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The carcinogenicity of 
pesticides used in  

New Zealand
Andrea Martine 't Mannetje

According to the most recently avail-
able data, approximately 3,400 
tonnes of pesticide active ingredients 

are used in New Zealand agriculture annu-
ally.1 While designed to be toxic to pests, 
they may also affect non-target organisms 
including humans. Although acute pesticide 
poisoning has long been a primary health 
concern, also in New Zealand,2,3 long-term 
chronic health effects of pesticide exposure 
have also been demonstrated, including 
cancer. In the past four decades pesticides 
have been associated with increased risks 
of Non-Hodgkin’s lymphoma (NHL), leu-
kaemia, soft tissue sarcoma, cancers of the 
prostate, pancreas, lung, brain, and ovaries,4 
multiple myeloma5,6 and melanoma,7 even 
at levels that do not induce acute toxicity. 
The most consistent evidence is for leu-
kaemia and NHL, and also in New Zealand 
studies of NHL and leukaemia conducted 

since the 1980s have shown increased risks 
in farmers, particularly crop farmers and 
horticultural workers.8–13 Pesticide exposure 
is the most plausible explanation, although 
the identification of a causal role for specific 
pesticides has been difficult. Cancer risks 
were not limited to one class of pesticides 
(herbicides, insecticides, fungicides), or to 
one chemical group (phenoxy herbicides, 
organochlorine, organophosphate and 
carbamate pesticides),4–17 with some studies 
reporting that the risk of NHL increases with 
the number of different pesticides used, 
particularly for those pesticides suspected 
to be carcinogens.14 Recent findings also in-
dicate that in addition to direct genotoxicity, 
pesticides may cause cancer through other 
mechanisms, including immunotoxicity, 
tumor promotion, peroxisome proliferation, 
hormonal action and metabolic disruption.15 

ABSTRACT
AIM: To estimate the number and weight of pesticides used in New Zealand agriculture that are classified as 
known or suspected human carcinogens.

METHODS: The yearly usage of active ingredients was extracted from the most recent (2005) report on 
pesticide use. For each active ingredient, the carcinogenicity classification of three regulatory agencies 
(New Zealand Environmental Protection Authority [EPA NZ], US Environmental Protection Agency, European 
Chemicals Agency) was extracted. The International Agency for Research on Cancer (IARC) Monograph 
Programme’s classifications were also considered. Total tonnes of active ingredients were calculated 
according to each classification.

RESULTS: None of the pesticides are classified as known human carcinogens. In total, 56 active ingredients 
are listed as suspected carcinogens by at least one of the four agencies, including 16 high-use ingredients, 
representing up to 51% of the total yearly quantity. Agency-specific estimates ranged between 4–26% 
(148–872 tonnes) with the EPA NZ classification yielding the lowest estimate. The suspected carcinogen 
weight was highest for fungicides (estimates based on the three regulatory agencies ranged between 
72–540 tonnes), followed by herbicides (60–200 tonnes) and insecticides (16 tonnes). 

CONCLUSIONS: New Zealand’s use of pesticides that are suspected carcinogens is high. Efforts to increase 
awareness and reduce exposure need to be considered. 
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Before specific pesticides are allowed onto 
the market, regulatory agencies provide 
a hazard classification of the potential 
human health effects, including carcino-
genicity. Historically, carcinogen hazard 
classifications have been based mainly 
on genotoxicity testing and rat or mouse 
studies. While this has likely restricted the 
use of many genotoxic chemicals and animal 
carcinogens, it is now recognised that this is 
insufficient, and that new data from toxi-
cology and cancer biology need to be used 
in conjunction with epidemiology to more 
validly identify human carcinogens.15 

With scientific evidence of pesticide 
carcinogenicity continuously evolving, 
cancer hazard classifications for specific 
pesticides also change over time, as do 
pesticide use profiles as a result of agri-
chemical developments, legislation and pest 
resistance. For example, several pesticides 
currently known or suspected to cause 
cancer in humans are no longer used in New 
Zealand since the 1970s and 1980s (Table 
1). Pesticide use profiles are also country 
specific, and estimates of the total use of 
carcinogenic pesticides can therefore not be 
projected from one country to another. 

The aim of this review is to provide an 
overview of the number and total quantity 
(in tonnes of active ingredient) of currently 
used pesticides in New Zealand that are 
considered known or suspected human 
carcinogens by the EPA NZ and other 
national regulators, and the International 
Agency for Research on Cancer (IARC). 
This will aid the discussion about pesticide 
use and cancer risk in New Zealand and 
guide efforts to develop effective policies to 
reduce pesticide exposure and associated 
cancer risks in agricultural workers and the 
community.

Methods
Identification of pesticide use in 
New Zealand

National pesticide use data are not 
consistently recorded in New Zealand, but 
periodic ad hoc surveys to quantify its use 
are available. The most recent assessment 
of pesticide active ingredients used in New 
Zealand was published in 2005,1 providing 
estimates of tonnes of active ingredients 
used per year in New Zealand agriculture 

for the 38 most used active ingredients 
(excluding mineral oil), and also listing 
minor use active ingredients.1 These esti-
mates were based on data from a survey 
conducted by The New Zealand Association 
for Animal Health and Crop Protection 
(Agcarm), that collected voluntary annual 
data on sales of pesticides by kilograms of 
active ingredient (a.i.), supplemented by 
Statistics New Zealand data collected for 
New Zealand Customs Service records, on 
quantities of pesticide product imported. 

Carcinogenicity classifications of 
pesticides

For each of the pesticide active ingre-
dients used in New Zealand, the most recent 
carcinogenicity classifications of three regu-
latory agencies were extracted: The New 
Zealand Environmental Protection Authority 
[EPA NZ]; the US Environmental Protection 
Agency [EPA US]; and the European Chem-
icals Agency [EU]). The classifications of the 
International Agency for Research on Cancer 
(IARC) Monograph Programme were also 
identified. Background information on the 
classification schemes used by each agency 
to classify carcinogenicity is summarised 
below. 

New Zealand (EPA NZ)
The New Zealand hazard classifications 

for pesticides are reported in the Chemical 
Classification and Information Database 
(CCID) of the New Zealand Environment 
Protection Authority (EPA NZ).16 If a 
substance has any hazardous properties (eg, 
explosive, flammable, oxidizing, corrosive, 
toxic or ecotoxic) it is considered a 
hazardous substance and requires approval 
under the Hazardous Substances and New 
Organisms (HSNO) Act 1996. 
Figure 1: Hazard classification used for human 
carcinogenicity in New Zealand.

6.7A Known or presumed human carcinogen 

6.7B Suspected human carcinogen

For each hazardous substance the EPA NZ 
assigns a hazard classification according 
to its physical, health and environmental 
hazards. The cancer classifications used 
in New Zealand are coded as 6.7A (known 
or presumed human carcinogen) or 6.7B 
(suspected human carcinogen) (see Figure 
1), a classification framework similar to the 
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Table 1: Historic pesticides: pesticides with an IARC evaluation of 2B, 2A or 1, which are no longer used in New Zealand.

Active ingredient CAS pesticide group IARC classification

Herbicides
2,4,5-T 
contaminated with TCDD (2,3,7,8-tetrachlo-
rodibenzo-para-dioxin) 

93-76-5
phenoxy hormones
1746-01-6 (TCDD)

TCDD: 
1-carcinogenic to humans
Sup 7, 69, 100F, 2012 
chlorophenoxy herbicides: 
2B-possibly 
Sup 7, 1987 

Sulfallate 95-06-7
thiocarbamate

2B-possibly
30, Sup 7, 1987 

Nitrofen 1836-75-5
diphenyl ether

2B-possibly
30, Sup 7, 1987

Fungicides
Pentachlorophenol (PCP) 87-86-5

organochlorine
1-carcinogenic to humans
53, 71, Vol 117, 2019

Captafol 2425-06-1
organochlorine

2A-propably
Vol 53, 1991

Hexachlorobenzene 118-74-1
organochlorine

2B-possibly
Vol 79, 2001

Insecticides
Lindane 58-89-9

organochlorine
1-carcinogenic to humans
Vol 113, 2018

DDT 50-29-3
organochlorine

2A-probably
Vol 113, 2018

Dieldrin, aldrin metabolized to dieldrin 60-57-1
organochlorine

2A-probably
Vol 117, 2019

Hexachlorocyclohexanes (HCH, mixed 
isomers)

608-73-1organochlorine 2B-possibly
Vol 20, Sup 7, 1987

Heptachlor 76-44-8
organochlorine

2B-possibly
Vol 79, 2001

Mirex 2385-85-5
organochlorine

2B-possibly
Sup 7, 1987

Chlordane 57-74-9
organochlorine

2B-possibly
Vol 79, 2001

Parathion 56-38-2
organophosphate

2B-possibly
30, Sup 7, 112, 2017

Toxaphene1 8001-35-2
polychlorinated camphenes

2B-possibly
Sup 7, 79, 2001

Other
Arsenic and inorganic arsenic compounds 1-carcinogenic to humans

Sup 7, 1987; Vol 100C, 2012

Ethylene dibromide 106-93-4
soil fumigant

2A-probably
Sup 7, 1987

1,2-dibromo-3-chloropropane (DBCP) 1) 96-12-8
soil fumigant

2B-possibly
Sup 7, 1987

1 Never registered in New Zealand.
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Globally Harmonized System of Classifi-
cation and Labelling of Chemicals. 

USA (EPA US)
US carcinogenicity classifications for 

pesticides are published by the Environ-
mental Protection Agency’s (EPA) Office of 
Pesticide Programs,17 and classifications are 
summarised in the Chemicals Evaluated 
for Carcinogenic Potential Annual Cancer 
Report.18 

When assessing possible cancer risk, the 
EPA considers the carcinogenic potency and 
the potential for human exposure. The pesti-
cides are evaluated not only to determine 
if they cause cancer in laboratory animals, 
but also as to their potential to cause cancer 
in humans. The factors considered include 
short-term studies, long-term cancer studies, 
mutagenicity studies and structure activity 
concerns. Over time, cancer classification 
frameworks used by the US EPA have 
changed as listed in Figure 2, and there is no 
direct correspondence between the clas-
sifications, ie, which classification is used 
depends on the date of the evaluation.

European Union (EU)
The hazard classifications of pesticides 

used as plant protection products and 

evaluated by the European Union are 
available in the EU Pesticides Database.19 
The European Commission evaluates 
every active substance for safety before 
it reaches the market. Since 2007, the 
REACH regulation (Registration, Evaluation, 
Authorisation and Restriction of Chemicals) 
regulates the registration, evaluation and 
authorisation of dangerous substances and 
the restrictions applicable to them. The 
European Chemicals Agency (ECHA), estab-
lished under this regulation is responsible 
for managing the technical, scientific and 
administrative aspects of REACH, and for 
ensuring consistency in its application

The EU uses three codes/categories to 
classify human carcinogenicity (see Figure 
3). The EU Carcinogen 1 classification (A and 
B combined) is similar to the New Zealand 
6.7A classification and the EU Carcinogen 
2 classification to the New Zealand 6.7B 
classification.

International Agency for Research on 
Cancer (IARC)

The International Agency for Research 
on Cancer (IARC) is the specialised cancer 
agency of the World Health Organization 
(WHO). IARC’s Monographs programme on 

Figure 2: Cancer classifications used for pesticides in the US.

2005 Carcinogenic to humans
Likely to be carcinogenic to humans.
Suggestive evidence of carcinogenic potential.
Inadequate information to assess carcinogenic potential.
Not likely to be carcinogenic to humans.
Multiple descriptors

1999 Carcinogenic to humans.
Likely to be carcinogenic to humans.
Suggestive evidence of carcinogenicity, but not sufficient to assess human carcinogenic poten-
tial.
Data are inadequate for an assessment of human carcinogenic potential.
Not likely to be carcinogenic to humans.

1996 Known/likely.
Cannot be determined.
Not likely.

1986 Group A - Human carcinogen.
Group B - Probable human carcinogen.
Group C - Possible human carcinogen.
Group D - Not classifiable as to human carcinogenicity.
Group E - Evidence of non-carcinogenicity for humans.
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the identification of carcinogenic hazards 
to humans, critically reviews and evaluates 
the published scientific evidence on carcino-
genic hazards to which humans are exposed, 
to provide a hazard classification. A list of 
classifications is available on their website.20 
To date, more than 1,000 agents have been 
reviewed, including several pesticides. Each 
evaluation is carried out by a working group 
of independent international experts. The 
scientific evidence reviewed includes: (1) 
carcinogenicity in humans (epidemiological 
studies on cancer in humans exposed to 
the agent); (2) carcinogenicity in animals 
(experimental studies on cancer in labo-

ratory animals treated with the agent); and 
(3) cancer mechanisms (studies of how 
cancer develops in response to the agent). 
The scientific evidence is summarised by the 
working group and the agent classified in 
one of four categories (see Figure 4). 

The classification indicates the weight 
of the evidence as to whether an agent is 
capable of causing cancer (technically called 
“hazard”), and does not measure the like-
lihood that cancer will occur (technically 
called “risk”).21

IARC is not a regulator nor does the IARC 
Monographs programme recommend 

Figure 3: Classifications used for human carcinogenicity in the EU.

Carc. 
1A

Substances known to have carcinogenic potential for humans.
The classification in this category is largely based on human evidence, human studies that 
establish a causal relationship between human exposure to a substance and the development 
of cancer.

Carc. 
1B

Substances presumed to have carcinogenic potential for humans.
The classification in this category is largely based on animal evidence, animal experiments for 
which there is sufficient evidence to demonstrate animal carcinogenicity.

Carc. 
2

Suspected human carcinogens.
The placing of a substance in category 2 is done on the basis of evidence obtained from human 
and/or animal studies, but which is not sufficiently convincing to place the substance in cate-
gory 1A or 1B.

Figure 4: Hazard classifications used for human carcinogenicity by the IARC Monograph programme.

Group 
1

Carcinogenic to humans
This category is used when there is sufficient evidence of carcinogenicity in humans. In other words, there is convincing evi-
dence that the agent causes cancer. The evaluation is usually based on epidemiological studies showing development of cancer 
in exposed humans. Agents can also be classified in Group 1 based on sufficient evidence of carcinogenicity in experimental ani-
mals supported by strong evidence in exposed humans that the agent has effects that are important for cancer development.

Group 
2A

Probably carcinogenic to humans
This category is used when there is limited evidence of carcinogenicity in humans and sufficient evidence of carcinogenicity in 
experimental animals. Limited evidence means that a positive association has been observed between exposure to the agent 
and cancer but that other explanations for the observations (technically termed chance, bias or confounding) could not be 
ruled out.

Group 
2B 

Possibly carcinogenic to humans
This category is used when there is limited evidence of carcinogenicity in humans and less than sufficient evidence of car-
cinogenicity in experimental animals. It may also be used when the evidence of carcinogenicity in humans does not permit a 
conclusion to be drawn (referred to as “inadequate” evidence) but there is sufficient evidence of carcinogenicity in experimen-
tal animals.

Group 
3

Not classifiable as to its carcinogenicity to humans
This category is used most commonly when the evidence of carcinogenicity is inadequate in humans and inadequate or limited 
in experimental animals. Limited evidence in experimental animals means that the available information suggests a carcino-
genic effect but is not conclusive.
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Table 2: Active ingredients with current high use in New Zealand1 and human carcinogenicity classifications by the EPA NZ, EPA US, EU 
and IARC.

Active ingredient CAS
pesticide group

tonnes a.i/yr EPA NZ2 EPA US EU3 IARC

Herbicides 2000    

MCPA 94-74-6
phenoxy hormones

447 - Not likely. 2003 - No individual evaluation. 
Group:2B

Glyphosate 1071-83-6
phosphonyls

344 - Not likely. 2017 - 2A-Probably 
Vol 112, 2017 

2,4-D 94-75-7
phenoxy hormones

282 - Group D-not classifiable. 
1997

- 2B-Possibly, 
Vol 113, 2018

Terbuthylazine 5915-41-3
triazines

224 - Group D-not classifiable. 
1994

- No evaluation

Mecoprop 93-65-2
phenoxy hormones

178 - No evaluation - No individual evaluation. 
Group:2B

MCPB 94-81-5
phenoxy hormones

174 - Not likely. 2008 - No individual evaluation. 
Group:2B

Isoproturon 34123-59-6
urea derivates

73 - No evaluation Carc. 2
suspected

No evaluation

Acetochlor 34256-82-1
amides

63 - Suggestive evidence. 2007 Carc. 2
suspected

No evaluation

Hexazinone 51235-04-2
triazines

53 - Group D-not classifi-
able.1994

- No evaluation

Atrazine 1912-24-9
triazines

49 - Not likely. 2000 - 3-Not classifiable, 
Vol 53, 73, 1999

Triclopyr 55335-06-3
other hormones

44 - Group D-not classifi-
able.1996

No classification No evaluation

Alachlor 15972-60-8
amides

40 6.7B suspected Likely at high doses. 1997 Carc. 2
suspected

No evaluation

Propachlor 1918-16-7
amides

27 6.7B suspected Likely. 1997 No evaluation

Trifluralin 1582-09-8
dinitroanilines

19 - Group C-possible. 1986 Carc. 2
suspected

3-Not classifiable, 
Vol 53,1991

Linuron 330-55-2
urea derivates

14 - Group C-possible. 2001 Carc. 2
suspected

No evaluation

Glufosinate-ammonium 77182-82-2
phosphonyls

12 - Not likely. 1999 - No evaluation

Picloram 1918-02-1
other hormones

11 - Group E-evidence of 
non-carcinogenicity. 1994

No classification 3-Not classifiable, 
Vol 53, 1991

Fungicides  900   

Mancozeb 8018-01-7
dithiocarbamate

442 - Group B-probable. 1999 - No evaluation

Sulphur 7704-34-9
inorganics

99 - No evaluation - No evaluation

Captan 133-06-2
other fungicides

47 6.7B suspected Likely at prolonged, 
high-level exposures. 2004

Carc. 2
suspected

3-Not classifiable, 
Vol 30, Sup 7, 1987

Chlorothalonil 1897-45-6
organochlorine

25 6.7B suspected Likely. 1997 Carc. 2
suspected

2B-Possibly, 
Sup 7, 73, 1999

Metalaxyl 57837-19-1
other fungicides

15 - Group E-evidence of 
non-carcinogenicity. 1994

- No evaluation

Metiram 9006-42-2
dithiocarbamate

15 1 Group B-probable. 1999 No classification No evaluation

Tolylfluanid 731-27-1
other fungicides

14 - Likely. 2002 - No evaluation

Thiram 137-26-8
dithiocarbamate

11 - Not likely. 2003 - 3-Not classifiable, 
Sup 7, 53, 1991

Phosphorous acid 13598-36-2
inorganics

7 - No evaluation No classification No evaluation

Ziram 137-30-4
dithiocarbamate

6 - Suggestive evidence. 2003 - 3-Not classifiable, 
Sup 7, 53, 1991

Insecticides  200   

Diazinon 333-41-5
organophosphate

93 - Not likely. 1997 - 2A-Probably, 
Vol 112, 2017

Methamidophos 10265-92-6
organophosphate

19 - Not likely. 1998 - No evaluation

Chlorpyrifos 2921-88-2
organophosphate

17 - Group E-evidence of 
non-carcinogenicity. 1993

- No evaluation

Carbaryl 63-25-2
carbamate

16 6.7B suspected Likely. 2002 Carc. 2
suspected

3-Not classifiable, 
12, Sup 7, 1987

Fenamiphos 22224-92-6
organophosphate

11 1 Group E-evidence of 
non-carcinogenicity. 1993

- No evaluation

Pirimiphos-methyl 29232-93-7
organophosphate

8 - Cannot be determined. 
1998

- No evaluation

Plant growth regulators  300  

Hydrogen cyanamide 420-04-2 216 - Group C-possible. 1993 - No evaluation
Ammonium thiosulphate 7783-18-8 45 - No evaluation No classification No evaluation
Chlormequat-chloride 999-81-5 19 - Not likely. 2007 - No evaluation
Mepiquat-chloride 24307-26-4 15 1 Not likely. 2003 No classification No evaluation

1 Approval status: May be used as a component in a product covered by a group standard but it is not approved for use as a chemical in its own right. 
2 If the substance is not classified as 6.7A or 6.7B, this is marked as (-). 
3 If the substance is not classified as Carc. 1 or 2, this is marked as (-).
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regulations, legislation or public health 
interventions, which remain the responsi-
bility of individual governments and other 
international organisations. 

Estimation of use of pesticides 
classified as suspected human 
carcinogens 

Because the carcinogenicity categories 
used are somewhat different for each 
agency, an overarching classification of 
suspected carcinogenicity to humans was 
created for the purpose of this review, 
including: the EPA NZ and EU suspected 
group; the EPA US probable/likely/possible 
groups; and the IARC probable/possible 
groups. The active ingredients classified as 
suspected human carcinogens by each of 
the three regulators and IARC were linked 
to pesticide use data, to estimate the total 
yearly quantity of suspected carcinogens 
used in New Zealand agriculture. Minor use 
active ingredients classified as suspected 
carcinogens are also listed in this review, 
but were not included in the estimations, 
because data on the total weight of active 
ingredient used per year was not available 
for these.

Results
In New Zealand, more than 1,000 agri-

chemical products are currently licensed for 
use,22 with about 38 active ingredients repre-

senting >95% of the total weight of active 
ingredients applied. The pesticide active 
ingredients most commonly used in New 
Zealand agriculture are listed in Table 2, 
along with the carcinogenicity classifications 
of three regulatory agencies (EPA NZ, EPA 
US, EU) and IARC, with shaded cells repre-
senting a classification of “suspected human 
carcinogen” as defined in the methods 
section. The EPA NZ classifies five, the EU 
classifies eight, and the EPA US classifies 11 
pesticides as suspected human carcinogens. 
IARC classified four as suspected human 
carcinogens, but most of the high-use 
pesticides in New Zealand have not been 
evaluated by IARC.

Figure 5 provides an overview of the 
percentage (on a weight basis) of active 
ingredients used in New Zealand clas-
sified as suspected carcinogens, using the 
agency-specific classifications. Using the 
EPA NZ classification, 3% of total weight 
of herbicides, 8% of fungicides and 8% of 
insecticides are suspected carcinogens, 
representing 148 tonnes of pesticides (4% 
of total). Using the EU classification, 10% of 
total weight of herbicides, 8% of fungicides 
and 8% of insecticides are suspected carcin-
ogens, representing 288 tonnes of pesticides 
(8% of total). Using the EPA US classifi-
cation, 5% of total weight of herbicides, 60% 
of fungicides, 8% of insecticides and 72% 
of plant growth regulators are suspected 

Figure 5: Pie charts of pesticide active ingredients (tonnes/year) used in New Zealand agriculture, 
with the outer slices representing the percentage classified as suspected carcinogens according to each 
respective agency’s human carcinogenicity classification.

Weight of pesticide active ingredients used yearly in New Zealand 1:
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Figure 5: Pie charts of pesticide active ingredients (tonnes/year) used in New Zealand agriculture, 
with the outer slices representing the percentage classified as suspected carcinogens according to each 
respective agency’s human carcinogenicity classification (continued).

Percentage of weight of active ingredients that are classified as suspected carcinogens, according to 
different classifications:

carcinogens, representing 872 tonnes of 
pesticides (26% of total). The percentage 
and weight of active ingredients classified 
as suspected carcinogens by the three 
regulatory agencies was highest for the 
fungicides (8–60%; 72–540 tonnes), followed 
by herbicides (3–10%; 60–200 tonnes), and 
insecticides (8%, 16 tonnes). 

These data indicate that annually New 
Zealand uses 148–616 tonnes of active 
pesticide ingredients (4–26% of total) that 
are classified as suspected human carcin-
ogens, depending on which of the three 
regulatory agencies the estimate is based. 
A more sensitive classification is achieved 
by combining the three regulatory agencies’ 
classifications and also including the 
pesticides classified by IARC as possible or 
probable human carcinogens. This results 

in a doubling of the upper estimate to 1,730 
tonnes, representing 51% of the total weight 
of pesticide active ingredients used in New 
Zealand agriculture.

Table 3 lists the active ingredients of 
minor use pesticides in New Zealand (ie, 
<1% of total), including only those that 
at least one of the agencies classified as a 
suspected human carcinogen. This indi-
cates that an additional 11 herbicides, 15 
fungicides and 14 insecticides are listed as a 
suspected carcinogen by at least one agency.

Discussion
This review of available data on pesticide 

use in New Zealand and their carcinoge-
nicity classification shows that, although no 
known human carcinogens are currently 
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Table 3: Active ingredients used in New Zealand representing <1% of total active ingredients, that are evaluated as suspected carcinogen 
by at least one agency. 

Active ingredient CAS
pesticide group

EPA NZ EPA US EU IARC

Herbicides   

Asulam 3337-71-1
carbamate

6.7B suspected Group C-possible. 2001 No classification No evaluation

Bromoxynil 1689-84-5
other herbicides

- Group C-possible. 1997 - No evaluation

Dichlobenil 1194-65-6
other herbicides 

6.7B suspected Group C-possible. 1995 - No evaluation

Dimethenamid 87674-68-8
other herbicides

1 Group C-possible. 1995 No classification No evaluation

Diuron 330-54-1
urea derivate

6.7B suspected Known/Likely. 1997 Carc. 2 suspected No evaluation

Haloxyfop 69806-34-4 
FOPs and DIMs

6.7B suspected 69806-40-2 haloxyfop-methyl 
Group B-probable. 1989

No classification No evaluation

Metolachlor 51218-45-2
amides

- Group C-possible. 1994 No classification No evaluation

Norflurazon 27314-13-2
other herbicides

- Group C-possible.1990 No classification No evaluation

Oxyfluorfen 42874-03-3
other herbicides

- Likely. 2010 No classification No evaluation

Pendimethalin 40487-42-1 dinitroanilines - Group C-possible. 1992 - No evaluation

Tribenuron- 
methyl 

101200-48-0 sulfonylureas 1 Group C-possible. 1989 - No evaluation

Fungicides
Benomyl 17804-35-2 benzimidazoles revoked Group C-possible. 2000 - No evaluation

Carbendazim 10605-21-7 benzimidazoles - Group C-possible. 1989 - No evaluation

Epoxiconazole 133855-98-8 triazole/diazole 6.7B suspected Likely. 2001 Carc. 2 suspected No evaluation

Folpet 133-07-3
other fungicides

6.7B suspected Not likely. 2010 Carc. 2 suspected No evaluation

Imazalil 35554-44-0 triazole/diazole - Likely. 1999 Carc. 2 suspected No evaluation

Iprodione 36734-19-7 dicarboximide - Likely. 1998 Carc. 2 suspected No evaluation

Kresoxim-
methyl 

143390-89-0 
strobilurin

1 Likely. 1999 Carc. 2 suspected No evaluation

Prochloraz 67747-09-5 
triazoles and diazoles

- Group C-possible. 1988 - No evaluation

Procymidone 32809-16-8 dicarboximide - Group B-probable. 1991 No classification No evaluation

Propiconazole 60207-90-1 
triazoles and diazoles

- Group C-possible. 1992 - No evaluation

Tebuconazole 107534-96-3 
triazoles and diazoles

- Group C-possible. 1993 - No evaluation

Thiabendazole 148-79-8 benzimidazoles - Likely at high doses. 2002 - No evaluation

Thiophanate-
methyl 

23564-05-8 benzimidazole - Likely. 1999 - No evaluation

Triadimefon 43121-43-3 
triazoles and diazoles

- Group C-possible. 1996 - No evaluation

Triadimenol 55219-65-3 
triazoles and diazoles

- Group C-possible. 1988 - No evaluation

Insecticides    

Acephate 30560-19-1 organophosphate - Group C-possible. 1985 - No evaluation

Bifenthrin 82657-04-3 
pyrethroids

- Group C-possible. 2003 Carc. 2 suspected No evaluation

Clofentezine 74115-24-5 
acaricides

1 Group C-possible. 1990 No classification No evaluation

Cypermethrin 52315-07-8 
pyrethroids

- Group C-possible. 1988 - No evaluation

Dichlorvos 62-73-7 organophosphate 6.7B suspected Suggestive evidence. 2000 - 2B-Possibly, Sup 7, 53, 1991

Dicofol 115-32-2 
acaricides

- Group C-possible. 1992 - 3-Not classifiable, 30, Sup 7, 
1987

Dimethoate 60-51-5 organophosphates - Group C-possible. 2002 - No evaluation

Fipronil 120068-37-3 
other insecticides

1 Group C-possible. 1995 - No evaluation

Maldison/
malathion 

121-75-5 organophosphate - Suggestive Evidence. 2000 - 2A-Probably, Sup7, 112 2017

Permethrin 52645-53-1 
pyrethroid

- Likely. 2002 - 3-Not classifiable, 53, 1991

Pirimicarb 23103-98-2 
carbamate 

1 Likely. 2005 Carc. 2 suspected No evaluation

Propargite 2312-35-8 
acaricide

6.7B suspected Group B-probable. 1992 Carc. 2 suspected No evaluation

Pymetrozine 123312-89-0
other insecticides

1 Likely.1999 Carc. 2 suspected No evaluation

Thiacloprid 111988-49-9
other insecticides

6.7B suspected Likely. 2012 Carc. 2 suspected No evaluation

1 Approval status: May be used as a component in a product covered by a group standard but it is not approved for use as a chemical in its own right. 
2 If the substance is not classified as 6.7A or 6.7B, this is marked as (-). 
3 If the substance is not classified as Carc. 1 or 2, this is marked as (-).
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used as pesticides in New Zealand, a consid-
erable number of suspected carcinogens are, 
representing 4–51% of the total weight of 
pesticide active ingredients applied. 

The lowest estimate (4%) is obtained when 
using the EPA NZ classification, suggesting 
that New Zealand’s carcinogenicity clas-
sifications of pesticides are less stringent 
compared to other jurisdictions such as 
the US and the EU. Generally, resources 
available for chemical re-assessments in 
small countries such as New Zealand are 
limited, which may result in out of date 
classifications that do not incorporate the 
most recent evidence. Making use of the 
classifications and evaluations published 
by the EPA US and the EU, which are more 
regularly updated, could reduce costs and 
potentially risk. IARC’s hazard classifica-
tions should also be considered, as these 
are based on the broadest range of peer 
reviewed scientific data (epidemiology, 
animal studies and mechanistic data), and 
as such, more appropriately account for the 
multiple mechanisms through which pesti-
cides may cause cancer; they also include 
epidemiological studies, where available, 
thus representing realistic human exposure 
situations. However, IARC evaluations 
are only available for a small number of 
pesticides and therefore do not provide a 
complete picture of the carcinogenicity of all 
registered pesticides, as regulatory agencies 
aim to do. 

Pesticides recently classified by IARC as 
either 2A or 2B include glyphosate and 2,4-D, 
both widely used herbicides, and diazinon, 
an insecticide commonly used on pasture 
(to combat grass grub and porina), fruit 
and vegetables. Taking into account the 
IARC classifications for pesticides therefore 
greatly impacted on the here presented esti-
mates. While only glyphosate has received 
considerable media attention,23 it is worth 
noting that glyphosate is only one in a list of 
16 pesticides with high use in New Zealand 
that have been classified as a suspected 
carcinogen by at least one of the four here 
considered agencies.

Many of the pesticides with high use in 
New Zealand that are classified as suspected 
carcinogens are no longer approved for 
use in the EU, including: the herbicides 
isoproturon, acetochlor, alachlor, trifluralin, 
linuron; the fungicide tolyfluanid; the insec-

ticides diazinon and carbaryl; and the plant 
growth regulator hydrogen cyanamide. This 
may reflect a more precautionary approach 
of the EU towards pesticides. Pesticide 
reduction programmes have resulted in 
substantially reduced overall pesticide use 
in several European countries, and this also 
contributes to the reduced use of suspected 
carcinogens. For example, in Denmark the 
overall pesticide use has been reported to 
have reduced from 4,000 to 3,000 tonnes 
between 1998 and 2000, while suspected 
carcinogenic pesticide use reduced even 
more, from approximately 500 tonnes (13% 
of total) to approximately 30 tonnes (1% of 
total).24 While Denmark is the only country 
for which such estimates could be identified 
from the literature, it does suggest that it is 
feasible, even within a relatively short time 
frame, to significantly reduce the use of 
suspected carcinogens in agriculture.

The percentage as well as weight of active 
ingredients classified as suspected carcin-
ogens by the three regulatory agencies 
was highest for fungicides (8–60% of total 
fungicides weight; 72–540 tonnes), followed 
by herbicides (3–10%; 60-200 tonnes) and 
insecticides (8%, 16 tonnes). This suggests 
that efforts to reduce exposure to suspected 
carcinogens in New Zealand’s agriculture 
may need to focus on fungicides. Fungicides 
are mainly used in the horticultural sectors,1 
which incidentally are also the sectors for 
which elevated NHL and leukemia risks 
have been reported in New Zealand. Despite 
many sustainability initiatives, the horti-
cultural sectors continue to be the most 
intensive users of pesticides on a land 
area basis (13.2kg a.i./ha), followed by the 
arable (2.4kg a.i./ha), forestry (0.3kg a.i./ha), 
and pastoral sectors (0.2kg a.i./ha).1 New 
Zealand has seen an overall steady increase 
in pesticide use since the 1960s, with a 
small decline in the mid and late 1990s, 
likely resulting from various sustainability 
initiatives within the fruit sector (eg, Kiwi-
Green, Integrated Fruit Production).1 This 
was followed by a 17% increase in tonnes 
of total pesticide imports over the period 
1999–2003,1 with herbicides increasing by 
42%, fungicides by 10%, while insecticides 
decreased by 41%.1

A limitation of the here presented esti-
mates is that they were based on pesticide 
use data published in 2005: the last date for 
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which comprehensive data were available. 
Pesticide use profiles have likely changed 
since then, although New Zealand legislative 
changes for the here listed pesticides have 
been minor: only the fungicide benomyl, 
which had relatively low use in 2005, has 
been revoked since then, and all 16 high-use 
pesticides suspected to be human carcin-
ogens have continued to be commonly used 
in New Zealand. The here presented esti-
mates are therefore likely to sufficiently 
reflect the current use of pesticides in New 
Zealand. To enable assessing time-trends 
in the use of pesticides in New Zealand’s 
agriculture, including the use of suspected 
carcinogens, an investment will have to be 
made in regularly updating detailed data on 
pesticide use. When assessing time trends 
using tonnage it should be noted that newer 
pesticides may be active at lower doses (g 
per ha, rather than kg per ha for many of the 
older pesticides), so that a reduction in gross 
weight may not necessarily equate to reduc-
tions in risks to health.

In summary, this review indicates that 
a large volume of pesticides used in New 
Zealand are suspected carcinogens. As a 
result, we will likely continue to see an 
increased risk of cancer, in particular 

leukaemias and lymphomas, for people 
who frequently use pesticides as part of 
their work. A pesticide risk reduction 
programme, as has successfully been 
implemented in several other countries 
(eg, Denmark), will likely reduce this risk, 
while also reducing the risk of several other 
health effects associated with pesticides 
(eg, impaired neurobehavioral function, 
neurodegenerative diseases, impaired 
fertility). In the absence of this, pesticide 
risk reduction will continue to depend 
largely on voluntary action by its users, 
which is unlikely to be sufficiently effective. 
Efforts to reduce the health risks of pesti-
cides require government leadership, 
through for example the Ministry of Health’s 
National Cancer Action Plan, WorkSafe’s 
Strategic Plan for Work-Related Health, and 
NZ EPA’s regulation of pesticides. Medical 
professionals may also play a role by: (1) 
considering patients’ occupations and 
associated hazardous exposures; (2) commu-
nicating potential risks associated with 
pesticides to patients and the general public; 
and (3) promoting and supporting patients’ 
efforts to reduce pesticide exposure to them-
selves and their families.
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