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I. Bsckground
A. Chemistry
l. General
1/

Pentachlorophanol (PCP or PENTA) is a buff-colored crystal which
is produced.in fhphﬂnitnd States by chlorinstion of molten phencl in the
presence of a catalyst. Derivatives of PCP which are registerad for use
;.s puticidﬁ are the sodium and potassium ui:s (Na-PCP and K—PéP, re-
spectively), and thedlgyrip acid ester (L-PCP). The structures and physi-
cal properties of PCP lgd Na-PCP are given in Figure I. K-PCP is pro-
duced es in situ foruulltignp by dissolving PCP in potassium hydroxide so-
lutions. The ghysicq; and.cpe-icag>propegties of pure K-PCP are not avail-
able irom standard chemical refersnces or from EPA files. L-PCP is pro-
duced by esterification of ?ﬁ? wvith mixtures of alkyl carboxylic acids,
the most predominant of vhi;h is lauric acid. Technically pure L-PCP is a
brown oil having a specific gravity of 1;28 at room temperature. It is
soluble in nom-polar solvents, oils, fats, leca end plasticizers, and in-
soluble in water a&nd alcohols.

Incastrial ptodnctioquf PCP is a two-stage process. In the first
stage, isomers of tri; and ﬁn:rachlorophenols are formed when the reaction
temperature is about lOSOC. In the second stage, the temperature is pro- -
gressively increased io 130°C to keep the reaction mixture molten, a2nd the
tri- end tetrachlorophenols are further chlorinated to form PCP. Tais re~-
action is mot quantitative; tetrachlorophenols persist during the reaction
and are carried with PCP during subsequent processing. The result is that

1/ PCP will be used gs 2n shdreviation for pantachlorcphenmol ip this
document.



Description
Specific Gravity
Dengity

Vapor Pressure

Solubility,
(o}

g/100 g, 25 C
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Diastone
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Methanol
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Buff=colored crystal
1.9
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technical grade PCP contains from & to 122 tetrachlorophenols. These

tetrachlorophencls are listed on the product labels as active ingredients.
One of the thro; pouibl..n utn;hlomphoml isomers, 2,3,4,6-tetrachloro~
phenol, was mnurod by the Dov Quncal. Company as Dowicide 6, a fungi~

cide; this chcm.ul is no lungct produccd as & separate product. It is,

2

however, listed as an ac::.vc xngrodunt in sows PCP products.
The elevated telpentux'el rtﬁuircd for the second stage of PCP

production fwor condenutxon of thc tri- and tetrachlorophenols to form
hexa-, hepta-, and acta-cblorodxbenzo-z—dzax;m (dioxins) and various

'

chlorinated dzbcnzofurnn: (futuu). Tbuc mpuru:xes are also carried

forvard with PCP lnd will be ducnaud in zrutct detail in Scctxon L.C.
IS LN
2. Euvuonncnul Ruuduu

The smount of PCP produccd m the Unz.tcd S:n:u, approzimately
50,000,000 pounds/year, lnd 1:3 vxdesp*ead use 38 a pesticide strongly
indicate its potant:.nl a8 an euvxtomnul pollutanc. Possible sources
of PCP in the euuron-cnt are: | ﬁnoff fro- mnnfac:unng or vood preserving
processes, leuhmg or vaporu;;xon fro- preurved wood, and from its use
as a tu'mucxde»a/nd hcrbxczdc. Although there is evidence that PCP could
be found in the emirc;mmnt, the ubunt mnxtonng programs for air, water,
and s0ils do not routinely test for PCP.

a. Air

o
The vapor pressure of PCP, 0.00017 torr st 20 C and 0.0031 torr



st 50°C. suggests that it can volatilize from treated surfacss (torr:
pressure required to support 1 ma of mercury at 0°C). Cebefugl et al.
(1976) measured PCP vapors in a closed test area in vhich vall pansling
wvas covered according to ladel imstructions ﬁ:h a vood-grotocting agent
containing PCP. Air samples wvere taken cviry day fdr 9 aay. at 25°C,
énd then for 6 days at zsoc. Samples uiﬁ bu'hn in‘ the morning, and the sam-
pling period was not specifiad. Gas chfﬁlto;r;phiﬁ measuremencs showed
PCP measurements ranging frqp_l -icrogra;/cuéi; meter (ug/n3) on the
first day to 160'ug/n30n the fourth day; fﬁ;:;lucfe wide fluctuations
in PCP coacentrations during ﬁh;’cougi; oéxthg cxﬁ;rinnnt. In a sepa-
rate experiment, an increase in ﬁbc l;oﬁnt of Qggcr vapor in the test
area decreased the PCP levels in the aii." |
Bevenue et al. (19725 -aanu%.d fCP in raip sater in Hawaii [2-284
parts per trillion (ppc)],' in !«m-..-’i“ taken froa Mauna Kai Summit
(14 ppt), and in lake vater fea by this saow (10 ppt). The authors did
not determine whether thils airbc;rm PCP vas in gaseocus form or adsorbed
on dust particles. Because ;f thc:het;y use of PC? in Hewaii to protect
wooden surfaces against tet;iﬁéy,;both pﬁyoical forms are likely to occur
in the air. ‘ -
There is indirect evidence thltvPCf vapors can be toxic. An ar-

ticle that appeared in California Health in 1970 (Anon. "Pentachlorophenol

Poisoning in tha Ho=a") described the effects on the inhasbitants of painting

interior vood paneling with PCP-coutaining psint. House plants within the



hows died in 3 or.lo days. Over a 3-month psriod, the housewife became
progressively weaker while losip 20 pounds. She recovered after hospitali-
zation. Her condition vas dia;;.*.ad as PCP poisoning by a California State
Department toxicologist.

Ferguson m 1959 showed that PCP vapors were toxic to conifer
seedlings grown in greenhouses on wood flats vl;occ sideboards had been
treated vith PCP. Lsaching of PCP into the soils of the flats vas not
implicsted since transfer of these soils to untreated flats supported
normal seedling growth. He observed toxic effects, to a lesser extent,
on seadlings in untreated flats, which he attributed to air movement
from treated to the untiaated flats.. PCP has been found in the blood
and urine of workers in vood‘-_-pru'etyi.n\ factories; iu one report this
was sttributed, in part, to respiratory exposure (Casarett et al., 1969).

The American Confersrce of Covermment Industrial Bygienists has
established a PCP Threshold Limit Value-Time Weighted Average of .5
mg/m3 for a normal 8-hour workday or 40-hour workweek, and a Threshold
Limit Vzlue~Short Term Exposure Limit of 1.5 :13/“3 for & 15wminute period.

b. Vater

BCP can be released into water as an effluent from manufacturing
or wood-preserving plants, by leaching from treated wood exposed to rain, }
end by runoff from its uses as a herbicide, fungicide, and molluscicide.

In spite of its wide production and veriety of uses, PCP is not routinely

mounitored by the National Water Monitoring Program, vhich saasures contami-



nants in rivers and stresms in ths United Statses. This progrm reported
fiftesn measurements of PCP along the California Aqueduct between 1974 and
1976. There wvas no sampling previous to 1974. Vllues‘rlportcd from five
sites along thg Aqueduct ranged from 0.0l to 16.0 ug/liter PCP in whole water
samples.

Buhler et al. (1973) measured PCP in 'uvagi treatment plant ef-
fluent collected simultaneously from three Oregon cities. He reported
PCP levels betwveen | and 4 parts per billion (ppb). The same workers
found PCP concentrations between 0.10 ahd 0.70 ppb in vater sampled
from the Willamette River, and 0.6 ppb in drinking water from a wacer
treatment plant. In unpublish;d data, the EPA Drinking Water Program
has found PCP in the vater of 86 of the 108 cities sampled; the mean
concentration of the positives'gas'0}07 ﬁglliter. The madian concen-
tration for all c_:'.:iu vas 0.051 ug/liter (Kucz, 1977).

In 1976 Fountaine et al. analysed saaples ffon a stream vhich
originated in an ares coutaining several ninufac:uring plants, including
& wood-preserving installation. The highest measurement of PCP, 5,450
parts per wmillion (ppm), was in surface oil slicks; water smmples ranged
from 0.082 to 10.5 ppm. The authors noted that these PCP levels are not
necessarily due to discharge from the voodipresefving fnciory outlet into
the stresm. The factory had been in business for 20 years. Gross i
spillage of PCP occurred in the factory area, particularly in the early
years of operation, and this PCP seeped into the ground. There is,
therefore, vhe possibility that the PCP levels in the stresa vere due

to runoff from PCP-coatsminated soil, rather tha direct discharge from



_the factory. Measurements of PCP in the factory discharge wers not re-
ported.

Because the National Suils Momitoring Program does mot routinely
analyze soil ssmples for PCP, embient levels in soils are not available.

In a series of pqués, Choi snd Acmine (1972, 1974a, 1974b) studied the
adsorption prop;sriia of PCP od various soil types and under & variety
éf eavironmental conditiows in the libordtory. They found that PCP was
adsorbed to some extent on all soil'types. Soil acidity was a major fac-
tor in determining the amount of BCP adsorbed; strongly acidic soils
(pH 5) adsorbed more than less deid soils (pH 6). There was less ad-
sorption by weakly acidic or neutral soils. However, increased organic
matter or temperature or both ‘increased PCP adsorption at the
pE—~values testad. In a saries of dpefﬁin‘t; using different soll types
and ion concen:tacionl,'th"aufhori‘dlndﬁitrated competition betwaen
inorganic iomns and PCP for adsbrﬁtidn sites on:soii colloids. They con-
cluded from their experiments that PCP is adsorbed on soil through ion
exchange reactions as well as molacular adsorption due to van der Waals
forces.

The fite of PCP in soils has been extensively studied. The pri-
mary factor in the degradation of PCP‘in soils is microbiological ac- ~
tivity; other contributing factors include soil type, moisture content,
and temperature. Kuwatsuka and Igarashi (1975) demounstrated a positive

correlation between the proportion of organic matter and the degradation



rate of PCP in soils, obeserving that soils devoid of organic matter did

pot degrade PCP. Ide et al. (1972) found that PCP did not degrade in steril~
ized soil ssaples; Young and Carroll (1951) showed that PCP decays most
rapidly ian soil containming a large proportion of orgamic matter and at
temperatur~2s which arc optimal for microbiological activity. Kuwatsuka

and Igarashi (1975) compared the PCP degrading characteristics of upland
(i.e., aerated) soil with floqd-d (i.e:, rice paddy) soil. They found that
soil -icroorg;nis-s degra@ed PCP most ;tfidly vhen they were maintained in the
ewironment to which they_axe a@aptad£ e.g. flooding upland soi) and aserating
flooded soili dezreased the rgte‘oguPCPrdgcay. Using a gas chromatograph
vith an electron-capture detector the authors identifiad tri- and tetra-
chlorophenols as d.g:idationvgtodgc:s of PCP and indicated chat, at least

as a first step, PCP degr;dos;by dachlorination. Ide et al. (1972) found
tri- and tecrachloroanisoleg as F.P degradation products. This indicated
that methylation is also involvec in the degradation process.

The persistence of PCP ia soils ranges between 21 days and 5 years,
depending primarily on the microbial population. Watanebe (1973) reported
complete degradation in paddy soi; in 21 days. Hetrick (1952) claimed
that PCP persisted for over 5 years in an unspecified so0il type.

d. Plants and Animals .

i. Plants
There are no data availabl: on PCP residues in higher plants resulting

from its use as a pesticide.



ii. Anizmsls
In 1974 Vermeer et al. reported the death of wildlife caused

by application of Na~PCP to & rice field in Suripsm, South America.
The Na~PCP was applied at the rate of 4 kg/hectare to control wvater
snails which dsmaged young ticg plants. PCP residues were measured in
suails (36.8 wean wet-weight ppa), frogs (8.1 mean wet-weight ppm), fishes
(31.2, 41.6 and 59.4 mean wet-weight ppm for three species), and snail kites,
a bird which feeds on water snails. The dead kites showed mean PCP residues
of 11.25 + 1.11 ppm in brain tissue, 45.56 + 2.18 ppm in liver, ard 20.34 +
1.25 ppm in the kidneys, all on a wet weight of tissue basis. These PCP
levels were 53, 74, and 166 times greater, respectively, than those in kites
collectad from an untreated mars The _inveatigators attributed the
death of the kites from the ﬁxiuten -':'ield :o‘"' their feeding on water
sqails containing PCP. In additionm, Gben>§:her bird species which
frequented the treated fields wefe'eiamihed, PCP was detected atr levels
ranging from 0.04 to o.ia wet-;eightAppm in th; liver and 0.08 to 0.49
wvet~veight pra in tt » brain. A ’

Early in 1977 .CP was detected in‘thé blood of dairy cattl»
and calves on eight ﬁiéhigan farms. These herds all showed signs of
sickness and had high calf mortality rate;. The levels of PCP found in -
one herd ranged frca 270 to 570 ppb. This herd was housed in a total-
confinerent barn whbich had been comstructed, in part, of PCP-treated
wood. In znother herd the dioxins found in PCP were detected in fat

and liver tissue in the parts per billion and parts per trillion ranges,



-respectively. As a result of this incident, the Animal and Plant Health
laspaction Service of the Department of Agriculture (USDA) iastituted

a patiomwide survey of beef fat and liver for the presence of the hexa-

and octachlorodioxins found in FCP. In the first group of 238 beef

samples collected in seventeen States, 70 (29.42) showed positive levels
using low resolution mass -mthm. Of these 70 .lqlu, 4 had been
confirmed using high resolution mass spectromstry. Detection levels

Lere in fractional nsnograms/gram for both -hexa- and octa-chlorodibenzo-p-
dioxins. The determination of the signficiance ’of these residues awvaits

the completion of the survey and its subseéu'ent atitistical and sethodological

analysis.

e. Bumans

PCP appears to be ubiquitous ;q human urinc. In 1970 Cranmer aand
Freal found PCP in urine at concentrations ranging frog 2 to 11 ppb in
the general population. In 1967 Bevenue et al. found PCP in the urine
of 130 Hawaiians occupationally exposed to PCP at levels nngi:;g from 0.03
to 35.7 mg/liter. In the same study, PCP was found in the urine of all but
one of 117 unexpzeed subjects; t»hesbe values Y&ried from 0 to 0.44 mg/liter.
In a recunt study, prelimirary data from a joint U.S. Public Health Serxvice -
EPA effort disclosed that 862 of the urine samples taken from subjects within
the continental United States showed poaitive.PCP values averaging 6.3 ppb,
with a maxigum observed value of 193 ppb. The limit of detection was 5 ppb
(Eutz et al., 1978).

Arsensult (1976) reported the mean blood serum level of PCP

in twenty-one workers in pressure treatmeant plants to be 1.05 ppm; there

10



ware sbout 0.1 ppm in the controls (unspecified). Data for the general
populatiocn are not available. In asother study Shafick (1973) reported
PCP levels ranging from 12 to 52 ppb in the adipose tissue of eightsen
subjects wvho were not occupationally exposed to PCP. Dougherty and Piotrowska
(1976) detectsd PCP in seminoal fluid from seven sexually active man.
Levels detected averaged 50 ppdb (range: 20-70 ppb).

The sources and axposure routes of PCP residues in buman tissues
have pot been conclusively established. Possible routes are inhalation
of vaporized PCP and ingestion of PCP in water and food. In additiom, PCP
forms as a metabolic product of hexachlorobenzene (HCB). Lui and Sweeney
(1975) fed rats 0.25% ECB, which amounted to ;bout 50 to 100 mg HCB daily.
Analysis of urine by gas-liquid chromatography showed a level of 12.5 ug/
ml PCP in 2 daily urine output of sbout 15 ml. The enalyses were con-
firmad by gas=-liquid chromatogrsphy/mass spectrometry.

The Food snd Drug Administration Market Basket Survey has esti-
mated the amount of pesticides in foodstuffs since 1965. The estimates
are based on the average daily intake of an l18-year-old male, whose food
cousumpction is the highest of any age. group of either sex. The most recent
data from this survéyl(Jéhnsoh and Hnn;ke, 1977) are available from food
sanples collected from August 1974 to July 1975. PCP was assayed in twelve
food corrmodities collected in twenty cities in the United States, so that
there were tventy measurements for each commodity. The results are su~marszed

in Table 1.

11



1/
TABLE 1. Pzotachlorophenol in food commodities

Commodity Average, 22_2_/ Positive Composites Range K pra
Dairy Products 0.0005 1 0.01
Msat, Fish, and Poulctry - . 0 -

Grain and Cereal Products 0.001 2 ) 0.01-0.013
Potatoes - .o -

3/

Leafy Vegstailes T o 1 T

Legume Vegetables - o0 -

Ros t Vegetables 0.001 2 0.010
Garden Fruits ‘ T S SR L T

Fruits D S T - 0.011
Oils, Fats, and Shorteming =~ "=, o Y -

Sugars and Adjuncts 0.006 = b ' 0.01-0.04
Beverages R 0 . -

1/ Data froz Johnson and Mansks (1977). 4

2/ Avarages based on twenty composite samples; trace residues were not included
T in calculating the average. ' .

3/ T = trzce.

12



Thece low levels of PCP in food zre a constant msses of exposura
to humaps. Howsver, the coousctica bastween this ryute of exposure amd
the preasence of PCF im blood, urine, and adipose tissue is oot clear.

B. Neotsbolisa
1. Plases

As described atlicg, microorgaaises are capable of degrading
PCP in soils. Certain bcc;orial strains have bosn isolated which are
tapable of growing oo -dxa con:nnmg PC? (Movrton et al., 1963) and of
using PCP as the soicksm;rc-i ofbcarbot; (Chu and Kirsch, 1972). The
metabolic mechanisms of blcurul acuan on PCP are, however, uuvknown.
Certain species of 'fun;i.' soms of vhxdl are preseat in uood; hare bsen
found to tohr#c m».» sé;nl bf these fungi depleted PCP in treated

3

wood blocks, Su: lost "thu'.t ;l;ilit’j to cause wood decay (Duncen and
Deverall, 1964). As .is tlu cuﬁn \ﬁ'.th Xb‘c‘tgth, matabolic pathways
of PCP degradation byA fnnp. luﬁ :not &oﬁljfdmiﬁ.od. There are no data
available oca the -uboli— ot iPCbey.‘ Eighet élmg.
2. Aanimals B ‘
There hare baen two s'cuﬂd‘i‘.u on PCP -;t;boliu in aquatic amimals.
Each of these papers demonstrated the s— ulubolic pathvay. In 1970

Eobayeshi et al. rtpbrtcd that the short-necked clas (Tapes phillippinariuam)

converts PCP to pentachlorophenyl sulfate in sea water. The level of FCP ~
in the shellfish resched a plateau after about 24 hours of ezposure. After 50
hours, 80 of the PCP had been converted to the sulfate conjugate. The

s&za detoxification machsdiss was demonstrated by Akitaks smd Kobsyashi

13



{1975) in goldfish cultured in fresh water comtainiag ’CP. Whether this

detoxification mechamisa is commoa to other sjuatic smimals is not kaown.
Macmals sre known to excrete PCP in unchasged form aftar exposure

by various routes. In 1974 Ahlborg et al. adminmistered “c-m orally

and intraperiromsally to rats acd mica (10 to 25 ng/kg). Approximately

&0X vas excreted a3 PCP in the urine. I‘C-txrghlwohy«drqniuu vas

also detected st levels equal to 52 of the excreted radiocsctivity in

rats, acd 243 of the activity in -ia.\ . The mthonval.so found ICP and

tetrachlorobydroquinone in the urine 62: vort.fu occuputionlly expos ed

to PCP. Larsen et al. (1972) orally ndnunurd 1‘.(:-l’t:l' to rats, and

found that 502 of the tdioac:iviitj l;ll excreted in the urine in 24 hours, 682

vas excreted in 10 days; bctvé@n 9.§ and 13.27 vas excreted in the feces. Tissue

snalyses 40 hours after exposure lhovcd‘-a'll amounts of “c activity ia

the adrenal glamis, blood, braix;,ﬂfa;. ‘hiurt, ﬁd”l, liver, lungs, musclas,

ovariss, spleen, stomach ndmutm, 'and tatﬁ. Highest levels weare

found in liver (0.232 of adnininﬂtited' ndimctivity). xidoey (0.181), and

blocd (0.152). 1In blood, 992 of the radiocctifvity detected vas in the serum.
Larsen et al. (1§n) postulated a :vofcoqoncn: urinary excretion

pattern that has a '0-hour half-life for the first 2 days, followed by a

102-day half-life. In 1969 Casarett ot al. -iuured PCP councentrations

in the urine of two subjects aft;cr Tespiratory exposure and determioed -

that after I4 hours, the hiif-iifc u apbréxintcly 10 hours. They fourd

a blood-to~urine ECP ratio of between 1.5 and 2.5 in occupetionally ex-

14



posed iadividusls. At about 10 ppm, PCP ia blood plasma resched a pla-
tesu whiie urine levels continued to incresse. They postulated that PCP
binds to plasma protein, and is subsequently distributed to the tiscuss.
The work of Lersea et al. (1972) seems to confirm this.

Tashiro et al. (1970) damounstrated an additional wetabolic path-
vay for PCP. They colhcug and analysed the urine of three rabbits fad
10 g of nnlubclﬁd rcr ;ucr 30 days. They ideatified & sugar conjugate of
PCP, pentachlorophenyl-beta~glucuronide, in the urine vhich led them to
propose a three-vay excretory pathﬁay for PCP in mammals: unchanged PCP;
rhe oxidation product 'chlotamilg, vﬁich is actually tetrachloro-
quimons, and the coaojugate PCP-beta-glucurcnide.

c. Ptntnchlosgggﬁbdl Coutaminants

As stated previously, cosmercisl production of PCP results in the
forzation of dioxin and furan contaminants. Figura 2 shows the structural
formla of th; basic molecules. Substitution of chlorine aic-l at cue or
more of the numbered positions results in the chlorinated dibenzo-p~dioxin
(dioxin) end chlorinated dibenzofuran (furan) chemical families., There
are 75 meubers of the dioxin fmmily and 135 furans. Members of these
fanilies differ not omly in the number of chlorine atoms on the molecule,
but ll;o in the positioning of these atcms (isomeriss). Thus the dioxin
that has gix chlorine stoms on its molecule has ten possible isomers.

The dioxins which are found in PCP are ths hexa- (HCDD), hepta

(BeCDD), ard octa-chlorodibenzo-p-diozins (OCDD); the furans fouad are

15



) Dibenzo-p-dioxin Dibenzofuran
FIGRE 2. Structure of dioxin and furan

the tetra-, penta-, hexa-, hepta-, ymd octa-dibenzofurans (Buser and
Bosshardt, 1976). The amount of these chemicals in PCP varies with each
industrial batch produced, even when produced by the same manufacturer.
Analytical methods for measuring individual isomers require sophisticated
and expensive analytical instrumentation, and standards for the isomers are
not Generally available. Untii recently, both the dioxins and furans in
PCP have been measured as isameric groups. Table 2 shows the camposition
of typical commercial PCP.

The physical, chemical, and toxicological properties of indi-
vidual dioxins and furans are, with one exception, relatively unknown.
The exception is 2,3,7,8 tetrachlorodibenzo~-p-dioxin (TCDD), which has
been shown to bz one of the most toxic compounds knowni. TCDD is not
fovad in PCP at a limit of detection less than 0.05 ppm (Johnson et al.,

1973). However, the dioxins in PCP have been shown by Johnson et al.

16



1/

TABLE 2. m:i:ixm of commercial Enuchlorogcnol-

Componant Dovicide 7 Dowicide zc-7y
Pentachlorophenol 88.42 89.82
Tetrachlorophenol 6.4 10.22
Trichlorophenol - <0.12 <0.12
Chlorinated Phenoxyphenols 6.2 -
Hexa-dioxzins 4 ppm 1.0 ppa
Hepta-dioxins 125 ppm 6.5 ppm
Octa-dioxin 2500 ppa 15.0 ppm
Hexa~furans 30 ppm <1l pm
Hepta—-furans 80 pm 1.8 pp=
Octe-furan 80 ppm <1 pp=
1/ Data from Dow Chemical Companmy.

2/ Total greatar than 1002 becisuse mumbers are rounded off.

17



(1973) to cause chlorscne in rabbits and edems in chicks. The only dats
&vaileble comparing the tovic effects of individual dioxin isowers vere
reported by McCounsl et al. (1977), and these are shown in Table 3.
These data indicate that the hexa- and hepta-dioxin isomers tested were
less toxic than TCDD in mice and guinea pigs; however, they would be

classified as Category I poisons (oral LD-50 less than 50 mg/kg).

TABLE 3. Single oral LD-50-30 of dioxin isomas Y
LD-50~-30, u&
Isomer Guines Pigs Mice
1,2,3,6,7,8-HCDD 72.5 . 825
1.2,336,7,8-801) 70—100-2! ’ 1250
1,2,3,7,8,9-HCDD GO-IOOAI' 1440
1,2,3,4,6,7,8-BaCDD 7180 -
—— 2 C 2837

1/ Data from McCoonell et al. (1977).
2/ Estinated range represents variability asoang replicates.
3/ TCDD valuss are shown for comparative purposes.

Firestone (1977) detected PCP, individual bhexa- and hepta-dicxzin
isomsrs, apd octa-dioxin in samples of comssrcial gelatin procurred from

supermarkets snd in bulk. Geletin is produced from pork skins and cactle
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bones and hides, which may ba pzesarved with PCP during processing both in
this country and abroad. According to Firestone, the annual consumption
of gelatin in cthe United States is 57 million pounds of domestic production
and 13 million pounds of imports.

Highest levels of PCP and tota]l dioxins were found in bulk gelatin
that was imported from ‘llvuieo ard produced by a single company. Three
)-cuur-u:s of this gelatin sveraged 6.4 ppm of PCP, and six measuremants
averaged 26.8 ppb of total dioxins. ' In contrast, bulk domestic porkskin
gelatin had no PCP and 0.1 ppdb of total dioxins (octadioxins) in one of two
sample wmasurements. Three consumer packages of unflavored gelotin purchased

in a supermarket showed 0.2, 0.8, and 3.6 ppb of total dioxins.

D. Registered Uses and Production

Pentachlorophenol and its derivatives are among the ost ver-
satilc pestizides now in use in the Dnited States. This versatilicy is
due first to their ef;‘.icacy against a wide variety of pests (bac-
teria, yeast, slime molds, algrs, fungi, plants, insects, snails), and
second to their solubility in both organic solvents and water. Thus,

PCP can be applied to a wide spectrum of materials. In various concentrations,
solvents, snd formulations, pdntwhlorophnols are registered for use on

beans (for replanting purposes caly), wood, leather, burlap, masoary,

cordage, paints, petroleum, pulp and paper mill systems, weeds cn sced

crops (precharvest desiccant), secondary oil recovery injection waters, and
commercial and industrial vater cooling towers and evaporatiocn condansers

(E«S"PCP) .
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Approximately 50,000,000 pounds of PCP is produced amnuzlly in the
United States. The major use of PCP in the United States is as a wood
preservative. This use consumes approximately 802 of all PCP produced.
About 112 of the PCP produced is formulated as Na-PCP and used in the
productioa of pressed and insulation board, and in cooling towers. Approxi-
mately 62 is used in pulp aad paper mills to control the growth of slime-
forming bacteria and fungi in paper productiom; 12 is used for farm
treatment of fencs posts, home protection against tarmitas, and as a
herbicide and pre-harvest desiccant. 3 J

The number of Fedirally-registered products coutainirg PCP and
the number of registrants is given in Table 4. In additiom, there are 75
State-registered products formulated by 60 registrants.

v
TAELE &. Federal nlis;ntion of pentach.orophenol

Ho. Products . No;' Registrancs
PCP 578 240
Na-PCP 196 . 88
K-PCP 5 , 4
L-PCP 6 _ 2

1/ Data from computerized Registratios Division files.
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E. Regulatory History

Technical PCP was registered for use as a wood preservative in
1948 by Dow Chemical Company and Monsanto Agzicultural Products Company.
Subsequently, registrations vere granted for a wide variety of uses,
including agricultural uses such .as pre~ or postharvest weed treatment
and preharvest dessication of seed crops. Until 1970, regulatory
actions against PCP vere confined ro these kinds of uses. For example,
in the "USDA Summary of Registered Agricultural Pesticide Uses" issued
on August 31, 1968, PCP was registered as & weed killer on alfalfa, cot-
ton, pineapples, and sugarcane. These registrations vers car alled by
Pesticide Regulation (PR) Notices 69-4 (February 1, 1969) and 70~4
(February 26, 1970) vhen the con::,t_pc of zero tolerance was abandoned by
the Departnent of Agriculture. (Zufrintli, PCP is registered for agri-
cultursl uce only as & sesd treatment for ndufood uses on beans, alfalfa,
clover, lespedeza, and vetch.

On September 28, 1970, USDA published PR Notice 7(~22. Although
PCP wes not mentioned by neme, the Notice stated "Appropriate regulatory
action will be taken under the provisioas of the Act (FIFRA) if these
chlorodioxing are found in any economic poison.” The notice was directed
toward the presence of 2,3,7,8-tetrachlorodibenzo~p~dioxin (TCDD) in the
herbicides 2,4,5-trichlorophenoxyacetic acid and silvex; PCP and its
chlorcdiorins vere ot mectioned. The Dow Chemical Coupary, however,
interpreted the Hotica to apply to PCP and took action to reduce chlorodioxin

levels in its technical PCP.
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At the tiwe the Notice was issuad, methodologies for the analysis
of dicxius in PCP were not totally reliable. Therefore, therc was
disagreement within the industry on the actual levels of dioxins in
their products. There were no toxicological studies on PCP dioxias, and
toxic effects vere inferred from chloracoe and chick edema effects of
c,:un-ercial PCP. These same effects are csused by TCDD. In the absence
of such evidence, regulatory actioe ot dioxin levels in PCP was not
possible. This situation continued until 1974, when research
imvolving purified PCP (i.e., relatively free of dioxins), in contrast

to commercial PCP, began to appear in the literature.

II. Summa.r of Scientific Evidence hiﬁtiﬂ to Recuttable Presumption
Crite-ia oo

A. Reproductive and Fetotoxic Effects in Mammalian Species

4C CFR 162.11(a)(3)(ii)(B) provides that "a rebuttable presump-
tion shaii arise if a pesticide's ingredient(s)... Produces any other
chronic or delayed toxic effect in test animals at any dosage up to a
level, as determined by the Administrator, which is substantially higher
than that to which bumans can reasonably be anticipated to be exposed,
taking into account smple margins of safety.”" This section reflects con-
cern that chronic exposure to ¢hemicals may result in injury to the re-
productiv: system and/or the fetus and provides that & rebuttable pre-
sumption .nhall arise if chronic chemical exposure in test mima's pro-
duces such results, and if human exposure to the chemicals exceed an

saple margin of safety.
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In the studies summarized Delow, fetotoxic and teratogenic effects
have been reported in rats exposed to purified and commercial grade
PCP. These same effscts were obsarved in rats cxfosed to & mixture
of two unspecified isolqgn of HCDD. Specifically, exposure to >CP
and theses HCDD imq,?aultcd in statistically significant inocreases
in the incidence of n&c;ptal and soft tissue anomalies, growth-rc:arded
fecuses and of embryounic resorptioa im the ligters of treated dams.

1. Fetotoxicity

a. Studies with PCP

Schwetz et al. (1974) studied the effects of purified and com-
mercial grade PCP on nt embryonal and fcini development. The icmposi-
tions of the two types of PCP are given in Table 5. Dosazges of 2, 15,

30, and 50 mg/kg/day of both PCP types were ‘administered by gavage on
gestation days 6 through 15 inclusive. Their results, shownu in able 6,

may be summarized as follows: both purified and commercial PCF caised
statistically significagt increases in fetal resorptions at the two higher
doses, as well as among.litters exposed to 15 mg/kg/day of coumer-

cial PCP. Specifically, the resorption rute ranged from 27.I% (64/235) to
1002 (229/229) in the two highest (commercial and purified) dcse groups, com-
pared to 4.2% (15/358) in the control group, At 30 and 50 mg/k3 iay,
purified PCP had a more pronounced effect than commerciasl PCP. “or example,

at S0 mg/kg/day, purified PCP caused 100X fetal resorbtion, while commercial



TABLE S. Composition of pentachlorophenol materials used by Schwetz et al. (1974)

Cozasrcial Grade Purified
I1dentification Lot Ro. MMO6210-3822A Ref. No. 27-91-1
1/
Phenolics, I
Pentachlorophenol 88.4 98+
Tetrachlorophenol 4% 0i27
Trichlorophenol <0.l 0.05
Higher Chlorinated 6.2 0.5
Phenoxyphenols
2/
Nonphenolics, ppm
Dibenzo-p-dicxins
2,3!7,§-t¢:ruhlo:odibenzo— < 0.05 < 0.05
p-dioxin
Bexachlorodibenzo-p~dioxin b < 0.5
Heptachlorodibenzo-p~dioxin 125 < 0.5
Octachlorodibenzo-p-dioxia 2500 "X 1.0
Dibenzofurars
Hexachlorodibenzofuran 30 < 0.5
Beptachlorodibenzofuran 80 < 0.5
Octachlorodibenzofuran 80- € 0.5 o

1/ Determined by gas-liquid chromatography.
2/ Determined by use of sn LKB 9000 gas chromatograph-mass spectrometer.
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TABLE 6. Effect of pentachlorophenol on the incidence of fetal resorptions .and
1/
on the sex ratio of survivors

Test Material Resorptions }
and Dose, Among Fetusaes Among Litters Sex Ratio
mp/kg/day 3 do. No. M : F
2/
Vehicle Control 4.2 15/358 30.3 10/33 50 SQ
) 3/ o
Pentachlorophenol
Coummercial
4/
5.8 7.1 15/212 55.6 10/1i8 50 50
. 5/, 5/
15 8.8 17/194 64.7 11/17 52 48
&/ 5! s/
3.7 27.2 64/235 9%.7 18/19 60 50
| s/ s/ 5/
50 58.1 108/186 93.3 14/15 79 21
Purified
5 4.2 8/189 6.7  1/15 48 52
15 5.9  13/221 38.9.  7/13 50 50
‘ s/ 5/ Y,
30 97.5 ?.33/1239 ) .. 100.0 20/20 83 17
b7 A 3/
50 100.0 229/229 100.0 19/19 - -

1/ Adspted from Schwetz et al. (1974)
2/ 2.0 ml/kg body weight corn oil per day. .-
3/ Doszges sdministered in 2.0 ml corn oil/kg body weight.
4/ Equivalent to 5.0 mg/kg/day purified PCP.
5/ Indicates values significantly different from control
valuas by the binomial expansion test, p < 0.05.
6/ Equivalent to 30.0 mg/kg/day purified PCP.
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PCP cauosd 582 resorption. AL 30 (purified) and 50 (commsrciel)
ng/kg/day, there vere statistically significamt differences in the
sex ratio of surviviog fetuses; males vare hesvily predmmissat.
Schwetz et al. fouad that administration of PCP during early
organogenssis (days 8 through 11 of gestation) had more proacunced
effects on fetal resorption than did its sdwinistration during late
organogenesis (days 12 through lS)y(l’able 7.

The no-effect dose for fatal resorptions vas 5.8 commsrcial
grade PCP/kg/day and 15 mg purificd”‘PCP/kglddy. Measurements were also
taken on fetal body weight and crovn-rump ld&:{a. both of which decreased
with the iocrease in dosage. The no-effect dose for these parameters
vas 15 sg comesrcial grade or pun'.f?cd MCP/kg/day.

14 .
Larsen et al. (1975) fed 60 mg C-PCP/kg body weight to pregnant

Charles River CD strain rats ou day” 15 of ;utatibh; ihcy detected neg-
ligible mounts of U‘C-PCP in the pllu‘}cntu md fetuses up to 32 hours

after dosage. This indicated that the amount of PCP that passes through

the placental burrier om day 15 is u;}i;ibic. ‘I; a separate axperisent that
used unlabeled NP and vas reported in the same paper, single oral doses

of 60 mg/kg administered to upar;t‘c groups of animals oa days 8, 9, 10,

11, 12, or 13 of gestation kad no statistically significaut effect oo

the rate of resorption of the test snimals as coepared to cont-ols.

Bovever, statistically significant reductiocs in fetal weight were

reported in days 9 and 10.
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TABLE 7. LEffect of administracion of pentachlorophencl dntis early or late

orgamogenasis on the incidence of fetal recorptions sad on the sex
i/

ratio of offsgiig;-

Test Material Resorptions

and Dose, Amon Tetuses Among Litzers Sex Ratio
»g/kg/day ~ ; No. 2 No. M : F
DAYS 8~11 OF GESTATION
Vehicle Control : 7.6 - 13/172 53.3 8/15 53 47
Pentachlorophenol
2/ . 3y 3
Commercial 34.7 45.3 1057232 4.7 18/19 55 45
3/ 3/
Purified 0.0 ©9l.1- 163/179  100.0  16/1s 62 38

DAYS 12-15 OF GESTATION

Vehicle Coatrol - 4.2 117259 .9 9/22 4 54
Pentachloropnensl
Comsercial 34..7'2'/“ - 6.1 137213 - 58.8 10/17 52 4o
Purified 30.0 = 4.5 11/244 45.0  9/20 49 51

1/ Adapted from Schwetz er al. (1974).
2/ Equivalent to 30.0 mg/kg/day purified PCP.
I/ Values significantly different from control values by the
binoaial expansion test, p < 0.05. -
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HBiskle (1973) reportad ca the fstotoxic effects of PCP ia the
Gsldsn Syrian bazster. After doses of 1.25, 2.5, 5, 10, and 20 wg/ikyg
vers sdministared by gevege ca days 6 through 10 of gestation, he raported
83 differcnces betwsem control emd test aximsls in thess paramsters:
usternsl body veight, fetal waight, litter size, and mmsber of resorptiocas.
Increased toxicity was moted st the <wo highest doses, ht_ these iacreases
shre "mizizssl iz omber.” The suthor stated that PCP was found in detectable
amounts (uaspecified) in the untrested animals as well ss in their diet.
Fahrig (1978), in a study to be Q-&m in wore detail ia
Section IlI. B., observed dacreases in liti-u size after injection
of 50 and 100 ugms PCP/kg body ni;ht‘ into the nr?tucd cavity of
pregnant mice at day ten of geststion.. Control wmice, os the sverage,
peoduced 6.4 fetuoes/dom. Litter size was reduced at the 30 3g/kg
dosa to 3.67 fotusas/dam, and to 3.92 fetuses/dam at the 100 mg/kg dose.
PCP ves sdwministered in & 103 solution of dimethylformemide; & vehicle
control vas not reported. Litter size calculations included dams that
bed no litters.
The Schvetz et al. study cited earlier establishes that ingestion
of PCP by pregrant rats during or;mgcdnblis pr;dpcn Vht'halfm
toxic effects such es fotal resorption and nduccd body size. Coeparable =~
effects vere pot observed vhen larger but single doses vere administered
to rats during orgenogenseis (Larsen, 1375), nor wvhen single doses

vere oiministorced to hasstors (Biokle, 1973).



fable 8. Effact of treatmant with chlorinated dibenzo-p-dioxin on maternal and fetal body messuremsnts and the

1/

incidence of fetel resorption—

Fetal crowan-

3/ Fatal body "4/ Petal Resorptiom, %
2/ No. Maternal weight pain, 3 4/ rump length,m L)
Test Compound litters Deys 6-11 Days 13-21  Days 6-21 weight,g - Popul at {on Litter
Control 30 36 + 2 101 + 6 137 ¢ 8 5.68 ¢ 0.05 44,5 ¢ 0.1 7(22/33D) 47(14/30)
Hexachlorodibenzo-p-
dioxin (4)
0.1 vg/kg/day 19 2842  102+5 130+ 5 5.3+ 004 43.8 ¢ 0.1  S(10/217)  42(9/19)
I ug/kg/day 19 21%3,, 9%S 126 T 6 5.933 0.16,, 45.7 % 0.5, 9(20/218) 74(14/19)
10 ug/kg/day 18 233, 93s, 1Ny¥3¥e,, 512 _o__o.o&-,f 42,6 o.zﬁ 7, 1
100 ug/kg/day 19 6x 2 137 ey el esT o8y 35.2% 0.0¥2s(s229) 94(12/18)
- . 4 ’ Yy ?
Octechlorodibenzo-p-~ _ ‘ : 85(194/227) 1v0(19/19)
dioxin (5) _ . i
100 wg/kg/day 12 3242 100 + 8 131 7 5,734 0,09 43.6 ¢ 0.4 8(11/131) 42(3/12)
500 mal/kg/day 17 3¢ L15T 4 150% 5 S.69 % 0.05  44.5 % 0.2 5(9/199) &102/17)

Adepted from Schwets et al. (1973).
Z/ Hexachlorodibenzo-p-dioxin sample: purity = >99); two unspecified isomers in ratio of
89:11. All seaples administered on days 6-15 of gestation as a corn oil:acetone
(9:1) solution. Octachlorodibenzo-p-dioxin samples: purity = 98,862.
3/ Mesn + ctandard error for various geastation times.
k/ Mean of litter wm2ens ¢ standard error,
5/ 2 (number resorptions/number implantatione).
£/ 1 (number litters with at least one resorption/number litters).
1/ sgignificantly different from control by an analysis of variance and Tukey's test
or the 2 x 2 contingency table (resorptions), p < 0,05,
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b. ftudies witk Dioxims

Schwetz et al. (1973) sdmimistered purified hexachloro-p-dibeazo-
dioxins (HCDD) (two umopecified iscmers) aad octachloro-p-dioxin (0CDD)
by gavags to pregnsat Spragus~Dawley rats om days 6 through 15 of gesta-
tioca. Docec were 0.1, 1, 10, or 100 Way 2CDD and 100 or 500 mg/
kg/day OCDD.

The results of thase studies are m ia Table 8. For LCDD,
there vare statistically significaat iscreases over ccuttoll‘in fetal
resorptions st cthe 10 and 100 n/ki/uy M. as wll ss decreases in
fetal body wignt aad fetal crowvan-rusp length. In coantrast, OCDD at both
dose levels (100 ana 500 mg/kg/day) produced no fetal resorptions or other
effects except for an increase in the incidence of subcutansous edema at
che high dose level. - |

The ECDD used in this experimest m reported by tho authors to
have a purity in excess of 992, aad to codgis: of two isomers in the
ratio 89:11. The presence of HCDD in PCP and the low BCDD doses
producing fetctoxic affects in pregnant rats stroagly suggests char ex-
posure to BCDD via exposure to rcr can cause chrooic effects as defined
in 40 CFR 162.11(a)(3)(ii)(B).

2. Teratology
2. Studies with PCP

Schwetz et al. (1974a4) also ‘iﬁvcltigat.d the teratuganic effects
of PCP oa rats. In this study they observed fatal anomalies produced by
oral sdministratioca (gevege) of 5.8, 15, 34.7, and 50 mg/kg/day of conmer—
cial grade PCP, and 5, 15, and 30 eg/kg/day of purified PCP. 1In one

experiment, they administered these smounts of PCP during days 6 through
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TAKLE 9. Kffect of pentschlorophenol om tha incidesce of fetal eromalies

Vehicle
Control
SOFT TISSUZ ANCMALIES
k0. of Litters &
Scheutaveous Liems i8
)
Dilated Uresters 0
SKELETAL AMOMALIES

Eo. of Littars 3l -

Skull (delayed ossification) 19

Lusbar ESpurs 13

Ribs (supsrmemerary, lnlur.'w 0
or fused)

Vertebres (supsroumerary, 19
sbnoresl shepe, delayed
ossification, missing or
unfused couters of oesi-
fication)

Starnsbres (supermumerary, 16
delzyed or unfusad centars

of oosificaticn, fused or
steggered)

Pentachlorophenol (mg/kg/day)

Commercial Grade

Purified Grada

5.8 15 3.7 50 b) 15 30
18 16 19 13 15 18 2
Percant of Litters Affected
: 2/ 2 3_/ y 2/
1 50 84 62 0 78 100
2/
0 0 21 0 0 0 0
18 ‘16 19 12 15 13
Percent of Licters Affected
, P
39 3l kY] 8 60 72 1]
F A T _Y
28 88 kY 83 20 78 0
. 2 2 Y oy
0 0 95 83 0 33 100
2/ 2/ 2/ 2/

il

19 95 100 13 78 100

13 89 83 33 39 100

1/ &dmivistered po in corn o0il ou days 6-15 of gestation. The doscs of 5.8 ana

purified FCP, respactively.

3.7 og conzarciel grade PCP/kg/day ars equivaleat to 5 and 30 mg/kg/day

2/ Incideoce significantly different from coatrol (binamial expensica tsst,

p < 0.05).

Modified from Schwetz et al. (1974)
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TARLE 10. Effect of sdministratiom of mxm?gx during esrly or late
orgasogenesis on the incidence of fecal saonalies

Days 8-11 of Cestation Deys 12-15 of Gestation

Muchlorojbonol'y
Vahicle Commercial Purified Vehicle Commarcial hxrxtud
Ascmalies Control M Control ﬂd; m
SOFT TISSUE ANCMALIES -
Wo. of Littars 15 17 4 a2 17 20

Percent of Litters Affected

¥y oy Y
Subcutaneous edema 7 . 82 100 59 35 95
SKELETAL ANOMALIES
No. of Litters 15 18 6 22, 17 20
Percent of Litters Affected
" -2
Skull (delayed 3 1 o » 4} 70
ossification) -
Yy oy
Ribs (superoumsrary 0 190 100 .0 0 c
or fused) . o
2/ 2
Vertebrae (supernumsrary, 27 100 100 9 ) 0 )
abnoraal shapz, delayed
osgification, fused,
missing or unfused
ceutsrs of ossification)
2/ 2 2/ 2/
Sternebrze (dalayed or &7 % 100 50 - 82 85
unfused ceutars of
ossificaticn, fusad
or staggared) * -

1/ Mdmigisterad po in corn oil dann( sarly or late organogenesis. The dose of 34.7
w3/kg/day comzercisl grade PCP is equivalent to 30 mg/kg/day purified PCP.

2/ Ipcidomce significantly different from control (binomial expansica test,
P < 0.0%).

Adapted from Sclwetz et al. (1974)



15 of gestatiom; statistically significent increases in skelecsl dafects
of the ribs, stermedras and vertebrss ware chserved ia doth treatment groups
(Table 9). In a seccud experimont, they geve 30.0 (purified) and 34.7
(cmreid_;rada) u3/kg/day PCP on days B through 11 of gestatica to one
group of snimals, and on days 12 through 15 to a second group; sutis:i.u'uy
significant increases in abaormal sternebrse apd siulls were cbserved in
auimals treated with purified PCP and sbuormal sternebrac in aaimals
trested vith commarcial 7CP (Tsble 10).

These results establish that the higher doses of PCP produce
fetal anomalies in the rat. Ar the 30 mg/kg/day dose the effects
of purified PCP vers more prbnouncc;l' than those of the equivalent of commer—-
cial grade PCP.

b. Stuaies with Dioxias

In the 1973 paper cited sbowe, Schwet: et al. reportod terato-
genic effacts from the dioxins found in PCP. They adwministercd doses of
0.1, 1, 10, and 100 ug BOOD/kg/day to pregnant Sprague-Dauley rats ou days
6 through ]5 of gestation.  They found statistically sigaificant increases over
the controls in all of the teratogenic paramsters observed ac 100 ug/kg.
For ¢zazple, cleft palate vas cbserved in 473 (6/17) of tha fetuses
cxposed to BCDD, compared to ocoe (0/156) irc the controls; 122 (2/17) of
the trested fetuses had dilated renal pelvis compared to 0.62 (1/56) in - -
the ccatrols; and 31T (5/16) of the treated fetuses had abnorzal verte-
brae compared to 6% (9/158) in the controls. Subcutameous cdems was
obsarved &t all doses except 0.1 ug/kg/day, which was considerad the no~
affect dose. In contrast, OCDD 4id oot cause teratogesnicity st 100
sg/kg/day; doses of 500 mg/kg/day ceused subcutanscus edema, but no other

effacts.
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Table 11 summerizes the results of trestment with ACDD.

3. [Exposure szalysis

In order to determine wvhether 2 presumption stould dbe issued
based on reproductive and fetotoxic effects, pursuant to Section
162.11(2)(3)(ii)(B), the Ageocy muct determine whether o mot an
mple margin of safecy exists betwoen the levels of PCP which produce
reproductive aad fetotoxic effects, and the level(s) to which the populs-
f,i.en at risk (women of child-bearing sge) can reascasbly be saticipetad
to bs exposed.

This section preseuls estimatss of di;uty. iohalarion and dermal
exposure to PCP and HCDD oa a "worst case” basis. These estimater are vases
on the exposure of a pregnant women in the home and at vork at major PCP and
Na-PCP use work sites, i.e., wood preserving plants, cooling towers, tanneries,
and constructica sites. This approach to PCP? exposure amalysis is Csken becsuse
of the fetotoxic &ond terstogesnic effects of PCP dascrided in Sectioa II.A.]l and
I11.A.2 and bacause of the continued movement of women into all aress of the labor
force. Estimsates are computed on the basis of 60 kg prignent wooan, 1005 absorp-
tion via dietary and irhalation exposure, and 10X adsorption via dermal coutact
for both PCP and Ma-PCP. Thare s no data svailable on dermal absorption of
PCP.by pregnant women; the 10Z estimate is based oo the penetrarion value
of 7-152 of sgveral chlorinated hydrocarbons, reported by Moibach and -
Feldman (1974). A pormal breathing rate is defined as 1.3 nslhcur at vork,

3
and 1.0 8 /hour in the homs.

-

Ichalat<zn of water vapor coataining Na-PCP is an exposure route
for workers in industrial cooling towers, paper pulp mills and tanneries.
Appendix 1 shows the calculations used to derive estimstesr of PCP in

vater vapors at these sites.
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TABIE 11. Effect of treatment with hexachlorodibenzo-p~-diosin on the incidence
y
of fetnl anamalies

Incidence of Ancmalies After Tresatment on Days 6-15 of CGestation

Control 0.1 up/kg/day ug/kg/day 10 EZEgZda! 100 tg@dax

SOFT TISSUE ANDMALIES

2/ L74
Cleft Palate b 0 (0/156) 1 (1/104) 0 (0/99) 0 (0/86) 4o (a/rn‘
L 0 (0/28) 5 {1/19) 0 (0/19) 0 (0/18) 73 (8/11)
o : ¢ - : ) .‘./ !/
Dilated Renal Pelvis P 0.6 (1/156) 0 (0/104) - '2(2/99) * 6 (5/86) - 12 {(217)
L 4 (1/28) 0 (0/19) . 5 (119} 1 3ae) 18 211
- ‘ - . Y 174 L74
Subsutanecus Sdema PS5  (B/156) 6 (6/104) 85 (54/99) 100 (86/86)" . 100 (17117)
‘ L74 &y 174
L. 21l (6/28) 32 (6/19) 100 (19/19)" - 100 (18/18)~ 100 (11/11)
SKELETAL ANOMALIFS - . Y
' « . : . L74
Split Vertebral P 6 (9/158) 2 (2/7103) .- 1 (199) 1 7 (6/86) ;. : 31 (5/16)
Centra S . 4
L 19 (5/27) s (1/19) "6 (1/18) 29 (5/17) 5 {5/9) .
Split Sternebrae P 0.6 (1/158) 1 (1/103) 2 (2/99) 2 (2/86) 31 (5/16)
: 4
L 4 (1/27) 5 (1/19) 11 (2/18) 12 (2/17) 56 (5/9)‘/
Delayed Oasification P 11 (18/158) 28 (29/103) 12 (12/99) 34 (29/86) 56 (9/16)
of Stemebrae .
T L 44 (12727) 74 (14/19) 50 (9/18) 71 (1217) 56 (5/9)

Mapted fran Sclmetz et al. (1973).

Incidence awong fetal pogulauom L (nswber of affected fetuses/mumber
fetuses examined),

Incidence amonyy litters: § (mmher of affected litters/meber litters
examined) .

Signiticantly different fram control by 2 x 2 contingency table, p < 0.05.

SRS
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Exposure to HCDD is developed using the same bases as for FCP. In
addition these assumptions are made: that the HCDD coutent of most technical
PCP and Na-PCP in the wmarkst place is 4 ppm (Table 2) and that assimilation
of HCDD is identical to that of PCP and Na-PCP. Using these nllu-ptiona,.
exposure °> HCDD is equal to the exposure to PCP times the factor 4 X lo.b

(4 ppm).

a. Dietary Exposure

Although PCP has no registered uses on anyfood cou;rndity,

PCP residues have been measured in foodstuffs (Table 1), and therefore
there is exposure to PCP in the diet. Using the da:;'i;.Tableél ;nd the
average daily intake of the cownoditiéiﬂvhiéh have b;cn found :to contain
PCP, it is possible to obtain an estimate of PCP apdi’ure from f£oodstuffs.
Table 12 displays these results, computed for average and maximum PCP intake
per day. For & 60 kg pregnant woman, the 'inuka(yould be:

0.0015 wg/day/60 = 0.02S ug/kg../dty; a;e:'nge,"

or 0.0181 mg/kg/day/€C = (0.302 ug/kg/day ua*imum.
For HCDD, intake would be:

-6

L -6
0.1 X 10 ug/kg/day average, or 1.21 X 10

ug/kg/day maximum.

b. Dermal Exposure

i. Bomeowners
PCP is sold in retail stores for treatment of wood to prevent
rot and Jecay in boats, mesonry, fences, and other sitesi Common directions
call for two coats of 5% PCP in miperal oil or a 3 to 30 minute soak.
Assuming that a 60 kg applicator spills encugh of the solution to cover
one hand (10 ml or about 10 grams), the exposure would be:
(10 gos x 0.05 x 0.1)/60 = 0.833 mg/kg/day.

)
For HECDD, exposure would be 3.33 X 10 mg/kg/day.
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Table 12. Estimated Average and Maximum Daily Intake of PCP in the Diet

1/ 2/

Average Avesage Maximum Average Maximum

Intake PCP Residue PCP Residue PCP Intake PCP Intake
Commodity kg/day mg/kg mg/ kg mg/day ng/day
Dairy Products 0.477 0.0005 0.0l 0.0002 0.0048
Grains and 0.181 0.001 0.013 +0.0002 0.0024
Cereals
Root Vegetables 0.261 0.001 6.010 . 0.0003  0.0026
Fruits 10.261 Trace’ 0.011 fw 0.0029
Sugars and 0.135 0.006 0.04 0.0008  0.0054
Ad juncts . )

Totals 0.6015° - 0.0181

1 From Agricultural Handbook No. 62, August 1961, p. 42

2 From Table 1 (Johnson and Manske, 1977)
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ii. Construction Workers

PCP~treated wood is used to construct platforas, fences, porches,
and other structures. It is estimated that 6 months after treatment, PCP
will be present on the wood surface at about 0.5 wg/ square foot (Koppers
Chemical Company, 1978). Dermal exposure occurs if workers handle wood
without wearing gloves. Assuming th;t the vorker actually handles wood
40 times during an 8-hour period, and that the area of the hands averages
0.25 sq. ft., then exposure would be:

(40 x 0.5 mg/sq.ft. x 0.25 sq.ft./operation x 0.1)/60 = 8.3 ug/kg/aay.

For HCDD, exposure would be 33.2 X 1.0-6 ug/kg/day.

iii. Cooling Tower Workers

Na-PCP is used to control the growth of algae, bac:‘eria and
fungi in vater cooling systems. Formulations typically coquin 802
Na-PCP, and are added to the system at concex;trltiom of 60 ppm for
initial cleaning, then reduced to 30 ppm to uinuin contrc;l. A vorker
could be exposed dermally to 100 ml of cooling warer containing
802 x 60 ppm formulation, or 48 ppm (46 mg/liter), of r:ia-PCP. (Shamaiengar,
1978). Exposure would then be:

(48 mg/1 x 0.1 liter x 0.1)/60 kg = 0.008 mg/kg/aay.

During routine maintenance, this would drop to 0.00{0 ug

Na-PCP/kg/day. For HCDD, exposure' wvould be 0.032 X 10'..6 ng/kg/day for

-5
initial clesning, aod 0.016 X 10 mg/kg/day during rcutine maintenance,

-

iv. Paper/Pulp Mill Workers

To control slime, algae and bacteria, Na~PCP is added to the
paper-pulp slurry during the manufacturing process. A typical product
contains 451 active ingredients of which 25X is Na-PCP. The concentration

of the product used is 450 ppm, of which 113 ppm (113 mg/l) is Na-PCP.
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During the process, semples of pulp slurry are taken periodically. If
& vorker takes seamples hourly (8 rimes/day) and wets one hand with 10 ml
of the slurry (inccrnltional Paper Company, 1978), the exposure would be:
(8 x 0.01 liter x 113 mg/l x 0.1)/60 kg = ”
0.015 mg PCP/kg/day
-6
FPor HCDD, exposure would be 0.060 X 10 wmg/kg/day.

v. Tannery Workers

A typical product used to control growcth of slime and fungi contains
12.3% PCP. With a use concentration of 1;4,000, the solution would contain
1 gm/4,000 gm vater or 250 ppa of{prééuct. If a yoricr vere exposed during
nornal operations, she.could dermally receive about 1400 ml of solution daily
on her expused arms and neck (Shamsiengar, 1978). Exposure here would be:
(1.4 liter x 250 mg/1l x 0.129 x 0.1)/6" kg =
0.075 mg Na-PCP/kg/day

o -6
For HCDD, exposure would be 0.3 X 10 =mg/kg/day.

vi. Workers ia Pressure-Treatment Plants

Although data is not cvaiiable;on dermal exposure at these sites,
it can be assumed that this exposure is at least equal to exposure at
construction sites. Freshly treated wood can be expected to contain
wore PCP on its surface than wood used at construction sites, the latter
having been subjected to weathering, i.e., leaching, vaporization, etc.,
in the intervsl betveen presgure treatment at the plant and use at
construction sites. Therefore, dermal exposure at pressure {reatment

plants is taken to be at least the same as that at construction sites.
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1/
Table 13,  Pentachlorophenol Concentrations in Air at a Pressure Treatment
Plant.
Kopperc Company, Incorporated
North Little Rock, Arkansas
February 24, 1976

*XConcentrations

Sampling *Type ol 3
Sample Mo. Operation Period (min) Sample (mg/n )
Al Hand Mix Oper. 112 GA 0.004
Al Hand Mix Oper. 112 GA 0.004
AS Sampling Man EQUIPMENT FAILIRE - WID
Ab Asot. Treater 442 4 0.001
A7 Laborer 445 P 0.001
A8 Laborer 438 P 0,006
AY Treating Oper. 437 | 4 0.001
AlO Locomotive Oper. 33y P <0.b0}
A2/12 Hand Mixer 110 1 4 0.0u8
A4/ 14 Hand Mix Oper. 112 CA 0.003}

Arerican Conference on Governmental Industrial lygienists,
Threshold Limit Velue CommitiLee .....-...........-......o-..c-.....0.5

* GA - General Area; P ~ Personal
]
** ng/H = milligrams of substance per cubic meter of air sampled

1/ Source: Health Hazard %vnluation Determination Report Nol. 75-1117-

371, DMEW, Center for Disease Control, National Institute for
Occupational Safety and lealth, Cincinnati, Ohio. March, 1977.

“ Preceding page blank



Table 11 cunmarizes the results of trestmest with ECDD.

3. Exposure Analysis

In order to datermine whether a presumprion skould be issued
based on reproductive snd fetotoxi:c effects, pursuant to Sgction
162.11(a)(3)(ii)(B), the Agency must determine whether or not en
saple margin of safety exists betwaen the levels of PCP which produce
reproductive and fetotoxic effects, snd the level(s) to vhich the popula-
fion at risk (vomen of child-bearing age) can reasovably be amticipated
to be exposed.

This section presents estimites of dietary, inhslatioca and dermal
exposure to PCP and HCDD on a "worst case” basis. Thesé estimates are basea
on the exposure of a pregnant woman in the home and &t work st major PCP and
Na-PCP use vork sites, i.e., wood preserving plants, cooling towers, tauneries,
sand construction sites. This approach to PCP exposure analysis is taken becsuse
of tha fetotoxic and tcnto;cnic effacts of PCP described in Sectica II.A.l and
11.A.2 and becsuse of the continued movement of women into all areas of the lebor
force. Estimates are computed on the basis' of 60 kg pregnant wonan, 100X absorp~-
tion via dietary a~d inhalation exposure, and 102 adsorption via dermal contact
for both PCP and Na~PCP. There is‘ o daca available on dermal sbsorption of
PCP.by pregnant vomen; the lOi c;;inate i; based on the peaetration value
of 7-152 of several chloriaated Q;drgc;:bops, reported by Maibach &ud .
Feldman (1974). A mormal hreathing f;te is definea as 1.8 n3/hout &t wvork,
and 1.0 m3/hour in the ho.;. ‘

Inhalation of water vapor containing Na-PCP is an exposure route
for workers in industrial cooling towers, paper pulp mills and tanreries.

Appendix 1 shows the calculations used to derive estimates of PCP in

wvater vapors at these sites.
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3
the daily exposure of a 60 kg worker at s moderate bresthing rate (1.8 m /hr)

wuld be:

3 3
(8 ug/m x 1.8 m /hr x 8 hours)/60 = 1.92 ug/kg/day.

-6
For BCDD, exposure would be 7.68 X 10 ug/kg/day.

Io the absence of data on PCP coacentrations in the air at
constructicn sites, these values for PCP and HCDD are taken as
worst case estimates at thesa sites.

iii. Cooling Towers

Some persons vorking near cooling towers can be exposed by
inhalation of vapors and drift containing Na- PCP. The relative
amounts of Na~PCP and vater evaporating from the cooling water is a
functicn of their wmolscular weights and vapor pressures, and is esti-~
mated to be 0.02 ug l’CZP/m3 (Appendix 1). - Exposure therefore would be:

3 3 '

(0.02 ug/m x 1.8 m /br x 8 hr)/60 = 0.004 ug Na-PCP/kg/day.
For BCDD, exposure would be 0.016 X 1.0.6 ug Ma-PCP/kg/day.

Drift is the entrained vater cntfie:i from the toﬁer by the exhaust
air. In an average cooling tower, approximately 12 of the.cooling fluid 1is
lost to drift. For a properly fw.:;tionink cooling tower, the ratio of vnter.-
to air vaight should be unity in order to insure maximum heat exchange. At an
zverege cooling rete of 300 gallons/mimute, this weight of water is equivaient
to tha weight of 850 8 of air. The drift (3 galloms or 11.355 liters), discri-

buted in this volum: of air, gives an Na-PCP concentration of:

3 3
(11.355 1 X 48 mg/1)/880 m = 0.6 ng Na-PCP/m .



Expogure would than be:

3 3
(0.6 ag/m x 1.8m /Mr x 8 hrs)/60 = 0.15 zg Na-PCP/kg/day
-6
For BCDD, exposure would be 0.60 X 10 mykg/day.

iv. Paper/Pulp Mills
Inhalation exposure is based on a concentration of 0.047 ug Na~PCP/
3

m (sen Appardix 1), vhich ccmputes to:

3 3
(0.047 wy/m x 1.8 m /hr x 8 hrs)/60 = 0.01 ug Na-PCP/kg/day.
-6

For BCOD, exposure would be 0.04 X 10 ug/leg/day.

v. Tanneries

: !‘i 3
Inhalation exposure is based on a concentration of 0.013 ug/m (see

Appendix 1) so that exposure is::

3 3
(0.013 ug/m x 1.8 m /Mr x 8 hrs)/60 kg = 0.003 vy Na-PCP/kg/day
-6

For BCDD, exposure would be 0.012 X 10 ug/kg/day.

4. Conclusions ; ' "

Table 14 summarizes the exposure estimates for PCP and HCDD deve—
loped in Section II.A.3. Table 15 gives the ratios of the no effect
Jose level to total exposure to PCP and HODD of the major use sites.

The foregoing discussion establishes that FCP and possibly its HCDD
cantaninants cause teratogenic ard fetotoxic effects in test animals. The -~
adverse effects observed among the injured fetuses include distorted sax
ratios, increased incidences of resorbed embryos, skeletal ancmilies end
subcutarscus edama. The ro—effect levels are 5.8 mg/kg/day for RCP and
1 w/ky/day for BOOD. In addition, PCP contains other dioxin contaminants
which have not been fully characterized toxicologically, and which vary

quant itatively from batch to batch.

43



\/

TABLE 14, Estimates of Humen Exposure to PCP and HCDD

Site

Home
Construction
Sites
Cooling
Towers

Paper Pulp

Mille

Tanneries

Pressure Treat-0.025

ment Plante

1/ Based on a 60 kg pregnant woman
/ Initial Treatment
/ Routine Trestment
/ Cooling Tower Drift .
/ 1lnhalation of cooling tower drift

HCDD
cp -6
ug/kg/day ug x 1U _/kg/day
Dietary Dermal Inhalation Total Dietary Dermal Inhalastion Total
0.025 av 833 53.3 886,32 0.1 av 3130 13.) 3543.4C
0.302 max 886,60 1.2]1 max 354451
0.025 av 8.33 1.92 10.28 0.1 av 33.2 7.68 40,%8
0.302 max 10.55 1.21 max 42,09
2/ s/ Y 3/
0.025 av 8 0.004 158.03 0.l av »n 0.016 632.02
0.302 max 3 LY 5/ 1.21 max ¥y &/ 5/
4 150 154.31 . 16 600 617.23
0.025 av 15 0.01 15,06 . 0.l av o0 0,04 60.14
0.302 max 1531 1421 max o » 61e29
£.025 av 75 0.003 75.0° 00w 300 0,002 300.11
0.302 max 75.31 lle max 301.22
v 8.37 1.92 10.28 0.1 av 332 7.68 . 40.98
0.302 max 10,55 1.21 max 42.09

+ PCP vapors + dermal and dietary

exposure
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Data available to the Agercy inlicate that the physical and cheaical
roperties of FCP, and its commercial uses and distributions lead to
substantial human and ewirocnmental axposure to this pasticids. 1In this
regard, several factors e significmnt:

- Qrrrent ICP production approximates 50,000,000 pounds
per yoar and production is expectad to increase to
80, 000,000 pounds per year in the naar futire (Josephson,
1977). If FCP is egually distributed among the total
U.S. population, assuming 60 kg body weight for each
individual exposed, the theoretical expomxe potential
for each perscn in the general population is S mg/kg/day.

- Althaxgh KCP is registered mainly for nomegriculturzl
uses, the chemial is widely distributed in the emwiron-
ment and in human tissues. It is present in the blood
ard urine of persons rot Jnown to be exposed to the
pesticide. It has been found in the drinking water of
80% of 108 cities sampled, in rainwater in Hmaii, and
st low levels in food comdities such s sgars, root

vegetables, and grain and cereal products (Table 1).

- FCP is registered for hame and industrial uses. As a
result, hossowners, workers using PCP in leather, wodd,
and paper oossgsing plants, and others using products
containing KCP are expogsel to the chemical. The Agency
cstimates that user exposure levels rarmge from approximately
0.9 my/kg/day for hame uses to less than 0.01 mg/kg/day at
construction sites (Table 14).

-~ Homms, tanneries, woad pressure treatment plants, poper
pulp mills, and cooling towers are major use sites presen-—
ting significant exposure potential, particularly since
PCP he23 baen shown to be abscorbed thraugh the skin, These
uses ray involve dermal a8 well as inhalation contact with
the pesticide. Further, since 80% of the amnual XP pro-
duction is used for wod preservatives, substantial rmumbers
of people who spray, dip, and pressure-treat wood at plants
ray be expcsed to the pesticide. In addition, workers
using KCP-treated wocd at. construction sites can be exposad.

The Agancy's pre-RPAR review of pesticide exposure is based on
data abaut the chemical under reviaw, other pesticides, ganeral
asswptions, ard other relevant information. The Agency recognizes
that the egpcsure data avsilable is sketchy and incomplete. The Agency

supplerented this data with reasonable worst case assunptions, which by
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: A
Table 15. Ratio of No Effect Dose to Total Exposure Estimates

site is3 BID
Bowe 6.55 282

Construction Sites 557 . 24073
Cooling Towers 37.2 1602
Paper Pulp Mills 82 16477
Tanneries T2 1 1
Fressure Treatment o - _

Plants | 557 . 40m

*
kY

1) NoEffectmssareSBng/ug/dayftzPQard
1 wg/xg/day for BCDD.

2) Averages of Total Exposures from Table 14.

their natwre zre conservative. Mﬂxelas, mce:tnnty rumms as to
the validity of the preliminary expcsure stmtes derived from the data
and the assumptions. Therefore, in determining whether an adequate
margin of safety exists, the Agency corsiders it prudent public plicy
to utilize greater safety factors for FCP tbm it 'vculd in situations
where it had greater confider e in the underlying exposure data and

assumptions.

40 CFR 162.11(a)(3)(ii)(B) provides that a rehuttable presurption
shall arise if a pesticide produces ary "chronic or delayed toxic effect
in test znimals at any dcsage up to a2 level. . . which is substantially
higher than that to which humans can reasonably be anticipated to be
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egpcsed, taking into acoount aaple margins of safety . . . . KP
produces texatogenic and fetotoxic effects in test enimels, and workers
using PCP in comection with tannery, home, pressure treatment, peper
pulp processing, cooling tower and all other uses masy be exposed to KP,
vith levels & major use sites ranging fram 0.01 to 0.9 my/lg/day. The
wwmmmunmmmmmme
levehaﬂﬁnm-cﬂoethnlinmtm-ymtmtimamle
margin of safety. Accurdi.ngly. the W has concluded that all KCP
registrations exceed this risgk critenon.

The Agercy imn.ts mzstrams t.o prov.de dGata and information
to confirm, refme, or ntnt t.be i.nfomnon yon which the exposure
estimates are bmed. 'mehgencywill use the new data to detexmine
whether o not the prsmpucin\um been rd:uthedmd in agsessing the
rislswhichPCPummy#sa;ttphealthuﬂtheewimmm.
III. Studies Relating to Possible Adverse Effects

This section describes studies on KCP which do mt meet the cri-
teria cutlined in 40 CFR Secuon 162.11. It is intended to provide
information on other tamic effects of PCP, including those resulting
from misuse. With the exception of the discussion of oncogenicity
and mutagenicity, the smﬁis pnsented were chosen a8 examples of these
effects; other reports are availan;:le. in the scientific literature.

A. Oncogenic Effects in Test Animals

In 1969, Imnes et al. administered PCP (Dowicide 7) by gavage to
mice at doscs of 46.4 m3/ky on days 7-28 of age and at 130 ppm (17 mg/
kg/day) in the diet for the follewing 17 months. They reported that
this regime czused no significant increase in tunor incidence in test

animals 25 compared to the control animals, In 1976 Schwetz et al. in an
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unpublished study submitted to EPA, reported that dietary regimes of
Dowicide EC-7 at 1, 3, 10, and 30 mg/kg/day for 22 and 24 months for
sale and female rats, respectively, did not increase tumor incidence
over control animals. The composition of the PCP products used in
these studies vas similar to those shown in Table 2.

Boutwell and Bosch (1959) tested s series of phenolic chemicals
for their ability to induce skin tumors in =mice. " In :hcic experiments
a simple application of 6.3% dimethylbenzanthracene (DMBA) in benzene was
first applied to shaved back skin as an initiator. Subsequently, 202
PCP, the promoter, was applied in benzene to’the back skin of each test
animal tvice weekly for 15 weeks. 1In this lbort;:'én‘:(tudy the iovesti-
gators reported a survival race of 82.92 (§9/3S) i'n thev test snimals and
a rote of 752 (15/20) in control asnimals treated with benzene only after
the initial exposure to TMBA. The average mmber of papillomas per sur-
vivor in the test group was 0.04, slightly less thtn the 0.07 observed
in the controls; the percent of survivors \-;ith p'lpilhlc‘:u‘s vas 4.0% as
coapared to 72 in the control group.

These papers have been re\;ieved by the EPA Caécinogen Assessmentl
Croup and were found to be megative with rup;ct to‘ oncéienic effects
of PCP (Albert, 1978). |

B. Mutagenic Effects

Fahrig (1974) ipduced mitotic gene comwersion at

the ade 8 and trp 5 loci of Saccharomvces cerevisise. Using 8 con-

centration of 0.19 millimoles (50 ppm) PCP in 1I dimethyl sulfoxide
5
for 6 hours, he found 6.62 ade 2 coovertants per 10 survivors
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(control: 0.45 per 105 survivors) and 4.31 trp 5 convertants per 105
survivors (control: 0.36 per 105 survivors). Fahrig did mot report on
the statistical reliability of these data.

In a later report, Fahrig (1978) studiei the mutagenic
properties of certain chlorophenols, including PCP, in yeast and mice
("maxmalian spot test"). He used S. cerevisise MP-1, a diploid multipurpose
strain for screening intergenic recombination (mitotic crossing over),
intragenic recombination (mitotic gene conversion) and forward mutation.

He incubated cell suspensions at 2500 wvith lo‘bO mg/liter PCP for 3.5 hours.
He spread aliquots of the suspensions, approiinately 3x107 cell:, on solid
putrient-deficient (intragenic recombinants and sutants) or complete
(intergenic recombinants) media and incubatc;l at 25°C for 4 and 8 days
respectively. Fahrig repo;i".ted statistically significant (p<0.001)
increases is foward mutation and mitotic gene conversion. Table 16 contains
the results of this experiment.

In the mmalian'sﬁ—ot test, he mated females of inbred C57BL/6Jhan
strain mice to males of rotation bred T-stoci. The progeny of this combination
are suscéptible to color spots in the adult coat if a muitagenic agent is
injected into the peritoneal cavity of the dam during the tenth day of
fetzl development. The incidence of color spots in untreated mice bred
as described was 0.11. A dosage Af 50 mg/kg PUP to pregnant mice produced
color spots in 0.62 of the progeny; a dosage with 100 mg/kg resulted in a

1.3% incidence of spots. Fahrig did not give the statistical significance

of these data.
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TABLE 16. Induction of forward mutation, intragenic and intergenic recombination in

S. cerevisise MP-1 in vitro with pentachlorophenol at s treatment time of

1/
3.5 hours
Experiment 0y Control 0y
27 el
Colonies of Colonies of
? of Concen- Genetically # of Cenetically
Genetic  Experi- tration Altered Cells Experi- Altered Cells
2/
Alteration ments (mg/1) Survival Per Survivor ments Per Survivor Significance
Mutation 4 400 59 + 8 2.00 + 0.22 (216) 4 0.61 + 0.07 (113) < 0.001
(10813)
Intergen. 0.47 + 0.14 (50) 0.49 + 0.08 (91) > 0.8
Rec.
T ragen. 5.64°+ 0.45 ¢ 2,93+ 0,10 (542) < 0.001
Rec. : ) : )
1. Adapted from Fahrig et al. (1977)
2. Control Survival = 1002
3. Mutants, Convertants (Intragenic Recomhination)/lo7 surviviors,

Recombinants (Intergenic Recombination)/lo2

The

50
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A geneticist and statistician assigned to EPA have reviewed the Fahrig
et al. paper (1978). In the opinion of the geneticis®* . is study does not
provide evidence of the mutagenicity of PCP. This op: . was based on the fact
that the experiment has certain shortcozings. Among these are absence of
information on the controls as well as on maternal toxicity (Mauer, 1978). Only
two animals were affected at each dofé'ie§e1; the EPA staristiciac has found that
this response is not s:atisticnll}fsignifféint at the 0.05 level (Rossi, 1978)
using the chi-square test. b

For these reasons, thé~ieviewers”6{€’not consider tie mammalian spotl
test to be sufficient evidence of’ﬁutageniﬁity; and the criteria of multitest
evidence of 40 CFR Section 162.11 (a)(3}(ii}(A) are not me:.

It should be noted that mutagehicity tests on PCP were pegative with
the Ames test (Andersen et ‘al. 1972)}'thé host—bediated assay (Buselmaier
et al. 1973), and the sex-linked recessive’léthal test on Drosophila
(Vogel and Chandler, 1974). *" -’ :

C. Chloracne

Chloracne (";hlorihe acne"”) ‘is a human skif disorder characterized
by distention of hair follicles bf horny cutaneous tissue, and by a de-
crease or absence of the sebaceous glands in the area of infection.
This condition has been observed 'in workers im PCP manufacturing plants
and wood preserving operations (Baader and Bawer, 1951). fhloracne can

arise in these workers weeks or months after exposure, and st first was
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thought to be due to PCP itself. However, using the rabbit ear test,
Jones et al. showed in 1962 that the acnegenic agent in the herbicide
2,4,5-T vas its contaminant TCDD. Further study of the acnegenic effects
of pure and commercial grade PCP identified its dioxin contaminants as
the causative agent (Johnson et al., 1973).

D.  Hepatic Effects

Goldstein et al. (1976) fed pure and technical grade PCP to female
Sherman rats for 8 months at dosages of 20, 100, and 500 ppm. Technical
PCP produced hepatic porphyria at 100 and 500 ppm, and all doses caused
_increased heparic aryl hydrocarbon vhydroxy}gge ";ctivity, glucuronyl trans-
ferase activity, liver weight, cytochrome P-450, and microsozal nene.
N-demethylase activity was not affected. In contrast, pure PCP had mo
significant effect on these parameters, cxccpt\for increasing glucuronyl
transferase at 500 ppm. Both PCP type;vdecgeaatec‘l the rate of body weight
gain at 500 ppm. The techmiral PCP used . contained 8 ppe hexa~; 520 pm
hepta-, and 1380 ppm octachlorodibenzodioxin. Pure PCP contained less
than 6.1 ppm each of these cont aminans.

Kimbrough and Linder (1975) fed 1000 ppm "relatively pure" PCP and
technical PCP to male rats for 3 months. All of t}le an;hals were reported to
have statistically significant enlargement of the liver when compared to the
controls. Histolegical examination of the liver using the light microscope
showed that the rats fed technical PCP had foamy cytoplasm or pronounced vacuo-
latior of the hepatocytes, inclusions, single hepatocellular pecrosis, inter-

stitial fibrosis, and a brown pigment in macrophages and Kupffer cells.
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Examination with the electron microscope showed an increase in smooth
endoplasmic reticulum, many lipid vacuoles, and atypical mitochondria.
Livers of rats fed the relatively pure PCP ghowed enlarged hepatocytes,
and many cells contained inclusions in their cytoplasm. Electron micro-
scope studies showed a slight increase in smooth endoplasmic reticulum,
atypical mitochondria, and some lipid vacuoles. Livers of control rats
vere normal. Kimbrough and Linder did not report the amount of dioxin
antaminants in the pure and techamical PCP which was used in the study.
In 1976, Schwetz et a#l.-observed discoloration of the liver in
female rats fed 10 or 30 mg/kg/day PCP. Histological examinaticn re-
vealed pigmented material in the hepatecytes:surrounding the central
veins with smaller amounts present in the reticuloendothelial cells.
Hepatocytes in the ceatrilobular region alsg contained pigmented mater-
ial but were not necrotic. The PCP used in this study was representa-~
tive of Dow's product and contained approximately 30 ppm total dioxins.

E. Toxicitv to Humans

K

There are reports of deaths caused by industrial or accidental
exposure to PCP. In most cases expgsure occurred by dermal contact,
either to PCP in solution or to materials treated with PCP. Bergner
et al. (1965) described five cases of ‘PCP intoxication in Winnipeg in
1963. The one fatality involvéd a worker in a wood treating
plant who, using his bare hands, dipped wood into a vat contaiping a so-
lution of 4.12 PCP in petroleum solvent. A similar incident bad pre-
viously been reported in 1952 in France by Truhaut et al. In this case

twvo workers were immersing wooden planks in a 3% aqueous solution of a



mixture of 802 Na-PCP and 201 sodium tetrachlorophenate. The workers
plunged their hands and forcarms into the liquid bath to remove the
planks. After 6 days of this work, both men became ill and ultimately
died. 1In all three cases, the initial symptoms cf intoxication were
profuse sveating and elevated temperatures.

These same syxptoms were observed in an incident imvolving nine
neonstes in a nursery for newbors infants in St. Louis. Robson et al.
(1969) reported these and other symptoms in these infants, two of whom
died. Other symptoms reported were increaséd pulse rite ( > 150/minute),
hepatomegaly, and respiratory distress. ~Of the seven survivors, six
received exchange blood transfusions, and.-one recéived only supportive
therapy. Exposure was proven to be via percutaneéus absorption
of Na-PCP which had been mistakenly used to launder 'the infants'
diapers and bed linens.

In a followup paper, Armstrong et al. (1969) meiasured PCP levels
in sauples of these diapers and linens, in autopsy tissues, and in the
serum of a surviving infant. They deteéted the following PCP residues:
six diapers, 2.64 to 17.20 mg/100 g; two ahifts, 7.38 and 7.90 wg/100 g;
two shirt backs, 22.40 und 195 mg/100 g; two crib pads, 4.89 and 175.70
mg/100 g; one mattress pad, 14 mg/l00 g; one pillow casé, 6.25 mg/100 g;
and two muslins, 1.15 and 2.80 mg/100 g. 1In autopsy tissues, PCP measure-
ments were: kidney, 2.8 mg/100 g; adrenal, 2.7 mg/100 g; heart and blood -
vessel, 2.1 mg/100 g; fat, 3.4 mg/100 g; and connective tissve, 2.7 mg/100 g.
An infant who survived through exchange travsfusion, had PCP levels of 11.8

wgz/100 ml before, 6.5 mg/l100 ml éuring, and 0.2 wmg/ml 2fter the transfusion.



F. Toxicity to Animals

Toxicological data on PCP are complicated by the presence of vary-
ing quantities of tetrachlorophencls, dioxins, and furans in the technical
material. Table 17 summarizes the available toxicity data for PCP on var-
ious magmalian species.

There are reports of fatalities to farm animals following exposure
to PCP. Spencer, in 1957, described  the deaths of two Hereford cows within
24 hours after drinking a 5% loiutio; of PCP in kerosene. Blevins (1965)
reported on the death of a I{ttér of ten ﬁigt kept in a farrowing house
whose floor had beeu overly ;realed\éith étP dissolved in used crankcase
oil. They theorized that the pigs were tiiplyAeqused by direct adsorp-
tion through the skin, from thefiilk‘of the gilt,“ind through inhalation
of PCP "aeroscl." The gilt recgvered when it was moved outside the far-
rowing house.

Adelman et al. (1976)1estihlished the LC-50's for Na-PCP as 0.21
mg/liter for fathead ninnows; and 0.22 mg/liter for goldfish. Holmberg

et al. (1972) found that the eel {Anguills anguilla.l) did por survive

5 days of exposure to O.l ppm Na-PCP in fresh water. Hanes et al. (1968)

found that the LC-50 for cpbb s&l@on_(onchorvnchus kisutch) is 0.15 mg/
liter of K-PCP. o |
The Public Health SerQicé of DHEW has reporte on nﬁmerous fisk
kills from 1964 to 1970 that were caused by effluents from wood treatment
plant washing into fresh vater.‘ Siﬂge 1970, the Pesticide Episode Review Systexm
(PERS) has recorded only four incidents involving fish kills. This indicates

either that wood preserving practices with effluents have become more stringent,

or that incidents are not being reported to PERS.
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TABLE 17. Toxicity of pentachlorophenol to memmals
Organiem Route of Dose or
(Sex, Strain) Administration Concentration Reference

Wistar Rats

Albino Rats (M)

Albino Sprague-
Dawley Rats (M,F)

Albino Wistar
Rats (F)

Sherman Rats (M,F)
(F)
(M)
(F)

Oral (0.5% in
Stanoflex fuel oil)

Subcutaneous (2%
in water)

OrllA(ll,in olive ofl)

Oral (2% in water)

Intraperitoneal
) o

1ntraperitoneal 8 C.

o

Intraperitoneal 26 C

[+]

Intréperitoneal 36 C

PercutaneounI(dermnl)
403 w/v in glycerol -

formaldehyde

Oral (in peanut oil)
"

Oral
Dermal "
Dermal W

56

27.3 mg/kg
06.3 mg/kg

7.9 wg/kg

210.6 mg/kg

56 mg/kg -

620 mg/kg .(LD-100)

420 mg/kg (LD-100)

120 mg/kg (LD-100)

149 mg/kg

146 mg/kg
175 mg/kg
320 mg/kg
330 mg/kg

De ichmann et
Deichmann et

Deichmann et
Deichmann et

al.

al,

._l-
al.

(1942)

(1942)

(1942)
(1942)

Furquhareon et al, (1942)

Keplinger et al. (1969)

Keplinger et al. (1969)

Keplinger et al. (1969)

Noakes and Sanderson (1969)

Caines (1969)
Caines (1969)
Caines (1969)
Caines (1969)
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TABLE 17. Toxiclity of pentachlorophenol to mammala (Continued)

Organism Route of Dose or

(Sex, Strain) Administration Concentration Reference

Sprague-Davley Inhalation 80 ml/min 11.7 mg/kg Hoben et al {1976)

Rata (M) 4 '

White Mice Intraperitoneal 29 wmg/kg’ Pleskova and Bencze (1959)
Subcutaneous 63 mag/kg Pleskova and Bencze (1959)
Oral 130 mg/kg Pleskovs and Bencze (1959)
Percutaneous 261 mg/kg Pleskova and Bericze (1959)

Rabbits Cutaneous " 512.5 ng/ké‘(LD-lOO) McGavack et al. (1941)
Subcutaneous 275.0 mg/kg-(LD-100) HcCavack et ‘sl. (1941)
Intraperitoneal ©135.5 mg/kg (LD-100)  McGavack et al. (1941)
Oral B 550.0 mg/kg (LD-100) McGavack et al. (1941)

Sheep Oral (5% PCP in 120 mg/kg (LD-100) Harrison (1959)
sawdust) ' ,

Calves Oral (5% PCP in 140 mg/kg (LD-100) Harrimon (1959)

1/ All valuea represent the LD

sawdust)

50

unless otherwise noted.
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G. Effects of Tetrachlorophenol

As stated previously, the presence of tetrachlorophenols in all
PC¥ products raises the possibility that adverse effects of PCP could
be attributed to these compounds. The toxicological properties of tetra-
chloroohenols have not been studied extensively. The "Registry of Toxic
Effects of Chemical Substances,” puhlished ;by,ihc Natiooal Institute of

Occupscional Safety and Besglth, DHEW, lists the oral LD . for the rat as

16(’) ng/kg, both for tetrachlorophenol (pruﬁi.-ably‘-ixe:gaoun) and for
2,3,4,6-tetrachlorophencl.

Schwetz et al. (1974a) evaluated tn; effects of purified and com-
mercial grade tetrachlorophenol on rat ubr;'yovn‘ii and fetal development.
They fed pregnant Sprague-Dawley rats 10 and 30 mg/kg/day on days 6-15
inclusive of gestation. These doses Md no effect on resorptions, fetal
body weight, or fetal crown-rump length. At 30 ig/kx/day,. there were
stati tically significant increases in delﬁye;l ois:.fxcat:.on of the skull
bone- £fcr both tetrachlorophenol T,types.:' Schvetzet al observed subcu-
taneous edema at 10 mg/kg/day with both couboux;da, but mot wvith the 30
mg/kg/day doses. Since this effect was not dose-related, the authors

speculate that it may have been due to chance.
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Appendix 1

Ra-PCP Content in Water Vapor

Na-PCP is registered for use as a slimicide in cooling towers, paper pulp
mills and tanneries. In these uses, Na-PCP is normally found in vater
at concentrations of 48, 113 and 32 mg/liter respectively. The humidity
in the work areas ar these sites can . approach 100, due to vaporiza-
tion from the large volumes of water requix?d. Na-PCP can also vaporize
from solution, and t.he' amounts of Na-PCP in the vapor can be estimated.
Ir'x the following calculations, it is a;smed tbat the Na-PCP/water solution
is an ideal binary system. The following const"ant_s will be required:
At 1002 humidity and 20°C,

weight of water vapor - 17.3 gu/n3

vapor pressure of vater = 17.54 mm

Vapor pressure of Na~PCP -4
(assiming same volatility as PCF), = 4.7 X 10 mm

;

Molecular weight of water = 18

Molecular weight of Na-PCy = 289

In 1 liter of solution, at 48 mg/l Na~PCP, there are approximately
.048/289 = 1.7 X 10-4301“ Na~PCP and 1000 gms/18 = 55.5 moles

water. According to Raoult's Law, the partial pressure (p*) of each

component in a binary system equals the mole fraction M  (moles of component/
£

total woles present) mltip’li‘eﬁ‘ by 'th'e kinrimr Apressur“e of the component (VP )ﬁ
; c
p° =K X VP
£ c
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Then:
-4 -4 -9
P* Na-PCP = (1.7 X 10 /55.5) (4.7X10 ) =1.4X10 w=m

P* Water = (55.5/55.5) (17.54) = 17.54 mm
The wole fraction of Na-PCP vapor in the air can be calculated using the
formula:

mole fraction Na-PCP = p* Na-PCP
p_ Water + p° Na-PCP

-
= 1.4 X 10
- -9
17.54 ¢+ 1.4 X 10
or moles Na-PCP in var>- ' -1
moles water in vap.r = 8§ X 10

The moles of water on the vapor is

3 3
17.3 gms/m = 0.96 moles water’m
18
Therefore ‘
3 -11

moles Na-PCP = (.96 moles wvater/m X 8 X 10
-11 3
= 7,7 X10 "~ wmoles/m

and : .
-11 3
Grams Na-PCP = 7.7 X 10 moles/m X 298

-3
= 0.02 ug/m

These same calculations apply for vapors in pulp pills ano -anneries,
apd using the concentrations of Na-PCP specified earlier, tnese
calculate to:
3
Pulp mills: Na-PCP = 0.047 ug/m

3
Tanneries: Na~PCP = 0.013 ug/m

60



1/

1/

List of References

Adelman, I.R., L.L. Smith, Jr., and Gary D. Sisennop.
1876. Acute toxicity of sodium chloride, pentachloro-
phenol, Guthion (R), and hexavalent chromium to fathead
minnow (Pimephales Promelas) and goldfish (carassius
auratus). J. Fish kes. Board Can. 3(2):203-208.
COPYRIGHT.

Ahlborg, U. G.,’d t} Lindgren, and M. Mercier. 1974.
Metabolism of peﬂtachlorophenol. Arch. Toxicol.
32:271-281. < COPYRIGHT.

Akitake, H., and K. Robayashx. ©1975. Studies on the
metabolism of chlorophenols in fish. III. 1Isolation
and identification of an conjugated PCP excreted by
goldfish. Bull. of the Japanese Society of Scientific
Fisheries. 41(3): :321- 327 COPYRIGHT.

Albert, R.E..1970. The Carcinogen Asessment Group's

Prliminary Report on Pentachlorphenol (PCP). Internal
Agency Report. :
Anderson, K.J. E.G. Leighty, and M.T. Takahashi. 1972.

Evaluation of herbicides for possible mutagenic proper-
ties. J. Agr. Pood Chem. 20(3):649-656. COPYRIGHT.

Anonymous. 1970 Pentachlorophenol poisoning in the
home. Calif. Health 27(12):13. COPYRIGHT.

Armstrong, R.W., E.R. Eichner, D.E. Klein, W.F. Barthel,
J.V. Bennett, V. Honson, H. Bruce, and L.E. Lovelss.
1969. Pentachlorophenol poinsoning in a nursery for
newborn infants. 1I. Epidemioclogic and toxicologic
studies. J. Pediatrics. 75(2):317-325. COPYRIGHT.

Arsenault, R.D. . .1976. Pentachlorophenol and contained
dibenzodioxins in the environment. A study of environmen-
tal fate, stability, and significance when used in wood
perservation. Published by the American Wood-Perservers _
Association. COPYRIGHT.

Baader, B.C.E.W., and H.J. Bauer. 1951. Industrial
intoxication due to pentachlorophenol. 1Ind. Med. Surg.
20(6):286-290. COPRIGHT.

Documents marked “COPYRIGHT" are available for public
inspection in the Office of Special Pesticide Reviews
but may not be copied or distributed by the Agency.
Papers marked "CONFIDENTIAL"™ may not be copied or
distributed.

A (1)



lo.

11,

12.

13.

14.

15.

16.

17.

18.

19.

20.

Bergner, B., P. Constantinidis, and J.H. Martin, 1965.
Industrial pentachlorophenol poisoning in Winnipeg.
C.Mda mdo ASIOC. J' 92:“8-‘510 mPRIGHT.

Bevenue, A., J.N. Ogata, and J.W. Hylin. 1972.
Organochlorine pesticides in rainwater, Oahuu, Hawaii,
1971-1972. Bull. Environ. Contam. Toxicecl., 8(4):238-
24)1. COPYRIGHT.

Bevenue, A., J. Wilson, L.J. Casarett, and H. W. Kelmer.

1967. A Survey of pentachlorophenol content in human urine.

Bull. BEnviron. Contam. Toxicol. 2(6):319-332. COPYRIGEHT.

Blevins, D. 1965. Pentachlorophenol poisoning in
swine. Vet. Med. Small Anim. Clin.‘QP:CSS. COPYRIGHT,

Butwell, R.K. and D.K. Bosch. 1959. The tumor-promoting
action of phencl and related compounds for mouse skin.
Cancer Res. 19:413-424. COPYRIGHT.'

Buhler, D.R., M.E. Rasmusson, and H.S. Nakaue. 1973.
Occurence of hexachlorophene and pentac..lorophenol in
sewage and water. Environ. Sci. Technol. 7(10):
929-934. COPYRIGHT.

Busselmaier, W., G. Rohrborn, and P. Propping. 1972.
Mutagenicity studies with pesticides by host-mediated
assay and the dominant lethality test on the mouse.
Biol. Zbe. 91:311. COPYRIGHT.
Buser, H. and H.P. Bosshardt. 1976. Determination of
polychlorinated dibenzo-p-dioxins and dibenzoafurans in
commercial pentachlorophenols-by.combined gas chromato-
graphy - mass spectrometry. Jour.’ of the ADAC 59(3):
562-569. , T :

Casarett, L.J., A. Bevenue, W.L. Youger, Jr., and S.A.
¥halen. 1969. Observations on pentachlorophenol in
human blood and urme. Am. Ind. Hyg. Assoc. J.
30:360~366. B :

Choi, J., and S. Aomine. 1972. Effects of the soil on
the activity of pentachlorophenol. Soil Sci. Plant
Nutr. 18(6):255-260. COPYRIGHT.

Choi, J., and S. Aomine. 1974. Adsorption of penta-

chlorophenol by soils. Soil Sci. Plant Nutr. 20(2):135-
144. COPYRIGHT.

K o(ii)



21.

22.

23.

24'

25.

26.

27.

28.

29.

30.

31.

Choi, J., and . Aomine. 1974a. Mechanisms of penta-
chlorophenol adsorption by soils. Soil. Sci. Plant
Nutr. 20(4):371-379. COPYRIGHT.

Chu, J.P., and E.J. Kirsch. 1972. Metabolism of
pentachlorophenol by an axenic bacterial culture.
Appl. Microbiol. 23(5):1033-1035. COPYRIGHT.

Cranmer, M., and J. Freal. 1970. Gas Chrorzatographic
analysis of pentachlorophenol in human urine by formation
of alkyl ethers. Life Sciences 9 (II):121-128.
COPYRIGBT.

g .
Dezchmann. W., w‘ Hachle, K.V. Kitzmiller, and G.
Thomas. 1942. Acute and chronic effects of
pentachlorophenol and sodium pentachlorophenate
upon-exper imetfital .animals. J. Pharm. Exper.
Therap.a'76-104~l17. GOPYRIGHT.

P
oL

Dougherty, R. C. and K. Plotrowska. 1876. Screening by
negative chemical ionization mass spectrometry for
environmental contamination with toxic residues:
application to human urines. Proc. Naff. Acad.

Sci. USA:73(6): 1777-1781.; .COPYRIGHT.

Duncan, C.G., and F J Deverall. 1964. Degradation of
wood preservatives by fungl. Appl. Microbiol. 12(1):
57-62." COPYRIGHT..A

. Fahfig, R. 1974.‘ Coﬁpatative mutagenicity studies with

pesticides: ' "IARC-Scvientific Publications No. 10:161~181.
COPYRIGHT. . = .

Fahrig, R., Nilsson, C., and Rappe, C. 1978. Genetic
activity of.chlorophenols and chlorophenol impurities.
In Pentachlorophenol; Plehum Press, New York and London.

Farquharson, M.E., J.C. ‘Gage, and J. Northover. 1958.
The biologiacticn.of chlorophenols. Brit. J. Pharmacol.
13:20-24. COPYRIGHT.,“

Ferguson, E.R; v1959; wooé treated with penta can
damage pine. nursery seedlings. Tree Planters Notes.
38:21-22. COPYRIGHT.

Firestone, D. 1977. Determination of polychlorodibenzo-

p-dioxins and polychlorodibenzofurans in commercial
gelatins by gas~liguid chromatography.

A (iii)



52.

53.

54.

55.

56.

57.

58.

58.

60.

61.

62.

Larsen, R.V., G.S. Born, W.V. Kessler, S.M. Shaw, and
D.C. van Sickle. 1975. Placental transfer and teratology
of pentachlorophenol in rats. Environ. Letters,
10(2):121-128. COPYRIGHT.

Larsen, R.V., L.E. Kirsch, S.M. Shaw, J.E. Christian,
and G.S. Born. 1972. Excretion and tissue distribution
of uniformly labeled l4C-pentachlorophencl in rats. J.
Pharm. Sci. 61(12):2004-2006. COPYRIGHT.

Lui, H., and G.D. Sweeney. 1975. Hepétic metabolism
of hexachlorobenzene in.rats. EEBS Letters. 5(1):225-
226.

McConnell, E.E., J.A. Modre, J.K. Haseman, and M.W.
Barris. The comparative toxicity of :¢hlorinated
dibenzo~-p-dioxin isomers in mice and fuinea pigs.
Unpublished. 59 pp.

McGavack, T.H., L.J. Boya, F.V. Piccione, and R.
Terranova. 1941. Acute 'and chronic intoxications with
sodium pentachlorophenate”in rabbits. .J. Ind. Hyg.
Toxiccl. 23:239-251. COPYRIGHT.

Morton, H.L., J.L. Stewart, and G.P. Bruneau. 1969.
Isolation of microorganisms from preservative-treated
wood. Forest Products J. 19(1):38-41. COPYRIGHT.

Noakes, D.N., and D.M. Sanderson. 1969. ‘A method for
determining the dermal toxicity of pesticides. Brit.
J. Indus. Med. 26:59-64. COPYRIGHT.

Palmer, C.M., and'T.E. Maloney. 1955. Preliminary
screening for potential algicides. ©Ohio J. Sci.
55(1):1-8. COPYRIGHT.

Pesticide Episode Response:Branch, Operations Division,
Office of Pesticide Programs, Environmental Protection
Agency. September 14, 1976. Summary of Reported
Episodes Involving Pentachlorophenol. = Pesticide
Episode Review Systems Report No. 60. 21 pp.

Pleskova, A., and K. Bencze. 1959. Toxic properties
of pentachlorophenol. Prac. Lek. 11:348-354,.

Robson, A.M., J.M. Kissane, N.H. Elwick, and L. Pundavela.
1969. Pentachlorophenol poisoning in a nursery for
newborn infants. I. Clinical features and treatment.

J. Pediatrics. 75(2):309-316. COPYRIGHT.

K (vi)



63.

64.

65.

6¢.

67.

68.°

69.

70.

71.

72.

Schwetz, B.A., P.A. Keeler, and P.J. Cehring. 1974.

The effect of purified and commercial grade pentachloro-
phenol on rat embryonal and fetal development. Tox.
Appl. Pharm. 28:151-161. COPYRIGHT.

Schwetz, B.A., P.A. Keeler and P.G. Gehring. 1974a.
Effect of purified and. commercial grade tetrachlorophenol
on rat embryonal and fetal development. Tox. Appl.
Pharm. 28:146-150.

Schwetz, B.A., J.M. Norris, G.L. Sparschu, V.K. Ragwe,
P.J. Gehring, J.L. Emerson, and C.G. Gerbig. 1973.
Toxicology of chlorinated dibenzo~p-dioxins. Environ.
Health Perspect. 5:87-99. COPYRIGH!.

Schwetz, B.A., J.F. Quast, C.G. Bumiston, C.E. Wade,

G.C. Jersey, R.W. Lisowe, and R.J. KRociba. 1976.

Results of a toxicological evaluation of pentachloropher 1
sample XD-8108.00L administered to rats by tne dietary
route on a chronic basis. Unpublished. Y4 pp.

Shafik, T.M. 1973. The determination of pentachloro-
phencl and hexachlorophene in human adipcose tissue.
Bull. BEnviron. Contam. Toxicol. 10(1):57-63. COPYRIGHT.

Spencer, G.R. 1957. Poisonirg of cattle by pentachloro-
phenol in kerosene. J. Amev. Vet. Med. Assoc. 130:299-
300. COPYRIGHT. ,

f
Tashiro, S., T. Sasameto, T. Aikawa, S. Tokunaja, E.
Taniguichi, and M. Eto. 1970.; Metabolism of pentachloro-
phenol in mammals. Nippon NogFr Kagalar Kaishi.
44:124~129. COPYRIGHT.

Truhaut, R., P. L'Epee, and E. Boussemart. 1952,
Research on the toxicology of pentachlorophencl II.
Occupational poisoning in the yood industry: two fatal
cases. Arch. Mal. Prof. 13(6):567-569. COPYRIGHT.

H

Vermeer, K., R.W. Risebrough, A.L. Spaans, and L.M. -
Reynolds. 1874. Pesticide effects on fishes and birds

in rice fields of Surinam, South America. Environ.
Pollut. 7:217-236.

vogel, E., and J.L.R. Chandler. 1974. Mutagenicity
testing of cyclamate and some pesticides in Drosophila
melanogaster., Speciala 30:621-623. COPYRIGHT.

K (vii)



73.

74.

Watanabe, I. 1973. 1Isolation of pentachlorophenol
decomposing bacteria from soil. Soil Sci. Plant Nutr.
19(2):109-116. COPYRIGHT.

Young, H.C., and J.C. Carroll. 1951. The decomposition
of pentachlorophenol when applied as a residual pre-emer-
gence herbicide. Agron. J. 43:594-507;*“COPYRIGHT.

A {viii)






