sroups in which healthy anirmals were used for camparison.

The tumor incidence in the five groups is snown in Table 16. The
survival rate of the control anirals given LBk alcne was ot Given; what—

ever treir nurber, none of then were reportec tC have develcped turcrs.

(37}
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TALBLE 16

SKIN TUMUR INCIDENCE IN MICE TREATED WITH CREOSULE

Carcinogen Assessment Group (CaG), 1977

Initial
Group Painting

Iwice Weckly Incidence of

1/ Nos. of
Painting ‘Tumor-Bearing Mice

Nos. of

Papillanas Carcinomas

Average Latent
Period (weeks)

1 1% LMBA
2 None

3 1% DMBA
4 - 1% [LABA
5 18 Debn

lone 0/50
Creosote: 13/26
wililuted
Creosote: 17/23
un(liluted
Creosote 11/29

10% in Acetone

Creosote: 2% 0/12
Basic Fraction

(0%)

(50%)
(74%)
(36%)

(V%)

0

16

20

50

39

43

1/ 1n group 1 there were 50 animals initially. In groups'z, 3, and 4 the denaninator

is the nunber of survivors at time of appearance of first tuwnor.

there: were 12 survivors at 56 weeks.

(54)
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In contrast, there was a2 high tumor rate for animals pre-treated with INEA
and then treated repetitively with either undiluted or 10% crecsote. Saw
enhancerent of the action of a single initiating dose of IMBA was noted
when given with undiluted creosote (50% vs. 74%), although the difference
was not significant. Dilution of the crecsote to 10% in acetcne diminished
the turor producing action of DMBA plus creosote, while the basic fracticn
did not prove to be oncogenic.

In a canpanion study (Lijinsky et al., 1956) the crecscte was chem—
ically analyzed for benzolalpyrene, but less than 100 mg of cerzola)pyrene
was found per liter of crecsote, an amount the authors consider toc small
to account for the carcincgenic activity of crecsote. They suggested that
same of the carcincgenic activity may result from the presence of ;aer.z[a}
anthracene which was founé in a relatively large cuantity (2.75 cn/liter).

The results of this study shtowed that undiluted creosote alore pro-
duced a carcincgenic effect which was slightly augmented by the initial
DMBA treatment. Vhen the creoscte was diluted to 10% the pravoting ac=
tion was somewhat diminished in relation to the undiluted creosote. The
basic fraction of creosote at a 2% strength was inactive. The authers
reported that the carcinogenic potential of the undiluted crecsote was
carparable to results found with IMBA, a potent carcinogen, in a similar
test conducted at the same laboratory. -

(4) Poel and Kamer

Poel and Kammer (1957) tested two “creosote oils” for carcinogenic
potertial on male anc female mice. In the intraduction to their regort,

Poel and larmrer descrited the difference between the definitions of ccal

{39)
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tar fractions as they are classically defined and coal tar fracticns as
they are industrially used:

The crude industrial fractions distilled fran high—
terperature coal tars are designated light oil, middle
oil or napthalene crude cut, heavy creosote oil, an
thracene oil and pitch (Table 17). A clear cut segare
tion of tar into these distinctive fractions is usually
not practiced on an industrial scale. In fact, such
tems as crecsote, heavy ©il, arnd anthracene oil have
been used synonyrously, while certain industries to
this day designate sare pitches as "tars". iiost of the
marketec oil products are blends or smears, containing
both crecsote and anthracene oils plus varying amounts
of the resicual fracticns fram the middle-oil cut - the
fracticn shown in Table 17 to have a beciling range of
200 to 250°C.

The two “crecsote oils" used in the sty were described by Feel
and Kanmer as follows:
Eoth are fractions fram a higt—terperature horizental
by-product-caiie—oven tar. Cne is & crystal-free cil,
carketed as & blend of crecscte, anthracene oils, and
the oil crained fram the naghthalene reccvery ccera~
tion. ZThis blend of oils has been descrited as nom=
toxic to hurans and is used princigelly for the pre—
servation of wocd.... The secenc sarrle, considered
& light crecsote oil industrially [Tavle 17} is the
residual oil drained fron the naphthalene recovery
cperaticn.
The blended sarple was tested in toluene at two diluticn levels,
20% and 80%; the light creoscte cil was tested at a 50% dilution in to-
luene. As a positive control, benzola]lpyrene was tested in- tcluene at
two dilution levels, 0.05% anc 0.25%. Toluene was tested as a negative
control.
The test animals were CS7L mice, fereles, 10 to 12 weeks ola anc

rales 8 to 11 weeks clé. The test solution was agzlied three tires per

week on the shaved Lack of each rouse for its lifeszan ovr until persis-

(60)
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CRULT. CONL 161 DISTTLLATLG (100 AID LR, 19597)

hidiustrial Cut

AP rox bnate
Distil ln(ljion
Laxie (°C)

l'vuct
Feecove

ion
recl

Frow Tar (%)

Principal Cuaniponents
of Fractiun

FLight 0il

Didale 01l

Creosote Oid
(Leavy)

Mithivacene (il

Pitch

200

200-250

250-300

300-350

> 350

[Ghnd

17

o

(b1}

tenzene, ‘rolucne,
2ylone, Solvent liaphtha

Tar hcids, ''ar Lascs,
aphthaleine, Light
Creosote 0il (residue)

Poethylated Dayphthalenes,
reendphithene

I'luorene, henanthrene,
Athracene, Carbazole

I'itedy 011, Corlon



tent papillomas developed at the application site. Results of the test
are found in Table 18,

These results show a significant increase in tuor incicdence after
topical treatment with both concentrations of blended crecsote as car
pared to the incidence produced by the toluene control. All mice exposed
to both dilutions of the blended crecsote cil developed papillamas, and
7 of the 8 in each dilution group develcoped carcinanas. Awnc the creo-
sote-treated animals that develcped carcinamas, 5 of 14 had metastatic
crowths in the lungs and/or the regional lymph ncdes. The 50% seluticn
cf light crecsote oil in toluene produced tumors in all 1l male C57l-mice
tested, after exposure ranging fram 22 to 41 weeks. It was not reported
whether the turors were malignant or not. The cresence c¢f benzolalpyrene
was testec for in light crecscte oil and in the anthracene fraction cf the
blenced crecsote oil (where it most likely would be found). Detectakle
levels were not observed, and the authors concluded that the tumor res-
ponse seen was cue, at least in part, tc other agents.

In summary, dermal application of light and blended crecsote cils
fram high=temperature-coke~oven~tars incduced significant increases in
skin turors on mice. Most of the turcors fraw the blended 0il were car-
cinomas.

(5) Bcutwell ard Bosch -

In a study which evaluated the tumor initiating and prawcting ac-
tivity of several chemicals, including crecsote, and the carcincgenic po-
tential of crecsote without the use cf initiating cr pramoting agents,

Boutwell and Ecsch (1558) found that crecsote was carcincgenic when ap~
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TABLE 16

TUMOR INDUCTICN IN CS7L MICE TREATED WITH BLENCLD 1/
CREOSUTE, LIGHET CREOSCTE, BENZOla}PYRELE, XD TOLURE

Conc. in o, Mice No. Mice with o, lilice with
Test Material Toluene(%) with Tucers Ervidermal Cancer Metastasis
2/ 3/
Creosote Blend 80 8/8 (100%) 7/8 (86&%) 3
2/ 3/
kreosote Blenc 20 8/8 (100%) 7/8  (8B%) -2
3/ 4/
Light Crecsote 50 11/11 (100%)
2/ 2/
Benzo(a)pyrene .25 8/8 (100%) 8/8 (100%) 2
Benzc(a)pyrene 0.05 8/9 {89%) 7/9 (785%) 1
To:'Luene Control 0.0 /10 (0%) 0/10 (0%) G

1/ remale C57L mice were usec in all croups except light crecsote which

used males.
2/ Significantly higher than controls (p = 2.3 x 10-5).
3/ Significantly higher than controls (p = 2.5 x 10 4).
4/ Significantly higher than contrels (p = 2.8 x 10_6).

5/ The light crecsote cil was acministered as one drop of 505 (in toluene)
creocsote oil along with one cdroo of tcluene.
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plied to rmouse skin, and that it had the ability to initiate turor forma-
tion when applied for a limited period pricr to treat:ﬁent with croton cil.
The mice used in the test were B-week old, randa~bred ferale albino nice.

The crecsote was tgsted at full strength as cotained from Barrett
Chemical Carpany. The trade name of the oil is Carhasota. It is described
as "fractions distilled fram a high temperature coke-oven~tar in the boil-
ing range of 200 to over 400°c." Croton oil and DMEA used in the study
were dissolved in re-distilled benzene. Sclutions were protected fram ex-
posure to light and evaporatiorn.

The solutions were grplied as a 25 ul drop to the shaved skin cof
the back. Mice were inspected for tumors weekly and papillomas larger
than 1 m™m in diameter were counted. The gross icentification of both
benign and malignant tumcrs was confirmed pericdically by micrescoric
examination.

There were 30 female mice in each group. The group applications
were as follows: (Group l) one drop (25 ul) of undiluted crecsote twice-
weekly with no initial treatment; (Group 2)~ one application of 75 ug LrBA
followed {one week later) with 25 ul of benzéne twice~weekly; (Group 3)
single applications of IMBA as in Group 2, followed after one week with
twice-weekly applications of 25 ul undiluted crecsote; (Group 4) same
initial treatment as in Groups 2 and 3 but followed with twice—weekl¥
applications of 25 ul of a 0.5% croten oil in benzene solutien; (Group
S5) croton oil alone with no pre-treatment; (Group 6) undiluted crecsote .
twice=weekly for four weeks only with no secondary treatment; (Group 7)

uncilutec crecsote twice-weekly for four weeks followed with croton oil
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as in Groups 4 and 5. There were no controls in wvhich healthy animals
were used for camarison. The length of observation of each group was
deternined by the carcinogenic response (Table 19).

Papillaras and carcinanas developed in all groups given crecsote
except Group 6 ,. where the duration of treatment may not have been long
encugh., Carpariscn of the results from Groups 6 and 7 show that creosote
can act as an initiating agent prior to the application of croten cil.
Pre~treatrent with DMBA slightly reduces the inducticn time of tunors
produced by repeated continuous creosote administration.

(6) Roe et al.

Roe et al. (1958) found that animals receiving cderral applice-
tions of crecscte developed turors of the skin anc the lungs. The st.udy
consisted of two experimen.ts. wo to three-ronth old nice were chbtained
fran a camercial breeder for the first experiment. Pricr to treating
with crecsote, the authors cbserved a total of 766 lung adencmas on the
lobe surface of the lungs of 138 mice (an average of 5.8 adencmas per
mouse) at 6-8 menths of age. Since the caorercial preeder had usec crec-
soted wocden kcxes to house the animals, it was determmined that the lung
adencras were the result of housing the anirals in these boxes. Same of
these mice were allowed to Lreed in steel cages in the laboratory. The
resulting progeny were found to have an averace of cnly 0.5 adencnas per
animal. %wo groups of the fourth generation cf the original nice were
used in the first experiment. OCne grour was bred in stainless steel cages
and 24 cf the resulting progeny (Group 1) were kept as untreated contrcls

for eight menths, Zwenty—five progeny (Croup 2) were treatec twice—weekly

(€5)
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TABLE 19

SCHEDULE OF ‘PRENIMENTS AND TUMOR INCIDENCE IN MICE EXPOSED 70 DMBA AND CREGSUTE

Secondary bPeriod of Induction Time Incidence 1/
Initial Treatment Treatment and Carcinaomas of Carcinwmas
Group Treatment (2x/wk) Observation (wks) {wks) (%)
2/
1 None Creosote 28 26 82
2 75 uy LMBA Benzene 56
| Y
3 75 ug A Creosote 28 23 82
E/4
4 75 ug DMBBA Croton 0il 54 36 80
5 tlone Croton 0il 44
6 Creosote, None 44
4 weeks, (2x/wk)
4/
7 Creosote, Croton 0il 50 44 40

4 weeks, (2x/wk)

or gyroups 1,3,4, and 7, only percentages were reported; no
carcinama percentages were reported for Groups 2, 5, or 6.
1his incidence was recorded at 28 weeks.

1his incidence was reconlded at 42 weeks,

This incidence was recornded at 44 wecks.

R K

?
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on the backs with one drog (25 ul) of creosote oil (Carbasota) fram the
age of three weeks until six months anc were cbservec for two months lon—-
ger. The Carbasotéﬁ;;s producec by the EBarrett Chemical Campany and was
Gescribed as "a rmaterial in the boiling range of 200°C to over 00°%
distillec fran a2 high terperature coke-oven~tar." Progeny fram the second
group of the fourth genefation mice were bred in wocden caces which were
“"thoroughly impregnated with crecsote oil." They produced 29 young (Group
3). Croup 3 mice were kept in the cayges for the curaticn cf the experivent
anc were treated for five months with cne drop (25 ul) of crecsote cil (Car-
basoﬁa) applied twice=weekly after which they were kept for three ronths
without treatment. After\eight ronths Groug 1 hae€ an average of less than
0.5 adencnas per mouse. Group 2 had almest six per rouse anc Grour 3 al-
rcst 11 per mouse (Table 20, Experiment 1). Groups 2 ang 3 together totaled
53 mice. Of this number, 5 beore skin tumcrs but ro luns tuors; nine had
lung turors but no skin.tumors: and 39 bore tcth skin and lung turors.
The incidence of skin and lung tumors in the controls was nct given; there-
fore, a statistical analysis of the control versus the experivental groups
is not possible. However, the totzl nuter cf lung adenaras in Grouss
2 ard 3 was greatly increaseé over those of the controls (Greup 1).

In the second experiment, randa~bred albino mice were optained
fran a supplier who used only metal cages for breeding. The control
group {Group 1) of 50 animals consisted of two groups from a related
study (Boutwell and Beschi, 1958), in which one group was treated initi-
ally with 75 ug of IXEA followed by a twice—weekly application of 25 ul

cf a 0.5% solution (w/v) cf crocton ¢il in benzene; anc the other group
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TABLE 20

THE EFFECTS OF CRECSOTE TREATMEXNT ON THE INCIDENCE OF LING
ADENQLAS (Carcinogen Assessment Group, 1877)

Adentmas
on Lung Adenanas
Experiment Group Treatment No. of Mice Surfaces rer Mouse
1 1l None (control) 19 9 0.5
2 One drop of crecsote 24 139 5.8
2 times/week for 23
weeks
3 One crop of crecsote 29 315 10.8
2 times/week for 19
weeks in crecsoted
Cages
2 1l  Initial treatment with 50 15 0.3
75 ug of DMEA followed
by one drop of croton oil
or benzene 2 times/week
for approximately 55
weeeks (control)
2 One drop of crecsote 2 23 37 1.6

times/week for 4 weeks.
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was treated initially with 75 uo of LiEA followed by a twice-weekly appli-
cation of 25 ul of benzene. Lo untreated centrols were used. The test
group of 30 animals (Croup 2) was treated twice—weelldy for four weeks

nine tires) with one crep (25 ul) of creosote oil and thereafter kept um
cer cbservation without further treatent, &t 10 nonths 1S adenauas vere
seen in the 50 survivors of Croup 1. Cn the other hand, the 23 survivors
of Group 2 bore a total of 37 lunc tuwors (Table 20, Experiment 2). 1o
skin tu~ors were reported for any of the mice in Experirent 2.

4, Coal Tar Meutral 0il

Ko puran stuwies were found on coal tar neutrel cil. Tre following
three anirmal studies on coel tar rneutrzal oil are presentec chronolocically.

(1} Cabot et al.

Cabct et al. (1940) peinted elbino "market" mice with benzene sc-
lutions of various crecsote oil fractions tcgetner with benzola)ryrene.
The fractions of creosote were prepared frum a creosote oil cbteined from
a vertical-retort coal tar; 90% of the crecsote oil cistilled betvween
lsooh and 300°C (Fracticn 1), The basic cconstituents were first remcved
fram creosote with aguecus hydrochloric acic (Fracticon 1I); the phenols
were reroved with acueous sodium hydroxide (Fraction III). The rerain-
ing neutral raterial (Fraction IV) was steam cistilled, croducing “ngy—
tral distillate" or neutral oil (Fraction V), and leaving the "reutral
resicue " (Fraction VI). The six fracticns were dissolved in benzene cor—

tairirg either 0.2% cr 0.05% bernzc[alpyrene. These solutions were painted

on greucs ¢f 2C mice three tires weekly for 2C weeks. Thereafcer, the
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solutions containing 0.2% benzola)pyrene were applied twice-weekly for six
additional weeks. With the solutions containing 0.05% benzo[a)pyrene, the
the painting was continuved three times per week for an additional 18 weeks.
when a papillama appeared, painting was continued until the skin growth
attained an average diameter of about 4 millimeters. Control groups were
painted with benzene solutions containing either 0.2% or 0.05% benzo(a)
pyrene. No untreated controls were used.

Skin tumors occurred socner and with greater incidence in animals
tested with the high benzpyrene concentration than with the low concenr
tration treatments. Four of the fractions had lower rates of tumwr for-
mation than the rates produced by benzola]lpvrene alcne. These four frac-
tions were the parent crecsote mixture, the phenolic fraction, the concen-
trated neutral distillate, and the neutral residue. The authors attributed
the inhibitory effect of all but the phenclic fracticn to skin danege, but
suggested further experiments on the inhibition mechanism of poenolic
fractions, Of the two pramoting fractions, only the basic fraction nad an
enhancing effect at both benzofa)pyrene concentrations.

(2) Berenblum and Scheental

Berenblum and Schoental (1947) extracted a horizontal-retort gas
1/
tar with light petroleum, then removed basic and acidic constituents by

shaking with dilute HCl followed by dilute NaCH. The remaining neutral

1/ Although gas tar is made fram ccal, it is scmewhat different fram bi-
tuminous coking operation coal tar which is used for pesticide produc-
tion in the United States. The Working Group, however, Gecided that
the physical and chemical characteristics of the two are similar enough
to make the results of this study relevant,
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fraction was chromatographed and five coal tar neutral oil fractiors
were separated:
I. All bands up to and including anthracene
II. After anthracene, before benzolalpyrene
III. Benzolalpyrene bands
IV, Fluorescence bands 351, 412, ard 43C .
V. Fluorescence bands at 38% mu, and residue
The fractions were tested dermally on groups of 10 mice and 5 rat-
bits, for perioés cf 17-26 weeks, and were applied-cnce a wee¥ on nice
ané twice a weex oOn rabbits. 1w untreated ccntrols were used. Fracticn
IT was onccgenic to rabbits (5/5), but nct to mice (C/1l), Fracticns II1
and IV were oncogenic to both rabbits (5/5 and 4/5, respectively) ard mice
(7710 and -3/10, respectively). Fraction V éid not produce tumors in rice
- or rabbits. The results cf Fraction I were not reportec. icne of tre
crystals obtained from any of the fracticns were onccgenic to riée or
rabbits, which suggested that the concogenicity of the fracticn remained
in the mcther licuor.
(3) Eorten
As discussed earlier, Horton (196i) evaluated the carcinocgenic to-
tential of coal tar and several ccal tar fractions including coal tar
neutral oil. In separating the coal tar fracticns, cozl tar acié was.ex-
tracted with a 9% agueous solution of socium hydroxice fram filtered oen—
zene solutions of two different coal tars. The raffinates fram this so~
diun hvcroxicde extractiorn of the tars were mixed with celite, agitated
with concentratec HCl, arnd then filterec. The tar bases remained on the

celite as solid hydrochlerides. The tar fractions from which the acids
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anc bases had been removed were subjected to repeated contact with na-
leic anhydride in benzene soluticn at 60°C to extract the neutral an-
thracene~-type of hycdrocarbons (the nectral oils). The adducts foomed
with maleic anhydride were mixed with powdered soca-lirme, andé the neu-
tral oil was regenerated by short path distillation at a dull red¢ heat
at atncspheric pressure. The remaining residue after extraction of the
tar acids, the tar kases, and the neutral oil hycrocarbons was called

the residual tar. The tar acids and the tar bases were dissolved in ber—
zene at a concentration ecuivalent to their concentrations in the crigi-
nal ccal tar. The maleic anhydrice fraction (the neutral oil) was tested
in a lt soluticn of benzene. The residual crude tars were tested at 100
concentration; in addition, one of the crude tars was tested at a 50% ccm-
centraticn in benzene.

Tenrmg coses of the two coal tars ana the dilutec ccal tar were
demrally apolied twice-weekly to rouse skin (the nurber and strain of
gxice tested was not stated), anc 10—@ coses of the fracticns anc re=
sidual tars were applied three times per week. lo untreated controls
were used. The time of the tumor appearance was noted, and the relative
carcincgenic potency of the different test substances was calculated on
the basis cf differences in time-to-tunor., This index was referred ¢
as the potency for a minimun concentraticn of material (PtC). A high
PiC value means a greater carcinogenic potency. Skin tuwors appeared
most cuickly fran the residual and cruce tars: 24.8 anc 23.6 weeits ard
1B.4 and 13.4 weeks from their respective residual tars. o turors were

reported fram the acidic fractions of either tar. The kasic fractions
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of the two tars produced tumors in 48.6 and 40.6 weeks, respectively, and
the coal tar neutral oils (maleic anhydride extracts) fram the two tars
produced tumors in 34.1 and 32.1 weeks. The PMC values indicated that
the residual ard crude tars were most carcincgenic, with calculated values
of 0.14 and 0.22 for the residual tars and 0.13 ard 0.14 for the crude
tars, PMC values for the ccal tar neutral oils were 0,05 and 0.06; the
PMC values fof the basic fractions were 0,03 and 0.04. Since no tumors
were produced by the acidic fractions, PMC values were not calculated.
5. Conclusion
a. Coal Tar

Shambaugh (1935), Mauro (1951), and Rosmanith (1953) reported on
fishermen and net loft workers, tar distillery workers, and a tar worker,
respectively, who had been occupationally exposed to coal tar and who had
develcped skin cancer. In animal studies, dermal application of coal tar
produced skin tumors with mice [Horton (1961), Shabad et al. (1971),
Watscn and Mellanby {(1930), Tsuitsui (1818), Hueper ard Payne (1960),
Deelman (1962), Bonser and Manch (1932), Gorski (1959), and Kennaway
(1925)], and rabbits [Yamagiwa and Ichikawa (1915)]. Inhalation exposure
to ccal tarr produced lung tumors in mice [Horton (1961), MacEwen et al.
(1976), Horton et al. (1963), and Tye and Stemmer (1967)], and rats)MacD«zen
et al. (1976)]. Exposure of mice to coal tar aercsol also produced. skin
tumors (McConnel and Specht, 1973; and Macbwen et al, 1976).

Borton (1961) found a dose response for skin tumors in mice follow-

ing demal application of coal tar. McConnell and Specht (1973) and
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liacEwen and Vernct (1976) fourd & dese resicnse for skin turors in ICR-CFl
rmice following inhalation exposure to ccal tar aercsol. horton (1S6l1)

anc ricConnell anc Specnt (1973) also found thiat the time~to-tuTCr was Cose—
related,

The lorking Croup concluces that coal tar procuced tumors in thiree
species of animals: mice, rats, and racbits; that tumcr respcnse anc tine-
to-turor in the Horton (1561), McCornell and Specht (1973), and lactwen
arc Vernct (1976) studies were cdcse-related; and thzat workers occupaticn
ally exposed to coal tar develcped turors. The icrking Group thus cone
cludes that coal tar is an cncogen arxi that it exceeds the criteria of 4C
CFR 162.11(a)(3)(ii)(A). &cccrdingly, the Acency is issuing a rebuttaile
Eresurption acainst all pesticices ccntaining coel tar.

b. Creosote

Kenry (1947), Lenson (1556), C'onovan (1820), Cocksen (1924), and
Mackenzie (185¢) described vericus xinds cf workers who were coccupeticr—
ally exposed to crecsote and cevelcped skin turors. LDermal egplicaticn
of creosote pr;'oduced skin tuwrors in mice [Vicodhouse (1930), Foel arc
Rarmer (1957), Lijinsky et al. (155v), EBcutwell arc Lesch (165¢), ax
Roe et al. (1958)]. Roe et al. (1938) also found that cerral applicaticn
of creosote to rice produced lung turers. [outvell anc Dosch (1950)
found that crecsote had the ability to initiate tuncr formation whnen g~
plie¢ for a limited perice prior to treatrent with croton cil., Szll and
Shear (1940) found that the num r cf sxin tuors was increased oy der—
mel treatient with crecscte ard benzclz]lpyrene cver the number cf tirors

srocuced by berzelalpyrere cr crecscte &lcne. The lLorkiny Grwer ccrm
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cludes that crecsote rrcduces tunors in mice; thiat creosote, when aprlied
gerrally, is 2 tumor-initizsting agent when followed by cemmal treatment
with croton oil (Boutwell anG Boasch, 1958); that crecsote accelerates the
twor producticn causeé by benzola]zyrene (Sall and Shear, 1940); ard
that workers occupstionally exposed to crecscote develcped tucrs. The
Working Croup concludes that crecsote is an cncogen and exceeds the cri=-
teria of 4C CFR 162.11 (a)(3)(ii)(a). Accordingly, the agency is issuing
a rebuttable presurption acainst all pesticides ccntainim ccal tar.

c.  Ccal Tar Neutral Cil

Borton (1961) found that cderral applicaticn of ccel tar reutral
oil to mice procuced skin tunors. Berentlun ard Scheenthizl (1947) founc
that severzl chraratcgraphic fractions of ccal tar neutral cil produced
skin tumors when cermally ecplied to mice. Cabot et al. (1540) found
that nixtures of coal tar neutral cil with benzola]pyrene decreased the
number of tumors procducec by benzolalgyrene alene, but suggested that
this inhibiting effect was due to skin carage. The Working Group cén-
cleces that coal tar neutral oil produces tuners in mice, and that as éan
onceogen, it exceeds the criteria cf 4G CFﬁ 162.11(a3){3)(1i)(A). mccore-
ingly, the Agency is issuing a rebuttable presuroticn egainst all resti-
¢ides containing coal tar neutral oil.

B. Iutagenicity ‘ -

40 CFR 162.11(2)(3)(ii)(A) provides that "a rebutteble presurtion
shall arise if a pesticide's ingrecient(s), netabolite(s), or degradation
precuct(s) ... incuces mutagenic effects, as cetenninec by mulititest evi-

dence."
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In detemmining that this criteria was exceeded, the Working Group
considered reports by Simmon and Poole (1978) and Mitchell ard Tajiri
(1978) who examined a crecsote mixture of American Wood Preservers' Asso-
ciation (AWPA) specification P-1 amd a coal tar-crecsote mixture of ZWPA
specification P-2, Class C. The AMWPA specifications for P-1 and P-2,
Class C, are found in Appendices A and B. P-1 crecsote is used for founda-
tion piles, fresh—water piles, telephone poles, utility poles, fence posts,
ané cother land amd fresh—water uses. Class C P-2 coal tar-crecosote is
used primarily for railroad ties (Gibb, 1878c). 1In vitro microbiclogical

assays with four strains of Salmonella typhimurium, TA 1535, TA 1537, TA

98, and TA 100, and Escherichia coli WP2 (Simmon and Poole, 1978) and in

vitro mammalian cell biocassays with L5178Y mouse lymphcma cells (Mitchell
and Tajiri, 1978) were conducted on both of the ccal gércreosote mixtures.

1. Simmon and Poole

Simmon and Poole (1978) conducted in vitro microbiological mutagenic

assays on P-1 ard P-2 using Salmonella tvohimurium and Escherichia coli

strains. These microbiolcogical assays were conducted both with and without
metabolic activation. Metabolic activation was provided by use of an Aro-
chlor 1254-stimulated rat liver hamogenate. Metabolic activation provides
metabolic steps that the bacteria either are incapable of conducting or

do not carzjz out under the assay conditions.

The Salmonella strains used were all histidine auxotrophs. They
included: Strains TA 1537 and TAS8 which are sensitive to frameshift mu-
taticns, TA 1535 which is sensitive to base-pair substitutions, and TA 100
which is sensitive to base-pair substitutions and same frameshift mutations.

The E. coli WP2 strain is a tryptorhan auxotrcch ard is sersitive to base-
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pair substitutions, The results of the mutagen tests on Fl and }2 are
founc in Table 21.

Excert at the higher doses which were tcxic, crecscte Pl ani coal
tar-crecsote P2, Class C, when metabolically activated, deronstratec a
mutxjenic dose-response anc a doubling over the background level in the

bacterial assay with Salmonella typhirurium strains TA 1537, Ta 98, and

TA 10C. S. tyrhirurium strain TA 1535 and E. coli strain WF2 Gié not
denonstrate a positive mutegenic fespcnse with retabolic activaticn.

ivone of the strzins cercnstrated & positive response without activation.
The fact that a rutagenic dese~response was feund in the Th 1537, 72 St,
and TR 100 S. tyrhiruriun strains indicates that the rutagenic moce of
acticn cf the crecsote and the crecsote-coal tar nixture is by frerestifc

mutation.

2. Mitchell and Tajiri

Mitchell and Tajiri (1578) testecC crecscte of AFA specificaticn
Pl ané a coal tar—-crecsote mixture of N+PA specification P2, Class ¢, fcr
rutagenic activity on an in vitro marmalian mutadenesis assay using L517€Y
mouse lyrphana cells heterozygous at the thymidine kinace (Tr) locus. The
purpose of the test was to determine the effects of -the Pl and P2 nixture
on the forward rutaticn freguency of the TX locus, =" /T, tele
tive to the background level, Similar to the micrcbial assay descrited
above, the mouse lyrphama study was conducted both with and without neta-
bolic activaticon using an nrochlor 1254 stirulated rat liver herccenate

nixture.

The mouse lvrthae cells were crown in suspension culture, The
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TRELE 21

IN VITRO ASSAYS SALMCOLELLA TYPHIFURIMN AND ESCHERICEIA COLI
(Siren and Foole, 1978)

Anount of

Sarple Average liumber of Revertants Per Plate
Metabelic Added Per S. typhinurium E. ccli

Sarple Activaticn Plate (uva) TAL335  TA1537 7Tass  7TALOU \wP2

1 .
Necative Ccntrol - 25 B8 27 136 47
+ 17 B 41 154 42
Positive Ccntrol
S-Aminocacricine - 160 - 671
Z=Anthremine + 2,5 179 1627 1211

+ 10 542*

Creoscte Pl - 5* 28 6 17 142 39
- 10 32 6 28 132 35

- S0 37 5 25 123 4z

- 1c0 4 7 18 137 34

- 250* 25 4 16 75 3S

- 50C T 4 16 T 37

- 1CCOo* 7 BLY) 26

- S000* T T

+ 5* 12 11 52 212 45

+ 10 20 14 60 215 49

+ 50 19 22 119 304 48

+ 100 17 30 125 330 40

+ 250* 26 52 149 <4l 47

+ 500 12 50 i72 156 58

+ 1000* T 31 4 T 44

-+ 5000* 7 T T

* Indicates the results of just one experiment. All other cata are the average of
two assavs conducted on separate days.

T = Toxic
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TRELE 21
({continued)

IN VITRO ASSAYS SAILMONELLA TYPEIMURIUM AND ESCHERICHIA COLI
(Sirmmon and Poole, 1978)

Amnount of
, Sample Average lumber of Revertants Per Plate
Metabolic Added Per S. tvohimuriunm E. coli
Sarple Activation Plate (ug) TAL1535 TAlS37 TAS8 TA100 wP2
Coal tar—Crecsote - 5* 31 4 31 106 37
P2, Class C - 10 22 6 23 128 35
- 50 28 3 23 119 45
- 100 28 7 17 122 40
- 250 21 6 15 70 43
- 500 21 3 15 55 40
- 1000 11 4 14 T 27
- 5000 T T T T
+ 5* 10 38l 43 185 55
+ 10 16 23 62 186 6l
+ 50 15 26 - 95 293 62
+ 100 20 37 147 347 49
+ 250 16 41 183 65 72
+ 500 15 58 163 196 59
+ 10C0 8 40 145 T 42
+ 50600 T T 7 T

* Incdicates the results of just one experiment. All other cata are the average of
two assays conducted on separate cays.

T = Toxic
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Pl em! P mixtures were cissclved in éirethylisulfexide (U L0) amx. weve
&ldec to the cell cultures in varying test ccrcentrzticns. & solver:

~

contrel usink. 1t LISC and @ nositive centrol usirg either airetry-lnitre-

was

samine (Li15) (1in the cresence cf retatolic activaticn) or ethyl met.are
sulfonate (ES) (in the asence of retaiclic activation) were alst testecd,
The cells were plated (dusnlicates of esch ex;osure ccncertraticn, tie scl-
vent ccntrel, and the rositive centrol vere run) on a selective mediun
centaining trifluorcthyricire. The mutzted cells gra oa the rediusT; the
celle wiiich had rct mutated Cid net crow,

futaticn frecuency was cazlovlated es the ratic of the nurier of -
tant cells to survivirmg cells at ezci concentraticn of test craiiczl. Tie
rean itutation frecuency of the negative centrel samples wes sultractes
fran the mutation {recuency ¢ eact trezted sarnliz te cive irkiucse @ute-

ticn Ifrecuencies. 3 reletive total cruvth vas Jeternired for the contrels
and for ezch test cencantration. The reletive =otel gronth is an exgres-
sicn of cell grovtl. in relation to tiie necative control ad is espressed
as a percentege (Tables 22 throucr 25).

Crecsote rl ard ccal ter-crecsote P2 [.a¢ similar but net llentical

effects on the fonmarc riutaticon frecuency at the Til locus of LS175Y cells
Loth with and witheut induced retezbolic activation., In the presence «f.
the Arcchlor 1254-induced iretacolic zctiveticrn, a deose related inclrezse
in rwutation frecuencies above the spentanecus frecuency was ectablished
for beth Pl and P2, for Fl without tetabolic ectiveticn, tig ady coer—

centration that vielded & rutsticn frec;uf.—‘.nc; gisnificantly accve t.e
-2

suentarecus frecrency was CL,00 x 10 &, ixnever, tie relative total

{20)
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TAELE 22

LOUSE LY PHGHA FCRAID MUTATICN ASSAY OF CRILSOLE PL Il THE AESE.CE CF

LWLCCED NEZAECLIC ACTIVATION  (Mlitchell anc Tejiri, 1578)

Calculatec Incuced

Cencentration Relative Tctal lutaticn 6 lptation 6

(cercent v:v) Crowth (%) Frecvencv (x 10 ) Frecuency (x 10 )
Sclvert Control 106.4 40 _—
(1% DNSC) 6G.2 66 -
Pcsitive Ceontrel 37.2 573 520
(500 ug/rl DS) 52.1 663 616
0.58C x 1072 0.15 o 233
_ 0.03 422 417
0.686 x 1072 36.86 57 4
20.3 82 25
0.480 x 1072 71.4 6G 7
55.3 55 2
0.336 x 1072 78.3 79 26
76.5 77 24
0.235 x 1072 68.2 47 c

=2
0.165 x 1¢°° 68.3 7 1t
75.6 75 2
C.115 x 1072 138.9 5¢ 1 -

64,1 62 3
0.081 x 10~° 85.1 68 15
71.5 56 3

(cl)
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TARLE 23

MCUSE LYTIPECHA FUKWARD MUTATICH ASSAY CF CGRAUSOTE Pl IN TrE PRESECE CF
1/
ILCUCED METALCLIC ACTIVALIC. (ritchiell anc Tajiri, 157¢)

Cazlculatec Incuced

Ccncentraticn kelative Total sutetion 6 rutetion ©

{percent v:iv) Crowth (%) rrecuencv (x 10 ) Frecuency (x 10 )
Solvent Control 7.4 101 -_—
{1 :8C) 102.6 5S4 —
Positive Contrel 6.3 . &4s 3=
(100 ug/rl OMW) 1.8 242 164
3.00 x 1070 0.8 459 361
1.0 398 31
2.40 x 107 3.9 318 221
4.4 305 207
1.92 x 107 5.9 213 115
12.9 222 124
1.54 x 1077 23.0 167 %
21.3 183 &7
1.23 x 1073 36.7 120 52
43.3 140 &2
0.98 x 1075 42.8 169 7
43.1 174 76

6.79 x 1073 62.7 151 53 -
74.5 141 €3
C.63 x 1073 84.3 120 23
77.5 128 3U




TLELE 24

MCUSE LY PHOMA FCRARD MUTATICL ASSAY OF TAR-CRECSUTE P2 I Ihi 2ESZNCE CF

INDUCED METAECLIC ACTIVATICH (Mitchell and Tajiri, 1978)

Calculztec Irncuces

Concentration Pelative Total Mutation 6 tutation 6

(vercent viv) Growth (%) Frecvency (x 10 ) Frecuencv (x 10 )
Solvent Contrel 108.4 50 —
(1% DSC) 9.2 66 —_
Positive Contrel 37.2 573 233
(500 ug/ml E15) 52.1 663 417
0.980 x 1072 6.02 233 oy
6.0l — —
0.686 x 107< 1.6 143 oC
32.9 175 12
0.480 x 1072 57.7 57 34
63.2 79 26
€.336 x 107% 75.5 — -
7.7 63 12
6.235 x 1072 85.5 53 5
G.165 x 107° - — -
€6.3 93 40

G.115 x 152 65.7 59 6
67.5 61 g
0.081 x 1072 55. 4 74 21
5.8 52 0

(83)



TAELDZ 25

MCUSE LYMPHECHMA PORWARD FUTATICI. ASSAY OF CLAL TAR-CRECSCIE P2 I THE PRESLICE CF
l/"
INDUCED MITABCLIC ACTIVATION (iiitchell and Tajiri, 1978)

Calculated Induced

Concentration Relative Total Mutaticn ) Mutation 6
{percent viv) Growth (%) Frecuencv (x 10 ) Frecuencyv {x 10 )
)

Solvent Control 97.4 1C1 -—
(1% DMSC) 102.6 94 -
Positive Control 6.2 $45 347
(100 ug/ml Ct2l) 10.8 282 154
3.00 x 1073 2.8 356 w9
1.5 375 273
2.40 x 1073 7.0 %9 172
5.8 338 240
1.92 x 1073 14.4 264 106
16.1 236 139
1.54 x 1070 35,0 134 37
36.7 19C 52
1.23 x 1073 35,0 140 43
36.3 147 45
.88 x 1072 50,7 177 86
56.9 152 55

.79 x 107 38.9 153 5% .
77.8 17 26
0.63 x 107° 73.7 123 26
75.9 12 2

1/ arochlor 1254-induced rat liver 5-9, batch Ik-ll.

(Ba)



growth was below 1%, For ccel tar-crecsote P2 withcut retawclic ective-
-2 -2

ticn, t.o concentraticns, 0,986 x 10 $§ and 0.686 x 10 $, yielded & Lute-

tion frequency significantly above the spontanecus freguency. again, the
-2 _
relative total growth value at 0.98 x 10 § was belaw 1% survival. At
-

Ly

0.626 x 10 % the relative total growth value was approxirmately 35%,
3. Conclusion

Sinron and Poole (1978) found thet fellowing rmetaibolic activation

g

by Arochlor 1254=-stimulated rat liver homogenate beth the crecscte El
the caal tar-crecscote P2, Class C, produced a nuitacenic wcse-resiciise anc

a coubling above backgroundé rutation rate with Sali.cnellzs t,thimurius

- strains TA 1337, TA Y8, anc TA 1C0. Ilitchell and Tajiri (1976) found that,
following metacolic activation by Arccnlor 1234-stinmulzted ret liver nac-
genate, crecsote Pl arx. ccal tar-crecsote P2, Class C, increzsed the nu-
ter of forward rutaticns at the thymicine kinase locus of L317tY rcouse
lyrphama cells in a dese-related manmer. The Wicrking Grour concluced that

Pl arxd F2, Class C, caused mutaticns in Selrcrella tvil.irwuriuw. strains

TA 1537, TA 98, and TA 100, and in L517€Y rcuse lyii.naua cells. The vork-
ing Group, therefore, concluded that Pl anc P2 are nutagenic in & multi-
test system anc exceed the criteria of 40 CFR 182.11(a)(3)(ii){A). Accorc-
ingly, the Agency is issuing a retuttakble rresuption against crecsote
and coal tar-crecsote mixtures.
C. Exposure |

Although 4C CFR 162.11(&)(3)(i1){A)} dees nct require thiat exposure

be demonstrated in order tc presume egainst a pesticide on the casis cof

oncocenicity or on the basis cf mutagenicity in a rultitest systen, a

(85)


https://again.st
https://lyr.pr.cr
https://s;;:cntaneo:.is

discussicn Cf expcsure tc coLl tar, crecscte, ane coal ter reutiel oil
ic ircluced for camicent Uy interestec erscrs.  Tha w.oriiing Crog,. oo
siserec tliree areas oI ex;Leure to tiese sulstences = lustrizl o

treatient, feod residue, and ussyr expOsLre.

1. Incustricl if.ood Treebrent

&, Generel
The Sest Lmportant fuincr teltikd of zpplicaticn is tiemiel treat-
DEnt in which wef ie Lirersel in Guel trowiis fillsc witn it cricscis
follxvec bty intraduction Cf relativell culd crecescte. Te LCriliryg Cred:
is ret avare of any infcraticn on hilsure tO Crecsvte Ira. themal
treaTent. Lne e nlicaticn ©f cver YUh Ol all CCal Lar=Ccr=CcsCte Jlli-

s £.n PR = =4 ia s - yrmcary —_—r = : U
wres for weol preservation 1s Ly LrsfSuse treaT.elt (H.eYICan Lol rre

f‘Y

rvere' Institute, 1877).

@

The pressure trestrent systel 18 & Cics

in
L3ed
tn
[}
{t
nl
&
1!
i
2l
[1¥
, a
n

(2

WOERer contect wWit the livuld Crecscie or el tar

nc neec fcor direc
pricr te its iLnprscneticn intec e v, Whe Teterial arvives o tulcl
or reil anc is wmmiec Into & iclding tari whete it is welohs=c. I SUic

ateriel is a crecsotesceel tar sclution ol erticulsr trele

"
"
I
(7]
[
-,
'4
]

caticns, tite solution is grenixed at tiie prooucticrn Zzcility sc tiat

rc wixirg or manual trensizr crerations are ra lired ot tie West cntt
i-lant., The treatrent itself invelves pressirizaticen L. eirtight cha-
ters. 1k uerkers are lirely to Le enposce fra. tuxe treetient ¢ liiuers
Luriny the actusl treztient LPOTESS, NCL &€ WOLLEXS LLi®r tian wWedtils
LOT. CLeratilT IwnUired to we in we Lasdicte vicinity ¢f the calia
et tnls tire, The treaTrent Cleratoy is res.ersitle Zor the retsyin

Ses, ;b eve o I = v S —ve Sy
NG IntrouuCtisn ©L Cléw Tel/Crutsiae Lt TiT Ly AATLUNE,. el S0



tion is performed in a control house near tie charbers. In older facili-
ties leakage of coal tar and crecsote from old pipes and fittings ray re-
sult in relatively high irralation exposure to the treatrent operasors.
Treatment tine varies but ranges fram about six to seven hours for each
change of material. Following treatment, a vacuum is generzlly arrlied
to withdraw excess preservative, After the excess is withdrawn, the
chamber door is cracked cren by a doorman. While still under vacuus,
prior to witncrawal of the tram cars lLolfing the treated wood, the door
remains cracked open for approximately 15 minutes. Trhe greatest ccoor-
tunity for inhalation exyxsure appears to cccur during the mechanical
withddirawal of the tram cars from the pressure charmker. The wooc—-lacen
tram ;::ars are linkec to an engine and withcérawn to & stcrave area where
the wooc remaing until shipeent to the buyer.

Coeal tar and creosote crippace occurs along the rail tracks leac-
ing frem the chamber. This driprace is collected in ditches alengsice
the tracks and is pumped to a collectinc pong alere with creoscts tiat

'has dripped fram the pressure chambers at the time the charge was rarcved.
Dike systems are employed arcund woed treatment plants to prevent runcif
of crecsote fram the plant ares. In at least one case, however, crecsote
was found to migrate from a treatrent plant into the ground water su;.:‘:oly
of & neighboring camunity. The plant has since been shut dom (littelman,
1973).

- Nor-rcoutine cperations such as cleaning of the treatlent c.anber

may occur severzl tirmes yearly. Wworkers in such ocerations are crovicecd

with suitable respirztors and rrotective clothing.



b. Inhalaticn Expcesure

On February 24-25, 1976, representatives of the haticnal Institute

of Occupaticnal Safety anc Heelth (NICSH) [U.S. Lepartrent cf ieelti:,

Edoecation, and t.elfare (USCHEW), 1977] and of Koppers Caxpany (Siaith,

1977) performmed two separate air monitoring surveys at a Reppers Campany

wood preservation gplant in Little Rock, Arkansas, Ailr sarples were col-

lected using lapel sanpling purps and analyzed for polycylic particulate

orcanic matter (PECH) by the NICSH gravimetric rethod (LJICSE, 1977). The

Y

results cf the twe studies are presented in Teble 26 anc Teble 27.

Roppers Cageny also perfomed an air ronitoring survey in July,

1977 (v.ekb, 1977) at the sare Little Rock, arkansas plant sanplec Ly nOppers

i/

Tre lapel air sawling punps ccllected the PPQY cn a silver nerbrane—
glass fiber filter wnich was helG in place vy a cellulcse pad, Follow-
irg collecticn of the eir sarple, LICShH (USLLELi, 1S577) cesortec tie fil-
ter arnc the cellulose pad with cychlonexane. Ey contrast, Hoprers
(viilliams, 1S77) (Table 27) desortec thie filters, but not the cellulose
rads, with benzene., The cyclchexane soluticn, Cr tne Lenzene scliuticn
in the case of the Kcppers' analyses, vias placed in a teflen cup and

the benzene cr the cyclchexare wag evaporated Ly placing the cup in a2
vacuum oven for thiree nours at 40 C. The weight of tiie ra&ainig re
terial was the cyclonexane or tenzene scluble material. The concentra~
tion of mg/r” was determined by dividing the weight of the cycle-
hexane cr lbenzene solucle rnaterial oy the volue of air sarplec. The
results of the NICSE analysis were generally higher tran those of
Koppers'. NICSh, however, as stated above, desorbec the cellulose raa
as well as the filter with cyclchexane, while Koppers desclved cply the
filter. Analysis of two blanx cellulose pads for PRG1 by IIICCE procucec
results of 115 ané 120 vg/filter. lo adjustent in the LILSH report wes
race for the blank cellulcse pads, 70 adjust for the blank samples,
117.5 ug/filter (the average of 115 and 120 wy/filter) was subtracted
fran the ug/filter reported for the NICSH test sanples by an £FA chendst
for the purpose of rresenting the table of results in this cocu.ent.
l.here no results are repcrtec for the "uy/filter™ in Teble 25, the ug/
filter of the blank sanple was higher then the test sarile,

(8¢€)
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TABLE 26

RESULAS CF 1S70 NICShH MCWITORING STULDY AT KCOPPERS
QCMPANY (OO0 TREATMENT FLANT 1INV LITTLE ROCh, ARIALLSAS
(U.S. Demartment of Health, Educaticn, and Welfare, 1977)

Z 3/

Concentration Code cof

1/ Air Volure In worker

Tescrivticn (Cate) ug/filter Sampled () Alr (rg/m ) or Site
Treating Cperator (2/24) 32.5 C.49 C.C7 Si=0
Locrman (2/24) - ' 6.53 - Ki=7
Treating Operater (2/295) 62.5 G.49 0.13 Sm~=11
Doorman (2/23) - G.51 - S=12
Locarctive Operater (2/24) 12.5 0.49 v.03 Si-8
Locotive Cperator (2/25) £2.5 0.56 0.C9 S=15
locaxtive Switchman (2/24) - 0.73 - Si=5
Loceriotive Switchman (2/24) - 0.57 - S:=10
Lecanotive Switchrman (2/25) 137.5 0.50 0.28 =13
Locarctive Switchman (2/25) 42.5 0.50 c.ce -1
Treating Areaﬁ/ 52.5 0.44 0.12 S=16

This is the total amount reasured on the filters mirnus the JIount reasured
on the cellulose control Llanii.

This is the concentration in the air of cyclchexane soluble polycvlic
particulate orcanic material,

This code was given to each worker or site sampled. The same ccces vere
used by Koprers Company in their sampling. See Tacle 27 for & compsrison
of tne results.

This is a stationary arez sample. The cther serples were collected Iram
label samzling puits.
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''ABLL 27

KESULTS OF 1976 KOPPERS' MOMI'TURING STUDY AT KOPPERS CQUMPANY

100D TRENIMENTE PLANT IN LITTLE ROCK, ARKANSAS (Smith, 1977)

1/ Code of

Concentration Worker
Description (bate) In Air (ny/ml) or Site
Treating Operator (2/24) 0.10 -6
Locomotive Switchman (2/24) 0.07 21-9
Locanotive Switcluan (2/24) 0.07 S-10

Locawotive Switchman (2/25) 0.07 =15

1/ his is te concentration in the air of benzene soluble poly-
cyclic particulate organic material.

(90)



TABLE 28

RESULTS CF 1977 KCPPERS CCiPAY MCIITORING

1/

STUDY AT LITULE ROCK, ARKAISAS (Webb, 1977)

Cescription
Doorman

Docrman

Treating Operator
Treating Operator
Switchman
Switchman |
Switchman
Locanotive Cperator
Locanotive Cperator
Borinc Cperation

Area Clean Up

Concentration I

2/
r. Alr (mg/msl

0.02

3/

0.07
0.05
0.01
0.03
0.02
< 0.01
0.05
0.01
0.04

0.02

1/ The weather condit%ons during the study were the fcllowing:

temrerature, 72-83

30.00 inches Hg; and wirds fram the north at 5 rxh.

2/ This is the concentraticn in the air of benzene scoluble materiel.

F; relative huridity, 74-381%; baroretric pressure,

il

3/ This coorman's exposure may have been higher because of his reccverirg
a tram inside the cylinder following a break of the tram tow cable.
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Canany ard LICSL in July 1970 are usimg tite 1ICSE Gravi<tric teclnicue

vsed in the first looiers' study. The results of tie 1D77 stuey are re=
TOrted in Tazle 2¢t.
The 1270 arc 1977 Honiers' stucies fourd & range of < (.01 tc
3
0.10 m¢/m  Lenzene soluble material concentration in tise air arcunc tie
Little Fock woxd t:eg;c:-ent plant. The 1976 {JICSH study feund a range
cf V.03 tc 0.2u me/m cyclchexane sclubls nateriel in tie alr arcunc the

Little Iogh lant. 10 correlation appjears tC e evicent Letween the $yie

<l werk serformed (e.¢. treating cgerator, lecuctive seitcloan, coomar.,

etc.) = tie acunt cf air exposure.

There are severel limitaticne to the rethce of collecticn &3 loved

oy LICSH. f& steted, the method ¢f znalysis used is & jravitetric ed.oc

!

anc reasures ordy the tenzene cr cyclichexane soluble frecticn cf cclyoy-

- -

p

clic particuliate onanic ratter in eir sarples. Thus, .va-;:cr yhase peli-
nuclear aromatic (FI&) f;‘_.'orxarl;cns WTulc ¢C unccliectec. rlsc, tie
graviretric nethod useuw has net teen fully evalustes Ze¥ srecisiocn cx
accuracy ncr has the solvent syster teeh frouerly assessec Icr =xtrac-

tion efficisncy. fneother liniitaticrn te this netico of analysis is its

nonsrecificity, i.e., tle organic raterial weighec ray inciuce innccicus
-

as 211 as carcinogenic raterizls,

c. Lermal Exncsure

is ;er-

cr

kanclinc of the trezted wood &t & gressure trectient plzan
formed either Techanically Or witi metal utersils so that direct Gewnal
exuzcsure is ninimzl., Sore dewal elcsurs does ocouy, nCwever, &3 evi-
cenced Ly rerts cf skin sensitizaticn are fumns, cenjunciivitis, amo

" §9°9-% = =g - & ey 4 oy v o YL e AT [P
ev2 irritaticn of ucrkers in ressure trezt.ent tdante (sc.illizn, 187¢;.
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2. Residuces in Foed

Creosoie, coal ter, and coal tar raef_t‘zrgi oil are not arplied to
focd crops. Same evidence exists, however, that creosote or Creosote-
coal tar mixtures may leach out of marine pilings and contaminate marine
life in the near vicinity and that this marine life may be eaten by
humans or move through the food chain.

unn ané Stich (1975, 1976a, 1976b) ronitored mussel benzolal-
pyrene contaminatior, and 2itko (1875) nenitcored various acuatic fauna
for pyrene equivalents. Lunn and Stich (1975) found that mussels taken
fram a2 relatively pollution=free locaticn containec higher tenzolal-
cyrene .levels (49 + 5.8 ppo) when near crecsoted pilings than when dis~
tant frem the pilings (2.1 + C.3 ppb)‘. Analyses for tre Bla]P was per—
perforﬁued by thin layer chromatography (TLC) and fluorescent emission
spectra, While 11C technigues have, for the rcst tert, been supersedes
by hich pressure licuid chramatograchy (HPLC) and gas chramatograchy
(GC) rethods offering greater secaration from rotential interferences
and greater sensitivity, the dat2 generated is valicd anc cdeserves greater
investigation. Although it was not conclusively demonstrated that crec—
sote was the source of the Bla]P contamination, it ‘s not unlikely that
crecsote constituents may migrate fran wood ‘over time if cnly by purely
mechanical means such as abrasion or swelling of the woad. The extent
of this migration is unknown, but the data providec by Dunn and Stich
(1975) must be considered in the absence of better—developed data.

The Working Group concluded thet the extent of potential dietary

‘expesure due to shellfish is unknown, but is likely to be sm2ll. A

(83)
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total of 3.73 g/day of fresh, frozen, and camnecd shellfish was censured per
capita in the Unitec States in 1974 (USCa, 1974)., I1f it is assued that
shellfish taken fram sites near crecsoted pilings contain approximately 50
pro Bla)P (i.e. 50 ug/kg) (Dunn and Stich, 1975), then the maximum daily
intake of E[a]P would be 50 ug/kg x 3.73 g = 0.19 ug/person/day Bla]P.

This exposure would result only if all shellfish contained the }JIa]P com
tent Cetected by Dunn and Stich, an assurption without supporting data,

anc also assuning the cdata of Dunn an¢ Stich is rezresentative of all
shellfish near crecscted pilir.g;.

3. User Exzosure

a. Use of Treated wood

Schwartz (1Y42) reported that werkers exposed tc crecsoted flocrs
develcped erythematous, papular, and vesicular eruptions on their arnkies
cne to two weexs after beginning work. The redticide Episode Rerorting
System (PERS) (1976) reported a number of incidents in which workers
handling crecsote-treated woad sufferec adverse effects fram exposure to
the creosote (Appendix C). |

The working Group cencluded that exiosure from the handling cof
treated wood by workers such as railrcac wcrkers, utility pole workets,
and worxers installing pilings deservecd greater attention. Vwhen this
wcrk is cone in the summer, workers would prebably incur the greatest
potential exposure because of the inconvenience and discanfort of wear-

ing protective clethinc cdurine this tine of year.

(94)
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b. Manual Arplication of Ceal 'I‘ér, Crecsote, and Coal
Tar heutral Qil for Vicod Preservation

Birdwocd (1938) reported on the permanent damage to vision of
two gardeners who had gotten crecsote in their eves while treating
fences. Jonas (1943) reported that ilavy constructicn workers devel=-
oped skin anc eye irritation as a result of exposure to creosote while
applying the creoscte curing construction. The Pesticide Tpisode Re—
porting Syster: (1976) repcrted a murmber cf incidents ir which workers
applying crecsote suffered adverse effects from exrosure (Appendix D).

The Working Greup cencluded that applicatcrs who ranually errly
crecscte are exposed, but no infermation is available to cusntify this
exposure.,

¢. Apclication of Crecsote as an herbicide

The Pesticide Episode Reporting System reported two cases of burns
to applicators applying crecscte as an herbicice (&prendix E).

The VWorking Group concluded that exposure tc crecsote coes result
‘fram its application as an herbiciée. The Working Greup, however, is nct
aware of any information that is available to éuantify this expos;ire.

d. Other Uses

Coal tar neutral oil and crecsote are active ingredients of twe in-
secticices used on horse and mule wéunés {2 registrations), Coal tar neu-
tral oil ardd crecsote are both active ingredients of disinfectants for
water closets, outhcuses, garbage cans, animal areas, institutional preni-
ses, ard sickroon areas (agpreximately 57 registrations). Coal tar and
coal tar neutrzl oil are active ingredients in pesticide cips and shan~

pocs for dogs (approximately 7 registrations). Crecsote is an active

{55)
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ingrecient cf a jxsticice reaisterso for imite cm tick contrel in roultry
heuses, Coal tar neutral oil is an active ingrediient cf < resticice
registered for use on hog houses, steen beims, ¢oc kennels, anx bcrse ste-
tles (o reqgistrations).

Crecsote is an active inureciert 1. recistraticns fcr icrse rerel-
lent (1 rex;istratisn); & tree anc shru dressing (3 registreticrs), anc
an hercicide (2 registratiorns). Ccal tar is an active incredient in =z
crow repellent Zor seel ccrn (1 rec;istr;ticr:) erd a nuwan insect revel-

&n ective irgraiiert of

ot

]
-
n

lent (1 racistraticrn), C(oal ter nzutral

1
-

O

apiroxirately 16 roscuite larvicice recistreticns and 2 cunzv metl ler-

-

-~

vicide recistrzticns.

ic infcp aticn is evellable recarding tre retentizl eimesare Jdur-
ing arglicatiorn for the zbove uses., The uses invelving codl tar erc its
cerivatives ir animzl dips, washes or shamnecs ard tie use of ccal tar es

& human insect rerellent 2rrear rost likely to result in direct luzan

contact.

III, CTUER 2INTTSE ITFLCTS

A, Generel
The inferration in this secticnh relztes o cther adverse efiests
of crecscte. The l.crking Creup hias concliced that the resently aveil-
egkble information does not require issuence cf & rebuttable presur
against registratich cn tlese cffects. The jcency coes sclicit infowmo-
tion cn trese prciilsis, hovever, end reciuests tiat studiss Le Coriucten

wnere recessar.,
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B. Skin and Eve lrritation

The liorking Group reviewed severel reports indicating that creo~
scte is a potent skin and eve irritant.

Birdwoad (1Y35) reported on two garderers who got crecsote into
their eyes while creosoting fences. The two patients both carrlained
of blurred vision anc upon examinaticn were found to have maculae ureon
the cornea and keratitis of the cormea. Birdwood reportec that for oth
‘ratients the irmpairment of vision would te permanent..

As indicated trevicusly, the Pesticide Episode Reporting System
(1976) reported 33 cases of eye daiage, burns, cr dermatitis resultinc
fram crecsote ex;osure either fram treated wood or by application curinc
tre pericd August 1568 to April 1976 (Azcgendices C,L, and E).

Mciillan (1976) reportec on the accident nistory of 5U of tie ac-
proxirataly 175 pressure-treating rlants in the United States and Cansda
which use crecsote to treat woci. Mbaut 3,000 envlcoyees cut of apprcii-
rately 7,000 emcloyed in the irdustry were surveyed, OCOIf thcese surveyed,
230 were reported to be cdirectly expcsec to crecsote and fifteen huncdred
ervloyees were reported to pe either directly or irdirectly expcsed. The
Teport was vague on the period of time which the survey coverec. Crne ern-
ployer rerortec for e é-year pericé (1969-1973), one errlcyer repertec for
& l0-year period (1961-1971), and 5 emplovers' reports were termed "his-
torical." The tite period covered for the other 43 plants was not re—
portec. Alsc vecue in e report was the nunber of treathent plants which
doaurented cr did not cocurment the accicent history. Of these which were

docuented, 98 cases of chemical conjunctivitis anc 19 cases cf eye irri-
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tation were reported, 2t least one treatent plant reportec that eye
irritation was "occasional." Sixty cases of skin burns and two aller—
Gic reactions vere reported. At least one rlant reported that skin
burns were "infreguent."

Pfitzer et al. (1965) found that the instillaticn of 0.1 milli-
liter of crecsote into the eves cf rablits caused the conjunctive to be-
care slightly erythemetous. Examination of the exposed eyes 24 hcurs
folldim exposure showecd that slight redness cf the conjunctiva per-
sisted in two of the eves tested and the raainirg four exposec eves
were essenticlly free cf irritation. All of the exposed eyes were i{ree
of any arparent effects after seven days. Pfitzer et 2l. (1963) elso re—
ported that the contact of crecscte with the intact and abradec areas cf
the skin of the bellies cf rabbits fcr a maximum perioc of 24 hours rro-
duced rocerate erythema and ncderate to severe edera. The skin reac-
ticns remained relatively unchanged 72 hours following extesurs., after
14 davs, the exprosed areas revealed severe epicermal flaking.

Schwartz (1542) reported that wcrkers exposed to crecsote treated
floors develcped erythematous, papular, and vesiculer erupticns cn their
uncovered ankles cre to tx;o weeks after beginning wcrk.

Jonas (1943) treated 450 liavy construction workers (1/6 cf the
workers at a Ravy cap) for creosote burns, llie found that fair-skinned,
iight.-haired WOrkers were particﬁlarly affected by crecsote burns and
that the nurber of burns increased on sunny days. Seventy percent of the
burns were mild, while 3C% were rore severe and characterized by intense

burning, itching, and consicerable subsecuent piurentaticn followed Ly

(s¢)



desguamation. Fifteen percent of the 450 patients hac inflarmaticn cf the
conjunctiva, with mild cases being characterized by hyperennia of the ru-
cus rmembranes and rmore severe forms by vhotonhobia and 2 larce amount of
serous secretion. Three percent hac injuries to the cormee varying fram
small abresiorns to multiple larye ones. One-third of these cases develcped
permanent corneal scars leaving hazy vision. These injuries were caused
by flying chips of creosotec wocc.

C. Toxicitv to Livestock

The Workinc Group reviewed several reports indicating that crecscte
ray have been resgonsible for toxic effects and death in same livestcoci.
l. Banlon
Hanlcn (1938) rercrtec the less of four steers ané owo ocws fram
a lot of 94 heac of cattle fran what agpeared to e crecsote DOiscning.
The cattle were believed to heve licked electric light pcles wnich had
recentlyv been crecsotec. Syrptams in affected animals consisted of ex-
tremely rapic resciration and evicdence of burning cver the rmucocsa of the
mcuth, tongue and lips, which were white anc hardened. The pupiis were
contracted, the skin was cold, and the anirmals were in a caonatcse con=
éition. Feces were black in cclor and the affected anitals were agnar-
ently in agony. In the early staces they were reported to have evinsec':
great thirst. A steer in extremis was killed, and an autopsy carried
out irrediately. Intense inflammation and congestion was evident in
the whole gaétrointestinal tract.
2. Lander

Lander (1926) (cited in Hanlen, 1930 and harrison, 1959) repcrtec
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tle death of stock that had access to freshly treated railway ties. - Ee
stated that water may cissolve sufficient cresols fran crecsote-treated
sleeper ties to cause livestock poisoning.
3. Wanntorp

Vianntorp (1953) (citec in Rarrison, 1959) described several cases
in which calves and cows died or had to be slaughtered after licking creo—
soted woad or poles. He mentions also the possibility that lesses of
poultry following the treatrment .of fowl houses with carbolineur (& nich
beiling point tar oil) wmay have beer cue tc poisoning by ter cerivatives.

4. Luke

Luke (1954) reportec tle death of four pigs, the éus;ected cause cf
which was the ingestion of caal tar pitch fram the flocr cf their pren. The
floor was made cf ©0ld railway ties levelecd cff with pitch. Prior tc ceath,
the apretite of the pigs was very pocr and coughing was widesgread. Fost
morten examination of the pigs found rarked enlaryement of the liver and
several cther liver ananalies in all four cases. Also, the akdminal cavi-
ties contained varving guantities of blocdstained fluid, and there was an
excess of straw colered fluid in the rleural cavities. & pycgenic gpneuc—
nia was found in two carcasses, and in cne of these there was a well-rarked
pericarditis. The lungs were ncraal in two cases anc in one ci these a
marked cystic condition of the kicneys wes found. C. pvogenes was isolated
fran the pneunonic iungs but cultures from liver, spleen, and heart blocd
were unifomily negative. Fran their findings, the authors concluded that
pheuronia wes nct the principal cause of death, but that the death resultec

fran the liver damace. 7o test this hypotiesis, the pitch was fed tc tuc
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greups of healthy pigs. Group A was caprised cf three healthy pigs, each
abcut 60 pounds in weight, and Greup E of two pigs, each: about 4U pounds
in weicht. The .pigs in Group B were nct thriving quite as well as tiose
in Greup A. A guantity of pitch was ground up ard a small quantity added
daily to the food for both groups. Over a pericd of 2C days, Grdup A re=
ceived a cuantity of two pounds of pitch. The pigs in Group B received
four acunces of pitch over a period of 12 days. In both groups tre acdi-
tion cf the pitch affected appetite arc the pigs tendecd to be constifetec.
At the end cf feeding for both groups, the pigs were killed and exarinec.
In all three cases fra: Group A tne $igs showecd an enlarcement of the
liver together with 2 degree of liver damage similar te those ¢ the
oricinal cases. Extensive liver lesions ancd @ rarked excess ¢f peritc-
neal fluid were found in the pigs ¢f Croup B. Yistclogical examinaticn
of the affected liver tissue fram both field and exgeriventzl eaninezls
showed similar changes, viz. & marked central necrosis of ths lcotules
which in same cases had canpletly destrcyed the normal liver cell.
5. Harrison

Harrison (1959) determined fran nhis exgerimental date that a 30
kg sheep would have to imyest 300 ¢ of wocd or 12U g of crecscte to re-
ceive an acutely fatzl cdese; a 100 kg calf woulé have to ingest 1,000 ¢
of wocd or 400 g of crecsote for the dose to be acutely fatal. These
acute lethkal doses are nct LG 50 values, however. A chrenic fatal Gose
for sheepr woulé be 37.5 g of woad or 15 g of crecsote ingesteG rer cay
over a 1 ronth pericé; a chrenic fatal dese for calves would be 125 g

cr 50 g of crecscte rer day for at least 1l days. Harriscn thoughit that

(101)


https://an.i.":la.ls
https://consti;;a-=.ed

the only danger to stock would be through their access to the raw preserv-
ing fluid either rear stacks of freshly impregnated timber or on freshlvy
treated fam timber and nearby contaminated vegetation.

6. Olafson and Leutritz

Olafson ard leutritz (1958) appliec crescte tc the skin of calves cver
the jaw area to preclude lickirg off tne material. Ebout thiree days after
application, the skin develcped slight swelling and becare harder than nor—
mzl. Gray creases ap_:eared. Fram 7 to WU cays later, & éry crusty thicker—
ing of the skin had occurred. Healing tock rlace slowly and recovery was
not contlete in four weeks.

Clafson anc Leutritz (195£) also studiec calf resconse following cral
adrinistration cf crecscte. They revortec that a 1,00U-pound cow would
have to irgest cver 75 c¢c cf creoscte before arcreciable ham weLid re-
sult, zlthough the exact basis for this determinaticn was not statec.

L. Fetotoxicity

The Workinc Croup identified cne livestock stucy, the results ci
which ray pose 2 question as to the fetctexicity of creusote.

Schipper (1961) founc & creosote~related fetctoxic effect with prey-
nant sows; ﬁhe platforms of the caces in which the sows were housed hec had
three brush aprlicaticns of a cafrercial creascte woQd preservative.” The
sows were confined in the cages 2 and 10 cays befcre giving Lirth. Tuenty-
four of the forty-one pigs celivered by the four sows were dead aﬁ birtl,
Of the remaininc coffsrrincos, six pigs diéd on dav 1, four pios on day 2,
and one pic on day 3. The surviving pics had rough skin, were dehycrzatec,

and had severe cdiarrtea; weight uains were hinderec until thev were I ar
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6 weeks old. A control group was not incluled in the study, anc the au-

thor did not report the route nor the amount of exposure.
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Ap»end i;t A
SPECIFICATIONS FOR COAL-TAR CREOSOTE (NEW MATERIAL) (Fuller| 1977)

SPECIFICATION NUMBER s
‘Water (% by volume) >15
Matter insoluble in benzene (% by weight) > 05
Specifit gravity 8t 88° C compared to ,

water at 15.5°C

Original ereosote < 1050

235-315°C fraction < 1027

815855°C fraction < 1.095

Residue sbove 855°C -
Distiliation

To210°C > 20

To235°C >12.0

To2Z70°C <2X).0:>40.0

To 315°C <45.0:>65.0

To0355°C <65.0:>82.0
Bervice Land, fresh

water

(11 For land and fresh water use, AWPA Sid.
Q! For marine {coastal wateriuses. AWPA Sid.
@) For land and {resh water use. ASTM Sid.
&) GEA standards {or ereosote in use.

rse52

< 1.080
< 1030
< 31105
< 1360

>80

>120
20.0:>40.0
45.0:>65.0
65.0.>75.0

Marine

104<

DE3o-£7C

1S max
OS5 max

1.05 min
0027 min
1.095 mir

2.0 max
120 max
20.0-40.0
45.0-65.0
€5.0-82.0
land. fresh
water

Class}

20 max
15maz

1.050 min
1.027 min
1025 min

2.0 max

120 mex
20-40
4565
7582
Poles

TT-C445014)
Class 2

X0 mzx
15 max

1.050 min
1027 win
1.085 min

20 max
320 max
2040
4065
6582
General
land, fresh
arater

Class 8

SO meax
15max

1.080 min
1.030 min
1310 min
1.160 min

20max
120 max

6515
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Avpendix B
AWPA SPECIFICATIONS OF CKEOSO‘IPE-COAL TAR SOLUTIONS(NEW M.ATERIAL)

(Fuller, 1977)
~ AWPAP2£8 . P12681)
REFERENCE GRADE A B C D

Composition -_—

¥ater {% by volume) > 80 > 8.0 > 8.0 > 8.0 8.0
Benzene, insol. (% by weight} >80 > 8.0 > 85 > 4.0 1080
Coke residue (% by weight) > 50 > >80 C 2110 4070

Specific Gravity (38715.5)
Whole oil 106111 107112 108118 1.08-134 1.080
235-815°C fraction 1.025 1.025 1.025 1.025 1.030
815-855°C fraction 1.085 1.085 1.085 1.085 13105
Residue - - - -— 1185

Distillation
To210°C 5 ) 5 5 50
To235°C 25 25 25 25 150
To 270°C - —_— -— - 2085
To 815°C 86 3¢ b 4 80 8550
To 855°C 60 56 5 48 8570
Residue —_ - -— -— -

A U'For use in trestment of marine ples and timbers.
~ Sourer: Bartiord (19781
L'“—__ caw . e
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REPCRT OF

APPENDIX C

* PPISODES OF EXPOSURL TO CREOSOTE FROH TREATED LUIEER

v

Late of

Eciscie State
2/25/73 Ca
4/5/73 ca
4/12/73 Ca
4/26/73 G
6/1/73 Ca
6/29/73 ca
7/9/73 o
€/9/73 A

(Acacted from PErs, 1976)

&/

Causative Agent
Verification

Procable

Protable
Yes
Probatle
.Probable
Prcbatle

Probable

Prctable

3/
Remarks

A docdwerker cevelored a rash cn his armrs
after contacting crates ccated with crecsote.

A carzenter sustzined chemical murns on his
face, hands and an.s while gpainting fence
posts with crecsote.

A carpenter was hancling timbers &t 2 ship-
varc. Crecsote splasrec intc his left eye,
which developed recress &ng pain.

A welder ceveloped & rash cn his hips, chest,
thighs anc trunk while working around treatec
railroad ties.

A raintenance man developecd an erythematous
rash, first cdegree burns and chenical irri-
tation while nancling fresily treatec poles.

A wecad worker develored first degree cnemical
burns when he rubbed the cherical on his
face while working.

An equiprent ¢perator for a county water
agency was reroving poles treated with crec-
sote all day. His face and neck tecare rec,
swcllen and sore.

A lineman was holding treatec utility poles
with gloves when he wipec his face, therely
transferring crecsote fran the cloves to his
face. Diagresec as chemical ourn.
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APPELLCIN C

(continued)
1/
REPCRT CF EFISCLES CF EXPCSURE 70 CREQSUTE FROM TREATEL LU'TBLR
(Acavted frorm PBrFs5, 1Y76)
2/

Date of Causative Agent 3/
Ecisoce State Verificaticn Rerarks
"9/20/73 CA Probatle Laborer develoyed contact dermatitis cn

his buttocks while working with trezted

luskter.
1/75 A Yes Laborer working with treated wooc ce—

velcped cermuatitis ¢on hards ang ervs.

NS

|w
~

recorcds checked fram 1967 through Arril, 1976,

Verification incicates whether the pesticice associated with tie episoce
wasS established as the causative agent which resulted in death, illness,
etc. "Yes" indicates that substantial evidence exists linking the pesti-
cide to the episcde's effects; "Prctaple" indicates circunmstantial evi-
gence exists linking the pesticide to the episocde's effects.

In 21l cases 1 humen received redical attenticn.
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REPCRT OF EPISCLES CF EXrCSURE TO CREOSCTE FRCH: APPLICATIC.

APPTNLDIA T
{continued)

1/

Date of
Episcde State
7/24/73 CA
7/26/73 ca
7/31/73 (o
9/23/73 ca
8/24/74 IY)
4/25/75 A
5/25/75 ca
1/

2/

(Adzzted fron FLRS, 1970)

Causative Agent
Verificaticn

Prcbakle

Prchakle

Prckatcle

Prccacle

Yes

3/

Remarks

A laborer develcred first cdegree burns cf
the erms, face and narcs aiter raintinc
posts with crecsote.

A carpenter sustainec first cecree Lurmns
or. his face, forearns and lower aocamen
when he spliashed the material on himsell
curing an agriicaticn a.eraticn.

A& laborer for & censtructicn conpersy sus-
tained e chemical burn when the materizl

was scraved on iils arms and face.

A laborer got crecscte in his Zace arc
eyes thereby sustaining a cherical purn.

A wcrman was injured when the carn frao
which she was pouring crecsote Cnto the
feundeticn of her hase, slippec fran ner
hanc, splesliing the chemicel on her legs
ané into her eyes.

& ran was aprlylng crecsote. to & rap when
re accidentally splashec it on his fece,
The effect of the accicent wes not repcried.

An etployee was treatinc a woocen bdock.
ifaterizl splashed cnto hir, resulting in
contact dertatitis.

Records checked from 1967 through April, 1976.
Verification indicates whether the pesticide associated with the eciscce

was established as the causative agent which resulted in &eatli, illness,

"Yes" indiicates that substantial evicence exists linkinc the pesti-
cice to the episode's effects; "Prcbable" indicates circunstzantial evi-
dence exists linking the pesticice to the erisoie's effects.,

3/ 1In all cases 1 human received mecical attention.

etc.
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AFFEIUIN E

1

EPORT EPISCLOES CE ELURNS SUFFERED FRCM THE RPFLICATICH
i/
OF CRECSCTE AS Alv HEREICIDE (Adavted from FERS, 1976)

2/
Date of Causative Xgent 3/
Eviscce State verification . REmRYKs
4/21/73 cA Probable 2 pest centrol ooerator scsteained chevical
burns cf the face while snraving vieecs.
o/14/73 CA Prchbable A lurber carpeny werker wat spraying weecs.,

Wind blew the herbicice into his fece arc
the worker sustained Zirst cegree Lurns,

1/ Reccris cnecked fram 1967 threugh April, 1976.

2/ Verification indicates whether the resticide asscciated with tie episdde
was estal-lished as the causative agent which resulted in cdeatl:, illness,
etc. "Yes" incicates that substantial evicence exists linking the resti-
cice to the episode’s effects; "Prcoable" indicates circumstantial evi-
dence exists linking the pesticide to the episcce's effects.

3/ In all cases 1 huran received mecical attention.
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