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MEMORANDUM

SUBJECT: Pentachlorophenol (PCP) Epidemiogic Studies Related
to Carcinogenicity

FROM : Jerome Blondell, Health Statistician &, fy}w£zﬁﬁ
Exposure Assessment Branch (b
Hazard Evaluation Division (TS- 769C)

TO: David G. Van Ormer, Ph.D.
Toxicology Branch
Hazard Evaluation Division (TS—769C)

THRU: Paul Schuda, Chief /45%: - ;;77
Exposure Assessment Branch '

Hazard Evaluation Division (TS-769C)

The following review is provided in response to the redquest
to review 30 studies considered by the Pesticides Directorate of
Agriculture Canada.

Earlier EPA Reviews on the Carcinogenicity of PCP

Three reviews conducted by EPA were located as follows:

1. Office of Solid Waste and Remedial Response (1984)
Health Effects Assessment for Pentachlorophenol.
EPA/540/1-86/043. National Technical Information
Service PB86-134541, Springfield, VA.

No human data on the carcinogencity of PCPp were
located in the available literature. Dioxin
contamination was not discussed.

2. Environmental Criteria and Assessment Office (1986)
Health and Environmental Effects Profile for
Pentachlorophenol. Draft document, not formally
released.



-2

This review mentions dioxin contamination but does not
cite any human studies.

3. Environmental Criteria and Assessment Office (1987)
Drinking Water Criteria Document for Pentachlorophenol.
Final document, not yet released to public.

This review cited only one human study of PCP, which
was judged inconclusive because of serious limitations.
The contamination of PCP with dioxins was noted. No
attempt was made to quantify human carcinogenic
potential because the available human and animal data
were judged inadequate.

Canadian Review¥ of Carcinogenicity of PCP

The Pesticides Directorate of Agriculture Canada considered
30 different epidemiologic studies related to exposure to PCP.
Most of these studies related to exposure to phenoxy herbicides,
chlorophenols in general and/or dioxin. Only two of these
studies related specifically to exposure to PCP itself or PCP
in mixtures. 1In the first (a letter to Lancet, Bishop and
Jones 1981) two cases of non-Hodgkin's lymphoma (NHL) were
reported among 158 workers at a plant manufacturing PCP and its
sodium salt. The expected number of such cases was calculated
to be 0.3. In the second (a case control study in New Zealand),
23 cases involved in fencing work and exposed to creosote,
arsenic, and sodium pentachlorophenate exhibited a significantly
elevated odds ratio of 2.0 (90 percent confidence interval 1.3
to 3.0) for NHL. However, sawmill workers (in the same study)
also exposed to sodium pentachlorophenate and PCP did not
exhibit excess risk for NHL.

Nine studies mentioned exposure to chlorophenols in general.
Of the nine, three did not find significant increases in cancer
(liver, nasal and respiratory) in exposed woré&gg (Hardell et
al. 1984, Kauppinen 1986, Olsen 1984). Of theaSix studies,
three examined soft-tissue sarcomas (STS), one examined NHL,
one examined both STS and NHL, and one examined nasal cancers.
For the three positive studies involving STS, significant odds
ratios ranged from 2.7 for highly exposed lumber graders in the
United States, 3.3 for workers exposed to chlorophenols in
Sweden, and up to 6.6 in a second Swedish case-control study,
with the same type of workers. (Woods et al. 1987, Erikssom et
al. 1981, and Hardell and Sandstrom 1979). A fourth study
(smith et al. 1984) did not find a significant risk among
workers in New Zealand exposed to chlorophenols. Contradictory
results were found in the two studies of NHL. The Swedish
study (Hardell et al. 1981) found an odds ratio of 8.4 (95
percent confidence interval 4.2-16.9) based on 25 cases
judged to have high levels of chlorophenol exposure. However,
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the Washington State study (Woods et al. 1987) found no
increased risk either for chlorophenol exposure (odds ratio
1.0, 95 percent confidence interval 0.8-1.2) or for high levels
of chlorophenol exposure (odds ratio 0.9, 95 percent confidence
interval 0.9-1.4). Woods et al. suggested that differences in
intensity of exposure, levels of contaminants, or inherited
susceptibility might account for the different findings. The
one remaining study of nasal cancer found an odds ratio of 6.7
(95 percent confidence interval 2.8-16.2) based on 1l cases
with high grade chlorophenol exposure. Six of the 11 cases were
exposed from sawmill work and five were exposed from painting.

Eight of the studies specifically listed exposure. to
trichlorophenol. Two studies (Cook et al. 1980, Cook 1981)
reported two cases of soft tissue sarcoma at a Dow chemical
plant. Another study at a 2,4,5-T plant with potential
exposure found no excess of cancer. A fourth study at a West
Vvirginia TCP plant followed up on an accident that occurred 29
years earlier. No excess cancer was found but there was one
case of STS (Zack and Suskind 1980). In a letter to the editor
of Lancet, Honchar and Halperin (1981) combined these four
studies and showed that three cases of STS had been observed in
105 deaths where only 0.07 STS deaths would have been expected.
A followup letter identified a fourth case with potential
exposure to TCP (Moses and Selikoff 1981). A study in New
Zealand (Smith et al. 1984) identified six cases of STS
potentially exposed to TCP, which yielded a significant odds
ratio of 7.2. However, detailed work histories on the six
cases found that only two had potential exposure to TCP and a
third case was uncertain. The _eighth study in Germany found
seven cancers where only 4.1 wgstexpected. However, all of the
excess was found to be due to stomach cancer and there were no
cases of STS.

The remaining studies, not considered above, are
principally concerned with phenoxy acid herbicide exposure and
not PCP. While some of these studies had positive results for
STS and NHL (Lynge 1985, Olsson and Brandt 1981), others showed
no association between these diseases and phenoxy herbicide
exposure (Riihimaki et al. 1982, Wilklund and Holm 1986). Other
studies looked at occupations to determine which ones had higher
rates of cancer in the lymphopoietic system, but did not identify
specific chemical exposures (Milham 1982, Petersen and Milham
1974, Milham 1983, Morton and Marjanovic 1984).

International Reviews of PCP

In 1982, the International Agency for Research on Cancer
classified the evidence for carcinogenicity in humans for PCP
as inadequate. They noted that in none of the studies examined
"could exposure to pentachlorophenol be distinquished from
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exposure to dioxins." A more recent review by the World Health
Organization (WHO) (Environmental Health Criteria 71, 1987)
concluded as follows:

Epidemiological investigations and animal
studies, conducted to date, are insufficient
for an evaluation of the carcinogenicity of
technical PCP.

In reference to the studies described above, the WHO report
stated:

Several epidemiological studies from Sweden
and the USA have indicated that occupational
exposure to mixtures of chlorophenols is
associated with increased incidences of

soft tissue sarcomas, nasal and nasopharyngeal
cancers, and lymphomas. In contrast,

surveys from Finland and New Zealand have

not detected such relationships. The major
deficiency in all of these studies appears

to be a lack of specific exposure data.

There are nof conclusive reports of increased
incidences of cancers in workers exposed
specifically to PCP; however, there have not
been any carefully conducted studies of a
suitably exposed occupational group large
enough to provide the necessary statistically
power to identify an increase in cancer
mortality. Furthermore, there are few
occupational groups that have been exposed

to a single chemical, such as PCP. Finally,
the various levels of microcontaminants in
different formulations make inferences to

PCP in general difficult.

The section from the WHO report on PCP which reviews
epidemiology studies related to carcinogenicity is attached.
In my opinion, this attachment provides an excellent summary of
the evidence and supports the conclusion that epidemiologic
evidence is currently inadequate to support a conclusion of
carcinogenicity for PCP.

The recent 1986 report by the International Agency for
Research on Cancer found that there was limited evidence for
carcinogenicity due to occupational exposure to chlorophenols
but did not evaluate PCP or dioxins individually (see attached).



Conclusion

Conflicting evidence from studies and inadequate measures
of specific exposure make it difficult to reach a conclusion on
PCP. As the IARC reviews indicate, there does appear to be
limited evidence that exposure to PCP, TCP, dioxins, and phenoxy
herbicides either in combination with each other or with other
chemicals or risks does contribute to excess human cancer.
However, there is inadequate evidence to say that PCP by itself
contributes to excess risk of human cancer.

Attachment
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i 342 IARC MONOGRAPHS VOLUME 4!
i and group C was ‘known to be exposed’ (with chloracne). Fifty cells were examined from perso
! each subject. Chromosomal aberrations (in preparations from 48-h cultures) were scored in death
124 individuals (31 in group A, 55 in group B, and 38 in group C). SCEs were scored in 40 follo®
individuals (8 in group A, 20 in group B, and 12 in group C). No significant difference was Fede
found between the groups either as regards chromosomal damage or SCEs. The mean in 19:
number of chromosomal aberrations per cell was 0.0755 in group A, 0.0807 in group B and deatl
i 0.0858 in group C. The mean number of SCEs per cell was 8.0in group A, 8.5in group Band comj
‘ 8.1 in group C. [The Working Group noted that the number of aberrant cells was not given Susk
nor was the type of aberration described.] accic
' follo
! 3.3 Case reports and epidemiological studies of carcinogenicity to humans g?:l;
[ (a) Cohort studies )
g
R \ Mortality was reported for a small cohort of 204 workers involved in the manufacture of
o bl 2,4,5-T between 1950 and 1971 (Ott et al., 1980) and followed up to 1976, where reported
L ' exposures included 2,4,5-trichlorophenol. There were five deaths (7.0 expected) among L
2 % i those with one or more years of exposure, including one from cancer (1.3 expected). i‘:;(
Azl g Zack and Gaffey (1983) reported the mortality status of 884 white men employed for at
YK least one year between 1955-1977 by a chemical plant in Nitro, WV, USA, involved in the soft[-
: ? 3 production of trichlorophenol and 2,4,5-T. 4-Aminobiphenyl,a human bladder carcinogen mor
v ‘“g N (see IARC, 1982¢), was produced from 1941-1952 in this plant. There were nine cases of (198
4 i; bladder cancer, with 0.91 expected; deaths from cancer other than of the bladder were notin hert
24 excess. One case of liposarcoma was reported among workers assigned to 2,4,5-T doc
i operations. An accident during trichlorophenol production which took place in this plant
was reported by Zack and Suskind (1980) (see below). l
In a cohort study of workers in two Danish chemical plants (Lynge, 1985) (described in mol
’ the monograph on occupational exposure to chlorophenoxy herbicides, p. 388), the only Inte
i potential exposure to 2,4,5-trichlorophenol was between 1951 and 1959, when small
e amounts were produced or purchased to make 2,4,5-T. No overall increase in cancer
teii il incidence rate was observed, but there were statistically significantly increased risks of
Sl soft-tissue sarcoma and lung cancer in different subcohorts. [The Working Group noted
; j ‘ that 2,4-dichlorophenol is an intermediate in the production of 2,4-D, which was produced
i i ; by the larger of the two plants.] . her
}‘g _ f Cook et al. (1986) examined mortality between 1940 and 1979 for 2189 men involved in on
N the manufacture of 2,4,5-trichlorophenol and 2,4,5-T; work histories were classified cor
B according to exposure to TCDD. There were 298 deaths observed (standardized mortality esti
ratio[SMR],91) and 61 cases of cancer (SMR, 96). Five cases of non-Hodgkin’s lymphoma exf
were seen (SMR, 238;95% confidence interval [CI], 77-556), but there was no evidence ofa
dose-response relationship for TCDD exposure. [The Working Group noted that no ex}
account was taken of latency in the analysis.] . tc
Three studies have described cancer occurrence among workers {ollowing accidents in pa!
trichlorophenol-producing plants, with peak exposures to TCDD. A high proportion of el
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persons developed chloracne or acne-like lesions. Cook et al. (1980) observed three cancer
deaths (1.6 expected) among 61 male employees involved in a 1964 accident in Michiganand
followed up to the end of 1978. One death was reported to be from a fibrosarcoma. Inthe
Federal Republic of Germany (Thiess e/ al., 1982), 74 workers were involved inan accident
in 1953 in a plant producing 2,4,5-trichlorophenol. Follow-up through 1980 revealed three
deaths from stomach cancer, with relative risks of the order of 4-5 depending on the
comparison group; there was no excess of cancers at other sites combined. Zack and
Suskind (1980) reported cancer outcomes of a cohort of 121 males involved in a 1949
accident in a 2,4,5-trichlorophenol plant in West Virginia, USA. Between 1949-1978,
follow-up revealed nine cancer deaths, with 9.04 expected. Three of these were lymphatic or
haematopoietic in origin (0.88 expected [p=10.047]),and one was a primary dermal fibrous

histiocytoma (0.15 expected).

Exposure to chlorophenols and chlorophenoxy herbicides in humans and death from
soft-tissue sarcoma

[The Working Group noted that it is difficult to evaluate mortality from soft-tissue
sarcoma in relation to exposure to chlorophenols and chlorophenoxy herbicides from
cohort studies and case reports, as reviewed by Fingerhut ef al. (1984).

[A pathology review of histological specimens confirmed only five of seven cases as
soft-tissue sarcomas, indicating possible overascertainment of soft-tissue sarcomas in
mortality studies. Underascertainment is also a possibility, as shown by Fingerhut et al.
(1984) and by Lynge (1985), for employees of a chemical plant producing chlorophenoxy
herbicides. The limited validity of death certificates of soft-tissue sarcoma has been
documented in the USA (Percy ef al., 1981).

[The Working Group also noted that revision of diagnosis for observed cases in
mortality studies without identical revision of reference rates increases the complexity of

interpreting results of such investigations.]

(b) Case-control studies

(i) Soft-tissue sarcoma

A Swedish case-control study of soft-tissue sarcoma and exposure to chlorophenoxy
herbicides and chiorophenols (Hardell & Sandstrom, 1979) is described in the monograph
on occupational exposures to chlorophenoxy herbicides (p. 390). When patients and
controls with exposure to chlorophenoxy herbicides were excluded, the relative risk
estimate for chlorophenol exposure was 6.6 (p < 0.001), with seven cases and six controls
exposed [95% CI, 2.1-20.6]. '

A study in southern Sweden (also described in the monograph on occupational
exposures to chlorophenoxy herbicides, p. 390) found a relative risk estimate for exposure
to chlorophenols of 3.3 (95% CI, 1.3-8.1) (with 11 cases and eight controls exposed), when
patients and controls with exposure to chlorophenoxy herbicides were excluded (Eriksson

et al., 1981).
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A New Zealand study of soft-tissue sarcoma (referred to in the monograph on
occupational exposures to chlorophenoxy herbicides, p. 391) found an odds ratio of 1.6
(909 CI, 0.5-5.2) for potential exposure to chlorophenols for five days or more, more than
ten years prior to diagnosis (Smith er al., 1984). Work in pelt-treatment departments (where
2,4,6-trichlorophenol has been used) or in tanneries (where pentachlorophenol and 2,4,6-
trichlorophenol are used) yielded an odds ratio of 7.2 (six exposed cases; p = 0.04). When
meat works and tanneries were contacted, it was found that two of the cases could not have
been exposed to chlorophenols and exposure of a third was unlikely, while two could have
been exposed to 2,4,6-trichlorophenol and one to pentachlorophenol.

(i) Malignant lymphoma

A case-control study of exposure to chlorophenols, chlorophenoxy herbicides and other
chemicals among 169 cases of malignant lymphoma and 338 controls has been reported in
Sweden (Hardell er al., 1981). The study design, including ascertainment of exposure, was
similar to that of the Swedish soft-tissue sarcoma studies described in the monograph on
occupational exposures to chlorophenoxy herbicides (p. 392). Relative risk estimates of2.2
[95% CI, 1.1-4.4] for low-grade chlorophenol exposure and 7.6 [95% CI, 3.5-17.4] for
high-grade exposure were found, after excluding those exposed to chlorophenoxy
herbicides. The low-grade classification involved continuous exposure for not more than
one week, or repeated brief exposures for not more than one month; longer exposures were
classified as high-grade. No ‘noticeable difference’ in excess risk could be demonstrated
hetween Hodgkin’s discase and non-Hlodgkin’s lymphoma.

A New Zealand case-control study of non-Hodgkin's lymphoma involving 83 cascs, 168
controls with other cancer and 228 general population controls, found an odds ratio of 1.2
(909 CI, 0.5-2.9) for potential exposure to chlorophenols when using other cancer patients
as controls, and an odds ratio of 1.4 (909% CI, 0.5-3.7) when using general population
controls (Pearce ef al., 1986). The odds ratio for fencing work, which involves exposure to
chemicals such as copper-chrome arsenate as well as pentachlorophenol, was 2.0 (90% CI,
1.3-3.0). The odds ratio for slaughterhouse employment, which involves potential exposure
to 2,4,6-trichlorophenol, was 1.8 (90% CI, 1.1-3.1); however, only four of the 19 cases who
had worked in the plant reported working in the pelt department, where 2,4,6-trichloro-
phenol is used.

(iii) Nasal and nasopharyngeal cancer

Hardell ef al. studied 44 cases of nasal cancer and 27 cases of nasopharyngeal cancer in
northern Sweden and compared the reported frequency of exposure to chlorophenol (and
other chemicals) with that of the combined 541 referents from earlier studies (Hardell &
Sandstrém, 1979; Eriksson ez al., 1981) fromthe Umea region. Exposure was assessed in the
same way as in the previous studies (see above). A relative risk estimate of 6.7 (95% Cl,
2.8-16.2) was found for exposure to chlorophenols of more than one week, continuously or
intermittently for more than one month. The most frequent occupations in which exposure
occurred were sawmilling and carpentery. After controlling for exposure to wood dust, an
odds ratio of 6.7 (95% Cl, 2.9-15.6) was obtained.
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A study of 167 sinonasal cancer cases and 167 colorectal cancer controls carried out in
Denmark, Finland and Sweden found an association with woodwork (Hernberg er al.,
1983). Two cases and no referent had probably been exposed to chlorophenolsin addition to
wood dust. A study of 839 cases of sinonasal cancer and 2465 controls from the Danish
Cancer Registry classified these according to wood dust and chlorophenol exposure. A
relative risk of 0.6 (95% CI, 0.3-1.2) was seen after adjustment for exposure to wood dust
(Olsen & Méller-Jensen, 1984). [The Working Group noted that classification of
chlorophenol exposure was based on occupational title and might not have been accurate.]

(iv) Colon and liver cancer

A study on colon cancer (described in the monograph on occupational exposures to
chlorophenoxy herbicides, p. 393; Hardell, 1981) found a relative risk estimate of 1.8 (95%
ClI,0.6-5.3) for high-grade chlorophenol exposure, based on six exposed cases and 13 (out of
541) exposed referents. g

Ina case-control study on primary liver cancer and several chemical exposures (Hardell
et al., 1984; described in the monograph on occupational exposures to chlorophenoxy
herbicides, p. 393), the risk ratio for high-grade exposure to chlorophenols was 2.2 (95% CI,
0.7-7.3).

4. Suminary of Data Reported and Evaluation

4.1 Exposure data

Several chlorophenols and their salts have been widely produced since the 1950s and
used as wood preservatives, fungicides, slimicides, weed-killers and as precursors for
chlorophenoxy herbicides. Widespread occupational exposure to chlorophenols and their
chlorinated dibenzodioxin and dibenzofuran impurities is known to have occurred,
especially in manufacturing plants and in wood-treatment applications. Increased urinary
levels of chiorophenols and increased concentrations in adipose tissue of some chlorinated
dibenzodioxins and dibenzofurans have been measured in workers exposed in sawmills and
tanneries and in the textile industry. Skin absorption is believed to be a major route of
exposure in these occupations. Burning of chlorophenol-containing materials in industrial
or municipal incinerators may lead to the formation of various dibenzodioxin and
dibenzofuran congeners.

4.2 Experimental data

Previous IARC evaluations of the carcinogenicily to experimental animals of several
individual chlorophenols and of their impurity, 2,3,7,8-tetrachloro-para-dibenzodioxin
(TCDD), are summarized in section 3.1.
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4.3 Human data

Two studies among the wives of the workers at two chemical plants did not show an 3
association between pregnancy outcomes and paternal exposure to 2,4,5-trichlorophenol,
pentachlorophenol and TCDD and other dioxins.

Three studies have been published in which cytogenetic effects were investigated in
workers exposed occupationally to chlorophenols. In two of the studies, no difference was
seen between exposed and control subjects; but in one of these studics the persons were
examined ten years after exposure. The other study showed increased incidences of dicentric
and acentric chromosomal aberrations, but not of gaps, chromatid breaks or sister
chromatid exchanges.

Several cohort studies have been conducted among chemical industry workers with
potential exposure to 2,4,5-trichlorophenol, TCDD and other chemicals. Mortality rates
for all cancers combined were not elevated. In a Danish cohort study, there may have been
! exposure to chlorophenols, present as intermediates in the production of chlorophenoxy
! herbicides. No increase in the incidence of cancers at all sites combined was observed, but
! there were statistically significantly increased risks of soft-tissue sarcoma and lung cancerin
1 different subcohorts.

i Two case-control studies conducted in different regions of Sweden showed a statistically
significant association between exposure to chlorophenols and soft-tissue sarcoma; a study
from New Zealand did not.

| A statistically significant association between malignant lymphoma and exposure to
chlorophenols was identified in a Swedish case-control study. A case-control study of
non-Hodgkin’s lymphoma in New Zealand suggested a possible association with fencing
work, but not with other occupational exposures to chlorophenols.

A case-control study in Sweden detected a significant association between nasal and
nasopharyngeal cancer and exposure to chlorophenols, independent of exposure to wood
dust,

TR e e A TN

4.4 Evaluation!

There is limited evidence for the carcinogenicity of occupational exposure to chloro-
phenols to humans.
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'For definition of the italicized term, see Preamble, p. 22. i
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