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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 
econom1es. 

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 modem 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. 1 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 of2,4-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 
carcmogen. 

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.3 

In IARC' 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.4 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.5 Taken together, !ARC's evaluations cannot form the basis 

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

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

!ARC 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). 

4 !ARC 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 ofCarcinogenicity: An Updating of!ARC Monographs Volumes I to 42 
(Supplement 7) (1987) (hereinafter "Supplement 7"), (relevant pages of which are attached as Exhibit C hereto). 

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. 6 

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 IARC 
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 IARC'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. 

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. 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. 

6 
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COMMENTS OPPOSING PROPOSED LISTING OF "CHLOROPHENOXY HERBICIDES" 

I. 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, com, 
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 of2,4-D as a carcinogen: OEHHA (2009)8

; California Department of Pesticide 

USDA 1996. Biologic and Economic Assessment ofBenefits from Use ofPhenoxy Herbicides in the United 
States. NAPIAP Report No. 1-PA-96. 

OEHHA 2009. Public Health Goals for Chemicals in Drinking Water-- 2,4-Dichlorophenoxyacetic Acid, 
http:/ /www.oehha.ca.gov/water/phg/pdf/24dphg0 10209 .pdf. 

www.oehha.ca.gov/water/phg/pdf/24dphg0
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Regulation (2000)9
; United States Environmental Protection Agency (1997 10

, 2004a11 2004b12
, 

2005 13
); Health Canada's Pest Management Regulatory Agency (2007) 14

; European Commission 
(2001) 15 

; New Zealand (2003)16 
; and the World Health Organization (1996) 17 

• 

B. 	 Legal Basis For OEHHA's Proposed Listing OfuChlorophenoxy 
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 
is summarized below. 

9 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 USEP A 1997. Carcinogenicity Peer Review (4th) of2,4-Dichlorophenoxyacetic Acid. Data Evaluation 
Record, January 29, 1997. 

II 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. 

12 USEPA 2004b. 2,4-D: BED'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. 

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

14 Health Canada 2007. Re-evaluation ofthe 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!engl ish/pdf/pacr/pacr2007 -06-e.pdf. 

15 European Commission Health & Consumer Protection Directorate-General2001. Commission Working 
document. Review Report for the Active Substance 2,4-D Re-evaluation. 7599/Vl/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 II -Toxicological. F AO Plant Production and Protection 
Paper 140: 31-38; and WHO/PCS/97.1: 45-96. Rome September 1996. 

http://www.ermanz.govt.nz/hs/pesticides/phenoxy
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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 63 82(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 
April24, 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)(l) 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. 191 0.1200)." 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. 

1. 	 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 !ARC's Monographs Program, and 
then review !ARC'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. IARC 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."18 

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. 19 IARC has not revisited any of these 
compounds in over two decades. In fact, and further undermining the relevance of !ARC'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. !ARC's individual review of2,4-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 

18 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. 20 Under human data, 
IARC concluded that there were "not sufficient data to evaluate the carcinogenicity to man."21 

In 1986, IARC reiterated its 1977 conclusion, exactly, and stated that, "No attempt has been 
made [by IARC] to update these data."22 An identical process and conclusion of "inadequacies" 
were made following !ARC's evaluation of the genetic toxicity studies on 2,4-D. In short, when 
IARC has assessed the carcinogenicity of2,4-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 ofThis Group That Would Include 2,4-D 

As discussed below, !ARC'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?3 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. 

20 1977 Monographs at page 130. 

21 1977 Monographs at page 130. 

22 1986 Monographs at page 380. 

23 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, !ARC'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 IARC 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 !ARC's 1977 evaluation of 2,4-D. !ARC'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 of2,4-D on the basis of experimental animal 
studies?4 In evaluating the human data, IARC concluded that overall "there was limited 
evidence that occupational exposure to chlorophenoxy herbicides are carcinogenic to 
humans."25 Based on studies that reported associations with cancer only when broadly defined 

24 1986 Monographs at pages 3 80-81, including Table 16. 

25 1986 Monographs at page 395. 
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exposures to "chlorophenoxy herbicides" were observed, !ARC's 1986 evaluation did not assess 
or offer an opinion about the carcinogenicity of2,4-D.26 

IARC next reviewed "chlorophenoxy herbicides" in 1987 when it published its Overall 
Evaluations of Carcinogenicity: An Updating of !ARC 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."27 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 follows28 

: 

Human Animal Overall evaluation 
Chlorophenoxy 
herbicides 

L (limited) 2B 

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, !ARC'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.29 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 

26 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.) 

28 Supplement 7, Table 1 at page 60. 

29 1986 Monographs at page 3 81. 

http:2,4-D.29
http:of2,4-D.26
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empty. 30 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. 	 !ARC's Undefined Tenn uchlorophenoxy 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, !ARC'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 !ARC's "limited" 
findings, was used in the IARC later cancer classification of this undefined grouping of 

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 !ARC'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."31 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)."32 IARC'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 IARC to keep its 1986 classification and its term­
of-art unchanged (i.e., "chlorophenoxy herbicides" remained as the subject ofiARC'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 ItselfHas 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 

31 Supplement 7 at page 30. 

32 IARC Monograph Volume 15 (1977) at page 130. 



Ms. Cynthia Oshita 
July 13, 2009 
Page 14 

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.33 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.34 

E. Other Jurisdiction's Conclusions Regarding The Carcinogenicity Of2,4-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 (199i5

, 2004a36 2004b37
, 200538

); Health Canada's Pest Management 

33 Public Health Goals for Chemicals in Drinking Water -- 2,4-Dichlorophenoxyacetic Acid, 
http://www.oehha.ca.gov/water/phg/pdf/24dphg0 1 0209.pdf (OEHHA 2009) (the "PHG Document"). 

34 PHG Document at 24 (emphasis added). 

35 USEPA 1997. Carcinogenicity Peer Review (4th) of2,4-Dichlorophenoxyacetic Acid. Data Evaluation 
Record, January 29, 1997. 

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

37 USEPA 2004b. 2,4-D: RED'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. 

38 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 of2,4-D.... " 72 Fed.Reg. 44510 
(August 7, 2007). 

http://www.oehha.ca.gov/water/phg/pdf/24dphg0
http:2,4-D.33
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Regulatory Agency (2007)39
; Eurorean Commission (2001t0

; New Zealand (2003)41 
; and the 

World Health Organization (1996)4 
. 

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 "[t]he 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."43 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."44 

39 Health Canada 2007. Re-evaluation ofthe 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-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/VI/97-final, I October 2001. 

41 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 

42 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 

43 EPA 1994. An SAB Report: Assessment ofPotentia/2,4-D Carcinogenicity. Review ofthe 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 !d. 

http://www.ermanz.govt.nz/hs/pesticides/phenoxy
www.pmra-arla.gc.ca/english/pdf/pacr/pacr2007
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II. 	 OEHHA MUST NOT PROCEED WITH ITS PROPOSED LISTING OF "CHLOROPHENOXY 

HERBICIDES" 

A. 	 If It Proceeds With This Proposed Listing, OEHHA Is Limited To Listing 
The Mixture Of "Chlorophenoxy Herbicides" That IARC Reviewed, Not 
The Individual Constituents OfThat 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." 

1. 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. Jd 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. Jd 

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. Jd at 510. The Court 
concluded that "CARB must follow [DHS] recommendations for standards relating to health 
effects." Jd 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. Jd 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." Id (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 Ca1.4th 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 AHP A 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 IARC document."45 Implicit in this response is OEHHA's 
acknowledgement that it cannot substitute its judgment for !ARC'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 

http://www.oehha.ca.gov/prop65/docs admin/betel%20quid areca%20nutresponses.pdf at 8-9 (emphasis 
added). 

45 

http://www.oehha.ca.gov/prop65/docs
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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). 46 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 
carcmogen. 

B. 	 The Listing of2,4-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. 47 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. 

47 	 Health & Safety Code § 25249.8. 
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C. 	 The Category .1/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. 

III. 	 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 "chlorophetioxy 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, 

~l).lJ~ 
Ann G. Grimaldi 

SF:27372831.1 
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2, 4-D AND ESTERS 

1. 	 Chemical an:1 Physical Data 

1.1 	 Synonyms an:1 trade l:'lameS 

Chern. Abstr. Services Peg. N:l.: 94-75-7 

Chern. Abstr. Na!re: (2,4-Dichlorophenoxy)acetic acid 

Dichlorophenoxyacetic ac1d; 2,4-dichlorophenoxyacetic acid 

For a representative list of other syn:myms and trade narres of 

products oontaining 2,4-D, its salts or esters, either as the sole active 

ingredient or as mixtures with other caip:lunds, see Appendix A. 

l. 2 	 Cl1emical formula an:1 IIOlecular weight 

;;::::;(CI w 
CI~O-CH2-C-OH 

l'bl. 	wt: 221. 0 

1. 3 	 Chemical arrl physical properties of the prre substance 

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

specified 

(~) Description: o:'!ourless ~ite crystals 

(~) Boiling-point: 160°C at 0. 4 m 

(~) ~lting-point: l40-141°C 

(~) Spectroscopy data: Infra-red an:1 ultra-violet spectra are 

given by Gore et al. (1971). 

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

arrl isopropyl aloohol 

(~) Stability: Stable up to and including its rrelting-point 

(~) Reactivitv: Forms salts that are soluble in water 
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l. 4 Technical orcducts and impurities 

Technical grade 2,4-D is available in the US as the free acid (98% 

p.rrity), as salts (d.imethylamine, mixed ethanolamine and isopropanolamine, 

lithium and so:lium) and as esters of the follCMing alcohols: isopropyl, 

n-wtyl, sec-wtyl, iso-octyl, 2-rutoxyethyl and rutoxyp::>lypropylene 

glycol (US International Trade Camd.ssion, l976a) • 

Of 28 samples of 2, 4-D tested for content of chlorcdibenzo-para-dioxins, 

one was found to contain <10 mg/kg hexachlorcdibenzo-para-dioxin (Woolson 

et aZ.., 1972) . Bis (2, 4-dichloror;tlenoxy)nethane has been identified as the 

major contaminant of 2,4-D, and bis(2,6-dichlorophenoxy)nethane and 

2,2' ,4,6'-tetrachlorcdi~thane as minor contaminants (Huston, 1972). 

N-Nitroscrlinethylamine1 has been detected at a level of 300 ].Jg/1 

in d.imethylamine salt of 2,4-D which was stored in netal containers the 

interiors of which had been presprayed with so:iium nitrite as an antioxi­

dant (Fine et aZ.., 1977). 

Technical 2,4-D produced in Japan is nore than 99% p.rre. 

2. Prcrluction, Use, OCcur.rence and Analysis 

For background infonnation en this section, see preamble, p. 17. 

2.1 Production and use 

(~) Production 

2,4-D was prepared in 1941 by the interaction of 2,4-dichlorophenol, 

m:moc:hloracetic acid and sodium hydroxide (Pokorny, 1941) , and a similar 

process is believed to be used in its ccmrercial prcduction. 

Production was first reported in the US in 1944 (US Tariff Camdssion, 

1946). The quantity of 2,4-D produced increased steadily between 1963 and 

1968, when it reached a maximum of 36 millicn kg; production decreased 

to about 20 million kg in 1970 (US Depa.rtnent of Agriculture, 1973) and 

1See IA0C, 1972 



gradually increased again to an estimated 27 million kg in 1974. In 1975, 

three US ~es refX)rted prcduction of 2,4-D acid; three others 

refX)rted the prcduction of esters or salts of 2,4-D, presumably fran 

purchased acid. Separate prcduction data for 1975 are available only for 

the d.irrethylamine salt of 2,4-D, ll.6 million kg of which were prcduced, 

and for the iso-octyl ester, 4. 5 million kg of which were prcduced 

(US International Trade Commission, 1976a). In 1973, 115 thousand kg of 

2, 4-D acid aOO. 57 thousaOO. kg of mixed l::utyl esters were imported thra.Igh 

the principal US customs districts (US Tariff Commission, 1974). In 1974, 

365 kg of the mixed l::utyl esters were imported (US International Trade 

Commission, 1976b). Ccrnbined US exports of 2,4-D aOO. 2,4,5-T arrounted 

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

The Federal Republic of Germany aOO. the UK .are the major prcducing 

countries in western EUrope, where annual prcduction is estimated to be 

3-30 million kg; in eastern 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. Prcduction in 1975 by t:1.c pro­

ducers arrounted to Sll thousand kg, aOO. 176 thousand kg were exported. 

About 90,000 kg were imported into Australia in 1975-76. 

(~) Use 

2, 4-D is a systemic herbicide widely used for control of broadleaf 

weeds in cereal crops aOO. sugar cane aOO. on turf, pastures aOO. non-crop­

laOO. (Weed Science Society of .America, 1974). It is also used to control 

the ripening of bananas aOO. citrus fruits, to delay preharvest dropping 

of sore fruits and in sane countries as a fungicide for the control of 

AUePrun•ia rots when lem:>ns are to be held for storage (WHO, 1975). 

An estimated 27 million kg of 2,4-D acid equivalent, largely in the 

fonn of esters arrl salts, were used in the US in lY/'S, as folla.vs: Wneat 

aOO. other small grains, 31%; corn and grain sorghum, 26%; pasture aOO. 

rangelarrl, 25%; industrial aOO. camercial uses, 9%; lawns aOO. turf, 5%; 

aquatic weed control, 3%; rice aOO. fruit, 1%. 
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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, oontaining up to 30 rrq/kg or JTOre 'ICDD) (Davis, 

1974). About 40 million litres of 'Agent Orange' were sprayed in south 

Vietnam be~ 1965-1971 for defoliation or crop destruction (Ccrrtnittee 

on the Effects of Herbicides in Vietnam, 1974). 

National tolerances are in effect in several oountries. Examples 

were rer:orted to the Joint ~ting of the FAD Working Party of Experts 

on Pesticide Residues and the~ Expert Carmittee on Pesticide Residues 

in 1975. The previ<XlSly established acceptable daily intake for man of. 
0-0.3 mg/kg bw was oonsidered and confinred at this meeting (WHO, 1977). 

The US Clccupa.tional Safety and Health 1\dm.i.nistration health standards 

for exposure to air contaminants require that an enployee' s exposure to 

2,4-D does not exceed an eight-hour t:irre-weighted. average of 10 mg/m3 in 

the \\Urking atm:>sJ;here during any eight-hour \\Urk shift of a forty-hour 

\\Urk week. '!he corresponding standard in the Federal Republic of Germany 

is also 10 rrq/m.3 
, and the acceptable ceiling concentration in the USSR is 

1 mg)ffi3 (Winell, 1975). 

2 • 2 O::currence 

2, 4-D is not known to occur as a natural product. 

It is broken down by soil micrcorganisms, and there is rer:ortedly no 

aCCUirulation in the soil as a result of nomal agricultural use (Weed 

Science SOciety of llnerica, 1974). 

In a continuing programne involving the JTOnitoring of pesticide 

residues in food, the US Depart:Irent of Health, Etlucation and ~'lelfare 

foond a decreasing level of 2, 4-D in food samples collected at retail 
. ·1: 

outlets during. the period 1965-1973. Between June 1964 and April 1965, 

2, 4-D was foond in 10 of 216 CCITpJsite food samples examined, including 

leafy vegetables, oils, fat and shortening, sugar and adjuvants (Duggan 

et al., 1966). In 1973, an insignificant arrount of 2,4-D was found during 

this programne: a trace was found in <ne of 360 cx:mposite J:X)tato samples 

(US Bureau of Foods, 1975). 
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Air samples were collecte:i near wheat-growing areas aroun::l Pullman 

arrl Kennewick Highlarrls, Washington, lEA between April arrl August 1964 

after applications of 2,4-D. Alt:llalgh data were given for several prcx:iucts 

containing 2,4-D, those for the isopropyl ester were the highest: an 

average concentration of 0.116 J.lg/m 3 arrl a rra.ximum concentration of 1.96 

!lg/rn3 of an aerosol form of the ester and an average concentration of 

0.007 J.lg/m3 and a rnaxim.Irn concentratian of 0.69 J.lg/m 3 of the vaporized 

ester were foun::1 in 24-hour samples near Pullman (Finkelstein, 1969). 

Residues of 2, 4-D in pond waters declined fran rnaxim.Irns of 0. 345 and 

0. 692 xrg/1 in Florida and Georgia, respectively, to less than 0.005 rrg/1 

28 days after treat:Jrent and fran 0.630 ng/1 in Missouri pond waters to 

less than 0. 005 xrg/1 56 days after treat:Jrent. Residues in mJd fran the 

Florida and Georgia p:mds never exceeded 0. 05 xrgjkg and had declined to 

trace or norrletectable levels 56 days after treatrrent. 'lbe highest residue 

found was 0.170 xrg/kg in samples of nu:1 taken on the first and third days 

in the rrost heavily treated Missouri porrl. In mud fran one Missouri pond, 

residues were detected as late as 28 days after treat:Jrent; no residues 

occurred in any ponds after that tiJre (Schultz & Harman, 1974). 

In Sep~ 1971, soil samples were obtained fran an area in Thailand 

that had been used for calibrating aerial herbicide spray equiprent and 

that had received atout 940 kg/ha 2,4-D and large arrounts of other herbi­

cides in 1964-65. 'Th'O of 6 samples rontained 0.18 and 0.21 kg/ha 2,4-D 

(Cann:i.ttee on the Effects of Herbicides in Vietnam, 1974). 

2.3 Analysis 

'lhe Association of Official Analytical Chemists (AOAC) has published 

three Official Final Actions for the determination of 2,4-D in formulations: 

{l) titration, for fornulations of the free acid; (2) determination of 

total chlorine after calorilretric destruction for fornulations of 2,4-D 

c:cmtX>urrls; and (3) infra-red spectroscopy for 3,6-dichloro-2-;rethoxy­

benzoic acid (Dicamba)/2,4-D formulations. Official First l\Ctions have 

been published for determination of the free acid in formulations of.2,4-D 

esters by titration to pH 7, and for determination in fornulations with 

4-amino-3,5,6-trichloropirolonic acid (piclorarn) by high-pressure liquid 
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chratatography (Beroza, 1976; Ho:r:witz, 1975). Results of collaborative 

studies of several of these rrethods have been published (Harnrond, 1973; 

Malina, 1971; Skelly et al., 1976). 

Another rrethcrl for determining 2,4-D in formulations involves gas 


chratatografhy of its trirrethylsilyl derivative (Zweig, 1972). With a 


similar methcrl, recoveries of 100.5 ± 1% o::mpa.re favourably with those 


obtained using the AON:. infra-red spectroscopy rrethcrl (Collier & Grimes, 


1974). 


?1:!thods of analysis for 2,4-D residues in various cc:mrp:lities using 

gas chranatogra];hy have been sumnarized and tabulated in a recent review 

(WHO, 1975). In a nore recent publication (WHO, 1977) attention was 

drawn to the low recoveries frequently encountered due to oonjugaticn of 

2, 4-D with plant constituents. 'The Pesticide Analytical Manual (US Fcx:rl 

& Drug 1\dministration, 1975a,b) sl.liTmarizes several rrethods for determining 

2,4-D residues, using gas, thin-layer and paper chranatografhy; a general 

methcrl for extraction and clean-up of chlorophenoxy acids in a variety of 

foods provides nore than 80% re£0VerY. Limits of detection for gas 

chranatografhy are in the order of 10 )Jg/kg when microcoularetric detec­

tion is used and 0. 2 )Jg/kg with electron capture. 

A gas chranatographic procedure has been used to separate mixtures of 

herbicidal acids as their pentafluorobenzyl derivatives, which generally 

provide better separation and better resp:mses in the electron capture 

detector than do the rrethyl or silyl derivatives; the rrethod has a sensi­

tivity of 0.4 )Jg/kg for 2,4-D (Chau & Terry, 1976). An autanated, gel­

perrreation chranatografhic procedure permits clean-up of pesticide residues 

in lipid-containing plant and animal extracts prior to their determination 

by gas chranatografhy with electron-capture detection, and provides 

recovery of nore than 80% 2,4-D esters (Jdmson et al., 1976). 

A low-tanperature extraction and clean-up rrethod is used to separate 

multiple residues of 2,4-D and other pesticides for eventual gas chranato­

graphic analysis with electron capture and flarre photometric detectors; 

82-108% of added 4 rrg/kg 2,4-D could be rea:Jvered (~ & \vales, 1972). 
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Gas chranatography canbined with electron-capture detection has teen 
used to determine 0.5 rrg/kg 2,4-D residues in oysters (Duffy & Shelfoon, 

1967) and 0.05 rrg/k.g in soil, wheat and barley (Khan, 1975). 

3. Biological Data :Eelevant to the Evaluation 

of carcinogenic Risk to Man 

3.1 carcinogenicity and related studies in anilra.ls 

<~) oral administration 

M:>use: Groups of 18 male and 18 female (C57BI/6xC3H/Anf)F mice 
1 

and 18 male and 18 female (C57BI/6xAKR)F mice received c:amercial 2,4-D 
1 

(90%, m.p. 136-140°C) according to the follcwing dose schedule: 46.4 rrg/k.g 

I::M in 0.5% gelatine by stanach tul:e at 7 days of age and the sane arrount 

(not adjusted for increasing body \l.laight) daily up to 28 days of age; 

subsequently, the mice -were given 149 rrg/kg of diet. A further group of 

18 male and 18 female (C57BI/6xAKR)F mice -were given oral doses of 
I 

100 rrg/k.g I::M/day fran 7-28 days of age and subsequently fed 323 rrg/k.g of 

diet. 'lhe exp:ri.Irent was terminated when the mice \l.lare about 78 ~ 

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. 'l'Urrour incidences -were cx::upared with those d:.>served am:mg groups 

of 79, 87, 90 and 82 control mice, which had either J::een tmtreated or had 

received gelatine only: the incidences -were not significantly greater 

(P>0.05) when any group or cx:rnbination of groups was considered. Similar 

results -were obtained in groups of mice given 2,4-D isopropyl, l::utyl or 

isooctyl esters (99%, 99% and 91% p.J.re) at doses of 46.4 rrg/k.g I::M fran 

7-28 days of age and, subsequently, ill, 149 and 130 rrg/k.g of diet, 

respectively, up to 78 ~ of age (Innes et aZ., 1969; NITS, 1968a). 

Rat: Groups of 25 male and 25 female 3~ old Osborne-t-endel rats 

were fed for b.u years on diets containing 0, 5, 25, 125, 625 or 1250 rrg/k.g 

of diet 2,4-D. The 2,4-D was 96.7% p.J.re and contained no detectable levels 

of 2, 7-dichloro- or 2,3, 7 ,8-tetrachlorcdibenzo-pa!'a-dioxin; the limit of 

sensitivity of the rrethcd of analysis was 1 rrg/k.g • 'lhe numbers of male 

and female rats with malignant tUITOurs -were 6 in controls and 8, 7, 7, 8 
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and 14 in the treated groups, respectively. Tunours '\'."ere randanly 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 turrours over controls was found only in males receiving the 

highest dose level (Hansen et al., 1971). 

Groups of 120 male and 45 female randcm-bred rats, weighing 80-100 g 

at the start of the test, were given 2,4-D as the amine salt (arrount not 

specified) mixed in the food at a a:mcentration \'tllc.h corresponded to 

a daily intake of one-tenth of the ID (rot specified, but see Table 1, 
so 

section 3. 2). The treated rats developed turrours (a mamnary fibroadencrna 

and a haarangiana of the rresenterium) after 23 rronths, and one untreated 

rat had a mamnary fibroadenana after 27 rronths (Arl<hip::JV & Koslova, 1974). 

{£) Subcutaneous and/or intramuscular adni.ni.stration 

l-buse: Groups of 18 male and 18 female (C57BL/6xC3H/Anf) F mice 
---- 1 

and 18 male and 18 female (C57BL(6xAKR)F mice were given single s.c. 
I 

injections of 215 mg/kg l:M 2,4-D (90% p.Ire, m.p. 136-140°C) in d:irrethyl 

sulphoxide on the 28th day of life and d:>served up to 78 ~ of age, 

at which time 16, 17, 18 and 18 mice in the foo.r groups, respectively, 

were still alive. Tl:m:lur incidences were canpared with those in groups 

of 141, 154, 161 and 157 controls that were either untreated or were 

injected with dirrethyl sulphoxide, 0.5% aqueous gelatin or corn oil. The 

tumoor incidence in any group or canbination of groups was not significantly 

different fran that in controls (P>0.05). No increase in the incidence of 

tumoors was observed in similar groups of mice treated with single s.c. 

injections of 21.5 rrg/kg l:M b..ltyl or 100 rrg/kg l:M isopropyl esters of 2,4-D 

(both 99% pure). Of mice treated with 21.5 mg/kg l:M isooctyl ester of 

2,4-D (97% pure), 5/17 fe:nales of the second strain developed reticulum-cell 

sarcomas (P=O.Ol) (NTIS, 1968a). 

3. 2 Other relevant biological data 

<~) Experimental systems 

'nle toxicity of 2,4-D was reviewed by Dalgaard-Mikkelsen & Poulsen 

(1962). 
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Acute arrl short-term toxicity 

'!here are species differences in the acute oral toxicity of 2,4-D 

and of its derivatives (Table 1). "n1e synptans of acute toxicity in mice, 

rabbits, guinea-pigs and rats are essentially similar (Bucher, 1946; Hill 

& carlisle, 1947). sane animals died suddenly I apparenUy fran ventricular 

fibrillation; those that did rot die .imrediately developed stiffness of 

the extremities, incoordination, lethargy, stupor and cana prior to death 

(Hill & carlisle, 1947). Syirq?tans of ll!r'otonia ~e evident in mice a£ter 

the parenteral administration of 150-200 nq/kg l::w; arrl in mice acutely 

intoxicated with 2,4-D, dilatation of the blocd vessels of lungs, liver 

and kidneys was obse:cved (Bucher, 1946) • Rats arrl guinea-pigs administered 

lethal doses of 2, 4-D exhibited oongestion of the viscera and enlarged, 

~llen kidneys; microscopically, there was rrassive cloudy swelling of 

the proximal convoluted turules with cast forrration (Hill & carlisle, 1947) • 

S.c. injections of 100 nq/kg l::w 2,4-D resulted in a decrease of both thyroid 

and body ~ights in rraJ-: rats (Florsheirn & Velcoff, 1962) . 

Oral administration of 625 nq/kg l:M to rats resulted in changes in 

the levels of several serum enzynes arrl globulins (Sz&::s et a"l., 1970). 

2,4-D was fourxi to be a fOtent uncoupling agent for oxidative phosphoryl­

ation arrl to stimulate the respiration of rat liver mitochondria in a 

phosphate-deficient Iredium (Bro:iy, 1952). 

In dogs, toxic symptans ~e often not present until 6 hours after 

oral administration of a lethal dose of 2,4-D; the animals becrure ataxic, 

with progressive increase in spasm. Death appeared to be due in rrost 

cases to hepatic congestion or to p:1eurronia. Pathological changes, limited 

to the gastrointestinal tract, lung arrl liver, follcwed the developnent 

of arorexia, weight loss arrl myotonia (Drill & Hiratzka, 1953). J):)gs 

exhibited evidence of liver damage rrore frequently than other animals 

sttrlied (Bucher, 1946; Drill & Hiratzka, 1953). 

:tb toxic symptans were roted in m:>nkeys given 214 rrg/kg l::w orally, or 

428 ID:J/kg l:M intraperitoneally; h<:JI..ever, oral plus i.p. injection of a 

total of 500 ng/kg 1:J..I 2, 4-D caused nausea, vani ting, lethargy, llUlScular 

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 


Crnlj;ourrl 
of 2,4-D Species Sex IDso 

(Ill:J/kg bw) 
Reference 

Acid Mice M 375 Hill & Carlisle (1947) 
Mice 
Rats 

M 
M 

368 
375 

Rowe & Hymas (1954).. " " 
Rats 666 Hill & Carlisle (1947) 
Guinea-pigs M&F 469 Rowe & Hymas (1954) 
Guinea-pigs 1000 Hill & Carlisle (1947) 
Rabbits BOO " " " 
Dogs 100 Drill & H.i.ratzka (1953) 
Oti.cks M&F 541 Rowe & Hymas (1954) 

Butyl ester Mice 380 I<onstantinova (1970) 
Rats 1500 Schillinger (1960) 
Rats 920 I<onstantinova (1970) 
Cats 820 " " 

Esters of rrono-, Rats F 570 Rowe & Hymas (1954) 
di- and tripro­
pylene glycol 
butyl ethers 

Isopropyl ester Mice M 541 Rowe & Hymas (1954) 
Rats M&F 700 " " " 
Guinea-pigs M 550 " " " 
Clicks M&F 1420 II " " 

Mixai butyl Mice F 713 Rowe & Hymas (1954) 
esters Rats 

Guinea-pigs 
Rabbits 

F 
F 
M&F 

620 
848 

1420 

" " " .. .. .. 
.. " .. 

Clicks M&F 2000 " " " 

Scx:lium salt Mice 
Rats F 

375 
805 

Rowe & Hymas (1954) 
" " .. 

Rats 2000 Schillinger (1960) 
Guinea-pigs M 551 Rowe & Hymas (1954) 
Ratl:>its 800 II " II 

Al.kanolamine salt Clicks 380-765 Rowe & Hymas (1954) 
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of 2,4-D (765 mg/kg l:::w) produce fatty degeneration of the liver, spleen, 

kidneys and heart and haerrorrhagic gastroenteritis in chickens (Bjorn & 

!brthen, 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 J:::w 

once or twice daily for 3 weeks to 3 rronths produced no clear-cut chronic 

symptcms. I.evels of 70 mg/kg bw and rrore retarded growth, prc:bably by 

reducing food intake (Bucher, 1946). 

Rats fed 1000 nq/kg of diet 2, 4-D for 01e nonth sh~ no signs of 

toxic effects (Hill & Carlisle, 1947). No crlverse effects "Were noted in 

young fenale rats fed 100 and 300 nq/kg of diet 2,4-D (purity tmSpecified) 

for periods of up to 113 days, mile those given 1000 rrg/kg of diet over 

the sarre peri<Xi had increased rrortality, depressed growth rate, slightly 

increased liver weight and slight cloudy swelling of the liver. Animals 

fed 3000 or 10, 000 nq/kg of diet were sacrificed after l2 days because of 

food refusal and rapid lfo1eight loss. Increased liver and kidney weights 

and tmStated slight pathological changes were noted in these organs (lbwe 

& Hymas, 1954). 

!'b significant adverse effects were noted when 15 rnl of each of 3 

ccmrercially available fonnulations of 2,4-D (the dirrethylamine salt and 

the isooc:tyl and butyl esters) ~re administered 5 times weekly for 3 weeks 

to the intact and abraded skin of ral:hits at t:v.o cx:>ncentrations, 0. 626% and 

3.13% (the dirrethylamine salt was diluted in water and the ester in either 

oil or water) (Kaye~ aZ., 1965). 

Groups of 3 male and 3 female beagle dogs were fed 10, SO, 100 or 500 

nq/kg of diet 2,4-D (96. 7% pure, with no detectable chlor<Xiibenzo-para­

dioxin cx:>ntent) for 2 years, starting at 6-8 nonths of age. Twenty-eight 

dogs that survived the 2-year period were clinically normal. !'b adverse 

effects related to 2,4-D OOministration were cbserved (Hansen et aZ., 1971). 

Dogs of l::oth sexes were given 2, 5 or 10 nq/kg l:::w cx:mnercial 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. IX.Jgs given 20 mJ/kg bN survived for pericds 

ranging fran 18-49 days, with loss of weight cccurring after 7-12 days 

and with ataxia, increased !lllscle tonus and a terminal fall in lymphxyte 

count prior to death (Drill & Hiratzka, 1953). 

Young pigs treated at varying intervals up to 103 days with 50, 100 or 

300 mJ/kg bN of the co:mercial triethanolamine salt or butyl ester of 2,4-D 

exhibited symptans of intoxicatioo and pathology analagous to those seen in 

laboratory animals. Clinical signs of anorexia and retarded growth were 

fCJUI'rl in one animal given 51 doses of 50 mJ/kg bN triethanolamine salt over 

103 days. Pigs fed 500 rrg/kg of diet triethanolarni.re salt of 2,4-D for 

up to 12 m:nths developed locarotor disturbances of increasing severity 

after al:out one m:nth. An:imals sacrificed after 2-12 m::mths had normal 

organ weights and no gross pathological changes. Clinico-chernical obser­

vations included ~ haenoglobin and haenatocrit values, elevation 

of glutamic-oxaloacetic transaminase and reduced albumin and albumin: 

globulin ratios in the treated animals (BjOrklund & Erne, 1966). 

Absorptioo, distribution and excretion 

In rats, pigs, calves and chickens, 2,4-D administered in doses of 

50-100 mJ/kg bN orally as salts was readily absorbed and eliminated, 

mainly in the urine, with plaSlM half-lives varying fran 3-12 hours (Erne, 

l966a,b). The rate of 2,4-D elimination in rats was dosage dependent. 

Following administration of 1 ~C-2,4-D, radioactivity was found in all 

organs and tissues examined (Khanna & Fang, 1966). 

2, 4-D esters are hydrolysed in animals. The pheooxy acids are excre­

ted predaninantly 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 & Blltlne, 1974). No 

2,4-dichlorophenol was, ~ver, detected in the urine of C57BL/6 mice 

treated subcutaneously with 2,4-D or its butyl or isooctyl esters. The 

rates of disar:pearance fran the plasma of 2,4-D and its butyl and isooctyl 

esters following single s.c. injections of 100 rrg/kg bN of the a:rnpounds 

to fenale C57BL/6 mice were: rutyl ester>isooctyl ester>2,4-D (Zielinski 

& Fishbein, 1967). 
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After oral administration of 0. 05 lllJ/kg bH 2, 4-D to rats, traces 

were detected in the milk of lactating an.ilre.ls for 6 days. 1-<ithin 24 hours 

after administration of 2, 4-D to pregnant rats, 16. 8% of the dose was 

detected in the uterus, placenta, foetus and amniotic fluid (Fedorova & 

Belova, 1974). 2,4-D was also found to pass the placental barrier in 

pigs (Bj~rklund & Erne, 1966) • 

.E?:tbryotoxicity arx:l teratogenicity 

Results of teratological studies with 2,4-D ~ variable; terato­

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

toxicity. 

Administration of 2,4-D or its isoprc:pyl, ootyl or isooctyl esters 

orally or subcutaneously during days 6-14 of pregnancy increased the 

incidence of foetal ananalies aiTOng BL6, AKR and/or C3H strains of mioe 

but not aiTOng B6AK arrl A/f!a strains. 'Ire purity of the ccrnpounds was : 

2,4-D, 90%, m.p. l36-140°C; isoprc:pyl and ootyl esters, 99%; isooctyl 

ester, 97% (NTIS, 1968a,b). 

Sprague-Dawley rats were given 1000 lllJ/l 2,4-D in the drinking-water 

during pregnancy arx:l for a further 10 rronths, ani 2,4-D was administered 

to the second generation for up to 2 :years. Pregnancy and parturition 

were oormal; litter size was rot significantly reduced, and no malfor­

mations were noted in the young. Except for retarded growth and increased 

rrortality in the second generation, no unequivocal clinical or r.orpho­

logical changes ~ seen. \ohm 2,4-D was administered at a concentration 

·Of 500 lllJ/kg of diet during the entire pregnancy of a SCM, anorexia was 

noted; the newborn piglets were underdeveloped arrl apathetic, and 10/15 

died within 24 hours. Ccntinued feeding of 500 lllJ/kg of diet to the 

survivors until they were 8 rronths of age caused marked growth depression, 

persistent anaemia arrl rroderate degenerative changes of liver and kidneys 

(Bj~rklund & Erne, 1966). 

Female rats (10 per group) were fed 2,4-D (purity unspecified) at 

levels of 0, 1000 ani 2000 lllJ/kg of diet for 95 days and then mated with 

untreated males ani continued on their respective diets through gestation 

arrl lactation. Pups l:x:>rn to females fed the highest level were srcall at 

-~~·-...... 
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birth; 94% died :OOfore 'Y.eailing; sane deaths also cx::curred in ~ups of rats 

fed the la..>er level (T.B. Gaines & R.D. Kint:>rough, cited by Hansen et aZ.., 

1971). 

The maximum tolerated oral dose of 2,4-D (98. 7% purity, no chlorinated 

d.i..tenzo-par"a-dioxins found with the limit of detection of 0.2 rrg/kg) or an 

equirrolar dose of 2, 4-D propylene glycol butyl ether ester or of the iso­

octyl ester of 2,4-D had anbryolethal and gro;vth retarding effects but oo 

teratogenicity when given to pregnant Sprague-Dawley (Spartan strain) rats 

on days 6-15 of gestaticn. other signs of foetotoxicity were s.c. oederla, 

delayed ossification and 'Wavy ribs. 2,4-D did oot affect fertility, 

gestation, lactation or viability of the newtorn; the propylene glycol 

butyl ether arrl isooctyl esters decreased viability of the newtorn and 

lactation in:lices 1 (Sdlwetz et ai., 1971) • Similar effects were ooserved 

in Wistar rats given single daily oral doses of 100-150 mg/kg bw 2,4-D or 

the butyl, isoxtyl, butoxyethanol d:ilrethylamine derivatives of 2,4-D on 

days 6-15.of pregnancy (Khera &McKinLey, 1972). 

tb consistent e:rbryotoxic effects \-.ere noted when 2,4-D 'WaS admini­

stered orally to hamsters at doses up to 100 rrg/kg on days 6-10 of gestation 

(Collins & Williarrs, 1971). 

Illtz-Qstertag & Lutz (1970) tried to s:im.:Jlate field conditions for 

spraying with 2,4-D and to evaluate the effect on pheasant eggs and develcp­

rrent of chicks. A high ITDrtality rate and ITDrpoological alterations were 

observed in the etbryos and chicks, the toxicity apparently :ooing higher 

than for marrma.lian species. Total or partial paralysis was observed in 

nost of the surviving e:rbryos, and 50% of the surviving chicks ...ere sterile. 

In a 3-generation reproduction study, Q3borne-lax:lel rats were fed 

100 or 500 mg/kg of diet 2,4-D that was 96.7% pure, with no detectable 

(<1 rrg/kg) 2, 7-dichloro- or 2,3, 7 ,8-tetrachlorodibenzo-paru-dioxin. tb 

adverse effects were observed. Diets containing 1500 rrg/kg 2,4-D, while 

1lactation index: (pups \\eaned/J;q?S alive en day 4) x 100 
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apparently affecting neither the fertility of either sex nor litter size, 

sharply rerlucerl the percentage of P-JPS surviving to~ and the weights 

of the weanlings (Hansen et aZ., 1971). 

Mutagenicity 

+ . ­
2,4-D was oot lll.ltagenic in Escherichia coU WP2 her or her or in 

SaZmoneZZa typhimu:riwn strains TIU.535, TIU.536, TIU.537 or TIU.538 (Andersen 

et aZ., 1972; Nagy et aZ., 1975; Shirasu, 1975; Shirasu et aZ., 1976; 

Zetterberg et aZ., 1977). 

In the rec assay, which is believed to give an indication of reparable 

DNA damage, 2, 4-D was not rrore toxic to BaciZZus subtiZis M45 (rea-) than 

to Hl7 (rea+), suggesting that this canpound OOe5 oot damage DNA (Shirasu, 

1975). 

In Saccharomyces cerevisiae D4, gene CDllversion was increa.se:l by 

ca1Centrations of 2,4-D above 400 JJg/ml. Mitotic recanbination in S. 

aerevisiae D5 was also increaserl by 2,4-D (300 JJg/ml) (Siebert & Lerrperle, 

1974; zetterberg et aZ., 1977). S. cerevisiae AAD 18 (a histidine­

dependent haploid strain) was reverted to histidine independence by 

250 JJg/rnl 2, 4-D. Toxic aril lll.ltagenic effects in S. cerevisiae were 

dependent on low pH {4.3) (zetterberg, 1977) [Metabolic activation systans 

were not inclooerl in any of these tests1 . 

In host-mediaterl assays with S. typhimurium strains TIU.530 or TIU.531, 

or with S. cerevisiae D4, oo lll.ltagenic effects were observerl when adult 

male mice were given 6 rrg 2,4-D (200 rrg/kg) by gavage (zetterberg et aZ., 

1977) • Serum fran orally doserl rats was not lll.ltagenic to S. typhimurium 

(Styles, 1973). 

The effect of 2,4-D en chrarosare aberrations in cultured plant 

tissues is canplex because 2, 4-D is requirerl as a plant growth regulator 

in tissue culture. Singh & Harvey (1975a,b) found an inverse correlation 

between 2,4-D concentration and chrarosare aberrations in Vicia hajastana 

aril HapZopappus graaiZis. However, with a strain of .Vicotiana that does 

oot require 2,4-D it increased dlrarosare breakage (Ronchi 2t aZ., 1976). 
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2, 4-D induce::l chrarosane aberrations in a number of cultivate::l plants 

and weeds. '!he cytological abnornalities include::l chrarosane bridges, frag­

ments, lagging chrarosanes, C-mitoses and chrOTatin J:odies (M:>handas & Grant, 

1972). 

N:J increase in the number of recessive lethals was observed when 2-day­

old adult male Drosophila meZanogaster flies were fe::l 4.5 or 9.0 mM 2,4-D 

in sucrose (Vogel & Olaroler, 1974) • 

In vitro exposure of arbryonic b:Jvine kidney cells and of l:ovine 

peripheral blood cells to concentrations of 1-1000 ~g/ml 2,4-D for 6-96 

hours resulterl in stiirulaticn of mitosis. Chrcm:>sanal aberrations were 

not detecterl in the peripheral blood cells, but nucleolar irregularities 

and p::>lyploid mitotic stages were observed in the kidney cells (Bongso & 

Basrur, 1973). 

Treatment of culture::l truman 1~ with 2.5 x 10-7M (0.02 JJg/ml) 

2, 4-D increase::l the number of chranatid aberrations (single acentric 

fragments) and, to a lesser extent, of chrarosanal aberrations (paire::l 

acentric fragments). In mice, toxic concentrations (100-300 rrg/kg bN) of 

2,4-D administere::l as a single oral dose significantly increased the fre­

quency of aberrant rretaphases (2-4-fold) ; sin:.Jle fragments were the primary 

aberration (Pilinskaya, 1974). 2,4-D had no effect on culture::l cells nor 

on bone marrC!N after its oral administration to rats (Styles, 1973). 

'There was no detectable increase of micronuclei in the erythrocytes 

of IOOUSe bone marrC1N after i.p. administration of 100 rrg/kg bN 2, 4-D 

(Jenssen & Renberg, 1976). 

2,4-D did not increase daninant lethal lllltations in mice when given 

as a single i.p. injection of 125 rrg/kg bN, or ....tlen given orally on 5 

successive days for a total close of 75 rrg/kg bN (Epstein et aZ., 1972). 

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

pondin:.J to a dose of a.l:Joot 80 rrg/kg bN. All organs showed marked acute 

congestion. Severe, degenerative changes of the ganglion cells were found 
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in the central ner-vcus system (Nielsen et aZ ., 1965). 

A man who accidentally ingested al::out 30 rnl of a:mcentrated weedkiller 

o:::mtaining 50% of a thiolcarbamate and 36% 2,4-D isooctyl ester in aqueous 

solution exhibited fibrillary 'l:loli.tching and paralysis of the intercostal 

nruscles. 'nlere was evidence of generalized skeletalltUlScle damage, as 

indicated by narked ele11ation of the levels of several nuscle enzymes, as 

well as haaroglobinuria and myoglobinuria. Recovery was carrplete after 

several nonths (Berwick, 1970). 

l'b adverse effects were reported in a man who took 500 ng 2,4-D 

orally daily for 3 weeks (approximately 8 ng/kg bw/day) (E.J. Krauss, 

cited in Mitchell et aZ., 1946). 

M1en 2,4-D was used as a treabrent for a patient in the t:enn:i.nal 

stages of disseminated a:x::ci.diodanycosis, no side-effects were observed 

following 18 i.v. doses over 33 days: in the 7th to the 17th injection 

the dose of 2,4-D was 800-960 Ill:] (about 15 Ill:]/kg bw), and the 18th dose 

was 2000 Ill:] (about 37 m.ykg bw) • A 19th and final dose of 3600 ng 

(67 ng/kg bw) produced symptans of toxicity c:atprising a semi-stuporous 

status, fibrillar movenents, ~eflexia and urinary incontinence, which 

persisted for 24 hours. Seventeen days after the last administration, the 

patient died (Sealm:y, 1963). 

Three cases of peripheral neuropathy have been reported following 

spraying of 2,4-D. Initial symptans were nausea, vaniting, nuscular 

weakness, diarrhoea and swelling or aching of the feet and legs, with 

malaise and headache, which persisted for lD-20 days. In one case, pares­

thesia in the extremities and pain in the legs appeared within 4-5 days, 

follC1ooled by twitching of the nuscles in the calves and arms; fasciculaticns 

becaire generalized, without neurological or elect.ranyograJ;hicai changes. 

In the second case, one \<Week after a seccn:l exposure to 2, 4-D, numbness and 

aching of the fingers and toes occurred, follC1o\led 6 weeks later by a well­

developed neuropathy. In the third case, after a second exposure, severe 

pains occurred in the legs, with swelling of the netacarpal joints of both 

hands; 5 tronths later fla=id paraparesis was seen (Goldstein et aZ., 1959) • 

127 



Similar case rey.orts of poisoning in agricultural ....-orkers have been 

reported following spraying of 2,4-D (M::marca & Di Vito, 1961; Paggiaro 

et al., 1974; Todd, 1962). '!be main initial syrrptans were r:uscular 

weakness, vaniting, diarrhoea, fever, hyperthermia and tachycardia. In 

t....-o cases, neurological syrrptans occurred, which continued for 40 days 

to 2 years after exposure and incluJed loss of deep-tendon reflexes and 

paralysis of thigh and leg nuscles. 

Assouly (1951) reported that ....-orkers enployed in the fabrication of 

2,4-D developed syrrptans of samolence, arx:>rexia and gastralgia, increased 

salivation, a sweet taste in the I'OClUth, a sensation of drunkenness, heavi­

ness of the legs and hyperacusia. 

Subjective clinical syrrptans reported anong ....-orkers using various 


esters and salts of 2,4-D incll.:rled rapid fatigue, headache, loss of 


ar-petite and pains in the region of the liver and starach. Sensitivity 


to taste and srrell was 1~ (Fetisov', 1966) . 


Bashirov (1969) examined 292 persons (248 nen and 44 waren) engaged 

in the nanu£acture of the amine salt and butyl ester of 2,4-D, with expo­

sure ranging fran l.lOOer 5 years to 6-10 years (for 194 and 98 persons, 

respectively); 63% of fjhese ....-orkers cc:rtplained frequently of ~ss, 

rapid fatigue, headache or vertigo. About 20% had disturbances of the 


cardiovascular system (mainly hypotension and bradycardia) and of the 


. digestive organs (dyspeptic synpt:crrs and gastritis). 'lbe various liver 


dysfunctions that were foUnd -were nore pronounced in ....-orkers with longer 

exposures to the herbicides. 

Cllanges in xretabolic processes were d::lserved in ....-orkers engaged in 


the production of 2,4-D, in particular, increases in blood cholesterol 


content, with oo change in the lecithin:cholesterol ratio. Decreases in 


serum albumins, "increases in glcbulins, decreases in blood sugar levels 


and altered responses to sugar loads were also ooted (Lukoshkina et al., 


1970) . 


In a report on 220 ....-orkers exposed in a IMilufacturing plant to 30-40 

m:}/day 2,4-D for periods ranging fran 0.5 to 22 years, Johnson (1971) 

stated [without providing any supporting evidence] that no 'rreaningful • 
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differences -were cbserved in [unspecified] clinical assessrrent, in catpari­

son to a control group of 4600 rren, and that ro chrcrrosatal effects were 

observed in 10 \ooerl<ers whose chrcrrosares -were karyotyped. 

Fel.dm:um & Maibach (1974) studied the absorption through the skin of 

4 JJg/cm2 1 ~C-labelled 2,4-D dissolved in a Sltall anount of acetone. 1 ~C 

activity was rreasured in urine 01/eX' a 5-day period and carpared with that 

in urine after i.v. administration of the carpound: urina:J:y excretion of 

2,4-D after Lv. administration was 100% of the dose in 120 hours, while 

excretion after tcpical administration was 5. 8% of the dose. 

I<cl1li et aZ. (1974) administered 5 ID:]/kg bw pure 2,4-D in a gelatin 

capsule with water to 6 healthy nale volunteers, aged 22-30 years. None 

of the subjects ccnplained of any ill-effects; ro changes in blood 

pressure, pulse rate, haem:Jgld:>in content or total or differential white 

cell counts -were d:>served. 2, 4-D was absorbed fairly rapidly; the 

highest caJCentration in blood was read1ed in 7-24 hours. In urine, 

2,4-D was present as early as 2 hours after ingestion, and nore than 75% 

was excreted in 96 hours without un'lergoing transfo.rrration in the l:xxly. 

In 5 nale volunteers given a single oral dose of 5 ID:]/kg bw 2, 4-D, 

the half-life in the plaSITa was ll. 7 h:Jurs, and elimination in the urine 

occurred with a half-life of 17.7 hours. AOOut 82% was excreted as such 

and 12.8% as a oonjugate (Sauerhoff et aZ., 1976). 

For details of adverse toxioological effects resulting fran the 

spraying of 'llgent Orange' (a 50:50 mixture of the n-butyl esters of 

2,4-D and 2,4,5-T, contaminated with up to 30 IDJ/kg or nore 'lOJD) and other 

herbicides in Vietnam, see nonograJX! on chlorinated d.ibe.nzodioxin, p. 

3. 3 Case rep:>rts and epidemiological studies 

Axelson & SuOOell (1974) reported that in a CXlhort st:l:kly of ~h 

railway 'WOrkers exposed to a variety of herbicides a significant, ~fold 

excess of all cancers was d:>served in exposed 'WOrl<ers, as c:arpared with the 

national average. 'Ihe situation was difficult to evaluate because of the 

cx::rrbined exposure of nany \ooerkers to nore than cne herbicide. Most of the 

excess, however, seesred to be due to exposure to 3-amino-1,2,4-triazole 
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{amitrole); within the subgroups that had been exp:>Sed to phenoxyacids 

{2,4-D and/or 2,4,5-T), only a small difference was detected: 5 cancers 

at all sites observed versus 2.8 expected. 'l11e authors stated, however, 

that use of 2,4-D and 2,4,5-T had probably been higher than that they cculd 

trace. 

see also rronograii'l 00 chlorinated dibenzodioxins, p. 41. 

4. Caments 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 

administratioo and in mice by subcut:aneous administration. All of these 

studies had lJ.mi.tatioos, due either to inadequate reporting or to the 

small number of animals used. 1berefore, although increased incidences 

of tulnlrswere observed in cne 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 ccrnp.:lUI1d could be 

Irede. 

4.2 Human 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) 1, are rot sufficient to evaluate the carcinogenicity 

of 2,4-D to man [Because 2,4-D rray be used with 2,4,5-T, which is contami­

nated with 2, 3, 7,8-tetrachlorcrlibenzo-p:zro-dioxin, see also rronograii'l on 

chlorinated dibenzodiaxins, p. 411. 

1See also IARC, 1974. 
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0('\liPATIONAI. EXf'OSllRES TO CHI.OROPIIENOXY II ERBICIDES 

Thc'c .:xpmt~re:; were cnmidcrcd by a previom Working Gr(HJ:'. in Fcbmary l9H2 
{!ARC, 19ll2a)_ Individual compounds -- 2,4-dichlorophenoxyacctie ~cal (2.'t-D), 2,4,5­
1nchlorophcnmyacet ic acid (2,4,5-T) and (4-chloro-2-mct hylphenoxy)acetic am! ( M CPA) 

were abo cnnsidercd car!ter(IARC, 1977a, l982b, 1983). Since thai time. new data have 
become avatlable, and these have been Incorporated intn the nH>nograph anti taken irllo 
constderatton on the present evaluation. 

I. llislorical PerspecHve; 

I he fit'' chlurophcnoxy acetiC herbicide;, 2,·1-D, 2.4,5-T aud MCPA. were mt 1 odoH:cd 
fnr agncult or ~I me in the rnid-1940;; the chlorophennxy proptonit acid tlcrivatrv.:s. 
2 -( 2,4.5·1 nch klroph(;ll<l~y)pr•>panoic acid ( silvex ), 2·( 4-chloro·2-met i:)lph cooxy)­
prop~rHllc actd (mccnpropJ and 2·(2.4-dichioropheno~y)propanoic actd (<hchlorpmpL 
have been rl>cd since the mHI 1950s and eMiy 196()>. By lh<: mid l9f>fls, thlr•rfl(lhcnoxy 
hcrhicidcs, generally fonnn!ated as esters or amine salts, were I he mmr wrdcly rl\ed clas.; nl 
~otntm:rctal herbicide;. Agent Ot~ngc, a mixture of hutyl C>ter\ <tf 2.4-D and 2,4,)· L wa, 
used cxten~tvdy dunng the US inlcrvcnuon in Viel Nam in 1961·197L fnr d~rnl~<•tion 

The tdcnl ifi<.:at ion and charactcri7.atif>n of1he chlorinated dibewn-fiara-dinxir» (I ARC. 
1977b, l9R2cl. and e>pcclally che toxic 2,J,7,ll-telra homer. in chlnrophcnoxy hcrbtctd~> 
\UCh a1 2,4 .5-'1 in the late 1960sresullcd in gn:acly diminished use of thi> class o( herbicides. 

2. Production, Use, Occurrence and Analysis 

l.l Pmduttion 

!'he 'Yill hois of 2,4-0 Jnd 2,4 .5-T v•a> iir>t reported 111 194l { l'ul.tll/1}', I'141 ). 2.4 · [) j, 
currently produced by the r~action <_lf 2,4-dichlorophcnol with the sodium salt <lf 

nH)nochlornacctic acid, tn>~cally followed by an acid lreatmem w cnnv~rt the 2.4-D >ali w 
an aci.t (Sitlig. 19~0) 2,4-D has also been prepared commercially by the chlorinatinn oi 
phefloxyacct ic <Jtid ilntcrnation:.t Programme on Chemical Safely. I'IX4 J 2.4- I) tstcr; and 
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amine salts are produced by r~actioo with suitable alcohols or anune,. 2,4,5·1 and 1!1 

derivative; are manufactured by the ;arne process, w.ing 2,4,5-trichi<)ruphcno! (Sittig, 
1980). Ch!orophtnoxy <':.ter herbicide~ can abo be prodlJccd by dn~ct rca,·twn of 
chloH•phenol with appropnal~ chloroacetic c'ICr> (lntctn:liHma! l'lll!(lammc nn CIH'Illtc;d 
S•tfct y, 19!!4). Commercial prmluctwn an<! marketing nl thc'c <:<>mpouiHh in the liSA 
hcgiul iu 1944 (llumncr & 'I u~cy, 1944; US TanH Cummh~ion, !946) 

MCI'A wa:. fir~r prmluccd cnnHnc<dal!y in 1'!45 (ll.ty<·'· lliX2, Wu;dh<>IJ, I'IX.l) It" 
madt by chli>rinatinn n{ 2-mcthylphci!<!Xyaccrk acal Ill I ,2-dlt'hl•il ''f" op;11u: "' 611-lill)'( ·. 
som<time~ with iodine <JOd ferric chloride cataiY'''· ., he pn>dll<:t fHCc!pi!alc' frMH the 
soh·cnt after cooling. An alterna1e syntlit~fk fl«lhW:Iy mn1lves r~ac!fon o( 4-ch!tl!o·onbu­
cresol with chlnroacctic acid (Siuig, 19!\0). 

Commercial prodllction nf mccoprop was sta1tcd tn !957 in 1h~ UK (Wort lung. !<177). !1 
b produced by conden~a!inn nf 2-ch!<>ropmpannic ac:d with 4-chior(HI(Iha-.:resul !SiHig, 
1980). Si!vcx Wll$ fir>1 marketed m 195J in the USA tWnnhing. 1977) and t> manuf<trtu!etl 
by reaction of 2,4.5-trichlorophcnol with sodium 2-chloropropano;!le !Sill!g, !':Ill()) A 
rdatet! propunaic add deriv;wvc, .Jichlorprop, wa; lirs1 tlescnhcd in !944 ;lfltl Wil> lu~t 

marketed hy a UK company in 1961 (Wonhing, t'ill:l) It i> pflldun:d commcfci3lly hx 
cond~nsation of 2-chlornpropanoic acid with 2,4-d!chtnmphenol, or by chlollnali•.ln ol 
2"J>henoxypropanoic acid (Siuig. 1980). 

Nine tJS companie' manufaoure technical or fonnulaltd 1.4"1) flr<><lllcl,. ln Eun>pl', 
the Federal Republic of Germany, Fmnce, the UK and Spain cad1 have two In3nllfadurcr!. 
of2,4-D produc!S, i!!Hl !he Ncthcrhwds, !he German Dcmm:raric Hepuhlic and A u.\11 ia cJJdJ 
have one cnmmcrcial ptoducer. One manufacturer has hccn idennfinl in Au>Jralia. Bnull. 
India, Japan, and the Philippine;. Two m;mufacturcr\ of2.4-D product> hal'c hcen r<:poncd 
in Argentina {Anon., 19&5). 

Estimate' of US prnduction, export~ and 11npons ol all form> of 2.4· D lor the pa't 
lCV~ral year~ are pre~ented in Tahlc l. E'tirnatcd use of 2.4· D 1t1 other .:ountr ic'"' presented 
in T;,ble 2. 

Tabll! L tiS production, eltporl~ and imports of 2,4-[) (all fnrrm) {million' of kg)" 

1977 197K 1979 l'lljO t~at I')~Q 19~1 l'l~4 

""-··--·,--.--.~·--···-~---------~---~----··~·---'--·--·--··-·~·--~-~ 

Produc,lon IZ<t ?.0 117 17~ 149 R8 7 ) NRI> 


E1>poru Nil j{J l 4 )4 29 H ~ 7 7 I 

Import~ u I<• (lq 01 (l I } 2 H NR 


i
1ftom OS hti~HI~(J(itJJ:l1ud~ CommtHitiH 09?h,~. t9'/9o~.h. tV:t.tt.... b, t!J~ioi'):J. 19~1ii.b. IY~l,.:,b 1!/h·h.~l. l'i~5. t!~ 


fkrartmtnl of Commru.·<". f9?9. 198-0. J9i'.L 19¥1 l~tn, J9l'J4, PJ~~) 
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}!11on l:!'AIION•\1 EXI'OS\Ifl.!'S !()I'll! OROP!IEl\OXY IIUOliC!lll·S 

'"" '"'' 1,.1 ?0 yc<H>, L1 \iS C<H11pamcs ;H nne 11!1\C ptndu<:n! 2 ·1.5·1 {I''P"'It<l t'l ill. 
1%0) A .. .t the gratlu;tl cancdlatlnn nlm v>triou~ pesticide rq;t;t r<~ ll<ln' 'incc 1970. 
1,4.5- J' i; 11<> ~>-• )!Cf prml"' •.! in the USA. Thtcc manulacturcrs ha1 e occn akntificd 111thc 
Fet.lctal Rcpuhhc of {irr•:· one in the UK, one Ill Australia tAtum. 19ll5). ami nne Ill 
New Zt.•l>IIHl (Stnith S. l'o·.nce l11Xh) In 1981. 70H tnnncs of 2.4.5·'1 \\ere u~cd in New 

Zeal;m<l (Smith rt al., l'll$3). 

A' latta; 1975. \JS cnmp;mics produced large quantmc; of 2,4,5-T 15.7 million kg) tn1 
cxpon (US Dcpull\\cnt of Commerce, 1975). US import> nf 2,4.5-T rncn:a~.ed from 20000 
kg 1n 1979 1n ~7~ 000 1-.g in !9\13 (US lnternatir,nal Tntdc Commr"inn. !9!\0h, 19Mb). 

Cllll\1111lpiH>n rancrn' 11! ><lnlC other C<)Untricl arc 'ummanrc<l m Tahh: 2. 

MCl'/\ ''nul produced in 1he US/\. Five mamtlilt:tli[Cl' have hn·n1<knr tlH:tlu• the li K. 
"h~:r.: the drcmrcal w;:, lir:.t produced. France and the h:<kral Rcpt~bhc oi tier m;~ny ~ach 
h,tvr· '"" pn1duccr>. and there i> one manu{acnucr 111 ead1 nl the f<>llowmg counrrie;: 
t\11:-tria. the Netherland,. hp<tn, Argentina, Austr;rlia (.!\non., l%5) nml Denmark (\.ynge, 
!9!>5) lmporh ,,f MCPi\ rnhl the liSA have declined >tcatlily lmtn 0.95 milhnn kg tn 1976 
Ill 0.2·1 tmllwn kg in 1983 {\!S lnternauon~l Trade Commi;>ion. !':177, l'l!i4b). The US 

Environmental Prntcclion Agency c~timated MCPI\ cm"umption fM domestic u;age in 
!9!\0 at 2.1·2.9 milltnn kg! lloltorf, 19!\2). MCPA consumptinn pattern' in other cpuntrtt' 

arc pre,entcd irl Table 2. 

Me.:npr<>p I\ produced hy t \uce companie' in I he US1\. three cnmpatllc' tn Ihe l I K. t W<l 
nHnpanlc' in the Federal Rcpuolk of Gcnn;u;y, and nne fnm each m the NcthcllarHb, 
l·rancd Anon .. lYX5) und Dcnmack {l..yngc, 19)15). Sllvc:><, althou~Jh once widely fH(HhoccJ. 
i, now manufactured by only two companie' one in Au>tria and tlt1C 1111he UK. In !978, 
"lvo and rdated sail• were produced by three US companies HIS lmcrnation<tl Trade 
Commi"ion, 1979a). Dichlm prop t> produced by tnur manufacnncr' m the \J I<, 1wn In the 
Federal Rqmhlic of(iermany, nne in the Nctherland;{Anon.. 19!!~·) and two in Denmark 

(l.yng.c. I'll\)). 

(a) AltJJnr { ht'IHH'lll ,·onJjl~lllOif' 

·1 he -.H ncluH:~ oi the .,dtlloulh of cnrnmt:n:J;tlly unp~atan\ t:hL~rnph..:aoxy hc{blul.k\ 
;u\IJ pcr\ln~nt irltntilying mfm rnntitlll arc given i11l able 3. Thc>c :h~rhu:irk~ arc typically 

formttlated a; e~tcr' or am111t salt dcrh~tive>. Chlorophwnxy hcrb•.eit.le formulat!IH\' u;cd 
in agricu'olluc and fnrc!MY tll<IY abo C\H\tain organic solvents, cmubifiet>. incn tngtcdicnts 

and other ad<lltiw' (f'limmcr. !980. Anon., !985; !.eng. 1986). 
Common dcri\'~thes nf 2.4·D indmk amine and alkah melill ,all' anti e'tcr> Olthc· 

amine,, the drmcthylaminc ,att is pr nduccd in htghc'l4llantities. ·ne other amincsalt, that 
~re p1 mhu:cd include tllctharHlli!minc, tricthan()lammc, trirnethy!JI\ll!lC, ufcylpwpyknc· 
oli.lllllll<!. d<HJc,·yl· /ICI tndodccylamtnc anti hcptylanlinc dtrivati;e' i Anon., !9li) ). btcr 
tlcri\•;,ti\c, include ethyl. isooctyl, butox.)'cthyl. ethyl hcxyl and mi>.etl hutyl (Que !lee & 
Sutherland. 198!; Anon., 1985). High-purity sodium anlllithiurn salt> are abo marketed 

http:hcrb�.eit.le
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Table 3. Identification of d•lmovhenoxy herhiddc> 

C(lmmon name: Chcm, Ah)tf Na:ruc: .Snucttnaland mf\lccuhr ftHmu!ac and !tWI<:t.'ub:r ,...t 1gt\l 
fChem. Ah>!r. Srn· !Of'AC $y>ttnauc Name 
Rc~. Nv.J [Syrwnymj 

(2.4-Doch!orophono •Yl· 
!)ftCChc actd ,, 

(2.4 ·Ou:hhu ~jphmo~~ yl~ 1!!·1 · OH 
tHtHt Uit:ld 

flA·D ><~<ll <I 

C,H.CI,O, 

2.4-IW 2-{Z, -1· Dtr::hl(ll ophcfw.,y}­

{ 12il-36·5J propanotc acul 
 £"\_ \~ 

2-{ 2,4~ Du:hlnrhphenoll. ;·)· <I \.._( 0 -!, H-( -!ill 
pfopionlc at'lti 
{Dkhlorr•<>rl i < H,t 

r,u,n,o, Mnl "' 21l(l; 

1,4,5-T (2,4.~·lrh.:h1mnr~hnw~y}· 

[93·76-lj acetic acod 
I! 

(2,4,5-lrichhHnphcn•>• yl· 

"'-cut: actd 11 


< 1- () -{H -f -OH 
1@

n 

0 

ii.ihr~ 212,4,,\-1 f!t.:hluro­
fH1Hj pheou-~.,{lfnpunoiC' .actd 

:i-1.1.4.5· l!i,hl<lrll· 
ph.C!(1<'l1\.J)f'T\lpiorw: tlC!d 


jM.S·ll', l'rMpropf 


C,H,n,o, Mol "' 2M 53 

IH n 1'•\llU\·\1 1 \l'O:-.t'Kl S IU CHI OHOI'IIEKOXY l!UtlliUDFS 11<.\ 

{Ctu~m Ah~H ~"'·n H•P,.H. \~·,tn\).HI~· -...-tm' 
Reg ~~~ 1 (SrnniH nlj 

MCPA ~"'·('hLlf<•-: mnh\· 
['14-14-f<} phtlhl)f.\ l:u.:rll'~-' >1.1.-!J 

14·t .hi11~11 I Ft Ill>~ 

~~~hlq'\\),nt'ht. d~nl 

iAfh~'<>HI: 'l!l,n.uni 

~ICI'i' 


!9~-~5-lj ~.~..t t ll}nt•r : 111tth' l 


(j.fit'H•~'I\!fll;•f',Htn~~..' .1"1J 

l-{4"( !:1.•1<> ,,qi)tf* 

l••l\£n,\\{'l••f'~''!Hl •Hnl 


!Ml:"•~r"•rl 


Mnl "' 214 ~ 

(Anon .. 19H5l l·unnul<>lcd 2.4-D fH<>duct> IHlrrn;1lly cnntain nne dt:nvative. but may abo 
coni<Hn o!het htthH.·•tJ.-,. c'pccoa!ly other chlomphenoxyacetic or chlorophenol<ypropanoic 
derivati\c~. App,·mlox A in Vohln«: l~ ul the /ARC Monograplu (I ARC. 1977c) >hould be 
con;ullcd !ot a more o:on1prchtll''' c listing ,,f lomJUlalion:>. 

The corn[Hl\Hinn nl ledH•t<aH!.r<Hlc 2.4·D depend, on the prm:e~' by which it ;, 
produced ;>nd. wh~n 2.·hhdll<>rophcnol ;, used, on the purity of that compound. Range~ ol 
irnpurhn:,, nthtr thlln dio'\tn' and dtbetvnfutun;, that are present in typical technical 
grade, of 2.4·D ate hqcd 10 Jal>lc 4. 

A'·NiHo>ammc' "'~'~ •cr••tttd In <\C<llt in cadicr amine fmmulatinn' of 2.4-D. N-Nitw,o· 
dtmo:thyl.umtlc ('ct I A H('. I 'J7Xl h;,~ hccn deJected :11 levels of up w 0.3 mg; I in dimcth)'l· 
amlnv !'\t.th~ (Rn':-. ~·1 11f, f977J 

2.4.5·1 ;, fnrmul11lc<l "' pt.Hhh·h o..tnulat H> !lw>e With 2,4-D. The mo;l C<.lHlllliHtly 
n>at kctcd f<>ttm•latiiH" '"nt.un ll\ixnl butyl C>tcrs: others include th~ i>n1•ctyl e:;tur, th~ 
ethyl c,Jcr and lht dom,·Jh,l,nmnc ;all (Anon, !9H5). A ctnnprchcn>i'e li>l nf 2.4.5-'1 
forutulattnn; appru" 1n ·\pp,·nJtx A of Volume 15 of the /ARC Mm•••!iNif'h' {IAHC 
l9J7c); however. 11 ,hnuld he ntllcd thai production of many (nrmulatiom ha• been 
dbcontinucd due tn m<·t~a'llll! regula1ory con~lraints. !mpmities thai occur in technical 
pmdu<:ts of 2.4.5·'f ate "mdar w those encountered HI 2.4-D; ·rabk ~ give> the major 
cnmpnnenb nii,H>l.•HnHtlall<\1" oftcchmcal-grade 2.4.5-T 
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T~Able 4. Typic»lle,·eh uf 2,4-J) and mnjor imjHH iti~; in tt•rhnknl· 
gradr 2,4-Da 

Component 

·---------·-·--·-··- ­
2.4·0 94-Q? 
2,b·Da:hiOJ nphrrlOA)il('tH'L iH.'Id {) 5·1 ~ 

].('httlt,1(1h('OHl}'aC<Il\..' i.\CitJ 010~ 

4-('hhHuphcnnJ\.yotrciiC acut (i !41!1 

Bh{2.4--dichlornphcnnxy):.h'cliC .1t:.'1d 0 1·1 0 
flhcnoxyacrw.· at:td tfHC"-0 2 

2.4~0khloroph:!"rWJ 0.1-ll I• 
2.6~Illchlm l}Jlhennl 0 (K)Hl 114« 

2,4 .6-Trichlornphc nu~ ()001~114 

2~Chtnrophc n,11 (} 00()4~){).) 

4·(lllvi,)phcnu! () 00044) 0(15 

Wo:tttr 0 j.(l ~ 

'f11hle 5. Composili()n of t"o t)piral 2,4,5-T (ormulutiuo~" 

S~o~mplr-c 

A u 

lA.Fr acid (mgt!) 72 ;o 

2.4,5-1 i;obutyl t>lcr lg!l) Nl'l 150 


1.4.5-T butyl c.ttr !tUH Nil 16; 


2,4,5-T 2·bllltl•yclhyl <>l<r !gil) 5\~J Nil 

2A ,5~l dchlf~h)fihC'nnl (J-'&f g) 15H 41.0 

2,5-n 2-huwxycthyl <>~cr fg!H 25 ~·'' 

2.4·D 2-bulO)I.)'Cthyl t.,ln (giH I 1 " 

3,4~{) Z·butoxycthyi e:-.tc1 (&/li ,,0 4 
 « ~~ 

lelrat·hlumU10-CI'li'PAJ'flfl'l-din~iu (Ms./ g) 0011 0 11 

~'-"""''"M""C~m"""•"W"~W~ 

111-rom SlHi<hMl)m ,.; lll (t91'i~ 

/iAilWUOU C~tii;~Jtattd.nn the: i):S)Il of Y.{li,hl HI 'l.(ljumc; u! f~lfrtiiiLAIIt'll 
fA lri\CIOJ·~paycd ~jjtllplr. a. &CW[!~8:flt"·~prii:"•ed ~1Hnpl(, ND. Hi'{ dctrdetJ 


dt'-!11t lfWC~II$iited 


MCI'A i!i marketed alone nr in combinatiOn with "thcr phenoxy I"'' hindn l'ot""""n. 
sodiurn and dimethylaminc sails, uml ethyl. butyl. isuoctyl and huwxycthyl e~ter' are w.ed 
in forallllated products (Annn .. 1985). An inlernational li>ting of MCPA formulated 
products b given by Que !lee and Sutherland ( 1981 ). 

J 


Ol < t:I'A IlONA I. I' X I'OSIJ IO'S I 0 ("Ill OIH!l'lll:NOX Y lii·!UHCI lli·S 

l he wd:um "dt of MCI'A "avadahlc '"a 75-HO',:;. >r>luhlc pn\\tkf MCI'A ".tho 
111ar~.ctcd ·" 24 l>il':( '"l'"'"u' '"tHcntrat~' ('alts) or emuhifiilhk liqtot<h (II aye,, l'l!i:'). In 
the USA. the ;ominc '"It formulation> have been mo't widdy u'cd t:C.ndcr4ubt <'i.: Ctn>hv. 
1975) Crude MCI'/\ i> ll5-95'}l. pure (Hayes. 19!12}; technical pwducts oi'94·96'Ji, puriiy 
( Naltonal Ke>e<trch Council. 1977) and 85·991;;. purity( Worthing, 1983) h;l\'e been reported. 
The followlflg mnges vf tmpuritic£ have been found {National Rc~earch Counctl. 1977) 
2·mcthyl-6·chlnro>phenoxyacetic add ( 1.5·3%): a mixture of 2-methyl-4,6-dtc:hlorophcnoxy­
;~c·ctic and. 2·mcthylphcnuxyu<:ctic acid, 2-chlm<lflhenoxyuctlit: acid, :U•·tltmcthyi-4­
chlornphcnoxyacc\lc acid and 4-chlorophcnnxyacellc and (0.5-1 .)t;; ). chhno·dri/w-ncwl 

(0 5%): and watt I ( 1.01/(.). One commercial sampk of MCJ>A was reponed to mota in 
approxrm<Hciy 4'-!i 4-chlom-ortlw-crcsol (Hattula et al.. 1979) 

Mecnprilp ''marketed alone or in combination wtth other hcrh·~tdc~ Fotmulattom 
employ dimelhy!nmme and dicthanolaminc S<llt;, butyl and isonctyl csltrs and pota;srum 

'ails (Anon, 19H5) ComnH·rcial fnrrnulations containing mccoprop haw heen listed (Qur. 
lice & Su1hnhu1<.!, 1'1KI; Anon., 1985). Mec:oprop lcchnkal procluci.S ate mrsrurcs of the(+) 
and(·) steteoi">mcrs. of which only the (·l) fotm i> hinlogical!y acti·;e (W<Hihing. l9HJ) 

Silvcx, aho l<rhrwn a' knoprnp nnd 2.4.5-TP. b wrrcntly m:u ktted '" il \·tty limiled 
<:xtcnl: only'"'' liS product\ in CtHTtiH tl>t IHC ~nown to contain ,,!lwx \Anon .. !9K5). 
hH nwo ly nl<H 'ctc<l pmdu<:h contaiw:d mix turn of ester' (Que ll~c .~ Suthclland. l9H II 

Otchh•rr• np. or 2,4-DP, b aho U$Cd l<> a more lomite<! extent than 2.4· D or MCI'A. 11 ;, 
available a> isonctyl and butyl e:.ters. and a~ potaS>.ium or amirt• ;ails, ;~louc "' 111 

cnmbrnattrl!l Wtlh other similar herbicides. E;ters are marketed a; crmbion;, and saJu, as 
aqncous ;ohtlwm. Commercial formll)allons containing dichlm plOp have hccn lbied 
(A non .. 19H5). A' for mccoprop.technical-gradc dichlorprop C()ntain., a mixture of (+}and 
( .. ) ;tcr<:oi>nnwr,, of which only the(+) !nun is hinlngically active i Worthing, !9H3) 

(/•) ChiulftHII<'d dii>l'll:lldw~ill and dihl'll;;:,>fim.m impuritii'J 

CommctClal fmmula!lum nf dtlnrnphcnnxy hcrhicidc~ contmn >t -.cnc> o! nnnpol;u 
impurittc' mcluding polychlorinaJed dihenwdio~ins (PCDDs) (M:<: lAl<C, 1977bJ and 
polych!oJ inatt'd diocntofuram (PCDF~). (Sec al>o the monograph on occupati<1nal 
cxpmurc' to ~hlmophcnoh, scclion 2.2{/>), p. 323.) 

In 197J. hlmund~ r1 a/. rcpwtcd the result~ of analy:.cs of HO :.:t~nplc' of 2,4,5- r 
l<>llnttlatoom 111 the range of 100(}(. ester and 32 s;tmples in lhc 1ange of 50';{ ester 
lmmulalion\. <lhlainnl from ~tocb deli\'cJcd to forest areas in the llK between Janu<!IY 
1967 and A prll l97()(mainly 1969 amJ 1970). The result:. arc given in Table 6. The maximum 

'alu<· ((>IHHI ""·" 28 3 J!glg of 2.3.7,8-!ctrach!orodibcn7<>·1'ara·dinllill (TCDD). 
Ynung er of. ( l'l7ll) reported level> of TCDD found in more thilll 450 >a mpks olthc 

hct hintlc Age on Orange that were plan:d in 'wmge in 1hc !JSA and in the f'a<:tfic beiore 
1978 (I able 7J Since Agent Orungc wa~ lnrrnulatc<J a:; a I: l mUHtirt' ol tht• hut~·l e'ln~ nf 
2,4,5-T and 2 .4· D. the lcwh of fCDD in tndividuai2.4,5·T batehe:; manul:.cwrcd and ~~~~d 
111 lhc 11)1>0' rnuld have been as high a> ilbtHH 100 pg/g; the wa>te stream> from a 
purifkation prnce>\ could h~ even more highly ("ontaminated. The weighted mean 

concentr at iom Ill TCDD 111 .Agent Orange eyuai1.9S pg! g. The level nl TCDD in the :;mgle 

http:eyuai1.9S
http:analy:.cs
http:C~tii;~Jtattd.nn
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'lilLie 6. Concentralions (f•g/g) or TCDD in 2,4,5·1' alkyl ester herbiddt fnrmu· 
hlionsa 

~ICVD cnnrcntn.uwn 

(•angel 


---------~·-·--------

<O.tl05 ?5 H 
0.05<)09 14 0 
0 JO-Q.I9 ~~ 5 
02(J.t).19 9 
c 30·0.39 
(}40.0 49 
:>!UQ 14 (1H J, lll. I JO I 2!•. I 17, 

09~. 0 91, IJ HU. 0 /), iH), 0 til, 
0 58.() 58. [f 55)" 

.oFwm Edmunt:h .-l cf ft9?)j 

~Cunc:t:IIIUihnra 10 mdn•ldu.aJ ~amp lei """h >0 ~ J.ilt: t. l CUD 

fable 7. Concenluliuns (JJg/g) of TCDD in sampl<s of Agenb Oraogund Purplr" 

Source<>( sample> Concc:rwalln{1 of TCDD 

0Jangc Purple 

lohn>Hll! Alollmvcnh"Y· 19nh )IXJ !4)' nOl-41 l'il 
Johnuoo Atollmw:ntory. 1974 10 0 0?·5 J I 6h 

NCI!C. Gulfpor1 inventory, !972d 41 005·1ll 177 

NCUC, Gulfpon inven!or), 1975 238 0 02·15 Z II 

Eghn AFU a-tduvcd iatnple I' 4) 

Eghn AFIJ mv<ntory, 1972 0 04 

llhom YounJlt'lol (197ill 

llsnsph.u, Agent OrltOJC WIH ~fllfl{le"tl ftnm St!Ulh Viet r·h!ll wJohm·ltl-H AIHH111C.ltf llaWJHII hH ~lltUtt(t •U Aptd II.J?l 

r·F11UJ 1d 200 umptu n1•r haH been Atf.cnt J>utplt 
11
'ttlr Na...nl Com.lructuH~ 8aH•lum t'enttt tN( Ut'}. (ti!HfHin, M 1\U,\Ifll. ti~A. 'IC!~t:tl •'" \l•lfit!U HI( ilit '-!Hfthl' 

AR1!JU Ou.n$e tr(\m l91:>9 \<t 1977 

~'AJ;-tftl Purr.k. w;u U)t:d ~J;it:tHi\tly 10 llu r\al\latum ui ~cr~~tt 'f'tJlY f"<lJJif'fl'itfll 1111 lnt <\Ari t . . 5;, f)\t.lln A~1 t llfH 

S#.$t (AFU) Ruerv.. llon, Horub. \1SA" tl)(r;l-!9M 

sample nf Agent Purple (Table 7) was also quite high (45 J<Sl g). Agtnt Pur pk I> a n11xt ure of 
n-butyl-1,4 D (50%}. n-butyi-2,4,5-T (30%) and isobutyl-2,4,5·T (10%). 

In analysis using high-resolution gas chromatography/ mass spectrometry and mas~ 
spectrometry, Rappe el a/. (1971!), Nomr6m eta/. (1979) and Rappe and Buser (1981) 

UCi..'I!Pr\liONAL EXPOSURES TO CH !.ORO!' !I EKOX Y llt:!UllCJU!:S 

reponed that 111 <>!her sample~ of Agent Orange, as wdl as in European and t:S 2,4,5-T 
formulauom I rom tht 1950> and 1960>, TCDD was !he dominant corr,po11nd of this group 
(! ~ble 8). Only minor amounts of mher PCDDs and PCDFs were fo11nd. and pill ticular!y 
lower chionnatcd PCDDs tn samples of Agent Orange. The analytical methods used in 
these 'tudies of phenoxy herbicides arc not isomer-spedfic; however, ~.tudic> using rsomcr· 
;pccifl( methn(h have con!mned that !he 2.J,7.~·isomer is the maJor !elra,CDD isomer in 
2,4,5-T formulation' (Buser&. Rappe.. 1978). 

hble 8, Ltvtl~ of TCDD (MI!IC) In 2,4,S·T Acid 11nd 2,4,5·T c;tcr 
formul111 iuosa 

~amplr !.ocatu1o Tcnn 
---~'-'"~--~·-·---~ .~. 

2_-.tj-1 a-nd 19~2. ~1.\«l<n I I() 

2,4 ,5" l e~tct un"kmlWf'l, Sweden (l ~() 

2,4,5 I t~tn unknov.·n, Swcdu• <'() 05. 
1,4,5 I nll:t 19til, Sweden 0 4() 

1.45· I t\ltr 19b2, Fmland () 9~ 
2.4.5·1 C.'.1Ct 19b6, F wianJ I) l(r 

1A5·1 <mt 1967, hnlond <005 
2,4,~·1 r~tet t91>7, hnl•nd 0 2:! 

2.4.11 '"'' 
2.4,5-'J and 

1967, hnland 
1964, USA 

0 IH 
46 

2.4.5·1 ""'~ 19M, \JSA b.O 
Agc:nl Otangr. unknawn. USA 01.! 
Agent Orange unknown. USA I I 
Al'tt nt 01 a t~gt: uo'-noWtL USA l I 

..__.._..... .....-·--~- ~.,u~u.~m•--~-··--·---- """···~"""'-"-- -···---~· 

Table 9 'bows levels of TCDD in 2,4,5,T manufacwrcd by tloc >ole New Zealand 
producer The a\tcage levd; have decreased 5tcatlily since 197l,lhc first year for whtch such 
data were avUIIable (Smith & Pearce, !986}, 

A; a rc;ult of government regulatir>ns and general awareness of li~t'tr>xkrty of dto~oins, 
cffnrt'> were made during the 1970s to control and minimize the fomwtion of TCDD during 
2.4.5-'l pro<lucH<Hl. In 16 >amplcs of2.4·D <~>~crs and amine salt\ from f'an;ula analy~cd f<>r 
the prc,encc of I'CDih, eight out of nmee,tcn; and four nul of seven iti!Hitt ,alt, "'""found 
to be c<>nlarnin;tt~d. the ester> having sigmhcan11y higher lcvtb tha 11hc amine ~all~.'] he 
lctra·CDD <>h~erved wa; the I ,3,6,1:1-i~nmcr. as verified by ga> chr<Hnatog,.,phy wrth a 
;ynthctically prepared authcnu<: ;tandiHd (210·!752 ngl gin the cste". and 20-278 ngl gin 
the amme 'alb) (Cochrane 1.'1 al, 1982). 

2.3 lbe 

The chlurophenoxy herbicide; and their derivative~ und analogues functinn by 
mtmlcklng the action of a natural plant hormone, indoleacetic acid, Absorption and 

http:mdn�ldu.aJ
http:02(J.t).19


36B lt\HC MONOGRAI'IIS VOl liME 41 

Table 9. A~erage leveb o£T('DI) (ng/g) in 
2,4,5-T produced in New leulanda 

H'l>ll 

1971 950 
1972 470 

19B 47 
1974 ]) 

1975 24 
1970 27 
1977 ll 
J97X :n 
197~ 11 

19~(1 !4 

19KI 7 ,\ 
19HJ 0 
19~.1 5J 
19K4 59 
19H~ 4 7 

tll'{IJffi Snulhaud l~c.u .. (: !l!Jiillf 

translocation of these compound\ are nece"ary for herbicidal activi1 y, and all herbicide; in 
thi~ class muM be applied to the foliage of acllvcl)' growing planb. Cblornphciulxy 
herbicides art used primarily for ;dcctive control of bmadlcul weed> 111 cercul g1atm. 
pastures and wrl and fnr rcnHlving unwanted hru,hr ;pecks io rangdand. lou·''' and 
noncropland. Rate> oi ~pplicnlion nwgc from as lnw "' 0.25 kg/ ha 111 gnun crop> tn '" htgh 
as 16 kg/ ha fm spot treatment of individual tree> in dghb·of-way. \'cry dilmc ,,nlution.- nf 
2,4·D and 'ilvcx dcriv;l!ivc' hnvc abo been U.\Cd a' !,'.f<lWth regula! on in fruit orchard~. 
Chlmophenoxy herbicides arc applied alone or a' mixuncs w11h other hahH:idt!>, m 
solutions, dispersions. or cmuhwns 111 water and or od. using equtpmcnl that produce' 
large droplet' to ;tvoid !>[Hay drift (II aye,, 19H2; Lcng. 19H6) 

Rcgi,tnlliom in the l!S1\ f<H 2,4·D and 2,4.5·'1 Ill the !94th ondtnkd 1nany l<lud CIOfl>. 
and use of these pcsflcidtos •n Ihe liSA wa, up to nearly 17 mill inn kg annually hy 1960. By 
the mid·l960s, chiorophnwxy lwrtud<lcs v.cn; the mo;t mlJH>rtant single da" of hnhiddc,. 
In 1966-1969. they were us.:d for weed control on over 62 million a crt> (25 million ha) of US 
agricultun•l land, and annual US Usllgc of all chlofl.>tihennxy hcrhi6tlc' wa' nearly 20 
million kg(llazardous Matcriab Advi>ory Cmnmiuee, 1974). It wa~ alw dunng the 19Mh 
that 2,4-D and 2,4.5-T. principally as Agent Orange, were heavily mcd in South Vtcl !'\am 
and Cambodia for defoliatwn of fore't~ by the US Armed force' hom 1961 to 1971. 
mi~ tun~> nf 2,4 .. 1) and 2.4.5-T n·hutyl c>tc" and 2.4· D 01ttd pidoram 1ri-"OfH npannlammc 
5alt~ were applied at rates of up to 21L6 kg/ha "' an e'timated 2 millwn hectare; ot 
Vietnamese foresl> (almost 20% of the for"ted land area of South \'icl N;un) It ha' been 
estimated that a IOtal of 25 million kg of 2.4-D and 21 million kg nf 2.4.5-T were applied 
during this time (Westing, 1971). 

on t!i't\I!ONAI EX!'OSI!R[S IOCIIi OROI'HFNOXY HH(JIJ("II}f''. 

US p1 mll!ClH>n and u~e nl 1.45-T and 2,4-D decrcu,.:d mar~edly 111 i%9 and the rail} 
1~70> due to gt>vcmmelll~l restricttom on thelf use (Hanrdou' M~tcmtb Ad'.'i><•ry 
Cmnmiucc. 1'174: Grant, !979).! n 1974, an esttrnatcd 4)2 ()()0 kg of 2.·1.5-T were ""'dIll Ihe 
liSA. th<~ m11J<IfiiY nl \\Inch was applied to rangdand and pa,fiH< (I!S l'n\lronntcll!al 

l'll>tcction A!,:cncy. 1979a). 

All hough MCI' A has n~ver attained the level <>f comumptHH1 ,,f 2.4· D or 2.4 .5-·1, Hit:" 
found ;pcciali!<·d '"c fnr weed conlrol in cereal gr:11n production \IS com.umption ol 
MCP 1\ \\'as 2.1 ·2.'1millinn kg in 1980 ( liultmf. !982); rno;l (70·7 F;() '"" H•.cd nn wheal und 

~h·(:opittp 1 ~ U'>cd 'II!Hd~uly ~~~a po~t-tm~:[gtncc tH'rhtcJde to1 LllhHOJ nl (k'i.i\CI~· and 

d!ld v.ced "' noocal g1 ""'' ( Wnflhwg. 1983) 

Sih.tx ha•·, hL't'n ~t•comnH'IHkd (or conln.ll o( aquauc \\·l't'd:-.. \l.:n:d.., lll. pa•.turi·, :-.ugat cane 

and 11Cr, "''0 cspcnall} Ill! bJu>h. 'I he tncthanolaminc sait ha' h~cn ""'" tn 1cdu.:c 
p•ch..rvnl dn>pping nf apple> { Haye;, 1982; Mcis1e1. 1983). In Calii<Hma. I or <:>.ampk. on I} 
appnlxunatdy 360 kg were US\~d in 19~3 on pa>HH<. rangeland and land,<:apcd area> 
[Ca!dorma Department nf Agrlcullurc,I9X4). A!! US regostralion' lor silvex wtrc cancelled 
in I'IHJ (liS l'nvunnmcntal Protection Agency. 19llJ). 

U11:h!nrprop has heen u~ed and b still recommended In• rcmu1 ;tl n! hr mh on rangdand 
and rtglm-nl-way. and fm wntr<>l of a<Jili!IIC wcc<h (Annn .. 19\\5). Approximately .iiSO kg 
J dtehlm f1' np were u~cd in California lor !he'" applicati<lf>\ in l9H3 iC:thlnrnia 

llcpartrncm ,,j Agriculwrc. !9!14) 
0 

By 1'>174. the US Environrnentall'rntccllon Agcnc) had cancelled all rcgl,traiiOfl' fo1 

~hi<H oph.:noxy hcrht~idcs. except tho;c pcnainmg 1n uses mher lh<tn <~n !nods and on ricr 
paddic;, p;l\l\llt' and rangelands (Anon .. 1974).1n !983. all n:gbrrati•lm lnr 2.4.5-"1 wei< 
cancdled, and th" chemical can therefore no longer be used legally lnr any p>lffJn>c 111 tlw 
l!S 1\ (tiS l'nv 1roJHUCn!al Prnlc<.:ti<ll> t\gcncy.l9!!}) Regi~trauom hnr·calso he~ncancdktl 
in. c ~. S\H'<kn. !he Nerhcrhw<ls. the I!SSH 1111<1 Amlmlia (Anon, l'fH:ll. 2.4.5-'l ""'" 
ha11ncd m lialy m 1970 (V tnc" t'lal . I<JXI>) and in 1he hdcr<ll H<~public 111 {kr nuo ny in I 'IX). 

<kcup.rtinnalcxp<"Un: limits fnr 2,4·D If\ 14 countrie, and !111 2.·1.5-T in nine counnic; 
have been rcp<>rled and arc prc;cn!cd in Table 10. Regulations pc11aining to the pC,ltcidt 
me ,rf chhllnphcnnxy hcrbictde; ltre not u:vicwed or reported cmnpt~hensivcly in thi; 

monograph 

E~pmurc to chlornph.:uoxy hcrbinde> m~y occur through llil·d!.!lh>ll. >kin t:<•nl,ld <>I 

mgcsll<lll. ln mmt ca'c'· the predominant mutt of oc(:upJiional npo>~HC has nn·n by the 
absorption of spills or aerosol droplets through the 'kin {l.eng N <>1.• 1982: lntcrnatwn:tl 
Programme nn Chcmtcal Safety, 1984). Measurements are usually reponed in tcrnb ol 

http:t\gcncy.l9
http:1974).1n
http:conln.ll
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Tabl~ 10. Occupntionul exposur~ limit> for 2,4-1.> 1111d 2,-4,5·T'1 

Couotrj: 
Year CnnctntraHon 

(rng;'o>'l 

Ausu.alia 
197S 1ft IWA

Bdgium 
197& 10 !W .._

Fmland 1 
1981 10 IWA 

10 Sll:l 
Gc1many. t-n.icc.:t( Hcpuhltl ol 

10 IWA
Hungary~" 

Ill lWAJ~f\<iH1~~ 
191R I{) TWA

The N<:thertand~ 
1978 iO IWA

Noovay 
19M I lWARomania 1 
19)) IW'\ 

10 { tthng
S\'-'ilJt:.'rJand 

lt1 lW/\ 
I() IWA 
20 S II IliSA 


ACGHI 

lO IW,\ 
20 sru

OSHA 
10 "IWA

lJSSR< 
19"17 I C't~liogYugo>lanu 
1971 10 C<oling 

0 

fr\lm lntttl'\lt.lu.lh,;;J l . .lblHH O!(t(f'{ l9tHH, Ouel.tuJIUc! f!}r "rbtil.hhh}'ttel t ~~~1), ·1 )<!\~I~;Jithfh>fHHlJ'I- {l9to:t I, 

Ame11tan Cu:nfc:rcttL'r i1f Gt>\trnnu:nt.Jt lndtHitlld Uyg:tenuh (At'tiHI) tl9ii~L l.kuhdH' tnn.chun~,. 
A&t'fnrtm~ ho.h ( 198~). H<:-.ith•nd S.tkty l.::.,HuH•cll91\5), HS 01.'tUft•ll:tMl S.llftl)' ,.rht Huht;: AllllanhtHHulh
WSl!M !190~) 

Ill WA, Hmc~'~Htihl<:d IH.:t;,~(·, S I IJ , ~tWII·i<:t n> t!Cpmur.: l1m11 


'l,4·t> ~·rtl) 


hcrt>icide concentrations in the brca thing zone air or in the urine of n po,ctl worker,. ·r able 
II gh•es measurement~ of 2.4-D. 2.4,5-l and MCI'A m the urine of worker; m various 
industries and occupatinns. M<lnilming of au·, water and fnnd outside area' <>f lwrhwidc me 
has :>hown that the 2.4-D inlnkc of the general populallun ;, bcluw the p<e,ent d~tectton 
limits (International Programm~ on Chemical Saf.:ty, 1984). No qlranwatl\'c datu on 
backtrountllevels of chlorophcnoxy cnmpound; in urine and human trssue; were available 
10 the Working Group. However, the bad ground levels of seven<! 2,.1, 7,H-.,ubstilutcd 
PCDDs and J>CDFs have been lcponcd C. om Canuda by Ryan t't a( { 19!!5) and from 
Sweden by Nygr<:net a/, ( 1986)(Tables 12 and 13). The isnmers and leveb were verpl!ntlar
in the two studies. 
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Tabl~ 11 (contd) 

lndus1ry and actr'.oty {country} 
Sub·oaance Concentration m unne-'1' 
mr:asured 

Mean (range) No. of reportt"d 
ffit'>l!tu:rcrnems 

t l\o. of ~orker!lt 

Gro-und apphc>itrtm atong dect.ttc 
lran~mJ:S.SH.in lmt (Canada! 


fl:Un, tOad~lOt 


g:un, tt~h!~ol-'-'ot: 


mtst hlov.cr::-, np.ht-oi~\\.;t_\ 


aU-t~nam \C"hltJ' \S.IIh fnur \pra\· gun.. 

~He A 


~tte H 


Acno:e! apphca110n 1C.anad<~1 
1.4.[) 

mvtc~ Jm•tkr,\ 
iUJ)ef'-!501 

ba.Hoon tt;cn 
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H"3CiM dn\~t' 


tractor ~prJHr, 


Appltcauon ft·~,\t 
:'.4.5·1 
2.4-fl 

1.4Z (0.04-8.15! 
L72 iO 15-545) 
2.5510 44·5071 

td7 to.27~32:.7i 
3.16 (OJ\).12.41 

IJ.JJ 10 OZ-0.84; 
001 

!0.24-0 "61 

4.8 w12-co; 
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0.0, I~S> 
0 006 <.'\'SJ 
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9 (}) 
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:.orsr 

IF !.1! 
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Table 12. Concentntions of msjor dioxins and furans (ng/kg) in A.len human adipose tissuesarnples collected in 1980 

from deceased ho$pilal patients in eastern Ontario (Canada} snd in B. 46 human adipose tissue samples .:ollecte:d in 1976

from a"cidtn! victims across Canads"' 

Ano:(\·;!'t't 
B 

)> 
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Table B. Le•·els o f PCDDsand PCDFs (pg/g) found in human adipose tissue (we!-weigh! basis )O 
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> 
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(n=l81 
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ln=Pl 
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:z 
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(n=l4! 
... 
X 

TCDD 
1.2.3.7 ,8-PeCDD 10 

0-9 
J-24 6 

().9 

3-24 Q 

2-{, 

4-lS 
J 
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2-'< 
4-?~ 

l-1­
1·18 

!O<J ,. 1'-'A ~-
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:...": 
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I 
)76 lAI<C MONO(;RM'HS VOl liM!: .tl 

(a) Productiontilulll.\ 

A mean urinary cuncentradon of 1.37 mgil 2,4'D "a' mea1ur~d 1n \\·<lrkcn 1nvohcd Hl 
1lw production and lornnli<Hion o( 2,4-P herbiCide\ (Vural & flurgaJ, 19X4) No <luta on 
lev~h of chlm ophenoxy hcrhicidc~ to w!11rh worker; \\·ere expmetl trl intlli>lr !ill uc<'idcnl> 
were available to the W<1rhing Group. 

Nygren t'/ al. ( !9~6) abo an<~ly~cd ddipose ti"uc hom '"''' oc.:upa11ona1Jy expn>ed 
persons (a Gt~rman chemical fa<:wry worker and a labnratury .:hemi\1) and found a 
dramatically diffcrtnl patlerrl nf PCil!h ami r>c!.Jh from ihat \CCil Ill lfH· gcn<'liil 
popuJatwn (!'!Ct! Ta hJt: JJ). 'f fH·fat \;unplt· from the <ttl m.Jtr \\'lH J. t.'i \\•I\ nhLunrd IHPH: !h.a n 
JO y..-an, after he Wal lughly t'Xfhl\Cd to 'I ('J)j) 111 a Get m<lll bc'l '"). 111 N m cnlbtl 19\l I I.e 
Iced of '! C'DD in thb >ample Wil\ 25-30 tomn lllf!hcr than on the nnrmal S\\cdl\h 
popllll!l!on. Moreov~r the ratio of TCDD:I.2..l.7.H·pcnt<!·CDJ) ""' >5, wilcoe;" 11 " 

usually approximately 0.5 m J,lwer, and the •alto nf ICDD·1.J,7.H-It:tra-CDF \Iii\> JO, 
whcrea; i1 i; llMtally dm;e to l.O. 1 hc chcmi>t had ;yntlH:"nd m<He than HO t!llfcrent PC OF 
i~orna; in the few ye<~r; bclt>re lhc bior'Y w<~5 tJkcn 

(b) forc.Hrl' and a~:rinJ!wre 

The highc~t urinary len:b !lf 2.4-D, 2.4,5·T and MCPA arc rtp<lilttl fr<Hll grnund 
'Playing opt:tatwm in tnre:,try work. Aecnrding to rnea>urcmc•lt' made in Au;tralia, 
Canada, Fmland, New Zealand. Sweden and the USA. mean eot>ecnll Jtton' rang1ngl!om 
0.3 to l:! mg/ I arc common during rhb type nf her bil:idr appltt<ltlon !'~c TJhlr II) Druing 
ucrial >praying, the expo\me kl·t·b were lnwt·r () OHl .1J n>!J·' I"" ""'rage 

S<Hnc sluthc> ha\'c rcpnnctl tXfl<l\ttrc d;tt;o as c'l una ted do'r per lll•dy \'cig.hr l en~ rr ul 
( 1982/ '"""nannd the '"P"'mt· of lnrc>~ry wor~c" 111 the liS.>\ to :>.4.5-'1' ;" lnllrm·s: 
mix~rs. 12·1 38 ~tg/ kg bw; backpacbpraycrs. 19-!04 i•g ·kg hw; 'P'"Y 11 .tel or dm ""· .l.l-49 
pgjkg bw; hclicop!cr pilots. <J-44 l'&lkg bw; supervisors, 2-JO fl~· kg hw, and llagmcn 
< l-3 pgl kg hw. Lavy ('I ul ( 191!2) repor led Ill CO ll dmt\ rr nm < 1-51> f/!,1 kg hw ;lll101lf! lJCrtal 

applicatiors nr 2,4-D in !he l!SA The"' f'CSIIIts ate similar 1\\ dw,.c ltp<Hicd lrH 2.4-IJ Ill 
Canadian ,rudic,: 4-.19 f'!l hg hw ( han~llfl <'!a!.. 19S!) and <1·22 ;rg ·kg hw I Ft<111k r•l a/.. 
l9H5). Na>h r·l ;lf. ( ln2J cslimateJ 2.4·D c~.fh\Siltt~ durrng agttcull<ual""' 11lthe herh~>·ruc 
as 20 pgi kg hw for mtxc<> and Inade" and< I 0 JJ!~' ~g hw fnr fllhH\ lrl\d ground apphc;t!O". 

In ;tgriL"UI! urc. hcrhit:idc.., arc ollt:n tl\cc.J it~ nl1X&ure' nr m (omhinatiun, n nd worhcJ' u1a j' 

thcrc!'urc: be expmed htllh to cltlorophenoxy herbicide' 11nJ other pr:-.ucuk\ a1 l<dl "' ''' 
t:muhificrs, 'olvents and nthct additiw,. In a 'tully nf 24 Iarmer;, m,:dtan urrn;ory 
co nee nl ralinns of 0, Jl mg.' I M CPA. 0.23 mg,J d!Chlorpt up ant! 0.2li !\1!) I mccop1 op "',., c 
mcusurcd. In profc,,;wn<tl sprayrncn, the median levels of !he thi<'C cornprHI!Hb were l 7. 
() 74 and 2.0 mgi I, rcspecrivdy ( K olm<'~dtn-HcJman ,·r a/., 19H3a) 

During gmond 'flr~ying ll>ing hand-hdd ~pru)'cl\. nml blnwc" nr I<Jfl«r-dti\'t:n 
cy uipmcul, the au horne conccrltrat iom o( 2.4- D. MCI' A aod dir:hlnr prop ranged fr<'fn 10 
w 30l) pg/111 1 (l<olm(>din-llcdman & E111C, 1980; Kang~' e1 ol.. l9X4; Lth~rh t'l a/, 19~4), 
During mixing and spraymg op~ratiorh along power line dght,-nl·w~y. airborn<: t:rlnccn­
tration of 2.4,5-T ester; were <10-60 J-tgim 1 {llen·in & Smith. 197M). Dunng acnal 

l7J\Jt lL!'A IIO~AI FXPOSIIf< ES Hi CHI OHOI'II !·N()X Y !llH HI< II ll:~• 

<tppltca tw 11 nl hc1 bt.:Hic,, c.x p•»urc levels In 2.4·D wet c <20 i'l!.: m' ( Fr;:uhlw t'l!ll, l':IH 2. 
J.;1vvt•tal.. llJX2) j 11 one (asc, a bJcathing;oneconcentralton of 1411'g;Il1 1 was measured 

(h;;nldln t'l a!.. l'IX2). 

The saaly h) Nygren N a/ ( 19!i6) indullcd a total of J I pct><.>m (><C l.d>k l J ), Olt he,~. 
1.1 had been cxpn;ed 10 chlo10phcnoxy herbicides and lli were nnnexp,>'ed <:o~tmh. J\o 
difference wa' ,ern between tht>c two groups in the kvels and paltcn' of P( lllh and 
PCDI:, m adtpr"c ri;\llt, althour,h a tnng time may have elap~cd bt•tw~t'fl exp<httre and 
,umplin~ In atlrh1 11 m, 1\0 drfkrenrc in PCDDand l'CDf- levt·l' '"" ln11o:d hetwct•n 11 
JH'hnH.. \l.dh (',HhTI (',dft•·li\\tlC \1lft'Oma~.lymphtHJl.:l!t~) and J4 1\(tJH.';IJH'!,I r~i{ll.'Uh 

(t J .\/he ,-1/,tJtcntJ\ 

1none t:-~tnl~l\ e ncL:upuunn.t! JlHHllt onng p1 ogJtHnnu: utHknahcn J 11 ~...;C\\ Soul h \V~•k', 
i\thllaha. >n J<.ll'ol··I'I~O. urin~ '<Hnples were analysed for hcrhkHle re,l<l"~' Tt1e '"bJecb 

1ndudt•d pe,umk faciO!')' ,taH. pc'>t control opnat01>. farrHtrs, park wnr~n' a11d nlhe~> 
pott'I\IIHli)' C~f'<h<:d In 2,4· f) or 2.4,5· T No 2.4-D (lf 2.4.5- r w:t\ d<'tcr:tt'd (''-.0 (H~.' mg I) •:1 

7.15 and 377 vf973 ,~mrk~. re~pectivel;• Most of tloe other >ample' cwil;un~d '-.0.1 mg '· 
;~nd only 27 cnntal>lt'd >I mgil2.4·D and 40, >I mg,'l 2,4,5-'l (SIIllf"''n, 19(;2'! 

F,xpt»tll'l: ol "lldier; and the general popuhHion to ditnin II\ eoHHl<:(tinn wllh lhe 
mtl:tary usr nt.:hlororhcnox;: herbicides in VietNam ha• hccn the stJhJCcl PI much cnnc;t'rn 
among vctcram on !he USA alld Ausrrali;t and the pnpulauonm ~'1e1 1\«nl. Shcpilrd and 
Young ( Jt)XJ) 1eponcd a study in which very low levcb ol tetra-( DD. t>rllt•\•t:d h> be the 
2,1.7.1i·i"1mct. wrtr dcic(tcd itl ;Hltpt\'f lt,>U<' fn1m 'omc Viet Nant n·tnaH,, howncr.thc 
kn::b \vcn· lhH Odu:\cd I') correlate \\'ClJ \\·ltb knilwn t'X1HI~ut'-' tJ;tla 01 '.\'Jih hcallh :-.l.nu.'+ 

E~pcrirncntal rnndttwns "'''"' nnl dc,cnhcd in this rtpnrL A more dct;lllnl dc,cnpil!lll ••I 
thc'c data b P""' idnl hy (i 1o'" 1'1 a!. ( 1984), who grvc the un;dyw:alrncr hod\ and Ihe qualrly 
control p:ogrammr' 11,ed. Thr: rc"Jib of the Hllal srudy or~given m 1 .1blc 14 1 be ;tllllwn 
nHKludcd thilt Vtct Num \Ctcrans rJc,ign;•rcd by the Yttcr.lns' '\dmnw>U.lll•'ll a;, 'ht·a\ dy 
C\[Hl\t•d'to /\v~·nt {)raugt' had t.ktectah1c ~lll)tlHnb of I CDD tn adipo~t: ti\\\H.' the lt-'\!t'h 

found (, 11 t\\'n of 1hc three 'hc;l\ily cxpmcJ' l't,tcr~ll~ were h•ghcr thunlhP~e l11t o:llcr \ 1<'1 

Nam \eltr;in" ~~~ lur !he cnntroh. 

2.11 Anuly'h 

Sde(t,·d mt'lh"d' lor the ~nlli;·~l> nf chl<trnph1:rwxy hcrllte1dc' iuthc an a!ld in the tor'"" 

nf cxpn;cd w.u~<·r' ~rc ,;wnmarm:d in Table 15. 

An~ly, , 11l dermal cxpnsurc pads ha~ hc<'ll u;cd in >cvcr;d \l\>dtc' ro cv .. hrak ,1,1111 
u>~llan 11i1h hco tHctdc~ hcc. e.g., Franklin t'f a/., 1981: l.a\y t'l a!.. 19!\2: Sell~ M;Hiien. 
19!!3) ('hhrrophenoxy herbicide; have also been mc;;~nreJ Ill plasma I>·<'C. q;.. Kolmndm· 

Hedman <'I al.• 1979; Akcrblnm <'I a/., 19/l)) 
t.·lcthod; for I he analyo;i, uf chlorinated dibcnz.odioxtm and dibcnn>lllnOl' h.nr: hn·n 

rc\lcwcd !Rappe & Bu~cr. I'IXI); >ee abo the monograph on occupaii<Hial exp'"urc' '" 

chi orophenols. "c11on 2 6. p 337). 
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'fable 15 (could) 
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S.unpk Sl1b\liUlt;e Sample JHI':par;uwn ,\ !,.~01 )' ltmll ol Rdcttnn: 
matd'( mc:a!\urcd fHUC:C<J1l:C(

1 l.~("lt"ctiP(lf, 

Unnc 2,4-.0/ Hjdwl}'!IC: (at;-id}; dtan~up GC. FC 50 ,g I 
. 
A~trbiom l'l ul 

(contd} MCPA, (Scp·flak). exira(! cptw'>-· !19~)) 

Ultt'tlfHUf1. ph•Hc hufh:f), dttJ\<tJur 

dkhlorprt'l• (pcntOtfiuntuhcnt)f blnltlulc}; 

dl~\uh~ {hrA.anr-) 

Hydrul}·~c (alkali}, iH''d'fl'. GCE<" }0 Pf I S<il & M.otlcn 

ckan-up (S<p-l'••l. (I 'IS.\) 

meth}latc (b(HIItt in­

Ottnt!dc m mcth~no!l. 
C'-HOioCI!hex.anc} 

2_.1.1) llydwly" (and). nU•CL (i('t:C ](I~~ I V1a;JI & U\~tgal 
(bCil7(.>tH::). ltlrlh)c'IOitt:' ~th· li9H4) 

mt:lhyt ~ttlph~l;r,), ck.at•·ur 
(~tlu.·a ge:l) 

llydn>IJ'" falk•lll. GC. H' () 5 »~ I l r.wk ,., of t i9lt'>) 
wash {dachlnromcth<lonc), 

at:U1l{}·; e>:wu:l (chethyktbcl), 
mc1hylatt {lmr<H\ Jnfluondc 

m mr!.ttar~t.)l). c'Hact 
{hcH/t'n(') 

l!(j(', ~(IS\ L'tHOIIl!111J~f4jlh)", f'l ( , lhll'·1.1t~'~l I hhtiiiJh•}(Uflh), Jlj•j ('_ hJf:h pc•hli!Ud.fl<t lo'41Jid { hlolll}.t!L•f(UJlh\ l 1 \', 

ut!a"J\ilt! \J;"tt:(llHn, t·(. cko:-~r.H~ ~.i\rHHC dct~' IHm, MS. nun'" ,,,ntt••mrHt 

/IHrt IHJUh nf dtli:T1Hll\ na f<1ll aiw»y~ Ulfflfl.H<4f\lt, ~<.:.til'{ lhq= iUt h~tttl.t~.~ tfH<'h ~) tf,(' ,.uU1•ll\ 

llecausc dc~rmal absorption is an imponant route of cxpo>~Hc to .:hlmopherwxy 
herbicides, hiologi,:al numi10ring is useful in e~tllnating the absorbed d<»t. llrine 
con<entnttions provide the most accurate eslim;tte of body burden, heo:atl>c <>I ;lnw 
absorption, it i' best to n>llect sarntlle' after a kw d;ly; of cKpn;ure {See Jbo Pfl- .HU-JH4_ 
on which kinetic .studies arc discus;ed.J 

3. 	Bioh>j~ir.u! ihtn Hdt·nmi to lilt' Fvaluntii!n 
of Hhk !o Umnan~ 

3.1 li.llperimenllll data 

Evaluations of the degree; of cv~tknce for 1 he cardnogenicit yin animal> and for ac1 ivny 

in shon-term tests of the chlnrophcnoxy herbicides considc1ed in prcviom lA RC 
Mo11ugraplu are listed 1n Table 16. No al!empt ha' hecn made lo update the~c data 

<Ht 11'-\liONAI 1·\l'r):-,IJHIS 10\'lllOf(OI'IIlNOXYIIllUIItlill'• 

Table !6. Chlot<lphenoxy herbicides and their mnjitr impurity cmt>idrn•d in thb 

nwnHRruph that lune pre,•iously been t\'alualed in the 1.4 fi'C Mwwgtiif'll\11 

I'\·' .n.o.dt\i"j'i( 

:.-~ \ l m;ttJt",.lH..tiC H\i.ldt<~~IMk 

n no ~ltftll.:lt'Hl w<ttkqu.;l(" 

---------------· 

.1.2 lliolo~iral dh·rh in hunlllll' other than cancer 

t~d lou. 1'//•·d\ 

I he hh't a! 111 ~:..·on ;u:utr pot~~HHO!;!<. ;tnd on chc hr~tltb dku~ ol occHp:H.~tl/l.d c..· '.po ... uJ~"· ~~~ 
dil••l•>pl~<·n"'- ~ hnhh'"k' ha ''" been rcvic\\Cd reccmly i !ARC, 1977a. I •iS.l; llncrnal ioual 

l'rngrammc <>!\ CiwnHcal Safety, 19B4; Soskrnd & llcrtlhcrg. l9H4) M<>··r »l lhc '"'i­
rnlogocal tulnr no:!l ron "dcrivr;d fr •'rll cases of ilC\!1~ pni;oning. 

Sn1nde p~f1H'nt~ who tngeqed chior~'lphcnnxy ai:H..l\ dled Jroui t:ilcn{;l(nly t.'n/l~ 1 p.,r 

llll)l<Hii dl·•llll<'l pmHJHHitm l1nding~. Non-faraltrH<n•cnrom wi1h 2.4--D llaw· lntdinl '" 
,,.-ul.: pHra,ynrpatltt'llc ncr\'Om sy:acm symptom~ <Hl\1, par!ituhnly. p<:r~l>lt'rl! fl<'ttfllloriral 
d\">ltuh'ltnn. ;H'\.'III~tin}~ to c;;p.c reports. A \UJvtv~ngca~c nf ~1CPA fnlt~~ic;:,!i(tn rt.:l'U\~H.:d 

\llllwul ll'l'"''''d '<'qudac. 111{' ~~•hucutc dfccb rcpori<:d frrqucntl~ 11 Pill ht·alih \til vn' <>I 
~A ..S-1 manul.tcHH wg worker~. including tlhl~e cxpo~nt during th.:\.·tdt:uh, .trl' lH.'lll,·fnl m 
t:lllpliUI!' !chi<H ,tnoc). laliguc, ncrvoti>Uc>; ilnd irnlahilny; chloracn•: "" Jll'l"'ll'ill ;ond 
(nll:•l'tcnl eli nieaii1UII. cr. r Xpthllrt \() TCDD ha~ itho been il>>oriat~d Wilh irnp.llllltC111 "' 

1!1c1 ltlfll'II<HI pt•:iphcr;,l :wtornpalhy, pcr,mwhty change'. porphyH;~ nHan<'<t latd;o and 
lr:-pcrlt~dtn''' .wd hypcrplgmcntatinn (1.•\I{C, 1977b). 

(h) I /In i\ r.o: lt'fJruductiun und fi!('/Wifll fOXit'ili' 

I· "·ld and!\,., r 1 1979) round a pn,itivc c0rtdatiun bciWt'<'ll Ihr '""HI 11 "'·'~'· .. 1 2.·l.).f m 
,\u;ll;lil;; 111 191>5-1'171> and the prn-akncc !Jir of neural lube ddccb a: b!l Ill 01 '"'"''<!"'"" 
~<"·'"Ill l\r11· S••tllh Walt•, During 1969-1975. !he me nf commrn·i.d 2.-1.5-- I 111 linn~·•') 
!tlCH:a.,ctf litH}! ·H) ln f200 hHlBt.'\: hn\\C\Cf, {l\t"f fht· pc1iotf 197{),ft)'.'6, lht: iUL'IJCUL'I..'~ ol 

q !111m Ill\. 'f""·' btl rda und ancncephalu, tlcchned. and the incHknco" tid 1p:tl;dt'. ddl lip 
and L':• ''" >.tdn.:;- d;;,-a,c tt'fllalnt:d relatively >table (I hnn1a;, f 9X()) 

A 'llldy 111 At k am<t,,IISA. mvnh·ed dindlflg the 'l<tle IIllO high. mcd 111111 and ln11 "''"I 
2,4.5- r bet" ccn I 'NS and 1974 nnl he ha'i' nf rice acreage. No >ignifrcant dillctciH:t m ralc' 
•\l laC~al ddl "'"'found among the <lifkrent area' betwc~n 1943 and l'/74 {Neh<)ll ,., ,1{. 

l 'IJ!l) 



I 
Th~ US Fnvtr<>umcntal l'rotcrttnn A~cncy t i<J79bl mvc,ttgutctl 'pnnlilltn•<" "'"" 11on 

fl!IC> in three nrca; ol Orq;nn. USA. in rd>Ht•>ll w 2,4,5- r 'pray pntCIIr~' in 1'172-1'1"17 
Sij!:nific.illtly highc:r rutc> 1\Ct<: lotmtl in Ihe arc:ttn w lllch 2.4.5-1 w:o' tN:d lllw WutkHlf! 
CiJt)tJP nolt'd lh.tt thl· oa·tluHh O\t.'d J•ll ra·.e a't:rJt.tHHHt'tll \H'tl" tn.uktpi.tlt: I 

J h-r ptl_s~,hh: dh:cb \}t ;n:n;d :.praywg \\'t~lt: ~1Udtni w the NcHihl~111d ft"!!loll nf :\t'\\ 

Zcaliln<l hy divtding it 1111t> 'even are:n, tlccnrdmg to the cJ<l<'lll of 2.4.5-l 'P"'Yir>J!. "' 
a;se~'cd l'>y ;, dctaikd rc\'icw of 1 he n:conh of the corn panic' invnh ··d. 1\·Lttcr nal e.\pmurc 
w;,s cktern1111<'d by :n<:a of rc,Hlcncc. An il"•>ciatinn wa' ft•uncJ f•H all hi11h m;dl<>r nwtt•>"' 
(omhim:d an•! lor duh '""!. hyrn,p;odt'•" and cpt,p;,dta' ;IIHf hean ddrrh "'P'"·U··Iy N<1 
H!-.'\Ot.."lahOII Wit\ hnnH.I WHh \:\.'ritt<tl Jll'f\ 1Hh ~y~l<:lli ddt'fh, HOi \\II h t kit flp Pi p.d.lh' 

(llamfyc·la!" l'l!ll) 

J'l ht· \\iur kulg (it oup lli.Ht:d thitf :he ~d~n\. e ~t HdH·~ \\ L"H: t.:l'd!ogt".:•d '\~If~ t) ""· dnd ·.ufk1~,·d 
fwm thc' "''"!lllnHii!IH>Jl,, l 

A '""'"Y of the: oltn:r"'""" ol rh~ fathc" nl dnldrco "'~\lltkd m th•' Oli>cc ''' 
PopulatHHl Ccn~U~t:' itnd Sulvt·y~ rcgi!'!lt.'f (.)1 nutgeml.il m~dfiHtnat!Oth Ol i·ngl~•n<l >lrld 

Wale:' ( t'i74-l979) >hown! an lnncJ,ctl ti'h of f<tcwl ddt' 111 children nf ~;udcnrf\, 
grtlUfHJ\tnl'n and agriculttH~d wnd~Cf\, who \\·ere regoudcd ~h pdtcJltt~dly txp•~<.rJ to 

hcrhicnfc, (ILtlatiJJilll & Mdlnwall. I'JHJl Nn inerca\t'd .;,,k "' !ht'l' m.lllmlll.tl"'"' ""'• 
,,.,•n in .:hrklrct\ offa1h~" in agncuilllfC nrlnrt·~r ryin (hh•rd;lw c and WI'\ I !kr k,htrr· '"I he 
year~ 1%5·197·1 (Gnldtnj.( & Siadtkn, i9H~) 

fwo n\~t:-t.:OtiU\li ~tud~c~ \\'t'fC c~unt·d out on fld:'-<\lhlt: feplthiuctnt: clh'l'h Hl '\(ddtcr'> 
'' hn had ~Cf\ cd Hl Viti Na tn itnd had h;uJ fHHtntial t:XpO~\ttt.' tn Agcnl o, an11c. fJ nux llHt' n( 

bu1yl "''''"of 2.45-T ;tnd 2.4-1 ><:orHaminat<~d wil h TCPD i\ll Au'! ~>lililll '' "d!. "'"* ing 
1$517 e<bc-n>rHml pi!H,, ft~IHHI a rdal iv" ri'k nf 1.02(95':; (onlldcon: hnifl'. 0 7X, IJ2)1or 
V<:tcran> fat ht•ring ciultlren wil h btrt h anomal!c' compared 10 non-\<:lcran' ( Dnnma11 cl ol.. 

l9H4)_ A US sHttly, invnllwg 71JJ hah1cs !l!lrll In Viet Narn I'CI<'I';tfl\, lound :JH '"erall 
rda!tn: ri'l. of0.97 (L'ric~son <'till.. l'ltl4) 

/\ sltldy ol prcgnarH:y Olli<'ollllC ol Wt\'C.\ of p1 "'""""al pc,li<:l<k 'I";,!''"" ;t•, rond<a:rrd 
in New Z<·;dand (Smtth t'l ul., 19R I), Thr herbicide 'pr;tycd prcJnnlHl<llllly \\ih ~A.)- I' 
Th~te were I 172 lm!lr!. among <lpplicllor fumilie' in th~ 'ltHly pcrtud ( I<J6'l .. J<J7'i lor 

'pnrying o( 1.4.5-T: 1960-l'I'N for ~praywg of any pesticide) anJ l I 22 hath' <rrlron~ a 
(:Oillpubon group ul agricul\mal cnulrat:l<>rs. lnfurrnalll'fl \I'll\ gauwd lly P•hlal '.J"'''I"'ll· 
uairi', wirh an overall rcsrwn'c r<ll<' of 1\9''1- arnong appl!t:ato" ;~nd H.V·, nf a)!llrllhlllid 

cunoact<H>. l\-1uior ''"'Ht'!lit;tl dd~cls were reported m 21:((2•1) nl billh' Ill iiflphri!l\H' ;wd 
1.61;'1, fl!l) ol biflh' lo agllcullural contracro"; rhc differcnc·c ""' 11•>1 ,igr;i!lc.toL iiiHIIht' 
nth!\ were ~irnila1 to 1hn~c ftH' the gcn(,.~fitl pnpulallnn, S~rn1hn rah::'! \H'll' :"-.een fut thL' IWP 
groups IN ,rillhirth 10.9')(. •-r•rw.l t.O':i.) and nw.c;\1/lagr {H br:( ''"'"" 'l .1';) 

In a (Ullhcr ttrudy~is oJ ;1 ~ub,ct of lhe~e dal<J, Jho~c prq!nanc> outtdiHC'\ it .....-.oUftlt:J \\ ith 
spraymg of2,4,5-T by lhe (ather inlhe 'a me year'" the hillh or tile p:M before (-1271 \\ere 
selcclctl and compared wllh rrcgnancy otHc<Hne' not ti\~ncralt'd 1\llh 'praqng •>I any 
herbitidc in that rniod of 11111t (352) (Smirh eta/., !9R2a). "I he rdaliH n'k lor cnngcni~;tl 
dcfcns <lfllong children of cxpo~cd (;,thcr' wa.' I, l9 (901:;, conlltknc•· lmHh, 0 5!>-) 45) :wtl 
thai f,, mi,c;Hriagc 0 ll'i (90';;, c•>nlulcucc limit>, 0.1>1-l Jll) 

OCCI I'll IlONA! EX!'O,.UlUS TO CHLOROI'llENOXY lll'IU!ICIIH'S lH) 

{<') Ah.ICIIJWon. dlJirihutwn. excrl'lion tlfui merabu!i\m 

In fno t11Jk \'nlu!llc~r' who tccci,·cd an nrdl do;c ot 5 mg/ kg hw 2.4.:\-1, there'"" 
alrnmt complete gastroinle>tinal absorption. Disappearance from bloctl and arpcarance m 
IHlflc followed first-order kinetics and 5howctl a half-tirne of 23 h. An average (l( 88.5% of 

1lie dose wa~ excreted 'mthe urine within 96 h of adrmnistration. and the renal clcaran<:e wa-' 
IH0-26tl ml' nun Noadd-hrhdc conjugate or flee !ridrlornphcnnl wa; dctn:tctlll!lhc Ill tile 

2,4 ,5-'1 hound re\'ersillly to plasma proleins (98.7%). and I he rdattvc vdume of dt>t ributlml 
wa> 0 079 I' kg. Faecal excretion was < tfJl;. of the dose iGehring t'l a/_, 1973). 

In a >tmilar \ltldy, in whrch 2, 3 or 5 mg,lkg hw 2.4,5·T were Hdmini;tcrctl mall), 
maKtn1um plasma concentrations were detected 7-24 h after administration. Following a 
5·mg' kg dose. the dis•lppe~rancc half-time averaged IM.H h. and the average rebrii\'C v<>lumc 
ofdistribution \I'll~().! 571i kg. For all doses. an average of 63·79% of lht: do!.c was recovered 
in the urine v.ithm 96 h ,,f administmtitm (Kohli <'I a/, 1974a). 

Polttllll\1 rnhalation c~posme could accnllnl for only approx11natd) !\'( ol the toJtal 
a nHHHll of 2.4 .5-T recovered within four days in I~~~ Ill ine nf spray applicalllt!i, where;" ih<· 
<'>ttnHtltctl dctrrhtl exposure was potcntmlly 10()0 tune> grearer, indicating rhe rdatii'C 

imponancr ol o,p,»tue l'ltJ the dermal route (l ..avy <'to/., 19il0) 

(it) ;>,{·f) 

In a ;tudy on the ktncilcs of 2.4- D. rive male volunteer~ rccctvcd an t>ral do'c nl 5 rng, ~-;: 

bw A b;orrli•>n wa' alrnosr complete, as indicated by the recovery ofS8-IOil1ii olthc dn;c in 
the urine wrthin 144 h. When elimination of 2,4-D lnrm plasma wa; fnllowt•d in three 
suhJeCIJ., thr aHntgc dbappearance half-time wa; II .6 h. For two suojccrs, the n:lail\c 
voltrnu·; of tli\lributiPn were 23!! ;~nd 294 ml/kg, re,peclively; an appaltnl luphit,lc 

ckaratlr( wa' c~hillitcd by a lhrrd ;uhJCcl. Arrroximatdy 80%· of the 2.4-D wa, exuctcd 
unchanged in 1hc urine and th~ remainder a; an acid-!abtk conjugate (Saucrholf <'I a/,, 
1977a). 

R;qml (h.i\1-tunc, 2.5 hl and t~xtenstvc ga>lloirne,llnal ab;orpllnn HI 2.4~D wa' aho 
fn11nd by Kohli c1ol. ( l974h), who observed an chminal ion half· time oLB hand a' olumc of 
d!,lr•hnti<Hl dU.llikg. 

From a rompart;on of unnary excretion of 2,4 .. [) after inlra,enou, admintsll;,linn <IIHJ 

application ol 4!'gicm' on forearm 'kin, the dermal,tbsorprton of 2,4-0 was calo:ul;tted to 
be 5.1!<;'/- Dermal absorption was protracted, with peak concentrations detected in the unne 
t h• ce daj; after cxrosurc (Feldman & Maih;lch, 1974). After expo;ure of ground ~prayer' to 
2.4-D. peak concentration~ in the I'>IMJd ancJ urine were dctectcd afl~t 0 to at lca't three 
(hlnc>d) or f<•Hr (llrinc)days, and the apparent half-tim<' for urmary ~HJtlwn pf 1,4-j) w~s 
14-79 h (calculated from data presemcd by Na;b eta/., 1982; Nash e1 al., 1982; 1 astM t'l a/.. 
19ll2) Frank <'I a/. ( !9~5)<'alculated 1ha1 a maximum of 4 5()( ol the amnunl o( 2.4-ll 
depo>:tcd on rht· hMe 'kin of a byslandcr directly "prayed with 2,4-D wa' ahwrhed. In 
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tH.'~tl(l;ttlon,!! cxpw.!l!l.'~. '"' lH appeaf ~.I 0 ht• I he mn~! 111\fHH li.tfll liHill" ,,, •I h:-tll pt!OH (I Jt olflt': 

& Sireet, tn2: Lavy ct <Jf. 19112: Kolmodin·llcdman ,·;a/. 19H.1a. KangJ' ,., ul., 19H4, 
l.itnch •·rat, 19!!4; Frank 1'/ a/ .. 19155). 

(iii) MCI'A 

In f•w Vtlluntcct> (Jhrce HH'Il, t \\<.> womcn) gi\ cn 15 J.<£ 1 ~J! h\1 M C'I'A '"" lly. the lnghcst 
pla~ma ~onccntn.Hions WCJc seen aflcr I h Unnary c~crctJ<Hl wa, alu1o" co111pktc hy 24 h. 
at wh1ch wne approximatdy40<;; of the· do.se had hcen recovered ( K olrnlldtn·llcdman cr 111.. 
!98 Jb ). IJ1 a stmtlar stud)· (I nllr nwn). an avcntgc of 55'';, of a 5·mg m ;d do'~ '"" u:1•n\ ct e<l in 
tht: UJHito Within 9!> h (Fjd<htad & Wr•Bn;~g, 1977). 

In a stot.ly ondcrmul abM>rption rn 11\c volunrcct,(rhrcc rn"l\.1\\il w 1mH·n). sllll-p<tpcr 

pads ~atur:lled Wllh Hlml of a lll<)f aqtu·ou, >olutwn ol MCI'A were :tppl•cd 011 the ,,kJ 11 ot 
Ihe !hrgh lor 2 hand the p;HJ covered Wt!h wrgicaltape. f'ea~ pla\rna lcvch urcuncd at 
<tboUI 24 h (I wo subject>) By 144 h. appwxim~tcly 2 mg MCPA (0.2'!1. of the applied do,c) 
had been recovered in lhr urine; the peak (ll urin;uy excretion '"*' M:m 24,4R h ;1flel 
application (Kolnwdin·llcdman 1'1 tJI., l98Jh). 

Dermal absorption i; 1111 imponanr [;,cwr in occllp;IIJona! <:1\po;urt· '" MCPA. , 111~·c 
tlnt«:·wcightcd average cnnccnl ratiom. of the <.:mnpound in brca1hing-1nnt· ai1 ,ampk., wr~ c 

1o~ly<O lmg/ m , wherea> concentration; in the urine uf expo;cd wm kcl\ rc~chcd 12 pg; ml 
( Kolmodm-Ht:drnan ei a/.. 19!1Ja). 

(iv) Sih·x 

Silvex, in powder form, wa; gn'cn nrally to eight vo!llntecr' (,e,cnmcn, one wo 1nan) at a 
do;,c or l mg[ kg, and !Is concentration in plasma and urine w;" ~tutlicd Srlvex wa<, almo;t 
comple1cly absorbed; peak concentrations in plasma were reached m 2-4 h The di>ap· 
pcarance of srlvcx frnmthe pla,ma wao, be;t described by a tWo·compurtment model, wllh 
rcla1ive volumes nf dil<!ribution for each compartme!ll of 81-l5H ml.'l.g and 45-l6.1ml/ kg, 
respecuvdy, Each compartment followed firsl-order kmetic~. and the two ~ucccssave half­
times for pla,;~a di>appcarauce were 0.9-6.9 h, and 9 0·33.0 h. JC>peclivdy. Witlnn 14·1 h, 
urmury excrewm of srlvex, which de.:rcased bi·exponcntittlly, unHHinted !n 66-95'i(. of the 
dose (a~ silve.>. and silvcx ronjugal<'~). In the urine, 29·801?; nf >livcx w:.s C\L'Ittcd unchanged 
and Ihe re~t as acid- anu ba;c·labilc conjugate~: glyCine conjugates wer~ noI detccled. l!p to 
3% ol the dose was deterH:d in the facce' (Sauerhoff ('/a/., 1977b) 

(v) 01lu·r 

Dichlorprop and mcc·oprop have been dc:lcrtcd 1n !h<: UllHe nl r.\f>t"rd farmc" am! 
~praymcn (KolmOdltl·l·lcdm;m era/., 19!\Ja) 

(d) AIWa?,t'rticitr 111Jt/ chr<Jt!luwmtlli:f/1'< 1.1 

'The genetic effects of chlmophcnoxy herbicides and !hell cont.•m•n;,nb h~'c hccn 
reviewed (Wassom eta!.. 1977! 1978; Seiler, 1978; Gran!, 1979). 

J 

(J\ t_ 11'\110~:\l !Xl'O!>LHIS IOCiliOI(()l'llll\OX) l!l!Wi( llll:, 

f\1td._,d1\ ( i'}~l)J l'\,I!HliH.'-d the 111LHJl'tH:t:'l td tfl!Plnd':tlflhd .tht"lld1l:tqj·, ,1ud ~oi.h'l 

tY>I tH1l.tlld t' \~·l~olll~t:"' {S( 'F,J IH 15 :\Oldttf~ len ~Can ~tf it: I \CJ\ Hlf. Ill tht :\ th\ I ,dJ.t II .H tnt'd 

!df(t'" w \ trl :\.1m tor pt.: nod!\ ranging from.:-,ix 10 15 HlOHth~. Ll)dtl cnnltol-.(1hlt:~:.'l'> Wl'h.: 

;n;~tt:h•:d f,)l .l~t.' and \t'X \\'IHI htld HO fH!'ItOf)' of JntiU'llllaf Or ag!H.'U!Inr;d \.'\.PIIId!tt' lo 

llniHCHk., t hr nt~:~tnll cqHtlH') HI \:hHIHlO".ItHlal nht:~ ra!H\Il., in peJ ~ph•! .11 h mph<n:yk" •,\ ~~'· 
~ 06 jh.'f HlU ~ dh lt'. th1..· ex po•.1.:d gr~n1r \'<'t \U\ ~.J~ w 1ln: t:onrrol·., S( 'I· fn.·~o,pR'fh..'lt.'' ,.._,n l~) 25 
and 54) pc1 L'dL r~.·,perlnrly f he Ulllcrcn~t·'\ wen: nnl ~igniJk~•nl 

,\ ~t nd;1 h htrh 1~'jHH o.:d t lwt CXfHhUft: 10 t.:hloruphcnn.\ y her h1u(h' d1H H1~ 'f'! .1 yo~g w 
Sntith Va'~ :\.1n1 :ndUt.-'t'tl rhlfHTHhiHlWI ahl'nattnn.'i tn hunwn' \\'it!• p1dg'-·d 1t) he ha~nf ()u 

f!I,Jdc\pt.lh d.1t.1 t1c\ H.'\\t'd h.\ ~at1ooal AraJt..·my' ot Sdt"lll't">, ltJ7.l) 

An .ll~olh <)I 1\mpl·hh.">h: t:hiOflHhHnlC~ ofag_ln..·tdiHltil v.,q~,t'l' ttl hLd:o. I,S:\, \\Jth 

r\h..'n"t'-C ul·t:up;HHHl;d e\p<hiHl' In pc..,tJCJdc~ W3!1. rl'ptHtt:J h~' Yndt:: u ,,/ ( 1971;. A g~oup 
oJ 2(~ hc1hHHk 1.'\fH),t.·d \\olkCI\ wa1 ctHnpar(!d v.-ith !6 con1rnb J hl' lh! td the mo~t 
l ~ 1f11!HDniv H'-'l•.:d hl'f htuJt, l'ompn\t:d !4 fot mulatinn~t. htH 1hr p1 cJomwa lilt'\ pi hUrt.'"'" ~._·u.· 

1H ;111Ht 1 Hit·. 2.4·1} (llhi itl ra tuh:. Blond \,;unpk\ \\en: tit .awn hn\ h t}J !~:-.,;.· 1\nn .n:d ntaf~:o-.ca:-1tHl 
,HJd ndHH~·d lHI ·H: h ()ni\ 2) Hh."lapha"-C:S \VC'fl! t'Xanlinfd fnH11 tach f'tnnt un~"t.'.t>.,(}l) 1n 
Jllld·'t:>l••!>n tile lll~allll!illlhcl nl dH<>JlliHHJ gap' 1n1hc her!Hudc·t:Xflowtl J!I""P JJ>er<;;"d 
l••ld iHid li1<>1ll 0.1o • 010 t<> l.lt; 1:022 pet P'""'" pn 25 ~dh) lo the"""!<' gJo•IJl. 

thl<iiiJ,l\lll l11cak' lll<'l<'<"nl 25 fnld (IT<>Ill 0.07 .i. IHl) lo f XI .t 0 151 I he nli·'L'''"'" 
id•UtdlhHl !lftp!t'Ht'IC'\ Wt'tt. ho\\'t'\t.~r. \'t~f)' Jn\\ H\ l'fHHpttrctf \\Hh th: (iHIIJOJ!HOllfl (oJJ~ 

•,~.~a··o~ 'n. 0 h l ~- 0 22 (or g.lp\ and U,J I i 0.12 for brca};~). ahh(HJgh ilt'- pw.qbk to lh~ ,uh)t.'(h. 

'"I hen"" n CIIH!I•>h l hr ;unhur~ uwdudcd lh:lllhc Hlt'rea\cd illcl(h llcc "' du<>m""'lll.l! 
;,~h'f r.ttwn, \\,t" p~nhahl~· dut' to cXpthUtc tH hcfl·Ht:!dc:-., although l1 \\;J-. filii pn,-.,ihk lo 

dPd ll<~!fH'>h \~ hwh herhlcuk hu mulatton' Wtt ~~ rc~ponsihk. f'l he \\-'or till!;! ( lrour~o nn!c,f :Jw 
'>Hl>dl fH.IO'IlH,'( ld t:rlh t:xamu1clf and Ihat ro~\lhk conruundwg LH:tor) Hen: not (~~tnl int~) 

l'nii"-HktatHHl.) 

:-,(T ll<:tf"r~":y ''"' 'ruditd 111 57 li.:rlllciuc aud pc,lindc :-.pr.l)l'l'< m Nn1 /.c;,l;u"i 
f( ·~ lh".t'il f"i a/,, l\l7X I 2.·-LS- I and 2.4~ I) \\'ere mcnttum:d .t~ lwo nf: ht· HJ Jnrtntli>~thl/l'> IJhl-..,t 

uotnmnul\ <!lluHIIllcn·d m the >tud). Ovcr:IIL there"'"' nu lhll<:teii•.T "' SCL l!cqut'll<.'l 
hrt \\ cr n 1hr t'll\lll ~11 group ;nHI the :-.pruyt'T\ (rntiHl ra! ::~. 7 65 \'t't'\U\ X Af.l I he ~pt.t)\'f' \H'I t.' 

th\ tded H!l1l IJHt.'t.' !!cfOilfh: lho:o-.t_• \ldth no prntccl)on. thllSC \\'tlh ~tlllh' j)Hih:ftHHl ftHlh..'l 

rJoliHn!L r~o\ ·~·" jlf l t>\p:rat ur) ;,nd I ho\e i.dt h ftttl protn:tJO!l 'I hu:-.e \\ nh uu rr~lh..·ctll Ill h.u.l a 

\I!!Hll H.'>l HI h hq~hn OH:an SCI· tal~: than the \."onlfnl ~~ uup (rncan raTe l.J 0 lt·~·rHn 7 h~ l hoi 

Ilk i<Ht!HH' 11illn! lh•ll !he kngth and level ni txp.,,tnc (wrld al"' h.!lt wlh;c-ocrd tho: 
Lnd iH{!\ I ~~~·a·\\"' nu ddh·fe!Kt: U1 scl: H.th: bctWt\:'ll I ht)!\l~ who U<.,c(( her hH'Hk'< ('\~,:!w.h ;,.·iy 
11nd th~~~.~..· 111.\Hf! hn!h hJ.;tlHtidt:"- ~nhf pl'\lltidt:\, {'l ht \V,,r~iug Gtoup nnJ~·d rhal 

~dnlnH111hnr l;u:lnJ-. '\th,_'h a\ \nlnkinr. \\'t:lt' :hH t11kt..'ll into t:Uil\Hklot1HU) I 
J I '-lf-.1 "-lL'i~l f'/ til. i f9XO) q udll'tl flt'l 1phet aJ JymphocyH· t:Janmo,IHlh'.\ lunn h:n S\\ ~·dhh 

\\IH hri'> \\ hn h;td \\l}j kl'd \\ l!h ~,C\'l'fid rw·d~(Hk"".. fnt I\\ t) hi 2tJ ,\~ah (Hh.';lll. l ,\ yt..'.H'>) 

:\JHtlHg tlH: pr•.tll'Hk"-. li"·(.'d \\'t..'fC l\:1CP:\t lilt:t'Opt~l-p and 2..•l.ll. ltHlH' had lht'd ~ ••l.~y t 

dmP'•t"h (2-\('t-hit~\i-th·dlnt!rophl'noJ) 01 anHiroh; dutmg tht: ht•d l\~(l \rou•, lhr ,·nnlfuJ 

~Htnp tPH"-bh'{J td '>:t'\cn Lnm 1A~Hke1~ v.ho had tH'\cr wod,L'd ''tn1 PL"'-.tlt'Hh'" Ct·lh \H'It' 

udrwd I"' 12 h.:ond 2fl0cdb!rom<:al'h"li>!L'CI wcrcanaly>ed No>Jgmlirantd.fkrc·•H:•·in 
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I her IC<juency <II dtHlnll"omal aberral!ons 1\ '" f,mnd hell\ CCI!\ he 1\1 ,, ~I '"'I" {,!!"f1'· I 7 pn 
lOll cell, I'I'HII.I 1.6111 Ihe controls, hrcab and ~.xdmngn, 2.4 ,.,., 11n 2.!\) 

.' inna~mnaa ( !9X3) 'tudicd SCEs in lymphorpn of worh" w Finland 'Jllaywg illHC\t 

foh;;gc wHh chloropht~noxy hnbkid" cnnruining amine "'II' ;tnd '"!''" ,,f 2 .j.i) and 
MCPA, or mixture' of Ihe 1110. Th•ct· surcc,;iH~ blt>tl!l ,~lllplc' litre !,tkcn !ton; 50 mak 
:rruycr; (who had U>cd protective cln1 h in£); the firs I hdn1 c the ,pray1ng ,,.,,011 . the wcond 

'.n 1hc rmddk of Ihe >praymg sea""~ and rlw rhir<l 11 illun 1\<'o da~' afrcr the , 11 hwn had 
tumltcd ·'Piil~'H>g. '.'1 ••nJn '''follow Jl'"'thk npn,tH r-1da1 rei cliangc• .. tIt IHI' ,,1mpk, 11 ,. 1r 
tahll at Ihe "Wlc lim~ a' llw ""'"lid hJ.,.•d -ampk I ~· ,.h ,,f 2A 1l "'"I l\H "I' •\ m 11>•: ,11 ""'· 

wta,ch '~~!1: "'l'd '" "" indtc.lttH ol t'\l't>>urc. \·;uo<tl !:''"' 0110 '" HJ <N rug 1 (n>c<lll. 1 HO 
rng;·l). .Sunahie cht umo~!Hlh.~ prepat athHb wcu.· ohlit!Hed hotn J5 her htL'nh: \\ \H ~t·r, aud 1"i 

conflt)h not working 1\ith hcrhtcltk.'. 1\o ''P.ndicant ddkrcnrc in SCF fl<;qllctH'I 11 ,.~ 
observed lfl ~.;unpJc~ taken h~fore. donng ur afte-r tht.· \·>.pfhdlf(,.',. the norw\pt1\t.~d ~:~·HllH"~l 
grnup fdl1n the same range Srnohc" m both gro11r' had ,igntlk.wtl.\ lllgilc1 mean vufuc, 
'!'an llOil\llJOkcrs. '!he an·ruge fn:qucnCIC\ of seE,. rdl in IJ(lll\lllok!llg 'f'"l\ n; ""'" X.(l, 

ll.O, :atd gJ{ before. dnnnr.. and ;sftt:t ;praymg. rc,peni1dy. '''''WI S.l 1n n<'rhmnUng 
<:t>tl!r,,b. I he cotrc'P<H>dwg valu~s (or the ,nwkct> wcr 1: 9.7. •; 5. '}<) <'N\lll 10 o 

S on;r lfHI_fddual:oi v.:(t h .. undar l!XflP!'lUI e wrrc aho \ludlt.:tl fnr frc.·q\H'fl<') ut t h1 nrHoh. 111 n.d 
<~hnrall\111' (Mmton~n flu/.. llJ/!6). Where pns.,ihlc, !()() ilri>Hlivi,i•>n mclaph;""' 11 crc 

CXilmlnnllrom each <>f 19 WrHkcr' <Hld 1.5 cnntr<lh. 1'\o tlilkrencc "'~'found het 11 cv 11 the 
lwn !fTOHp\. The pern.~ntagc ol ahcrmnt cell' (gap;, rndudcd) ln cnrllroh '"" 1 5 .t () \ "' 

nommoka' und 1.9 ·t 0.4 111 'nl<lkt:r,\. In cxpmetl IIIO)Cth. 1h1' rt\'>n liVe pcH·cni·11.n wnc 
1.2.! 0.5 and 1.!! OA. 1 

· ' • · 

3 . .! Ca'e reporh and epidemin!t~girul 'ludic' of cardnngwkil}' tu human\ 

(u) Caw repon 1 

A ~wmhcr of report~ dC.\tflhC the <Krill renee nf C<lfl(:t'f in \\or kCl' t' .\jlt>'t"d I" rc!) I) ( \Ce 

IAR(, 1977h} A ca.\C rcpnn dc'l'libc, !lace c"'" nt \OIH"'"'' '"reomil in II,\ lctcr,11l\ 
J().JJyt:;u, afln cxpn"ll<' 1o Ag<:nl Orange (S;~rllta & .l.t>:<>!". I<JH]J l'alq ,.1 a/ ( J'l7)) 
d~s<.:r 1hcd a cast< nf apltt'>ltt: auacrnla H1 a f•u mer 1h1 -~...·e 1H1Hll h~ allt.'l e\pn\lHC 1o J'v1 ( 'P _., in 
hnl;~ ntl {h~ had al;.., '""d It~• hklli<'' duung the f""""'" r;, c ,., .. 11 •.). " ,·;~ 1 ~;. 1 ,. 1 he· 
dcvd<>rcd ilnllc lllydomonucyllc k11kacnna (Tinl<lll<'" & l'all'a. I'JHO) · 

1 

A dinit:al stHdy nfl2.lmalc patienl\ wtlh rmn·lindgkm\ lymphnnl,> u1 S<lt'<kll '"'""' 
lhat !om ol ftvc p<~ttenr; with ctllancoll' ksn•ns rq>otlcd 'f't.r)tllg l.u 1.!1: arc." w 1th 
chln'<lflhenoxy her bicidc, (Ob,on & Braudt, 19M 1) 

(h{ Cuhott \futli~·' 

A coholl nl J4l;{ railm<~d Wt>tkn, '" Sw,•,ku (Xpo,cd lot .J) "'''' 111 tlllrlll!! 

1957.. 197!< to 2.4-D, 2.4,.Vl' or anlltrok \\·en• i11vestiga1ed tn a tnli<l\1-up 'l"d) (A \dwn I'/ 

a/., 1\lMO) {'ce abo monograph 1>11 amitro!t in this volume. p. J0\1). ·1 h~"' was a dcfit'ir ol 
death> from nil causes (45 ol"cn·ed. 49 expected) hut an t•xccs, from ma!lgnam nc•>pla..,111, 

111111 c 

PI lii'·\II0:-..\1 I \I'OSIIH!·S 10<'11101\i!I'IIFNOXY Ill Hill\ llll\ 

{17 11th<:~ ltd. ! I 1.) c~pct:k<ll. In a 'ttht:<lh<lrt cxpmcd tn 2A·D "' 2..1,5·1 h111 ""' illlHIII•k. 

thc1c were'" <Ieath' f1nm cancer with 5.6 cxpct:ltd, ;!II ,If which nCUJ!~<'d m th,>··r Jp··.t 

"'Jlmed ten '''a" nr more hri<HC death (3.! expeftt:d). In" 'ubcohott <'\Jl"'"d In h11th 
illlillfOJc and ,·hlnwpfltl111.\} herbicide\ (2,4·f1 01' 2_4.). !'), there 1\rfC ''-' tfc;!lh\ fl<lll\ 

Ci!Occr \Ill h J 9 ex peeled, ,,J 11 hich all 'lx (with l K expected. f' < 0 fl()5) "''<'Ill ted m 1IHht 

tn" cxpt"c't kn )'C:Ih <>r mmc hdme death; there were alt<'gcthn IIH<'c <.kalh, lr11m 
'l•tnmch c.,ttcr 111th 0.5 txpcctcd 111 men fust exposed lo chlomphrno\y hcrhkJ(k• ll'n 

)car• lwhllnk:nh The men were ub11 CXfH"cd wnthcr nqwnil'!c.g .nJ<HlliWn ;~ntl tlilll<'ll) 

.!od lll111f.!ll!t ,,:hcnu ..:.ih (t' g, pnt~t~\HHH chi,Hatc) 

! i ~~F"tnli ;1 hd \\'t··.t-.'l land t J 9X0} \t uJ,,·.d I fw mn: t.dll ~ ul 1·12 l!L.de ldf nt::' H nJ kt'l-.. m 
~\1, cdrn 1,.'\pu... rd In 1,-1-1) ~tnd 2.4.5w"} in I!)54-196? •.anJ 244 rn •.t!t• liHl'\1; y \\Ill ~ .. 't'> \~ ;tbont 

'-.ifL II t:\ !hl\Hh'' d ui!\)\\ -up, J954~19no i~ivc death .. from Cl.H1Ccr \\l'fC nhv..:nnJ O:Wlontt ( hn-.e 
e\pn·\t~d) t'f \f/\ <• 4 t'\f\L''-'h:d I rom national rat~:). 1\mong unexpo~nl Ho: krr'l tht:JL' \H'H' fO 
uh ...cn~:d ~katlb frpm c:nH;er \'('f.\tn !4 7 expected. Among lh l.'\!HP.L'd lnn·m~tl. h\t' 

int:td<'lll cil'•C' !>I r;,n~rl w,:r,· luund in !hr Swc<li>h Cilnt~• Rqp'll! •'f'·""'' I ·i "·'P<'<it:d 
tp< 0 02). \~ h1k 1hn:l..' t:a~t·~ ()I ~.,:anccr wr-n.· ~ccn in 12(, t~xrn~cJ '' nr k~..·1:-. \'- Hh h.-~ t'\ pr(kd 

(J•<' 0 05) I""" <'tght ca"" wcrt·localllcd in the >tlllHi!<:h 1 ll. pi! Ill' I ca,(2).1t"'!' 1 I i. 'kill (I), 
P""tilt<' f?l '''"' hlad•kr (I) lhe expected value lor ,oft·ti>,ne '"'''""·'among the <''-i'"'"d 
\\;t•l dhnut 0 J J·on.·tnl'n \\en: c"rn~~d 10 chlornphcnnxy ht:rbicitk·· hH on1 ;i\t:i>lgt: ~d 176 
tl.1>' ;!1\d \tlltkCI' I<H )()day,. 

ll.tt!lld tl'!~l) pcdt>rmctl a qudy cnct~mpa"lng 1ia: 14 tl>"ill<h nl tin: (ioll>.lll 

I kmo~..: .tlH ](epohlll: ( t'M:tuding Be din}: 165K rnuk ~uh_rn L'> '" ho had h~,.·ru act1\ c JdJ .H ila..,t 

l11e \Tar' il' ;q.:rtt·ultraal \\<Hkt:r> m agronmnbt' hel\1-ccn l'14h and i'.ln "''~' pt~tcllft;lih 
l'\P~;\t'd tn 2.~ .. 1) and ~1CPA Cancet incide-nce in th-: gr~lup w,"J\ H~ ... t·-. ... t:d lh!twgh t'nunty 

ttH\lllllt rl'lt:ll'll<'<' ecntrc' aud d~ath ccnif~<::Hc;; 124 169 ncopfa,IH' <~t•re lu,t•llo~JL'all; 

1u11lnl t·11!; ca"'' nl hron~hlal car6rwnta occu!lcd ht~rwccn IIJ7{1 ;11111 197K q·ntn 21 ~ 
txpn:tnl lt~HH nati<HWl morhidlty rate~, One cu~c. ot ~nft-ti~\tH..· ~;tH'>~ma ~lfH.J li\l' of 

lytnph~1tt~; nt'PplH~nH. \\ere oh~ervcd fTht: \Votking G1oup noted :hat \!Ho~mF no~' tuJf 

!Hi-. en inlo it{ rount 10 thJ"< \1\tt.fy. hul that t.hfft~n;nct.·' in ~rnnking hab1h aH: unlil-ch •~~ 

c~plinn ;1 tt<lat!\t: Jl',k uj tht: IH:t.gntt\Hk nh~l.'l\'t<LJ 

Rlthtola~J d ul ( 19X2, f<HU) exnmlncd a ,,:oholl ot 1926 rnalc J !!l:w,h \'u'~·l.-'P, oH~thrd 
ll) h1u"'h ~ tlJHII~I !111 at h:.;t -..t two v.. eck~ hd ween 1951 · 1{}7 J 'I hc\r \' q ~,~.:p,. \\1.-h.' c\pn-..t'd tn 

2.4-1) ,111<1 2.4.S· t. atnnng nthrr agent.. The loii<IIV·Up pt"I'IO<i '"'' l11nn IVJ:-1%0. ·""' 
f() (,l)A r~oT'dHl,)till' \\l'tc rcprc~enrcd 'J he oh::-,cn·ct.l rates wcr~,.~ rrmp;llt'd \\Hh ~:o.pn·h·d 

1Wmhc" 1111111 natu•nal de;tth raw,. Only 26 t:anrcr d~ath> were unl cd \\'lth 1(, 5nprr:e,J In 

the "'h!!""lfl with 11\tf lO y.:a"' lalcncy. 20 cancer\ were nbS<;r'<c<i whnca; 24 1 11>'1<" 
e\p~t:lnli''""'''udt;ed 11l11rlaii1y rate (SMR). ~2; '.15~-'; conlttkncc llllc'l<al iCil. ~n 127!. 

HH:Iod "'J! I:' IIIlli' <.'.111\'l' 1\! e.\flCC!td. II t) ISM 1{. IOK; '))':; C I. 51•· I ~'II '"''' I•'"' r.wu'l' "' 

rln:'l"ma,·h,lltdnc"'flha!.:ll'!e.\pcUed. ),7JISMR. IOX;95','( CL. It) J77l.l\ui11ttpllollt,l<'< 
'•J.It~tlvo\l~ .... tH.:oma \\a"' nh:-.t.'l\'Ctf C;~nct~f IUC!<kncr- wa:'t ttbu \ludH'd, \\1lh \illHI.u tt'•,!Jh' 

l he" ul hn1' pntnl out. however. I hat !he ~111all >ill' oft he cohort. Ill•: htld toll"'' ·liP p•:• ~<><I 
;wtllh" k11 e.\pmurt• lunlled tlw utility of thi' 'lt:dy. 
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Lynge ( 1984, 1985) 'tudied 4563 pcr~om employct! hy two chemt<:i!l plant; in lknm;Hk 
which produced 2,4-D. dtch!orprop, MCPA, mccoprop >~nd 2A.5-T in the period 1\147­
19!! L 2,4,5· T wa> produced matnly from 1951-!959 from 2.4.5-trichlomphcnol made 
externally, ant! 2,4,5-Testers were made from2,4.5-T produced externally up In 19111 2.4·D 
and MCPA were manufactured by<·hlorination of the phenolorcrcsnl; dunng 19<>0-1970, 
up t 11 50% of the MCI'A was produced a> spray-drit•d MCPA sodium salt I nrident case' of 
cancer were idcnlified by record linkage with data wthe Dani'h Cancer Reghtry. hnm the 
year production <lf ch!orophennA)' herbtcide> started tn the two plant; ( I'N7 and 1951, 
respectively) unttll9!i2, th~rt: were, lllf the total cohort, 159 canter> of ;dl 'lie' •Willi 16().(, 
ex pee ted in men and 49 obscn ed Vt'fll<l 55.9 ex r~clcd iu women. ·r he 'It"en cd number> of 
cases for individual ~ite~ of cancer did not diller ;.tati\llcally ;igmliramlr fwm 1h~· cxre.:ted 
numbers. Among pct'M)JlO first exposed ten years nr mnre hefore canca di;tgno\1\, tl1~rc 

were I! ~asc> of stomuch cancer •·•·nw 1\.J expected (rHHhignlfic:ont). Nn "'"' .. .:cwrcd 
ilnwng women. Two case, occurred in men employed 1111hc rn;.nufaclur,· and pacbgmg of 
chl<>rophenoxy herbicide\ ''~'~I'll\ I 5 expected. Seven nn.cs of rnahgnant Jymphnrna were 
observed among men with 5.4 ca.\e> expected: among women. thc1c wa' nne<';"~ \lith I 2 
expected. Nn case wa' ob,cncd amnng men or W<Hncn OHJnuf;,cturing ;wd p.trhagtng 
chlornphcnoxy hcrhkidl','!, Among men, there wen: hvc nt~c~ of .\4)ft~tt:,:,ue \i.trcoma l',•rua 

1.8 expected (relative ri>k, 2. 72; 951)(! Cl, 0,8H-6.34); no ca;c wa; Jiagno"d ~lllllng w<Hncn 
(0.75cxpected). For the four men with more than ten ycar>'latenq· ,incc fl"t cxpu,urc, the 
relative risk estimate WiiS increased w J.(r7 (95\1(,(' I, 1.00-9. J9). Only one had been a"igned 
to the manufacture and parkaging of chlomphcnoxy herbicide;, two wert wmking ifl 
shipping and one in ptgmcnl milling. The durations of employment nit he;c men were 90. 30, 
three and 0.5 months. At these plants, 59% of men and 501}!, of womtn had been employed 
for less than one year. Among the >Ubgrmtp of person> employed in the nt<lllllfactun• and 
packaging of chlomphenoxy herbindc~. there were II ca:.c> of lung rartccr Mlltmg rncn 
1•erst1l 5.3 expected (p < 0.05); there wa:. no excess in women. hill ln•c Gl~<·> <H ravical 
cancer were $een ''t'f'Xlll l.ll expected (nomignihcant). 

Mortality ndds ratios for scr\'ice in Viet Nam 11cre C>linwtcd f,>r 1-l'io Hltr;~m 
discharged in 1970·1973 and who dkd in New Y Mk S!JIC, lJS A. bt:twrcn 1970 and 1980 Of 
these, 555 had served in Viet Nam. A ratio of 1.09 (95'?;. C!, 0. 1~-6.70) wa> fuond for 
soft·tJssue sarc,>ma in Viet Nam1·etcram >'t'r.lll.ltwn-Vtc! N~rn \'tl<'lilflS (I ;nnrn,·e ,., al. 
1985) 

As pointed out in the nuHwgrar>h on occupati<HIHI "'P"""·c, 1o dolnr••Jllwnuh (fl . .\I'll. 
workers in\'olvcd in manul~cturing 2,4,5-T ir,cll (r~lh..-r lhau the prcl'U!">r 2.4..5· 
trichlmopheno!) may he expu>ed to both 2.4,5-rrichlnrophcnol and 2A.5· r Sntut• ot the 
manu iactw ing cohort sllldie> referred win Ina! morwgr<tph are uhu. thcJ elM<:. tclt' un1 1o 
2,4,5-"1 il~elf. 

Potential ex pmu• c lo 2.4 .5-T w·a, rt·portcd by 011 <'I ul ( l YKOi 111 thea nwrf;tht; >tt~tly ol 
a small cohort of 204 workers which identified one cancer de;tth, with I . .I eXp<'Cicd. in 
workers exposed for more than one year {see monograph on occupa!wmtl CXJH"ures 11> 

chlorophcnols. r 342). 

I·Jn!!t"l hHl 1·1 a/ ( 19H-l) c.tr ricd ntH a f't'\ tev.· nf t:Ci\t~.., n:ptHit"d IIi cohnr I ··l udit•.., ataf ul 

,(\-t,;l;d ,lthh!IIIHIII (~I~C: r~porb Ot ~nft .. tJ.\~IH! ~i.HClHlla {~et" flHH_lnp:tph Ofi 1\t;CilpiilfOlliil 

~.'fl"'u'"' l!ichlillnphcn1tb, p. 34)) [The Working Group comH.Icrcd that '"Ill" <'\Ct· nr 
Ut\tkt:I'-Cl'ft:itllllll'l11 uf \t\ft·II>HJC ;arcoma i> P'''"ble.j 

·11w nwnality ,t Jtdy rcpnrlc<l hy Cook <'I a/. ( !986) in\'olvcd _r••ttnti;!l cxpo;nrcl'> bt>ih 

1rKhlmnplwnnl and 2.4 .5-1, illthough Ihe report focused on ,1 CP P t·~fl:"u.n: m t~1d~l;•r:~~ 
phenol nwnui.Kitll c 1hn<: were (1vc case' of non-ltodgkul' I) mplll'm•• (SM H.•1H, )5 ' 
Cl. 77-.'>'l/;f b11 t no do'~"rt>pomc rdatlo<"hir to TCDD cXfl'""'c Nn do,~·IC'f'''n'c 
au,iJy~J, \\•1" plt..'\l'Okd ~)f p~HcntiaJ 2,4,5-T CXpD~lift' (\et: IHtHlO!HHph Ofl !iCCtl!'};ti!:Ht!d 

Of'""'''' 10 ·.:hlolllphcll<>l>. r 343) I !'he Working GIOUJlll'>ICd thar It"·" dHht'llil '" 

ddefflllll<-' 1hr C\f""'"" nltflr workcl\ to 2.4.5-T J 

tn So/1·11\'lit' ~OfJ oll!tJ 

J lw 1n \I ~.-~ \l.>!.."tHll t nl ,l ody nl \nl 1-liv... w: ~arcom01 bdloWl'tf I he tllht·ryat Inn df a nwnhn1 
nl patil'tH'- ,It a c~tnr~· 1 done in S\\'t:dt.~n v.IJ(_; had l'l'pnttt:tf pn:vtnH\ ~-,pn"w_c In ~:hlurt~­
ph<' ilu\) i~e" bondc·, (I !.11 dell & ~lllllhl rorll, I979). A !tHai ul 52 male l'•lllt'tll\, 21 1:' Ill!! ,llld 
11 •krca,nl, "''' < id~lltllicd 1nun 11:cord~; of the Department of Onc"I"VY nl lite I"'''·,·.say 
H11,pn.tt nf t!rnt·~ a\ tuning het:n ~uJmitted Wlth a diagnosis t)f >nft ·fl;.*.IJ~ ~tHt·onu1 t:H.~lWt:t.'n 
1'1711 and JlJ77 h)llf rn;•tclttd controls were >elected for each """' lf<Hn lhc Na11omd 
f'npnlatwn l(c!!l'trY for 111 ing patient;, und from the Natiom1l Registry lor C'au;c: nlllcath 
fur d(tta,r•l p;lll~ilt'. Lxpnwrc wa' a;ccrtained lhrough a postal quc>tHliHtlllre ~~·Hh a 

1<Hit: I\' 11 f qut'>ll<lll' about cxpmure; !he an,wcr~ 1vere ;uppkmcntcd hy tckplwnc '' nhout 
~n"" inl)!c ,,, i.'il\t: or rckrcnt ''"'u' hu dccca;cd paliclll~ and contrt>h.lhc prorcdmc II'"' 
the ;;unc, hot c•»llilt:l wu:. nwdc wilh tht· next of kin In atl attempt lo veri!) occuralln!lal 

t~flll\lH!..''-. qiH'O.,(hHPl'dil"t\ Wt:fC al\0 "Sl'Oi 10 lhC CIHpfoytt"!\ ~."'f [lC"l\J)fl~ ~lall:1g W1•d. in 

lnrc,lll'. '"" mifb an.! rulp indt"ltiC!.. An;<Jrcling,l<l the ~Ill hOI'. C!llployc" 'l;lh:JlKII!> 
j iw ~;111 e 1 two indu>lrtb agreed t;~.,,c!y with I he 'tatemcnt' gin·n hy the illlcfl 1nvcJ1., 111 1
prhun..., ~nrd !h:: \UBi::'"'*'" HlcH.:fnrc a\~Hnted 1-o he triAc for cxp0!1H!l.: to rldntt~pl_l~·noxy 
ht:rhu:id,_·-. hut there were nwny nt)n~rc1l-pnnrlcnt:-. from the (4trl'•,try ('()UtfHHllt'" A 
rCtflllrt'IHtHI 1111 hcm)J. da,s 1ficd ~'ex pmcu wa; at least one full day nf o P"'"'" more lh.w 
f I\ t: 'd'itl" hd-t~rt~ I ht,· tunHHH WH\ diaguo:-;.C't.L \\lhc:n pal Jc:nt'> and coni f l)(~o, \'-'tl h c:.; pthtll {; t() 

dlln!nplwnnh "ere ,·~dudcd. 1 he rellll ivc rhk csltmatc was 5.3 (95•"i Cl. 2.4·11 5 ). "II II I.! 
'""'' opnwd 01 1he 1J c'""'· 1 2 had bt•cn ex posed l<l 2.4.5-'1' nr 2.4· P, and PIH' I o M C I'A 
,tl,nH', ,, nl\hllh'l!, xP"'" 1, 1" 2.4 .).'1 and 2.4· [)"'~'reported hy nuw '"'"; llw n pmtll <nl 
I'+\ n t.·a,~.: ... l"dfl"-t\.tcd :-.dldy nl \\ or~ing. nn g.HHHtd 1 hat W.(h \\"Ct horn e;Hhl'l "\pr;tyJng. I ah"lh'~ 
ltulll 111 , 1 n I'"'""'"''" prcdominilflll)' mthc range of IO<W year:;. I he media It dtllHilllll ol 
!.'XJ''''"''' "a' 1111 "'~I<> tom month' (range, two day' ln49 rnonlh,), A\llHc< nlth•"c pall<:111' 

1,,,_, thn't th.ll had hccn ,,knttfltd earlier and imt.ulcd the ,tudy. u t:llkHiaiH>n \l't~' nwk 

af!er ndl"l<'rl nf tlHtt' c~''' and thcu controb; this did nol a!Tcctlk rc>tilh (n·latl 1 <' mk. 
4 7, 951'( n. 2.0· 10.7), ITheW mk ing Group no led that. according l<ll he authnn." fn11 her 
l<~•n opthttl paticn" had been tcponcd a~ Gl,CS before the ca•.e·nlnlwl \ludy wa\ 
puhl.,hcd. hut IW call:uiat~nn '""' prc,cntcd ba;ed on then exclu"onl 
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.<'"\ .H:nnHI ~l udy (I· i ikv..,on ef ur' f\)X I) nf !-.tlflwlt~:,ue \;Ht:nrn.o,~ \\a' \IIHkll;~kt:lllli 'dHH IH:Ill 

Swc·dcn, wh<:r<· M( ·I'A and 2.4-D lhl\'~ twen t"<:d 1dddy in ;Jgf1<:1111 '""- II"' 'I ud1 IHI nll<'d 
I W livlll[\and dcce;l\c.t e··"':' rt)'~>rlctl ini'.J74-1971l ;wJ 220 rdt'l<'nl\ '"kct<'d h; n~t;rhmh 
>imitar In tho>c lhc<f in the 111,1 >tudy {llanldl & Santh!rillll, 197'!). an<lw11l; the ,arne 
a~~t:J~!\mcn!s and rctpurcmt•rH:-. ln1 t•xpn~nn:. l\ !clutlVt rt\k c'rimate nfh 5 ''"' t)h1atn~~J fot 

exposure I<> ~hi<Hnphcnoxy hcrhlctdcs alone fot more than JO day, (>CI en ra'c'), and nne()) 
5.7 for exposure> of lc's tlwn or e4ualto 30 day, ('even ca>e>). The <ldd' rauo fiH c!lpmurc 
w dlinr<>phcnnxy herbtctdes o!lwr than 2.4,5-T "''" 4 2 !95':;. Cl. 1 1-15 Xj 

An inilial ilt!illy>l' of O(CHpat•nm recnrdctl on lhc Na!tnnal Nn1 /ral.ual C;11 t1.ct 
l{egr,try bet ween 197i~;r nd 191l0 ( 102 c""" CtHllJ'ill cd In 101! corurol') <hd un! lmd an~ ~en' 
of,oft~ti:.suc "Hl'Hm,, G"e' •n ;1gncul1ttrc and lort:\lry \lllf~ct' cnnlpan;d wnh palirnh " 1th 
<';I !lC!'" nf (){ hn 'It!'' PH I h~ C:\llCCI 1<:~"\i r (S mil h ('/ a! ' I '/X 2h) Sll bsrqrwnih . ~] C.!""' I •II 

ihclt llCXhll-kin) ul \Oil·li\\IH' \illt:nma Wert: llllCII!<'\I'Ctf 0)' kkpho<t<' "'!!·IHlii!V flil\1 

ocrupaliom and \peri fie "" <•I chlnrophcnm.y he•• hi.:tdc\ hy an tntcl\ '''"·ct "hn ""'• 
unaware of I he ca,c,' referent 'talu' of the pcr,on. and !he IC\!JI!, w.·rc· comp;oa·d "i1 h,h""' 
of 92 rantlomly 'dcc1cd rdncnh 1111 h cant·cr> at ot hrr >Hr\ i.Smith ,., 11/.. 19X4 ). In 4.1''i ol 
theca'"' and )4'}(. of the rcfcrcnb, thv paltcnt guvc the d,ua h11n,dt <H hcrsdl S""" the 
n:st!lts were nut aiTeclcd hy ;uch \lr"!lftc~linn, only re;ults of umuatihcd ;~naly,,, \I etc 
reported. An odd; ratio of I .I\ (901.'( Cl, 0.7-J.J) was cakularnJ for tho,c wlw hilll-pr~>hably 
or dt:finitdy been expo;ed for nmte than nne day n\<Ht' than li\ c year' prrnr In d•agHo"' ,,1 
the turnour(!7 Citses). Nom· of the cn.;c, wa, in a prnf<·,;innal appi<''il!tl! 

Another 'tudy wa' undert<Jkcn 1dth interviews pf 51 funlwr ca;c_, app"'""'l! ""the 
Cancer Rcgtstry up to l'J!i2 (Smli!t & Pt•arce, l98tl), <'HH~> 11crc Hkntitted ;"in the lll\1 
Mudy, and ln>tolngy report.' were tc,·kwcd tor eadl ''"c. l'ligtbk palit:nh"' <h<'H n~~t-nl­
km were 1nlervi~wcd by tdephnnc hy the 'a me cxpc•nenccd intcn·i.,wn. v. ho '""una\\ a 1c of 
the Cil,t:/rcfncnt 'Will\ ol the person. Rdcrenb were ,decicd lrnm a htrge '"'~<'' u'cd !111· 
a not her study on lymphoma and multiple myc!nma I Pearce <'I al, I'11\6), who had J-,c,·n 
inlervicwcd in !he same manner and rompu,cd 315 cat1cn paticul> (cxdudwg lymplwnu. 
multiple myeloma and solt-tis;uc sarconH!) The ndds r.t{lo fnr ~xpmurt lor more than one 

day mMc than five )'Cill' ptior lo tq;istration wa; () 7 190"1 Cl, 0 J-1.5) The wmhlllt'd 

estimate, using dan• from both th~ prcVI<>Hs study (Smllh t•r ul., i')l\J) <HHJ rhc r1e,cot lltlc, 

fm 133 ca;c, compared w11h 407 rdercnb, wt~s l.t 19<l''i- CL 0.7-I.X) The rmr<HIH>Il> ol 
expn;~d r~krtnt> W<'Jc 0 14 l<ll lh~ llhl Sllld\' and 0.15 for the 'ecmul 'til<l\', Nom· olih<' 
CH'>CS OCt:Hrn.:d In a rn Oic\~IOrHd applicltot . ~ 

A population-hasc·d c;JSe"rderent >.hldy w;r' conducl!:d rn nortlt~rn Italy IViii<'",., a/.. 
19H6). lhury-,cvcn nwh: and 31 kn1ak pa~in1h wilh ~nfr·tl~\uc \.;uconw J,nmcd 1hc c;r-,t: 
scrie> and !\5 male> and n female' made up rhc rd('fcnl '"rrn. Oi tl~t· , . ., .... ,. 2-1 \\en· 
dere;t~l·d. and 'hey wcu: m~Hchcd h}' nnuHclpahty nf IL':-.tdcnec '"Hh ,16 th..·t:r;p.n} tektt.•fll' 
The living rderenl> were drawn randomly from tlw l'"ruhnion nl c:ad1 11"" HKt' ( '"·'"' :~nd 
rdc•<nl>. or lht.:lr liL'Xt-o(-kin, were intcrl'iewcd hv il ll<nncd ontc·n·rc\\l'f, 1\l:u '""una wan· 
~,f tht'ir ~a:-.c.i rr.:f~tc-nt ~tat us, hy nll'HlP.. of a pcrs;Htal Vi\lt; Jh ca~l·~ and .17 r~ft:rt'llh t!ttH· 

Information by pmt. lnformati(ln on \'ill iom me; of ltcrhrc~<.k>. mainly 2,4-D, MCI'A ;1n.t 
2,4,5-T (until 1970). was wllectd in detail and a»e"cd hy twn cXJ1<'rt' in agn(.ultutal 

<I'< ll'•\110"-AI I \I'OSI'IU·S IOCIIJ OROI'IIl :-;oxy 1111\IIWIIH S Wl 

riH.'Illl'·lll,, \~!~~1 •.\\.:t-c unav.;,lt: of ~he Cil"'~:,:tckrt'nt \tutu•) ol the {h'r,on J :>.fHhPil' 111 

ht:th:icHh:"> Hl lht:.c pro\'ltl(.';t't WH~ tHtHHiy fl!-l>Ol:Hlh:d \\.'hh fict: V.t.'t'l..hll!.~. an <H.:h\H~ 
tt .Hit!J~~n.dl: jWli1H Hlt.~d by v.:~HW:H. "f ht· hit!hl'\( C '-fl(>:-,UfC t ll her hh.:H.k:.. Ol'!..'IH rrd H\ I he L.Oill~· 
J1!5lh, 11 hell 111·,· 11 n:dong 11 "' ,tiJI perlnr mcd manually but chiMoplll'tii>XI' lrn h>,'Hk•. ""' c 

llnng te,l!;d ;ood inl1nduccd. Au agc-adj11,1cd ndtl' ratw of !l.<Jl w;h ln11ntl f<>t hv:ng men 
wuh ,u-.pct:tc<lcxp<l'>tlf<, and one of 2.7 ('}()''(, one·tillkd Cl. 0.5\1-12 .l7J for lilmg 1\'0IIlCII 

An agc·adJI"It·d od<b ruuo nJ 15.5 ( 1.3-l ~(L1) was filunt! for lil"ing W<ltncn under the ;lgt ol 
75 \'l'al\. OJl"'rd httW~Ul 1950-1955 hnd.:cea>cd ftmak>.thc nthh ratio, o;r,cd nn!our 
r.x P'"·td ca'"' nl lil.dy il!ld .:cltain CXJH»Ill'~. wa' 1.05 (0 21 ·5 I l On!) nnr dcild 1nak l'"'" 

1\;,.J h~cn o pn":d I he aut hn" sttg~c,ted thai geog1 aphtGd mcrllHt\dllnf h.•d oc\'llrl cd !<11 

<fcc"'""""·''''''· .on <I 1ckrcnh ('I hr W<\1 bing Grollp nott•d that Iwoof tiH: c.~ p<h1'tl c"c' lll'll' 
1\.;q:Ho.,l\. -...,ntoma,J 

:\ t..';l\t'·~·onltl1l ·\l u~h. ii"-Ct:nalnt:d Vtt·t Nam \1-'f \'ll't'lof V:\ I tlH.'H \\ nh "'tlll.,!iv·dlt: .....u ... \lll~~i 

1lnd lor a Itlitldh.:d t:1Hl;tnl g.nHlp (Gn.:cn~o\•;Jid e1 al., l9~4) C(t\C~ w<:rt' dt~q;no't'd th:a\\Ct.~n 
J9h2 ""'' J•IXH and idctllrlocd on the New Ym• Stale Cancer R.:gi>lt) 'fht ildd, r.rti<> f,u 
"'''""Ill \',ct !\am ""'0.)) !9~1.'i CL 0.21-1.3!), with ten ca;n rcpnnin~ ;en ocr 111 v..·t 
\!.1m. An ddd·. 1a11n ol (} 70 \'-'ot!-> ohtalnt•d for tho~e reponing c-ont~ld \\Hh A~l.'n1 Or.tll!:!t', 

I CI>t} "' 2.4.)- I p he Wnrking Grn\1[1 IHllcd lh~l hta~ may have .Ht,cn a, a rc•.utl oJ I he 
~..~hntcc oJ unH1 ol group_ Furthermore. t:.\po!'l-urc may ha\'e octtlHt'd to many ulhcr 

thl·tnH';tl,, ~uH.lthe tmK hctYtt:cn t'xpn~tuc and di!-.ca~t:: \VI.H,: ~hon] 

(II) .\fo/igt!ll/1/ fl tiiJ>fWIIIII 

\"HII<'tf<l' ahoul .:hlurop!a:nnxy hcrht~tdc., and iymrhnma ato": >It Sw,:dcn "hc·n a 
numb~.,·, tll nwk pa!icnb v.~th hi:-<tincy~ic lymphoma reponed pail ti\pm·Bft' hi chlord­

ph.:noxv lie' I hi,·id~'- .'\ ca,c·contwl >tudy of 11•9 cases <lf malign;ont lymriHH1J:< (f>ll 
llntlfhtn\ <l"""'c, 105 nnn-llodg!-.m\ lymplwtna, four unchi>'>tLahlcl '""then \IIHkl­

la,cn, "'duding .HX co•moh (Bardell <'Ia/., I<JXI) The ;Judy de"gn. includillt! a;ruliilll· 

mml nf c x pu,Hrc, wa' lttllll:t rIo 1 hal of the Swedish >nft-li>suc sare<>mJ \BHhc> {'cc lhu tid I 
& Sand;umn, IY7'i) A relative ri'k e"tmate of 4.M (95% Cl. 2 9·~.1) "'" nhlillntd h>t 

''"P'"IIIC I<> chlnwpltcnnxy herbicide>. c:.duding ca>t' and nmuoh e~pn;cd In c·ld•<l"· 
phc·•wh. St "'' ilytng hy dmatwn of cxpo>~trc, the relative risk estirnatc wa' 4..\ fork" ill;w 
90 dav'. ;~nd ·1.0 !nr 90 day> or more o:p'"'"c tn chlorophcn<>x)' hcrh"".k'. ~l<>\1 
d!lmt;plwnnxy hcrhinde·c.xpo'"'l .:a>c> rcrmted cxpooure !0 h•>th 2.4,)-T ;otd 2,·1 fl125 
\.'o1'•t''>}. 1\-ql n:ptl~ \!..'d t '-PO,tirt.• 10 2.4.5~T. 2.4~ D and MC'PA, ~tven to 2.4~!) .dtii~C' <llu!l~\l' 

w !\-1('1'!\ ,1hmc llli!rddl. l9Hlu) No 'nollceablc difference' Ill <~XCC» rhl. '''"i<l lw 
rkm<~mllilld between llodgkin'; d"ca>c ami non-Hodgkm's lymphonw. 

lo '!,'\\ /_t.:~di.tntL an ,uwty~J:-. n:f rcpotted occupalh.Hl appearing on !he Ne\\ /~·;d,~nd 

t -'"''"' He~•''' \" :ndKatcd an exec" of maltgnanr lyrnph<tma and mult1pk myci<'•ma .tlll<lil~ 
1\\l'lllll .tgncultou al .,,·cupallnn> dunng 1\177-1981 A It hough 134 ca'e' amlfnur <:nnlloh per 
"'""\\ere ,ckctcd fwm the Rq;tstry, the matn findings concerned a 'ubgwup ol KK fO<··n PI 

nwiog_llimll)'mplwnllr, da;;ificd a' !CD 202 whidl covets non--llodgklll\ lymphnm;~ <~I her 
than h rnph<har coma and tc\lnrlo;arcoma. An odds ratro of I. 71> {95~1 Cl. I.!IJ-J ll2) "'"' 
oht~llltd lnr 1i10>< under the age ut 65 working in agriculture (Pearce,., 111•. 19~5J IL•III:\Cf. 
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a su1J~e4uent interview study of 83 cases cla:;sified us !CD 202 {sec monogr;tph on occu· 
pnlional expostlr~s 10 chlnrophenols, p. 344) did not suggest that exposure 1n chlorophcnoxy 
herbicides was the explanation, since an odd~ ratio of I J (90% Cl. 0.7-2 5) was oht:tincd 
when tile cnnnols were people with othc:r ~>HlCCr,, and an ndd' r:•li•' of I 0 (II ~-2 I) when 
general p<lplllati<ln C<lrll rol:; were used lor pt•nple f>r<>b;r hly or ddwitd} ex pmcd lur nwr <' 
than one day not in the five years before cancer registralinu (Pearce i'l a/, I!J~fll 

(iii) Na.wl mul twsophar.rngt•al rar:t·t•r 

In the study of Jlarddl t'l a/. (1982), der;crihcd m tla· monog!i!ph on ;>CUlfHIIionul 
exposutes to chlnrophcuob (p. 344), an odd~ ratio of 2, I (95% Cl. 0.9·4 7) wa' found lnr 
exposure lfl chiMophenoxy herbicide~. 

( 1 v) Colon and /i"''' nu1<·er 

The same Swedish authors te,tcd the ar;sumpllon thJt a grc:ll~r rn:all of pa't IH:r hr~ldt• 
exposure by patients with sofHts>ll~ IUH.'t>ma and lymphoma than by the cnncroh muy have 
produced the earlier findings, A 'tudy was conducted involving 157 malt: cnlnn c~nccr 
patients{llardell, 1981 b), who were interviewed in the 'a me manner a' in the earlier >!Udro. 
and wh<lsc exposure was compared wilh that of the combined control> from 1he two earlier 
studies lrorn the same rcgionlllardell & Sandstrom, 1979, Enbson etul. 19~ I). A n:latn•e 
risk estirnate of 1.3 (95% Cl, 0 6-2.8} wa; obtained based on II cxpo;cd ca;e, (out of 154) 
and 43 exposed rdcrcnts (out of 541 ). 

Har.Jclle1 11/. ( 1984) performed a casc-wnuol ;wdy 111 rile northern region nl Sweden on 
103 primary liver cancer case; diagnosed in 1974·1981 an(l206 contr oh, with a ,1\H.Iy de\rg!l 
simrlar tn that of rhe earlier ;rudies ( Hurdell & S.amhtri\nr, 1979; f.riils,on <'I a/., !9!! I) Of 
the case:s, 8.2% reponed exposure lo <:hlomphennxy hcrhrcrdes l'N.\U.I 1>.5•;; antnllg the 
referent> (odds ratio, 1.7; 95% CJ, 0.7-4.4). The study indrcared an as;ncml!!lll between 
cxpomre to organic M>lvcrlls and pnmary liver cancer. 

Van {19H4) investigated previous exposure to herbietdcs durmJ!, wilr!Hnc lnr 21 mak 
cases of primary hepatic carcinoma admitted to 1he Viet Due II uu Ngai ll '"Pit ;,I nf llarwl, 
Viel Nam, in January to September l'il!2, and far 42 control subjects admitted rn the sante 
months lor gastrointestinal disca.~c~. Case~ and controls wen· aged 18-50 years. $1~ ol 21 
ca~cs an<l3/ 42 contwls had been living, working nr fighting in sprayed rcgwn' ofSout h V ict 
Na rn, all he time of spmying or subseyuently. Fm Hlengt h ,,fume ranging froru eight to 77 
months. No information was availuhle on possible confounding facto". {The WnrJ...rng 
Group fl()ICd thai the possibility of bias. expu~ures to many unknown chcnucah and the 
shon reported latency make the study urunlormative.J 

fThe pmslhility of recall bias in th~ Swedi>h case-reftr{'fll ~tudi<' Jm, lwen di,~u"ed hy 
th~ authors (Axebnn. 19HO; I!ardell, 198Ja.b; Hardcll !'fa/.. I'Jill; Harddl &:hebon. 19M2; 
Hardell n a/., 191!4). l·bd a >ignifrcanl recall bla> exhtcd. the stlldtn nn wlnn cancer 
fllardell, 1981h) and li~er cancer (flardcll ~~ al .. 19H4) would h;r\'t bt•cn expected to t~il'r 
>ignificantly devared add' ratio; for hcrhrcidc cxposur~; such finding, wcrr not reponed. 

(The New Zealand ~tudie.s used other cancer paltents as controh. ll()wever, a com· 
parison of such coll!rols with general population cnntrob also interviewed by telephone dtd 

o< t 1 I' A IIOt\1\1 1::\POSt:IUS 10 CHI (JI(()I'III:l'.UX\ I!I·IUHCI[)LS 

10,,:;,} dl!lcrl'nCc' rn past cxpm11rc frequency I Pear c.: <'I al" 19}\1>). 1 he· tht: nl uthc•11111 
,·;11\et'f' '" '""' ruh d<K\ nnt t lwrcforc explain th<~ difference in fimlm[l> he! ween the Swcdtxh 

oll!d N~w /uland '!Udie,; 

l f hr \.\' 111 ~-Hl}! (il~~up IHih:d th;:!l mnh,.' of 1hc l'a'-IC~ of ~ofl-lt't'~llt: ~ ..uuHl1h .,n·u m 1\t·\\ 

f.~.·.d.tnd dl'nHl.;,'lf 1n a prok'!-.'>HHta1 hcrhH."Hil' upphcator ·1 he \Vo1luug ( Jroup nnlt:d Jdkr­
l!lll'c'' 111 thr '"'' paucrn' uf chlnrophcnnxy herbicide' in Sweden and New L'e:tland .•:.g. 
hand·n<>tdlln[! ami applrGtlion ,,f amine salts 10 tree' was used in Sweden. Ahu. no 
inh>IJH;JIJ<It> "''" a"ail;rhk on the snherll>, emulsifiers and other additi\'CS inlhc chi•Hn· 
plwrwxv lu:rlm·alc lmnHIIatio 11 , mcd in Sweden and New Zealand. ltmill·d informuth>n" 
a\" il.tt>k on thr In eh nl I(· Dl> rn fnrmulat iom used 111 Sweden ;wd New Lcalantl. bHt tltc 

d~~~~~ wdu:;,tH' L'OBI~tru1natHHI 4.11 ahnut the ~Utnt' level.] 

4. Summary of Data Reported and Evahwtion 

Chillntplh:!hJX}' IH·fhlddc~ have been prtlduccd cxlcnsivcly ~tncc tht: 195(:., ft~r ts:-.~ ln 
agncullurc :llld a> defoliants, although pn)ductinn and u~c ;He now dccreastng rn many 
coun!lir' Widnpreud t>~curwtional exposure to chlt>rr1phcno~y hcrbtctdc\ and their 
chlonn;nrd dd>cmodiOxin impurities is known w li;11.: occurred dnnng the11· pr<rdll<:tton, 
i<H11l!rla!l011, appiiCilllOil ;md dbpoS<Ii. ln<:rcil>ttl urinary kveb Of chJM~lphennX)' 
nt~ll(HlHIHh ,,nd 1 ncrt':a~t·d cuncentra1ion~ of snmc ch!unnatcd dthcnll)~ho.>.Jn~ ~rt '~dtpo\c 
t"'"" hale bcc:nm.:a,urt'd in highly cxpmcd persons. The presence o! tlrhcn;odwxtn' and 
tlihentoltiJan•. ha' hccn dcmunstmte<l in !he adipose ti"uc of notH>ccupatronally CX(HN'd 

pct>pk in l!lany nwntflc>. 
Ihu[J)p HCt'Upattonal e.xpn~urc, !-,Uth a" gruund :)JH>JYJngand ()ti-n nwrwaJ apph(.ltPHI 

ul thc·'c hc1t>r<.:Hk,, .;krtna! ah,!>rptinn j, a maJor route of entry tllto the body. 

In rnanHI.tdUIII1!t pl;1nts, cxpn,tHC> occur dunng the handling of raw ma~edah, H11Cf 

mc·dr;rtc,, lrnr>hcd pro!hrcls and pto~css Wil,lts. lligh·le\'l'l shnfi·H'Hil occupalion:d 

cxp<»IIH's h;t'' ;~ho been caused by mdus!iwl acc11knb, 

.tl E\pl'finH•nlul dulu 

Pa'\ 10 u\ l/\H C t.'\·; . .du.aiHH,., of the- cardnog.cniclty to expc• ullcnt;,\) iHtllnah. ol -.nTt.~d 
m<ln rdtw 1 rhlorophcnnx y lll'rhi<.:rdcs and ol 2.3.7 JHetrachlot odrbcnto-pwa·dn•xrn 
(f'('j)fl). an impurity fnund in MliTIC n( these herbicideS, arc >llmman;cd Ill \CCIH11l J.l 

~ ..l II utHMl dulu 

Swdr•·, ,, 1111 par rng the ""':urrcnrc llf cnngtnh;;l tn;>lf,)rtnatioll' in arc~s <tnd per i•Hh 
ch.Hacterr1cd h;- ddfercnt mage of chlorophen<JliY heibicides we'." umnformati\C wnh 
regard In the teratogenicity of Inest agents. Two case-control smdte!> on htrlh annmallcs 

http:dthcnll)~ho.>.Jn
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among the chililr,:n of Au\tl<tllon and liS n:t~•ans an<lnl New Zcal~111d pc•diCHit' 'f"")'" 
,IJowcd 110 cx~:c'' ri,J, ""'ICli!lt:tl with palNiml cxpmurc 1n hc1 h~t·idt'.\. 

Nd ."\tutJy wa~ uva~hthlc of pregnancy oulcnmc:-. of \\tHHen c~pn,{:d nt:(Hpot!fO!WH~ In 

chlor(lphcno)(y hct hicl<k>. 

In one ~1t1dy nf pcrmm t'X fH"cd to chh>rophcno'y her hictdc, tltu lflg nHIHat) nrwril!lon' 
in Vi~t Nam. conducted ten yeats after cxpo~urc, nn inc•c~sc 111 11lc lllcidcncc ol 

chH>mo,omal ahcrratiom "' 'l'lcr dlwmattd exchange.\ wa; <lhwr\\:d 

C'ylogcnctic studit:., have hccn carried nul nn workc" nctllp:!I!Onally cJo.pu1cd '" 
cblnwphenoxy lu:rhicitk\ during spril)'lllg. fn three nf tht· ,ludic,, thtr<' "'"' al"' c.~f'"'"'" 
It> <>ther hcrhiud~'· and !he effect ,,f ch!.nnphrnuxy hnh>cid~' t<•old n"t he ""c"etl 
St udu::s in whirh OCt'tlp(ttlonai t.~X po-..ure wa-:. only to t:hh)r(1ph~.·ntL\ y htt htt:tdt'" :-.Jiowt·d no 

incn~a-.cd Hh:lJe.::nct..~ ot l'hfOJUO~OOlill Hh!.:IIUliO!l~ 'lf ~l\kf dHt)01aluJ C\(h:.JH,!!(':-o 

ln a larg~: Dani'h cnl!ntt \Wdy nf ch~lllital worker\ cxp<htd l<l dJi<llopilnltt.X)' 

hcJt>icidt·., fpanicuhlrly {4-chlu•"·2·mcthylphenoxy)accttc ;~dd IMCI'/1). 2·(·l-d.l<>l<>·2· 
mcthylphcn<>Ar}pmp;mni<: il('td (nlccpprop). 2.4 ·dirhlomphe!Hl xyacc!lc am! (2.4· Ill and 
2-(2.4-dichlorophcnoxy)ptop;t!HHC acHl (tlichlo1prnpJ]. "' wdl il\ othel ehrmo,·ah, no 
overall incrca»c in eann•r incidence rate\\ as oh,rrvcd. hu11 here w,·rc ''gniltra111iy innca,cd 
ri,ks ,,f sofl··ti"uc s.ucnm:1 and lung cancer in dtfkrcnt 'ul;cohon,, wlurh \\TJC ncH 
necessarily thn,e with tlw highc'l CXfH"urc~ to chlon>phcnoxy h~rhiudc prcpa~<ot•nn' A 
Finnish whon study of hru'h control workers with shorr follow-up time :.!wwnl no 
incr~a;cd 1;,k. A 'mall Swcdt>h cohort 'ludy of railroad workns whc> '[Hayed IH·rhtcidn 

.\howcd <m incrca><:d ri>k of c;~nccrs at all si1e' cornhmcd for thmc <'.Xpo,cd to !loth 

.:hlnrophctH>\Y herbicide prl'par~tinm and other herbicides. An cxce" wcitlcn<:c n! all 
canccn was als" reported from a very small cohort ofSwec.lbh fore,!ry forrm"n npmcd to 
thlon•phenoxy hcrbicrdc p!cparatinns anti other hcrhidck,. A study oflong·lr! 111 p~sti<:1dc 

applic;H<lfs in the (Ierman DemocratiC Rcpuhlic, hc:tvily npn.>cd to a number ol chcmtt«h. 

mcluding 2A·D and MCI'A. dcrnomtra!cd itn incre;"cd n;k of bwnrhial CHittllOilHI 

A populatwn·h<J~ed C<l><·-conll ol ,, uJy Cll!lt!uckd Ill nnrthr:r II sw..dt'n ,h.mcd il 

~C;llislkaliy signifit.;ant a~:-.ne)-ttinn hi.' I\\':Ct'H C\pO\Hft.' to fhJnr optwnox )' hcrhlt'Jdr,, t·~pct'ially 
in lorc;try. a11d the occ>nrcncc nf "'IHi"ur: \ilfClliiH". A ~tCcHitl 'tucly on th>» tqw t>l 
tunHHH wa' couducft•cJ 111 ~otHhcrn !-·.hveden. where a !-.lgtufkanr HH.'ICH"~t: ut the fJI,k nl 

dcvdo ping solt .. tb.:--tlc ~areoma~ '.lii-11:.. ,J,~o~ltHt~d wtth previt)U~ cxpthHH'' tn rhl1H nphl'nuxy 
hcrhicidt>. matnly in ilgticul!urc An inn rased ri'k of \o!t-u"uc \:lrcnm.r wa, t.k,cnhrd 
among highly cxpm>t•d Italian ncr wc·nlr" 111 u popui.Jtinn·ha,etl c:t,c-conlrol '!Udy. A 
e<.se-ccntrnl ;tudy from New Zealand did not dcmomtr;!le un incrr:;"c:tl fi,~ ''' ;ofl ·tl\;uc 
'arcorna in per>pk expn;ed to chlorophenoxy herhi<:i.Je, 

A :llati:-.ltt.:alty ;o;ignificant H'-~ncuttion hct\Vct.~H tnaJJgntHH Jymphnttla ;lod r~pu:-..tlft' tu 

c:hlor"phrnoxy hcrhkt<lt:~ w;" found in a Swclfi,h "'"t'·c!lntrol '"'dy: howcvc·1. Uti 'ach 
association was ~cen in a Cahc-conllol 'tudv of th~;e llHnnur> fnHn Nt\1 Zealand. ln a 
Danbhcohort of ch~mical wm kcr> exposed t~r c:hlowphennxy hnbicidcs.l hen~ wa., abo n<r 
increased risk of malignan1 lymphoma. 
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29 PREAMBLE 

(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. 

(c) 	 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 ofsuch 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, theWorking Group may assign the agent to 
a higher or lower category than a strict interpretation of these criteria would indicate. 

(a) 	 Degrees ofevidence 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 ofcarcinogenicity: 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 ofcarcinogenicity: 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 ofcarcinogenicity: There are several adequate studies covering 
the full range ofdoses 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 canc~r 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. 

In some instances, the above categories may be used to classify the degree ofevidence 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 ofmalignant 
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. 
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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 ofuncertain 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. 

(iii) Supporting evidence ofcarcinogenicity 

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 ofcarcinogenicity 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 ofcarcinogenicity in experimental animals. Exceptionally, an agent may 
be classified into this category solely on the basis of limited evidence of carcinogenicity in 
humans or ofsufficient evidence ofcarcinogenicity 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 ofcarcinogenicity in humans or when human data are nonexistent but 
there is sufficient evidence ofcarcinogenicity 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 ofcarcinogenicity 
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 /ARC 
Monographs volumes 1-42 

Agent Degree of evidence Overall 
for carcinogenicitya evaluationa 

Human Animal 

A-a-C (2-Amino-9H-pyrido[2,3-b]indole)b [40, I986] ND s 2B 
Acetaldehyde s 2B 
Acetamidec ND s 2B 
Acridine oranged [16, 1978] ND 3 
Acriflavinium chlorided [13, I977] ND I 3 
Acrolein I I 3 
Acrylamideb [39, I986] ND s 2B 
Acrylic acidd [19, 1979] ND ND 3 
Acrylic fibresd [19, I979] ND ND 3 
Acrylonitrile L s 2A 
Acrylonitrile-butadiene-styrene copolymersd [19, I 979] ND ND 3. 
Actinomycin D L 3 
Adriamycine I s 2A 
AF-2 [2-(2-Furyl)-3-(5-nitro-2-furyl)acrylamide]b [31, I 983] ND s 2B 
Aflatoxins s s 
Agaritineb [3/, I 983] ND I 3 
Aldrin L 3 
Allyl chlorideb [36, 1985] ND 3 
Allyl isothiocyanateb [36, I985] ND L 3 
Allyl isovalerateb [36, 1985] ND L 3 
Aluminium production s I 

Amaranthd [8, 1975] ND I 3 
5-Aminoacenaphthened [16, 1978] ND I 3 
2-Aminoanthraquinoneb [27, 1982] ND L 3 
para-Aminoazobenzenec ND s 2B 
ortho-Aminoazoto!ueneb [8, 1975] ND s 2B 
para-Aminobenzoic acidd [16, 1978] ND I 3 

0 ND, no adequate data; ESL, evidence suggesting lack ofcarcinogenicity; 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 


cDegree of evidence in animals revised on the basis ofdata that appeared after the most recent monograph and/ or on the basis of 

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


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

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


eOther relevant data, as given in the summaries here or in monograph [volume, year], influenced the making ofthe overall.evaluation 

(see Methods, pp. 38-39) 
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Table 1. (contd) 

Agent 


4-Aminobiphenyl 

I -Amino-2-methylanthraquinoneb [27, I 982] 

2-Amino-5-(5-nitro-2-furyl)-1,3,4-thiadiazoleb [7, 1974] 

4-Amino-2-nitrophenold [16, 1978] 

2-Amino-5-nitrothiazole0 f!1, 1983] 

11-Aminoundecanoic acid [39, 1986] 

Amitrole 

Anaesthetics, volatile 


Cyclopropane 

Diethyl ether 

Divinyl ether 

Enflurane 

Fluroxene 

Halothane 

Isoflurane 

Methoxyflurane 

Nitrous oxide 


Androgenic (anabolic) steroids 
Oxymetholone 
Testosterone 

Angelicinsb [40, 1986] 
Angelicin plus ultraviolet A radiation 
5-Methylangelicin plus ultraviolet A radiation 
4,4'-Dimethylangelicin plus ultraviolet A radiation 
4,5'-Dimethylangelicin plus ultraviolet A radiation 
4,4',6-Trimethylangelicin plus ultraviolet A radiation 

Aniline 

ortho-Anisidineb [27, I982] 

para-Anisidineb [27, I982] 

Anthanthreneb [32, I982] 

Anthracenec 

Anthranilic acidd (16, I978] 

Apholated [9, 1975] 

Aramite®b [5, I974] 

Arsenic and arsenic compounds 

Asbestos 

Attapulgite 

Auramine (technical-grade) 


Manufacture of auramine 
Aurothioglucosed [13, I977] 
5-Azacytidineb [26, l98I] 
Azaserineb [10, 1976] 

Degree of evidence Overall 
for carcinogenicityO evaluation° 

Human Animal 

s s 
ND L 
ND s 
ND I 
ND L 
ND L 
I s 

ND 
ND 
ND 

ND 

L 
ND 
s 

ND L 
ND L 
ND. ND 
ND L 
ND ND 
I L 
ND s 
ND I 
ND L 
ND I 
ND 
ND I 
ND s 
s L 
s s 
I L 
I s 
s 
ND L 
ND L 
ND s 

3 
2B 
3 
3 
3 
2B 
3 

2A 

3 
3 
3 
3 
3 
3 
2B 
3 
3 
3 
3 
3 
2B 
I* 
I 
3 
2B 
I 
3 
3 
2B 

*This evaluation applies to the group ofchemicals 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 carcinogenicityO evaluationa 

Human Animal 

Azathioprine s L 
Aziridined [9, 1975] ND L 3 
2-(1-Aziridinyl)ethanold [9, 1975] ND L 3 
Aziridyl benzoquinoned [9, 1975] ND L 3 
Azobenzened [8, 1975] ND L 3 

Benz[a]acridineb [32, 1983] ND 3 
Benz[c]acridineb [32, 1983] ND L 3 
Benz[a]anthraceneb,e [32, 1983] ND s 2A 
Benzene s s 
Benzidine s s 
Benzidine-based dyese 2A 

Direct Black 38 (technical-grade) s 
Direct Blue 6 (technical-grade) s 
Direct Brown 95 (technical-grade) s 

Benzo[b]fluorantheneb [32, 1983] ND s 2B 
Benzo(j]fluorantheneb [32, 1983] ND s 2B 
Benzo[k]fluorantheneb [32, 1983] ND s 2B 
Benzo[gh1]fluorantheneb [32, 1983] ND 3 
Benzo[a]fluoreneb [32, 1983] ND 3 
Benzo[b]fluoreneb [32, 1983] ND I 3 
Benzo[c]fluoreneb [32, 1983] ND I 3 
Benzo(ghr]peryleneb [32, 1983] ND I 3 
Benzo[c]phenanthreneb [32, 1983] ND I 3 
Benzo[a)pyreneb,e [32, 1983] ND s 2A 
Benzo[e]pyreneb [32, 1983] ND 3 
para-Benzoquinone dioximeb [29, 1982] ND L 3 
Benzoyl chloride I I 3 
Benzoyl peroxideb [36, 1985] I 3 
Benzyl acetateb [40, 1986] ND L 3 
Benzyl violet 4Bb [16, 1978] ND s 2B 
Beryllium and beryllium compounds L s 2A 
Betel quid 

With tobacco s L I 
Without tobacco I L 3 

Bis(l-aziridinyl)morpholinophosphine sulphided [9, 1975] ND L 3 
Bis(2-chloroethyl)etherd [9, 1975] ND L 3 
N,N-Bis(2-chloroethyl)-2-naphthylamine (Chlomaphazine) s L 
I ,2-Bis( chloromethoxy)ethaned [15, 1977] ND L 3 
1,4-Bis(chloromethoxymethyl)benzened (15, 1977] ND L 3 
Bis(chloromethyl)ether and chloromethyl methyl ether s s 

(technical-grade) 
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Table 1. ( contd) 

Agent Degree of evidence Overall 
for carcinogenicitfi evaluationa 

Human Animal 

Bis(2-chloro-l-methylethyl)etherb [ 41, 1986] NO L 3 
Bitumens 3 

Steam-refined and cracking-residue bitumens L 
Air-refined bitumens I 
Extracts of steam-refined and air-refined bitumens s 2B 

Bleomycinse L 2B 
Blue VRSd [16, 1978] NO L 3 
Bracken fern s 2B 
Brilliant Blue FCFd [16, 1978] NO L 3 
I ,3-Butadiene s 2B 

I,4-Butanediol dimethanesulphonate (Myleran) s L I 

n-Butyl acrylateb [39, I986] NO 3 

Butylated hydroxyanisole (BHA)b [40, 1986] NO s 2B 

Butyiated hydroxytoluene (BHT)b [40, 1986] NO L 3 
Butyl benzyl phthalateb [29, 1982] NO I 3 
,8-Butyrolactoneb [1 1, 1976] NO s 2B 
y-Butyrolactoneb,c [11, 1976] NO 3 

Cadmium and cadmium compounds L s 2A 
Cantharidind [ 10, 1976] NO L 3 
Caprolactamc NO ESL 4 
Captanb [30, I983] NO L 3 
Carbaryld [12, 1976] NO I 3 
Carbazoleb [32, 1983] NO L 3 
3-Carbethoxypsoralenb,c [40, 1986] NO I 3 

Carbon blacks I 3 
Carbon-black extracts s 2B 

Carbon tetrachloride s 2B 

Carmoisined [8, 1975] NO I 3 

Carrageenan 
Nativeb,ct31, 1983] ND I 3 
Degraded [31, 1983] NO s 2B 

Catechold [15, 1977] NO I 3 

Chlorambucil s s 
Chloramphenicol L I 2B 

Chlordane/ Heptachlor I L 3 

Chlordecone (Kepone)b [20, 1979] NO s 2B 

Chlordimeformb [30, 1983] ND I 3 

Chlorinated dibenzodioxins (other than TCDD)d [15, 1977] NO I 3 
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Table 1. (contd) 

Agent Degree of evidence Overall 
for carcinogenicity" evaluationa 

Human Animal 

a-Chlorinated toluenes 
Benzyl chloride 
Benzal chloride 
Benzotrichloride 

Chlorobenzilateh [30, 1983] 
Chlorodifluoromethane 
Chloroethyl nitrosoureas 

Bischloroethyl nitrosourea (BCNU) 
l-(2-Chloroethyl)-3-cyclohexyl-1-nitrosourea ( CCNU)e 
l-{2-Chloroethyl)-3-( 4-methylcyc!ohexyl)-l-nitrosourea 

(Methyl-CCNU) 
Chlorofluoromethaneh [ 41, 1986] 
Chloroform 
Chlorophenols 

Pentachlorophenol 

2,4,5-Trichlorophenol 

2,4,6-Trichlorophenol 


Chlorophenoxy herbicides 
2,4-D 
2,4,5-T 
MCPA 

4-Chloro-ortho-phenylenediamineb [27, 1982] 

4-Chloro-meta-phenylenediamineb [27, 1982] 

Chloroprene 

Chloroprophamd [12, 1976] 

Chloroquined ~3, 1977] 

Chlorothalonil [30, 1983] 

para-Chloro-ortho--toluidineb ~0, 1983] 

2-Chloro-l,l,Hrifluoroethane [41, 1986] 

Cholesterol 

Chromium and chromium compounds 


Chromium metal 

Trivalent chromium compounds 

Hexavalent chromium compounds 


Chryseneb [32, 1983] 

Chrysoidine 

CI Disperse Yellow 3dt8, 1975] 

Cinnamyl anthranilate [31, 1983] 

Cisplatine 

Citrininh [40, 1986] 

Citrus Red No. 2b [8, 1975] 


I 

ND 
I 

L 
I 
s 

ND 
I 
L 

L 

ND 
ND 
I 
ND 
ND 
ND 
ND 
ND 
I 

I 
I 
s 
ND 
I 
ND 
ND 
I 
ND 
ND 

L 

L 

s 
L 

L 


s 
s 
L 

L 
s 

I 
I 
s 

1 
I 
ND 
s 
I 
I 
I 
I 
L 
s 
L 

I 
I 
s 
L 
L 
I 
L 
s 
L 
s 

2B 

3 
3 

2A 
2A 
1 

3 
2B 
2B 

2B 

2B 
3 
3 
3 
3 
3 
2B 
3 
3 

3 
3 
l* 
3 
3 
3 
3 
2A 
3 
2B 

*This evaluation applies to the group of chemicals as a whole and not ne<:essarlly to aU individual chemicals within the group (see 
al~o Methods, p. 38}. 
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Table 1. (contd) 

Agent Degree of evidence Overall 
for carcinogenicityl' evaluation° 

Human Animal 

Clofibrate L 3 
Clomiphene citrate 3 
Coal gasification s 
Coal-tar pitches s s 
Coal-tars s s 
Coke production s I 
Copper 8-hydroxyquinolined [15, 1977] ND 3 
Coroneneb [32, 1983] ND 3 
Coumarind [10, 1976] NO L 3 
Creosotes L s 2A 
meta-Cresidineb [27, 1982] ND 3 
para-Cresidineb [27, 1982] ND s 2B 
Cycasinb [10, 1976] (see also Methylazoxymethanol and its acetate) ND s 2B 
Cyclamates L 3 
Cyclochlorotined (10, 1976] ND I 3 
Cyclopenta[cdJpyreneb [32, 1983] ND L 3 
Cyclophosphamide s s 

Dacarbazine s 2B 
D & C Red No. 9d [8, 1975] ND I 3 
Dapsone I L 3 
Daunomycinb [10, 1976] ND s 2B 
DDT s 2B 
Diacetylaminoazotoluened [8, 1975] ND I 3 
N,N'-Diacetylbenzidineb [16, 1978] ND s 2B 
Diallateb [30, 1983] ND L 3 
2,4-Diaminoanisoleb [27, 1982] ND s 2B 
4,4'-Diaminodiphenyl etherb [29, 1982] ND s 2B 
1,2-Diamino-4-nitrobenzened [16, 1978] ND I 3 
1,4-Diamino-2-nitrobenzened [16, 1978] ND I 3 
2,4-Diaminotolueneb [16, 1978] ND s 2B 
2,5-Diaminotoluened [16, 1978] ND I 3 
Diazepam I I 3 
Diazomethaned [7, 1974] ND L 3 
Dibenz[a,h]acridineb [32, 1983] ND s 2B 
Dibenz[a,J]acridineb [32, 1983] ND s 2B 
Dibenz[a,c)anthraceneb [32, 1983] ND L 3 
Dibenz[a,h]anthraceneb,e [32, 1983] ND s 2A 
Dibenz[a,J]anthraceneb [32, 1983] ND L 3 
7 H-Dibenzo[c,g]carbazoleb [32, 1983] ND s 2B 
Dibenzo[a,e]fluorantheneb [32, 1983] ND L 3 
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Table 1. (contd) 

Agent Degree of evidence Overall 
for carcinogenicity'~ evaluationa 

Human Animal 

Dibenzo[h,rst]pentaphened [3, 1973] ND L 3 
Dibenzo[a,e]pyreneb [32, 1983] ND s 2B 
Dibenzo[a,h]pyreneb [32, 1983] ND s 2B 
Dibenzo[a,z]pyreneb [32, 1983] ND s 2B 
Dibenzo[a,!Jpyreneb [32, 1983] ND s 2B 
I ,2-Dibromo-3-chloropropane s 2B 
Dichloroacetyleneb [39, 1986] ND L 3 
ortho-Dichlorobenzene I 3 
para-Dichlorobenzene s 2B 
3,3'-Dichlorobenzidine s 2B 
trans-1,4-Dichlorobutened [15, 1977] ND I 3 
3,3'-Dichloro-4,4'-diaminodiphenyl etherb [16, 1978] ND s 2B 
1,2-Dichloroethaneb [20, 1979] ND s 2B 
Dichloromethane I s 2B 
2,6-Dichloro-para-phenylenediamineb [39, 1986] ND L 3 
1,2-Dichloropropaneb [ 41, 1986] ND L 3 
1,3-Dichloropropene (technical-grade) s 2B 
Dichlorvosb [20, 1979] ND I 3 
Dicofolb [30, 1983] ND L 3 
Dieldrin L 3 
Diepoxybutaneb [1 1, 1976] ND s 2B 
Di(2-ethylhexyl)adipateb [29, 1982] ND L 3 
Di(2-ethylhexyl)phthalateb [29, 1982] ND s 2B 
1,2-Diethylhydrazineb [4, 1974] ND s 2B 
Diethyl sulphate L s 2A· 
Diglycidyl resorcinol etherb [36, 1985] ND s 2B 
Dihydrosafroleb [10, 1976] ND s 2B 
Dihydroxymethylfuratrizineb [24, 1980] (see also Panfuran S) ND I 3 
Dimethoxaned [15, 1977] ND L 3 
3,3'-Dimethoxybenzidine (ortho-Dianisidine) s 2B 
3,3' -Dimethoxybenzidine-4,4' -diisocyanateb [39, 1986] ND L 3 
para-Dimethy1aminoazobenzeneb [8, 1975] ND s 2B 
para-Dimethylaminoazobenzenediazo sodium sulphonated [8, 1975] ND I 3 
trans-2{(Dimethylamino )methylimino ]-5{2-( 5-nitro-2-furyl)vinyl]­ ND s 2B 

1,3,4-oxadiazoleb [7, 1974] 
3,3'-Dimethylbenzidine (ortho-Tolidine)b [1, 1972] ND s 2B 

Dimethylcarbamoyl chloridee I s 2A 

1,1-Dimethylhydrazineb [4, 1974] ND s 2B 

1,2-Dimethylhydrazineb [4, 1974] ND s 2B 

1,4-Dimethylphenanthreneb [32, 1983] ND I 3 
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Table 1. (contd) 

Agent Degree of evidence Overall 
for carcinogenicitfl evaluationa 

Human Animal 

Dimethyl sulphatee s 2A 
1,8-Dinitropyreneb [33, 1984) ND I 3 
Dinitrosopentamethylenetetramined [ 11, 1976] ND I 3 
1,4-Dioxane s 2B 
2,4'-Diphenyldiamined [16, 1978] ND 3 
Disulfiramd [12, 1976] ND 3 
Dithranold [13, 1977] ND 3 
Dulcind [12, 1976] ND 3 

Endrind [5, 1974] ND 3 
Eosind (15, 1977] ND I 3 
Epichlorohydrine s 2A 
1-Epoxyethyl-3,4-epoxycyclohexaned [11, 1976] ND L 3 
3,4-Epoxy-6-methylcyclohexylmethyl-3,4-epoxy-6-methylcyclohexane ND L 3 

carboxylated [1 I, 1976) 
cis-9,10-Epoxystearic acidd [/1, 1976] ND 3 
Erionite s s 1 

Ethionamided [13, 1971] ND L 3 
Ethyl acrylateb [39, 1986] ND s 2B 
Ethylened [1 9, 1979] ND ND 3 
Ethylene dibromidee I s 2A 
Ethylene oxide L s 2A 
Ethylene sulphided [1 I, 1976] ND L 3 
Ethylene thiourea I s 2B 

Ethyl methanesulphonateb [7, 1974] ND s 2B 

N-Ethyi-N-nitrosoureab,e [17, 1978] ND s 2A 

Ethyl selenacd (12, 1976] ND 3 
Ethyl telluracd (/2, 1976) ND I 3 
Eugenolb [36, 1985] ND L 3 

Evans blued [8, 1975] ND L 3 

Fast Green FCFd[16, 1978] ND L 3 
Ferbamd [12, 1976] ND I 3 
Fluometuronb [30, 1983] ND I 3 
Fluorantheneb,c [32, 1983] ND I 3 
Fluoreneb [32, 1983] ND I 3 

Fluorides (inorganic, used in drinking-water) I I 3 
5-Fluorouracil I I 3 
Formaldehyde L s 2A 

2-(2-Formylhydrazino)-4-(5-nitro-2-furyl)thiazoleb [7, 1974] ND s 2B 

Furazolidoneb [31, 1983] ND I 3 
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Table 1. (contd) 

Agent Degree of evidence Overall 
for carcinogenicity0 evaluation° 

Human Animal 

Fusarenon-xb [31, I983] 

Glu-P-I (2-Amino-6-methyldipyrido[ l,2-a:3',2' -d]imidazole )b 
[40, 1986] 

Glu-P-2 (2-Aminodipyrido[l,2-a:3',2'-d]imidazole)b [40, 1986] 
G1ycidaldehydeb [11, 1976] 
G!ycidyl olea ted [11, 1976] 
Glycidy1 stearated (1 1, 1976] 
Griseofu1vinc 
Guinea Green 8d [16, 1978] 
Gyromitrinc 

Haematite and ferric oxide 
Ferric oxide 
Haematite 
Underground haematite mining with exposure to radon 

Hexachloro benzene 
Hexachlorobutadieneb (20, 1979] 
Hexachlorocyclohexanes (HCH) 

Technical-grade HCH 

a-HCH 

,13-HCH 

-y-HCH (Lindane) 


Hexachloroethaneb [20, 1979] 

Hexachloropheneb [20, 1979] 

Hexamethylphosphoramideb [15, 1977] 

Hycanthone mesylated [13, 1977] 

Hydralazine 

Hydrazine 

Hydrogen peroxideb [36, 1985] 

Hydroquinoned [15, 1977] 

4-Hydroxyazobenzened [8, 1975] 

8-Hydroxyquinolined [13, 1977] 

Hydroxysenkirkined [10, I976] 


Indeno[l,2,3-cd)pyreneb [32, 1983] 

IQ (2-Amino-3-methylimidazo[4,5:1]quinoline)b [40, 1986] 

Iron and steel founding 

Iron-dextran complex 

Iron-dextrin complexd [2, 1973] 

Iron sorbitol-citric acid complexd [2, I973] 


ND 

ND 

ND 
ND 
ND 
ND 
ND 
ND 
ND 

I 
s 

ND 

ND 
ND 
ND 
ND 
I 
I 
ND 
ND 
ND 
ND 
ND 

ND 
ND 
s 
I 
ND 
ND 

s 

s 
s 

s 
L 
L 

ESL 
I 

s 
L 

s 
s 
L 
L 
L 

s 

L 
s 
L 
I 
I 
I 

I 

s 
s 

s 
L 
I 

3 

28 

28 
28 
3 
3 
28 
3 
3 

3 
3 
I 

28 
3 
28 

3 
3 
28 
3 
3 
28 
3 
3 
3 
3 
3 

28 
28 
I 
28 
3 
3 
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Table 1. (coritd) 

Agent Degree of evidence Overall 
for carcinogenicity0 evaluation° 

Human Animal 

Isatidined [10, 1976] ND L 3 
Isonicotinic acid hydrazide (Isoniazid) L 3 
Isophosphamideb [26, 1981] ND L 3 
Isopropyl alcohol manufacture (strong-acid process) s 

Isopropyl alcohol I 3 
Isopropyl oils I I 3 

Isosafroled [10, 1976] ND L 3 

Jacobined [10, 1976] ND 3 

Kaempferolb [31, 1983] ND 3 

Lasiocarpineb (10, 1976] ND s 2B 
Lauroyl peroxideb [36, 1985] ND I 3 
Lead and lead compounds 

Inorganic s 2B 
Organolead I 3 

Leather industries 
Boot and shoe manufacture and repair s I 
Leather goods manufacture I 3 
Leather tanning and processing I 3 

Light Green SFd [16, 1978] ND L 3 
Luteoskyrind [10, 1976] ND L 3 

Magenta I I 3 
Manufacture of magenta s 1 

Malathionb,c [30, 1983] ND 3 
Maleic hydrazided [4, 1974] NO 3 
Malonaldehydeb [36, 1985] NO 3 
Manebd (12, 1976] NO 3 
Mannomustined [9, 1975] NO L 3 
MeA-a-C (2-Amino-3-methyl-9H-pyrido[2,3-b]indole)b [ 40, 1986] NO s 2B 
Medphaland [9, 1975] NO 3 
MeiQ (2-Amino-3,4-dimethylimidazo[4,5-j]quinoline)b [40, 1986] NO 3 
MeiQx (2-Amino-3,8-dimethylimidazo[4,5-j]quinoxaline)b ND 3 

[40, 1986] 
Melamineb [39, 1986] NO I 3 
Melphalan s s I 
6-Mercaptopurine I 3 
Merphalanb [9, 1975] NO s 2B 
Methotrexate I 3 
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Table 1. ( contd) 

Agent Degree of evidence Overall 
for carcinogenicityD evaluationa 

Human Animal 

Methoxychlorb,c [20, 1979] ND 3 
5-Methoxypsoralene I s 2A 

8-Methoxypsoralen (Methoxsalen) plus ultraviolet radiation s s I 

Methyl acrylateb [39, 1986] ND I 3 
2-Methylaziridineb [9, 1975] ND s 2B 
Methylazoxymethanol and its acetateb [10, 1976] ND s 2B 
Methyl bromide L 3 
Methyl carbamated [12, 1976] ND 3 
Methyl chloride 3 
1-Methylchryseneb [32, 1983] ND 3 
2-Methylchryseneb [32, 1983] ND L 3 
3-Methylchryseneb [32, 1983] ND L 3 
4-Methylchryseneb [32, 1983] ND L 3 
5-Methylchryseneb [32, 1983] ND s 28 
6-Methylchryseneb [32, 1983] ND L 3 
N-Methyl-N,4-dinitrosoanilined [1, 1972] ND L 3 
4,4'-Methylene bis(2-chloroaniline) (MOCA)e I s 2A 
4,4'-Methylenebis(N,N-dimethyl)benzenamineb [27, 1982] ND L 3 
4,4'-Methylene bis(2-methylaniline) s 2B 
4,4'-Methylenedianilineb [39, 1986] ND s 2B 
4,4'-Methylenedipheny1 diisocyanated [19, 1979] ND ND 3 
2-Methylfluorantheneb [32, 1983] ND L 3 
3-Methylfluorantheneb [32, 1983] ND I 3 
Methyl iodideb [41, 1986] ND L 3 
Methyl methacrylated [19, 1979] ND I 3 
Methyl methanesulphonateb [7, 1974] ND s 2B 
2-Methyl-1-nitroanthraquinone (uncertain purity)b [27, 1982] ND s 2B 
N-Methyl-N-nitro-N-nitrosoguanidine (MNNG)e s 2A 
N-Methy1-N-nitrosoureab,e [17, 1978] ND s 2A 
N-Methyl-N-nitrosourethaneb [4, 1974] ND s 28 
Methyl parathionc ND ESL 3 
1-Methylphenanthreneb [32, 1983] ND 3 
Methyl redd [8, 1975] ND 3 
Methyl selenacd [12, 1976] ND I 3 
Methylthiouracilb [7, 1974] ND s 2B 
Metronidazole s 2B 
Mineral oils 

Untreated and mildly-treated oils s s I ., 
Highly-refined oils I I 3 

Mirexb [20, 1979] ND s 2B 
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Table 1. (contd) 

Agent Degree of evidence Overall 
for carcinogenicityO evaluation° 

Human Animal 

Mitomycin cb (10, 1976] NO s 2B 
Modacrylicfibresd [19, 1979] ND ND 3 
Monocrotalineb [/0, 1976] NO s 2B 
Monurond [12, 1976] NO L 3 
MOPP1 and other combined chemotherapy including s 

alkylating agents 
5-{M orpholinomethyl)-3-[ ( 5-nitrofu rfurylidene )amino]-2­ NO s 2B 

oxazolidinoneb [7, 1974] 
Mustard gas (Sulphur mustard) s L 

Nafenopinb [24, 1980] ND s 2B 
1,5-Naphthalenediamineb [27, 1982] ND L 3 
1,5-Naphthalene diisocyanated [19, 1979] NO NO 3 
1-Naphthylamine I 3 
2-Naphthylamine s s 
1-Naphthylthiourea (ANTU) I 3 
Nickel and nickel compounds s s I* 
Niridazoleb [13, 1977] NO s 2B 
Nithiazideb [31, 1983t NO L 3 
5-Nitroacenaphthene ~6, 1978) ND s 2B 
5-Nitro-ortho-anisidine [27, 1982] ND L 3 
9-Nitroanthraceneb [33, 1984] NO NO 3 
6-Nitrobenzo[a]~reneb [33, 1984] ND 3 
4-Nitrobiphenyl [4, 1974] NO 3 
6-Nitrochryseneb [33, 1984] ND 3 
Nitrofen (technica1-~ade)b [30, 1983] NO s 2B 
3-Nitrofluoranthene [33, 1984] ND 3 
5-Nitro-2-fura1dehyde semicarbazoned [7, 1974] NO 3 
1-[(5-Nitro(urfury1idene )amino ]-2-imidazolidinoneb [7, 1974] NO s 2B 
N-[4-{5-Nitro-2-furyl)-2-thiazolyl]acetamideb [7, 1974] NO s 2B 
Nitrogen mustard L s 2A 
Nitrogen mustard N-oxideb [9, 1975] NO s 2B 
2-Nitropropaneb [29, 1982] ND s 2B 
1-Nitropyreneb [33, 1984] ND L 3 
N-Nitrosoanabasineb [37, 1985] NO L 3 
N-Nitrosoanatabineb [37, 1985] NO I 3 
N-Nitrosodi-n-butylamineb [17, 1978] NO s 2B 
N-Nitrosodiethanolamineb [17, 1978] ND s 2B 
N-Nitrosodiethylamineb,e [17, 1978] NO s 2A 
N-Nitrosodimethylamineb,e [17, 1978] NO s 2A 
N-Nitrosodiphenylamineb [27, 1982] ND L 3 

1Combined 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 carcinogenicityO evaluation° 

Human Animal 

para~Nitrosodiphenylamineb [27, 1982] ND I 3 
N-Nitrosodi-n-propylamineb [17, 1978] ND s 2B 
N-Nitrosofolic acidd [17, 1978] ND I 3 
N-Nitrosoguvacineb [37, 1985] ND ND 3 
N-Nitrosoguvacolineb [37, 1985] ND r 3 
N-Nitrosohydroxyprolined [17, 1978] ND I 3 
3-(N-Nitrosomethylamino)propionaldehydeb [37, 1985] ND ND 3 
3-(N-Nitrosomethylamino)propionitrileb [37, 1985] ND s 2B 
4-(N-Nitrosomethylamino)-4-(3-pyridyl)-1-butanal (NNA)b [37, 1985] ND I 3 
4-(N-Nitrosomethylamino)-1-(3-pyridyl)-1-butanone (NNK)b [37, 1985] ND s 2B 
N-Nitrosomethylethylamineb [17, 1978] ND s 2B 
N-Nitrosomethylvinylamineb [17, 1978] ND s 2B 
N-Nitrosomorpholineb [17, 1978] ND s 2B 
N'-Nitrosonornicotineb [37, 1985] ND s 2B 
N-Nitrosopiperidineb [17, 1978] ND s 2B 
N-Nitrosoprolined [17, 1978] ND I 3 
N-Nitrosopyrrolidineb [17, 1978] ND s 2B 
N-Nitrososarcosineb [17, 1978] ND s 2B 
Nitrovinb [31, 1983] ND I 3 
~M~~~~ ~ I 3 

Ochratoxin A I L 3 
Oestradiol mustardd [?, 1975] ND L 3 
Oestrogens, progestins and combinations 

Oestrogens 
Nonsteroidal oestrogens S l* 
Diethylstilboestrol S s l 
Dienoestrol L 
Hexoestrol s 
Chlorotrianisene I 

Steroidal oestrogens S 1* 
Oestrogen replacement therapy S 1 
Conjugated oestrogens L 
Oestradiol-17(3 and esters s 
Oestriol L 
Oestrone s 
Ethinyloestradiol s 
Mestranol s 

•This evaluation applies to the group of chemicals as a wholeand not necessarily toall individual chemicals within the group(see also 
Methods. p. 38). 
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Table 1. (contd) 

Agent Degree of evidence Overall 
for carcinogenicityll evaluationa 

Human Animal 

Progestins 2B 
Medroxyprogesterone acetate s 2B 
Chlormadinone acetate L 
Dimethisterone 
Ethynodiol diacetate L 
l7a-Hydroxyprogesterone caproate 
Lynoestrenol 
Megestrol acetate L 
N orethistero ne s 
Norethynodrel L 
Norgestrel I 
Progesterone s 

Oestrogen-progestin combinations 
Sequential oral contraceptives s 

Dimethisterone and oestrogens 
Combined oral contraceptives s )I 

Chlormadinone acetate and oestrogens L 
Ethynodiol diacetate and oestrogens L 
Lynoestrenol and oestrogens 
Megestrol acetate and oestrogens L 
N orethisterone and oestrogens L 
Norethynodrel and oestrogens s 
Norgestrel and oestrogens I 
Progesterone and oestrogens L 
Investigational oral contraceptives L 

Oestrogen-progestin replacement therapy 3 
Oil Oran~e ssb [8, 1975] 
Orange I 'j-8, 1975] 
Orange G 'j-8, 1975] 

ND 
ND 
ND 

s 
I 
I 

2B 
3 
3 

Oxazepam [13, 1977] ND L 3 
Oxyphenbutazoned [13, 1977] ND ND 3 

Panfuran S (containing dihydroxymethylfuratrizine)b [24, 1980] ND s 2B 
Parasorbic acidd [10, 1976] ND L 3 
Parathionb [30, 1983] ND I 3 
Patulinb [40, 1986] ND I 3 
Penicillic acidd [10, 1976] ND L 3 
Pentachloroethaneb [41, 1986] ND L 3 
Peryleneb [32, 1983] ND I 3 
Petasitenineb [31, 1983] ND L 3 
Phenacetin L s 2A 

Analgesic mixtures containing phenacetin s L 1 
Phenanthreneb [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 	 I L 3 
Phenicarbazided [12, 1976) 	 NO L 3 
Phenobarbital s 2B 
Phenoxybenzamine hydrochlorideb [24, 1980] ND s 2B 
Phenylbutazone NO 3 
meta-Phenylenediamined [16, 1978] NO I 3 
para-Phenylenediamined [16, 1978] ND I 3 
N-Phenyl-2-naphthylamine I L 3 
ortho-Phenylphenolh [30, 1983] ND I 3 
Phenytoin L L 2B 
Piperonyl butoxideb,c [30, 1983] NO I 3 
Polyacrylic acidd [19, 1919] ND ND 3 
Polybrominated biphenyls s 2B 
Polychlorinated biphenyls L s 2A 
Polychloroprened [19, 1979) ND NO 3 
Polyethylened [19, 1979] ND I 3 
Polymethylene polyphenyl isocyanated [19, 1979) NO NO 3 
Polymethyl methacrylated [19, 1979] ND I 3 
Polypropylened [19, 1979] NO I 3 
Polystyrened [19, 1979] ND I 3 
Polytetrafluoroethylened [19, 1979] ND I 3 
Polyurethane foamsd [19, 1979] ND I 3 
Polyvinyl acetated [19, 1979] NO I 3 
Polyvinyl aicohold [19, 1979] NO I 3 
Polyvinyl chlorided [19, 1979] I I 3 

Polyvinyl pyrrolidoned [19, 1979] ND L 3 
Ponceau Mxb [8, 1975] NO s 2B 
Ponceau 3Rb [8, 1975] NO s 2B 
Ponceau sxd [8, 1975] NO I 3 
Potassium bis(2-hydroxyethyl)dithiocarbamated [12, 1976] NO L 3 
Potassium bromateh [40, 1986] ND s 2B 
Prednisone I 3 
Procarbazine hydrochloridee I s 2A 
Proflavine saltsb [24, 1980] NO I 3 
Pronetalol hydrochlorided [13, 1977] NO L 3 
1,3-Propane sultoneb [4, 1974] ND s 2B 
Prophamd [12, 1976] NO I 3 
P·Propiolactoneb [4, 1974] NO s 2B 
n-Propyl carbamated [12, 1976] NO L 3 
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Table 1. (contd) 

Agent 	 Degree of evidence Overall 
for carcinogenicityO evaluation° 

Human Animal 

Propylened (19, 1979] ND ND 3 
Propylene oxidee s 2A 
Propylthiouracil s 2B 
Ptaquilosideb [ 40, 1986] ND L 3 
Pyreneb,c [32, 1983] ND 3 
Pyrido[3,4-c]psoralenb [40, 1986] ND 3 

7-Methy1pyrido(3,4-c]psoralenb [40, 1986] ND 3 
Pyrimethamined [13, 1977] ND L 3 

Quercetinb [3 I, 1983] ND L 3 
para-Quinoned[J5, 1977] ND I 3 
Quintozene (Pentachloronitrobenzene)d [5, 1974] ND L 3 

Reserpine 	 L 3 
Resorcinold [15, 1977] 	 ND 3 
Retrorsined [10, 1976] 	 ND L 3 
Rhodamine Bd [16, 1978] 	 ND L 3 
Rhodamine 6Gd [16, 1978] 	 ND L 3 
Riddelliined [I 0, 1976] 	 ND 3 
Rifampicinb [24, 1980] 	 ND L 3 
Rubber industry s I 
Rugulosinb [40, 1986] ND 3 

Saccharated iron oxided [2, 1973] ND L 3 
Saccharin s 2B 

Safroleb [10, 1976] ND s 2B 

Scarlet Redd [8, 1975] ND 3 
Selenium and selenium compoundsd [9, 1975] I 3 
Semicarbazide hydrochlorided [12, 1976] ND L 3 
Seneciphyllined [ 10, 1976] ND ND 3 
Senkirkineb [31, 1983] ND L 3 
Sepioliteb [ 42, 1987] ND I 3 
Shale-oils s s 1 
Shikimic acidb [40, 1986] ND 3 
Silica 

Crystalline silica L s 2A 
Amorphous silica I 3 

Sodium diethyldithiocarbamated [12, 1976] ND 3 
Sodium ortho-phenylphenatec ND s 2B 
Soots s I 

Spironolactone L 3 
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Table 1. (contd) 

Agent Degree 9f evidence Overall 
for carcinogenicity0 evaluation° 

Human Animal 

Sterigmatocystinb [10, 1976] ND s 2B 
Streptozotocinb [17, 1978] ND s 2B 
Styrenee I L 2B 
Styrene-acrylonitrile copolymersd [19, 1979] ND ND 3 
Styrene-butadiene copolymersd (19, 1979] ND ND 3 
Styrene oxideb,e [36, 1985] ND s 2A 
Succinic anhydrided [15, 1977] ND L 3 
Sudan 1d [8, 1975] ND L 3 
Sudan nd [8, 1975] ND L 3 
Sudan md [8, 1975] ND I 3 
Sudan Brown RRd[B, 1975] ND I 3 
Sudan Red 7Bd [8, 1975] ND I 3 
Sulfafurazole (Sulphisoxazole) I 3 
Sulfallateh [30, 1983] ND s 2B 
Sulfamethoxazole L 3 
Sunset Yellow FCFd [8, 1975] ND l 3 
Symphytineb [31, 1983] ND I 3 

Talc 
Not containing ashestiform fibres I I 3 
Containing ashestiform fibres s I 1 

Tannic acid and tanninsd [10, 1976] ND L 3 
Terpene polychlorinates (Strobane®)d [5, 1974] ND L 3 
2,2',5,5'-Tetrachlorohenzidineb [27, 1982] ND I 3 
2,3, 7,8-Tetrachlorodibenzo-para--dioxin (TCD D) I s 2B 
1,1,1,2-Tetrachloroethaneh [41, 1986] ND L 3 
1,1,2,2-Tetrachloroethane r L 3 
Tetrachloroethylene I s 2B 
Tetrachlorvinphosb [30, 1983] ND L 3 
Tetrafluoroethylened [19, 1979] ND ND 3 
Thioaceta~ideb [7, 1974] ND s 2B 
4,4'-Thiodianilineb [27, 1982] ND s 2B 
Thiouracild [7, 1974] ND L 3 
Thioureab [7, 1974] ND s 2B 
Thiramd [12, 1976] ND I 3 
Tobacco products, smokeless s I I 
Tobacco smoke s s 
Toluene diisocyanatesh [39, 1986] ND s 2B 
ortho-Toluidine I s 2B 
Toxaphene (Polychlorinated camphenes)b [20. 1979] ND s 2B 
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Table l. (contd) 

Agent Degree of evidence Overall 
for carcinogenicity0 evaluation° 

Human Animal 

Treosulphan s ND l 
Trichlorfonb [30, 1983] ND 3 
1,1,1-Trichloroeth~neb [20, 1979] ND 3 
1,1,2-Trichloroethaneb [20, 1979] ND L 3 
Trichloroethylene I L 3 
Trichlorotriethylamine hydrochlorided [9, 1975] ND 3 
T2- Trichotheceneb [31, 1983] ND I 3 
Triethylene glycol diglycidyl etherd [11, 1976] ND L 3 
2,4,5-Trimethylanilineb [27, 1982] ND L 3 
2,4,6-Trimethylanilineb [27, 1982] ND 3 
4,5',8-Trimethylpsoralen 3 
Triphenyleneb [32, 1983] ND I 3 
Tris(aziridinyl)-para-benzoquinone (Triaziquone) L 3 
Tris(1-aziridinyl)phosphine oxided [9, 1975] ND 3 
Tris( 1-aziridinyl)phosphine sulphide (Thiotepal I s 2A 
2,4,6-Tris( 1-aziridinyl)-s-triazined [9, 1975] ND L 3 
I ,2,3-Tris( chlorolnethoxy)propaned [15, 1977] ND L 3 
Tris(2,3-dibromopropyl) phosphatee s 2A 
Tris(2-methyl-I-aziridinyl)phosphine oxided [9, 1975] ND I 3 
Trp-P-1 (3-Amino-1 ,4-dilllethyl-5 H-pyrido[ 4,3-b]indole)b [31, 1983] ND s 2B 
Trp-P-2 (3-Amino-l-methyi-5H-pyrido[4,3-b ]indole)b[JJ, 1983] ND s 28 
Trypan blueb [8, 1975] ND s 28 

Uracil mustard s 2B 
Urethaneb [7, 1974] ND s 2B 

Vinblastine sulphate 3 
Vincristine sulphate I 3 
Vinyl acetateb [39, 1986] ND I 3 
Vinyl bromideb,e [39, 1986] ND s 2A 
Vinyl chloride s s I 

Vinyl chloride-vinyl acetate copolymersd [19, 1979] ND I 3 
4-Vinylcyclohexeneb [39, 1986] ND L 3 
Vinyl fluofideb [39, I 986] ND ND 3 
Vinylidene chloride I L 3 
Vinylidene chloride-vinyl chloride copolymersd (19, 1979] ND ND 3 
Vinylidene fluorideb [39, 1986] ND I 3 
N-Vinyl-2-pyrrolidoned [19, 1979] ND ND 3 
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Table 1. ( contd) 

Agent 	 Degree of evidence Overall 
for carcinogenicity0 evaluation° 

Human Animal 

Wollastonite 
Wood industries 

Carpentry and joinery 
Furniture and cabinet making 
Lumber and sawmill industries (including logging) 
Pulp and paper manufacture 

2,4-Xylidined [16, 1978] 
2,5-Xylidined [16, 1978] 

Yellow ABd [8, 1975] 
Yellow OBd [8, 1975] 

Zearalenoneb [31, 1983] 
Zectrand [12, 1976] 
Zinebd [12, 1976] 
Ziramd [12, 1976] 

L 
s 

NO 

NO 


NO 

NO 


NO 
NO 
NO 
NO 

L 

I 

I 


I 


I 

L 

L 
I 

I 


3 

2B 

3 
3 

3 
3 

3 
3 

3 
3 
3 
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 
indicators7. 

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 bacteria7. 

Neither 2,3,4,6-tetrachlorophenol nor 2,4,5-trichlorophenol was mutagenic to bacteria7. 
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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)aceticacid (MCPA), 2-(4-chloro-~-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 
chloiophenoxy herbicide preparations and other herbicides. An excess incidence of all 
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cancers was also reported from a very small cohort ofSwedish forestry foremen exposed to 
chlorophenoxy herbicide preparations and other herbicides. A study oflong-term pesticide 
applicators in the German Democratic Republic, heavily exposed to a number ofchemicals, 
including 2,4-D and MCPA, demonstrated an increased risk of bronchial carcinoma'. 

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 ofsoft-tissue sarcoma and lymphoma in Kansas, USA, 
find any association between soft-tissue sarcoma and exposure to 2,4-DJ. 

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 study1• 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 ofthese 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 lymphoma 1•4• Farmers 
and forestry workers in Washington State, USA, with exposure to phenoxy herbicides had a 
significantly increased risk ofnon-Hodgkin 's lymphoma. People ofScandinavian 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 lymphomas. 

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 cancer1• 

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 
workers6•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 ofsoft-tissue sarcoma among farmers, farm managers and market gardeners, 
but not in other subgroups in forestry and farming9. No association with soft-tissue sarcoma 
has been found with military service in Viet Nam, despite potential exposure to phenoxy 
herbicides1•IO, 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 ofanimals 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 mgjkg chlorinated dibenzodioxins) was given orally, no evaluation of the 
carcinogenicity of this compound could be made on the basis of the available data12• 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 adenomasl3. 

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 exposuresl4. 

No adequate data were available on the carcinogenicity of MCPA15• 

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 ofsister 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 o{ sister 
chromatid exchanges (one study) or chromosomal aberrations in their lymphocytes16. 

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 ofsex-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. Then-butyl and iso-octyl esters of 
2,4-D were also not mutagenic to bacteriai6. 

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 bacteria16. 

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. Itwas 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 bacteria16. 
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CHLOROPRENE (Group 3) 

A. Evidence for carcinogenicity to humans (inadequate) 

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

:;B. Evidence for carcinogenicity to animals (inadequate) 

A number of experimental studies were considered to be inadequate for an evaluation of 
the carcinogenicity of chloroprene1• In a further study2 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 
wof'kers 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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