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2,4-D – 70 years of Scientific Data Development and Understanding
1. Overview
The herbicide 2,4-dichlorophenoxyacetic acid (2,4-D), has been commercially available for 70
years and is used worldwide. As a pesticide, it is subject to significant regulatory oversight.
During the decades of 2,4-D use, the scope and quality of the data being required by these
authorities to support the chemical have expanded and improved. In addition, the scientific
community have often selected 2,4-D to be the subject of scientific inquires and continual
assessments. The results of these combined efforts is a very large and complex scientific
assessment of 2,4-D, including analyses relevant to oncogenicity.
This submission to the IARC Working Group reviewing 2,4-D has been prepared by The
Industry Task Force II on 2,4-D Research Data (“Task Force”). The Task Force is composed of
the companies who manufacture the active ingredient of 2,4-D herbicide and which provide
funding for the research studies required for pesticide re-evaluation/re-registration programs on
the active ingredient 2,4-D in the United States and Canada. Task Force member companies are
Dow AgroSciences LLC (U.S.), Nufarm, Ltd. (Australia) and Agro-Gor Corp., a U.S.
corporation jointly owned by Albaugh, Inc. (U.S.) and PBI/Gordon Corp. (U.S). In the European
Union, ADAMA Agricultural Solutions Ltd, (Israel) joins Dow AgroSciences and Nufarm in a
related consortium. This Task Force was originally organized in 1980 to jointly develop 34
studies required by the U.S. Environmental Protection Agency (“EPA”), including chronic rat
and mouse oncogenicity studies. Upon review of these studies, the EPA required a repeat of
these oncogenicity studies on the grounds that the first studies did not test a maximum tolerated
dose.
The Industry Task Force II on 2,4-D Research Data supports the position that 2,4-D is not
classifiable as to its carcinogenicity to humans (Group 3).
As expressed in this document there is evidence demonstrating lack of carcinogenicity in
experimental animals. There are adequate studies available involving at least two species.
These studies show that 2,4-D is not carcinogenic.
Also, there is inadequate evidence of carcinogenicity in humans: The available studies on
humans are of insufficient quality, consistency or statistical power to permit a conclusion
regarding the presence or absence of a causal association between exposure to 2,4-D and cancer
in humans.
Moreover, there are no mechanistic data that would support evidence of 2,4-D carcinogenic
modes-of-action.
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2. Historical IARC Classifications of Chlorophenoxy Herbicides and 2,4-D
The International Agency for Research on Cancer (IARC) has prepared monographs with
information about the chlorophenoxy herbicides, including 2,4-D, on several occasions (IARC
1977, 1982,1986, 1987). In 1977, the Monograph stated that “no evaluation of the
carcinogenicity of this compound (2,4-D) could be made” regarding animals. With respect to
human data, the Monograph states, “The results of the single cohort study of a small number of
workers exposed to various herbicides, including 2,4-D, 2,4,5-T and 3-amino-1,2,4-triazole
(amitrole), are not sufficient to evaluate the carcinogenicity of 2,4-D to man” (IARC 1977).
In 1982, summary evaluations of carcinogenic risk to humans from chemicals lists 2,4-D and
esters having inadequate evidence for carcinogenicity in humans, inadequate evidence of
carcinogenicity in animals and inadequate evidence for activity in short-term tests (Supplement
4, Table 1). The summary evaluation of carcinogenic risk to humans is listed in category 3
(IARC 1982.
In 1986, IARC evaluated some halogenated hydrocarbons and pesticide exposures. Table 16 of
this monograph indicates for 2,4-D that there is inadequate evidence of carcinogenicity in
animals and inadequate evidence for genetic activity in short term tests. This monograph
concludes “there is limited evidence that occupational exposures to chlorophenoxy herbicides are
carcinogenic to humans” (IARC 1986).
In 1987, IARC published Supplement 7 to Monographs 1 to 42. The evidence for
carcinogenicity of chlorophenoxy herbicides to humans remained limited and the evidence for
carcinogenicity of 2,4-D to animals remained inadequate (IARC 1987).
Dr. Robert Baan confirmed in 2002, “At the time of the evaluation, the epidemiological data on
2,4-D as a separate compound were inadequate to evaluate its carcinogenicity to humans,
because no data on human exposure to the single compound were available. The animal
carcinogenicity data for 2,4-D were inadequate. The chlorophenoxy herbicides showed limited
epidemiological evidence for increased occupational cancer risk in pesticide applicators, and
were evaluated as possibly carcinogenic to humans, Group 2B. Because 2,4-D belongs to this
group of substances, the compound has been given the same classification, in the absence of data
that would make a full evaluation of 2,4-D possible (Baan 2002).”
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3. Cancer in Humans
3.1 Epidemiology Studies
There is inadequate evidence of carcinogenicity in humans: The available epidemiological
studies on humans are of insufficient quality, consistency, or statistical power to permit a
conclusion regarding the presence or absence of a causal association between exposure to 2,4-D
and cancer in humans.
Early case-control studies linked lymphomas to phenoxy herbicide exposure in Australia and
Sweden and the U.S. (Kansas) (Hardell et al. 1994; Hoar et al. 1986; Smith and Christophers
1992). Subsequent case-control studies sponsored by the U.S. National Cancer Institute (NCI)
collected information specific to 2,4-D and non-Hodgkin lymphoma (NHL). These studies
conducted in Nebraska (Zahm et al. 1990) and Iowa and Minnesota (Cantor et al. 1992) reported
differing results if the data were self reported or by proxy (Johnson et al. 1993). A pooled
analyses of the Kansas, Nebraska and Iowa, Minnesota case control studies reported no increased
risk of NHL and 2,4-D use (Odds Ratio 0.9, 95% Confidence Interval, CI 0.6 – 1.2) (De Roos et
al. 2003). The increasing dose response of 2,4-D exposure and canine malignant lymphoma
(Hayes et al. 1991) was not confirmed in an independent reanalysis of the underlying data
(Kaneene and Miller 1999). In order to reduce the methodological weaknesses of case control
studies, namely recall bias, the NCI launched the prospective Agricultural Health Study in 1993
(Alavanja et al. 1996). To date, the AHS has more than 100 publications. No significant adverse
association has been reported for 2,4-D use among approximately 80,000 participants in studies
of children (Flower et al. 2004), breast cancer (Engel et al. 2005), prostate cancer (Alavanja et al.
2003) and melanoma (Dennis et al. 2010). A peer reviewed analysis of 2,4-D and NHL in the
AHS has not been published. A poster presented at the 2013 Epidemiology and Occupational
Health meeting by Dr. Beane Freeman of the NCI reported “no association with cancer risk
overall (p-trend=0.68), NHL overall (p-trend=0.84), or any sub-type of NHL with intensityweighted lifetime days” (Beane Freeman et al., 2013, and personal communication); however,
they observed an association with gastric cancer.
There are many published epidemiology reviews pertinent to 2,4-D. An early review of more
than 90 epidemiology studies reported that many of the studies are limited by speculative or
indirect indices of exposures. Further, not all of the phenoxy herbicide exposures were specific
to 2,4-D (Munro et al., 1992).
A review by the World Health Organization (1996) concluded that the epidemiology data were
inconsistent. A decade later, Garabrant and Philbert (2002) concluded the evidence was
inadequate among cohort studies to conclude that 2,4-D exposure was associated with soft tissue
sarcoma (STS), non-Hodgkin Lymphoma (NHL), Hodgkin’s Disease, or any other cancer.
Garabrant and Philbert observed that the case control studies of these cancers were confounded
by dioxin, inconclusive, and not reliable. In contrast, Hardell (2008) stated that pesticide
exposure, which included 2,4-D, is an established risk factor for NHL. Another review of the
case-control studies suggested that NHL may be associated with phenoxy herbicides, but the
assessment for 2,4-D exposure was inconclusive (Gandi et al., 2000). Gandi et al., concluded
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that overall the results for cancer and 2,4-D were inconsistent. Von Stackelberg (2013) described
the epidemiology data as “mixed,” whereas Burns and Swaen (2012) characterized the data as
“inconsistent.”
In their recent meta-analysis of 2,4-D exposure and three cancer endpoints, Goodman et al.,
(2015) systematically reviewed 24 epidemiology studies that specifically evaluated exposure to
2,4-D. In general, study quality was undermined by several methodological limitations, such as
exposure measurement error, information bias, and confounding. Results of individual studies
were meta-analyzed for NHL (n = 9 studies), prostate cancer (n = 2 studies) and gastric cancer (n
= 3 studies). Results indicated no associations between 2,4-D exposure and any of these cancers.
In addition, Goodman et al. (2015) observed evidence of publication bias in epidemiology
studies of 2,4-D and NHL indicating small studies presenting positive associations were more
likely to be published. Another meta-analyses by Schinasi and Leon (2014) observed a slight
elevation of NHL risk associated with 2,4-D exposure (RR=1.4, 95% CI: 1.0-1.9). Interpretation
of these results is limited by the substantial heterogeneity in the collected results (I-squared =
61.5%). The scope of Schnasi and Leon (2014) was restricted to agricultural exposures to 2,4-D
and included only five studies. This very small sample size of original studies in the metaanalysis precluded an assessment of publication bias or extensive sensitivity analyses to test
robustness of results to variations on study exclusion.
At present the evidence is interpreted differently by investigators and reviewers. Recent
published reviews and governmental regulatory decisions support the position that epidemiology
data are inadequate to establish a causal association between 2,4-D exposure and cancer (von
Stackelberg 2013; Burns and Swaen, 2012; EFSA, 2015; USEPA, 2012; European Commission,
2001; EU 2014a; EU 2014b; EU 2014c; Health Canada PMRA, 2008; USEPA, 2005; New
Zealand Environmental Risk Management Authority, 2003). Many reviewers point out
insufficient quality with respect to exposure and a lack of consistency across multiple studies.
Furthermore, the number of exposed cases often precludes sufficient statistical power to robustly
evaluate a dose response.
The available studies are of insufficient quality, consistency or statistical power to permit a
conclusion regarding the presence or absence of a causal association between exposure to
2,4-D and cancer in humans.
3.2 Biomonitoring
Numerous high-quality biomonitoring studies exist for 2,4-D since it is not metabolized and is
rapidly excreted in the urine. Analyses of 2,4-D urine concentrations, and particularly those in
which total urine is collected over 24 hour periods, provide direct evidence of aggregate 2,4-D
exposures from all sources (occupational, diet, water, air, etc.). Studies of the general population
and rural bystanders have demonstrated that exposure to 2,4-D is low to not detectable
(Alexander et al., 2007; Centers for Disease Control and Prevention (CDC) 2005; Morgan et al.
2008). Importantly, 2,4-D doses estimated from urine biomonitoring are well below reference
doses established as health protective, including cancer, by regulatory agencies (Aylward et al.,
2010, Hays et al., 2012).
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Further biomonitoring has confirmed low exposures to 2,4-D following applications of either
spray or granulated formulations for lawn and garden weed control (Harris and Solomon, 1992)
In occupational settings, exposure occurs primarily through mixing, loading and applying and
without use of protective clothing or gloves (Alexander et al. 2007; Thomas et al. 2010). In their
review, Burns and Swaen (2012) noted that biomonitoring data provide important information
about the plausibility and validity of exposure estimates in the epidemiology literature, and offer
direct evidence that occupational and general population exposures including those to children
are low and well below regulatory reference doses (RfDs) established as health protective.
3.3 Conclusions
With respect to human studies, there is inadequate evidence of carcinogenicity.
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4. Cancer in Animals
As expressed in this document, there is evidence demonstrating lack of carcinogenicity in
experimental animals. There are adequate studies available involving at least two species. These
studies indicate that 2,4-D is not carcinogenic.
4.1 Rodent Cancer Bioassays
Rat and mouse oncogenicity studies (cancer bioassays) on 2,4-D were initially conducted in the
1980s, submitted to the US EPA in 1986, and subsequently summarized in a peer-review
publication (Munro et al., 1992). The evaluations of the studies by the EPA questioned if the
dose levels utilized in the studies were sufficiently high. In addition, the EPA requested
additional follow-up on possible increased incidence in astrocytomas in the high dose male rats
(45 mg/kg/day), which was deemed spurious and unrelated to treatment (Munro et al., 1992).
To address both of these concerns, additional oncogenicity studies (cancer bioassays) in rats and
mice were conducted under the new GLP guidance, completed in 1995, and published in peerreviewed literature (Charles et al., 1996). In these dietary studies, dose levels in rats were 0, 5,
75, and 150 mg/kg/day and in mice were 0, 5, 150, and 300 mg/kg/day for females and 0, 5,
62.5, and 125 mg/kg/day for males. No evidence of carcinogenicity was observed in either of
these studies, despite the higher dose levels and increased pathology brain sectioning compared
to the previous studies.
4.2 Weight of Evidence - Astrocytomas
Regarding the previous apparent increase in astrocytomas in male rats in the 1986 study, (Munro
et al., 1992), the incidence in males (out of 50 rats/group) was 1, 0, 0, 2, and 6 in the 0, 1, 5, 15,
and 45 mg/kg/day groups, respectively. There was no increased incidence in females (0, 1, 2, 1,
and 1 for the same dose groups, respectively). The incidence of astrocytomas in rats in the
subsequent dietary study (Charles et al., 1996) in males was 0 and 1 and in females 1 and 1 for
the control and high-dose groups (150 mg/kg/day), respectively. No astrocytomas were observed
in either sex in the low- and mid-dose levels of the repeat study. The repeat study at doses up to
150 mg/kg/day found no evidence of an oncogenic response in rats in any organ (including
brain) for 2,4-D. Importantly, both the mid- and top-dose levels used in the repeat rat bioassays
were above dose levels exhibiting non-linear plasma toxicokinetics due to saturation of 2,4-D
renal clearance, indicating that rodent tissues experienced disproportionately higher systemic
doses relative to lower non-saturating doses (see Section 5). Thus, no evidence of tumorigenicity
was observed in the repeat bioassays even though toxicokinetic studies confirmed systemic 2,4D doses resulting in maximum systemic dose stress to the test animals (2,4-D brain
concentrations are disproportionately increased at under conditions of Maximum Tolerated Dose
testing).
Analysis of the strength- and weight-of-evidence of the astrocytoma responses across the two rat
carcinogenicity bioassays indicates the increase in astrocytomas noted in the initial study (Munro
et al., 1992) was not related to 2,4-D treatment. A fundamental scientific principle for
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addressing the significance of a finding is replication, and in the case of 2,4-D, the astrocytoma
response was not replicated in a second study despite a high-dose approximately 3.3-fold higher
than the top dose of 45 mg/kg/day in the initial study. As noted above and detailed in Section 5
below, 2,4-D exhibits non-linear toxicokinetics due to saturation of renal clearance mediated
through an active transporter, and 2,4-D doses above saturation result in disproportionate
increases in brain concentrations in rats relative to non-saturating doses (reviewed in Munro et
al., 1992). Data describing 2,4-D dose-dependent non-linear toxicokinetic behavior affirms the
conclusion that the top levels 150 mg/kg/day in the second bioassay (Charles et al., 1996)
robustly challenged the potential for 2,4-D to induce astrocytomas. A recent evaluation of 2,4-D
toxicokinetics after dietary administration in rats found that 2,4-D renal clearance was saturated
at 63 mg/kg/day in males and 25 mg/kg/day in females (Saghir et al., 2013), positioning both the
mid- and high-bioassay doses of the replicate study well above the inflection point of
toxicokinetic saturation. Since 2,4-D is not metabolized in rats (Munro et al., 1992), these highdose conditions represent an artificial exposure of the rat brain to 2,4-D that is not relevant to
humans (i.e., impossible to be reached in humans under normal use conditions); yet, an increased
incidence of astrocytomas was not seen in the second rat study, which reached higher dose
levels.
Additional weight-of-evidence examination of the astrocytoma data and ancillary supporting
information further indicates the tumor response was not treatment-related. Several detailed
reviews of clear and suspect chemical neurocarcinogens revealed a series of biologic and
toxicologic benchmarks useful for identifying chemicals of concern for astrocytoma and other
brain tumor formation (Ward and Rice, 1982; Koestner, 1986; Sills et al., 1999). The rat 2,4-D
astrocytoma data are not consistent with the biological characteristics of chemically-induced
brain tumors identified in these reviews, as summarized below:
•

The incidence of astrocytomas in the 45 mg/kg/day group of the Munro et al., 1992 study
was not significantly different from concurrent controls and only marginally exceeded
the historical control range of 0-4% reported for F344 rats from the US National
Toxicology Program (NTP) database during the approximate period of the 2,4-D
bioassay. Importantly, Solleveld and coworkers (1984) have also observed that
astrocytomas in male rats exhibited significant intergroup variability in an analysis of
five historical control lifespan groups, with astrocytoma incidence ranging from 0 to
5.9%.

•

A survey of 500 NTP studies identified only 10 studies (chemicals) which may have
resulted in brain tumors (Sills et al., 1999). However, almost all of these substances
were capable of metabolic generation of reactive intermediates and were mutagenic. 2,4D is not metabolized to such intermediates and is not genotoxic and or mutagenic
(Munro et al., 1992; Charles et al., 1999a,b; Gollapudi et al., 1999).

•

The series of chemicals identified as possible brain tumorigens also exhibited tumor
multiplicity in individual animals as well as being carcinogenic at multiple sites and
across both sexes and species (Sills et al., 1999). The 2,4-D rat and mouse bioassays
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fulfilled none of these criteria.
•

Chemically-induced brain tumors exhibit a trend towards anaplasia and result in earlier
tumor onset and/or decreased lifespan, neither of which was present in the 2,4-D
bioassays (in contrast, the single astrocytoma in the Study 1 male rat control group was
highly anaplastic; Table 1). In addition, neurocarcinogenic chemicals also show
evidence of preneoplastic lesions in the brain which were not seen in interim one-year or
terminal sacrifices in either 2,4-D rat bioassays (Munro et al., 1992; Charles et al., 1996).

•

Several of the potential brain carcinogens identified in the NTP database are structurally
related. 2,4-D does not share any of those structural relationships. In contrast, a close
structural analog of 2,4-D, 2-methyl-4-chlorophenoxyacetic acid (MCPA), shares a lack
of genotoxicity/mutagenicity, a common renal clearance mechanism, and similar chronic
toxicity target organs with 2,4-D. MCPA also is not a rat or mouse carcinogen (EPA,
2004; FAO/WHO, 2012).

•

Potential alternative modes of action for brain tumors such as endocrine disruption are
not plausible in that 2,4-D is negative in EPA Endocrine Disruptor Screening Program
(EDSP) in vitro estrogen and androgen assays (Coady et al., 2014), in vivo short-term
fish and amphibian assays (Coady et al., 2013), and in an apical in vivo extended onegeneration reproduction study specifically examining estrogen, androgen and thyroid
sensitive endpoints (Marty et al., 2013). 2,4-D also is not immunotoxic or
immunosuppressive in rat and mouse bioassays, and thus likely does not alter immune
surveillance and control of chemically-induced tumors (Blakley and Blakley, 1986;
Marty et al., 2013).

•

As detailed in Section 3 above, epidemiological studies have not revealed a causative
association of 2,4-D exposure and any human cancer outcomes (Munro et al., 1992;
Garabrant and Philbert, 2002; Burns and Swaen, 2012; von Stackelberg, 2013). Further
diminishing the plausibility of potential human cancer outcomes, 2,4-D systemic
exposures resulting from a variety of agricultural and residential uses are well below the
overall animal No Observed Effect Level (NOEL) dose of 5 mg/kg/day identified in the
Charles et al. (1996) chronic rat and mouse bioassays and generally below systemic
doses expected to result from exposures to the chronic Reference Dose (RfD) of 0.21
mg/kg/day established by the EPA (Aylward et al., 2010; 2012; EPA, 2013).

Taken together, the two mouse and two rat oncogenicity studies (Munro et al., 1992; Charles et
al., 1996) cover a wide range of dose levels of 2,4-D that clearly establish NOAELs and MTDs
for chronic toxicity. Although there was some initial concern over a non-statistically significant
increase in male rat astrocytomas at 45 mg/kg/day in the earlier rat oncogenicity study, this
finding was not replicated in a subsequent study conducted at 75 and 150 mg/kg/day and affirms
the conclusion that this was a spurious finding bearing no relationship to treatment.
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4.3 Conclusions
The weight of evidence for data on cancer in animals supports a lack of carcinogenicity. This
conclusion has also been supported by government and regulatory agencies in their independent,
public documents. For example the EPA concluded ‘‘2,4-D acid was not carcinogenic in male or
female Fischer 344 rats…(and) was not carcinogenic in male and female B6C3F1 mice.’’
(EPA,1996), which has been a consistent position across three decades of reviews and
assessments (EFSA, 2015; European Commission, 2001; USEPA, 1996 [pg 4]; USEPA, 1997
[pg 3]; USEPA, 2004a [pg 1]; USEPA, 2005 [pg 18]; EPA 2013 [pg. 13-14]). In addition, the
World Health Organization (WHO) has come to the conclusion of no evidence of carcinogenicity
in mice and rats (WHO, 1996 [pg 33]; WHO, 2003).
With respect to animal studies, there are adequate studies available that address the
carcinogenic potential of 2,4-D in animals. The evidence from these studies demonstrate a
lack of carcinogenicity in experimental animals, including use of doses resulting in nonlinear toxicokinetics and dose-disproportionate increases in tissue 2,4-D concentrations.
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5. Mechanistic and Other Data
5.1 Toxicokinetic data
The toxicokinetic data for 2,4-D is important to the understanding of human relevance of the
animal toxicity findings, including high-dose specific toxicity findings in rodents as well as
findings suggesting elevated 2,4-D toxicity in dogs. Once absorbed, 2,4-D is rapidly and
completely excreted in urine by both rats and humans, but not dogs (Van Ravenzwaay et al.,
2003; Timchalk, 2004). In rodents and human, renal excretion of 2,4-D is facilitated by a
saturable organic anion active transporter located in the renal tubules (Timchalk, 2004). The
transporter does not function effectively in dogs, resulting in higher peak and total systemic
plasma 2,4-D doses in dogs compared to rodents (Van Ravenzwaay etal, 2003; Timchalk, 2004).
Toxicokinetic studies in rats indicate the renal clearance of 2,4-D is clearly saturated at oral dose
levels between 25 to 63 mg/kg/day, depending on sex, and that use of gavage or dietary
treatments resulting in nonlinear increases in 2,4-D blood concentrations at these dose and
above (Gorzinski et al., 1987; Van Ravenzwaay et al., 2003; Saghir et al., 2013). The onset of
saturation of 2,4-D renal clearance at doses that are widely disparate from real-world human
exposures suggests that animal toxicity findings observed at or above such dose levels
overestimate potential human hazards and risks (Foran et al., 1997; Slikker et al., 2004 a,b;
Timchalk, 2004; Barton et al., 2006; Carmichael et al., 2006; Doe et al.,2006; OECD, 2011).
As mentioned in the cancer in animals section above (Section 4), data describing 2,4-D dosedependent non-linear toxicokinetic behavior affirms the conclusion that the top dose level in the
second bioassay (Charles et al., 1996) robustly challenged the potential for 2,4-D to induce
astrocytomas. A recent evaluation of 2,4-D toxicokinetics after dietary administration in rats
(Saghir et al., 2013), confirms that both the mid- and high-dietary bioassay doses of both sexes in
the replicate study by Charles et al. (1996) were well above the inflection point of toxicokinetic
saturation. These high-dose non-linear toxicokinetic conditions represent an artificial worst case
of exposure of the brain to 2,4-D (i.e., impossible to be reached in humans under normal use
conditions); yet, an increased incidence of astrocytomas was not seen in the second study.
In the case of dogs, both subchronic and chronic studies indicate this species, with an overall
NOAEL of 1 mg/kg/day (Charles et al., 1996c), is more sensitive to 2,4-D-induced toxicity than
rodents, with an overall NOAEL of 5 mg/kg/day (Charles et al., 1996b). Consistent with these
studies was a two-year study in rats and beagle dogs that demonstrated no evidence of
carcinogenicity (Hansen et al., 1971). Because the dog is lacking an effective renal organic
anion clearance mechanism, this differential species response has been attributed to an inability
of the dog to effectively clear 2,4-D from the body, resulting in significantly higher 2,4-D blood
concentrations in dogs relative to rats and humans at an equivalent oral dose of 5 mg/kg (Van
Ravenzwaay et al., 2003; Timchalk, 2004). Since both rats and humans both express renal
organic anion transporters (Timchalk, 2004; Nozaki et al., 2007), the EPA has concluded that the
rat represents a better predictor of potential toxicity in man than the dog (EPA, 2004).
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5.2 Mechanisms of carcinogenesis
As stated previously, 2,4-D has been evaluated for carcinogenicity in multiple rat and mouse
chronic dietary bioassays (Munro et al., 1992; Charles et al. 1996), and recent in-depth reviews
of those studies by the regulatory agencies of Canada and the United States and the EU have
concluded that 2,4-D is not an animal carcinogen (EFSA, 2015; European Commission, 2001;
EPA, 2005; PMRA, 2007). This conclusion is supported by findings that 2,4-D is non-genotoxic
and non-mutagenic in both in vitro and in vivo assays (Canadian Centre for Toxicology, 1987;
Munro et al., 1992; Charles et al., 1999a,b; Gollapudi et al. 1999). The lack of animal
tumorigenicity of 2,4-D also is consistent with its lack of metabolism to reactive intermediates in
either rodents or humans, and no structural alerts of the parent molecule for genotoxic or
mutagenic activity have been identified (Munro et al., 1992).
In addition to the 10 key characteristics of carcinogens presented on Table 1, modes and
mechanisms of action of molecules that cause NHL, gastric cancer, and astrocytoma are
presented in Tables 2, 3, and 4, respectively. As noted in the previous sections, epidemiology
studies have reported possible associations of 2,4-D with NHL and gastric cancer, while animal
studies have described a non-replicable increase in astrocytomas. It is important to note that data
in the Cancer in Human and Cancer in Animals sections support that 2,4-D is not carcinogenic
based on the overall data from epidemiology and animal studies. However, for the sake of
completeness, the potential modes of action of three tumor types are described in more detail in
order to outline the absence of potential biological plausibility of any association between 2,4-D
and these mechanisms.
The subsequent section highlights three common characteristic in IARC’s general list (Table 1),
NHL (Table 2), gastric cancer (Table 3), and astrocytoma (Table 4). These three common MoA
are genotoxicity, immunotoxicity, and endocrine/receptor-mediated effects. The additional MoA
are described with references in the appropriate tables, but not discussed in detail here.
Genotoxicity
A common mode-of-action (MoA) to a number of carcinogens, including NHL and astrocytoma,
is genotoxicity (Tables 1, 2, and 4). For example, in the case of NHL, benzene and
trichloroethylene are genotoxic chemicals, and exposures are associated with increased risk of
NHL (Goldstein, 2010; Rusyn et al., 2014). Many NHL cases show chromosomal translocations
(von Stackelberg, 2013). The most common translocation is t(14;18) translocation that activates
the Bcl-2 oncogene (Martelli et al., 2013). However, NHL development appears to require
additional promotion events in addition to genotoxicity, since t(14;18) translocations are seen in
humans without NHL (von Stackelberg, 2013). Similarly, in the case of astrocytomas, mutations
in tumor suppressor genes have been observed in human gliomas or astrocytomas (Maher,
Furnari et al. 2001, Reilly and Jacks 2001, Zhu and Parada 2002, Xiao, Yin et al. 2005, Network
2008, Lim, Llaguno et al. 2011, Cohen and Colman 2015).
The genotoxic and mutagenic potential of 2,4-D has been examined in numerous studies.
Overall, the weight of evidence shows that 2,4-D is not genotoxic in vitro or in vivo (Burns and
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Swaen, 2012; Charles et al., 1999a; Charles et al., 1999b; ; USEPA, 2004b; USEPA, 1996 [pg
8]; EFSA, 2015 [pg.7]; EPA 2013 [pg. 13-14]; EUROPEAN COMMISION, 2001 [pg 10];
Gollapudi et al., 1999; Pesticides Board, 2000; PMRA, 1991[pg 5]; PMRA, 2007 [pg 8]; von
Stackelberg, 2013; WHO, 1996 [pg 35]).
Immunotoxicity
Another common MoA to a number of molecules, including NHL and astrocytomas, is
immunotoxicity (Tables 1, 2 and 4). In the case of NHL, trichloroethylene exposure in humans
has been associated with NHL and lower serum immunoglobulin levels (Zhang et al., 2013).
Animals exposed to trichloroethylene show suppression of B cell counts and altered levels of
anti-inflammatory cytokines (Chiu et al., 2013). Human NHL cases are associated with prior
immunosuppressive drug therapy and immunodeficiency from genetic disease or viral infection
(Fisher and Fisher, 2004; Whiteside, 2006; Vineis et al., 2007). In addition, NHL is associated
with autoimmune disease (Vineis et al., 2007), and there is evidence that animal models of
trichloroethylene exposure increases autoimmune disease (Fisher and Fisher, 2004). In the case
of astrocytoma, progesterone-induced blocking factor (PIBK) and immunomodulatory protein
has been detected in human glioblastoma multiforme (GBM) and has been described as one of
the factors suppressing anti-tumor immunity and thereby allowing tumor progression in these
astrocytomas (Gonzalez-Aguero, Gutierrez et al. 2007, Kyurkchiev, Naydenov et al. 2014).
In the case of 2,4-D, the data support a lack of immunotoxic effects. Although a transient, short
term immunomodulatory effect of 2,4-D in humans was reported in a single “preliminary” study
(Faustini 1996), the weight of evidence indicates 2.4-D is not immunotoxic or
immunosuppressive (Blakley et al., 1992; Blakley et al., 1998; Carlo et al., 1992; Charles et al.,
1996; Garabrant and Philbert, 2002; Kaneene and Miller, 1999; Marty et al., 2013; USEPA,
2012).
Endocrine/Receptor-Mediated Effects
Finally, another common MoA to a number of molecules, including gastric cancer, are receptormediated effects (Tables 1 and 3). Receptor-mediated effects can occur through modulation of
endocrine receptors such as androgen receptor (AR) and estrogen receptor (ER). In the case of
gastric cancer, although not all epidemiological data are supportive, some epidemiology studies
suggest a correlation between tamoxifen (an estrogen receptor antagonist) drug therapy and
increased incidence of gastric cancer (Chandanos et al., 2008; Chen et al., 2014).
In the case of 2,4-D, numerous studies have been conducted to assess the potential for 2,4-D to
interact with the endocrine system including the EPA Endocrine Disruptor Screening Program
(EDSP) as well as the extended one-generation reproductive toxicity study, which serves as a
Tier II/OECD Level 5 definitive data. These data demonstrate that 2,4-D does not alter estrogen
receptor activity in vitro or in vivo (Coady et al., 2014; Marty et al., 2013; Sun et al., 2012).
Oxidative stress
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Several studies have reported 2,4-D-induced alterations in various biomarkers of oxidative stress
(Bukowska, 2003; Bongiovanni et al., 2007; Celik and Tuluce, 2007; Dinamarca et al., 2007;
Ferri et al., 2007; Nakbi et al., 2010; Pochettino et al., 2013; Tayeb et al., 2013). However, the
human health hazard relevance of these studies as potential indicators of genotoxic and/or cancer
modes of action (Table 1) is highly tempered for a combination of reasons including use of in
vivo or in vitro doses that were above those associated with saturation of renal clearance (Section
5.1), use of inappropriate modes of administration, and evaluation of formulations of unknown
composition. Importantly, as noted above, the health hazard significance these observations is
further questioned in that 2,4-D is not an in vitro or in vivo genotoxicant or an animal carcinogen
despite use of test doses substantially exceeding saturation of renal clearance.
5.3 Conclusions
The weight of evidence for data on cancer in animals and humans supports a lack of
carcinogenicity. Exploration of possible mechanisms associated with carcinogens and
specifically with NHL, astrocytoma, and gastric cancer, discussed earlier in this document show
no association between these mechanisms and 2,4-D. Therefore, the mechanistic examination
supports that there are no mechanistic data that provide biologically plausible evidence of
2,4-D carcinogenicity.
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6. Dioxins and Furans
The presence of dioxins and furans in chlorophenoxy herbicides has confounded IARC reviews
since 1977. (IARC, 1977) Manufacture of the 2,4-DCP intermediate in 2,4-D production has
been optimized by controlling processing conditions necessary to drive the chlorination reaction
to the preferred two and four carbon positions, thereby limiting the formation of impurities that
can lead to dioxin formation. Controlled temperature and residence time during the chlorination
reaction, programmed addition of the chlorinating agent, and efficient agitation in the reaction
vessel are processing factors that contribute to the purity of 2,4- DCP. Additionally, distillation
of 2,4-DCP is a technique that may be employed post-chlorination to increase purity. Moreover,
quality control sampling and analytical procedures are also utilized to verify product quality at
various steps of the 2,4-DCP process. According to Results of testing of 2,4-DCP, performed in
response to the Toxic Substances Control Act (TSCA) Dioxin/Furan Test Rule, showed no
detectable concentrations of 2,3,7,8-substituted tetra- through hepta-CDD/CDFs.(EPA,2005)
As a result of changes in the manufacturing processes for 2,4-D over the past 15-20 years,
dioxins are no longer found at detectable levels in 2,4-D products sold and used in the United
States (EPA, 2014). The EPA has required testing of all 2,4-D products for dioxins and furans
using very sensitive methods. Additionally, the Agency conducted an assessment assuming that
dioxins were present at the detection limit in all 2,4-D products – an implausible situation, but a
very protective assumption. Human health risks assessed with this assumption were insignificant
(EPA, 2014). Dioxins and furans were also assessed in the most recent EU reevaluation of 2,4D. In this review, EFSA (2015) states: “Dioxins and furans, considered as relevant impurities in
2,4-D if formed, were not detected in the batches at a LOQ of 10 μg/kg (ppb).”
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7. Pesticide Regulatory Decisions
Recent regulatory reviews include those conducted by the United States Environmental
Protection Agency (EPA), Health Canada Pest Management Regulatory Agency (PMRA) and
the European Union (EU). These reviews have uniformly concluded there is no conclusive
association between 2,4-D exposure and human cancer. Following is a chronological
presentation of the conclusions drawn from recent cancer assessments.
In 1996, the World Health Organization (WHO, 1996) concluded that “there was no evidence of
carcinogenicity” in all animal feeding studies with 2,4-D. They also agreed that while
“Epidemiological studies have suggested an association between the development of soft-tissue
sarcoma and non-Hodgkins lymphoma and exposure to chlorophenoxy herbicides, including 2,4D. The results of these studies are not, however, consistent; the associations found are weak, and
conflicting conclusions have been reached by the investigators.”
On October 2, 2001, the European Commission Health and Consumer Protection DirectorateGeneral re-registered 2,4-D for all uses within the European Union (European Commission,
2001). In making this determination, the Directorate-General concluded:“…no clear association
between cancer development and exposure to phenoxy herbicides (including 2,4-D and 2,4-D 2EHE) could be established from the available epidemiological studies.” The Commission
classified 2,4-D as "No evidence of carcinogenicity"
In 2003, the New Zealand Environmental Risk Management Authority (New Zealand, 2003)
concluded a consultation process for proposed classification and control of several substances.
The Authority concluded that “there is inadequate evidence of a causal relationship between
exposure to chlorophenoxy herbicides and the development of Non Hodgkin’s Lymphoma
(NHL) and other cancers in humans at this time, and the available data could not be interpreted
as showing the presence or absence of a carcinogenic effect”.
Health Canada, Pesticide Management Regulatory Authority (PMRA) in 2008, conducted its reevaluation of 2,4-D (PMRA, 2008) and determined “that 2,4-D meets Canada’s strict health and
safety standards.” PMRA concluded: “No other international regulatory body considers 2,4-D to
be a human carcinogen. Based on all available and relevant data, Health Canada agrees with this
position…Health Canada found that 2,4-D does not increase the risk of cancer and can be used
safely by homeowners, provided label directions are followed.”
Beginning in 1988, the EPA conducted a reregistration review of 2,4-D that the Agency
completed in June, 2005 with its publication a Reregistration Evaluation Decision on 2,4-D
(EPA, 2005). The RED concluded that “none of the more recent epidemiological studies
definitively linked cancer causes to 2,4-D.” The RED assigned 2,4-D to its category D: Not
Classifiable as to Human Carcinogenicity. On August 8, 2007, EPA announced its decision not
to initiate a special review of 2,4-D: “Based on extensive scientific review of many
epidemiology and animal studies, the Agency finds that the weight of the evidence does not
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support a conclusion that 2,4-D, 2,4-DB and 2,4-DP are likely human carcinogens.” (U.S. Fed.
Reg., 2007).
As recently as 2014, the EPA assessed the carcinogenicity of 2,4-D as part of a new product
registration: “Studies in rats and mice showed no statistically significant tumor response in either
species; furthermore, 2,4-D is not mutagenic, a flag for potential carcinogenicity. The Agency
determined, based on several reviews of epidemiological studies, in addition to the animal
studies, that the existing data did not support a conclusion that links human cancer to 2,4-D
exposure.” (EPA, 2014)
In 2015, the conclusions of the European Food Safety Authority (EFSA) following the peer
review of the initial risk assessments carried out by the competent authority of the Rapporteur
Member State Greece, for the pesticide active substance 2,4-D were reported. (EFSA, 2015) It
concluded “it was therefore agreed that 2,4-D, as currently manufactured, is unlikely to have a
genotoxic potential or pose a carcinogenic risk to humans.” The report goes on to conclude: “No
conclusive association can be established between exposure to phenoxy-herbicides (including
2,4-D acid) and human carcinogenicity. No conclusive evidence in the open literature that 2,4-D
may exhibit toxicological properties other than those concluded already based on the toxicity
studies conducted with the technical active substance.”
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8. Conclusions
As presented in this document there is evidence demonstrating lack of carcinogenicity in
experimental animals. There are adequate studies involving at least two species available which
show that, within the limits of the tests used, 2,4-D is not carcinogenic.
Also, there is inadequate evidence of carcinogenicity in humans. The available studies are of
insufficient quality, consistency or statistical power to permit a conclusion regarding the
presence or absence of a causal association between exposure and cancer.
Moreover, the mechanistic section supports that there are no mechanistic data that would
support evidence of 2,4-D carcinogenic modes-of-action.
Taken together, it is the position of the Industry Task Force II on 2,4-D Research Data that 2,4-D
is not classifiable as to its carcinogenicity to humans.
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Table 1. Key characteristics of carcinogens according to IARC
Characteristic

Example of relevant evidence

Commonly linked
characteristics

1. Electrophilic or ability to
undergo metabolic activation

Parent compound or metabolite with an
electrophilic structure (e.g. epoxide,
quinone, etc.), formation of DNA and
protein adducts

2, 3, 4, 7, 8, 9

2. Genotoxic

DNA damage (DNA strand breaks,
DNA–protein crosslinks, unscheduled
DNA synthesis), intercalation, gene
mutations, cytogenetic changes (e.g.
chromosome aberrations, micronucleus
formation)

1, 3, 4, 5, 10

3. Alter DNA repair or cause
genomic instability

Alterations of DNA replication or repair
(e.g. topoisomerase II, base-excision or
double-strand break repair)

1, 2, 4, 6, 7, 9, 10

4. Epigenetic alterations

DNA methylation, histone modification,
microRNAs

1, 6, 10

5. Oxidative stressor

Oxygen radicals, oxidative stress,
oxidative damage to macromolecules
(e.g. DNA, lipids)

2, 6, 8, 10

6. Induce chronic inflammation

Elevated white blood cells,
myeloperoxidase activity, altered
cytokine and/or chemokine production

3, 4, 5, 7, 8, 10

7. Immunosuppressant

Decreased immunosurveillance, immune
system dysfunction

1, 3, 6, 8, 9

8. Modulate receptor-mediated
effects

Receptor in/activation (e.g. ER, PPAR,
AhR) or modulation of exogenous
ligands (including hormones)

1, 5, 6, 7, 10

9. Immortalization

Inhibition of senescence, cell
transformation

1, 3, 7, 10

10. Alter cell proliferation, cell
death and nutrient supply

Increased proliferation, decreased
apoptosis, changes in growth factors,
energetics and signalling pathways
related to cellular replication or cell-cycle
control, angiogenesis

2, 3, 4, 5, 6, 8, 9
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Table 2. Non-Hodgkins Lymphoma (NHL) Mode of Action and Mechanism

Mode of Action

Mechanism (References)

Association with 2,4-D (References)

1. Genotoxicity

Chromosomal translocations and gene
mutations that increase oncogene
expression and/or activity
(Bulka et al., 2013; Goldstein, 2010;
Martelli et al., 2013; Rusyn et al., 2014;
von Stackelberg, 2013)

2,4-D is not genotoxic.
(Burns and Swaen, 2012; Charles et al.,
1999a; Charles et al., 1999b; Gollapudi
et al., 1999; von Stackelberg, 2013)

2. Altered lymphocytic
cell cycle regulation

AhR activation in lymphocytes.
Alterations in expression/activity of
genes controlling apoptosis (e.g. Bcl-2
and caspases)
(Kelly et al., 2010; Sherr and Monti,
2013; von Stackelberg, 2013)

At environmentally relevant
concentrations, 2,4-D does not increase
lymphocyte proliferation and is not
known to alter lymphocyte apoptosis
(Holland et al., 2002; Kaioumova et al.,
2001; von Stackelberg, 2013)

3. Immunotoxicity/
Immunosuppression

Suppression of lymphocyte cell counts.
Chronic immunosuppression from viral
infection. Alteration of cytokine levels.
(Chiu et al., 2013; Martelli et al., 2013;
Tan and Coussens, 2007; Vineis et al.,
2007; von Stackelberg, 2013; Whiteside,
2006; Zhang et al., 2013b)

2,4-D is not immunotoxic or
immunosuppressive.
(Blakley et al., 1992; Blakley et al.,
1998; Carlo et al., 1992; Charles et al.,
1996; Faustini et al., 1996; Garabrant
and Philbert, 2002; Kaneene and
Miller, 1999; Marty et al., 2013;
USEPA 2012)
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Table 3. Gastric Cancer Mode of Action and Mechanism
Mode of Action

Mechanism (References)

Association with 2,4-D (References)

1. Gastric microbiome
alteration

Increased levels of Helicobacter pylori
in gastric microbiome leading to chronic
inflammation, reactive oxygen species
generation, and DNA damage
(Brawner et al., 2014)

2,4-D is not known to alter the gastric
microbiome.
(No published data available)

2. Endocrine

Estrogen receptor antagonism
(Chandanos et al., 2008 but see Chen et
al., 2014 for a dissenting conclusion)

2,4-D does not alter estrogen receptor
activity
(Coady et al., 2014; Marty et al., 2013;
Sun et al., 2012)

3. Nuclear receptor
activation

AhR activation
(Andersson et al., 2002)

2,4-D does not activate nuclear
receptors, including AhR.
(Kaioumova et al., 2001; Maloney and
Waxman, 1999)

4. Epigenetic

Hypermethylation of tumor suppressor
gene promoters
(Chen et al., 2011; Liu et al., 2010;
Sarbia et al., 2004)

2,4-D is not known to alter
hypermethylation of tumor suppressor
gene promoters
(No published data available)

5. Gastric gland atrophy

Cytotoxicity leading to
enterochromaffin-like cell proliferation
(Furukawa et al., 2014)

2,4-D is not known to cause gastric
gland atrophy.
(No published data available)
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Table 4. Astrocytomas Mode of Action and Mechanism

Mode of Action

Mechanism (Reference)

Association with 2,4-D (Reference)

1. Genotoxicity

Tumor suppressor gene mutations,
mutation/induction of oncogenes,
mutation in metabolic genes
(Cohen et al. 2015; Dang et al. 2009;
Fontebasso et al. 2014; Lim et al. 2011;
Lu et al. 2012; Network 2008;
Noushmehr et al. 2010;; Reilly et al.
2001; Song et al. 2013; Turcan et al.
2012; Vivanco & Sawyers 2002;
Wiencke et al. 2007; Xiao et al. 2005;
Zhu at al. 2002)

2,4-D is not genotoxic
(EFSA 2015; European Commision
2001; Pesticides Board 2000;PMRA,
1991, 2007; USEPA 1996, 2004b,
2013, WHO, 1996)

2. Epigenetic

Epigenetic silencing of tumor suppressor
genes, onco-metabolite impairs histone
post-translational modifications
(Beaza et al. 2003; Fontebasso et al.
2014; Lu et al. 2012; Turcan et al. 2012;
Wiencke et al. 2007; Zhang et al. 2013a)

No known association between 2,4-D
and an epigenetic MoA

Progesterone-induced blocking factor
(PIBK) induction, leading to anti-tumor
immunosuppression and subsequent cell
proliferation (Gonzalez-Aguero et al.
2007; Kyurkchiev et al. 2014)

2,4-D is not immunotoxic or
immunosuppressive.
(Blakley et al., 1992; Blakley et al.,
1998; Carlo et al., 1992; Charles et al.,
1996; Faustini et al., 1996; Garabrant
and Philbert, 2002; Kaneene and
Miller, 1999; Marty et al., 2013;
USEPA 2012)

3. Immunotoxicity/
Immunosuppression

4. Receptor-mediated
Effects

P4 regulates human astrocytomas cell
proliferation through the interaction with
PR
(Brinton et al. 2008; Cabrera-Munoz et
al. 2011; Camacho-Arroyo & Montor
2012; German-Castelan et al. 2014;
Graham & Clark 1997; HernandezHernandez et al. 2012)
E2 induces cell growth of human
astrocytoma cell lines through ERα and
its interaction with SRC-1 and SRC-3
(Gonzalez-Arenas et al. 2012)

www.24d.reviews

No known ER-a binding/activation
activity (Coady et al. 2014; EFSA
2015; Industry Task Force 2014;
Industry Task Force II, 2009; USEPA
2012)

22

References
Alavanja MC, Sandler DP, McMaster SB, Zahm SH, McDonnell CJ, Lynch CF, et al. 1996. The
Agricultural Health Study. Environ Health Perspect 104:362-369.
Alavanja, M.C., Samanic, C., Dosemeci, M., Lubin, J., Tarone, R., Lynch, C.F., Knott, C., Thomas, K.,
Hoppin, J.A., Barker, J., Coble, J., Sandler, D.P., and Blair, A. (2003). Use of agricultural
pesticides and prostate cancer risk in the Agricultural Health Study cohort. Am J Epidemiol, 157,
800-814
Alexander, B.H., Mandel, J.S., Baker, B.A., Burns, C.J., Bartels, M.J., Acquavella, J.F., and Gustin, C.
(2007). Biomonitoring of 2,4-dichlorophenoxyacetic acid exposure and dose in farm families.
Environ Health Perspect, 115, 370-376
Andersson, P., McGuire, J., Rubio, C., Gradin, K., Whitelaw, M.L., Pettersson, S., Hanberg, A., and
Poellinger, L. (2002). A constitutively active dioxin/aryl hydrocarbon receptor induces stomach
tumors. Proceedings of the National Academy of Sciences of the United States of America 99,
9990-9995.
Aylward, L.L., Morgan, M.K., Arbuckle, T.E., Barr, D.B., Burns, C.J., Alexander, B.H., and Hays, S.M.
(2010). Biomonitoring data for 2,4-dichlorophenoxyacetic acid in the United States and Canada:
interpretation in a public health risk assessment context using Biomonitoring Equivalents.
Environ Health Perspect, 118, 177-181

Baan, RA. Personal communication, October 31, 2002
Barton, K. N., Paielli, D., Zhang, Y., Koul, S., Brown, S. L., Lu, M., Seely, J., Kim, J. H., & Freytag, S.
O. (2006). Second-generation replication-competent oncolytic adenovirus armed with improved
suicide genes and ADP gene demonstrates greater efficacy without increased toxicity. Mol Ther,
13(2), 347-356.
Beane Freeman, L. E., Koutros, S., Alavanja M. C., Zahm S. H., Sandler, D. P., Hines, C., Thomas, K.
Hoppin, J. A., Blair, A. (2013). 2,4-D Use and Cancer Incidence in Pesticide Applicators in the
Agricultural Health Study. Epidemiology and Occupational Health meeting. Abstract.
Blakley, B. R., & Blakley, P. M. (1986). The effect of prenatal exposure to the n-butylester of 2,4dichlorophenoxyacetic acid (2,4-D) on the immune response in mice. Teratology, 33(1), 15-20.
Blakley, B. R., & Schiefer, B. H. (1986). The effect of topically applied n-butylester of 2,4dichlorophenoxyacetic acid on the immune response in mice. J Appl Toxicol, 6(4), 291-295.
Blakley, B.R., Gagnon, J.M., and Rousseaux, C.G. (1992). The effect of a commercial 2,4-D formulation
on chemical- and viral-induced tumor production in mice. Journal of applied toxicology : JAT 12,
245-249.
Blakley, B.R., Yole, M.J., Brousseau, P., Boermans, H., and Fournier, M. (1998). Effect of 2,4dicholorophenoxyacetic acid, trifluralin and triallate herbicides on immune function. Veterinary
and human toxicology 40, 5-10.

www.24d.reviews

23

Bongiovanni, B., DeLorenzi, P., Ferri, A., Konjuh, C., Rassetto, M., Evangelista de Duffard, A.M.,
Cardinali, D.P., Duffard, R. (2007). Melatonin decreases the oxidative stress produced by 2,4dichlorophenoxyacetic acid in rat cerebellar granule cells. Neurotoxicity Res 11, 93-99.
Bovey, R.W., et al. (1996). Biologic and Economic Assessment of Benefits from Use of Phenoxy
Herbicides in the United States. NAPIAP Report Number 1-PA-96. National Agricultural
Pesticide Impact Assessment Program, USDA/CSREES, NAPIAP Room 332-A, Aerospace
Center, Washington, D.C. 20250.
Brinton, R. D., R. F. Thompson, M. R. Foy, M. Baudry, J. Wang, C. E. Finch, T. E. Morgan, C. J. Pike,
W. J. Mack, F. Z. Stanczyk and J. Nilsen (2008). Progesterone receptors: form and function in
brain. Front Neuroendocrinol 29(2): 313-339.
Bukowska, B. (2003). Effects of 2,4-D and its metabolite 2,4-dichlorophenol on antioxidant enzymes
and level of glutathione in human erythrocytes. Comp Biochem Physiol Part C 135, 435-441.
Bulka, C., Nastoupil, L.J., McClellan, W., Ambinder, A., Phillips, A., Ward, K., Bayakly, A.R.,
Switchenko, J.M., Waller, L., and Flowers, C.R. (2013). Residence proximity to benzene release
sites is associated with increased incidence of non-Hodgkin lymphoma. Cancer 119, 3309-3317.
Burns, C.J., and Swaen, G.M. (2012). Review of 2,4-dichlorophenoxyacetic acid (2,4-D) biomonitoring
and epidemiology. Crit Rev Toxicol, 42, 768-786
Bus, J.S. and Hammond, L.E. (2007) Regulatory progress, toxicology, and public concerns with 2,4-D:
Where do we stand after two decades? Crop Protection 26: 266-269.
Cabrera-Munoz, E., A. Gonzalez-Arenas, M. Saqui-Salces, J. Camacho, F. Larrea, R. Garcia-Becerra and
I. Camacho-Arroyo (2009). "Regulation of progesterone receptor isoforms content in human
astrocytoma cell lines." J Steroid Biochem Mol Biol 113(1-2): 80-84.
Cabrera-Munoz, E., O. T. Hernandez-Hernandez and I. Camacho-Arroyo (2011). "Role of progesterone in
human astrocytomas growth." Curr Top Med Chem 11(13): 1663-1667.
Camacho-Arroyo, I. and J. M. Montor (2012). "Beyond reproductive effects of sex steroids." Mini Rev
Med Chem 12(11): 1037-1039.
Canadian Centre for Toxicology (1987). Expert panel report on the carcinogenicity of 2,4-D. March 23,
1987, Gueph, Ontario.
Cantor, K.P., Blair, A., Everett, G., Gibson, R., Burmeister, L.F., Brown, L.M., Schuman, L., and Dick,
F.R. (1992). Pesticides and other agricultural risk factors for non-Hodgkin's lymphoma among
men in Iowa and Minnesota. Cancer Res, 52, 2447-2455
Carlo, G.L., Cole, P., Miller, A.B., Munro, I.C., Solomon, K.R., and Squire, R.A. (1992). Review of a
study reporting an association between 2,4-dichlorophenoxyacetic acid and canine malignant
lymphoma: report of an expert panel. Regulatory toxicology and pharmacology : RTP 16, 245252.
Carmichael, N.G., Barton, H.A., Boobis, A.R., Cooper, R.L., Dellarco, V.L., Doerrer, N.G., Fenner-Crisp,
P.A., Doe, J.E., Lamb, IV, J.C., Pastoor, T.P.(2006) Agricultural Chemical Safety Assessment: A
www.24d.reviews

24

Multisector Approach to the Modernization of Human Safety Requirements. Critical Reviews in
Toxicology, 36:1–7, 2006
CDC. 2005. Third National Report on Human Exposure to Environmental Chemicals. NCEH Pub. 050570. Atlanta, GA:Centers for Disease Control and Prevention.
Celik, I., Tuluce, Y. (2007). Determination of toxicity of subacute treatment of some plant growth
regulators on rats. Env Toxicol 22, 613-619.
Chandanos, E., Lindblad, M., Rubio, C.A., Jia, C., Warner, M., Gustafsson, J.A., and Lagergren, J.
(2008). Tamoxifen exposure in relation to gastric adenocarcinoma development. European
journal of cancer (Oxford, England : 1990) 44, 1007-1014.
Charles, J. M., Cunny, H. C., Wilson, R. D., & Bus, J. S. (1996b). Comparative subchronic studies on 2,4dichlorophenoxyacetic acid, amine, and ester in rats. Fundam Appl Toxicol, 33(2), 161-165.
Charles, J.M., Bond, D.M., Jeffries, T.K., Yano, B.L., Stott, W.T., Johnson, K.A., Cunny, H.C., Wilson,
R.D., and Bus, J.S. (1996a). Chronic dietary toxicity/oncogenicity studies on 2,4dichlorophenoxyacetic acid in rodents. Fundam Appl Toxicol, 33, 166-172
Charles, J.M., Cunny, H.C., Wilson, R.D., Bus, J.S., Lawlor, T.E., Cifone, M.A., Fellows, M., and
Gollapudi, B. (1999a). Ames assays and unscheduled DNA synthesis assays on 2, 4dichlorophenoxyacetic acid and its derivatives. Mutat Res, 444, 207-216
Charles, J.M., Cunny, H.C., Wilson, R.D., Ivett, J.L., Murli, H., Bus, J.S., and Gollapudi, B. (1999b). In
vivo micronucleus assays on 2,4-dichlorophenoxyacetic acid and its derivatives. Mutat Res, 444,
227-234
Charles, J.M., Dalgard, D.W., Cunny, H.C., Wilson, R.D., and Bus, J.S. (1996). Comparative subchronic
and chronic dietary toxicity studies on 2,4-dichlorophenoxyacetic acid, amine, and ester in the
dog. Fundam Appl Toxicol, 29, 78-85
Chen, M., Zhang, J., Li, N., Qian, Z., Zhu, M., Li, Q., Zheng, J., Wang, X., and Shi, G. (2011). Promoter
hypermethylation mediated downregulation of FBP1 in human hepatocellular carcinoma and
colon cancer. PloS one 6, e25564.
Chen, S., Liu, H., Li, J., and Yang, G. (2014). Risk of Gastric and Colorectal Cancer After Tamoxifen
Use for Breast Cancer: A Systematic Review and Meta-Analysis. Journal of clinical
gastroenterology.
Chiu, W.A., Jinot, J., Scott, C.S., Makris, S.L., Cooper, G.S., Dzubow, R.C., Bale, A.S., Evans, M.V.,
Guyton, K.Z., Keshava, N., et al. (2013). Human health effects of trichloroethylene: key findings
and scientific issues. Environmental Health Perspectives 121, 303-311.
Coady K, Marino T, Thomas J, Sosinski L, Neal B, Hammond L. (2013). An evaluation of 2,4dichlorophenoxyacetic acid in the amphibian metamorphosis assay and fish short-term
reproduction assay. Ecotoxicol Env Safety 90: 143-150.
Coady, K.K., Kan, H.L., Schisler, M.R., Gollapudi, B.B., Neal, B., Williams, A., LeBaron, M.J. (2014)
Evaluation of potential endocrine activity of 2,4-dichlorophenoxyacetic acid using in vitro assays.
Toxicol in vitro 28: 1018-1025.
www.24d.reviews

25

Cohen, A. L. and H. Colman (2015). "Glioma biology and molecular markers." Cancer Treat Res 163: 1530.
Dang, L., D. W. White, S. Gross, B. D. Bennett, M. A. Bittinger, E. M. Driggers, V. R. Fantin, H. G.
Jang, S. Jin, M. C. Keenan, K. M. Marks, R. M. Prins, P. S. Ward, K. E. Yen, L. M. Liau, J. D.
Rabinowitz, L. C. Cantley, C. B. Thompson, M. G. Vander Heiden and S. M. Su (2009). Cancerassociated IDH1 mutations produce 2-hydroxyglutarate. Nature 462(7274): 739-744.
De Roos, A.J., Zahm, S.H., Weisenburger, D.D., Holmes, F.F., Burmeister, L.F., and Blair, A. (2003).
Integrative assessment of multiple pesticides as risk factors for non-Hodgkin's lymphoma among
men. Occup Environ Med, 60, 1-9
Dennis, L.K., Lynch, C.F., Sandler, D.P., and Alavanja, M.C. (2010). Pesticide use and cutaneous
melanoma in pesticide applicators in the agricultural heath study. Environ Health Perspect, 118,
812-817
Dinamarca, V.M., Hidalgo, M.E., Cavieres, M.F. (2007). Lack of effects of 2,4-dichlorophenoxyacetic
acid administration on markers of oxidative stress during early pregnancy in mice. Toxicology
237, 104-110.
Doe, J. E., Boobis, A. R., Blacker, A., Dellarco, V., Doerrer, N. G., Franklin, C., Goodman, J. I.,
Kronenberg, J. M., Lewis, R., McConnell, E. E., Mercier, T., Moretto, A., Nolan, C., Padilla, S.,
Phang, W., Solecki, R., Tilbury, L., van Ravenzwaay, B., & Wolf, D. C. (2006). A tiered
approach to systemic toxicity testing for agricultural chemical safety assessment. Crit Rev
Toxicol, 36(1), 37-68.
EFSA (2015) Conclusion on the peer review of the pesticide risk assessment of the active substance 2,4D. EFSA Journal 12(9):3812. . http://www.efsa.europa.eu/en/efsajournal/doc/3812.pdf
Engel, L.S., Hill, D.A., Hoppin, J.A., Lubin, J.H., Lynch, C.F., Pierce, J., Samanic, C., Sandler, D.P.,
Blair, A., and Alavanja, M.C. (2005). Pesticide use and breast cancer risk among farmers' wives
in the agricultural health study. Am J Epidemiol, 161, 121-135
EPA (1994) An SAB Report: Assessment of Potential 2,4-D Carcinogenicity. Review of the
Epidemiological and Other Data on Potential Carcinogenicity of 2,4-D by the SAB/SAP Joint
Committee.
http://yosemite.epa.gov/sab/sabproduct.nsf/0A0753810331FF5D852571A2004768A9/$File/ehc9
405.pdf
EPA (1997) Carcinogenicity Peer Review (4th) of 2,4-Dichlorophenoxyacetic acid (2,4-D).
http://www.24d.org/govtrev/EPA-Cancer-Review-January-1997.pdf
EPA MEMORANDUM (2004) Review of recent 2,4-D cancer epidemiology studies, DP Barcode 311464
December 8, 2004 Jerome Blondell, Ph.D. http://www.24d.org/govtrev/EPA-OPP-2004-01670089-Cancer-Review.pdf
EPA Memorandum, October 14, 2014, “Response to Public Comments Received Regarding New Uses of
Enlist DuoTM on Corn and Soybeans” EPA-HQ-OPP-2014-0195-2414
http://www2.epa.gov/sites/production/files/2014-10/documents/response_to_comments.pdfEPA.

www.24d.reviews

26

(2004). Reregistration Eligibility Decision (RED) for MCPA (2-methyl-4-chlorophenoxyacetic
acid) List A Case 0017. http://www.epa.gov/pesticides/reregistration/REDs/mcpa_red.pdf
EPA. (2005). Reregistration Eligibility Decision for 2,4-D. EPA 738-R-05-002. June 2005.
http://www.epa.gov/pesticides/reregistration/REDs/24d_red.pdf

EUROPEAN COMMISION (2001) Review report for the active substance 2,4-D. 7599/VI/97-final.
http://ec.europa.eu/food/plant/protection/evaluation/existactive/list1_2-4-d_en.pdf
EU 2014a Final addendum to the Renewal Assessment Report - public version - Risk assessment
provided by the rapporteur Member State Hellas and co-rapporteur Member State Poland for the active
substance 2,4-D according to the procedure for the renewal of the inclusion of a second
group of active substances in Annex I to Council Directive 91/414/EEC laid down in Commission
Regulation (EU) No. 1141/2010 March 2014 Annex B, B.6 Toxicology and Metabolism pages 1-41
http://dar.efsa.europa.eu/dar-web/provision
EU 2014b Final addendum to the Renewal Assessment Report - public version - Risk assessment
provided by the rapporteur Member State Hellas and co-rapporteur Member State Poland for the active
substance 2,4-D according to the procedure for the renewal of the inclusion of a second
group of active substances in Annex I to Council Directive 91/414/EEC laid down in Commission
Regulation (EU) No. 1141/2010 March 2014 Annex B, B.6 Toxicology and Metabolism pages 42-246
http://dar.efsa.europa.eu/dar-web/provision
EU 2014c Final addendum to the Renewal Assessment Report - public version - Risk assessment
provided by the rapporteur Member State Hellas and co-rapporteur Member State Poland for the active
substance 2,4-D according to the procedure for the renewal of the inclusion of a second
group of active substances in Annex I to Council Directive 91/414/EEC laid down in Commission
Regulation (EU) No. 1141/2010 March 2014 Annex B, B.6 Toxicology and Metabolism, Appendix II,
Literature Review, pages 1-155 http://dar.efsa.europa.eu/dar-web/provision
Faustini, A., Settimi, L., Pacifici, R., Fano, V., Zuccaro, P., and Forastiere, F. (1996). Immunological
changes among farmers exposed to phenoxy herbicides: preliminary observations. Occupational
and environmental medicine 53, 583-585.
Ferri, A., Duffard, R., Evangelista de Duffard, A.M. (2007). Selective oxidative stress in brain areas of
neonatal rats exposed to 2,4-dichlorophenoxyacetic acid through mother’s milk. Drug Chem
Toxicol 30, 17-30, 2007.
Fisher, S.G., and Fisher, R.I. (2004). The epidemiology of non-Hodgkin's lymphoma. Oncogene 23,
6524-6534.
Flower, K.B., Hoppin, J.A., Lynch, C.F., Blair, A., Knott, C., Shore, D.L., and Sandler, D.P. (2004).
Cancer risk and parental pesticide application in children of Agricultural Health Study
participants. Environ Health Perspect, 112, 631-635
Fontebasso, A. M., T. Gayden, H. Nikbakht, M. Neirinck, S. Papillon-Cavanagh, J. Majewski and N.
Jabado (2014). Epigenetic dysregulation: a novel pathway of oncogenesis in pediatric brain
tumors. Acta Neuropathol 128(5): 615-627.

www.24d.reviews

27

Foran, J. A. (1997). Principles for the selection of doses in chronic rodent bioassays. ILSI Risk Science
Working Group on Dose Selection. Environ Health Perspect, 105(1), 18-20.
Furukawa, S., Harada, T., Thake, D., Iatropoulos, M.J., and Sherman, J.H. (2014). Consensus diagnoses
and mode of action for the formation of gastric tumors in rats treated with the chloroacetanilide
herbicides alachlor and butachlor. Toxicologic Pathology 42, 386-402.
Gandhi, R., Wandji, S-A., and Snedeker, S. (2000). Critical evaluation of cancer risk from 2,4-D. Rev
Environ Contam Toxicol 167, 1 – 33.
Garabrant, D.H., and Philbert, M.A. (2002). Review of 2,4-dichlorophenoxyacetic acid (2,4-D)
epidemiology and toxicology. Crit Rev Toxicol, 32, 233-257
German-Castelan, L., J. Manjarrez-Marmolejo, A. Gonzalez-Arenas, M. G. Gonzalez-Moran and I.
Camacho-Arroyo (2014). "Progesterone induces the growth and infiltration of human
astrocytoma cells implanted in the cerebral cortex of the rat." Biomed Res Int 2014: 393174.
Goldstein, B.D. (2010). Benzene as a cause of lymphoproliferative disorders. Chemico-biological
interactions 184, 147-150.
Gollapudi, B.B., Charles, J.M., Linscombe, V.A., Day, S.J., and Bus, J.S. (1999). Evaluation of the
genotoxicity of 2,4-dichlorophenoxyacetic acid and its derivatives in mammalian cell cultures.
Mutat Res, 444, 217-225
Gonzalez-Aguero, G., A. A. Gutierrez, D. Gonzalez-Espinosa, J. D. Solano, R. Morales, A. GonzalezArenas, E. Cabrera-Munoz and I. Camacho-Arroyo (2007). Progesterone effects on cell growth of
U373 and D54 human astrocytoma cell lines. Endocrine 32(2): 129-135.
Gonzalez-Arenas, A., V. Hansberg-Pastor, O. T. Hernandez-Hernandez, T. K. Gonzalez-Garcia, J.
Henderson-Villalpando, D. Lemus-Hernandez, A. Cruz-Barrios, M. Rivas-Suarez and I.
Camacho-Arroyo (2012). Estradiol increases cell growth in human astrocytoma cell lines through
ERalpha activation and its interaction with SRC-1 and SRC-3 coactivators. Biochim Biophys
Acta 1823(2): 379-386.
Goodman, J.E., Loftus, C.T., and Zu, K. (2015) 2,4-Dichlorophenoxyacetic acid and non-Hodgkin’s
lymphoma, gastric cancer, and prostate cancer: Meta-analyses of the published literature. Ann
Epidemiol (in review).
Gorzinski, S. J., Kociba, R. J., Campbell, R. A., Smith, F. A., Nolan, R. J., & Eisenbrandt, D. L. (1987).
Acute, pharmacokinetic, and subchronic toxicological studies of 2,4-dichlorophenoxyacetic acid.
Fundam Appl Toxicol, 9(3), 423-435.
Graham, J. D. and C. L. Clarke (1997). Physiological action of progesterone in target tissues. Endocr Rev
18(4): 502-519.
Hardell, L. (2008). Pesticides, soft-tissue sarcoma and non-Hodgkin lymphoma--historical aspects on the
precautionary principle in cancer prevention. Acta Oncol, 47, 347-354

www.24d.reviews

28

Hardell, L., Eriksson, M., and Degerman, A. (1994). Exposure to phenoxyacetic acids, chlorophenols, or
organic solvents in relation to histopathology, stage, and anatomical localization of nonHodgkin's lymphoma. Cancer Res, 54, 2386-2389
Harris, S.A., and Solomon, K.R. (1992). Human exposure to 2,4-D following controlled activities on
recently sprayed turf. J Environ Sci Health B, 27, 9-22
Hayes, H.M., Tarone, R.E., Cantor, K.P., Jessen, C.R., McCurnin, D.M., and Richardson, R.C. (1991).
Case-control study of canine malignant lymphoma: positive association with dog owner's use of
2,4-dichlorophenoxyacetic acid herbicides. J Natl Cancer Inst, 83, 1226-1231
Hays, S.M., Aylward, L.L., Driver, J., Ross, J., & Kirman, C. (2012). 2,4-D exposure and risk
assessment: comparison of external dose and biomonitoring based approaches. Regul Toxicol
Pharmacol, 64, 481-489
Hoar, S.K., Blair, A., Holmes, F.F., Boysen, C.D., Robel, R.J., Hoover, R., and Fraumeni, J.F., Jr. (1986).
Agricultural herbicide use and risk of lymphoma and soft-tissue sarcoma. JAMA, 256, 1141-1147
Holland, N.T., Duramad, P., Rothman, N., Figgs, L.W., Blair, A., Hubbard, A., and Smith, M.T. (2002).
Micronucleus frequency and proliferation in human lymphocytes after exposure to herbicide 2,4dichlorophenoxyacetic acid in vitro and in vivo. Mutation research 521, 165-178.
IARC Monographs on the Evaluation of the Carcinogenic Risk of Chemicals to Man, Some Fumigants,
the Herbicides 2,4-D and 2,4,5-T, Chlorinated Dibenzodioxins and Miscellaneous Industrial
Chemicals, Volume 15, August 1977.
IARC Monographs on the Evaluation of the Carcinogenic Risks to Humans, Chemicals, Industrial
Processes and Industries Associated with Cancer in Humans. IARC Monographs, Volumes 1 to
29. Supplement 4, 1982
IARC Monographs on the Evaluation of the Carcinogenic Risks to Humans, Some Halogenated
Hydrocarbons and Pesticide Exposures, Summary of Data Reported and Evaluation, Volume 41,
1986.
IARC Monographs on the Evaluation of the Carcinogenic Risks to Humans, Overall Evaluation of
Carcinogenicity: An Updating of IARC Monographs Volumes 1 to 42. Supplement 7, 1987.
Kaioumova, D., Susal, C., and Opelz, G. (2001). Induction of apoptosis in human lymphocytes by the
herbicide 2,4-dichlorophenoxyacetic acid. Human immunology 62, 64-74.
Kaneene, J.B., and Miller, R. (1999). Re-analysis of 2,4-D use and the occurrence of canine malignant
lymphoma. Vet Hum Toxicol, 41, 164-170
Kelly, J.L., Novak, A.J., Fredericksen, Z.S., Liebow, M., Ansell, S.M., Dogan, A., Wang, A.H., Witzig,
T.E., Call, T.G., Kay, N.E., et al. (2010). Germline variation in apoptosis pathway genes and risk
of non-Hodgkin's lymphoma. Cancer epidemiology, biomarkers & prevention : a publication of
the American Association for Cancer Research, cosponsored by the American Society of
Preventive Oncology 19, 2847-2858.

www.24d.reviews

29

Koestner A (1986). The brain-tumour issue in long-term toxicity studies in rats. Food Chem Toxicol 24:
139-143.
Kyurkchiev, D., E. Naydenov, K. Tumangelova-Yuzeir, E. Ivanova-Todorova, K. Belemezova, I. Bochev,
K. Minkin, M. Mourdjeva, T. Velikova, S. Nachev and S. Kyurkchiev (2014). "Cells isolated
from human glioblastoma multiforme express progesterone-induced blocking factor (PIBF)." Cell
Mol Neurobiol 34(4): 479-489.
Lim, S. K., S. R. Llaguno, R. M. McKay and L. F. Parada (2011). "Glioblastoma multiforme: a
perspective on recent findings in human cancer and mouse models." BMB Rep 44(3): 158-164.
Liu, X., Wang, X., Zhang, J., Lam, E.K., Shin, V.Y., Cheng, A.S., Yu, J., Chan, F.K., Sung, J.J., and Jin,
H.C. (2010). Warburg effect revisited: an epigenetic link between glycolysis and gastric
carcinogenesis. Oncogene 29, 442-450.
Maher, E. A., F. B. Furnari, R. M. Bachoo, D. H. Rowitch, D. N. Louis, W. K. Cavenee and R. A.
DePinho (2001). "Malignant glioma: genetics and biology of a grave matter." Genes Dev 15(11):
1311-1333.
Maloney, E.K., and Waxman, D.J. (1999). trans-Activation of PPARalpha and PPARgamma by
structurally diverse environmental chemicals. Toxicology and applied pharmacology 161, 209218.
Martelli, M., Ferreri, A.J., Agostinelli, C., Di Rocco, A., Pfreundschuh, M., and Pileri, S.A. (2013).
Diffuse large B-cell lymphoma. Critical reviews in oncology/hematology 87, 146-171.
Marty, M.S., Neal, B.H., Zablotny, C.L., Yano, B.L., Andrus, A.K., Woolhiser, M.R., Boverhof, D.R.,
Saghir, S.A., Perala, A.W., Passage, J.K., Lawson, M.A., Bus, J.S., Lamb, J.C. IV, Hammond, L.
(2013). An F1-extended one-generation reproductive toxicity study in Crl:CD(SD) rats with 2,4dichlorophenoxyacetic acid. Toxicol Sci 136: 527-547.
Mattsson, J.L., Charles, J.M., Yano, B.L., Cunny, H.C., Wilson, R.D., and Bus, J.S. (1997). Single-dose
and chronic dietary neurotoxicity screening studies on 2,4-dichlorophenoxyacetic acid in rats.
Fundam Appl Toxicol, 40, 111-119
Morgan, M.K., Sheldon, L.S., Thomas, K.W., Egeghy, P.P., Croghan, C.W., Jones, P.A., Chuang, J.C.,
and Wilson, N.K. (2008). Adult and children's exposure to 2,4-D from multiple sources and
pathways. J Expo Sci Environ Epidemiol, 18, 486-494
Munro, I.C., Carlo, G.L., Orr, J.C., Sund, K.G., Wilson, R.M., Kennepohl, E., Lynch, B.S., Jablinske, M.,
Lee, N.L. (1992). A comprehensive, integrated review and evaluation of the scientific evidence
relating to the safety of the herbicide 2,4-D. J Am Coll Toxicol 11:559–664
Nakbi, A., Tayeb, W., Gissa, A., Issaoui, M., Dabbou, S., Chargui, I., Ellouz, M., Miled, A.,
Hammami,M. (2010). Effects of olive oil and its fractions on oxidative stress and the liver’s
fatty acid composition in 2,3-dichlorophenoxyacetyic acid-treated rats. Nutrit Metabolism 7:80.
Network, C. G. A. R. (2008). Comprehensive genomic characterization defines human glioblastoma
genes and core pathways. Nature 455(7216): 1061-1068.

www.24d.reviews

30

New Zealand Environmental Risk Management Authority (2003). Substances to be transferred to the HSNO Act
under section 160(1)(a): Phenoxy Herbicides. http://www.24d.org/govtrev/New%20Zealand-phenoxyreport-2003.pdf

Noushmehr, H., D. J. Weisenberger, K. Diefes, H. S. Phillips, K. Pujara, B. P. Berman, F. Pan, C. E.
Pelloski, E. P. Sulman, K. P. Bhat, R. G. Verhaak, K. A. Hoadley, D. N. Hayes, C. M. Perou, H.
K. Schmidt, L. Ding, R. K. Wilson, D. Van Den Berg, H. Shen, H. Bengtsson, P. Neuvial, L. M.
Cope, J. Buckley, J. G. Herman, S. B. Baylin, P. W. Laird, K. Aldape and N. Cancer Genome
Atlas Research (2010). "Identification of a CpG island methylator phenotype that defines a
distinct subgroup of glioma." Cancer Cell 17(5): 510-522.
Nozaki, Y., Kusuhara, H., Kondo, T., Hasegawa, M., Shiroyanagi, Y., Nakazawa, H., Okano, T., &
Sugiyama, Y. (2007). Characterization of the uptake of organic anion transporter (OAT) 1 and
OAT3 substrates by human kidney slices. J Pharmacol Exp ther, 321(1), 362-369.
OECD 443, Extended One Generation Reproduction Toxicity Study, Guideline for the testing of
chemicals, Adopted 28 July 2011.
Office of Pesticides and Toxic Substances, EPA, Memorandum from Stephen L. Johnson to Douglas D.
Campt, “Transmittal of Final FIFRA Scientific Advisory Panel Reports on the June 25, 1987
meeting” (July 8, 1987)
Pesticides Board (2000) Report Of The Pesticides Board Expert Panel on 2,4-D. Wellington, New
Zealand. http://ec.europa.eu/europeaid/evaluation/methodology/examples/lib_too_pan_thr_en.pdf
PMRA (2005) Re-evaluation of the Lawn and Turf Uses of (2,4-Dichlorophenoxy)acetic Acid [2,4-D].
Alternative Strategies and Regulatory Affairs Division, PMRA.
http://24d.org/govtrev/PACRLawnAndTurfUses.pdf
PMRA (2007) Re-evaluation of the Agricultural, Forestry, Aquatic and Industrial Site Uses of(2,4Dichlorophenoxy)acetic Acid [2,4-D]. Health Canada Pest Management Regulatory Agency.
http://24d.org/governmentreviews/CANADA-PMRA-PACR-2007-06-AG-USES.pdf
PMRA (2009) Letter - Detailed Response to Notice of Objection 2,4-dichlorophenoxy acetic acid (2,4D). http://24d.org/govtrev/PMRA-Response-Sears-Objection-August%202009.pdf
PMRA Health Canada. (2008). Re-evaluation decision (2,4-Dichlorphenoxy)acetic acid [2,4-D].
RVD2008-11. http://24d.org/governmentreviews/CANADA-PMRA-RVD-2008-11-May2008.pdf
Pochettino, A.A., Bongiovanni, B., Duffard, R.O., Evangelista de Duffard, A.M. (2013). Oxidative stress
in ventral prostate, ovary, and breast by 2,4-dichlorophenoxyacetic acid in pre- and postnatal
exposed rats. Env Toxicol 28, 1-10.
Reilly, K. M. and T. Jacks (2001). "Genetically engineered mouse models of astrocytoma: GEMs in the
rough?" Semin Cancer Biol 11(3): 177-191.
Rusyn, I., Chiu, W.A., Lash, L.H., Kromhout, H., Hansen, J., and Guyton, K.Z. (2014).
Trichloroethylene: Mechanistic, epidemiologic and other supporting evidence of carcinogenic
hazard. Pharmacology & therapeutics 141, 55-68.
www.24d.reviews

31

Saghir, S.A., Marty, M.S., Zablotny, C.L., Passage, J.K., Perala, A.W., Bus, J.S., Neal, B.H., Hammond,
L. (2013). Life-stage-dependent dietary toxicokinetics of 2,4-dichlorophenoxyacetic acid (2,4-D)
in rats: Implications for toxicity test design and interpretation. Toxicol. Sci. 136: 294-307.
Sarbia, M., Geddert, H., Klump, B., Kiel, S., Iskender, E., and Gabbert, H.E. (2004). Hypermethylation of
tumor suppressor genes (p16INK4A, p14ARF and APC) in adenocarcinomas of the upper
gastrointestinal tract. International journal of cancer. Journal international du cancer 111, 224228.
Sherr, D.H., and Monti, S. (2013). The role of the aryl hydrocarbon receptor in normal and malignant B
cell development. Seminars in immunopathology 35, 705-716.
Sills, R.C., Hailey, J.R., Neal, J., Boorman, G.A., Haseman, J.K., and Melnick, R.L. (1999). Examination
of low-incidence brain tumor responses in F344 rats following chemical exposures in National
Toxicology Program carcinogenicity studies. Toxicol Pathol, 27, 589-599
Slikker, W., Jr., Andersen, M. E., Bogdanffy, M. S., Bus, J. S., Cohen, S. D., Conolly, R. B., David, R.
M., Doerrer, N. G., Dorman, D. C., Gaylor, D. W., Hattis, D., Rogers, J. M., Setzer, R. W.,
Swenberg, J. A., & Wallace, K. (2004). Dose-dependent transitions in mechanisms of toxicity:
case studies. Toxicol Appl Pharmacol, 201(3), 226-294.
Smith, J.G., and Christophers, A.J. (1992). Phenoxy herbicides and chlorophenols: a case control study on
soft tissue sarcoma and malignant lymphoma. Br J Cancer, 65, 442-448
Solleveld, H.A., Haseman, J.K., and McConnell, E.E. (1984). Natural history of body weight gain,
survival, and neoplasia in the F344 rat. J Natl Cancer Inst, 72, 929-940
Song, Y., Q. Zhang, B. Kutlu, S. Difilippantonio, R. Bash, D. Gilbert, C. Yin, T. N. O'Sullivan, C. Yang,
S. Kozlov, E. Bullitt, K. D. McCarthy, T. Kafri, D. N. Louis, C. R. Miller, L. Hood and T. Van
Dyke (2013). "Evolutionary etiology of high-grade astrocytomas." Proc Natl Acad Sci U S A
110(44): 17933-17938.
Sun, H., Si, C., Bian, Q., Chen, X., Chen, L., and Wang, X. (2012). Developing in vitro reporter gene
assays to assess the hormone receptor activities of chemicals frequently detected in drinking
water. Journal of applied toxicology : JAT 32, 635-641.
Tan, T.T., and Coussens, L.M. (2007). Humoral immunity, inflammation and cancer. Current opinion in
immunology 19, 209-216.
Tayeb, W., Nakbi, A., Cheraief, I., Miled, A., Hammami, M. (2013). Alterations of lipid status and lipid
metabolism, induction of oxidative stress and lipid peroxidation by 2,4-dichlorophenoxyacetic
herbicide in rat liver. Toxicol. Mech Methods, 23: 449-458.h
Thomas, K.W., Dosemeci, M., Hoppin, J.A., Sheldon, L.S., Croghan, C.W., Gordon, S.M., Jones, M.L.,
Reynolds, S.J., Raymer, J.H., Akland, G.G., Lynch, C.F., Knott, C.E., Sandler, D.P., Blair, A.E.,
and Alavanja, M.C. (2010). Urinary biomarker, dermal, and air measurement results for 2,4-D
and chlorpyrifos farm applicators in the Agricultural Health Study. J Expo Sci Environ
Epidemiol, 20, 119-134

www.24d.reviews

32

Timchalk, C. (2004). Comparative inter-species pharmacokinetics of phenoxyacetic acid herbicides and
related organic acids. evidence that the dog is not a relevant species for evaluation of human
health risk. Toxicology, 200(1), 1-19.
Turcan, S., D. Rohle, A. Goenka, L. A. Walsh, F. Fang, E. Yilmaz, C. Campos, A. W. Fabius, C. Lu, P. S.
Ward, C. B. Thompson, A. Kaufman, O. Guryanova, R. Levine, A. Heguy, A. Viale, L. G.
Morris, J. T. Huse, I. K. Mellinghoff and T. A. Chan (2012). "IDH1 mutation is sufficient to
establish the glioma hypermethylator phenotype." Nature 483(7390): 479-483.
United States Federal Register Notice Vol. 53, No. 56, March 23, 1988, page 9590
United States Federal Register Notice Vol. 72, No. 152, Page 44510, August 8, 2007
http://www.gpo.gov/fdsys/pkg/FR-2007-08-08/html/E7-15109.htm
USEPA (1996) MEMORANDUM: 2,4-DICHLOROPHENOXYACETIC ACID: Review of a Chronic
toxicity/Carcinogenicity Study in Rats, a Carcinogenicity Study in Mice, and a Re-review of a
Developmental Toxicity Study in Rats. http://24d.org/govtrev/EPA-Tox-Review-May-1996.pdf
USEPA (2004b) MEMORANDUM: 2,4-D: Response to Public Comments [PC Code 030001, DP
Barcode D307717] http://www.regulations.gov/#!documentDetail;D=EPA-HQ-OPP-2004-01670090
USEPA (2012) 2,4-D; Order Denying NRDC’s Petition to Revoke Tolerances. Federal Register,
Vol77(75): 23135-23158 https://www.federalregister.gov/articles/2012/04/18/2012-9106/24-dorder-denying-nrdcs-petition-to-revoke-tolerances
USEPA (2013) 2,4-D Human Health Risk Assessment, DP No. D389455.
http://www.regulations.gov/#!documentDetail;D=EPA-HQ-OPP-2014-0195-0007
van Ravenzwaay, B., Hardwick, T. D., Needham, D., Pethen, S., & Lappin, G. J. (2003). Comparative
metabolism of 2,4-dichlorophenoxyacetic acid (2,4-D) in rat and dog. Xenobiotica, 33(8), 805821.
Vineis, P., Miligi, L., and Costantini, A.S. (2007). Exposure to solvents and risk of non-Hodgkin
lymphoma: clues on putative mechanisms. Cancer epidemiology, biomarkers & prevention: a
publication of the American Association for Cancer Research, cosponsored by the American
Society of Preventive Oncology 16, 381-384.
Vivanco, I. and C. L. Sawyers (2002). The phosphatidylinositol 3-Kinase AKT pathway in human cancer.
Nat Rev Cancer 2(7): 489-501.
von Stackelberg, K. (2013). A Systematic Review of Carcinogenic Outcomes and Potential Mechanisms
from Exposure to 2,4-D and MCPA in the Environment. Journal of toxicology 2013, 371610.
Ward, J.M., and Rice, J.M. (1982). Naturally occurring and chemically induced brain tumors of rats and
mice in carcinogenesis bioassays. Ann N y Acad Sci, 381, 304-319
Whiteside, T.L. (2006). The role of immune cells in the tumor microenvironment. Cancer treatment and
research 130, 103-124.

www.24d.reviews

33

WHO (1996) Pesticide Residues In Food -1996, 2,4-D. Report of the Joint Meeting of the FAO Panel of
Experts on Pesticide Residues in Food and the Environment and the WHO Expert Group on
Pesticide Residues. http://www.24d.org/govtrev/WHO-1996-FAO%20Review.pdf
WHO (2003) 2,4-D in Drinking Water. WHO/SDE/WSH/03.04/70 http://www.24d.org/govtrev/WHO2003-24-D%20in%20Drinking%20Water.pdf
Wiencke, J. K., S. Zheng, N. Jelluma, T. Tihan, S. Vandenberg, T. Tamguney, R. Baumber, R. Parsons,
K. R. Lamborn, M. S. Berger, M. R. Wrensch, D. A. Haas-Kogan and D. Stokoe (2007).
Methylation of the PTEN promoter defines low-grade gliomas and secondary glioblastoma.
Neuro Oncol 9(3): 271-279.
Xiao, A., C. Yin, C. Yang, A. Di Cristofano, P. P. Pandolfi and T. Van Dyke (2005). Somatic Induction
of Pten Loss in a Preclinical Astrocytoma Model Reveals Major Roles in Disease Progression and
Avenues for Target Discovery and Validation. Cancer Research 65(12): 5172-5180.
Zahm, S.H., Weisenburger, D.D., Babbitt, P.A., Saal, R.C., Vaught, J.B., Cantor, K.P., and Blair, A.
(1990). A case-control study of non-Hodgkin's lymphoma and the herbicide 2,4dichlorophenoxyacetic acid (2,4-D) in eastern Nebraska. Epidemiology, 1, 349-356
Zhang, C., L. M. Moore, X. Li, W. K. Yung and W. Zhang (2013a). "IDH1/2 mutations target a key
hallmark of cancer by deregulating cellular metabolism in glioma." Neuro Oncol 15(9): 11141126.
Zhang, L., Bassig, B.A., Mora, J.L., Vermeulen, R., Ge, Y., Curry, J.D., Hu, W., Shen, M., Qiu, C., Ji, Z.,
et al. (2013b). Alterations in serum immunoglobulin levels in workers occupationally exposed to
trichloroethylene. Carcinogenesis 34, 799-802.
Zhu, Y. and L. F. Parada (2002). The molecular and genetic basis of neurological tumours. Nat Rev
Cancer 2(8): 616-626.

www.24d.reviews

34

