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RE:  Opposition to Proposed Listing of “Chlorophenoxy Herbicides”
Dear Ms. Oshita:

On behalf of the Industry Task Force II on 2,4-D Research Data (the “2,4-D Task Force”
or “Task Force™), and in response to the June 12, 2009 “Request for Comments on Chemicals
Proposed for Listing by the Labor Code Mechanism (Carcinogens)” (the “Request”) published
by the Office of Environmental Health Hazard Assessment (“OEHHA”), we hereby submit these
comments opposing the proposed listing of “chlorophenoxy herbicides” on the basis that, insofar
as this ill-defined grouping may be construed to include 2,4-dichlorophenoxyacetic acid and/or
its salts and esters (collectively, “2,4-D”), the International Agency for Research on Cancer
(“IARC”) specifically has not identified 2,4-D, alone, as a carcinogen.

EXECUTIVE SUMMARY

2,4-D is an herbicide that has been used since the 1940s for selective control of broadleaf
weeds. It is the third most widely used herbicide in the United States. 2,4-D is applied to control
broadleaf weeds and is an important tool to the U.S. and California crop and non-crop
economies.

The 2,4-D Task Force was formed in 1988 to develop and submit to the United States
Environmental Protection Agency (“EPA”) studies and data required to support the EPA
reregistration of 2,4-D in accordance with the Federal Insecticide Fungicide and Rodenticide Act
(“FIFRA”) and the Food Quality Protection Act of 1996. The current members of the 2,4-D
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Task Force are Dow AgroSciences, AGRO-GOR, and Nufarm USA. Since 1988 -- one year
after the most recent IARC evaluation of “chlorophenoxy herbicides” -- the Task Force has
submitted to EPA over 300 toxicology, ecotoxicity, plant and animal metabolism, environmental
fate and residue studies, resulting in arguably the most thorough and modern scientific databases
for any group of chemicals. EPA, after thoroughly reviewing these studies, produced an
extensive Reregistration Eligibility Decision (the “2,4-D RED”) in 2005." In assessing the risks
to humans and the environment from exposure to 2,4-D, EPA classified the carcinogenicity of
2,4-D as category ‘D’ (not classifiable as to human carcinogenicity) and reregistered the
compound. After the 2,4-D RED was released, and after a further review of extensive
epidemiological and animal studies, EPA released its Decision Not to Initiate Special Review for
2,4-D under FIFRA, stating: “Because the Agency has determined that the existing data do not
support a conclusion that links human cancer to 2,4-D exposure, it has decided not to initiate a
Special Review of 2,4-D....2

OEHHA proposes to list “chlorophenoxy herbicides” under Proposition 65 pursuant to
Health and Safety Code section 25249.8(a), the disputed “Labor Code listing mechanism.” In its
Request, and as to this proposed listing, OEHHA requests comments relating to whether IARC
identified the specific chemical or substance as a known or potential human or animal
carcinogen.

IARC has never identified 2,4-D as a carcinogen. In 1977, the most recent IARC review
of 2,4-D, IARC concluded that human data were not sufficient to evaluate carcinogenicity and
that no evaluation of the carcinogenicity of 2,4-D could be made on the basis of animal studies.?
In TARC’s 1986 and 1987 evaluations of human, animal and genotoxicity data, IARC did not
conclude that 2,4-D, as such, was a carcinogen and did not update its 1977 evaluation of animal
and genetic toxicity data.® Rather, IARC concluded that some human, animal and genotoxicity
data relating to “chlorophenoxy herbicides,” a generalized and ill-defined term corresponding to
the equally generalized and ill-defined term used by the studies’ authors, constituted a “limited”
finding of possible carcinogenicity.” Taken together, IARC’s evaluations cannot form the basis

! The 2,4-D RED is available at http://www.epa.gov/oppsrtd1/REDs/24d_red.pdf.

2 72 Fed.Reg. 44510 (August 7, 2007).

} IARC Monographs on the Evaluation of the Carcinogenic Risk of Chemicals to Humans -- Some

Fumigants, the Herbicides 2,4-D and 2,4,5-T, Chlorinated Dibenzodioxins and Miscellaneous Industrial Chemicals,
Volume 15 (1977) (hereinafter “1977 Monographs™) (attached as Exhibit A hereto).

¢ IARC Monographs on the Evaluation of the Carcinogenic Risk of Chemicals to Humans -- Some

Halogenated Hydrocarbons and Pesticide Exposures, Volume 41 (1986) (hereinafter “1986 Monographs™) (attached
as Exhibit B hereto); Overall Evaluations of Carcinogenicity: An Updating of IARC Monographs Volumes 1 to 42
(Supplement 7) (1987) (hereinafter “Supplement 77), (relevant pages of which are attached as Exhibit C hereto).

5 Significantly, in 1997 IARC investigators concluded that 2,4-D was not carcinogenic when they reviewed

21,863 male and female workers in 36 cohorts exposed to phenoxy herbicides, chlorophenols, and dioxins in 12

(footnote continued on next page)
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of including 2,4-D in the “chlorophenoxy herbicide” category that OEHHA now proposes to list
as a carcinogen.

Indeed, OEHHA itself has previously refrained from identifying 2,4-D as a high priority
substance for consideration for listing under Proposition 65. Multiple regulatory bodies around
the world have concluded that 2,4-D is not classifiable as a carcinogen. Yet, as a chemical
grouping, the term “chlorophenoxy herbicides” — itself an undefined term — could be
interpreted as including this substance and its salts and esters.

Such a result would be inconsistent with IARC’s classification of 2,4-D and IARC’s
intent in coining the term “chlorophenoxy herbicides.” Further, given that OEHHA’s authority
to list chemicals under Proposition 65 is limited to the identification of known carcinogens and
reproductive toxins, the listing of a chemical that is neither -- like 2,4-D -- would directly
contravene OEHHA'’s authority. Finally, the grouping denoted as “chlorophenoxy herbicides”
itself is scientifically and legally infirm, providing no notice to the regulated community or
Proposition 65 prosecutors of what substances comprise it.

For the reasons explained herein, OEHHA should not proceed with this proposed listing.
If it does proceed, OEHHA must clarify that the listing refers to the exact mixture that JARC
reviewed, and not to the individual substances that comprise that mixture. Alternatively, if
OEHHA proceeds with this proposed listing, it must clarify that the listing does not include 2,4-
D, consistent with TARC’s evaluation of this compound.

As an organization representing technical registrants and producers of 2,4-D, the Task
Force is concerned that the proposed listing, if it proceeds without any clarification, will lead to
confusion and unnecessary, expensive and disruptive enforcement actions that would provide
none of the public benefits sought to be gained by Proposition 65. With wide use of 2,4-D as a
crucial tool to the citrus and other agricultural industries in California, such confusion and
unnecessary litigation would have significant and undesirable impacts on California agriculture.
The Task Force therefore submits these comments opposing the listing.

(footnote continued from previous page)

countries. Kogevinas M, Becher H, Benn T, Bertazzi PA, Boffetta P. 1997. Cancer mortality in workers exposed to
phenoxy herbicides, chlorophenols, and dioxins. Am J Epidemiol. 145:1061-1075.

6 EPA itself has concluded that the chlorophenoxy herbicide epidemiology studies relied upon by IARC do

not demonstrate that 2,4-D alone causes cancer. EPA 1994. 4n SAB Report: Assessment of Potential 2,4-D
Carcinogenicity. Review of the Epidemiological and Other Data on Potential Carcinogencity of 2,4-D. U.S.
Environmental Protection Agency Science Advisory Board (SAB), Washington, D.C at page 14.
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COMMENTS OrrOSING PROPOSED LISTING OF “CHLOROPHENOXY HERBICIDES”

L BACKGROUND

A. 2,4-D

2,4-D is an herbicide in the phenoxy or phenoxyacetic acid family that has been used
since the 1940s for selective control of broadleaf weeds. Over 600 agricultural and residential
end-use products are registered for use in the United States. Weeds are the principal pest
problem for crops, as they reduce crop yields and increase production costs.

2,4-D is one of the most widely used herbicides worldwide. According to EPA, total
annual usage of 2,4-D in the United States is approximately 46 million pounds, with 30 million
pounds (66%) used for agriculture and 16 million pounds (34%) used for non-agriculture. The
major uses of 2,4-D in agriculture, nationwide, are on wheat and small grains, sorghum, corn,
rice, sugar cane, low-till soybeans, rangeland, and pasture. It is also used on rights-of-way,
roadsides, non-crop areas, forestry, lawn (including residential lawns) and turf care, and to
control aquatic weeds. In California, 2,4-D has significant uses, including an economically vital
role in the state’s citrus economy along with major uses in economically significant industries
such as almond and turf.

The importance of 2,4-D use as an herbicide cannot be overstated. According to a 1996
Department of Agriculture study,’ if 2,4-D were not available, costs to growers and other users
would increase dramatically because of the consequent reliance on more expensive weed control
measures. Consumers, too, would suffer increased costs for food and fiber. These increased
costs are estimated to total $1.68 billion annually in the U.S. alone. The same study also
reviewed the 2,4-D epidemiology and toxicology data packages and concluded that after several
decades of extensive use, “The phenoxy herbicides are low in toxicity to humans and
animals....”

Multiple regulatory authorities worldwide, in fact, have evaluated the potential effects of
2,4-D on human health. The following bodies have concluded that existing data do not support
the classification of 2,4-D as a carcinogen: OEHHA (2009)%; California Department of Pesticide

7 USDA 1996. Biologic and Economic Assessment of Benefits from Use of Phenoxy Herbicides in the United
States. NAPIAP Report No. 1-PA-96.

8 OEHHA 2009. Public Health Goals for Chemicals in Drinking Water -- 2,4-Dichlorophenoxyacetic Acid,
http://www.oehha.ca.gov/water/phg/pdf/24dphg010209.pdf.
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Regulation (2000)°; United States Environmental Protection Agency (1997'°, 2004a'! 2004b'?,
2005'?); Health Canada’s Pest Management Regulatory Agency (2007)'%; European Commission
(2001)"%; New Zealand (2003)'®; and the World Health Organization (1996)"".

B. Legal Basis For OEHHA’s Proposed Listing Of “Chlorophenoxy
Herbicides”

OEHHA is proposing to list “chlorophenoxy herbicides” as a chemical “known to the
state to cause cancer” under Proposition 65, pursuant to the so-called “Labor Code listing
mechanism.” This asserted mechanism for listing chemicals under Proposition 65 is the subject
of substantial ongoing controversy. The background for that controversy is critical to
determining whether the law requires or allows “chlorophenoxy herbicides” to be listed, and thus
1s summarized below.

? California Environmental Protection Agency 2000. California Department of Pesticide Regulation,

Medical Toxicology Branch. 2,4-D Chemical Code #000636 Tolerance #00142. SB 950 #176. September 26, 1986.
Revised February 24, 2000.

10 USEPA 1997. Carcinogenicity Peer Review (4th) of 2,4-Dichlorophenoxyacetic Acid. Data Evaluation

Record, January 29, 1997.
1 USEPA 2004a. 2,4-D — Second Report of the Hazard Identification Assessment Review Committee.
[HIARC] Health Effects Division of Office of Pesticide Programs. TXR No. 0051866. January 15, 2004.

2 USEPA 2004b. 2,4-D: HED’s Human Health Risk Assessment of the Reregistration Eligibility Decision
(RED) Revised to Reflect Error-only Comments from Registrants. Health Effects Division of Office of Pesticide
Programs. PC Code 030001; DP Barcode D287199. June 2, 2004.

1 USEPA 2005. Reregistration Eligibility Decision for 2,4-D. [RED] Office of Pesticide Programs. EPA
738-R-05-002. June 2005.

1 Health Canada 2007. Re-evaluation of the Agricultural, Forestry, Aquatic and Industrial Site Uses of (2,4-

Dichlorophenoxy) acetic Acid [2,4-D]. Proposed Acceptability for Continuing Registration. PACR2007-06. 19 June
2007. www.pmra-arla.gc.ca/english/pdf/pacr/pacr2007-06-¢.pdf.

13 European Commission Health & Consumer Protection Directorate-General 2001. Commission Working

document. Review Report for the Active Substance 2,4-D Re-evaluation. 7599/V1/97-final, 1 October 2001.
16 Environmental Risk Management Authority [New Zealand ERMA] 2003. Substances to be transferred to

the HSNO Act under Section 160(1)(a): Phenoxy Herbicides. http://www.ermanz.govt.nz/hs/pesticides/phenoxy-
herb-report.pdf.

17 WHO Pesticide Residues in Food - 1996. Part 1I - Toxicological. FAO Plant Production and Protection

Paper 140: 31-38; and WHO/PCS/97.1: 45-96. Rome September 1996.
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OEHHA asserts that Health & Safety Code section 25249.8(a) imposes a “ministerial”
duty on the agency to add substances to the Proposition 65 list of those chemicals “identified by
reference in Labor Code Section 6382(b)(1) and those substances identified additionally by
reference in Labor Code Section 6382(d).” Numerous parties, including the California Chamber
of Commerce (“Chamber”) in litigation described below, contend that Section 25249.8(a)
established the requirement to publish the list (and re-publish it annually), and that the inclusion
of chemicals identified by reference to the Labor Code was merely a shortcut to be used for
populating the “initial list” of chemicals quickly and efficiently by March 1, 1987, the deadline
for its first publication.  The substantive methods for adding chemicals appear at
Section 25249.8(b), which defines a chemical as “known to the state to cause cancer” only
where: (1) “in the opinion of the state’s experts it has been clearly shown through scientifically
valid testing according to generally accepted scientifically principles to cause cancer,” or (2) “a
body considered to be authoritative by such experts has formally identified it as causing cancer,”
or (3) an “agency of the state or federal government has formally required it to be labeled or
identified as causing cancer.”

The disputed interpretation of Section 25249.8(a) is the subject of litigation in Sierra
Club v. Schwarzenegger (Alameda County Superior Court, Case No.RG07356881),
consolidated with California Chamber of Commerce v. Schwarzenegger (San Diego County
Superior Ct. Case No. 37-2008-00096549-CU-WM-CTL) (the “Labor Code Action”). On
April 24, 2009, the Alameda County Superior Court entered an order finding that Health &
Safety Code section 25249.8(a) imposed on OEHHA a ministerial duty to include, in the
Proposition 65 chemical list, those substances identified by Labor Code sections 6382(b)(1) and
(d). The court entered judgment in favor of the State on June 11, 2009, after acknowledging
many times in open court that the issue would be resolved on appeal. The Chamber filed a
Notice of Appeal on June 12, 2009, and is actively pursuing that appeal at this time.

Because the Superior Court’s order remains the subject of a pending appeal, the 2,4-D
Task Force does not concede that the Labor Code listing mechanism is lawful, or that a chemical
may be listed as “known to the State to cause cancer” if it does not meet one of the criteria by
which that term is defined in Section 25249.8(b). The 2,4-D Task Force thus incorporates by
reference herein all of the arguments made in the Chamber’s submissions in the Labor Code
Action, and reserves its rights to pursue these and other arguments opposing the legal basis of the
asserted Labor Code listing mechanism. Notwithstanding its adoption of the Chamber’s
arguments and its reservation of rights, in this submission the 2,4-D Task Force proceeds on the
assumption, for this submission only, that the viability of Labor Code listing mechanism may
survive appeal.
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C. IARC Has Never Identified 2,4-D Alone As A Carcinogen And Other
Regulatory Authorities, Including OEHHA, Have Not Classified 2,4-D As
A Carcinogen

In its Request, OEHHA identifies Labor Code section 6382(d) as the basis of its proposed
listing of “chlorophenoxy herbicides.” That section references “substances within the scope of
the federal hazard communication standard (29 C.F.R. Sec. 1910.1200).” Within that category
of substances, OEHHA specifically requests the public to limit comments to whether the
International Agency for Research on Cancer (“IARC”) or the National Toxicology Program
(“NTP”) has identified the specific chemical or substance as a known or potential human or
animal carcinogen.

Although IARC reviewed the carcinogenicity of an undefined assemblage of compounds
it termed “chlorophenoxy herbicides” 22 years ago, it has never concluded that 2,4-D, alone, is a
carcinogen even though IARC, in fact, has evaluated the impacts of 2,4-D alone from both
animal and human studies available to the organization in 1977, 1986 and 1987. Indeed,
multiple regulatory authorities, including OEHHA, have refrained from identifying 2,4-D as a
carcinogen. Thus, as explained further herein, OEHHA must not proceed with a listing of
“chlorophenoxy herbicides” that would include 2,4-D.

L IARC’s Monograph Program — Generally

Because IARC examined compounds within a group of presumably related compounds at
the same time, including studies on an overbroad and ill-defined group of substances ultimately
referred to as “chlorophenoxy herbicides,” we briefly review IARC’s Monographs Program, and
then review IARC’s evaluations of this assembled group of substances.

IARC, established in 1965, is part of the World Health Organization. IARC promotes
international collaboration in cancer research. The IARC Section on Monographs publishes
reviews that identify environmental factors that can increase the risk of cancer. In developing
Monographs, IARC Working Groups review individual agents — substances, mixtures and groups
of chemicals. JTARC Monographs have reviewed more than 900 agents. A separate Working
Group prepares each volume of Monographs.

Generally, IARC Monographs review data with respect to human exposure to an agent
(e.g., epidemiological studies), experimental animal exposure to that agent and other
(mechanistic) data relating to that agent. The Working Group preparing the particular
Monographs volume analyze the adequacy of the available data and, for both human and animal
data, classify the data into four categories: (1) sufficient evidence of carcinogenicity; (2) limited
evidence of carcinogenicity; (3) inadequate evidence of carcinogenicity; and (4) evidence of lack
of carcinogenicity.
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The above classifications, in turn, are used in a matrix to establish the ultimate
classification of the carcinogenicity of the agent. There are five categories of cancer hazard
identification:

Category 1 the agent is carcinogenic to humans;

Category 2A the agent is probably carcinogenic to humans;

Category 2B the agent is possibly carcinogenic to human;

Category 3 the agent is not classifiable as to its carcinogenicity in humans; and
Category 4 the agent probably is not carcinogenic to humans.

Pertinent to the proposed listing here, Category 2B chemicals are those for which the
Working Group has determined that “limited evidence of carcinogenicity” in humans exists, and
that there is “absence of sufficient evidence of carcinogenicity” in experimental animals.
“Limited” evidence of carcinogenicity in humans, to IARC, means that the evidence in humans
is such that “chance, bias and confounding could not be ruled out with reasonable confidence.”'®
In other words, it is as likely as not that the studies show any association between exposure and
cancer -- a far cry from any acknowledgement by IARC that such association is clearly shown or
even likely.

2. IARC Did Not Classify 2,4-D As A Carcinogen In 1977

IARC evaluated chemicals that included those that could be broadly stated to be
“chlorophenoxy herbicides” twice, first in 1977 and then, again, in 1986, an evaluation that then
was updated in a summary by IARC in 1987." IARC has not revisited any of these
compounds in over two decades. In fact, and further undermining the relevance of IARC’s
1986 and 1987 evaluations to today’s market, one of the compounds IARC collected in its
“chlorophenoxy herbicides” grouping, 2,4,5-T, no longer even exists because EPA canceled its
FIFRA registration approximately 20 years ago.

IARC reviewed the carcinogenicity of 2,4-D alone, and not as a member of a chemical
class, in 1977. IARC’s individual review of 2,4-D in 1977 is relevant because IARC considered
data where humans and animals were exposed to 2,4-D alone and not as part of an exposure to
multiple chemicals variously lumped together as “chlorophenoxy herbicides.” In 1977, IARC

Supplement 7 at page 30.

19 1977 Monographs, 1986 Monographs, and Supplement 7, respectively.
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evaluated the available animal studies on 2,4-D and concluded that these studies were
“inadequate” for establishing evidence for carcinogenicity to animals.”’ Under human data,
IARC concluded that there were “not sufficient data to evaluate the carcinogenicity to man.”!
In 1986, IARC reiterated its 1977 conclusion, exactly, and stated that, “No attempt has been
made [by IARC] to update these data.”** An identical process and conclusion of “inadequacies”
were made following IARC’s evaluation of the genetic toxicity studies on 2,4-D. In short, when
IARC has assessed the carcinogenicity of 2,4-D alone, which it did more than three decades ago,
it did not classify it as a carcinogen.

3. IARC’s Evaluations of “Chlorophenoxy Herbicides” Cannot
Support A Listing of This Group That Would Include 2,4-D

As discussed below, IARC’s classification of “chlorophenoxy herbicides” as a Category
2B carcinogen cannot support the inclusion of 2,4-D in OEHHA’s proposed listing of this ill-
defined group of substances. Accordingly, OEHHA must not proceed with its proposed listing.

a. IARC Did Not Classify 2,4-D As A Carcinogen In Its 1986
and 1987 Evaluations

Over two decades ago, IARC reviewed the potential carcinogenicity of a collection of
chemicals it labeled as “chlorophenoxy herbicides” IARC has not evaluated this group since
then.” At that time, IARC evaluated a wide range of chemicals it considered related.
Apparently, these chemicals were evaluated together because, at that time, there were a growing
number of human studies that evaluated agricultural chemicals. These studies sometimes were
only able to describe the exposures in broad terms such as “chlorophenoxy herbicides” but, more
often than not, the studies were confounded by exposures to multiple chemicals beyond this
broad and ill-defined group of broadleaf herbicides. Ultimately, and as discussed below in
Section I.C.3.b, in 1986 this broad group of chemicals was given the term “chlorophenoxy
herbicides” in an effort by IARC to coin a term that that agency believed could be associated
with the few studies that illustrated “limited” association between exposures and cancer in
humans.

1977 Monographs at page 130.
‘ 1977 Monographs at page 130.
1986 Monographs at page 380.

1986 Monographs and Supplement 7.
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IARC, in its 1986 Monographs, identified several specific chemicals that were considered
as part of its overall evaluations and detailed the contaminants present in the compounds used at
that time. These chemicals included, but were not limited to:

(2,4-dichlorophenoxy)-acetic 2,4-D CAS 94-75-7
acid

(2,4,5-trichlorophenoxy)-acetic ~ 2,4,5-T CAS 93-76-5
acid

2-(2,4,5-trichlorophenoxy) Silvex CAS 93-73-1
propanoic acid

(4-chloro-2- MCPA CAS 94-74-6
methylphenoxyacetic acid)

2-(4-chloro-2-methylphenoxy) = MCPP CAS 93-65-2
propanoic acid) (Mecoprop)

2-(2,4-dichlorophenoxy)- 2,4-DP CAS 120-36-5
propanoic acid (Dichlorprop)

However, IARC’s ultimate cancer classification of “chlorophenoxy herbicides” was
based on studies that addressed only inexactly defined exposures, including exposures to
chemicals well beyond the scope of specific compounds discussed in the chemistry sections of
the 1986 Monographs. This broad group of chemicals and products was given the term
“chlorophenoxy herbicides” by IARC to coincide with the loosely defined descriptions provided
by the authors of the studies that TARC evaluated.

IARC’s 1986 Monographs reviewed case reports, cohort studies and case control studies
of persons occupationally exposed to multiple “similar” products that had accumulated in the
public literature during the 10 years since IARC’s 1977 evaluation of 2,4-D. IARC’s 1986
Monographs did not reevaluate the animal studies that were assessed in the 1977 Monographs,
but simply repeated its previous conclusion -- that the animal data on 2,4-D were “inadequate”
and thus IARC could not assess the carcinogenicity of 2,4-D on the basis of experimental animal
studies.®® In evaluating the human data, IARC concluded that overall “there was limited
evidence that occupational exposure to chlorophenoxy herbicides are carcinogenic to
humans.”” Based on studies that reported associations with cancer only when broadly defined

24

1986 Monographs at pages 380-81, including Table 16.

25

1986 Monographs at page 395.
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exposures to “chlorophenoxy herbicides” were observed, IARC’s 1986 evaluation did not assess
or offer an opinion about the carcinogenicity of 2,4-D.?

IARC next reviewed “chlorophenoxy herbicides” in 1987 when it published its Overall
Evaluations of Carcinogenicity: An Updating of IARC Monographs Volumes 1 to 42
(Supplement 7) (“Supplement 7). Supplement 7 made “overall evaluations of carcinogenicity to
humans for 628 agents (comprising more than 700 chemicals, groups of chemicals, industrial
processes, occupational exposures and cultural habits) that had been evaluated in Volumes 1-42
of the Monographs.””’ Among the groups of chemicals IARC updated in 1987 was
“chlorophenoxy herbicides.” In this publication, IARC summarized the carcinogenicity of the
broad group of substances that it termed “chlorophenoxy herbicides,” which apparently consisted
of at least three (and perhaps more) substances, rather than the six (or perhaps more) evaluated in

1986, in a table as follows™ :

Human Animal Overall evaluation
Chlorophenoxy L (limited) 2B
herbicides
2,4-D I (inadequate)
2,4,5-T I (inadequate)
MCPA ND (not determined)

Only the broad and ill-defined mixtures of exposures to which IARC conferred the name
“chlorophenoxy herbicides” was classified by IARC. 2,4-D remained unclassified, consistent
with the 1977 evaluation and the data reviewed by IARC in 1977 and later.

As already discussed, IARC’s evaluation specific to 2,4-D up to 1987 concluded that the
animal data on 2,4-D were “inadequate” for evaluation of carcinogenic potential and that the
genetic activity data on 2,4-D were also inadequate for evaluating the carcinogenic potential of
2,4-D.% Those conclusions remained unchanged, and IARC refrained from classifying 2,4-D,
alone, as a carcinogen, even though the 1986 and 1987 evaluations reviewed more recent
scientific literature purporting to characterize 2,4-D-specific exposures (which remained
confounded by exposures to other agricultural chemicals). Indeed, under “human” and “overall”
carcinogenicity in Table 1 of Supplement 7 (see above), IARC left the corresponding boxes

2 See 1986 Monographs at page 380 (“No attempt has been made to update these data [from prior

evaluations].”

27

Supplement 7 at page 37. (Emphasis added.)

2 Supplement 7, Table | at page 60.

29

1986 Monographs at page 381.
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empty. *°  Instead, IARC limited its classification solely to the only term that could be used
consistently with the findings in the literature, the single, ill-defined grouping for which it could
find only “limited” data (human data where “chance, bias and confounding could not be ruled
out with reasonable confidence”): “chlorophenoxy herbicides.”

b. IARC’s Undefined Term “Chlorophenoxy Herbicides”
Cannot Capture 2,4-D

“Chlorophenoxy herbicides” is a non-specific term used for convenience’s sake by IARC,
which cannot form the basis for any listing under Proposition 65, and which certainly cannot
form the basis for a listing that would include 2,4-D.

A broad term never defined by IARC, “chlorophenoxy herbicides” is the term-of-art that
IARC chose for a very simple reason. The only studies that IARC identified within the available
literature that indicated any possible correlation between exposures to cancer were two studies of
human populations whose potential exposures the studies’ authors only broadly described as
being from a mixture of products that IARC called “chlorophenoxy herbicides.” No specific
chemicals, and certainly not 2,4-D, were identified as specific agents in these studies. In
contrast, in 1977, when IARC specifically evaluated 2,4-D and its salts and esters in animal and
human studies, it found no correlations with cancer. Consequently, for its later evaluations,
IARC used the only term-of-art that it apparently concluded could correlate with its “limited”
findings in the scientific literature at the time: “chlorophenoxy herbicides.” This broad term has
no definable scope since its only meaning, in fact, is directly derived from studies in which the
authors themselves provide no chemical definition to the term.

IARC assessed 2,4-D in 1977, 1986, and 1987, with the later evaluations being part of its
overall evaluation of this “chlorophenoxy herbicides” collection. IARC did not classify “2,4-D”
as a carcinogen because, while its evaluation identified “limited” evidence in human studies on
the ill-defined grouping of “chlorophenoxy herbicides,” as discussed above, IARC’s evaluations
of 2,4-D found both the genetic toxicity, animal and human data inadequate for classification.
So the broader, undefined term, “chlorophenoxy herbicides,” associated with IARC’s “limited”
findings, was used in the IARC later cancer classification of this undefined grouping of

30 Furthermore, in 1997 IARC investigators updated a 1995 study of 21,863 male and female workers in 36

cohorts exposed to phenoxy herbicides, chlorophenols, and dioxins in 12 countries, and concluded that 2,4-D is not
carcinogenic. Kogevinas M, Becher H, Benn T, Bertazzi PA, Boffetta P. 1997. Cancer mortality in workers exposed
to phenoxy herbicides, chlorophenols, and dioxins. Am J Epidemiol. 145:1061-1075. This 1997 finding, based on a
review of IARC’s own multinational cancer registry of chlorophenoxy workers, that 2,4-D is not carcinogenic
further undermines any suggestion that 2,4-D should be listed by OEHHA because of the 1987 Monographs that
reviewed and classified “chlorophenoxy herbicides.”
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substances. Even as to that, IARC’s classification necessarily concedes that “chance, bias and
confounding could not be ruled out with reasonable confidence.”®' We elaborate further below.

In 1977, IARC evaluated the case studies and epidemiological data and found that the
single cohort study available at that time was “not sufficient to evaluate the carcinogenicity of
2,4-D to man (because 2,4-D may be used with 2,4,5-T, which is contaminated with 2,7,8-
tetrachlorodibezo-para-dioxin).”*? TARC’s evaluation of the human data in 1986 included many
more epidemiological studies but, again, no studies identified an association of cancer with 2,4-D
specific exposures, only to the ill-defined products termed “chlorophenoxy herbicides.” When,
in 1987, IARC summarized the assessment of “chlorophenoxy herbicides” in Supplement 7, a
few additional epidemiological studies were summarized, including one involving non-
Hodgkin’s lymphoma in Kansas agricultural workers exposed to “2,4-D” (Hoar et al. 1986).
Nevertheless, the lack of clarity in this study regarding chemical identification and the inability
to separate out single-chemical exposures led JARC to keep its 1986 classification and its term-
of-art unchanged (i.e., “chlorophenoxy herbicides” remained as the subject of IARC’s “limited”
finding).

Therefore, following three evaluations of what would now be considered archaic data
from an assemblage of compounds that are no longer relevant to the current marketplace, IARC
was not able to identify even “limited” associations between 2,4-D, alone, and exposures to
either humans or animals, or association with genetic toxicity. IARC was only able to find
“limited” associations in a few studies performed at that time, which broadly defined exposures
to a group of ill-defined substances that IARC decided to call “chlorophenoxy herbicides.” If
IARC were to evaluate the literature generated in the last 22 years, particularly with the high-
quality studies generated after 1987, IARC would come to the same conclusion that all other
regulatory agencies have come to in their respective evaluations of 2,4-D: these substances
(which this submission defines as including salts and esters) are not carcinogenic.

D.  OEHHA Itself Has Refrained From Identifying 2,4-D As A Carcinogen

In 1997, OEHHA proposed a “medium-high” priority for 2,4-D as a potential candidate
for consideration by the Proposition 65 Carcinogen Identification Committee. Ironically, the
primary basis for even this “medium-high” priority was Supplement 7 (OEHHA 1997). OEHHA
acknowledged its reliance on IARC’s classification in its response to objections raised by the
2,4-D Task Force to the proposed prioritization (OEHHA 1998). Although the prioritization was
finalized as “medium-high” in 1997, 2,4-D has never undergone the process of consideration
under the Proposition 65 “authoritative body” listing mechanism. The only conclusion to be

3 Supplement 7 at page 30.

32 IARC Monograph Volume 15 (1977) at page 130.
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drawn from this result is that neither the IARC classification nor the EPA documents used by
OEHHA to generate its 1997 summary document were sufficient to trigger that process. And,
even if OEHHA were to consider 2,4-D for listing under the substantive listing mechanism
identified in Health & Safety Code section 25249.8(b), the weight of the extensive scientific
evidence now available would require a finding that 2,4-D should not be listed.

In fact, in January 2009, OEHHA concluded its determination of a Public Health Goal
(“PHG”) for 2,4-D.** With respect to its assessment of the carcinogenicity potential of 2,4-D,
OEHHA concluded:

Due to lack of conclusive findings in the epidemiological data, and the lack of
evidence in animal studies for carcinogenicity, carcinogenicity is not used as the
endpoint for the PHG.*

E. Other Jurisdiction’s Conclusions Regarding The Carcinogenicity Of 2,4-D
The following national and international regulatory bodies have concluded that existing

scientific data do not support classifying 2,4-D as a carcinogen: United States Environmental
Protection Agency (1997, 2004a>® 2004b>, 2005%%); Health Canada’s Pest Management

3 Public Health Goals for Chemicals in Drinking Water -- 2,4-Dichlorophenoxyacetic Acid,
http://www.oehha.ca.gov/water/phg/pdf/24dphg010209.pdf (OEHHA 2009) (the “PHG Document”).

4 PHG Document at 24 (emphasis added).

3 USEPA 1997. Carcinogenicity Peer Review (4th) of 2,4-Dichlorophenoxyacetic Acid. Data Evaluation

Record, January 29, 1997.
36 USEPA 2004a. 2,4-D — Second Report of the Hazard Identification Assessment Review Committee.
[HIARC] Health Effects Division of Office of Pesticide Programs. TXR No. 0051866. January 15, 2004.

7 USEPA 2004b. 2,4-D: HED’s Human Health Risk Assessment of the Reregistration Eligibility Decision
(RED) Revised to Reflect Error-only Comments from Registrants. Health Effects Division of Office of Pesticide
Programs. PC Code 030001; DP Barcode D287199. June 2, 2004.

3 USEPA 2005. Reregistration Eligibility Decision for 2,4-D. [RED] Office of Pesticide Programs. EPA
738-R-05-002. June 2005. In 2007, EPA released its Decision Not to Initiate Special Review for 2,4-D under
FIFRA, stating: “Because the Agency has determined that the existing data do not support a conclusion that links
human cancer to 2,4-D exposure, it has decided not to initiate a Special Review of 2,4-D....” 72 Fed.Reg. 44510
(August 7, 2007).


http://www.oehha.ca.gov/water/phg/pdf/24dphg0
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Regulatory Agency (2007)*; Euro;ean Commission (2001)*’; New Zealand (2003)*'; and the
World Health Organization (1996)*.

In fact, when EPA reviewed the chlorophenoxy herbicides cohort and case control
epidemiology studies relied upon by IARC, the agency found that the studies are not adequate to
conclude that any form of cancer is causally associated with 2,4-D exposure. Thus, EPA’s 1994
SAB/SAP Special Joint Committee -- charged by EPA to decide whether human epidemiologic
studies provide evidence that 2,4-D is a human carcinogen -- reviewed the epidemiology studies
relied on by IARC and concluded that “[tlhe epidemiologic studies often do not provide
information on exposures specific to the chemical 2,4-D. Most of the studies relate the risk to
the general category of phenoxyherbicides ... If there is an apparent risk and the information on
specific exposures is missing, then chemicals other than 2,4-D may account for the apparent
risk.”* The 2,4-D SAB/SAP Panel concluded that “[t]he data are not sufficient to conclude that
there is a cause and effect relationship between the exposure to 2,4-D and NHL.”*

39 Health Canada 2007. Re-evaluation of the Agricultural, Forestry, Aquatic and Industrial Site Uses of (2,4-

Dichlorophenoxy) acetic Acid [2,4-D]. Proposed Acceptability for Continuing Registration. PACR2007-06. 19 June
2007. www.pmra-arla.ge.ca/english/pdf/pacr/pacr2007-06-e.pdf.

40 European Commission Health & Consumer Protection Directorate-General. 2001. Commission Working

document. Review Report for the Active Substance 2,4-D Re-evaluation. 7599/V1/97-final, 1 October 2001.
4 Environmental Risk Management Authority [New Zealand ERMA] 2003. Substances to be transferred to
the HSNO Act under Section 160(1)(a): Phenoxy Herbicides. http://www.ermanz.govt.nz/hs/pesticides/phenoxy-

herb-report.pdf

2 WHO Pesticide Residues in Food — 1996. Part II - Toxicological. FAO Plant Production and Protection

Paper 140: 31-38; and WHO/PCS/97.1: 45-96. Rome September 1996
* EPA 1994. An SAB Report: Assessment of Potential 2,4-D Carcinogenicity. Review of the Epidemiological
and Other Data on Potential Carcinogencity of 2,4-D. U.S. Environmental Protection Agency Science Advisory
Board (SAB), Washington, D.C., at page 14.

44 Id
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1I. OEHHA MusT NOT PROCEED WITH ITS PROPOSED LISTING OF “CHLOROPHENOXY
HERBICIDES”

A.  IfIt Proceeds With This Proposed Listing, OEHHA Is Limited To Listing
The Mixture Of “Chlorophenoxy Herbicides” That IARC Reviewed, Not
The Individual Constituents Of That Mixture

As explained at length above, IARC has never identified 2,4-D, alone, as a carcinogen.
As OEHHA itself concedes, OEHHA’s authority to list chemicals under the asserted Labor Code
mechanism is ministerial. Thus, OEHHA’s proposed listing, if it proceeds at all, must clarify
that 2,4-D is not included in the category of “chlorophenoxy herbicides.”

1L OEHHA Cannot Substitute Its Judgment For IARC’s

Under the terms of the April 24, 2009 court order entered in Sierra Club v.
Schwarzenegger, No. RG07-356881 (Cal. Super. Ct., Alameda County), OEHHA has a
ministerial obligation to list chemicals referenced in California Labor Code section 6382(b)(1)
and (d). OEHHA itself acknowledges the ministerial nature of its authority in its June 12, 2009
Request (“Because these are ministerial listings....”) (emphasis in original). The scope of this
authority limits OEHHA’s discretion to weigh scientific evidence of carcinogenicity associated
with the substances evaluated by IARC. As explained further below, OEHHA must limit the
proposed listing, if it proceeds at all, to the mixture of substances IARC actually evaluated.

In Western Oil and Gas Ass’n v. Air Resources Bd. (1984) 37 Cal.3d 502, the California
Supreme Court examined the scope of a California agency’s ministerial authority. In that case,
several oil companies and their trade associations sued the California Air Resources Board
(“CARB?), alleging (among other things) that certain air quality standards established by CARB
were not based on recommendations by the California Department of Health Services (“DHS”)
as required by law. /d. at 507. After examining the law, the relevant regulatory proceedings and
CARB’s ministerial authority in establishing standards, the Court concluded that CARB had no
discretion to disregard DHS’s recommendations. Id.

At issue in Western Oil was a provision of the Mulford-Carrell Air Resources Act, Health
& Safety Code sections 39000, et seq., that imposed a mandatory duty on CARB to base its air
quality standards on DHS’s health effects-based recommendations. Id. at 510. The Court
concluded that “CARB must follow [DHS] recommendations for standards relating to health
effects.” Id. at 511. Given that CARB also was required by statute to consider other factors as
well in setting the standards, CARB was not required to adopt DHS’s recommendations
wholesale. /d  Notwithstanding that, under its ministerial authority conferred by statute,
“[w]hat [CARB] may not do is to substitute its judgment for that of [DHS] in determining
health effects.” /d (emphasis added).
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A similar issue was resolved in Fernandez v. California Dept. of Pesticide Regulation
(2008) 164 Cal.App.4th 1214. There, plaintiffs contended that the California Department of
Pesticide Regulation (“DPR”) failed to properly consult with OEHHA in establishing regulations
relating to the safety of persons working with or around methyl bromide. The Court of Appeal
held that DPR has a ministerial duty, under Food and Agricultural Code sections 12980 and
12981, to develop regulations jointly with OEHHA and to defer to OEHHA’s assessments of
worker risks. Id. at 1233. Concluding that DPR could not substitute its judgment for OEHHA’s
on worker risk assessments, a subject reserved for OEHHA under the relevant statute, the court
concluded that DPR’s failure to consult with OEHHA as part of its rulemaking process was a
violation of law: “DPR may not itself determine the health effects of subchronic exposure to
methyl bromide....” Id at 1220; see also id. at 1235-36; Mountain Lion Foundation v. Fish &
Game Comm’n (1997) 16 Cal.4th 105, 117 (“A ministerial decision involves only the use of
fixed standards or objective measurements....”).

Pursuant to the precedent set by the above and other similar cases, OEHHA’s authority
under the Labor Code listing mechanism is extremely limited. ~OEHHA already has
acknowledged this limitation in other Labor Code listings. When OEHHA proposed to list areca
nut as a carcinogen pursuant to this mechanism, it received a comment from AHPA stating that
OEHHA should not list “areca nut” as such, but only the constituents of areca nut that are
carcinogens. OEHHA responded: “OEHHA has proposed the listing of “areca nut” based upon
its identification in the TARC document.”” Implicit in this response is OEHHA’s
acknowledgement that it cannot substitute its judgment for IARC’s with respect to the
substance(s) IARC evaluated in any particular Monograph.

2. OEHHA Must Clarify The Proposed Listing To Avoid Inclusion
Of2,4-D

IARC has never identified 2,4-D, alone, as a carcinogen. If any Labor Code listing is to
proceed at all with respect to “chlorophenoxy herbicides,” it must proceed with respect to the
exact mixture were evaluated by IARC. As already discussed above, in 1987 IARC evaluated
the carcinogenic hazards presented by exposure to all “chlorophenoxy herbicides” reviewed.
OEHHA must clarify the proposed listing to refer to that exact mixture, and not the individual
constituents, such as 2,4-D, that may comprise that mixture. Put another way, OEHHA must
clarify that only exposures to, or discharges of, each and every substance solely as the mixture
reviewed by IARC, trigger Proposition 65°s legal obligations. Alternatively, OEHHA must
clarify the listing to specifically exclude 2,4-D. Either of these clarifications would be entirely

45
added).

http://www.oehha.ca.gov/prop65/docs_admin/betel%20quid_areca%?20nutresponses.pdf at 8-9 (emphasis
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consistent with the fact that IARC has never identified 2,4-D as a carcinogen, as well as with the
existing large body of data indicating that 2,4-D is not classifiable as a carcinogen.

IARC’s classification of “chlorophenoxy herbicides™ as possible carcinogens in 1986 and
1987 was based solely on epidemiology studies, not animal studies. Moreover, in the case
control and cohort studies which serve as the basis for IARC’s 1986 Monographs, the
populations were occupationally exposed to all “chlorophenoxy herbicides,” which IARC
apparently defined in 1986 to include six (and perhaps more) herbicides (2,4-D; 2,4,5-T; Silvex;
MCPA; Dichlorprop and MCPP) and which IARC apparently defined in 1987 to include three
(and perhaps more) herbicides (2,4-D; 2,4,5-T; and MCPA). % Because the populations IARC
reviewed were exposed to a combination of all “chlorophenoxy herbicides” and because IARC
classified only the group and not the individual herbicides making up the group, IARC’s
classification logically and scientifically triggers the Proposition 65 listing of products
containing each and every one of all six (or three) “chlorophenoxy herbicides.”

Thus, a proposed listing of “chlorophenoxy herbicides” that explicitly or implicitly
includes 2,4-D as a single constituent would be unlawful, in that OEHHA would be unlawfully
substituting its judgment for IARC’s. In addition, such a listing would contravene the considered
judgment of many other agencies, including OEHHA itself. Moreover, excluding 2,4-D from
any Proposition 65 listing based on IARC’s 1987 review of chlorophenoxy herbicides is
scientifically supported by the fact that regulators, such as EPA, have concluded that IARC’s
1987 Category 2B classification of the group does not support a finding that 2,4-D alone is a
carcinogen.

B. The Listing of 2,4-D As A Substance Included In “Chlorophenoxy
Herbicides” Would Contravene OEHHA’s Authority

Proposition 65 confers on OEHHA the authority to list those chemicals that are known to
the State of California to cause cancer.”’ As discussed at length above, 2,4-D has not been
classified as a carcinogen. OEHHA unlawfully would exceed its statutory authority if it were to
include a chemical like 2,4-D, which not a carcinogen, in a Proposition 65 listing.

46 Significantly, the mixtures that IARC evaluated no longer exists, since EPA canceled the registration of

2,4,5-T approximately 20 years ago. It is difficult to understand the practical benefit of listing a mixture to which no
Californian — or indeed any person in the United States — will ever be exposed.

4 Health & Safety Code § 25249.8.
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C. The Category “Chlorophenoxy Herbicides” Is Vague And Therefore
Legally Infirm

The classification “chlorophenoxy herbicides” is not a self-defining term. IARC has
never defined precisely which herbicides are included in the class “chlorophenoxy herbicides.”
Indeed, its 1986 Monographs apparently identified six herbicides, and its 1987 Supplement 7
apparently identified three — evidence that IARC itself finds the grouping of “chlorophenoxy
herbicides” to be, at best, fluid. Significantly, in 1987 at the time of IARC’s evaluations, the
product spectrum and their compositions were significantly different than those existing in
the current market. For example, 2,4,5-T has not been used or available for more than two
decades, when its FIFRA registrations were canceled -- further reinforcing the archaic nature of
IARC’s “chlorophenoxy herbicide” grouping. Further, EPA, the California Department of
Pesticide Regulation and other regulatory authorities do not use this term in a manner that
defines all of the specific individual substances that are to be included. In the absence of a
precise definition, OEHHA can only guess what herbicides IARC intended to include in its
classification. This significant limitation is inherent in using an “overall” IARC listing for the
purpose of listing a substance under Proposition 65.

Worse, given the purposeful lack of a definition for a group of substances that IARC
decided to call “chlorophenoxy herbicides,” neither the regulated community nor Proposition 65
prosecutors would understand the actual scope of the substances identified by the proposed
listing. Unsophisticated prosecutors may even consider plant growth regulators — critical to the
California citrus industry — as “chlorophenoxy herbicides,” leaving defendants to pay the
expense of arguing in court that plant growth regulators do not fall within this class. Such
vagueness is fatal, as it provides no notice or due process to the regulated community.

I11. CONCLUSION

For all the reasons discussed above, OEHHA must not proceed with the proposed listing
of “chlorophenoxy herbicides.” IARC has never identified 2,4-D as a carcinogen. To the extent
that this ill-defined “chlorophenoxy herbicide” group of substances could be construed to include
2,4-D, a listing that would include 2,4-D would be unlawful.

If OEHHA insists on proceeding with the proposed listing, it must:

1. Clarify that “chlorophenoxy herbicides” refers to each and every substance
reviewed by IARC solely as a mixture of those reviewed substances, and only as they existed
prior to 1987, and not the individual constituents like 2,4-D alone; or

2. Clarify that the proposed listing excludes 2,4-D acid and esters or salts of 2,4-D.
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Thank you for your consideration of these comments. We appreciate this opportunity to
be heard on such an important issue.

Very truly yours,

Ann G. Grimaldi
SF:27372831.1
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2,4-D AND ESTERS

1. Chemical and Physical Data

1.1 Synonyms and trade names

Chem. Abstr. Services Reg. No.: 94-75~7
Chem. Abstr. Name: (2,4-Dichlorcophenoxy)acetic acid
Dichlorophenoxyacetic acid; 2,4-dichlorophenoxyacetic acid

For a representative list of other synonyms and trade names of
products containing 2,4~D, its salts ar esters, either as the sole active
ingredient or as mixtures with other campounds, see Appendix A.

1.2 Chemical formula and molecular weight

Ct

1
Cl—@-O—-CH,—C —OH

C8H6C1203 Mol. wt: 221.0

1.3 Chemical ard physical properties of the pure substance

From Weed Science Society of America (1974), unless otherwise
specified

(a) Description: Odourless white crystals

(b) Boiling-point: 160°C at 0.4 mm

(c) Melting-point: 140-141°C

(d) Spectroscopy data:- Infra-red and ultra-violet spectra are
given by Gore et al. (1971).

(e) Solubility: Soluble in 95% ethanol and in acetone, dioxane
and isopropyl alcohol

(£) Stability: Stable up to and including its melting-point

(g) Reactivity: Forms salts that are soluble in water
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1.4 Technical products and impurities

Technical grade 2,4-D is available in the US as the free acid (98%
puarity), as salts (dimethylamine, mixed ethanolamine and isopropanclamine,
lithium and sodium) and as esters of the following alcohols: isopropyl,
n-butyl, sec-butyl, iso-octyl, 2-butoxyethyl and butoxypolypropylene
glycol (US International Trade Cawnission, 1976a).

Of 28 samples of 2,4-D tested for content of chlorodibenzo-para-dioxins,
one was found to contain <10 mg/kg hexachlorodibenzo-para-dioxin (Woolson
et al., 1972). Bis{(2,4-dichlorophenoxy)methane has been identified as the
major contaminant of 2,4-D, and bis(2,6~dichlorophenoxy)methane and
2,2',4,6'~tetrachlorodiphenoxymethane as minor contaminants (Huston, 1972).

N¥-Nitrosodimethylamine! has been detected at a level of 300 ug/l
in dimethylamine salt of 2,4-D which was stored in metal containers the
interiors of which had been presprayed with sodium nitrite as an antioxi-
dant (Fine et al., 1977).

Technical 2,4-D produced in Japan is more than 99% pure,

2. Production, Use, Occurrence and Analysis

For background information on this section, see preamble, p. 17.

2.1 Production and use

(a) Production

2,4-D was prepared in 1941 by the interaction of 2,4-dichlorophenol,
monochloracetic acid and sodium hydroxide (Pokorny, 1941), and a similar
process is believed to be used in its cammercial production.

Production was first reported in the US in 1944 (US Tariff Camnission,
1946). The quantity of 2,4-D produced increased steadily between 1963 and
1968, when it reached a maximum of 36 million kg; production decreased
to about 20 million kg in 1970 (US Department of Agriculture, 1973) and

'See IARC, 1972
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gradually increased again to an estimated 27 million kg in 1974. In 1975, :
three US campanies reported production of 2,4-D acid; three others x
reported the production of esters or salts of 2,4-D, presumably from '
purchased acid. Separate production data for 1975 are available only for
the dimethylamine salt of 2,4-D, 11.6 million kg of which were produced,
and for the iso-octyl ester, 4.5 million kg of which were produced

(US International Trade Cammission, 1976a). In 1973, 115 thousand kg of
2,4-D acid and 57 thousard kg of mixed butyl esters were imported through
the principal US custams districts (US Tariff Commission, 1974), In 1974,
365 kg of the mixed butyl esters were imported (US International Trade
Commission, 1976b). Cambined US exports of 2,4-D and 2,4,5-T amounted

to 5.7 million kg in 1975 (US Department of Cammerce, 1975).

The Federal Republic of Germany and the UK are the major producing
countries in western Europe, where annual production is estimated to be
3-30 million kg; in easternm Europe it is estimated to be less than 10
million kg.
2,4-D was first produced commercially in Japan before 1945 by a
process similar to that used in the US. Production in 1975 by two pro-
ducers amounted to 511 thousand kg, and 176 thousand kg were exported. !

About 90,000 kg were imported into Australia in 1875-76. f
{b) Use

2,4-D is a systemic herbicide widely used for control of broadleaf
weeds in cereal crops and sugar cane and on turf, pastures and non-crop-
land (Weed Science Society of America, 1974). It is also used to control
the ripening of bananas and citrus fruits, to delay preharvest dropping
of same fruits and in some countries as a fungicide for the control of
Alternaria rots when lemons are to be held for storage (WHO, 1975).

An estimated 27 million kg of 2,4-D acid equivalent, largely in the
form of esters and salts, were used in the US in 1975, as follows: wheat
and other small grains, 31%; corn and grain sorghum, 26%; pasture and
rangeland, 25%; industrial and comercial uses, 9%; lawns and turf, 5%;
aquatic weed control, 3%; rice and fruit, 1%.

13 ;
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2,4-D was used to defoliate jungle areas in south Vietnam, where it
was a canponent of 'Agent Orange' (a 50:50 mixture of the n-butyl esters
of 2,4-D and 2,4,5-T, containing up to 30 mg/kg or more TCDD) (Davis,
1974). About 40 million litres of 'Agent Orange’ were sprayed in south
Vietnam between 1965-1971 for defoliation or crop destruction (Camittee
on the Effects of Herbicides in Vietnam, 1974).

National tolerances are in effect in several countries. Examples
were reported to the Joint Meeting of the FAO Working Party of Experts
on Pesticide Residues and the WHO Expert Camnittee on Pesticide Residues
in 1975. The previously established acceptable daily intake for man of
0-0.3 mg/kg bw was considered and confirmed at this meeting (WHO, 1977).

The US Occupaticnal Safety and Health Administration health standards
for exposure to air contaminants require that an employee's exposure to
2,4-D does not exceed an eight-hour time-weighted average of 10 mg/m® in
the working atmosphere during any eight-hour work shift of a forty-hour
work week. The corresponding standard in the Federal Republic of Germany
is also 10 mg/m’, and the acceptable ceiling concentration in the USSR is
1 mg/m? (Winell, 1975).

2.2 Occurrence
2,4~D is not known to occur as a natural product.

It is broken down by soil microorganisms, and there is reportedly no
accumulation in the soil as a result of normal agricultural use (Weed
Science Society of America, 1974).

In a continuing programme involving the monitoring of pesticide
residues in food, the US Department of Health, Education and Welfare
fourd a decreasing level of 2,4-D in food samples collected at retail
outlets during the period 1965-1973. Between June 1964 and April 1965,
2,4-D was found in 10 of 216 camposite food samples examined, including
leafy vegetables, oils, fat and shortening, sugar and adjuvants (Duggan
et al., 1966). 1In 1973, an insignificant amount of 2,4-D was found during
this programme: a trace was found in one of 360 camposite potato samples
(US Bureau of Foods, 1975). )
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Air samples were collected near wheat-growing areas around Pullman
and Kennewick Highlands, Washington, USA between April and August 1964
after applicaticns of 2,4-D. Although data were given for several products
containing 2,4-D, those for the isopropyl ester were the highest: an
average concentration of 0.116 ug/m® and a maximumm concentration of 1.96
rg/m® of an aerosol form of the ester and an average concentration of
0.007 ug/m® and a maximum concentration of 0.69 ug/m® of the vaporized
ester were fournd in 24-hcur samples near Pullman (Finkelstein, 1969).

Residues of 2,4-D in pond waters declined from maximums of 0.345 and
0.692 mg/1 in Florida and Georgia, respectively, to less than 0.005 mg/l
28 days after treatment and from 0.630 mg/1 in Missouri pond waters to
less than 0.005 mg/l1 56 days after treatment. Residues in mud fram the
Florida and Georgia ponds never exceeded 0.05 mg/kg and had declined to
trace or nondetectable levels 56 days after treatment. The highest residue
found was 0.170 mg/kg in samples of muad taken on the first and third days
in the most heavily treated Missouri pond. In mud fram one Missouri pond,
residues were detected as late as 28 days after treatment; no residues
occurred in any ponds after that time (Schultz & Harman, 1974).

In September 1971, so0il samples were obtained fram an area in Thailand
that had been used for calibrating aerial herbicide spray equipment and
that had received about 940 kg/ha 2,4-D and large amounts of other herbi-
cides in 1964-65. Two of 6 samples contained 0.18 and 0.21 kg/ha 2,4-D
(Cammittee on the Effects of Herbicides in Vietnam, 1974).

2.3 Analysis

The Association of Official Analytical Chemists (AOAC) has published
three Official Final Actions for the determination of 2,4-D in formulations:
(1) titration, for formulations of the free acid; (2) determination of
total chlorine after calorimetric destruction for formulations of 2,4-D
campourds; and (3) infra-red spectroscopy for 3,6-dichloro-2-methoxy-
benzoic acid (Dicamba)/2,4-D formulations. Official First Actions have
been published for determinaticon of the free acid in formulations of.2,4-D
esters by titration to pH 7, and for determination in formulations with
4~amino~3,5, 6-trichloropicolonic acid (picloram) by high-pressure liquid
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chramatography (Beroza, 1976; Horwitz, 1975). Results of collaborative
studies of several of these methods have been published (Hammond, 1973;
Malina, 1971; Skelly et al., 1976).

Another method for determining 2,4-D in formulations involves gas
chramatography of its trimethylsilyl derivative (Zweig, 1972). With a
similar method, recoveries of 100.5 * 1% compare favourably with those
cbtained using the ACAC infra-red spectroscopy method (Collier & Grimes,
1974).

Methods of analysis far 2,4-D residues in various camodities using
gas chromatography have been summarized and tabulated in a recent review
(WHO, 1975). In a more recent publication (WHO, 1977) attention was
drawn to the low recoveries frequently encountered due to conjugation of
2,4~D with plant constituents. The Pesticide Analytical Manual (US Food
& Drug Administration, 1975a,b) sumarizes several methods for determining
2,4-D residues, using gas, thin-layer and paper chramatography; a general
method for extraction and clean-up of chlorophenoxy acids in a variety of
foods provides more than 80% recovery. Limits of detection for gas
chramatography are in the order of 10 pg/kg when microcoularetric detec-
tion is used and 0.2 ug/kg with electron capture.

A gas chramatographic procedure has been used to separate mixtures of
herbicidal acids as their pentafluorcbenzyl derivatives, which generally
provide better separation and better responses in the electron capture
detector than do the methyl ar silyl derivatives; the method has a sensi-
tivity of 0.4 ug/kg for 2,4-D (Chau & Terry, 1976). An autcmated, gel=
permeation chromatographic procedure permits clean-up of pesticide residues
in lipid-containing plant and animal extracts prior to their determination
by gas chramatography with electron-capture detection, and provides
recovery of more than 80% 2,4-D esters (Jahnson et al., 1976).

A low-temperature extraction and clean-up method is used to separate
multiple residues of 2,4-D and other pesticides for eventual gas chramato-
graphic analysis with electron capture and flame photometric detectors;
82~108% of added 4 mg/kg 2,4-D could be recovered (Mcleod & Wales, 1972).
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Gas chramatography cambined with electron-capture detection has been
used to determine 0.5 mg/kg 2,4-D residues in oysters (Duffy & Shelfoon,
1967) ard 0.05 mg/kg in soil, wheat and barley (Khan, 1975).

3. Biological Data Relevant to the Evaluation
of Carcinogenic Risk to Man

3.1 Carcinogenicity and related studies in animals

(a) Oral administratian

Mouse: Groups of 18 male and 18 female (CS7BI/6xC3H/Anf)FI mice
and 18 male and 18 female (CS57BL/6xXAKR)F mice received cammercial 2,4-D
(90%, m.p. 136-140°C) according to the féllming dose schedule: 46.4 mg/kg
bw in 0.5% gelatine by stoamach tube at 7 days of age and the same amount
(not adjusted for increasing body weight) daily up to 28 days of age:
subsequently, the mice were given 149 mg/kg of diet. A further group of
18 male and 18 female (C57BL./6xAKR)F1 mice were given oral doses of
100 mg/kg bw/day fram 7-28 days of age and subsequently fed 323 mg/kg of
diet. The experiment was terminated when the mice were about 78 weeks
of age, at which time 15, 16, 16 and 16 given the lower dose level and
11 and 13 given the higher dose level were still alive in the respective
groups. Tumour incidences were compared with those cbserved among groups
of 79, 87, 90 and 82 control mice, which had either been untreated or had
received gelatine only: the incidences were not significantly greater
(P>0.05) when any group or combination of groups was considered. Similar
results were obtained in groups of mice given 2,4-D isopropyl, butyl or
isooctyl esters (99%, 993% and 97% pure) at doses of 46.4 mg/kg bw fram
7-28 days of age and, subsequently, 111, 149 and 130 mg/kg of diet,
respectively, up to 78 weeks of age (Imnes et al., 1969; NITIS, 1968a).

Rat: Groups of 25 male and 25 female 3-week old Osborne-Mendel rats
were fed for two years on diets containing 0, 5, 25, 125, 625 or 1250 mg/kg
of diet 2,4-D. The 2,4-D was 96.7% pure and contained no detectable levels
of 2,7-dichloro- or 2,3,7,8-tetrachlorodibenzo~para-dioxin; the limit of
sensitivity of the method of analysis was 1 mg/kg . The numbers of male
ard female rats with malignant tumours were 6 in contiols and 8, 7, 7, 8
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and 14 in the treated groups, respectively. Tumours were randomly distri-
buted and were also found in ageing rats of this strain. According to the
authors, a statistical increase (P<0.05) in the number of treated rats with
malignant tumours over controls was found only in males receiving the
highest dose level (Hansen et al., 1971).

Groups of 120 male and 45 female randam-bred rats, weighing 80-100 g
at the start of the test, were given 2,4-D as the amine salt (amount not
specified) mixed in the food at a concentration which corresvonded to
a daily intake of one~tenth of the IDSO (not specified, but see Table 1,
section 3.2). Two treated rats developed tumours (a mammary fibroadenama
ard a haérwangicma of the mesenterium) after 23 months, and one untreated
rat had a manmary fibroadenama after 27 months (Arkhipov & Koslova, 1974).

(b) Subcutanecus and/or intranmséular administration

Mouse: Groups of 18 male and 18 female (CSTBL/6xC3H/ANf)F  mice
and 18 male and 18 female (C57BL/6xAKR)E‘] mice were given single s.c.
injections of 215 mg/kg bw 2,4-D (90% pure, m.p. 136-140°C) in dimethyl
sulphoxide on the 28th day of life and observed up to 78 weeks of age,
at which time 16, 17, 18 and 18 mice in the four groups, respectively,
were still alive. Tumour incidences were compared with those in groups
of 141, 154, 161 and 157 controls that were either untreated or were
injected with dimethyl sulphoxide, 0.5% agueous gelatin or corn oil. The
tumour incidence in any group or combination of groups was not significantly
different fram that in controls (P>0.05). No increase in the incidence of
tumours was observed in similar groups of mice treated with single s.c.
injections of 21.5 mg/kg bw butyl or 100 mg/kg bw isopropyl esters of 2,4-D
(both 99% pure). Of mice treated with 21.5 mg/kg bw isooctyl ester of
2,4-D (97% pure), 5/17 females of the second strain developed reticulum-cell
sarcomas (P=0.01) (NTIS, 1968a).

3.2 Other relevant biclogical data

(a) Experimental systems

The toxicity of 2,4-D was reviewed by Dalgaard-Mikkelsen & Poulsen
(1962) .
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Acute and short-term toxicity

There are species differences in the acute oral toxicity of 2,4-D
and of its derivatives (Table 1). The symptams of acute toxicity in mice,
rabbits, guinea-pigs and rats are essentially similar (Bucher, 1946; Hill
& Carlisle, 1947). Soame animals died suddenly, apparently from ventricular
fibrillation; those that did not die immediately developed stiffness of
the extremities, incoordination, lethargy, stupor and coma prior to death
(Hill & Carlisle, 1947). Symptoms of myotonia were evident in mice after
the parenteral administration of 150-200 mg/kg bw; and in mice acutely
intoxicated with 2,4-D, dilatation of the blood vessels of lungs, liver
and kidneys was observed (Bucher, 1946). Rats and guinea-pigs administered
lethal doses of 2,4-D exhibited congestion of the viscera and enlarged,
swollen kmneys, microscopically, there was massive cloudy swelling of
the proximal conwvoluted tubules with cast formation (Hill & Carlisle, 1947).
S.c. injections of 100 my/kg bw 2,4~D resulted in a decrease of both thyroid
and body weights in male rats (Florsheim & Velcoff, 1962).

Oral administration of 625 mg/kg bw to rats resulted in changes in
the levels of several serum enzymes ard globulins (Sz8cs et al., 1970).
2,4-D was fourd to be a potent uncoupling agent for oxidative phosphoryl-
ation and to stimulate the respiration of rat liver mitochondria in a
phosphate-deficient medium (Brody, 1952).

In dogs, toxic symptams were often not present until 6 hours after
oral administration of a lethal dose of 2,4-D; the animals became ataxic,
with progressive increase in spasm. Death appeared to be due in nost
cases to hepatic congestion or to pneumonia. Pathological changes, limited
to the gastrointestinal tract, lung and liver, followed the development
of anorexia, weight loss and myotonia (Drill & Hiratzka, 1953). Dogs
exhibited evidence of liver damage more frequently than other animals
studied (Bucher, 1946; Drill & Hiratzka, 1953).

No toxic symptoms were noted in monkeys given 214 mg/kg bw orally, or
428 mg/kg bw intraperitoneally; however, oral plus i.p. injection of a
total of 500 mg/kg bw 2,4~D caused nausea, vomiting, lethargy, muscular
incoordination and head drop (Hill & Carlisle, 1947). Acute toxic doses
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TABLE 1

Acute oral toxicity of 2,4-D and esters

IDsg

Campound .
of 2,4-D Species Sex (mg/kg W) Reference
Acid Mice M 375 Hill & Carlisle (1947)
Mice M 368 Rowe & Hymas (1954)
mts M 375 " " n
Rats 666 Hill & Carlisle (1947)
Guinea-pigs MLF 469 Rowe & Hymas (1954)
Guinea-pigs 1000 Hill & Carlisle (1947)
Rabbits 800 — " "
Dogs 100 Drill & Hiratzka {1953)
Chicks M&F 541 Rowe & Hymas (1954)
Butyl ester Mice 380 Konstantinova (1970)
Rats 1500 Schillinger (1960)
Rats 920 Konstantinova (1970)
CatS 820 " n
Esters of mono-, Rats F 570 Rowe & Hymas (1954)
di- and tripro-
pylene glycol
butyl ethers
Isopropyl ester Mice M 541 Rowe & Hymas (1954)
Rats MsF 700 " " "
Guinea—-pigs M 550 " " "
Chicks MsF 1420 " " »
Mixed butyl Mice F 713 Rowe & Hymas (1954)
esters Rats F 620 " " v
Guinea-pigs F 848 " v "
Rabbits M&F 1420 " " "
Chicks M&F 2000 " " "
Sodium salt Mice 375 Rowe & Hymas (1954)
Rats F 805 " " "
Rats 2000 Schillinger (1960)
Guinea-pigs M 551 Rowe & Hymas (1954)
Rabbits 800 " " "
Alkanolamine salt | Chicks 380-765 Rowe & Hymas (1954)
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of 2,4-D (765 mg/kg bw) produce fatty degeneration of the liver, spleen,
kidneys and heart and haemorrhagic gastroenteritis in chickens (Bjorn &
Northen, 1948), and acute toxic doses have similar effects in sheep and
cattle (Palmer & Radeleff, 1964).

Subacute and chronic toxicity

2,4-D administered subcutaneously to mice at doses of 50-90 mg/kg bw
once or twice daily for 3 weeks to 3 months produced no clear-cut chronic
symptans. Levels of 70 mg/kg bw and more retarded growth, probably by
reducing food intake (Bucher, 1946).

Rats fed 1000 mg/kg of diet 2,4~D for one month showed no signs of
toxic effects (Hill & Carlisle, 1947). No adverse effects were noted in
young female rats fed 100 and 300 mg/kg of diet 2,4-D (purity unspecified)
for pericds of up to 113 days, while those given 1000 mg/kg of diet over
the same period had increased mortality, depressed growth rate, slightly
increased liver weight and slight cloudy swelling of the liver. BAnimals
fed 3000 or 10,000 mg/kg of diet were sacrificed after 12 days because of
food refusal and rapid weight loss. Increased liver and kidney weights
and unstated slight pathological changes were noted in these argans (Rowe
& Hymas, 1954).

No significant adverse effects were noted when 15 ml of each of 3
commercially available formulations of 2,4~D (the dimethylamine salt and
the iscoctyl and butyl esters) were administered 5 times weekly for 3 weeks
to the intact and abraded skin of rahbbits at two concentrations, 0.626% and
3.13% (the dimethylamine salt was diluted in water and the ester in either
0il or water) (Kay et al., 1965).

Groups of 3 male and 3 female beagle dogs were fed 10, 50, 100 or 500
mg/kg of diet 2,4-D (96.7% pure, with no detectable chlorodibenzo-para-
éioxin content) for 2 years, starting at 6-8 months of age. Twenty-eight
dogs that survived the 2-year period were clinically normal. No adverse

. effects related to 2,4-D administration were dbserved (Hansen et al., 1971).

Dogs of both sexes were given 2, 5 or 10 mg/kg bw commercial 2,4-D
(98.5% pure) orally by capsule for 5 days per week for 13 weeks; no signs
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of toxicity were observed. Dogs given 20 mg/kg bw survived for periods
ranging from 18-49 days, with loss of weight occurring after 7-12 days
and with ataxia, increased muscle tonus and a terminal fall in lymphocyte
count prior to death (Drill & Hiratzka, 1953).

Young pigs treated at varying intervals up to 103 days with 50, 100 or
300 mg/kg bw of the commercial triethanolamine salt or butyl ester of 2,4-D
exhibited symptams of intoxication and pathology analagous to those seen in
laboratory animals. Clinical signs of ancrexia and retarded growth were
found in one animal given 51 doses of 50 mg/kg bw triethanolamine salt over
103 days. Pigs fed 500 mg/kg of diet txriethanolamine salt of 2,4-D for
up to 12 months developed locamotor disturbances of increasing severity
after about one month. Animals sacrificed after 2-12 months had normal
organ weights and no gross pathological changes. Clinico-chemical obser-
vations included lowered haemoglobin and haematocrit values, elevation
of glutamic-oxaloacetic transaminase and reduced allbumin and albumin:
globulin ratios in the treated animals (Bjdrklund & Erne, 1966).

Absorption, distribution and excretion

In rats, pigs, calves and chickens, 2,4-D administered in doses of
50-100 mg/kg bw orally as salts was readily absorbed and eliminated,
mainly in the urine, with plasma half-lives varying from 3-12 hours (Erne,
1966a,b). The rate of 2,4~D elimination in rats was dosage dependent.
Following administration of !'“C-2,4-D, radicactivity was found in all
organs and tissues examined (Khanna & Fang, 1966).

2,4~D esters are hydrolysed in animals. The phenoxy acids are excre-
ted predominantly as such in the urine of rats after their oral admini-
stration, although a minor portion is conjugated with the amino acids
glycine and taurine and with glucuronic acid {Grunow & Blhme, 1974). No
2,4-dichlorophenol was, however, detected in the urine of C57BL/6 mice
treated subcutaneously with 2,4-D or its butyl or iscoctyl esters. The
rates of disappearance fram the plasma of 2,4-D and its butyl and iscoctyl
esters following single s.c. injections of 100 mg/kg bw of the campourds
to female C57BL/6 mice were: butyl ester>isooctyl ester>2,4-D (Zielinski
& Fishbein, 1967).
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After oral administration of 0.05 mg/kg bw 2,4-D to rats, traces
were detected in the milk of lactating animals for 6 days. Within 24 hours
after administration of 2,4-D to pregnant rats, 16.8% of the dose was
detected in the uterus, placenta, foetus and amiotic fluid (Fedorova &
Belova, 1974). 2,4-D was also found to pass the placental barrier in
pigs (Bjdrklund & Eme, 1966).

Brbryotoxicity and teratogenicity
Results of teratological studies with 2,4-D were variable; terato-

genic effects are observed with doses close to those which cause maternal
toxicity.

Administration of 2,4-D or its isopropyl, butyl or isooctyl esters
orally or subcutanecusly during days 6-14 of pregnancy increased the
incidence of foetal anamalies among BL6, BKR and/or C3H strains of mice
but not among B6AK and A/Ha strains. The purity of the coarpounds was:
2,4-D, 90%, m.p. 136-140°C; isopropyl and butyl esters, 99%; iscoctyl
ester, 97% (NTIS, 1968a,b).

Sprague-Dawley rats were given 1000 mg/l 2,4-D in the drinking-water
during pregnancy and for a further 10 months, and 2,4-D was administered
to the second generation for up to 2 years. Pregnancy and parturition
were normal; litter size was not significantly reduced, and no malfor-
mations were noted in the young. Except for retarded growth and increased
mortality in the second generation, no unegquivocal clinical or rorpho-
logical changes were seen. When 2,4-D was administered at a concentration
-of 500 mg/kg of diet during the entire pregnancy of a sow, anorexia was
noted; the newborn piglets were underdeveloped and apathetic, and 10/15
died within 24 hours. Continued feeding of 500 mg/kg of diet to the
survivors until they were 8 months of age caused marked growth depression,
persistent anaemia and moderate degenerative changes of liver and kidneys
(Bjdrklund & Erne, 1966).

Female rats (10 per group) were fed 2,4-D (purity unspecified) at
levels of 0, 1000 and 2000 my/kg of diet for 95 days and then mated with
untreated males and continued on their respective diets through gestation
and lactation. Pups born to females fed the highest level were small at
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birth; 94% died before weaning; scme deaths also occurred in pups of rats
fed the lower level (T.B. Gaines & R.D. Kimbrough, cited by Hansen et al.,
1971).

The maximm tolerated oral dose of 2,4-D (98.7% purity, no chlorinated
dibenzo-para~dioxins found with the limit of detection of 0.2 mg/kg) or an
equinolar dose of 2,4-D propylene glycol butyl ether ester or of the iso-
octyl ester of 2,4-D had embryolethal and growth retarding effects but no
teratogenicity when given to pregnant Sprague-Dawley (Spartan strain) rats
on days 6-15 of gestation. Other signs of foetotoxicity were s.c. ocedema,
delayed ossification and wavy ribs. 2,4-D did rot affect fertility,
gestation, lactation or viability of the newborn; the propylene glycol
butyl ether and isooctyl esters decreased viability of the newborn and
lactation indices! (Sdwetz et al., 1971). Similar effects were cbserved
in Wistar rats given single daily oral doses of 100-150 mg/kg bw 2,4-D or
the butyl, isococtyl, utoxyethanol dimethylamine derivatives of 2,4-D on
days 6~15 of pregnancy {Khera & McKinley, 1972).

No consistent embryotoxic effects were noted when 2,4-D was admini-
stered orally to hamsters at doses up to 100 mg/kg on days 6~10 of gestation
(Collins & Williams, 1971).

Lutz-Ostertag & Lutz (1970) tried to simulate field conditions for
spraying with 2,4-D and to evaluate the effect on pheasant eggs and develop-
ment of chicks. A high mortality rate and morphological alterations were
cbserved in the embryos and chicks, the toxicity apparently being higher
than for mammalian species. Total or partial paralysis was observed in
most of the surviving embryos, and 50% of the surviving chicks were sterile.

In a 3-generation reproduction study, Osborne-lendel rats were fed
100 or 500 mg/kg of diet 2,4-D that was 96.7% pure, with no detectable
(<1 mg/kg) 2,7-dichloro- or 2,3,7,8-tetrachlorodibenzo-para—dioxin. No
adverse effects were cbserved. Diets containing 1500 mg/kg 2,4-D, while

'lactation index: (pups weaned/pups alive on day 4) x 100
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apparently affecting neither the fertility of either sex nor litter size,
sharply reduced the percentage of pups surviving to weaning and the weights
of the weanlings (Hansen et al., 1971).

Matagenicity
2,4-D was not mutagenic in Escherichia coli WP2 her' or her” or in
Salmonella typhimuriwm strains TA1535, TA1536, TA1S537 or TAlS538 (Andersen
et al., 1972; MNagy et al., 1975; Shirasu, 1975; Shirasu et al., 1976;
Zetterberg et al., 1977).

In the rec assay, which is believed to give an indication of reparable
DNA damage, 2,4~D was not nore toxic to Bacillus subtilis M45 (ree” ) than
to H17 (rec+) , suggesting that this campound does not damage DNA (Shirasu,
1975).

In Saccharomyces cerevisiae D4, gene conversion was increased by
concentrations of 2,4-D above 400 ug/ml. Mitotic recambination in S.
cerevisiae D5 was also increased by 2,4-D (300 pg/ml) (Siebert & Lemperle,
1974; Zetterberg et al., 1977). S. cerevisiae RAD 18 (a histidine-
dependent haploid strain) was reverted to histidine independence by

250 pg/ml 2,4~D. Toxic and mutagenic effects in S. cerevisiae were
deperdent on low pH (4.3) (Zetterberg, 1977) [Metabolic activation systems
were not included in any of these tests].

In host-mediated assays with S. typhimurium strains TA1530 or TA1531,
or with S, cerevisiae D4, no mutagenic effects were observed when adult
male mice were given 6 mg 2,4-D (200 mg/kg) by gavage (Zetterberg et al.,
1977). Serum from orally dosed rats was not mutagenic to S. typhumrium
(Styles, 1973).

The effect of 2,4-D on chranosame aberrations in cultured plant
tissues is ocamplex because 2,4-D is required as a plant growth regulator
in tissue culture. Singh & Harvey (1975a,b) found an inverse correlation
between 2,4-D concentration and chramosame aberrations in Vieia hajastana
and Haplopappus gracilis. However, with a strain of Vicotiana that does
not require 2,4-D it increased chramosome breakage (Ronchi 2t al., 1976).
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2,4-D induced chromosome aberrations in a number of cultivated plants
and weeds. The cytological abnormalities included chramosome bridges, frag-
ments, lagging chramosames, C-mitoses and chromatin bodies (Mohandas & Grant,
1972).

No increase in the number of recessive lethals was observed when 2-day-
old adult male Drosophila melanogaster flies were fed 4.5 or 9.0 mM 2,4-D
in sucrose (Vogel & Chandler, 1974).

In vitro exposure of embryonic bovine kidney cells and of bovine
peripheral blood cells to concentrations of 1-1000 ug/Aml 2,4-D for 6-96
hours resulted in stimulation of mitosis. Chramosamal aberrations were
not detected in the peripheral blocd cells, but nucleolar irregularities

‘and polyploid mitotic stages were cbserved in the kidney cells (Bongso &

Basrur, 1973).

Treatment of cultured human lymphocytes with 2.5 x 107 'M (0.02 ug/ml)
2,4-D increased the number of chramatid aberrations (single acentric
fragments) and, to a lesser extent, of chramoscmal aberrations (paired
acentric fragments). In mice, toxic concentrations (100-300 mg/kg bw) of
2,4-D administered as a single oral dose significantly increased the fre-
quency of aberrant metaphases (2-4-fold); single fragments were the primary
aberration (Pilinskaya, 1974). 2,4-D had no effect on cultured cells nor
on bone marrow after its oral administration to rats (Styles, 1973).

There was no detectable increase of micronuclei in the erythrocytes
of mouse bone marrow after i.p. administration of 100 mg/kg bw 2,4~D
(Jenssen & Renberg, 1976).

2,4-D did not increase dominant lethal mutations in mice when given
as a single i.p. injection of 125 mg/kg bw, or when given orally on 5
successive days for a total dose of 75 mg/kg bw (Epstein et al., 1972).
® Man

In a case of suicide of a 23-year old farming student, the total
amount of 2,4-D in the body was estimated to be no less than 6 g, corres-—
pording to a dose of about 80 mg/kg bw. All organs showed marked acute
congestion. Severe, degenerative changes of the ganglion cells were found
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in the central nervous system (Nielsen et al., 1965).

A man who accidentally ingested about 30 ml of concentrated weedkiller
containing 50% of a thiolcarbamate and 36% 2,4-D isooctyl ester in aqueous
solution exhibited fibrillary twitching and paralysis of the intercostal
muscles. There was evidence of generalized skeletal muscle damage, as
indicated by marked elevation of the levels of several muscle enzymes, as
well as haemoglobinuria and myoglchinuria. Recovery was complete after
several months (Berwick, 1970).

No adverse effects were reported in a man who tock 500 mg 2,4-D
orally daily for 3 weeks (approximately 8 mg/ky bw/day) (E.J. Krauss,
cited in Mitchell et al., 1946).

When 2,4~D was used as a treatment for a patient in the terminal
stages of disseminated ococcidiodomycosis, no side-effects were abserved
following 18 i.v. doses over 33 days: in the 7th to the 17th injection
the dose of 2,4-D was 800-960 mg (about 15 mg/kg bw), and the 18th dose
was 2000 my (about 37 mg/kg bw). A 19th and final dose of 3600 mg
(67 mg/kg bw) produced symptams of toxicity comprising a semi-stuporous
status, fibrillar movements, hyporeflexia and urinary incontinence, which
persisted for 24 hours. Seventeen days after the last administration, the
patient died (Seabury, 1963).

Three cases of peripheral neurcpathy have been reported following
spraying of 2,4~D. Initial symptoms were nausea, voniting, mascular
weakness, diarrhoea and swelling ar aching of the feet and legs, with
malaise and headache, which persisted for 10~20 days. In cne case, pares-—
thesia in the extremities and pain in the legs appeared within 4-5 days,
followed by twitching of the muscles in the calves and arms; fasciculations
became generalized, without neurological ar electramyographical changes.

In the second case, cne week after a secand exposure to 2,4-D, nurbness and
aching of the fingers and toes occurred, followed 6 weeks later by a well-
developed neurcpathy. In the third case, after a second exposure, severe
pains occurred in the legs, with swelling of the metacarpal joints of both
hands; 5 months later flaccid paraparesis was seen (Goldstein et al., 1959).
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Similar case reports of poisoning in agricultural workers have been
reported following spraying of 2,4-D (Monarca & Di Vito, 1961; Paggiaro
et al., 1974; Todd, 1962). The main initial symptoms were ruscular
weakness, vomiting, diarrhoea, fever, hyperthermia and tachycardia. In
two cases, neurclogical synptoms occurred, which continued for 40 days
to 2 years after exposure and included loss of deep-tendon reflexes and
paralysis of thigh and leg muscles.

Assouly (1951) reported that workers employed in the fabrication of
2,4-D developed symptoms of somolence, anorexia and gastralgia, increased
salivation, a sweet taste in the mouth, a sensation of drunkenness, heavi-
ness of the legs and hyperacusia.

Subjective clinical symptams reported among workers using various
esters and salts of 2,4-D included rapid fatique, headache, loss of
appetite and pains in the region of the liver and stomach. Sensitivity
to taste and smell was lowered (Fetisov, 1966).

Bashirov (1969) examined 292 persons (248 men and 44 women) engaged
in the manufacture of the amine salt and butyl ester of 2,4-D, with expo-
sure ranging fraom under 5 years to 6-10 years (for 194 and 98 persons,
respectively); 63% of these workers complained frequently of weakness,
rapid fatigue, headache or vertigo. About 20% had disturbances of the
cardiovascular system (mainly hypotension and bradycardia) and of the

.digestive organs (dyspeptic symptoms and gastritis). The various liver

dysfunctions that were found were more pronounced in workers with longer
exposures to the herbicides.

Changes in metabolic processes were cbserved in workers engaged in
the production of 2,4-D, in particular, increases in blood cholesterol
content, with no change in the lecithin:cholesterol ratio. Decreases in
serum albumins, ‘increases in globulins, decreases in blood sugar levels
and altered responses to sugar loads were also noted (Lukoshkina et al.,
1970) .

In a report on 220 workers exposed in a manufacturing plant to 30-40
mg/day 2,4-D for periods ranging from 0.5 to 22 years, Johnson (1971)
stated [without providing any supporting evidence] that no 'meaningful’
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differences were cbserved in [unspecified] clinical assessment, in compari-
son to a control group of 4600 men, and that no chromoscmal effects were
cbserved in 10 workers whose chromosames were karyotyped.

Feldmann & Maibach (1974) studied the absorption through the skin of
4 pg/an? '“C-labelled 2,4-D dissolved in a small amount of acetone. '“C
activity was measured in urine over a 5-day period and compared with that
in urine after i.v. administration of the compound: urinary excretion of
2,4-D after i.v. administration was 100% of the dose in 120 hours, while
excretion after topical administration was 5.8% of the dose.

Kohli et al. (1974) administered 5 mg/kg bw pure 2,4-D in a gelatin
capsule with water to 6 healthy male volunteers, aged 22-30 years. None
of the subjects camwlained of any ill-effects; no changes in blood
pressure, pulse rate, haemoglobin content or total or differential white
cell comts were cbserved. i,4—D was absorbed fairly rapidly; the
highest concentration in blood was reached in 7~24 hours. In urine,
2,4-D was present as early as 2 hours after ingestion, and more than 75%
was excreted in 96 hours without undergoing transformation in the body.

In 5 male volunteers given a single oral dose of 5 mg/kg bw 2,4-D,
the half-life in the plasma was 11.7 hours, and elimination in the urine
occurred with a half-life of 17.7 hours. About 82% was excreted as such
and 12.8% as a conjugate (Sauverhoff et al., 1976).

For details of adverse toxicological effects resulting from the
spraying of 'Agent Orange' (a 50:50 mixture of the n-butyl esters of
2,4-D ard 2,4,5-T, contaminated with up to 30 mg/kg or more TCDD) and other
herbicides in Vietnam, see monograph on chlorinated dibenzodioxins, p. .

3.3 Case reports and epidemiological studies

Axelson & Sundell (1974) reported that in a cochort study of Swedish
railway workers exposed to a variety of herbicides a significant, two-fold
excess of all cancers was observed in exposed workers, as campared with the
national average. The situation was difficult to evaluate because of the
carbined exposure of many workers to more than one herbicide. Most of the
excess, however, seemed to be due to exposure to 3-amino-1,2,4-triazole
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(amitrole); within the subgroups that had been exposed to phenoxyacids
(2,4-D and/or 2,4,5-T), only a small difference was detected: S cancers
at all sites observed versus 2.8 expected. The authors stated, however,
that use of 2,4-D and 2,4,5-T had probably been higher than that they could
trace.

See also monograph on chlorinated dibenzodioxins, p. 41.

4. Comments on Data Reported and Evaluation

4.1 Animal data

2,4-D and several of its esters were tested in rats and mice by oral
administration and in mice by subcutaneous administration. All of these
studies had limitaticns, due either to inadequate reporting or to the
small nurber of animals used. Therefore, although increased incidences
of tumours were cbserved in one study in which rats received 2,4-D orally
and in ancther in which mice received its isooctyl ester by subcutanecus
injection, no evaluation of the carcinogenicity of this campound could be
made.

4.2 Buman data

The results of the single cohort study of a small number of workers
exposed to various herbicides, including 2,4-D, 2,4,5-T and 3-amino-1,2,4~
triazole (amitrole)!, are not sufficient to evaluate the carcinogenicity
of 2,4-D to man [Because 2,4-D may be used with 2,4,5-T, which is contami-
nated with 2, 3,7, 8~tetrachlorcdibenzo~para-dioxin, see also monograph on
chlorinated dibenzodioxins, p. 4173,

lsee also IARC, 1974.
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OCCUHPATIONALEXPOSURESTO CHLOROPHENOXY HERBICIDES

These exposures were considered by a previous Working Grown, in February 1982
(IARC, 1982a}. Individual compounds — 2, 4-dichlorophenoxyacetic s0id (2,4-D), 2.4.5-
tnichloraphenoxyacetic acid (2.4,5-T) and (4-chloro-2-methyiphenoxylaceticacd {MCP A}
— were alyo considered carlier (JARC, 19774, 1982b, 1983). Since thai ume, new data have
become avatlable, and these have been fncorporated into the monograph and iaken into
consideration i the present evaluation,

b, Historical Perspeciives

fhe (st chloraphenoxy acetic herbicides, 2,4-8), 2.4 5-T and MUT' AL were inlrodaeed
for agricultural use in the mid-1940s; the chiorophenoxy propionic acid derivatives,
242 4.5 (nchlorophenoxy)propancic acid (sitvex}, 2-{4-chloro-2-meihyiphenoxy)-
propanowe aad {mecoprop) and 22.4-dichlorophenoxylpropanoir aod (dichlorprop),
huve been used sinee the mid 1950y and early 1960s. By the mid 19605, chlorophenoxy
terhicides, penerally formulated as esters or amine salts, were the moss widely wed clivss af
commerctal herbicides, Agent Orange, a mixture of butyl esters of 2,8-D and 2,457 was
used extensively during the US intervention in Viet Nam in 19611971 for duloliation

The wentificiation and characterization of the chiorinated dibenro-pora-diosins (AR,
1977h, 1982¢) and especially the toxic 2,3,7,8-tetra isomer, in chlorophenoxy herbictdes
sichas 2,4.5-T in the tate 1960s resulted in greatly diminished use of this class of herbicides.

2. Production, Use, Occurrence and Analysis
1.1 Production

The synthesis of 2,4-D and 2,457 was fiest reporied 1n 1947 {Poienny, 1941). 2.4-D i
currentiy produced by the reaction of 24-dichlorophenol with the sodium sall of
monochloraacetic acid, typically foliowed by an acid treatment 10 convert the 2.4-13 salc o
an acid (Sittig, 19801 2,4-D has also been prepared commercially by the chlorination of
phepoxyacetic seid (International Programme on Chemical Safety, 1984} 2.4- D esters and
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amine salts are produced by reaction with suitable alcohols or amines. 24,37 and its
derivatives are manufactured by the same process, using 2,4, 3-trichioruphesol (Situg,
1980). Chlorophenoxy ester hurbicides can alse be produced by direct seaction of
chioraphenol with appropniste chloroacetic esters (International Frogramme on Chemucal
Safety, 1984). Commerciad production and marketing of these compounds i the USA
begien i 1944 (Humner & Vukey, 1944, US Taedf Commission, 1946}

MCPA was first prodoced commercially in 1945 (Hayes, 1982, Windholz, 19831 1o
made¢ by chlorination of 2-methylphenoxyacetic acd 1 1, 2-dichliv opropane ar 60-1607C,
sometimes with fodine and ferric chloride catalysts. The praduct precipitates from the
sotvent after cooling, A alternate synthetic pathway involves reactran of d-chdorearddus-
cresol with chioroucetic acid (Shisig, 1980).

Commercial producton of mecoprop was started i 1957 inthe UK {Worthing, 1977). 1y
is produced by condensation of 2-chiorapropanoic acid with 4-chioro-arthie-cresol {Sittig,
1980), Silvex was first marketed in 1953 in the USA (Worthing, 1977) and i manvfavtured
by reaction of 2.4 5-trichlorephenst with sodinm 2-chioropropanoate (Sitbg, 1980) A
related propanoic acid derivative, dichiorprop, was first deseribed in 19494 snd was lirs
marketed by a UK company in 1961 {Worthing, 1983 It & producal commerciatly by

condensation of 2-¢hlorapropanoic acid with Z4-dichloraphenal, or by chionmation of
2-phenoxypropanoic acid (Sinig, 1980).

Nine US companies manufaciure 1echnical o5 formulated 2.4-13 praducts. in Europe,
the Federal Republic of Germany, France, the UK and Spain cach have two manufaciurers
of 2.4-D products, and the Netherlands, the German Democratic Republicand Austria cuch
have one cammercial producer, One manulacturer has been identified tn Austrabia, Brasi!,

India, Japan, and the Philippines, Twa manuofacturers of 2.4-D products have been teported
in Argentina {Anon., 1965).

Estimates of US production, exports and imports of all forms of 24-1 fur the past

several years are presented in Table 1 Estimated use of 2.4-Dr in other counteies i presented
in Table 2.

Table 1. US production, exports and imports of 24-D (all foems] (miltions of kg

1917 X211 1974 J950 144} IR 23] 1984
Production 126 98 i77 175 144 B8 77 NRH
Exports KR 10 A4 l4 29 SR 47 71
tmpors {.2 ie .9 0.2 at 32 4y Nit

FE o US Intecaatmnal Teade Commusstan {19702, 1999 b 1va0a b 1% 0y, 19825 b, 19Tl 1953 b, 1988 1%
Departmeny of Commente, 1979, 1980, TORE, 1982 19K, 1954, 190d)
RR, noy teporied

4.5.T herbicides in some couniries (tonnes), 1674-19824:7
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Table 2. Consumption pattern pf 2.4-D, MCPA and 2.
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2457

MCPA

24D

{.oumrs

198 1982 1974-197¢ 1980 19§ 1982 19%4-1976 1980 198 1982
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19741976

i

164
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103%
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12%
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39
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\ s onemanbpmiiatilt .

GCCLEPATIONAL EXPOSURES 1O CHBLOROPHENOXY HERBICIDES inl

et the ot 20 years, 13 US companyes st one fime produced 2451 (TPaposito et al
Publhy. A L o the gradual cancellation of ns various pesticide regixtrations since 1970
2.4.5-F is na oo ger prodan d in the USA, Three manufacturers have beew wdentified i the
Federal Repubise of Gers: one in the UK, one in Australia tAnon | 19855, aml one in
New Zeahund (Smith & Peace 166y In 1981, 708 tonnes of 24,57 were used in New
Zealand (Smith o al, 1983).

As faie uy 1975, US campinies produced farge guantities of 24,51 (5.7 milhon kp} toy
export (115 Department of Commerce, 1975). US imports of 2,4,5-1 increased fram 20000
kg tn 1979 10 278 000 kg in 1983 {US International Trade Conurssion, 19800, 1984b).
Comaumplion palierns /i some othier countfics are summarized i Table 2,

MUOPA s nat produced in the USA. Five manutacturens have been sdesthed m the UK,
w here the cherical wiss first produced: Franee and the Federal Republic of Germany each
have two producess, and there s one manufacturer each of the following countrien
Avstrin, the Nothertands, bapan, Argenting, Australia {Anon., 19851 and Denmark (Lynge,
1953 Tmports of MUPA inso the LS A have dechined steadily from 0.95 nuithon kgm 1976
w .24 malhias kg in 1983 (LS International Trade Commission. 1977, 1984b). The U8
Eunvironmental Protection Apeney estimated MCPA consumption for domestic usage in
V60 at 2.1-2.9 milhon kg { Holorf, 1982), MCPA consumpticn patterns in other countries
are presented in Table 2.

Mecapropis produced by three companies i the USA three compames i the UK. twa
companies in the Federal Republic of Germany, and one firm cach in the Nethedands,
Franee {Anon., 1985} and Denmark (Lynge, 1985), Silvex, although once widely produced,
is now manufacturcd by oply two companies — one in Austria and one in the UK In {978,
ailvex and related salts were produced by three US companies (US Interoational Trade
Comnuission, 1979}, Dichlorprap ts produced by four manufacturersinthe UK, twoun the

Federal Republic of Germany, one in the Netherlands {Anon. 1985 and two in Denmark
{Lynge, 1985}

2.2 Technicst products and impurities

() Afuror chensical copgponents

T e wtractures of the acid forms of commeroally nnportant chisraphenoxy besbodes
and pertinent identifying information are given in Table 3. These nerbivides are typically
formulated as esters or anune salt derivatives, Chiorophenaxy berbreide formulations vsed
in agricuiture and forestry may also cantain organic solvents, emulsificrs, inert ingredicnts
and othier additives (Plimmer, 1980, Anon,, 1945; Leng, 1986}

Common derivatives of 2,4-1 include amine and atkali metad salis and estery Ot the
amines, the dimsthylamine solt is produced in highest guantities. The other amine salts that
are produeed include dicthanolamine, iricthanolamine, trimethylimine, oleyipropylene-
diamine, dodeeyt-jtetndodecylamine and heptylamine derivatives {Ason, 1983). Ester
derivativg include ethyl, isooctyl, butoxyethyl, cthyl hexyl and rotxed butyl {Que Hee &
Suiherland, 1981 Anon., 1985). High-purity sodiam and lithium salts are also marketed
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Tabie 3. dentification of chlorophenaxy herbicides

Common namte

[Chem. Abstr, Sery

Chers, Abstr Naroe
HIPAC Systenaie Name

Structural and molecuiss formulae and molecular weghy

Reg. No.j {Synonym)
?.-ﬁ-f) {24-Dichioropleaonyl-
{94-25-7] acctic aaig ‘;)
{24 Dichivssphenasy)e (i1 0O~ H--0OH
CLHE #yd ’
[2.4-D sad}
O, Ot Mol wt 22104
24-03p 224 Dicblorophienesy)- 3
{120-34.5} propianoic acd (“
242 4-Dichloraphennny)- [ O ~{ {H-¢ -OH
propionic acd (i %
{Dichlorprop) I )
CoH, 010, Mot wy 23545
14,57 12,45 Trichloraphencay)-
[93-76-5§ ucetic acd
{2,4.3-Trichidrophe noxy) QO
weeiic acd . "
(9 Rk § H{( ~OH
010, Mol wi 25549
Sibvex 24245 Toehloro- 1
93714} phennxyipropanoic aad y O
24245 Trichlora. , o H
phenoxyiprapione sond o o 4( H-C-0

{245 TY; Fesoprop]

OH

1

CHCHa, Mob wi 269 53

OLCLPATTONAL TANPOSURT S 1O CHTOROPHENONY HILRBICIDES LI

Table 3, (vontd)

Comsan mame Chemy Abar SNamc
{Uhem Atnte heny HDFAC huarmpsne Name

Straviural and mulevatac fovmalee snd moleoulsr woght

Heg Na} [Synonn]
AMOPA sh-Chbane 2omabn g O
[94-74.04 phenuss dsuoin annd ii
154 Rt thess e - CHPC~OH
b i et wand .
{ARIeNene Maasong {H,
OO0, Mot wi 200 63
MUPE
{93-65-2 24t Bare Joethad
BNV g s daad o )
2adeCliboto o she P y
P s PP g ] 4 xw<, i »n«»(‘ H- ~OH
Meiaprop} - {H,

UH,

L4, 010, Mat wi 2046

(Anon., 1985} Fermutsted 2.4-12 products normally contain ane denvative, but may alsa
corain athet herowes. especially other ehlorophenoxyacetic or ehlorophenoxypropaneic
derivatives, Appendix A in Volume 15 of the 1A RC Manographs (FARC, 1977¢) should be
consulted for 2 more comprehensine histing of formulations,

The compostiinn of jechmcul-grade 2.4-1) depends on the process by which i1 i
produced and, when 2.4-dichincophenolis used, on the purtty of that compound, Ranges of
impurities, other than dioxins und dibenzofurans, that are preseot in fypieal technical
grades of 28D ae hsted in Table 4

N-Nirosamnes were tepotied to acent in carlier amine formulations of 2.4-D, ¥-Ninoso-
dimethylamine {see TARC, 1928} has been dotected ot levels of up 10 0.3 mg/ Hin dimethy)-
anving sdts (Rass vt gf , 1977

2457 is formuleted ax products il 1o those with 24-17. The most connonly
marheted {onmolating contam mixed butyl esters) others include (he Bsooctyl ester, te
cthy} exter and the duncthvkimpe salt (Anon., 1985). A comprehensive liss of 24,57
formulations appears i Appeadix A of Volume 15 of the J4 RO Manographs (1ARC,
1977¢), however, it should be noted that produciion of many formulations has been
discontinued due 10 ncreasing regulatary constraiats. Impunities thay oceor in 1echnical
products of 24,5 T are simtfar 1o those encountered in 2.4-D; Table § gives the major
campuneats of tan Jormutations of techmeal-grade 2.4.5-7.
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MCPA is marketed atone or incombination with other phienoxy herbicides. Potissium,
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Table 4. Typicul levels of 2.4-13 and mmjor impuriti
grade 2,4-D¢

B L

i

es in techaical-

Component Ranye {%0)
8D 4499
16-Dichlynphenosyacetic aond GE1s
2-Chlorophenmayaceie soud [UR R
4-Chlorophenuxyacetic ucol (BB

Bis{ 2 d-dichlorophenaxylaceisc acud Gixa
Phenaxyacehie acid trgeed) 2
2A-Dichloraphenit G146
2.8-Dichlnrophenal LR RERIRT
2.4.6-Trichlotophenn 0001-0.14
2-Chisrophenal £ 000841 G4
4-Chloraphenot O 00089 0G5
Water G108

B3 ram Intetnatimat Progranme on Lhetnal Nulety (1Y84)

Table 5. Camposition of two typical 2,4,5-F formulations?

Constnuern® Sumple’”
A H

245 T acid {mgin} n i
2.4.5-T isobutyl ester {g/1) ND 150
24,57 buyl ester {(g!1) N1 365
24,57 2-butuxvethyl ester (gi1} Sh Mt
2.4 8- Trichloropbenal (gl g) 251 460
2,5-13 2-baoxyethyd estes (g 25 il
241 Z-hutaxyerhyl ester (gl 1.2 o
3.4-0) Z-buroxyethyd ester (g7 1} “D4 o
Fetrachlorodibenzo-pary diosin fug! gd 006 012

Throm Sundsenm e af (1979

&
Amausis calyutated o0 the bisks of waglt 01 vohume ol Torrmatarien

CA traziossprayed sample, B, seonplancosprayed sumple, B3, et detrated

Frit sovesngated

sodium and dimethylamine salts, and ethyl, butyl, isvocty! and butexyethyl esters are used
in formulated products (Anon., 1985). An international listing of MCPA lormulated
products is given by Que Hee and Sutherfand (1981).

OLVCUPATIONAL EXPOSUREN TO CHLOROPHENOXY NI'RHN.‘H)E-S s

Fhe sodiam aadt of MOPA & available as a 75800 soluble powder, MCPA 1 ab
marheted as 246080 aqueous concentriates (ahsy or emubifiable Hyuids (Hlayes, 1982), In
the USA, the anine salt formulations have been most widely wsed (doderquist & Croshy,
1975}, Crude MOPA is 85-95% pure (Hayes, 1982}, techniesl products of 94.96% purity
{Natiosal Research Council, 1977) and 85994 purity (Worthing, 1983) have been reparted,
The foltowing ranges of mpurities have been found (Navional Research Counail, {977):
2-methyl-6-chlorophenoxyaceiic acid (1.5-3%). s mixture of 2-methyl-4.6-dichlorophenoxy-
acctic acwd, Z-methylphenoayacetic acid, 2-chlorophenoxyacenic acid, 2.6-dimethyi-4-
chlerophenoxyacetie scid and 4-chlorophenoxyacetic acid (0.5-1.3¢7): chloro-oriho-cresol
(054 and water (1.0G). One commercial sample of MCPA was reported to contain
approximately 4% 4-chloro-ortha-cresol (Hattula ef o, 1979).

Mecaprip s marketed alone or in combination with other herbrades. Formulations
employ dimethylamine and dicthanolamine salts, butyl and isooctyl esters and potassium
saits (Anon, 1945} Commercial formulations containing mecoprop have heen listed {Que
Hee & Sutherkind, 1981 Anon., 1988), Mecoprop technical producis are mixtures of the (43
and {~) steveoisomers, of which only the {+) form i bivlogically active {Warthing, 19831

Silvex, abo knawn as fenoprop and 2.4.5- TP, s currently marketed to a very lnsited
extent; anly twa US produets in eurrent wse are Known 1o comtain sibvex (Anon., 1985}
Formerly marheted products contained mixtures of estors (Que Hee & Sutherlaand, 1981

Dichlorprop, or 2,4-12P s abo used 10 2 more hmited extent than 24D ar MCPA i
avinlable as Boocty) and butyl esters, and as potassium or amire salis, slone ar in
commbinatinn wilh other similar herbicides. Esters are marketed as enwlsions, and salts as
agueous solutions. Commercial formulations comtaining dichlorpiop have been listed
(Anon., 1985}, Ax for mecoprop, technical-grade dichlorprop contains a mixture of () and
{~} stereoisomers, of which only the {4} form ts biologically active { Waorthing, 1983}

(8 Cidonnated dibenaodicesin ond dibenzoforan impuritios

Commercial formulations of chloraphenoxy herbicides contiin w seties of nonpolar
impurities including polychlosinated dibenzodioxins (PCDDy) (sec 1ARC, 19770) and
polychiornmated dibenzofurans {PCDFs) (Sce also the monograph on occupational
exposures to chlorophenals, section 2.2(h), p. 323.)

In 1973, Edmunds e al reparted tse results of analyses of 8O samples of 245-T
formubations in the runge of 100% ester and 32 samples in the sange of 5097 ester
formulations, obtained from stocks delivered (o forest arcas in the UK berween Januury
1967 and April 1970 {mainly 1969 and 1970). Theresults are given in Tuble 6, The masimum
valtoe found was 283 pgig of 2.3,7 B-tetrachlorodibenzo-para-divxin {TCHID),

Yuung 7 ol {1978) reported levels of TCDD found in more than 450 samples of the
tierbicide Agent Orange that were placed in storage in the USA and i the Paafic before
1978 {Vable 7). Since Agent Orange was formulated as 8 1 mixture of the butyl exters of
2.4.5Tand 2,4-12, the levels of TCD inndividual 2,4,5-T batehes manuafuciured and used
i the 1960y ceuld have been as high a about 100 up/g the waste streams {rom a
purification process could be even maore highly contaminated. The weighted mean
concentrations of TCDD in Agent Grangeequal 198 pgig. The level of TCDD inthe single
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Table 6. Concentrations {ug/p} of TCDD in 24,57 alky! ester herbivide farmu-
hations?

TCDE concentration Mumber of samgdes in sange

ange) ;
OO entes S ester

<005 2% #

GOsD09 4 0

G10-49.19 1% $

¢.26-0.09 ¢ 3

630439 & 1

€.40-0 49 2 }

.50 SOR74 17000 511 a8, g 14¢26 3,272, 1301 26,0 47,

0.95, 091, 080, 6.75, 8.65, ¢ 00,
0 58,0 38, 035"

“From Edmunds er ol (1913

“('unccmutmns in imbsvaduad samples with 56 5 ugrg 1CTID

Table 7. Concentrations (ug/g) of TCDD insamples of Agents Orange and Purple?

Soutce of samples Numbes of sumples Concentration of TCDD

Qrange Purple Range Mean
Iohnston Atall inventary, 19727 00 (ay B R34t 1 94
Johaston Aol ioventory, 1974 10 007151 [X:1]
NCRBC, Gulfpor inveatary, w2d 42 005133 17
NCBC, Gulfport inventory, 1975 238 0.02-15 2t
Eglen AF# archived sample i< - 43
Eghn AFB inventory, 1972 2 - Ho

FFrom Young ¢ af {1978}

"Smplw. Agent Orgnge was shippesd fovm Souih Viet Naem to Sohmdsn Aint s Hawaad fae simage v Apted 1977

FFuur af 200 saoiples tay hase been Axent Pueple
"’J e Naval Consection Baniaion Centet iINCBUL Callpsitd, Misasups, HNAL acrved as a stanage wite 1oe surphe
Agent Ornnge from 1959 10 1977

“Agent Purpie was used cxierssnely n the cvaismton of sk spuay Faanpruen o Fot dsea 87 Pplin Aad bone
Basc (AFH) Reservation, Florda, USA, 1962-1964,

sample of Agent Purple (Table 7) was also quite high (45 ug/g). Agent Purple s a mixiure of

n-b

wyl-2,4 D (50%), a-butyl-2,4 5T (30%) and isabuyl-2 4,5-T (2042}
In aunalysis vsing high-resolution gas chromatography/ mass specirometry and mass

spectrometry, Rappe ¢ al. (1978), Norsirdm er of. (1979) and Rappe and Buser {198))

GCCHPATIONAL EXPOSURES TO CHLORQPHENOXY HERBICIDES 7

repotted that i other samples of Agent Orange, as well as in European and 118 24.5-T
formulations {rom the 19505 and 19605, TCDD was the dominant compound of this group
{Table 8). Oniy minor amaounts of other PCDDs and PCDFs were found, and particularly
lower chiormated PCDDs in samples of Agent Orange, The analytical methods used in
these studies of phenoxy herbicides are not isomer-specific; however, studies using isamer-
specific methods have confirmed that the 2,17 8-isomer is the major wetra-CD isomer in
2,4,5-T formulations {Buser & Rappe, 1578).

Table 8. Levels of TCDD (up/g) in 2,4,5-T acid and 2,457 ester

formudations?

Sample {.ocatinn TCDD
2451 and 1952, Sweden (1]
2451 ewtes unkawn, Sweden 0 54
2451 estex unknown, Sweden Reli 153
24,5 1 esier 1960, Sweden 40
2457 ester 1962, Finland 098
2,457 esiny 1966, Fintand O
2A5-1 eavgg 1967, Fintand <808
TAS5-1 oeste 1967, Fintand Q2
T48Y ester 1967, Fintand [URE]
24531 acnd 1964, USA R
24.5-1 weid 1969, USA &0
Agent Orange upknawn, LIBA 0.1z
Agent Utange unknown, UHA it
Agett range upknown, HSA 5t

e Reppe e0 ol (HRI8), Nanstidnn o0 of 119795, Rappe weud Huser (19513

Table 9 shows tevels of TCDD in 2,45 T manufactured by the sole New Zealand
producer. The average levels have decreased steadily since 1971, the first year for which such
data were availuble (Smith & Pearce, 1986).

As a result of government regulations and general awareness of U toxiony of dioxins,
efforts were made during the 1970s (o control and minimize the formation of TCDD during
24,51 production. ln 16 samples of 2, 4-D esters snd amine salts from Canada analysed for
the presence of PCD Dy, cight out of nine esters and four out of seven snme salts were found
to be contaminated, the esters having sigmbicantly higher fevels tha the smine salts, The
tetra-CDY obyerved was the §,3,6,8-s0mer, as verified by gas chromstography with a
synthetically prepared authentic standard (210-1752 ng/ g in the esters, and 20-278 ngigin
the armine salts) (Cochrance e af,, 19823,

1.3 lse

The chiorophenoxy herbicides and their derivatives and analogues funciion by
mymicking the action of a natural plant hormone, indoleacetic acid. Absorption and
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Tabie 9. Averape levels of TCDD (ng/g) in
24,5-T produced in New Zealand®

Year 10
1971 950
1972 49
1973 47
1974 3
1975 2
1976 27
1937 X
fon 21
e 1
FORY t4
101t T3
1982 83
1443 51
944 59
1985 a7

Ulvum Smath and Feazee 119561

transtocation of these compounds are necessary for herbicidal aetivity, and afl herbicides in
this class must be applied 1o the foliage of actively growing plants. Chlorophenoxy
herbicides are used primarily for sclective control of broadical weeds in cereal grains,
pastures and torf and {or remaoviog unwanted brushy species in rangeland, forests and
noncropland. Rates of application range fromasJow ax 0.25 kg/ ha i gratn crops to as agh
as 16 kg ha for spot treatment of individeal trees in rights-of-way. Very dilote solutions of
2,4-B and silvex derivatives have also been uxed ax growth regulators in fruis archards.
Chicrophenoxy herbicides are applicd alone or as mixtores with other hertnendes, in
solutions, dispersions, or emubsions o water and. or oil, using equmpment that produces
larpe droplets to avoid spray det {Hayes, 1982, Leng, 1946)

Registrations in the USA for 2,4-1 and 2.4.5-1 in the 1940 snctuded nmany tood crops,
and use of these pesticides 1o the TUSA was ap to nearly I7 million kg annually by 1960, By
the mid- 19605, chiorophenoxy herbicides were the mostimportant single class of heebicides.
In 1966-1969, they were used for weed control on over 62 milbon acres (25 million hay of US
agriculiural tand, and annual US usage of all chlorophenoxy herbicides was nearly 20
miftion ki {Hazeardous Materials Advisory Committee, 1974). howay also duning the 1960
that 2,4-D and 2,4.5-T, principally as Agent Orange, were heavily used in South Viet Nam
and Cambodis for defoliation of forests by the US Armed Forces. From 1961 16 1971,
mixtures of 2,4-0 and 24,57 n-butyl esters and 2,8-D and picloram tri-apropuneiamine
salis were applied at rates of up to 28.6 kg/ha 1o an estimated 2 mithon hectares of
Vietnamese forests {almosi 204 of the forested land ares of South Viet Nam). 1t has been
estimated that a total of 25 million kg of 2,4-D) and 21 miltion kg of 2,4.5-T were applied
during this time {Westing, 1971).

e
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U8 production and use of 2.4.5-T and 2,4-D decreased markedly m 1969 and the carly
19705 due to goverpmental restrictions on thewr use (Hazardous Mateniahy Advisory
Committee, 1974, Grant, 1979}, 10 1974, an estimated 452 000 kg af 2,45 T were used inthe
USA, the majority of which was applied 10 rangelund and pasturc (1S Environmental
Protection Agenay, 1979a).

Altheugh MCPA has never attained the level of consumption of 2.4- 1 e 2.4 5-1 11 s
found specializvd use for weed centrol in cereal graio production. US consumption of
MOPA was 2.1-2.9 million kg in 1980 (Haliodf, 1982); mast (70-716 ) way wed on wheat and
e,

Mecaptap v used simibirly as a post-emergence herbicide {ot condiob of ceavers amd
lschweed snvaread gramns {Worthing, 1983)

Sityex his beenrecommended for controb ol pyuintse weeds, weeds s pasture, supar cane
and oce, and especially fur brush. The tnethanolaniine salt hias been wed o reduce
preharvest dropping of apples (Hayes, 1982, Meister, 1983). tn Cadifornin, {or example, oaly
approximately 360 kg were used in 1983 on pasture, rangeland and fandscaped arcas
{Cabforma Department of Agriculiure, 1984}, Al US registrations Lor siivex were cancelled
in 1983 (US Envirsnmenisl Protection Agency, 1983},

Dichlorprop has been used and is still recommended for remos ad ol brush on ranpeland
and rights-ul-way, and Tor contro] of aquatic weeds {Anon., 1985}, Approximately 3130 kg
of dichlorpiop were used in California for these applications in 198} (Cuhiforaia
Prepartment of Agricultisee, 1984)

2.4 Repulntory status and guidelines

By 1974, the US Environmental Protcction Agency had cuncelied alt registrations (;m
chlorophenoxy herbwides, except those pertaining 1o wses other than on loods and on rice
parddies, pastures and rangelands (Anon., 1974} In 1983, all registrations for 24,57 wen
cancelled, and this chemical can therefore no Jopger be used legally for any purpose s the
USA {US Fivironmental Protectian Agency, 1981 Registrations havealso been canccted
in, ¢ ¢, Sweden, the Nethertands, the USSR and Australia {Anorn, 19H3) 2451 was
panped m Haly in 1970 (Vinens et ol 1988 and inthe Federat Repubdic of ficrmany wn 1983

Oecupationalexposure finits for 2.4-Din 14 countries and for 2.4.5{[ in rsing mumr‘kcs
ave been reparted and are presenied in Table 10, Regulations pritaining to 1lhr: pcwmd;
use of chiorophenexy berbieides are not reviewed of reported comprehensively in this
monograph.

1.5 Occupational exposure

Exposure to chilorophenoxy herbicides may oceur through mbatebion, shin contint ot
sngestion. In most cases, the predominant route of occupational exposure has been by the
absorption of spills or aerosol droplets through the skin {Leng ez al., 1982; International
Programme on Chemical Safety, 1984). Measurements are usuaily reported in teras of
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Tabie 10. Occupationnl expasure limits for 2,4-13 and 2,4,5-74 :
S - g
. - b = ™
Country Year Cancentestion Inteepretytion i ﬁ ™
{mgiany 1 - £ 5. S o R
- — Q ~ - E & o o=
£ 5 e T & e -
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Teble 1} (contd)
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Mean (range) No. of reporied
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SUPLLLISOT .M Kih
balioon meo 10.24.0 24) HEN ]
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Table 12. Concentrations of mzjor diexins end furans {n
from deceesed hospital patientsin eastern Onterio {Cana
frorm accident victims across Canzda<

2/Kg)in A, ten human edipose tissue samples collected in 1980
dajendin B, 46 humsn adipose tissue samples collected in 1978

Ansi}‘::?‘ A B b

=

Average 2 $D Range Mo posiine Average £ §D Rangs? Ne posune :

No. analvsed No. anaivsed ;:
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Table 13, Levels of PCDDs snd PCDFs {pg/g) found in human =dipose tissue {wet-weight basis)
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ta)y  Production plants

A mean urinary concemtration of 1.37 me/i 2,4-D was measared in warkers invabved in
the production and {formulation of 2.4-1% herbieides (Vural & Burgar, 1984) No dota on
tevels of chiorophenoxy herbicides to which workers were exposed 1n industnal accidents
were available to the Waorking Group,

Nygren er al. (1986} alvo analysed adipose tissue fram two secupationally expased
persaens {a German chemical factory worker and a laboratory chemist) and found a
dramatically different puttern of PCDDs and PCDES from that aeen i the general
population (see Table 131 The fatsample from the German watbes Wis ohbaned more than
30 years after he was ghly exposed 10 TCDD ma German factory, i November 1953 1 he
level of TCDD an this sample was 25-30 times hagher than in the noemal Swedinh
population. Morgover the ratic of TCDERLZ V8 penta-CIID was 25, whereas 1t sy
usuahlly spproximately 9.5 or lower, and the rato of TCDI 237 K-tetra-CDEF was 2234,
whereas 3t is usually close to 1.0, The chemist had synthesized more than 80 dillerent PCDF
womers in the few years belore the hiopsy was wken.

(B} Forestry and agriculiure

The highest wrinary loevels of 24-D, 2.4 57T and MOPA are eeponied from ground
spraying operations in forestry wark, According té measurements made in Austrabia,
Canada, Finland, New Zealand, Sweden and the USA, niean concentiations ranging from
0.3 to 8 mg/! are comman during this type of herbicide application {~ce Table 11} During
seriak spraying, the exposnre levels were lower 0.01-0 33 migsl on inverage

Seame stindies have reported exposure data as extimated dose per body weight L eng et ol
(F982} summarized the exposure of forestey workers in the USA o 2,457 ay fodlows:
mixers, [2-138 g/ kg bw buckpuck sprayers, 19-104 pg- kg hw, spray tactor drvers, 33-49
ng kg bw; helicopter pilots, <144 gp/kg bw; supervisors, 2-30 pp kg bw, and Nagmen
<1-3ugikgbw. Lavyeral (1982) reported mean duses from <01-56 gg- kg bwamongaerial
applicatiors of 24-1) in the USA . These results are siomdar to those reported Jor 24-1) i
Canudiun stodies; 439 pp: hg bw tFrankhn ez of L FOR2) and <522 g kg bw (Fraok erad.
FOHS). Nash er al {1982) extimated 2.4-1 expusures doring agnouitural nse of the herbiesde
ax 20 pg/ kg bw for mixers and loaders and <210 pg i Kg bw for piots and groand applicators.

In agriculiure, herbicides are often used as maxtures or i combination, nnd warkers may
therefore be exposed both 1o chlurophenoxy herbicides aud other postiendues as well as 10
emulsifiers, solvents and other additives. In o Mudy of 24 farmoers, median vrmiry
concentrations of 0,31 mg: | MCPA, 0.23 mg/tdichorprop and 0.2K mig L mecoprop were
measured. In prolessienal spraymen, the median levels of the three compounds were 17,
Q.74 and 2.0 mg/ |, respecrively (Kolmadin-Hedman er al,, 1983a)

During ground spraying using hand-held sprayers, must bloweis or tractor-driven
cquipment, the awborne concentrations of 24-13. MOPA and dichlorprop ranged from 10
1o 300 pgim? (Kolmodin-Hedman & Erne, 1980, Kangus ¢/ o, 1984, Libweh 1 of | 1984),
During mixing and spraying operations along power line rights-of-way., airburne concen-
tration of 2.4,53-T esters were <J0-60 ugim’ (Hervin & Smith, 1978). During acrial
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apphication of hurbicides, exposure levels to 2.4-1) were <i?i) pprmtbrankln ergd 1952,
Lavy ef b, 1982} Tn one case, a breathing zane copcentraiion af 143 pp/mTwas measured
(Frunkhn et ol 1982}

The study hy Nygren er af (1986} included a 1ot of 31 persons {(see Table 13) O alscsfx
13 hud been exposed to chlotophenoxy herbicides and 1§ were nonexpased cm}nnrs. Nao
difference was seen between these two groups in the levels and patterrs of PCDDs and
PCDF i adipase tissise, although a Jong time may have glapscd hctw;cn exposure and
sampling. In addsten, nu differcace in PCDD and PODF levels was found betwees 17
prrans Wil Gracet (Sof-1ssie sifcomay, tymphomisd and 14 noncances pabiens

(e} Asceifantesitn

[ oue extensive nocupa o Monionng progragune wndestahen 1o New ‘\;n’\zl h \V{slc«,
Avstrilin, in 19791980, urine samples were analysed for herbivide Tesiduien, Fhe subjeets
included pesticide Tactory staff, pest cantrol operators, farmers, park woi i‘:l:f\ wnd n{hcn
potentiaily exposed to 2,4-D or 24,5 T. No 2.4-12 01 2.4.5-T was detected (f;().(m'l mpih r'n
735 and 377 ol 973 sumpiles, respectively. Most of the other samplgs contwined <08 my L
and only 27 contained > g/l 2.4-D and 40, >1mgil 24,51 (Simpson, 1982

Exposure of soldiers and the general populatien to dioxin in (f\,?t)!)l?:x‘lin!‘i with the
msliary use of chlorophenoxy herbicides in Viet Namhas been l?'w su{h;cc(z of muchcoancern
among veigrans m the USA and Ausiralia and the prspxxla§t<:x1 in ?’rc: r\‘am‘, Shepard and
Young {1983) reported a study in which very Jow fevels of tetra-CDD, belicved 10 be the
7 3.7 K-isumer, were detected i adipose nsue from some Viet Nam veteron, however, the
h:.v;la were not behieved to correlute well with Kaown exposure ditta o \‘wth health stisio,
Experimental conditions were o deseribed in this report, A more detaited descripbiun of
these data by provided by Ciross er af. {1984}, who give the zmul)jlxx:u!/mcfhu(d:» and the guihiy
control programmes used. The results of the totat study are givenin 1 able 14 The i!?llh;';:"\
cunciaded that Vier Nam veterans designated by the Veserans' Adm‘mmmu:m ;n‘ fueavedy
expored” to Agent Orange bad Jetectable gmmmts of TCHD 1n adipose tisae the u':ch
found for twe of the three ‘heavily exposed” veterans were higher thun these Jar other Vit
Nam sererins o for the contrals,

1.0 Anulysh

Selected methods for tie analysis of chlorophenuxy hericides in the war apd in Yhe v
of expesed workers are summarzed in Table 15

Analysiv of dermal exposure pads has been used in several studies w cvaluate »hw
contact with heehades {ee, eog, Franklin er ol 1982 Lavy ef al 1982 Sclt & Manien,
1981} Chisrophenoxy herbivides have also been meavtired in plasma bee, e.g., Kalmndsn:
Hedman e ol 1979 Akerblom et ol 1983},

Methods {or the anafysis of chlorinated dibeazodioxim and dibensaiurans have hoen
reviewed {Rappe & Buser, 1981} see also the monograph sn aceupastional exposures to
chlarophenals. section 2.6, p. 3373
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Table 14. TCDD fevels (ng/kg} in adipose tissue of US veterans?

o At ot BTt M, e s o
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Table 15, Methods for the analysis of chlorophenoxy herbicides

Group {cade numher) Cancenirxtion 1t of detecimn Sample  Subdance Samyple preparation Assay Limut of Helerence
matiiy owasuted procedure?  deteetion®
ifeavely exponed velesans
10 23 4 A A0 Calieer iy Araberlite G DO g w2 Joknsati pf gf
1 15 9 XA tube, desord thexant {smisi samgries) {1977
% Ny 3 ot soditen hydroxadel; acidify, G053 pg mt
26 99 1 aethylate {botan wiftuonde in tharges kuhesy
26 [ & methanol), extraci (henzene}
Lightly es posed velerans 2y Colicer m hohbler (ethsnndl, N Capoine 30 up av Fooimahin
i Ny « 24541 Ryl plysx phutomenry Hedman et of
1 NI 2 (9393
13 ? 4 2000 Testlies ssny Fsiter, exbract HPY O biv P50 gy et Hee 119843
2% ? 3 24510 (tmeshanal}
28 ] &
14 5 3 2442 Cullest on hites, OC EC 001 pg Bt Braaper & Hucet
KA resin, Soahles {eondirmedd {1482
frossibly exposed veterans CREFSY LAREIOLL), by T1LCGC-
[ b 3 methilite (draromethane} My}
g N‘Sh : A Collect an bubhier HPLO UV bopg w? ‘;:Lc;b(um et
‘“ : “ N MOPA - {afastilied watery sciddy {HIR2
0 chlarprog,
;: : ; merapap
t6 NIy 4 RES LS € niledt n Pluonsal iubes, GURC 03 g nit Futuch o1 aof 11984
pz1 5 1 drchinrprog desnth tmethanol), hydrolyse,
24 5 4 methylaie (boron uilluonde @
25 £2 4 methanol), exteact {benzened
f; ;‘)‘) ; 240 Cotlect an fiher: bubblec Heieny o - Kangns ot ol
;q ' 5 M{TA {ethanol), hydrolyse: extiact {1954)
;0 iy : {ehlptoforml dissobve
} foxcthanal}
Contrals e Jasd Haodradyse talkahi, exyran [STO 2% Nues on i (59768
3 4 4 fhensency, nyethy ate diasn
? A P 2 merhanes, clean-up balsea geid
i 4 1
T ND 1 Ja i Hasdy, acably, clean-up [HT0n Nuzorh & Hasdey
20 5 a {XADR2Y, exitaet {nduem Y79
21 & 3 hicsrbonate in acetanitrile),
23 § 2 methylate {dizzometbunt,
21 o 3 dissnbve (hersney
3 ? 4 241 Hydrolyse faced), extise GLORC Sit pg 3taper {1982
3§ 4 4 TAS, tdicthylether); neud - base
3] {4 7 alipy " oy
partition, mathylate
U8 A Foree saientisiy {dsasameshane)
2 ] 2 24501 Hydrolose, extrac B Uy - Friny sonaf
K) 4 ! {hordy
4 6 2

“Fram Grows et af (1964), sample suey ranged fram 7 210 18 4 g Fur exch 2 nemastann, amaonty of iieinnd siaraasd need

varied f2om 2 0-2.6 agieatracoon, ML, not dotecied

isuphscate anslyses af sams cartact
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Fable 15 {contd)

Sampie  Substance Sample preparation Assay by of Reference

matrix  measuyed proceduse? derection®

Lirine 2407 Hydrulyse (acid); clean-up GO FC A0 g i ;Mrbiom ot al

{wontd)  MUOPA, {Sep-Pak), extract (phos- {19833
meeapiog, phate histler), denivatize

dichloeprap  {pentsfluotobensyl bramule);
dissuive (henine)

24D Hydrolyse (atkaby, avidify, GUJEC Wopg Seil & Mutien
clean-up (Nep-Paky, {1984
saethylate thotue -
fluende w methanot),
extract (hexane)

2.4-0) Hydrolyse {acudh, eartact GCEC gl Varal & Burgaz
(beazene), merhylate (dy {1984}
methy! saiphase); deanup
{mabica gel)

24-13 Hydrolyse {athali, GCEC @5 gt
wash (dichlorpmethanc);
acithiy: extrant ichethylether ),
methylate (hocen irfluonde
in methanal), extract
{bczene)

Erank vrwd 119893

FGE, ke chromatogsaphy, FLO, thun-duver chroamsiography; HPEL, bighpedonmance fupad chiematogiaphy . 10V,
ubirns pdet deteetion, FO ekectam oaprute deteebon, MY, ms ettty

®1he s of derection eee m wbways camparable, because they are doted 2y groen by the aullion

Because dermal absorption is an important route of exposure to chlorophenoxy
herbicides, biological monitoring s useful in estimaring the absorbed dose. Urine
concentrations provide the most accurafe estimate of body burden, hzvause of slow
absorption, it s best 1o collect samples after a few days of exposure [See abo pp. 383384,
on which kinetic studies are discussed )

3. Biotopical Date Relevant {o the Evaluation
of Carcinogenic Bisk to Humans

34 Experimental data
Evaluations of the degrees of evidence for the carcinogenicity in animals and for aclivity

in short-term tesis of the chiorophenoxy herbicides considered in previous J4RC
Maonographs are listed in Table 16, No attempt has been made to update these data

U
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Table Yo. Chlorophenoxy hechicides and their major impurity considered inthis
monograph that have previously been evaluated in the /4 RC Monographs¥

¢ hesnacad Fosdreos far caruBogemaity i Fuadeney b
stunaly Wy whon i fent

R [REV IRV PLE mgdoaguats

ST AR 33 sfabit inaiespuasic

Jah 1 smadesute wrpdrguate

HEN sithicient wadeqguaic

Eresn ARG IR B eacept wlices nated

s IAKE oI

3.2 Biological elfects in humans other than cancer

(b lovn cftectn

Phe lnestiie oucsibe poisostgs aud onthe heabib cfiects of occupinional cvposures to
vhitnrophenory Herbisdes have been reviewed recendy (AR C) 19770, 19RY, bnternatioual
Programmye on Cheoneal Safety, 1984; Suskind & Herteberg, 1984). Mow of the 1oni-
gologseal mlormation is derived Trom cases of acuiy poisoning,

Sutcude patients who ingested chliorophenoxy acids died from vicalatory vollapse
withaui distid post-maortem lindlngs. Non-fatal inoxicatony with 2,.4-1 have resubted in
acuie pasksyospathetic servous system symptoms and, particularly, persntent penrotogical
dysfunction, acearding Lo case reports. Asuiviving case of MCPA itoxication revosvered
withaut sepotied sequetae. The subaeute elfects reported froguenth Tiom health suivevs o
251 manulactunng workers, including those exposed during sceadents, wiv wenefonn
cruptions {chinraene), latipue, pervousness and irritability; chlueene »ou perastent und
consient chipiead murker. Exposure to TCUTHD has also been associated with inpus mient of
et function, petipheral neuropathy, penanality changes, porphyag catang trdse, angd
by pestrcheonis wud hyperpigmemation {0ARC, 1977h),

Uiy fecis e reprondoction and prenatol toxivity

Leelsdand Kerr (1979) Tound o pesitive carrelation between the annuabimage ol 2085 s
Awntraliom 1965-1976 and the prevalence safe of neural robe defects a2 banh i sobsegiont
seats i New Sauth Wales, Duriag 196921975, the wwe of commuercial 24.5-1 i Haspan
svreased fooni A6 o 1200 1onnes: however, over the peaod 1970- 1976, the invidences ol
sttt spie bilida aod ancocephalus dechined, and the incidences o cleh palie, cheftiip
and cystie kadiey doense remmned relatively stable (Thowa, 1980}

Astudyin Arkbansin LS A Dinvolved dividing the stte mto high. mudicmand Jow swe of
25T between 1998 and 1974 on the basis of riceacreage. No signicant dilterence s rates
ol facial ceft was found among the different areas between 1943 and 19724 (Nelson e af
1479}
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The US Enviconments] Pritection Ageney HH9790) investigated spontinieatis abaiion
rates in Uuree areas of Oregon, USA, in relution 10 2,4.5-T spray practices in (972-1977
Sigaificantly higher rites were found tnshe area inwhich 2451 waniwed | The Workag
Ciroup natead that the awethods osed for cise gseertainment were gadedguate |

Phe possible clicets of acad spraying were studicd o the Northland repion of New
Zeadund by dividiog 4 o seven areay sccording to the extent of 2851 spraying as
wnsessed by a detabled review of the records of the companies involved, Materpal exposure
was determuned by ares of residence, An assocition was found Tor all birth nudformustions
comhined and for club font, hypospsdtas and epospadiis and beart defects separaiely No
ansoviabzon was found witls eentral penyous system defeets, o wnh o clelt hp o padate
tHamly or ol T9KD)

[ The Workang Group noted thig the abose studies were coologicad sntvey s, and suftesed
from the usuad imuanons. |

Aostirvey of the vecapations o the futhers of chiddren revorded o the Olfwe ol
Popidation Censtises and Suiveys register of congenital omllormations i Eagland aad
Wales (1974-1979) showed an ncreased rish of faciad clelts an chibdren of gardeners,
grovndsmen and ugricubial workers, who were reguided o potentiatly exposed 1o
herbicides (Halaraian & McDowall, 983 Noincreased disk of these malformations was
seen in childres of fathers inagriculiure orforestry in Qxdordshire and West Berkshire i the
sears 1965-1974 (Golding & Sladden, 1983

Pwa cine-contrad stidies were carried out on posable reproaducing elfvets msalidwers
whu had served in Viet Nam sind hod bad potential exposure te Agent Orange, s mexture ol
butylesters of 2,4,5-Tand 2,4-D contaminsied with TUDD. Ap Awstradiom study Jivolving
8517 case-control purs, found a relative rnk of 102959 cophdence e, 0 78-1.32) for
veterans fathering children with birth anomalies compared 1o non-varerans (Danaan et ol
1984). A US study, involvang 7133 babies bors to Viet Nam veterans, lound an overall
redative risk of 097 (Erickson er ol 1984).

Astudy of pregonancy enteame of wives of prolessionad pesticide sprasees was condivred
in New Zeatanid (Smuth er gl 19811 The herbicide sprayed predonnmantly was 2451
There were 1172 hiibs wmang apphicator families in the stody pestod (1969-1979 far
spraying of 2.4.5-1, 19601979 for spraying of any pesticide) und 122 buthy among a
comprisan group ol agricultural contractors, Informatien was ganed by postal guestion-
mitire, with un overall response rate of B8 among applicators and 830 ol spocaiturd
contragtors. Majar congenital defects were reported in X054 (24) of birthy to apphcatan and
1.6% {18} of births to agriculiural caontractors; the difference was ot signiboant, and the
rates were similar 1o those for the general population. Stmifar rates swere seen for the twe
groups for stillbisth (0.9%. versus 100 and mscarriage (8.6%0 vervn 9 ¥ 13

Tra futiher analysis of o subset of these data, those pregnancy outvomes wssovsted with
spraymg of 2.4,5-T by the father in the same vear as the bivth or the year before (27 were
selecizd and compared with pregnancy ottcomes pol associnied with spriayiag of any
herbieide in that period of time (3523 (Smith ef o, 19820} The relative sk for congennal
defects among children of exposed fathers was 119 (909 confidence ints, 0 58-2 457 and
that for miscarrape 0.89 (900 conlidence fimits, 0.61-1.30)

OCCEPATIONAL EXPOSURES TO CHLOROPHENOXY HERBICIDES LES)
(v} Abscwpuan, distribution, excretion and metabolism

{1y A48T

In five male volunteers wha received an oral dose of §S mg/kg bw 2.8.5-T, there was
almost complete gastroiniestinat absorption. Disappearance from blocd and appearanee in
urine followed fisst-order kinetics and showed o hatf~time of 23 h. An average of 88.56; of
the dose was excreted in the urine within 96 h of administration, and the renal clearanee was
IRO-260 mb min Noacid-libile conjugate or fiee trichloraphenol was detected i the uaine,
2,4.5-T bound reversibly to plasma profeins (98.79p), and the relative velume of distribution
was 0079 kg, Fareal excretion was < 1% of the dose {Gehring o1 af, 1973).

In a simifar study, in which 2, 3 or 5 mg/kg bw 245 T were administered orafly,
maximum plasma concentrations were detected 7-24 h afier administration. Following »
S-mg’ kg dose, the disappearance half-time averaged 18.8 h, and the average refative vatume
af distribution was 0,137 1/kg. For all doses, an average of 63-79% of the dose was recovered
in the urine within 96 h of administration (Kohii er al., 1974a).

Potennal inhalation exposure could account for only approximately 1% of the tatad
amount of 2,4.5-T recovered within four duys inthe nrine of spray applicators, whereus the
estimated dermal exposure was potentially 1000 tines greater, indicating the jclauve
impartance of eaposuse vig the dermal route (Lavy of ol 1980)

{0} 24.-0

Inastody oo the kinctics of 2.4-13, five male volunieess receaived an oraddose of 5 my, kg
bw. Absorption was almost complete, as indicated by the recovery of 88- 1064 of the doscin
the urine within (44 h, When elimination of 2,4-D from plasma was Tollowed in three
subjects, the aversge disappearance hall-time was [1.6 h. For two subjecis, the relative
volumes of distribution were 238 and 294 ml/kg, respectively; an appasent biphasic
tlearance was exhibited by @ third subject. Approximately 80% of the 2.4-1) was excrered
unchanged in the urine and the remainder as an acid-lsbile conjugate (Sauverhoff o1 ol
19774).

Rapid (hatl-time, 2.5 b) and extensive gastroiatestinal absorption of 2441 was abw
found by Kohlier of {1974b), whoe observed an ehmination half-ume of 33 hand a volume of
distrehutian of 0.1 kg,

From a comparison of urinary exerction of 2,4-13 after intravenous administiation and
application of 4 pgfem? on forearm skin, the dermal absorpiion of 2.4-D was caleulated to
be $.8%. Dermalabsorption was protracted, with peak concentrations detected in the unne
three days alter exposure (Feldman & Maibach, 1974). Alter exposure of ground sprayers to
2,4-I3, peak concentrations in the blood and srine were detected after O to at Jeast three
(hlaod) or four (urine} days, and the apparent haif-time for urinary excretion of 2,4-13 was
14-79 hi{calculated from data presented by Nash eral, 1982, Nasher ol 1982, Taskar eral..
1982} Frank e of (1985) calculated that a2 maximum of 4 587 of the amount of 2.4-D2
deposited an the bure skin of a bystander directly sprayed with 2.4-13 was absurbed. In
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occaptionst ex posyres, shinappents (o be the most impuoctant 1oute of absorplion (Duipes
& Street, 1982, Lavy er ol 1982 Kolmodin-Hednan o of | 19830, Kangas o1 al., 1984,
Libich er af, 1984; Frank 1 ol 1985},

(i) ACPA

fn five volunteers (three msen, two women) given 15 s R e MUPA srally the lughest
plasma concentrations were seen after | h. Ustnary excretion was abmost camplete by 24 b,
atwhich tinie approximately 409 of the dose had been recovered (K olmodin- Hedman of /..
H983h). In asimilar study (Jour men ), an averuge of S57% of u S-mg orad dose was recovered in
the anine within 96 b (Fjehistad & Wannag, 1977,

Ina stdy on dermal absorption m five volunteers {three men, twe Womien), sefl-puper
pads saturated with 18wl of 8 1% aqueous sotution of MOPA were applied on the Wkin of
the thigh {or 2 h and the pad covered with surgical tupe. Peak plasmi levels occurred at
about 24 h (two subjects). By 144 b, approximately 2 mg MCPA {029 of the applied dose)
had been recovered in the uring; the peak of urinury excretion was seen 3448 h afler
appiication (K olmodin-Hedman o7 of., 1981b),

Dermal absorption is an important fctor in oecupationa) exposure (5 MCPA. sinee
tme-weighted average concentrations of the compound in hreathing-zone g sumples were
only <6.1 mg/m', whereas concentrutions in the urine of exposed workersreached 12 g ml
{Kolmodin-Hedman e o/, 1983a).

(v} Sihvex

Silvex, in powder farm, was given orally (0 ¢ight velunteers (seven men, one waoman)ata
dose of 1 mg/ kg, and its concentsation in plasma and urine was studied. Silvex was almaost
compleicly absorbed; peak concentrations in plasma were reached i 24 kb The disap-
peagance of silvex from the plasma was best described by a twa-compartment model, with
relative volumes of distribution for cach compartment of B1-158 mi/ kg and 43163 mi/ kg,
respectively, Each compartment follawed first-order kinetics, and the twa successive half-
times for plasma disappearance were 6.9-6.9 b, and 9.0-33.0 b, respectively. Within 144 Iy,
urinary excretion of sitvex, which decreased bi-exponentinlly, smounted 10 66-95% of the
dose{as silvex and silvex conjugates). In the urine, 29-809% of silvex wins exvreted unchanged
and the rest ay acid- and base-labile conjugates; glycine conjugates were not detected. tpto
3% of the dose was detected in the facces (Sauerhoff of al, 1977h)

(v} Oiher
Dichlorprop and mecoprop have been detected 10 the wine of expased farmers ung
spraymen (Kolmodin-Hedman er af., 1983a)
Uy Muragenicity and chromasomal effects

The genctic effects of chlorophenoxy herbicides snd their contaminsnts have heen
reviewed (Wassom et al., 1977/ 1978; Sciler, 1978; Grans, 19791,

L e

GUTUPATIONAL EXPOSURI S FO CHTOROPHENONY HERIGCHDT S x5

Mudoaln (P80 exarmieed Hie inadences of diromosamal aboicatuur and wna
chronnid eachanges (SO 15 sobdiers ten vears slicoserving inthe Ansiraitan armed
torees 1 Y et N for periods ranging from six to 15 mionths, Bight control suhjeets wers
satched for ape amd sex who had mo history of indwinniat or agowaituml expooie 1o
herbacides bhe mscan rogueency of chiremosomal abeorabons b peniphond Ivmphocytes was
5 66 pes HG el the ex posed gronge vensus 338 i the controb, SCE Bregaencics were § 35
arsd 585 pet cetl tespectnedy. FPhe differences were nob sigaificant

A sy whivhreported that exposare tn ehlorophenoxy i brcidos dis g spravig in
South Vier N ansduced chiomosomad aborratioms i humans was jsidged 1o be based ox
pitdeygaate shata freviewed by National Academy of Sciences, 19743

A ataboas ol homphuecnie chitomonemes of sgneshingat worherom fdabo, LS8, winh
extensie vodupitongl eaposare to pesticides was reported by Yader erol (H2350 A goup
af 2 Berhicnteonposed warkers was compared with F6 controls The st of the most
commuiy el erendes comprised M formulations. bunthe predomainit ex pisares were
taaomrode, 24D and atrazine. Blood samples were diown both elb-se sonand mud-scason
amd eudvered fnc 48 b Ondy 25 meetaphases were examined from each From off-winan o
mid-sessn the pienn nansher ol chromutid gaps i the herbiode-exposed grosp imercisad
fongt bdd Dhoons U008 0 030 e 1,38 & 022 per person per 25 eells) To the e group,
hromistael sk mercined 25 {old (from 0.07 £ .05 to E 8D x 0350 [he edbweison
abcrration Beguenvied were, however, very Jow as eompitred withothe contral group toll-
seison, 06154 22 for papsand .31 £ 612 for breaks), although it is posabic to me subjeen
s theas ow i enatrob, The anthors cancluded that thecreased inadsce of chiomonomal
ahrraticons was probably doe to exposure to herbieides, altbough o wie i possible 10
dstipunhow b berhionde formulutons were responsible. {/The Warking Group soted the
sinsdl sabur of ooy cxamined and that possible confounmnding factors were aod taben intn
votdorating. |

SCE Bregueaey was siadied 1 87 berbicide and pesiiade sproenom New Zesdand
(st et al, P78 2,450 and 2,421 were mentuened ws bwo of the 30 formadubions pros
vommindy encountered i the study. Overadl, there wa no dillerence i SCE frogueney
hetseers the comrol group and the sprayers imesn rates, 7.6 verun B 4K Thesprayerswere
ivided mite thies groups: those with so protection, those with some prosecison feifhve
clettong, gdoves or reamrator) ead those with full protection Those with so prestection haid

spmmhenntis bygho meaa SCE e than the vontral proup {mean rate, ¥ O veran 7 653 bt
e antbon poted (g the fengh and fevel of expontire voold also kave mllvenced the
Bodings |l was no didference in SCE rate between those who wsed erbiesdes e xolisay oy
and dhose g hoth hevhicides and pestieides, {The Waorking Group noted i
cantussadig Lactors such as smoking wese not taken io considerinm |

Haogntedt oy al. (1R studied propherst lymphoeyte chromosomes luan tes Seadich
wothaers whe dnnl waorhed with severad pesticides for two o 29 vears e, 13 vearsd
Annng the pestiodes veed were MOPA, mecoprop and 2800 none bad i 2,451,
dinvaeh (2acc-husvi=Loedintrophuenol) of amitrode duning the ked iva seare The enstiol
prasip consssted af seven barny workers who bicd sever worhed with pesticndes Celis were
coltured b 22 hoand 200 cells from each subgect were analysed  No sigmifiwant difterence in
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lhg frequency o chiomesonal aberrations was found hetw een theba o gronps (eaps, |7 peg
10U cells versus 1.6 in the cantrods, hreaks and exchanges, 2.4 vorun 2.8

‘E.mxminmam {1983 studied SCEs in lymphocytes of workers in Fintnnd spraving forest
luhfsgc with th:)r(vpl}xtl';¢)x)< herbicides containing amine salts and esters of ;“L‘M) .'n";d
MUPA, or mixtures of the two. Three suecessive bluod saniples were taken rom S8 mate
spragers {wha had used prosective clothing); the first before the spraying season, the second
in Qw middie af the spraying season and the third within fwo dm; after the ;um'uu had
fimished spraving, in order 1o follow possible exponec-redated ch;m(;:um Uime samples \u:w
tkenat the same time as the second blood sample Fevel of 24D and MUP A m”’,‘t urine
whieh were wed as i budicator of expanure, vasied from 0 80 1 10 99 g | (znm'n ! Kf;
Mg/l Suitable chramosome preparations were oblained froms 15 ber bosde voor ker'\ and 15
controls nol working with herbicides, No sigatficant defference in SCF f;cquémix* \\:x;
abserved in samples taken hefore, during or after the exposore, the AONeN posed r.-mim}
group felhin the same range. Smokers in bath groups had signiivantly hgher mc‘.z'x.\”;mc«
tHian nonsmokers, The wverage frequencies af SCEs cetiin mmxmuk:'ng Spi “\'\; vr:‘ X.6
6.0, and 8.8 before, during, and afier spraying, respectively, veray K m.m\vn\un;ki;a;
vontrols, The carrespanding valies for the smokers were 9.7,y 5.99 ”"““\ [iR¢; ¢

S(lvl}i‘ ina«fi\*idlr::lx with similisr exposure were abo studicd for frequency of chinmasomal
alu‘rrfmm:f. {(Musionen o/ ol 1986), Where possihie, 100 iir:xhdivixi«m‘mcmphu\c\ were
examined FH}m cach of 19 warkers and 15 controis. No difference was {onimy hut\'\c‘vn Hhe
two groups, The percentuge o) aberrant colls {gapy mcludedy in controfs was 15+ 0 3
nnmmukcr,\ and 194 0.4 00 smokers. Inex posed subjects, the respective [\CM'L‘QH“! ey were
124 0.5and 1.8 £ 0.4 o e

3.3 Case reports and epidemiolupical studies of carcitmgenicity to hurmany

(o} Cuase reporyy

A fmmhcr af repores descethe the accurrence of cancer in workens exprosed to VO D (e
TARC, l‘)?‘]m A case report desebes three cases ab soft-Gssue siarconis in LES weteesnn
H)wi}vyuzm after exposure to Agem Orange (Sarma & Jacobs, 19823 Puls i o of (1975)
<If:st'r ihed a case of aplastic anacmia in o farmer (hee Do he alter exponuie 1o MOPA m
Fandivad the hid alvo ueed hesbicides during the previons five vears), o veas h:c; he
developed acute myelomonoeytc levkacmia (Timonen & Palva, 1‘)8!)) T .

AQm‘xcul study ol 123 male puticnss with non-Hodgkins lymplinnsa i Sweden tonnd
that four of five patients with cmlancous lestons rvpmlcdem;:\mg lipe ~n;- 5 with
chlorephenosy herbicides (Qsson & Hrandt, 1981} . S

(by Cohort sindies

A cobort of 348 ruitroad workers Sweden exposed fo1 45 dusy ve e during
19571978 10 24-12, 2.4.5-T or amitrole were investigated i a follow -«uf’ study {Aselyon v;
af., 1980 {see alvo munograph on amitrale in this volume, p. 9L T here Wi # deficn of
deaths from all causes (45 obscrved, 49 expected) but an excess from mashipnant nmpm:.nﬁ

SHUUPATIONAT P RPOSURES FOCHIOROPHENONY HEHBICIDES w7

{17 observead, H 9 expected), Ina subeoborg exposed 10 2.4-1 or 24,51 bar aot ansitrele,
there were s denths frony cancer with 5.6 expeeted, all of which secusred i those het
exponed fen sears of mere belore death (3.3 expected) In a subeohont eaposed o both
swmtrole and chlotephenoxy berbicides (2,4-D or 24.5-T) there were s deishis fram
cabuer with 29 expected, of which all six (with 1.8 expected; p <0 8083 ocenried i those
tust exposad fen yeans st mare before death; there were altogether three deatdis from
stemach cancer with 0.5 expected i men first exposed to chlorophemny herbivides ten
veires beloge deseh The pren were also exposed toother atganic (e g manoron and dinran)
wadd e e chentcalds (o g potassia chilorae)

Flogsted it Wentertund (J980) studied the mottahiny of 142 aaie lorestiy workers i
Sweden eaposed 10 23D and 2457 i 1954-1967, and 243 male tosenbiy s ks wathont
sichesposutes tfattow-up, 1954-1978). Five deaths from cancer wore obsenved among thine
exposgsd verai G4 evpected foom pational rates. Among enexposed Warkers there were 10
oheerved deaths trom cancer versws 147 expeoted. Among 16 exposed Toremen, I
nerdent ciees pof cinedy were fosnd in the Swedish Cancer Regisny sgioast |4 espected
{2 021, whide three vases of cancer were scen it L 26 exposed workens wili 5.4 expeered
(=0 103 Hiese eight cases were focahized in the stomach (1) panorans 25 leeg ol Lskin 1),
prostate (2Famd bladder (1) The expected value for solt-tissue sarconutipmnng the ex puosed
wis about 1 Foremen were exposed to chlorophenoxy herbicides for i average o 176
v s and wirhers for 30 days.

Barehel (1U81) pedormed o ostudy encompassing the 1 dinvtiias ot the Geooan
Democratie Repubbe (exciuding Becing, 1658 mate subgects who had becinienve fes as feast
Bve years a agricutiorst workers or agronomists bevween {948 and 1972 wore pogennially
exposed to 24-1 and MOPA . Cancer incidence in the group was axsonsed through conmy
tumow ferencs centres and death certifieates; 1247169 neophoon were lustologically
serifnd bty eases of bropchial carcinoms sceurred between 1970 and 1978 vervn 278
expreted rom mattonal morbidity rates. One cuse of soft-tinise scoma and tinge of
Iymaplutie mesplason were observed. {The Waorking Group noted that sahong was st
baken into avvount i this siudy, bt shat differences 13 smaoking bubis e unhilelv 1
cxphinn o relatne ik of the magnitude aobserved.}

Rithunahy vz s (1982, 1980 examined 3 vobert ol 1926 male Dinand worbeenvadied
i brush combrod for b feast two weeks botween 19511971 T hese »owhors wore exposad ta
3443 and 2.4 5.0, among other agents, The follow-up period was from 19Y72-1988 and
Ho 684 peron-years were sepresenfed The obseeved rates were compared wigh exported
stvhess fon matiosal dearh raves, Only 26 vancer deaths were noted with W Sexpected I
the sofyroap with over F0 veans® falency, 20 caneers were observed whereas 253 were
expected [randindized monatity vate (ISMR), 82, 930 conhdence mtena) (474, s 1774
smedudimg Y Tung coseoos fexpected, THDSMRLHIB 959 CL S6-189 aad Tom cancers o
the stomach and nesophagusfexpeeted, LTS MEOIO80950 CE30- 277 Nolvimphos s
s E-tpaniie s oo s ohserved Caneer mcidence was abao studied, ssth sinsha e
The authoo point out, however that the small size of the cohort, the briet follow-np perissd
wnd the few esposure honted the wtility of ts study.
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Lynge (1984, 1985) studied 4563 persons employed by two chemieal planis in Deamark
whith produced 2,4-D, dichlorprop, MCPA, mecoprop und 2.4.5-T in the period 1947-
1981, 2,4,5-T was produced manly from 1951-1959 from 24.5-1richiorophencl made
externatly, and 2,4.5-T esters were made fram 2,4,5-T produced externally upto 1981 2.4-D
and MCPA were manufactured by chlorination of the phenol or cresol; during 1960-1970,
upto 50% of the MCPA was produced as spray-dried MCPA sodium sali. Encident cases of
cancer were identified by record inkage with data 1o the Damsh Cancer Registry, From the
year production of chlorophenoxy herbicides started i the two plants (1947 and 1951,
respeetivelyfuntil 1982, there were, or the total cohort, 159 cancers of all sues versias 160,86
expected in men and 49 observed versis 55.9 expecied in women. The abaerved numbers of
cases for individual sites of eancer did not differ statisueally significantty fram the expected
numbers. Among persons first exposed 1en years or more before ciuncer disgnosis, there
were T vases of stomach cancer versuy 6.3 expected (nomignmificant). No case ocearred
among women. Two cases neeurred in men employed i the manufacture and packaging of
chlorophenoxy herbicides versuy 1.5 expeeted. Seven cases of mahignant lynmiphoms were
observed among men with 5.4 cuses expected: among women, there was ene cive with 1.2
expected. No case wis observed among men or women monufacturing and packaging
chlorophenoxy herbicides. Among men, there were five cases of soft-Usnie Surcoma verstn
1.8 expected (relative risk, 2,72, 95% C1, 0.88-6.34); no caxe was disgnosed smung women
(0. 75 expeeted). Forthe four mena with more thaa ten yeary™ latency since first exporure, the
relative risk estimate was increased 1o 3.67(95¢: CI, 1.00-9.39). Only one had been assigaed
to the manufacture and packaging of chlorophenoxy herbicides, two were working in
shipping and one iy pigment milling. The durations of employment of these men were 90, 30,
threeand 0.5 months. At these plants, $9% of men and 50% of women had been employed
for less than one year. Among the subgroup of persons employed in the manufacture and
packaging of chlorophenoxy herbicides, there were 11 cases of lung cancer among men
verstss 5.3 expected (p <C 0.05); there was no excess in women, bt five cases of cervicad
cancer were seen versis FE expected (nonsignificant).

Mortality odds ratios for service in Viet Nam were extimated for 1496 vetesions
discharged in 1970-1973 and who died in New York Sqate, USA, between 1970 and 1980 Of
these, 555 had served in Viet Nam. A ratio of 1.09 (95% Cl 0.18.6.70) way found for
soft-tissue sarcoma in Viet Nam veterans versus non-Vier Nam veterans {1 awrenes o7 of |
1985},

As pointed out in the menograph on ocenpational exposires ta chitoraphenalbs (p. 1195,
workers invoived in mamufacturing 2.4,5-T itself (rather than the precunar 24,5,
trichlerophenol) may be exposed 1o both 2,4, 5-trichlarophenol and 2.4.5- T Sonie of the

mantfacturing cohort studies referred 1o in that monograph are alsa, therefare, relevant 1o
2.4.5-7 itsedf,

Patential ex posure 10 2.4,5-T was reported by Ot er of {1980 i theis myortaliy study of
a smail cohort of 204 workers which identified one cancer death, with 1.3 expected, in
waorkers exposed for more than one vear (ste monograph on occupational cxposures (o
chiorophenols, p. 342).

GULLPATIONAT EXPOSERES 10 CHLOROPHENOXA HERBICIDES 89

Vimsgodsst e ol (1984} carrivd out o review of cases reported s cohioth sindies and of
seseral gadibtinnal cane reporty of soft-lissue sarcoma (v txlxmnp:eph an accuguthonal
exposties 10 chinsaphenuts, p. 343} [The Working Group consdered that same aver- or
underaseestanmoent of soft-fivsue sarcoma is passibie. ]

The mortatity study reported by Coaok ef ol (1986} invoived puy:minl EXPESUIC Lo buth
trelidarsphenot and 2.4.5-T, shhough the repornt focused on TCDD cxpmu.u: mn tm‘hhmf;
phenol nunnlacture. There were (ive cases of non-todghin's Iymphoma (SMR, 238,950
€1, 77-5561 but a0 doseeresponse Telationship 1o TCDD exposure. No dose-tespome
analysis was presented of potential 24,57 exposure (see monograph on :zi’(:lt.p;uu‘mn{
exposites o chlorophenols. po 343) { The Working Group noted that i sas dithenit to
determne the vxposure of the workess 0 2451 ]

(3 Caseeamnral st

Ly Noft-1one varcaand

{ B Fapod cane -voni rod stusds o sol -1 e sarcomi feadlowed the obwrvation ol g mnpbe
Gl puticnts g cnee) i in Sweden whe had reparted previoms et l:s !»:hln{i).
pheaxy herbesdes (Hardell & Sandstrom, 19793, A rotal o 52 ”,mh’ patais, 21 'f\ ing ,;f;d
T deceaed, were idemified from records of the I‘Jcrmrlm«{m of Of\cuing;‘ of the Hnversity
tlospatad ef Umed as having heen admiticd wih o diagnosis of ,mfhm\ug spreona beiween
1970 and 1977 Four matched controls were sefected for cach case. fom the :’\‘gum;z:l
Population Regitry lor living patients, and from the National Registey for C"nmg ol i).c;xfh
for deceased putients. ixposure was ascerlained through a postal questionnaite \'\»uh i
variely of questions about exposure; the answers were supplemented hy telephune without
b nowhedpe of case or referent statas. Fog deceased patients and contrals, 1h’c prnccdnn} Wi
Ute samre, but contaet was musde with she next of kin In an attempt ta vendy ﬂccup;nnmﬁ
capuspies, guestiangiires were abo sent to the employers of perwtiy _mm.ng winh it
forestey, s mifls ad pulp industres. Avcording te the anthars, employen ‘s!.tm:t.mcm.w
fram ti'w Jatter two industrics sgreed cliscly with the stitements given hy the imterviewed
persan amd the same wins thueloee st 10 be Ui for exposui 1o c:lﬂnmph/vma};y
heehiciden but there were many nen-respoadents from the forentry compunies. A
reguiirement Lo hemg chnsified as exposed was at least one full day of exposure moge Hian
five yeins hetore the tumour was diagnosed. When pabients and cwi}m‘!lx with eX postite ta
chintophepols sere excluded, the refative risk extimate was .?13 (959 1, 2.4-11 5).w néj )t 1
cives eaposed OF the 13 cases, 12 had beess exposed 1o 2.4.5-T or 24-Doandyme o MOPA
alome: coihanved oaposire to 24.5-T and 2,.4-D was repotted by nime casey Fhe expostne ol
Fa 0 s conmasted solely of working onground that was wet fromeachivespraying. L ateney
from fostes postie wass pradominanty s the range of 10-20 years. e medin duraional
exposure was thiee to four maaths frange. twa dage. 1049 mopths ), Asthree of these putiants
wete those that had been sdentified earlier and inttiated 1he study, 4 caleudation win Higike
after exelusien of three cases and their controls; this did not affect the results n‘c\nm’c sk,
4.7:950 CL 2.0- 1073 | 'V he Workiag Group noted that, according fo the authors, a fiither
four eaposed patients had been reparted as cases be{f\re the cave-contiol study way

published. but no caleuiation was presemted based on their excluvion. |



http:fl;.*.IJ
http:H11,pn.tt
http:0,8H-6.34

- e . L e TR TR,

Aot FARU MOROGRAPHS VOLIME 41

Ascoond study (Brikanner ol TIB T3 ol soft-tisstie sareoma was ander Gehen 1 wont e
Sweden, where MUPA aod 2.4-1 fave been ised widely in agricsdtoce. §he shidy intolved
PHE Bving and deceased cases repurted i 1W74-1978 and 220 relerents selectod by tacthads
simiinr (o thase wsed i the Hiest study (Hacdell & Sandstrom, 1979), and with the samie
amessments and seginrements for exposure, A relative vk estimate of 8.5 wies obtained (o
exposure to chlorophenoxy herbicides shine for moce than 30 diys (seven cases), and one o
5.7 {or exposures of less than or equal to M) days (seven cases). The odds rutio for CXPOSUTE
to ehlorophenoxy herbioides other than 2.4.5-7 was 4 29547 CLL 1315 L3

An initial analysis of ocoupations recorded vn the Nationad New Zealund Cineet
Registry between 1970 and 1980 (0102 canes compared (o 306 contrals) did ot T an oxeess
ofspft-lissue sisreoma cases s agiicniture and forestry workers compared with paticnds with
cancers of other sites v the cancer regitry (Smith ed ol 194263, Subseytrentiy K2 cases fon
their nexi-ol-kin) of soft-tissne sarcoma were ers wwed by telephane reparding pust
Geeapations and specific use of chiorophenoxy hetbicides by an Interviewer who wite
wnaware of the casef referent status of the person, untd the results were compned Wb those
of 92 randomly selected referents with canvers at ofher sites {Smith ez al, 1984y 1n 4.3 of
the cases and 34% of the referents, the patient gave the data himsell ot berself. Since the
resudts were not alfected by such stratification, only results of unsitatified anadyes weie
reported. An odds ratio of 1.6 (9057 C1,0.7-3.3) was calewlated for those who had fprobably
or delinitely been eaposed (or more than one day more than fne vears prier bndiagitose of
the tumour (17 cases). None of the cases was in g professional apphator

Another study was undenisken with interviews of $1 further cises appeatig on the
Cancer Registry up 1o 1982 (Smith & Pearce. 19861, Cines were identibied as in the (i
study, snd histolugy reports were reviewed for each casse, Eligible patients ar their nexi-nl-
kinwereinterviewed by telephone by the same experienced interviewer, who wis asaware of
the case/referent status of the person. Referents were selected from a brrpe serms waed lor
another study on fyriphoma and multiple myeloma (Pearce ef ol . 1986}, who had been
interviewed in the same manner and comprised 315 cancer paticats {excluding lymphoma,
maktiple myeloma and solt-tissue sarcoma). The odds ratia for exposure for more than one
day more than five years prior to registration was 0.7 (909 CL 6 3-1.5) The comhined
estimate, using dats from both the previous study (Smith eraf, 1983) and the presens une,
for 133 cases compured with 407 referents, was 11 90% CL 0.7-1 %) The propurtions of
exposed refereats were @ 14 for the tirs study and .15 for the secand stidy, None of 1he
Cases oceurred in s professtanad apphiciim
A population-based case-relerent atudy wus condueted monorthern Haly [ Vines oz al.,
19861 Thirty-seven male und 31 female patients with sofl-tissoe saeconus formed the vy
series and 85 males and 73 females made up the relerent series. OF the canes, 24 were
deceaned, amd they were matched by municipahity of residence with 36 deceied relerents
The Bving referents weve drawn randomly from the population of each provinee Cases and
referents, o their next-of-kin, were interviewed by g taned intervieser, who was unawire
of their vasef referent status, by means of a persona) visit, 16 cases and 37 referents e
m!m mittion by post. Infornistion on various uses of herbicides. mainly 24-1, MUPA and
2457 (umil 1970). was collected in detail and assessed by two experts in agncultaral
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CROCUPATIONAL EXPOSURES FO CHEOROPHENORY 11 REICHH S i

chemistey, whe wete unpawase of the e/ referent stutun of the person. Baposige 1o
het mc‘.m‘w o these provinges was prainly assacided with sice wevding, an achagty
teaditoily potatmed by womet, The Righestexposure to herhiedes ocerred i theanly
1950, whon ave weedimg was s3I performed manually b chinraphenoxy "‘f‘ hrcudes wete
g tested ind intioduced. An age-adjusted odds ratio of f)‘,t}l wits fouad {f“ living men
with suspected exposure, and one of 2,7 (900 cme‘f;nlcd Cl. (()}942;17) for Tiving wamnen.
An age-adiested odds rato ol 155 (1.3-180.3) was infmd for living women under the age of
75 years. exprsed betweon 1950-1955 . For deceased femades, the odds ratio, based an four
exponed cises of Hhely ind certain exposure, was LOS (0.20:5 1) Only vue doisd mile case
Bad hegneaposd The authon suggesicd that geographial avermichimg had oconried Lo
des vised aarses and teferents [ The Warking Group noted that two of the exposed cases were

Kispesad ™ satvorm |

A vase-contral stads sseertained Vet Noanserviee for 281 aresssith soli-tissae sarconta
dand Jor i pndeberd pontiol provwp (Greenwald e of, 1984) Cases were dugnosed hetween
1062 and 19 and identdicd on the New York State Cancer Regiviry The odds ratio for
service i Vet Nomowas 0830954 CL @.21-1.31), with ten cases reporimg service i Viet
Nz, A odids bt of 8.7 was obtained for those reporting contact with Agent Ornnge,
FCDY o 2451 [Hie Working Group noted Uit bias may have arsen s a resuli of the
choice of contrel group. Furthermore, eaposure may have occurred to prany other
chemmcals, and the time between exposuse and disease was shoet |

1y Mafignans feephonie

Concerts ahout chiorophenoxy heehicides and iymphiomia arose s Sweden when @
rumber o) male paticnss with histioeytic lymphoma reported Past eapaire [SHATAN
phenoxy hethicides. A case-cantrol study of 169 cases of mghgmnu fyraphoma (60
Hodghin® discase, 103 aon-Hodghins lymphoma, four unc]nmtf.ub!c) wits then under-
taken, nchuding 138 controls (Hardell of of., 1981) The study design, including iacertin-
wment of exporisre, was similar to that of the Swedish soft-lssue sarconms studies {see Hundelt
& Sundsizom, 19791 A relative risk estimate of 4.8 (93% CL 2.9-8.1) was obtaned for
expasiie 1o chlatnphenoxy herbicides, excluding cases a}nd cupimh cxpan 1 clidoro
phenoly, Stratifying by duristion of exposure, the relative risk estiomie wis 4.3 fer fess than
90 days, and T0 for 90 doyvs or more exposure 1o chloraphenmy hurbiesdes. Mos
dxlnn;ph:fnnxy herbicade-cxposed cases reparted exposure (o bath 245 T and 2412425
Gitends twa repotted exposarg 1o 24,57, 28D and MOPA seven to 24D alone and e
o MOPA alone (Mardell, 19814} No ‘noticeable difference’ in exeess ankh conld be
demonstuited between Hodgkin's disease and non-Hadgkin's lymphoma.

Te New Zeaking, an analysis of reporied occupation appearing on the New Zyishemd
Cancer Registry sndicated an exeess of malignant lymphoma and mudtiple myeloma amopg
men s agnonhural accupations during 1977- 1981 Although 734 cases and fovir contiok pey
casewere seleeied from the Registry, the main findings concerned a subgraup of R canen ot
mahigunt lymphoma, clissified as 101 202 which covers non-Hodghaos lymphos ather
thin lymphesarcoma and redculosarcoma. An odds ratio of 176 {954 3, 10314123 was
ohtained for those under the age of 65 working in agricubiure (Pearce er ol 1985) However,
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a subsequent interview study of 83 cases classified as 1CD 202 {sce monograph oo occu-
pational exposures to chiorophenols, p. 344) did not suggest that exposure to chlorophenoxy
herbicides was the explanation, since an oddy ratio of 1.3 {904 C1, 0.7-2.5) was obtained
when the contrals were peaple with other cancers, and ae odds ratio of L0052 1) when
general population cuntrols were used for people probably or defindtely exposed bar mose
than one day not in the five years before cancer registration (Pearce ¢ af | 1986}

(i) Nasal and nasopsharyngeal cancer

In the study of Hardell er gl (1982}, described in the monograph on pocupationed
exposties ta chloropheneds (p. 344), an odds ranie of 2.1 (9562 C1, 0.9-4.7) was found for
exposuse 1o chlorophenaxy herbicides.

() Colon and liver canver

The same Swedish authors tested the assumpiion that a greaer recall of past bechicide
exposuse by patients with soft-tissue sarcoma and lymphonsa than by the controls may have
produced the earlier findings, A study was conducted involving 157 male colon cancer
patients{Hardell, 1981b), who were interviewed inthe same manner as in the earlier studies,
and whose exposure was compared with that of the combined controls from the two earlier
studies from the same region { Hardell & Sandstrom, 1979, Eniksson eral, 1981}, A relanve
risk estimate of 1.3 (959 CI, 6.6-2.8) was obtained based on 11 exposed cases (out of 154)
and 43 exposed referents {out of 541},

Hardell eral. (1984} performed a case-contral study in the northernsegion of Sweden on
{33 primary liver cancer cases diagnosed in 1974-198 1 and 206 controls, with s study design
similar ¥ that of the carlier studies {Hurdell & Soandstesm, 1979, Erikssaner af, 1981) Of
the cases, 8.26¢ reporied exposure 1o chloruphenoxy herbioides versus £.5¢0 among the
referents (odds ratio, 1.7, 85% Cl, 0.7-4.4). The study indhicated an associetion between
cxposure 1o arganic solvents and primary liver cancer,

Vin (1984) investigated previous exposure (o herbiades dunng wartime for 21 pale
cases of primary hepatie carcinoma admitted to the Viet Duc Huu Ngai Hoxpial of Hanor,
Viet Nam, in January 1o September 1982, and for 42 contrat subjects admitted in the same
maonths for gastrointestinal discases, Cases and controls were aged 18-50 years, Six of 24
cases and 3742 controls had been living, working or fighting in sprayed regions of South Viet
Nam, at the time of spraying or subsequently, for a length of time ranging from cight o 77
months. No information was available on possible confounding factors. {The Warking
Group noted that the possibility of bias, exposures to many unknown chemicad and the
short reported latency make the study umnformative.)

[The possibility of recall bias in the Swedish case-relerent studies has been diveussed by
the authors (Axelson, 1980; Hardell, 1981a.b; Hardellerof, 198]; Hardell & Axelson, 1982;
Hardell vr al, 1984). Hud a significant recull bias existed, the studies vn colon cancer
{Hardell, 1981h) and liver cancer (Hardell er al, 1984) would have been expected 1o give
significantly elevated adds ratios for herhicide oxposune such lindings were not reporied.

{The New Zealand studies used other cancer patients as controls. However, a com-
parisonof such controls with general population controls also interviewed by telephone did

B v

OCOLPATIONAL EXPOSURES 1O CHI OROPHENOXY HERBECHLS A

ot teveal differvnces in past cxpasure frequency (Pearce of al., 1986} The use z’j! u()'wz
cineers s contrals does not therefore explain the difference in Mindings hetween the Swedish
and New Zealand studies

{1 he Winkog Group poted thit none of the gisses of solt-dpaue mu‘}'nmn seen st New
Zeatand vecutied in g prafessional herbiesde appheator The Warkhing (n.mn{w noted differ-
enves 1 the use patierns of chlarephenoxy herbicides in Sweden ::zyf N.QW Zeskand, ez
hand-votching and apphcation of amine salts o trees was used in ?:wa?cn, Alsu, no
informanion wis availoble on the solvents, emulsifiers and other a(lgi:t%x‘cs ‘m‘lhc x:h’lmw
phenoxy herbesde tormulations usend in Sweden and Now Zealand, Dimited information i
s ailable o the leseis of FCDDY in furmulations nsed tn Sweden and New Zeatund, but the
data mdicaie contumination a1 about the same level ]

4. Summary of Data Reported and Evaluation

4.1 Exposure duts

Chiogaphenoxy herhicides have been pmdugcd extensively stnce the S‘)lﬁv(‘h I«?r u.s,'c ‘“T
agriculture and as defoliants, although productinn and use are tow dcc»n:’.x.»..tf;g i mdtl:‘y
countrics, Widespread occupational expasure 1o chlorophencary %xcrhwtfjm snd 1?}(.”
chlonnated dihenzodioxin impurities is known 10 lisg accurred during vthcn' production,
formulation, application and disposal, tacrewsed z;(inary igvcln ol uhlmf)phgmny
campoundy and mcreased concentrations of some ch!‘t.»rm:ncd dthcnmfiumm i .zgmp'm.w
tisste hatve beep measured in highty expased persons. The presence of dibenyodioxim and
dibenzofurans has been demonstrated in the adipose tivsue of nonoccupationaily exposed
penple inanany Coumies, o

Dz acvcupatiooul exposure, such as ground spraying sud othe ranual appiation
of these fecbicides, dermat absorption is a major route of entry it the body,

T manufacturing plaats, exposures oceur during the handling of raw materinly, e
mednies, Bished products and process wasies, High-level short-term occupational
gxpantres have also been caued by industrial accidenis,

4.2 Experimental dats

Poevions AR C evahiations of the carcinagenicity te experimentul wnimak ol ‘w‘“,“k
sndrviduat chlorophenoxy herbicides and of 2,37 §-tetrachior mi:bcnk/n-/nlfa‘dmxm
(TCDDY, an impurity fonnd in seme of these herbicidey, are summuarized in seevien 3L

4.3 Human data

Stucdies compating the veeurrence of congenital maiforpations in areas and periods
characterized by different usage of chlorophenoxy herbicides were nmnformative wlllh
regard to the teratogenicity of thuse agents. Two case-control studies on birth anomalies
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among the children of Austradisn and US veterans and of New Zeufund pesicide sprayerns
showed 1o excess rish assockited with paternal expasure (o herbieides.

N study was avishible of pregnancy outeomes of women exposed orvupationaliy 1o
chijoraphenoxy herbicides.

trnone study of persons ex posed 1o chlorophenaosy herbiciles during military operations
i Viet Nam, conducted ten years after exposure, no increase o the neidence of
chromosomal aberrations or siter ehromand exchanges was obsersud

Cytogenetic studies have been carried omt on warkers ocenpationally exposed 1o
chiorophenoxy herbicides during sprayvang. To three of the studion, there was abo exponiie
to ether herbiades, and she effect of chloraphennxy herbicides could net be assesed
Studies i which octupationad expasure was only fo chioraphenoxy herhwnles shiowed no
increased incidence of chromessomal aberrations of sister chromatad eachapges

In 4 farge Dapish colort stady of chemical workers exposed o chlvopheanxy
herbicides [panicularly (dochlora 2-methyiphenoxylacetic acid {MOPAY 2(chloro- 2.
methylphenoxyipropaneic scid (mecoprop), 2 d-dichloraphenosyiaeetic acid (2,4-1) and
2-(2 d-dichlorophenoxyipropanoe acid (dichlorpropi], as well as other chenuoals, o

H

overallinecease in cancer incidence rate was absgrved, but there were signihicanily increased
risks of soft-tissue sarcoma and lung cancer in ddfferent subeohoris, which were aol
necessarily those with the highest exposures to chlorophenoxy berbiade preparations A
Finpish cohort study of brunh contrel warkers with short followe-up time showed ne
mereased risk. A small Swedish cohort study of ratlread workers who spriyed herbicides
showed an incrcased risk of cuacers at all sites combined for those expased to batk
chiarophenoxy herbicide preparations and other herbicides, An excess incidence of all
cancers was also reported rom a very small cohart of Swedish forestry foremen exponed to
chlorophenoay herbicide prepurastions and other herbicides. A study of fong-term pasticde
appiicators i 1he German Democratic Republic, heavily exposcd tou number of chemicads,
including 2.4-D and MCPA, demanstrated an increased sk of bronchial careinonma

A populaton-hased cise-control study comdueted o onnrthers Sweden showed g
statistically significant assoctntion hetween exposire t chloraphenoxy hesbeides, especiadly
i forestry, and the ocomrence of solt-tissae sarcomas, A second study on this type of
tumeous was conducted i southern Sweden, where o sigmificant snerease i the rink ol
devedoping solt-thvsoe sarcomas was associated with previous exposures to ehhurophenaxy
herbreides, mainly i apricoliuse. An increased risk of solt-tissue sarcoma was deseribed
amoang highly exposed Talian rice weeders 1 @ population-hased case-control study. A
case-control study from New Zealand did not demonstrate an inercased ek of soft-tissue
sarcoma in people expined to chlorophenaxy herbicides,

A statistreally significant asoctitiun between mabignant fymphoma and capose o
chlorophenoxy tierhicrdes was found in u Swedish cuse-control study: bowever, no wuch
association was seen in a case~conirol study of these tumouns from New Zeusland. Ina
Danisheohort of chemical workers exposed to chlorophenoxy horbicides, there was alsnno
increased risk of malignant lymphoma.
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(b) Experimental carcinogenicity data

Data relevant to the evaluation of the carcinogenicity of the agent in animals are
summarized. For each animal species and route of administration, it is stated whether an
increased incidence of neoplasms was observed, and the tumour sites are indicated. If the
agent produced tumours after prenatal exposure or in single-dose experiments, this is also
indicated. Dose-response and other quantitative data may be given when available.
Negative findings are also summarized.

(¢) Human carcinogenicity data

Results of epidemiological studies that are considered to be pertinent to an assessment of
human carcinogenicity are summarized. When relevant, case reports and correlation studies
are also considered.

(d) Other relevant data
Structure-activity correlations are mentioned when relevant.

Toxicological information and data on kinetics and metabolism in experimental
animals are given when considered relevant. The results of tests for genetic and related
effects are summarized for whole mammals, cultured mammalian cells and nonmammalian
systems.

Data on other biological effects in humans of particular relevance are summarized.
These may include kinetic and metabolic considerations and evidence of DNA binding,
persistence of DNA lesions or genetic damage in humans exposed to the agent.

When available, comparisons of such data for humans and for animals, and particularly
animals that have developed cancer, are described.

13. EVALUATION

Evaluations of the strength of the evidence for carcinogenicity arising from human and
experimental animal data are made, using standard terms.

It is recognized that the criteria for these evaluations, described below, cannot
encompass all of the factors that may be relevant to an evaluation of the carcinogenicity of
an agent. In considering all of the relevant data, the Working Group may assign the agent to
a higher or lower category than a strict interpretation of these criteria would indicate.

(a) Degrees of evidence for carcinogenicity to humans and to experimental animals
and supporting evidence

It should be noted that these categories refer only to the strength of the evidence that
these agents are carcinogenic and not to the extent of their carcinogenic activity (potency)
nor to the mechanism involved. The classification of some agents may change as new
information becomes available.
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(i) Human carcinogenicity data

The evidence relevant to carcinogenicity from studies in humans is classified into one of
the following categories:

Sufficient evidence of carcinogenicity: The Working Group considers that a causal
relationship has been established between exposure to the agent and human cancer. That is,
a positive relationship has been observed between exposure to the agent and cancer in
studies in which chance, bias and confounding could be ruled out with reasonable
confidence.

Limited evidence of carcinogenicity: A positive association has been observed between
exposure to the agent and cancer for which a causal interpretation is considered by the
Working Group to be credible, but chance, bias or confounding could not be ruled out with
reasonable confidence.

Inadequate evidence of carcinogenicity: The available studies are of insufficient quality,
consistency or statistical power to permit a conclusion regarding the presence or absence of
a causal association.

Evidence suggesting lack of carcinogenicity: There are several adequate studies covering
the full range of doses to which human beings are known to be exposed, which are mutually
consistent in not showing a positive association between exposure to the agent and any
studied cancer at any observed level of exposure. A conclusion of ‘evidence suggesting lack
of carcinogenicity’ is inevitably limited to the cancer sites, circumstances and doses of
exposure and length of observation covered by the available studies. In addition, the
possibility of a very small risk at the levels of exposure studied can never be excluded.

Insome instances, the above categories may be used to classify the degree of evidence for
the carcinogenicity of the agent for specific organs or tissues.

(ii) Experimental carcinogenicity data

The evidence relevant to carcinogenicity in experimental animals is classified into one of
the following categories:

Sufficient evidence of carcinogenicity: The Working Group considers that a causal
relationship has been established between the agent and an increased incidence of malignant
neoplasms or of an appropriate combination of benign and malignant neoplasms (as
described on p.23) in (a) two or more species of animals or (b) in two or more independent
studies in one species carried out at different times or in different laboratories or under
different protocols.

Exceptionally, a single study in one species might be considered to provide sufficient
evidence of carcinogenicity when malignant neoplasms occur to an unusual degree with
regard to incidence, site, type of tumour or age at onset.

In the absence of adequate data on humans, it is biologically plausible and prudent to '

regard agents for which there is sufficient evidence of carcinogenicity in experimental
animals as if they presented a carcinogenic risk to humans.

AP v B 41 £t s 8 L e s s e e e s



PREAMBLE 31

Limited evidence of carcinogenicity: The data suggest a carcinogenic effect but are
limited for making a definitive evaluation because, e.g., (a) the evidence of carcinogenicity is
restricted to a single experiment; or (b) there are unresolved questions regarding the
adequacy of the design, conduct or interpretation of the study; or (c) the agent increases the
incidence only of benign neoplasms or lesions of uncertain neoplastic potential, or of certain
neoplasms which may occur spontaneously in high incidences in certain strains.

Inadequate evidence of carcinogenicity: The studies cannot be interpreted as showing
either the presence or absence of a carcinogenic effect because of major qualitative or
quantitative limitations.

Evidence suggesting lack of carcinogenicity: Adequate studies involving at least two
species are available which show that, within the limits of the tests used, the agent is not
carcinogenic. A conclusion of evidence suggesting lack of carcinogenicity is inevitably
limited to the species, tumour sites and doses of exposure studied.

(111) Supporting evidence of carcinogenicity

The other relevant data judged to be of sufficient importance as to affect the making of
the overall evaluation are indicated.

(b) Overall evaluation

Finally, the total body of evidence is taken into account; the agent is described according
to the wording of one of the following categories, and the designated group is given. The
categorization of an agent is a matter of scientific judgement, reflecting the strength of the
evidence derived from studies in humans and in experimental animals and from other
relevant data.

Group I — The agent is carcinogenic to humans.

This category is used only when there is sufficient evidence of carcinogenicity in humans.

Group 2

This category includes agents for which, at one extreme, the degree of evidence of
carcinogenicity in humans is almost sufficient, as well as agents for which, at the other
extreme, there are no human data but for which there is experimental evidence of
carcinogenicity. Agents are assigned to either 2A (probably carcinogenic) or 2B (possibly
carcinogenic) on the basis of epidemiological, experimental and other relevant data.

Group 2A — The agent is probably carcinogenic to humans.

This category is used when there is /limited evidence of carcinogenicity in humans and
sufficient evidence of carcinogenicity in experimental animals. Exceptionally, an agent may
be classified into this category solely on the basis of limited evidence of carcinogenicity in
humans or of sufficient evidence of carcinogenicity in experimental animals strengthened by
supporting evidence from other relevant data.
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Group 2B — The agent is possibly carcinogenic to humans.

This category is generally used for agents for which there is limited evidence in humans in
the absence of sufficient evidence in experimental animals. It may also be used when there is
inadequate evidence of carcinogenicity in humans or when human data are nonexistent but
there is sufficient evidence of carcinogenicity in experimental animals. In some instances, an
agent for which there is inadequate evidence or no data in humans but limited evidence of
carcinogenicity in experimental animals together with supporting evidence from other
relevant data may be placed in this group.

Group 3 — The agent is not classifiable as to its carcinogenicity to humans.
Agents are placed in this category when they do not fall into any other group.

Group 4 — The agent is probably not carcinogenic to humans.

This category is used for agents for which there is evidence suggesting lack of
carcinogenicity in humans together with evidence suggesting lack of carcinogenicity in
experimental animals. In some circumstances, agents for which there is inadequate evidence
of or no data on carcinogenicity in humans but evidence suggesting lack of carcinogenicity
in experimental animals, consistently and strongly supported by a broad range of other
relevant data, may be classified in this group.
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Table 1. Degrees of evidence for carcinogenicity in humans and in experimental animals,
and overall evaluations of carcinogenicity to humans for agents evaluated in JARC

Monographs volumes 1-42

Agent Degree of evidence Overall
for carcinogenicity? evaluation?
Human Animal
A-a-C (2-Amino-9 H-pyrido[2,3-bJindole)? [40, 1986] ND S 2B
Acetaldehyde 1 S 2B
Acetamide® ND S 2B
Acridine orange? [16, 1978] ND I 3
Acriflavinium chloride [13, 1977] ND I 3
Acrolein 1 I 3
Acrylamide? [39, 1986] ND S 2B
Acrylic acid9 [19, 1979] ND ND 3
Acrylic fibres? [19, 1979] ND ND 3
Acrylonitrile L S 2A
Acrylonitrile-butadiene-styrene copolymersd [19, 1979} ND 'ND 3.
Actinomycin D I L 3
Adriamycin® i S 2A
AF-2 [2-—(2-Furyl)-3—(S-nitro—Z-fury])acrylamide]b [31, 1983] ND S 2B
Aflatoxins S S 1
Agaritine? [31, 1983] ND I 3
Aldrin 1 L 3
Allyl chloride? [36, 1985] ND I 3
Allyl isothiocyanate? [36, 1985] ND L 3
Allyl isovalerate® [36, 1985] ND L 3
Aluminium production S 1
Amaranth9 [8, 1975] ND I 3
5-Aminoacenaphthene® [16, 1978] ND I 3
2-Aminoanthraquinone? [27, 1982] ND L 3
para-Aminoazobenzene® ND S 2B
ortho-Aminoazotoluene? [8, 1975] ND S 2B
para-Aminobenzoic acid? {16, 1978] ND I 3

9ND, no adequate data; ESL, evidence suggesting lack of carcinogenicity; I, inadequate evidence; L, limited evidence; S, sufficient
evidence. For definitions of terms and overall evaluations, see Preamble, pp. 30-32.

bOverall evaluation based only on evidence of carcinogenicity in monograph [volume, year] (see Methods, p. 39) or in

Supplement 4

“Degree of evidence in animals revised on the basis of data that appeared after the most recent monograph and/ or on the basis of

present criteria (see Methods, pp. 39-40)

chgree of evidence not previously categorized; evaluation made according to present criteria on the basis of data in monograph

[volume, year] (see Methods, p. 39)

©Other relevant data, as given in the summaries here orin monograph [volume, year], influenced the making of the overall evaluation

(see Methods, pp. 38-39)

A
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Table 1. (contd)
Agent - Degree of evidence Overall
for carcinogenicity? evaluation?
Human Animal
4-Aminobiphenyl S S ]
1—Ammo—Z-mcthylanthraqumonc [27, 1982] , ND L 3
2—Am1no—5—(5-mtr0-2~furyl) 1,3, 4-thiadiazole? [7, 1974) ND S 2B
4- Ammo-2—mtrophenol [16 1978] ND I 3
2-Amino-5-nitrothiazole? 2 1, 1983] ND L 3
I 1-Aminoundecanoic acid” [39, 1986] ND L 3
Amitrole 1 S 2B
Anaesthetics, volatile 1 3
Cyclopropane ND
Diethy! ether ND
Divinyl ether ND
Enflurane I
Fluroxene ND
Halothane I
Isoflurane I
Methoxyflurane I
Nitrous oxide 1
Androgenic (anabolic) steroids L 2A
Oxymetholone ND
Testosterone S
Angelicinsb [40, 1986]
Angelicin plus ultraviolet A radiation ND L 3
5-Methylangelicin plus ultraviolet A radiation ND L 3
4,4'-Dimethylangelicin plus ultraviolet A radiation ND ND 3
4,5’-Dimethylangelicin plus ultraviolet A radiation ND L 3
4,4’ 6-Trimethylangelicin plus ultraviolet A radiation ND ND 3
Aniline 1 L 3
ortho—An131d1neb [27, 1982] ND s 2B
para-Amsndme [27, 1982] ND I 3
Anthanthrene? [32, 1982] ND L 3
Anthracene® ND I 3
Asthranilic acidd[16, 1978] ND I 3
Apholate [9 1975} ND I 3
Aramite®? {5, 1974} ND S 2B
Arsenic and arsenic compounds S L "
Asbestos S S 1
Attapulgite I L 3
Auramine (technical-grade) 1 S 2B
Manufacture of auramine S 1
Aurothxog]ucose [13, 1977] ND L 3
-Azacytldme [26, 1981] ND L 3
Azaserined [10, 1976] . ND S 2B

*This evaluation applies to the group of chemicals as a whole and not necessarily to all individual chemnicals within the group (ses
also Methods, p. 38).
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Table 1. (contd)
Agent Degree of evidence Overall
for carcinogenicity? evaluation®
Human Animal
Azathioprine S L 1
Aziridine? [9, 1975] ND L 3
2-(1-Aziridinyl)ethanol¥ [9, 1975] ND L 3
Aziridyl bcnzoquinoncd [9, 1975] ND L 3
Azobenzene? [8, 1975] ND L 3
Benz{aJacridine? [32, 1983] ND I 3
Benz{clacridine? [32, 1983] ND L 3
Benz[alanthracene? € [32, 1983] ND S 2A
Benzene S S 1
Benzidine S S 1
Benzidine-based dyes® I 2A
Direct Black 38 (technical-grade) S
Direct Blue 6 (technical-grade) S
Direct Brown 95 (technical-grade) S
Benzo[b]fluoranthene? [32, 1983] ND S 2B
Benzo[;]ﬂuorantheneb [32, 1983] ND S 2B
Benzo[k]fluoranthene? [32, 1983] ND S 2B
Benzo[ghi]fluoranthene® [32, 1983] ND 1 3
Benzo[a]ﬂuoreneb [32, 1983] ND I 3
Benzo[b)fluorene® [32, 1983] ND I 3
Benzo[cJfluorene® [32, 1983] ND I 3
Benzo{gh{]perylcneb [32, 1983] ND I 3
Benzo[c]phenanthrene® [32, 1983] ND 1 3
Benzo[alpyrene?+€ [32, 1983] ND S 2A
Benzo[eJpyrene [32, 1983] ND I 3
para-Benzoquinone dioxime? [29, 1982] ND L 3
Benzoyl chloride I I 3
Benzoyl peroxide? [36, 1985] I I 3
Benzyl acetated [40, 1986] ND L 3
Benzyl violet 4BY 15, 1978] ND S 2B
Beryllium and beryllium compounds L S 2A
Betel quid '
With tobacco S L 1
Without tobacco I L 3
Bis(1-aziridinyl)morpholinophosphine sulphided [9, 1975] ND L 3
Bis(2-chloroethyl)ether? [9, 1975] ND L 3
N,N-Bis(2-chloroethyl)-2-naphthylamine (Chlornaphazine) S L 1
1,2—Bis(chloromethoxy)ethaned [15,1977] ND L 3
1,4-Bis(chloromethoxymethyl)benzencd [15, 1977} ND L 3
S S 1

Bis(chloromethyl)ether and chloromethyl methyl ether

(technical-grade)

R Al s ST S0 30 P
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Table 1. (contd)
Agent Degree of evidence Overall
for carcinogenicity? evaluation?
Human Animal

Bis(2~chloro~I-methylethyl)etherb [41, 1986] ND L 3
Bitumens I 3

Steam-refined and cracking-residue bitumens L

Air-refined bitumens I

Extracts of steam-refined and air-refined bitumens S 2B
Bleomycins® 1 L 2B
Blue VRS9 [16, 1978] ND L 3
Bracken fern | S 2B
Brilliant Blue FCF¥{/6, 1978] ND L 3
1,3-Butadiene 1 S 2B
1,4-Butanediol dimethanesulphonate (Myleran) S L 1
n-Butyl acrylate? [39, 1986] ND I 3
Butylated hydroxyanisole (BHA)b [40, 1986} ND S 2B
Butylated hydroxytoluene (BHT)? [40, 1986] ND L 3
Butyl benzyl phthalate? [29, 1982] ND 1 3
B-Butyrolactone? [11, 1976] ND S 2B
~v-Butyrolactonel € [11, 1976] ND I 3
Cadmium and cadmium compounds L S 2A
Cantharidin® [10, 1976] ND L 3
Caprolactam® ND ESL 4
Captan® [30, 1983] ND L 3
Carbaryl9[12, 1976] ND I 3
Carbazole? [32, 1983] ND L 3
3-Carbethoxypsoralen? € [40, 1986] ND I 3
Carbon blacks I I 3

Carbon-black extracts S 2B
Carbon tetrachloride I S 2B
Carmoisine? [8, 1975] ND I 3
Carrageenan

Natived € [31, 1983] ND 1 3

Degraded” [31, 1983] ND S 2B
Catechol [ 15, 1977] ND I 3
Chlorambucil S S 1
Chloramphenicol L I 2B
Chlordane/ Heptachlor I L 3
Chlordecone (Kepone)? [20, 1979] ND S 2B
Chiordimeform® [30, 1983] ND I

ND I

Chlorinated dibenzodioxins (other than TCDD)d (15,1977}
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Table 1. (contd)
Agent Degree of evidence Overall
for carcinogenicity? evaluation?
Human Animal
a-Chlorinated toluenes i 2B
Benzyi chioride L
Benzal chloride L
Benzotrichloride S
Chlorobenzilate? [30, 1983] ND L 3
Chlorodifluoromethane I L 3
Chloroethyl nitrosoureas
Bischloroethyl nitrosourea (BCNU) L S 2A
1-{2-Chloroethyl)-3-cyclohexyl-I-nitrosourea (CCNU)® 1 S 2A
142-Chloroethyl)-3-(4-methylcyclohexyl)-i-nitrosourea S L 1
(Methyi»CCNU)
Chlorofluoromethane? [41, 1986} ND L 3
Chloroform 1 S 2B
Chlorophenols L 2B
Pentachiorophenol i
2,4,5-Trichlorophenol i
2,4,6-Trichlorophenol S
Chiorophenoxy herbicides L 2B
24-D 1
2,4,5-T I
MCPA ND
4wChloro~or:ho»pheny}ened1ammef’ {27, 1982} ND S 2B
4~Chioro-m3m~phcnylenedaamme {27, 1982} ND I 3
Chloroprene I I 3
Chioropropham [12, 1976] ND I 3
Chioroquxned 13, 19771 ND I 3
Chiorothalonil® {30, 1983} ND L 3
para-Chloro-ortho-toluidine? [30, 1983] ND S 2B
2-Chloro-1,1,1-trifluorcethane®” [4/, 1986] ND L 3
Cholestero} H I 3
Chromium and chromium compounds
Chromium metal i I 3
Trivalent chromium compounds I I 3
I:Iexavalem chromium compounds S S 1*
Chrysene {32, 1983] ND L 3
Chrysoidine H L 3
CI Disperse Yellow 34 58 1975} ND I 3
. Cinnamyl anthranilate” {37, 1983] ND L 3
stplatm" 1 S 2A
Citrinin® {40, 1986} ND L 3
S 2B

Citrus Red No. 22 {8, 1975} ND

*This evaluation applies to the group of chemicals as a whole and not necessarily to all individual chemicals within the group (see
aiso Methods, p. 38).
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Table 1. (contd)
Agent Degree of evidence Overall

for carcinogenicity? evaluation?

Human Animal
Clofibrate I L 3
Clomiphene citrate I I 3
Coal gasification S 1
Coal-tar pitches S S 1
Coal-tars S S 1
Coke production S 1
Copper 8-hydroxyquinoline? [15, 1977] ND I 3
Coronene? [32, 1983] ND I 3
Coumarin® [10, 1976] ND L 3
Creosotes L S 2A
meta-Cresidine? [27, 1982] ND I 3
para-Cresidine? [27, 1982] ND S 2B
Cycasinb {10, 1976] (see also Methylazoxymethanol and its acetate) ND S 2B
Cyclamates I L 3
Cyclochlorotine? [0, 1976] ND I 3
Cyclopenta[cd]pyrene? [32, 1983] ND L 3
Cyclophosphamide S S 1
Dacarbazine I S 2B
D & C Red No. 998, 1975] ND I 3
Dapsone I L 3
Daunomyein? [10, 1976] ND S 2B
DDT 1 s 2B
Diacetylaminoazotoluened [8, 1975] ND I 3
N,N'-Diacetylbenzidine? [16, 1978] ND S 2B
Diallate? {30, 1983] ND L 3
2,4-Diaminoanisole® [27, 1982] ND s 2B
4,4-Diaminodipheny! ether? [29, 1982] ND S 2B
1,2-Diamino-4-nitrobenzene? [16, 1978} ND I 3
1,4-Diamino-2-nitrobenzene? {16, 1978} ND I 3
2,4-Diaminotoluene? [16, 1978) ND S 2B
2,5-Diaminotoluene® {16, 1978] ND I 3
Diazepam I I 3
Diazomethane? [7, 1974] ND L 3
Dibenz{a,h]acridineb [32, 1983} ND S 2B
Dibenz{a,flacridine? [32, 1983] ND S 2B
Dibenz[a,clanthracene? [32, 1983] ND L 3
Dibenz[a, hlanthracene®€ [32, 1983] ND S 2A
Dibenz{a,jlanthracene? [32, 1983] ND L 3
7H-Dibenzo[c,g]carbazole? [32, 1983] ND S 2B
Dibenzo[a,elfluoranthene? [32, 1983] ND L 3
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Table 1. (contd)
Agent Degree of evidence Overall
for carcinogenicity? evaluation?
Human Animal
Dibenzo[A,rst]pentaphene? [3, 1973] ND L 3
Dibenzo[a,e]pyrene® [32, 1983] ND S 2B
Dibenzo[a, h]pyrene? [32, 1983] ND S 2B
Dibenzo[a, iJpyrene? [32, 1983] ND S 2B
Dibenzo[a, [|pyrene? [32, 1983] ND S 2B
1,2-Dibromo-3-chloropropane I S 2B
Dichloroacetylene® [39, 1986] ND L 3
ortho-Dichlorobenzene 1 1 3
para-Dichlorobenzene 1 S 2B
3,3-Dichlorobenzidine . 1 S 2B
trans-1,4-Dichlorobutene? [15, 1977] : ND I 3
3,3"-Dichloro-4,4’-diaminodiphenyl ether? {16, 1978] ND S 2B
1,2-Dichloroethane® [20, 1979] ND S 2B
Dichloromethane 1 S 2B
2,6-Dichloro-para-phenylenediamine® [39, 1986] ND L 3
1,2-Dichloropropane? [41, 1986] ND L 3
1,3-Dichloropropene (technical-grade) ‘ I S 2B
Dichlorvos® [20, 1979] ND I 3
Dicofol® [30, 1983] ND L 3
Dieldrin I L 3
Diepoxybutane® [11, 1976] ND S 2B
Di(2-ethylhexyl)adipate? [29, 1982] ND L 3
Di(2-ethylhexyl)phthalate? [29, 1982] ND S 2B
1,2-Diethylhydrazine? [4, 1974] ND S 2B
Diethyl sulphate L S 2A -
Diglycidy! resorcinol ether? [36, 1985] ND S 2B
Dihydrosafrole? [10, 1976] ND S 2B
Dihydroxymethylfuratrizineb [24, 1980] (see also Panfuran §) ND I 3
Dimethoxane? [15, 1977 ND L 3
3,3-Dimethoxybenzidine (ortho-Dianisidine) I S 2B
3,3'-Dimethoxybenzidine—4,4'—diisocyanateb [39, 1986] ND L 3
para-Dimethy]aminoazobenzeneb [8. 1975] ND S 2B
para-Dimethylaminoazobenzenediazo sodium sulphonated {8, 1975] ND I 3
trans-2-{(Dimethylamino)methylimino]-5-{2-(5-nitro-2-furyljvinyl}- ND S 2B
1,3,4-oxadiazole? [7, 1974]
3,3-Dimethylbenzidine (ortho-Tolidine)b [Z, 1972} ND S 2B
Dimethylcarbamoyl chloride® I S 2A
1,1-Dimethylhydrazine? [4, 1974] ND S 2B
1,2-Dimethylhydrazine? [4, 1974] ND S 2B
1,4-Dimethylphenanthrene? [32, 1983] ND I 3
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Table 1. (contd)
Agent Degree of evidence Overall
for carcinogenicity? evaluation?
Human Animal
Dimethy! sulphate® I S 2A
1,8-Dinitropyrene? [33, 1984] ND 1 3
Dinitrosopentamethylenetetramine® [11, 1976] ND I 3
1,4-Dioxane 1 S 2B
2,4-Diphenyldiamine? [16, 1978] ND I 3
Disulfiram? [12, 1976] ND I 3
Dithranol? [13, 1977] ND I 3
Dulcind [12, 1976] ND 1 3
Endrin9 [5, 1974] ND I 3
Eosind [15, 1977] ND I 3
Epichlorohydrin® 1 S 2A
l-Epoxycthyl-3,4-epoxycyclohexaned [11,1976] ND L 3
3,4-Epoxy-6-methylcyclohexylmethyl-3,4-epoxy-6-methylcyclohexane  ND L 3
carboxylate? [11, 1976)
¢is-9,10-Epoxystearic acid? [11, 1976] ND I 3
Erionite S S 1
Ethionamide® [13, 1977] ND L 3
Ethyl acrylate® [39, 1986] ND S 2B
Ethylene?[19, 1979] ND ND 3
Ethylene dibromide® I S 2A
Ethylene oxide L S 2A
Ethylene sulphide? [11, 1976] ND L 3
Ethylene thiourea 1 S 2B
Ethyl methanesulphonate? [7, 1974] ND S 2B
N-Ethyl-N-nitrosourea®€ [17, 1978] ND S 2A
Ethyl selenac? {12, 1976] ND I 3
Ethy! tellurac? {12, 1976] ND I 3
Eugenol® [36, 1985] ND L 3
Evans blue? [8, 1975] ND L 3
Fast Green FCFA[J6, 1978] ND L 3
Ferbam® [12, 1976] ND I 3
Fluometuron® [30, 1983] ND 1 3
Fluoranthene®< [32, 1983] ND I 3
Fluorene® [32, 1983] ND I 3
Fluorides (inorganic, used in drinking-water) I I 3
5-Fluorouracil 1 I 3
Formaldehyde L S 2A
2-(2-Formylhydrazin0)—4—(5-nitro—2~furyl)thiazoleb [7, 1974] ND S 2B
Furazolidone? [31, 1983] ND I 3
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Table 1. (contd)
Agent Degree of evidence Overall
for carcinogenicity? evaluation?
Human Animal

Fusarenon-X? [31, 1983] ND I 3
Glu-P-1 (2—Amino-6-methyldipyrido{l,2-a:3’,2'-d]imidazole)b ND S 2B

{40, 1986]
Glu-P-2 (2—Aminodipyrido[l,2—a:3',2'-d]imidazole)b [40, 1986] ND S 2B
Glycidaldehyde? [11, 1976] ND S 2B
Glycidyl oleate[11, 1976] ND I 3
Glycidyl stearate? [11, 1976] ND I 3
Griseofulvin® ND S 2B
Guinea Green BY[16, 1978] ND L 3
Gyromitrin€ ND L 3
Haematite and ferric oxide

Ferric oxide 1 ESL 3

Haematite I I 3

Underground haematite mining with exposure to radon N 1
Hexachlorobenzene I S 2B
Hexachlorobutadiene? (20, 1979) ND L 3
Hexachlorocyclohexanes (HCH) 1 2B

Technical-grade HCH S

«-HCH S

B-HCH L

v-HCH (Lindane) L
Hexachloroethane? [20, 1979} ND L 3
Hexachlorophene? {20, 1979] ND I 3
Hexamethylphosphoramideb [15,1977] ND S 2B
Hycanthone mesylate? [13, 1977] ND I 3
Hydralazine 1 L 3
Hydrazine I S 2B
Hydrogen peroxide® [36, 1985] ND L 3
Hydroquinone? [15, 1977] ND I 3
4-Hydroxyazobenzened [8, 1975] ND 1 3
8-Hydroxyquinolined [13, 1977] ND I 3
Hydroxysenkirkined [10, 1976] ND 1 3
Indeno[l,2,3~cd]pyrerieb [32, 1983] ND S 2B
1Q (2~Amino~3—methylimidazo[4,5~j]quinoline)b [40, 1986] ND S 2B
Iron and steel founding S : 1
Iron-dextran complex 1 S 2B
Iron-dextrin complcxd {2, 1973} ND L 3
Iron sorbitol-citric acid complex® [2, 1973] ND I 3
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Table 1. (contd)
Agent Degree of evidence Overall
for carcinogenicity? evaluation?
Human Animal

Isatidine? [10, 1976] ND L 3
Isonicotinic acid hydrazide (Isoniazid) I L 3
Isophosphamidcb [26, 1981] ND L 3
Isopropyl alcohol manufacture (strong-acid process) S 1

Isopropyl alcohol I 1 3

Isopropyl oils 1 1 3
Isosafrole? [10, 1976] ND L 3
Jacobined[10, 1976] ND I 3
Kaempferol® [31, 1983] ND I 3
Lasiocarpine® [10, 1976] ND S 2B
Lauroy! peroxideb [36, 1985] ND I 3
Lead and lead compounds

Inorganic I S 2B

Organolead I I 3
Leather industries

Boot and shoe manufacture and repair S 1

Leather goods manufacture 1 3

Leather tanning and processing 1 3
Light Green SFA[16, 1978] ND - L 3
Luteoskyrin® [10, 1976] ND L 3
Magenta , I H 3

Manufacture of magenta S 1
Malathion®-€ [30, 1983] ND I 3
Maleic hydrazide? [4, 1974] ND I 3
Malonaldehyde? [36, 1985] ND I 3
Maneb¥ [12, 1976] ND I 3
Mannomustine [9, 1975] ND L 3
MeA-a-C (2-Amino-3—methyl—9H-pyrid0[2,3-b]indole)b [40, 1986] ND S 2B
Medphalan® [9, 1975] ND I 3
MelQ (2-Amino—3,4—dimethylimidazo[4,5—f]quinoline)b [40, 1986] ND I 3
MelQx (2—Amino~3,8-dimethylimidazo[4,5-j}quinoxaline)b ND I 3

[40, 1986]
Melamine® [39, 1986] ND I 3
Melphalan S S 1
6-Mercaptopurine I I 3
Merphalan® [9, 1975] ND s 2B
Methotrexate I 1 3



66 IARC MONOGRAPHS SUPPLEMENT 7

Table 1. (contd)

Agent Degree of evidence Overall
for carcinogenicity? evaluation?
Human Animal

Methoxychlor®€ [20, 1979] ND 1 3
5-Methoxypsoralen® 1 S 2A
8-Methoxypsoralen (Methoxsalen) plus ultraviolet radiation S S 1
Methyl acrylate? [39, 1986] ND I 3
2-Methylaziridine? [9, 1975] ND S 2B
Methylazoxymethanol and its acetate? {10, 1976] ND S 2B
Methyl bromide I L 3
Methyl carbamate? [12, 1976] ND I 3
Methyl chloride 1 I 3
1-Methylchrysene® [32, 1983] ND I 3
2-Methylchrysene? [32, 1983] ND L 3
3-Methylchrysene [32, 1983] ND L 3
4-Methylchrysene® [32, 1983] ND L 3
5-Methylchrysene? [32, 1983] ND S 2B
6-Methylchrysene? [32, 1983] ND L 3
N-Methyl~N,4~dinitrosoanilined[1, 1972] ND L 3
4,4'-Methylene bis(2-chloroaniline) (MOCA)¢ I S 2A
4,4-Methylenebis(N, N-dimethyl)benzenamine? [27, 1982] ND L 3
4,4’-Methylene bis(2-methylaniline) I S 2B
4,4'—Methylenedianilineb [39, 1986] ND S 2B
4,4'-Methylenediphenyl diisocyanated [19, 1979] ND ND 3
2-Methylfluoranthene? [32, 1983] ND L 3
3-Methylfluoranthene? [32, 1983] ND I 3
Methyl iodide? [47, 1986] ND L 3
Methyl methacrylate? [19, 1979] ND I 3
Methyl methanesulphonate? [7, 1974] ND S 2B
2-Methyl-1-nitroanthraquinone (uncertain purity)b [27, 1982] ND S 2B
N-Methyl-N'-nitro-N-nitrosoguanidine (MNNG)¢ 1 S 2A
N-Methyl-N-nitrosoureal€ [17, 1978] ND S 2A
N—Methyl-N~nitrosourethaneb [4, 1974} ND S 2B
Methyl parathion® ND ESL 3
I-Methylphenanthreneb [32, 1983} ND I 3
Methy! red? {8, 1975] ND I 3
Methyl selenac? [12, 1976] ND I 3
Methylthiouracil? [7, 1974] ND S 2B
Metronidazole I S 2B
Mineral oils

Untreated and mildly-treated oils S S I

Highly-refined oils ' I I 3

Mirex? [20, 1979] . ND S 2B
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Table 1. (contd)

Agent Degree of evidence Overall
for carcinogenicity? evaluation?

Human Animal

Mitomycin cb [10 1976} ND S 2B

Modacryllcfxbres [19, 1979] ND ND 3

Monocrotalme [10, 1976] ND S 2B

Monuron? [12, 1976] ND L 3

MOPP! and other combined chemotherapy including S I 1
alkylating agents

5(Morpholinomethyl)-3-{(5-nitrofurfurylidene)aminol-2- ND S 2B
oxazolidinone® [7, 1974]

Mustard gas (Sulphur mustard) S L |
Nafenopin® [24, 1980] ND S 2B
1,5-Naphthalenediamine® [27, 1982] ND L 3
1,5-Naphthalene diisocyanate? {19, 1979] ND ND 3
1-Naphthylamine I 1 3
2-Naphthylamine S S I
1-Naphthylthiourea (ANTU) I I 3
Nickel and nickel compounds S S 1
deazole [13, 1977} ND S 2B
Nithiazide? [31, 1982 ND L 3
5-Nitroacenaphthene %6 1978] ND S 2B
5-N1tro~ortho—amsxdm [27, 1982] ND L 3
9-Nitroanthracene? [33 1984] ND ND 3
6-Nitrobenzo[alp dyrene [33, 1984] ND 1 3
4-N1tr0b1phenyl [4, 1974} ND I 3
6«N1trochrysene {33, 1984] ND 1 3
Nitrofen (tcchmcak%)ade) [30, 1983] ND S 2B
3-Nitrofluoranthene” [33, 1984] ND I 3
5-Nitro-2-furaldehyde semicarbazone? [7, 1974} ND I 3
1{(5-Nitrofurfurylidene)amino]- 2—1m1dazohdmone {7, 1974] ND S 2B
NH{4-(5- N1tro-2~furyl)~2—th1azolyl]acetamlde [7, 1974] ND S 2B
Nitrogen mustard L S 2A
Nitrogen mustard N-oxide? [9, 1975] ND S 2B
2~Nnropropane [29, 1982] ND S 2B
INxtropyrenc [33, 1984] ND L 3
N'-Nitrosoanabasine? [37, 1985] ND L 3
N'-Nitrosoanatabine? [37, 1985] ND 1 3
N-Nitrosodi-n- butylamme [17, 1978] ND S 2B
N- Nltrosodlethanolamme {17, 1978] ND S 2B
N-Nitrosodiethylamine?-€ [1 7, 1978] ND S 2A
N- N]trosodxmethylamme bery7, 1978 ND S 2A
N-Nitrosodiphenylamine? {27, 1982] ND L 3

!Combined therapy with nitrogen mustard, vincristine, procarbazine and prednisone
*This evaluation applies to the group of chemicals as a whole and not necessarily to all individual chemicals within the group (see
also Methods, p. 38).
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Table 1. (contd)

Agent Degree of evidence Overall
for carcinogenicity? evaluation®

Human Animal

pare-Nitrosodiphenylamine? [27, 1982] ND 1 3
N—Nitrosodi-mpropyl‘amineb {17, 1978} ND S 28
N-Nitrosofolic acid? {17, 1978] ND I 3
N—Nitrosoguvacincb [37, 1985] ND ND 3
N«Nitrosoguvacolineb {37, 1985] ND 1 3
NvNitrosohydroxypro}ined {17, 1978] ND I 3
3—(N~Nitrosomeihyiamino)propiona!dehydeb {37, 1985] ND ND 3
3~(N~Nitrosomethylamino)propionitrileb {37, 1985] ND S 2B
4-(N-Nitrosomethylamino}-4-(3-pyridyl)-1-butanal {NNA)[’ {37,1985] ND H 3
4-( N-Nitrosomethylamino)-1-(3-pyridyl)-I-butanone (NNK)b {37,1985] ND S 2B
N-Nitrosomethylethylamine? [17, 1978] ND S 2B
N-Nitrosomethylvinylamine? [17, 1978] ND S 28
N-Nitrosomorpholine? [17, 1978] ND S 2B
N'-Nitrosonornicotine? [37, 1985] ‘ ND S 2B
N-Nitrosopiperidined [17, 1978] ND S 2B
N-Nitrosoproline? [17, 1978] ND 1 3
N-Nitrosopyrrolidine? [17, 1978] ND S 2B
N-Nitrososarcosine? [17, 1978] ND S 2B
Nitrovin® [31, 1983] ND I 3
Nylon 69 [19, 1979] ND I 3
Ochratoxin A 1 L 3
Oestradiol mustard® [9, 1975] ND L 3
Oestrogens, progestins and combinations
Oestrogens
Nonsteroidal oestrogens s P

Diethylstilboestrol ' S S

Dienoestrol ' L

Hexoestrol S

Chlorotrianisene I

Steroidal oestrogens S 1*

Oestrogen replacement therapy s

Conjugated oestrogens i

Oestradiol-178 and esters S

Oestriol L

Oestrone S

Ethinyloestradiol S

Mestranol 5

*This evaluationapplies to the group of chemicals as 2 whole and not necessarily to all individual chemicals within the group (seealso
Methods, p. 38).
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Table 1. (contd)

Agent Degree of evidence Overall
for carcinogenicity? evaluation?
Human Animal
Progestins 1 2B
Medroxyprogesterone acetate 1 S 2B
Chlormadinone acetate L
Dimethisterone I
Ethynodiol diacetate L
17a-Hydroxyprogesterone caproate 1
Lynoestrenol 1
Megestrol acetate L
Norethisterone S
Norethynodrel L
Norgestrel I
Progesterone S
Oestrogen-progestin combinations
Sequential oral contraceptives S I
Dimethisterone and oestrogens I
Combined oral contraceptives S i
Chlormadinone acetate and oestrogens L
Ethynodiol diacetate and oestrogens L
Lynoestrenol and oestrogens I
Megestrol acetate and oestrogens L
Norethisterone and oestrogens L
Norethynodrel and oestrogens S
Norgestrel and oestrogens I
Progesterone and oestrogens L
Investigational oral contraceptives L
Oestrogen-progestin replacement therapy I 3
0il Orange SS? [8, 1975] ND S 2B
Orange [ 4[8, 1975} ND | 3
Orange G }8, 1975} ND I 3
Oxazepam®{13, 1977} ND L 3
Oxyphenbutazone? [13, 1977} ND ND 3
Panfuran S (containing dihydroxymethylfuratrizine)b [24, 1980] ND S 2B
Parasorbic acid? [10, 1976] ND L 3
Parathion® [30, 1983] ND 1 3
Patulin® [40, 1986} ND I 3
Penicillic acid? [10, 1976] ND L 3
Pentachloroethane? [41, 1986] ND L 3
Perylene? [32, 1983] ND I 3
Petasitenine? [31, 1983] ND L 3
Phenacetin L S 2A
Analgesic mixtures containing phenacetin S L I
Phenanthrene? [32, 1983] ND I 3

IThere is also conclusive evidence that these agents have a protective effect against cancers of the ovary and endometrium (see
summary, p. 297).
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Table 1. (contd)
Agent Degree of evidence Overall
for carcinogenicity? evaluation?
Human Animal
Phenazopyridine hydrochloride | S 2B
Phenelzine sulphate 1 L 3
Phenicarbazide? [12, 1976] ND L 3
Phenobarbital I S 2B
Phenoxybenzamine hydrochloride? [24, 1980] ND S 2B
Phenylbutazone 1 ND 3
mesa-Phenylenediamine? {16, 1978] ND 1 3
para~Phenylenediamincd [18, 1978] ND i 3
N-Phenyl-2-naphthylamine i L 3
ortho-Phenylphenol® [30, 1983] ND 1 3
Phenytoin L L 2B
Piperonyl butoxided ¢ [30, 1983] ND I 3
Polyacrylic acid? [19, 1979] ND ND 3
Polybrominated biphenyls 1 S 28
Polychilorinated biphenyls L 8 2A
Polychioroprene? [19, 1979] ND ND 3
Polyethylene? [19, 1979] ND 1 3
Polymethylene polyphenyl isocyanated [19, 19791 ND ND 3
Polymethyl methacrylate? [79, 1979] ND 1 3
Polypropylene? [19, 1979] ND 1 3
Polystyrene? {19, 1979] ND 1 3
Polytetrafluoroethylene? [19, 1979] ND I 3
Polyurethane foams?[19, 1979] ND I 3
Polyviny! acetated [19, 1979] ND 1 3
Polyvinyl alcohol? [19, 1979] ND I 3
Polyvinyl chloride? [19, 1979] I I 3
Polyvinyl pyrrolidone? [19, 1979] ND L 3
Ponceau MX2 [8, 1975) ND S 2B
Ponceau 3R? [8, 1975] ND S 2B
Ponceau SX4[8, 1975] ND I 3
Potassium bis(2~hydroxyethyl)dithiocarbamated {12, 1976} ND L 3
Potassium bromate? [40, 1986] ND S 2B
Prednisone 1 I 3
Procarbazine hydrochloride® I S 2A
Proflavine salts? [24, 1980] ND 1 3
Pronetalol hydrochloride? [13, 1977) ND L 3
1,3-Propane sultone? [4, 1974] ND S 2B
Propham?[12, 1976) ND 1 3
B-Propiolactone? [4, 1974] ND S 28
n-Propyl carbamate?[12, 1976} ND L 3
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Agent Degree of evidence Overall
for carcinogenicity? evaluation?
Human Animal

Propylened [19, 1979) ND ND 3
Propylene oxide? I S 2A
Propylthiouracil I S 2B
Ptaquiloside? [40, 1986} ND L 3
Pyrened:¢ [32, 1983] ND I 3
Pyrido{3,4—c]psoralenb [40, 1986] ND I 3

7-Methy1pyrido{3,4-c]psoralenb [40, 1986} ND I 3
Pyrimethamine? 13, 1977] ND L 3
Quercetin® [31, 1983] ND L 3
para-Quinoned {15, 1977] ND | 3
Quintozene (Pentachloronitrobenzene)? 3, 1974] ND L 3
Reserpine I L 3
Resorcinol? [15, 1977] ND I 3
Retrorsine® [10, 1976] ND L 3
Rhodamine B4 (16, 1978] ND L 3
Rhodamine 6G¥ [16, 1978] ND L 3
Riddelliine? [0, 1976] ND I 3
Rifampicin® [24, 1980] ND L 3
Rubber industry S 1 1
Rugulosin® [40, 1986] ND 1 3
Saccharated iron oxide? [2, 1973] ND L 3
Saccharin i S 2B
Safrole? [ 10, 1976] ND - 8 2B
Scarlet Red? [8, 1975] ND I 3
Selenium and selenium compoundsd [9, 1975} 1 I 3
Semicarbazide hydrochlorided [12, 1976] ND L 3
Seneciphylline? [10, 1976) ND ND 3
Senkirkine? [31, 1983] ND L 3
Sepiolite? [42, 1987] ND 1 3
Shale-oils S S 1
Shikimic acid? [40, 1986] ND I 3
Silica

Crystalline silica L S 2A

Amorphous silica I I 3
Sodium diethyldithiocarbamate® [12, 1976] ND I 3
Sodium ortho-phenylphenate® ND S 2B
Soots S I 1
Spironolactone I L 3
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Table 1. (contd)
Agent Degree of evidence Overall
for carcinogenicity? evaluation?
Human Animal

Sterigmatocystinb {10, 1976} ND S 2B
Streptozotocin® [17, 1978] ND S 2B
Styrene® I L 28
Styrene-acrylonitrile copolymers? [19, 19791 ND ND 3
Styrene-butadiene ccpolymersd {19, 1979] ND ND 3
Styrene oxide?€ [36, 1985] ND S 2A
Suceinic anhydrided {15, 1977} ND L 3
Sudan 148, 1975] ND L 3
Sudan 119 [8, 1975] ND L 3
Sudan 11198, 1975] ND I 3
Sudan Brown RRE[8, 1975] ND I 3
Sudan Red 7B9[8, 1975] ND I 3
Sulfafurazole {Sulphisoxazole) I 1 3
Sulfallate? [30, 1983] ND S 2B
Suifamethoxazole I L 3
Sunset Yellow FCF4[8, 1975] ND 1 3
Symphytine? {31, 1983] ND X 3
Tale

Not containing asbestiform fibres I 1 3

Containing asbestiform fibres S 1 1
Tannic acid and tannins? {10, 1976} ND L 3
Terpene polychlorinates (Strobane®)d {3, 1974] ND L 3
2,2,5,5"-Tetrachlorobenzidine? {27, 1982] ND H 3
2,3,7,8-Tetrachlorodibenzo-para-dioxin (TCDD) 1 S 2B
1,1,1,2-Tetrachloroethane? [47, 1986] ND L 3
1,1,2,2-Tetrachlorosthane 1 L 3
Tetrachioroethylene 1 S 2B
Tetrachlorvinphos? [30, 1983] ND L 3
Tczraﬂuomethyfencd {19, 19791 ND ND 3
Thicacetamide? [7, 1974] ND S 2B
4,4"-Thiodianiline? [27, 1982] ND S 2B
Thiouracil? [7, 1974] ND L 3
Thiourea? [7, 1974] ND S 28
Thiram® [12, 1976] ND I 3
Tobacco products, smokeless s I 1
Tobacco smoke s S 1
Toluene diisocyanates? [39, 1986] ND S 2B
ortho-Toluidine I S 2B
Toxaphene (Polychlorinated camphenes)? [20, 1979] ND S 28
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for carcinogenicity? evaluation?
Human Animal
Treosulphan S ND i
Trichlorfon® [30, 1983] ND I 3
1,1,1-Trichloroethane® {20, 1979] ND I 3
1,1,2-Trichloroethane? [20, 1979] ND L 3
Trichloroethylene 1 L 3
Trichlorotriethylamine hydrochloride? [9, 1975] ND I 3
T,-Trichothecene® [31, 1983] ND I 3
Triethylene glycol diglycidyl etherd [11, 1976) ND L 3
2,4,5-Trimethylaniline® [27, 1982] ND L 3
2,4,6-Trimethylaniline® [27, 1982] ND I 3
4,5 8-Trimethylpsoralen I I 3
Triphenylene? [32, 1983] ND I 3
Tris(aziridinyl)-para-benzoquinone (Triaziquone) I L 3
Tris(1-aziridinyl)phosphine oxide® [9, 1975] ND I 3
Tris(1-aziridinyl)phosphine sulphide (Thiotepa)€ H S 2A
2,4,6-Tris( 1~aziri§inyl)—s—triazined {9, 1975] ND L 3
l,2,3-Tris(chloroinethoxy)propaned {15, 19771 ND L 3
Tris(2,3-dibromopropyl) phosphate® [ S 2A
Tris(2-methyl-1-aziridinyl)phosphine oxide? [9, 1975} ND i 3
Trp-P-1 (3-Amino-! ,4—dimethyl~5H~pyrido[4,3~b]indole)b [31, 1983] ND S 2B
Trp-P-2 (3-Amino—l-methy1~5H-pyrido[4,3-b]indole)b{j‘ 1, 1983] ND S 2B
Trypan blue? [8, 1975] ND S 2B
Uracil mustard 1 S 2B
Urethane? [7, 1974] ND S 2B
Vinblastine sulphate I I 3
Vincristine sulphate I I 3
Vinyl acetate? [39, 1986] ND I 3
Vinyl bromide®-€ [39, 1986] ND S 2A
Vinyl chloride S S 1
Vinyl chloride-vinyl acetate copolymersd {19, 1979} ND I 3
4-Vinyleyclohexene? [39, 1986] ND L 3
Vinyl fluoride® [39, 1986] ND ND 3
Vinylidene chloride I L 3
Vinylidene chloride-viny! chloride copolymersd {19, 1979] ND ND 3
Vinylidene fluoride? [39, 1986] ND 1 3
N-Vinyl-2-pyrrolidone® [19, 1979] ND ND 3
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Table 1. (contd)

Agent Degree of evidence Overali
for carcinogenicity? evaluation?
Human Animal
Wollastonite I L 3
Wood industries
Carpentry and joinery L 2B
Furniture and cabinet making S 1 I
Lumber and sawmill industries (including logging) 1 3
Pulp and paper manufacture I 3
2,4-Xylidine? [ 16, 1978] ND I 3
2,5—Xylidined [16, 1978] ND I 3
Yellow ABY[8, 1975] ND I 3
Yellow OB9 [8, 1975] ND L 3
Zearalenone? [31, 1983] ND L 3
Zectran?[12, 1976] ND 1 3
Zineb? [12, 1976] ND I 3
Ziram? [12, 1976) ND 1 3
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mutagenicity in bacteria. Pentachlorophenol did not induce strand breaks in DNA from
bacteriophage. It gave negative results in a host-mediated assay with mice using bacteria as
indicators’.

2,4,6-Trichlorophenol induced somatic mutations in the spot test in mice in vivo. It
induced mutation but not gene conversion or crossing-over in yeast and was not mutagenic
to bacteria’.

Neither 2,3,4,6-tetrachlorophenol nor 2,4,5-trichlorophenol was mutagenic to bacteria’.
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CHLOROPHENOXY HERBICIDES (Group 2B)

A. Evidence for carcinogenicity to humans (limited)

In a Danish cohort study of chemical workers exposed to chlorophenoxy herbicides
[particularly (4-chloro-2-methylphenoxy)acetic acid (MCPA), 2-(4-chloro-2-methylphenoxy)-
propanoic acid (mecoprop), 2,4-dichlorophenoxyacetic acid (2,4-D) and 2-(2,4-dichloro-
phenoxy)propanoic acid (dichlorprop)], as well as other chemicals, no overall increase in
cancer incidence rate was observed, but there were significantly increased risks for soft-
tissue sarcoma and lung cancer in some subcohorts, which were not necessarily those with
the highest exposures to chlorophenoxy herbicide preparations!.

A recently reported cohort of 5784 male employees in a UK company that manufac-
tured, formulated and sprayed MCPA and other pesticides, but only small amounts of
2,4,5-trichlorophenoxyacetic acid (2,4,5-T), had no general excess mortality from cancer.
Three potentially exposed workers died from nasal carcinoma, however. One death due to
soft-tissue sarcoma approximately equalled the expected rate. No excess of lymphoma was
seen2,

A Finnish cohort study of brush control workers with short follow-up time showed no
increased cancer risk. A small Swedish cohort study of railroad workers who sprayed
herbicides showed an increased risk of cancers at all sites combined for those exposed to
chlorophenoxy herbicide preparations and other herbicides. An excess incidence of all
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cancers was also reported from a very small cohort of Swedish forestry foremen exposed to
chlorophenoxy herbicide preparations and other herbicides. A study of long-term pesticide
applicators in the German Democratic Republic, heavily exposed to a number of chemicals,
including 2,4-D and MCPA, demonstrated an increased risk of bronchial carcinomal.

Two population-based case-control studies conducted in northern and southern
Sweden, respectively, showed a statistically significant association between exposure to
chlorophenoxy herbicides, especially in forestry and agriculture, and the occurrence of
soft-tissue sarcomas. An increased risk of soft-tissue sarcoma was described among highly
exposed Italian rice weeders in a population-based case-control study. However, a case-
control study from New Zealand did not demonstrate any increased risk of soft-tissue
sarcoma in people exposed to chlorophenoxy herbicides!. Nor did a recently reported
population-based case-control study of soft-tissue sarcoma and lymphoma in Kansas, USA,
find any association between soft-tissue sarcoma and exposure to 2,4-D3.

A statistically significant association between malignant lymphoma (Hodgkin’s and
non-Hodgkin’s) and exposure to chlorophenoxy herbicides was found in a Swedish case-
control study'. The population-based case-control study of soft-tissue sarcoma and
Hodgkin’s and non-Hodgkin’s lymphoma in Kansas showed that use of 2,4-D was
associated with non-Hodgkin’s lymphoma, especially among farmers who had been
exposed for more than 20 days per year, among whom there was an approximately six-fold
excess, and among those who had mixed or applied the herbicides themselves. Hodgkin’s
lymphoma was not, however, found to be associated with herbicide exposure3. No
significant or consistent association was seen in a case-control study of these tumours from
New Zealand, and in a Danish cohort of chemical workers exposed to chlorophenoxy
herbicides there was also no significantly increased risk of malignant lymphomal-4. Farmers
and forestry workers in Washington State, USA, with exposure to phenoxy herbicides had a
significantly increased risk of non-Hodgkin’s lymphoma. People of Scandinavian descent in
the area had an increased risk of soft-tissue sarcoma in connection with phenoxy herbicide
exposure, but no increased risk of non-Hodgkin’s lymphoma®.

Three Swedish case-control studies of colon, liver, and nasal and nasopharyngeal
cancer, which used the same study design and methods as in the studies on soft-tissue
sarcoma and malignant lymphoma, did not demonstrate significantly increased risks,
although a risk ratio of 2.1 was reached for nasal and nasopharyngeal cancer!.

A record-linkage study using census data on occupation and cancer registry information
in Sweden did not reveal any excess of soft-tissue sarcoma among agricultural and forestry
workers$:7. However, on the basis of occupational titles, the elevated risks seen in Swedish
case-control studies of soft-tissue sarcoma and lymphoma were reduced to 1.4 or lesss. A
UK study based on data from cancer registration showed a slightly but significantly
increased risk of soft-tissue sarcoma among farmers, farm managers and market gardeners,
but not in other subgroups in forestry and farming?®. No association with soft-tissue sarcoma
has been found with military service in Viet Nam, despite potential exposure to phenoxy
herbicides!:19, although there is a case report in this respect!.
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B. Evidence for carcinogenicity to animals (inadequate for 2,4-D and 2,4,5-T)

2,4-D and several of its esters were tested in rats and mice by oral administration and in
mice by subcutaneous administration. All of these studies had limitations, due either to
inadequate reporting or to the small number of animals used. Therefore, although increased
incidences of tumours were observed in one study in which rats received 2,4-D orally and in
another in which mice received its isooctyl ester by subcutaneous injection, no evaluation of
the carcinogenicity of this compound could be made!!.

2,4,5-T was tested in mice by oral and subcutaneous administration. All of the studies
had limitations due to the small numbers of animals used. Therefore, although an increased
incidence of tumours at various sites was observed in one study in which 2,4,5-T (containing
less than 0.05 mg/kg chlorinated dibenzodioxins) was given orally, no evaluation of the
carcinogenicity of this compound could be made on the basis of the available data!2. In rats
fed diets containing three different concentrations of 2,4,5-T, the incidences of all tumour
types were comparable to those in the control groups, with the exception that the incidence
of interfollicular C-cell adenomas of the thyroid was increased significantly in female rats
receiving the lowest dose. This increase was not considered to be related to treatment since it
was not dose-related and the female control group had an unusually low incidence of
thyroid adenomas!3,

A study of the incidence of small-intestinal adenocarcinoma in groups of sheep from
different farms showed an association with use of phenoxy herbicides, as elicited by farmers’
responses to a questionnaire. However, other herbicides were in use, and there was no
documentation of exposures!4,

No adequate data were available on the carcinogenicity of MCPAI,

C. Other relevant data

In single studies, lymphocytes of persons occupationally exposed to chlorophenoxy
herbicides, including 2,4-D, did not show increased frequencies of sister chromatid
exchanges or chromosomal aberrations. Other studies could not be assessed since workers
were also exposed to other formulations. A single study of herbicide and pesticide sprayers
exposed to 2,4,5-T, in which a small increase in the incidence of sister chromatid exchanges
was reported, could not be assessed since workers were also exposed to other formulations.
Persons occupationally exposed to MCPA did not have increased frequencies of sister
chromatid exchanges (one study) or chromosomal aberrations in their lymphocytes!s.

2,4-D did not induce dominant lethal mutations, micronuclei or sister chromatid
exchanges in rodents treated in vivo. Pure 2,4-D did not induce chromosomal aberrations in
human lymphocytes in vitro, whereas a commercial formulation did. 2,4-D induced sister
chromatid exchanges and unscheduled DNA synthesis in human cells in vitro. It did not
induce sister chromatid exchanges but did induce mutation and inhibited intercellular
communication in Chinese hamster cells in vitro. 2,4-D induced somatic mutation in
Drosophila, but conflicting results were obtained for induction of sex-linked recessive lethal
mutations; it did not induce aneuploidy. 2,4-D caused chromosomal aberrations and was
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mutagenic in plants. It induced mutation, gene conversion and mitotic recombination in
yeast. It was not mutagenic to bacteria or bacteriophage. The n-butyland iso-octyl esters of
2,4-D were also not mutagenic to bacterialé,

2,4,5-T induced chromosomal aberrations in bone-marrow cells of Mongolian gerbils,
but not in spermatogonia of Chinese hamsters, and aneuploidy in oocytes of rats treated in
vivo. It did not induce micronuclei in mice or dominant lethal mutations in mice or rats in
vivo. 2,4,5-T inhibited intercellular communication in Chinese hamster V79 cells in vitro.
There was weak evidence for the induction of sex-linked recessive lethal mutations in
Drosophila; it did not induce aneuploidy or somatic mutation. It induced chromosomal
aberrations in plants. It was mutagenic to yeast, but neither 2,4,5-T nor the n-butyl-,
iso-butyl or iso-octyl ester of 2,4,5-T was mutagenic to bacterialé.

MCPA did not induce structural chromosomal aberrations or micronuclei in mice
treated in vivo; weakly positive results were obtained for sister chromatid exchanges in cells
of Chinese hamsters treated in vivo and in vitro. It was weakly active in inducing sex-linked
recessive lethal mutations but did not induce aneuploidy in Drosophila. MCPA and its
methyl ester were mutagenic to yeast but not to bacterial®.
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CHLOROPRENE (Group 3)

A. Evidence for carcinogenicity to humans (inadequate)

In one study, an excess of lung and skin cancers was related to occupational exposure to
chloroprene. In another investigation, no excess of lung or other type of cancer was reported
among chloroprene workers. There is one case report of an angiosarcoma of the liver in a
worker exposed to chloroprene!.

iB. Evidence for carcinogenicity to animals (inadequate)

A number of experimental studies were considered to be inadequate for an evaluation of
the carcinogenicity of chloroprene!. In a further study? in which chloroprene was given
orally to pregnant rats and their offspring were treated for life by stomach tube, the total
incidence of tumours was similar in treated and untreated animals.

C. Other relevant data

An increased incidence of chromosomal aberrations was found in the lymphocytes of
workers exposed to chloroprene3.

Chloroprene induced dominant lethal mutations in rats and chromosomal aberrations
in bone-marrow cells of mice treated in vivo. It induced transformation in one hamster cell
line but did not induce mutation in Chinese hamster cells. It induced sex-linked recessive
lethal mutations in Drosophila and was mutagenic to bacteria3.
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