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The number of women in agricultural employment is increas-
ing worldwide; women now account for about 43% of the total
workforce in agriculture.! Approximately, 80% of economi-
cally active women in sub-Saharan Africa are working in the
agriculture sector.? Similar to women in other developing
countries, women in Tanzania engage actively in horticulture.
Horticulture is fruit, vegetable, and ornamental agriculture.
Women account for 65% to 70% of the horticultural labor
force® and thus make a significant contribution to the national
economy. There are patterns in men’s and women’s agricultural
tasks. Weeding and postharvest processing are considered
womens work no matter what the crop is. Men are largely
responsible for cash crop farming and income-generating
activities.*

Horticulture is the fastest-growing subsector of the
Tanzanian economy, with an estimated growth rate between
6% and 10% per annum.? It is mainly practiced by small-scale
farmers for local markets and large-scale farmers for export
markets. In 2015, the subsector is reported to have contributed
about US $0.6 billion to the agricultural sector, which was
almost half of what the entire agricultural sector contributed to
the economy.” Thus, horticulture has the potential to become
one of the main sources of foreign exchange earnings for
Tanzania. The main production areas include the southern
highlands, the northern corridor, and the coastal zone. More
than 85% of commercial horticultural investment is concen-
trated in northern Tanzania.

Although horticulture provides food security to families and
employment opportunities, especially to women, occupational

health issues for women working in horticulture are not ade-
quately documented. Much effort is put into promoting the use
of pesticides to boost productivity and less effort into protect-
ing health and the environment. Thus, women farmers and
other women farmworkers are frequently exposed directly
when working as pesticide applicators or indirectly during har-
vesting, planting, and soil preparation. They are at a greater risk
of accumulated exposure because of long working hours from
an early age and multiple exposures at work and in domestic
settings.” This exposure to pesticides during work is in addition
to other forms of exposure, from residues in food and water to
air pollution, experienced by the general population. Washing
pesticide-contaminated clothes and reusing of empty contain-
ers, 2 tasks traditionally done by women, are further causes of
exposure. Consequently, women horticultural workers may suf-
fer adverse health effects.810 Also, women have a unique sus-
ceptibility to pesticides because of their physiological
characteristics, lifestyle, and behavior.1

To support development of horticulture, approximately 5.6
billion pounds of pesticides are applied worldwide annually.!!
It is estimated that 81% of pesticides used in Tanzania are
applied to control pests and disease in the agriculture and live-
stock sectors.!? Exposure to pesticides has been reported to
cause adverse health effects, and great numbers of people have
been affected globally.’31> Annual severe pesticide poisoning
cases amount to 3 million worldwide'®; 25 million sympto-
matic occupational pesticide poisonings are said to occur each
year among agricultural workers in developing countries.!”
Increased symptoms of respiratory and skin sensitization,
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Table 1. Horticulture crops grown in production regions, Tanzania.

ZONE REGION HORTICULTURE CROPS
Southern highlands Morogoro Tropical and temperate fruits and vegetables (including dessert bananas and onions) and spices
(clove, ginger, and turmeric)
Iringa Temperate fruits, tropical vegetables (tomatoes, onions, etc)
Njombe Cut rose flowers
Mbeya Temperate and tropical fruits and vegetables (avocados, tomatoes, banana, citrus, etc)
Ruvuma Onions, tomatoes, flowers, vegetables, and fruits (peaches, avocados, passion fruit, mangoes)
Northern corridor Arusha Flowers, temperate fruits, and vegetables
Kilimanjaro Flowers, avocados, bananas, temperate fruits and vegetables, mushrooms
Manyara Temperate fruits and vegetables
Tanga Temperate fruits and vegetables, tropical fruits and spices

Coastal zone Coast (Pwani) Tropical fruits

Dar es Salaam

Tropical fruits and vegetables, mushrooms

Central zone Dodoma Grapes, tomatoes, and onions
Lake zone Kagera Vanilla, bananas
Mwanza Tropical vegetables (eggplant, cabbage, etc)
Mara Bananas and tropical vegetables
Western zone Kigoma Tropical vegetables (onions, carrots) and spices (vanilla, turmeric, ginger, etc)

malaise, vomiting, nausea, diarrhea, excessive sweating, abdom-
inal pain, and excessive salivation have been reported as a result
of pesticide exposure.!8-22 However, many studies are con-
ducted mainly among the male population.?3-?7 In Tanzania,
where men are more involved in pesticide application than
women, more occupational cases would be expected in men
than women.?® However, as has been shown by a study con-
ducted in South Africa,? women’s occupational health risks in
the developing world can be grossly underestimated.

There are various laws, rules, and regulations on occupational
health and safety formulated and implemented under different
ministries, departments, and agencies in Tanzania. These laws
and guidelines do not adequately address what is stipulated in
regional or international requirements.” Occupational safety
and health law in the country covers only formal economic sec-
tors. Few workers in the formal sectors use occupational health
services and even fewer in informal sectors such as agriculture.
Moreover, farmers are not covered by the workers’ compensa-
tion law of 2008, as they do not have formal employment.3
Women who work in horticulture receive care through primary
health care services.

Understanding pesticide exposure among workers is essen-
tial for drawing firm conclusions about its health effects. This
review identifies factors that contribute to the increased health
effects among women working in the horticultural industry
and how those factors relate to exposure to pesticides in
Tanzania.

Pesticide Use in Horticulture

In response to huge demand for Tanzanian agricultural prod-
ucts, there has been a great increase in horticultural production
for both export and domestic use that has led to intensified
cultivation, a reduction in the use of traditional methods of pest
management, and an increase in the use of synthetic pesti-
cides.3! The main horticultural crops are fruits, vegetables,
flowers, and spices (see Table 1), which are grown in 16 of the
24 regions of mainland Tanzania (see map, Figure 1). Pests and
diseases have been the limiting factors in the horticultural
development in the country. Historically, crops were grown for
subsistence by smallholder farmers who practiced crop rotation
and intercropping that put a check on pest populations.3?
However, recent developments have resulted in monoculture
and thus an increased pest population. To cope with this situa-
tion, large amounts of pesticides and other agrochemicals are
used to manage pests and ensure the cultivation of high-quality
products. A study conducted by Barraza et al®® on banana
plantations in Costa Rica found that large-scale monoculture
was perceived as one of the most important problems leading
to pesticide risks.

To meet the market demand for quality horticultural crops,
farmers use various pesticides (Table 2).34>3 Lekei et al** iden-
tified a total of 1182 pesticide products registered in Tanzania,
representing a broad variety of active ingredients. Arusha
region is known to be leading in pesticide trading and utiliza-
tion in Tanzania because of intensification of horticulture.>>-57
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Figure 1. Horticulture production regions in Tanzania.

In 2003, Ngowi et al*® reported the use of 41 different pesti-
cides in northern Tanzania, including class IA (extremely haz-
ardous) and IB (highly hazardous) pesticides. These pesticides
are known to be hazardous to humans. The report also showed
that even though they did not spray pesticides, women were
exposed during pruning, grading, and general cleaning on
flower farms. Also, in a study set in Kenya conducted by
Tsimbiri et al,'® women who were mainly engaged in weeding,

planting, and harvesting reported the highest proportion of
symptoms potentially related to pesticide exposure.

Pesticide regulations in Tanzania control imports, distribu-
tion, and sales, allowing pesticides to be used that are considered
to be less harmful to end users. Most toxic and persistent pesti-
cides are either banned or restricted in use, even though unreg-
istered pesticides are found on the market. Inadequately staffed
border-crossing points enable infiltration of substandard and

Downloaded From: https://staging.bioone.org/journals/Environmental-Health-Insights on 25 Mar 2025

Terms of Use: https://staging.bioone.org/terms-of-use



4 Environmental Health Insights

Table 2. Pesticides used in horticulture in northern Tanzania.

TRADE NAME ACTIVE CHEMICAL  WHO TYPE REGISTRATION SOME HEALTH REFERENCES ON
INGREDIENT GROUP CLASS3 STATUS EFFECTS HEALTH EFFECTS

Thionex/ Endosulfan ocC Il Insecticide Registered Suspected EDC ~ US EPA%

thiodan

Selectron Profenofos OP Il Insecticide Registered N, CI US EPA36

Profecron Profenofos OoP Il Insecticide Registered Cl US EPAS36

Helarat \-cyhalothrin P Il Insecticide Registered Suspected Kim et al,3” NPIC38

EDC, |
Karate \-cyhalothrin P Il Insecticide Registered Suspected Kim et al,3” NPIC38
EDC, |

Dimethoate Dimethoate OoP Il Insecticide Registered (¢]] US EPA3®

Rogor Dimethoate OoP Il Insecticide Registered (¢]] US EPA3®

Bamethrin Deltamethrin P Il Insecticide Registered

Shumba Fenitrothion + OP/P Il Insecticide Registered (¢]] US EPA%°

Super deltamethrin

Polytrin Cypermethrin P Il Insecticide Unregistered C US EPA%

Zetabestox {-Cypermethrin P 1B Insecticide Registered

Dursban Chlorpyrifos OoP Il Insecticide Registered (¢]] NPIC42

Antokil Chlorpyrifos OoP Il Insecticide Registered (¢]] NPIC42

Furadan Carbofuran C 1B Insecticide Registered EDC, CI US EPA%3

Termik Aldicarb C 1A Insecticide Unregistered EDC, CI US EPA%

Banko plus Chlorothalonil + ocC U Fungicide Registered C US EPA%
carbendazim

Bravo Chlorothalonil oC Il Fungicide Registered C US EPA%

Rova Chlorothalonil oC NK Fungicide Registered C US EPA%

Linkonil Chlorothalonil ocC NK Fungicide Registered C US EPA%

Kalachi Glyphosate OoP I Herbicide Registered

Roundup Glyphosate OoP I Herbicide Registered

Mamba Glyphosate OoP I Herbicide Registered

Balton 2-4-D Amine AA U Herbicide Registered

Bayleton Triadimefon T Il Fungicide Registered PC US EPA%

Permethrin Permethrin P Il Insecticide Unregistered

Diazinon Diazinon OP Il Insecticide Unregistered Cl US EPA%

Diazol Diazinon OoP Il Insecticide Unregistered (¢]] US EPA%

Malathion Malathion OP 1] Insecticide Registered Cl US EPA%8

Actellic super Pirimiphos- OP Il Insecticide Registered N, Cl US EPA%
methyl

Carbaryl Carbaryl C Il Insecticide Unregistered N, CI US EPAS°

Victory Metalaxy A Il Fungicide Registered

Propamocarb Pyrethrins P Noclass  Fungicide Unregistered

hydrochloride
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Table 2. (Continued)

TRADE NAME ACTIVE CHEMICAL  WHO REGISTRATION SOME HEALTH REFERENCES ON
INGREDIENT GROUP CLASS34 STATUS EFFECTS HEALTH EFFECTS
Thiovit Sulfur S 1l Fungicide Registered | US EPA%
Meltatox Triforine U Fungicide Unregistered | US EPA%?
Ridomil Metalaxyl/ D I} Fungicide Registered I/Cl Strivastava and
mancozeb Kesavachandran®3
Farmerzeb Mancozeb D Il Fungicide Registered (¢]] Strivastava and
Kesavachandran53
Dithane Mancozeb D I} Fungicide Registered Cl Strivastava and
Kesavachandran®3
Milthane Mancozeb D U Fungicide Unregistered (¢]] Strivastava and
Kesavachandran$?
Indofil Mancozeb D I} Fungicide Registered Cl Strivastava and
Kesavachandran®3
Ivory Mancozeb D 1B Fungicide Registered (¢]] Strivastava and
Kesavachandran®?
Red copper Copper oxide Cu ] Fungicide Registered
Cuprocaffaro Copper Cu Il Fungicide Registered
oxychloride
Blue copper Copper sulfate Cu Il Fungicide Registered

Chemical groups: C, carbamate; OC, organochlorine; D, dithiocarbamate; P, pyrethroid; OP, organophosphate; A, acylalanine; AA, aryloxyalkanoic acid; Cu, inorganic

copper; T, triadimefon; S, sulfur.

WHO class: 1A, extremely hazardous; 1B, highly hazardous; Il, moderately hazardous; lll, slightly hazardous; U, unlikely to present acute hazard in normal use; NK, not

known.

Health effects: C, carcinogen; Cl, cholinesterase inhibitor; EDC, endocrine disruptor; |, irritant; N, neurotoxin; PC, possible carcinogen.

Symbols: 1, lambda; ¢, zeta.

Referenced organizations: US EPA, United States Environmental Protection Agency; NPIC, National Pesticide Information Center.

Adapted from Lema et al.b

unregistered pesticides into the country. Pesticide formulations
are distributed by licensed pesticide retailers; however, unli-
censed vendors also exist due to illegal trades and porous bor-
ders. To control this, pesticide retailers in the country are
inspected by the Tropical Pesticide Research Institute to dis-
courage them from selling unregistered products. However, due
to geographical distance and inadequate funds to support travel
for inspection, pesticide retailers in some regions are not regu-
larly inspected. As a result, unregistered products become wide-
spread in these areas.* As described by London et al,®
liberalization of trade policy in Tanzania resulted in large
increases in pesticide imports and altered the patterns of pesti-
cide supply and distribution, with increases in the involvement
of private retailers 80-fold from 1988 to 1997. The increase in
retailers greatly outpaced the expansion of control facilities.
Among preventive measures for exposure are hazard warn-
ings and general information posted on pesticide labels.
Consumer groups and international bodies such as the World
Health Organization, the International Labour Organization,
and the Food and Agriculture Organization put emphasis on
the promotion of activities, plans, laws, and treaties to prevent
the negative effects of pesticides on human health and the envi-
ronment. Because women are not considered to be pesticide

users, such preventive measures do not reach them. Although
there are no studies in Tanzania that have characterized wom-
en’s exposures to pesticides, our personal observations indicate
that women are exposed to pesticide due to ignorance of its haz-
ard and effects. This observation is supported by Rother et al,®
who showed that a major factor exacerbating risk was a lack of
knowledge about hazards and how to protect oneself and one’s
family. For instance, farm residents often are not aware of or
familiar with pesticides’ labels; nor are they able, in many
instances, to interpret information on labels meaningfully.
Although food consumers are exposed to pesticide residues
in food, women in horticulture are also exposed to pesticides
that are known to cause long-term health effects. Exposure
studies in Tanzania have reported the use of pesticides that are
suspected or possible endocrine disruptors or possible or prob-
able carcinogens, neurotoxicants, cholinesterase inhibitors, or
irritants.® Endosulfan, which is mainly used in cotton produc-
tion in Tanzania, is listed as a moderately hazardous pesticide
and is a suspected endocrine disruptor. A cohort study con-
ducted among male schoolchildren showed that endosulfan
exposure was associated with delayed sexual maturity, in par-
ticular, interference with synthesis of the male sex hormone
and the development of pubic hair, testes, the penis, and serum
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testosterone at age-appropriate levels.®! Other persistent
organochlorinated pesticides have been associated with health
effects including cancer,%>%* reproductive defects,® and behav-
ioral changes.®®

Risk Behavior in Pesticide Use

Risk behavior, that is, lifestyle activities that places a person at
increased risk of suffering a particular condition, in this case pes-
ticide exposure, is influenced by social, economic, and cultural
aspects. The need to increase the quantity and quality of horti-
cultural produce and pressure to use pesticides exerted by pesti-
cide dealers increases the risk of high exposure to pesticide.

Tanzanian women have fewer educational opportunities. In
total, 1 in 5 women in rural areas has never attended school,
and a significant number of girls drop out at all level due to
pregnancy or childbirth, early marriage, illness, the illness or
death of a parent or guardian, or a lack of school fees. Although
women in developing countries play a central role in small-
holder agriculture, they often receive less training in pesticide
management than men.>®%” Women’s roles are changing under
the global system of trade liberalization and market econo-
mies. From a gendered division of labor at the household level,
women are shifting to self-employment, engaging in more
nontraditional activities such as salons, curio shops, child-care
centers, and small trading in food and clothes. Although
women continue with domestic duties, with responsibilities
for children and for sick or elderly family members, their agri-
cultural activities and responsibilities have increased.”®68
Many have become wage earners, and some single parents, in
particular, have felt obliged to take jobs that put their health at
risk. In 2009, about 1 out of 5 households in Tanzania was
headed by a woman, and such households were among the
poorest in the country.®> Women in developing countries have
taken on additional agricultural roles that were initially per-
ceived to be men’s work. These include mixing and applying
pesticides in agriculture,®’7%7! which affects their health and
that of their offspring. The potential for adverse pesticide-
related health effects among women increases with the
assumption of pesticide spraying duties.” Women with low
levels of education, low levels of pesticide use safety aware-
ness,”? poor access to personal protective equipment, and lim-
ited training on proper use of pesticides may be at high risk of
pesticide exposure and the resultant adverse health effects. Jors
et al”3 showed that lower levels of education are also associated
with less knowledge of pesticides and with risky behavior
when pesticides are being handled.

In Tanzania, women are typically located in lower-paid,
low-status work, often casually employed, with little opportu-
nity for promotion or access to safety measures. In general, the
most of the women work in the informal sector doing physi-
cally demanding unskilled manual labor. On average, they work
11 hours a day during the nonfarming season and almost 16
hours during the farming season.”®’# Moreover, they go to the

field with their infants and children because they lack access to
or cannot afford day care services.

Although women account for more than half the population
of Tanzania, only a small proportion are involved in making
decisions about agriculture, the economy, and family issues.
About 40% have no decision-making power even in matters
regarding their own health. The control of household income
by their husbands means that women cannot act on their own.
They are thus subjected to different stresses from trading,
domestic, and agricultural work. In some parts of Tanzanian
society, witchcraft accusations are also culturally accepted, with
the health effects of pesticide exposure being attributed to
bewitching or a similar traditional practice rather than a dan-
gerous chemical. Consequently, individuals may not take the
necessary measures to protect themselves from being exposed
to pesticides.*”

Women often work in fields while pesticides are being
sprayed or enter the fields soon after spraying has taken
place.”%7* Older children help with work on the farm and get
exposed to pesticides as well. Long working hours in contami-
nated fields increase the risk of exposure and associated adverse
health effects. Farmers’ knowledge and perceptions about pes-
ticide risks play an important role in determining the extent of
their exposure to pesticides.”” However, given that higher risk
perceptions and greater knowledge about the associated risk do
not always translate into closer adherence to precautionary
advice, the relationship between risk perception and behavior
may not be direct. Factors such as economic and employment
pressures, as well as pressures related to peer group influences,
may also influence risk-related behaviors. As a consequence,
many workers and operators do not adopt protective practices
nor use protective equipment.”® Women do not perceive the
pesticide risk because they rarely handle pesticides directly;
hence, they have no protection. Women also store pesticides
nearer the home, particularly in the kitchen and bedroom
because they have more control over these spaces than the field.
They therefore risk exposing not only themselves but also their
whole family.177

Pesticide-related education has an important role in increas-
ing knowledge about pesticides’ risks and how to avoid expo-
sure.”®7 As part of the intensification and commercialization
of agriculture, concerns about the potential adverse impacts of
pesticide use are often downplayed by pesticide dealers and
agricultural extension service providers,'> whereas the benefits
of pesticide use in terms of improved crop returns are overem-
phasized. The end users do not perceive pesticides as a risk due
to competing interests linked to the need to generate income.

Failure to read labels, misuse of pesticides, poor knowledge
of hazards, and misconceptions about pesticide exposure all
influence the perception of pesticides’level of risk. Studies con-
ducted in Ethiopia and Tanzania found that most farmers do
not read instructions on pesticides packages because they are
illiterate or are simply reluctant to take the trouble.’>”> Another
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study, conducted in Tanzania by Kapeleka et al,'? revealed that
only 1 out of 3 commercial farm workers sometimes read
instructions on pesticides containers and that just a few follow
the instructions. However, many depend on their supervisors to
read the instructions for them. Many farmers who work on
their own farms do not read labels but rely on advice from pes-
ticide dealers, extension workers, and neighbors. The reasons
for not reading or following instructions are that the labels are
in foreign languages, the user is illiterate, the label uses
unknown signs and symbols, or that labels are simply illegible.
Kapeleka et al'? also found that even though workers under-
stand the poisonous nature of pesticides and their potential to
harm and even kill users, most do not properly employ personal
protective equipment. In places where the poverty level is high,
householders give priority to basic needs, such as food, utilities,
clothing, and transport, and not to the acquisition of personal
protective equipment.®” Empty pesticide containers have been
found to be reused, mostly by women for domestic purposes
such as storing cooking oil, water, milk, flour, salt, and kerosene.
Empty containers always have residues and are a source of
exposure that can cause harmful effects to users.

Lack of awareness and knowledge regarding personal
hygiene and the unavailability of sanitary facilities increases the
risks of exposure to pesticides among both women and men.
People in rural areas do not get into the habit of washing their
bodies regularly, even after handling pesticides, because of the
scarcity of water. Laundry, including husbands’ contaminated
clothes, is usually done by women, which can be a source of
pesticide exposure for them and other family members. In
addition, shaking hands as a greeting behavior, the practice
(among women) of carrying babies with the hands, and eating
with the hands are common practices that increase the risk of
pesticide cross-contamination.

Farmers tend to try to avert reduced output of high-value
horticultural crops by overusing and misusing pesticides. They
also tend to use pesticides (sometimes in excessive or insuffi-
cient doses) that are unregistered, obsolete, restricted, or rec-
ommended for other crops. This could be due to farmers’ lack
of awareness or low-risk perception.’> Women sometimes
improvise pesticide application methods using perforated con-
tainers or bunch of leaves instead of spray guns or knapsack
sprayers, which seem to be too heavy and sometimes are costly.
These makeshift methods of application expose women to pes-
ticides and consequently affect their health.

As a study in the Philippines showed, the assumption that
only men are involved in pesticide use and management means
that women are not considered for training on pesticide haz-
ards and do not even receive pesticide-related information. A
result of this assumption is that women’s exposure to pesticides
is grossly underestimated.®

Pesticide Exposure and Possible Health Effects
Studies among women on associations between occupational
exposure to pesticides and health problems are scarce; one reason

is that the multiple factors that contribute to female fertility dis-
orders, a significant outcome of pesticide exposure, are difficult
to assess.8!

Acute studies have been able to link pesticide exposure and
adverse health effects such as dizziness, muscular pain, sneez-
ing, itching, skin burns, blisters, difficulty breathing, nausea,
and sore eyes. However, the major concerns in Tanzania are
chronic exposures that are linked to noncommunicable dis-
eases, such as reproductive impairment, diabetes, hypertension,
and cancer, which take a great toll on women as they continue
to face barriers to health care access when they are sick. Women
are especially at risk, for both biological and social reasons.
Pesticides are one of the causes of ill health, but there are no
studies in Tanzania that link pesticide exposure to women’s ill-
nesses. However, studies in other countries have linked pesti-
cide exposure to acute and chronic health effects.

In an attempt to map diseases afflicting women in horticul-
tural regions of Tanzania, we collected data on diseases reported
by women through the Tanzania Health Information
Management System (HIMS) in 2015 and computed preva-
lence of the diseases by horticultural region (see Table 3).
Among the diseases that were reported to occur most fre-
quently were upper respiratory infections, hypertension,
gynecological diseases, rheumatoid and joint diseases, preg-
nancy complications, skin infection, nonfungal bronchial
asthma, and diabetes mellitus. All these diseases were prevalent
in all horticultural production regions in the country. Other
diagnoses and ill-defined symptoms were also very frequently
reported. However, there was no explanation as to what consti-
tuted these categories. These findings underscore the need for
a well-designed and detailed study that will address instances
of pesticide use in these regions that have indicated the occur-
rence of health effects in humans.

We also found that other diagnoses and ill-defined symp-
toms are prevalent in all production regions. We think that
some of these could be attributable to pesticide exposure
because health care providers have been shown to lack the
capacity to diagnose and treat pesticide poisoning cases!®$2 and
would likely categorize pesticide poisoning as “other diagnoses
and ill-defined symptoms.” Unfortunately, in Tanzania, the
occupational health services are not yet integrated into primary
health care because of limited resources. By the nature of their
work, women receive treatment from primary health care pro-
viders whose clinical staft are unlikely to consider their occupa-
tions in diagnosis and treatment.” It must also be noted that
the women’s diseases data collected from HIMS have some
limitations. The HIMS groups are aggregated by age on the
basis of whether they are younger or older than 5 years, which
makes it difficult to determine the prevalence of diseases of
women who are supposed to be aged 18 years or older. Upper
respiratory infection was found to be highly prevalent, but it is
difficult to ascertain whether this elevated prevalence is in
young girls or in adult women. It is known that the disease is
very common in children. The data need to be aggregated in
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such a way that one could get a clear picture of the prevalence
of diseases among the adult women who are the subject of this
review.

When women are exposed to pesticides, their fetus or chil-
dren are also exposed through transplacental transfer or breast-
teeding, respectively. As a result of this exposure, a growing
fetus or child may suffer adverse health effects such as neu-
rodevelopmental disorders.®3 A number of studies have
reported adverse health effects on women exposed to pesticides
and their offspring (see Table 4).3493 Pesticide exposure has
been associated with menstrual cycle disturbances, reduced fer-
tility, prolonged pregnancy, spontaneous abortion, stillbirths,
and developmental defects, which may or may not be due to
disruption of the female hormonal function.”* In the case of
Tanzania, pregnancy complications reported among the dis-
eases in horticultural areas could be related to pesticide expo-
sure. Associations between working on flower farms and
experiencing reproductive problems such as spontaneous abor-
tion and prolonged pregnancy have been explored. In a study
done in Ecuador, Handal and Harlow?® showed that the likeli-
hood of a report of spontaneous abortion was 2.6 times greater
among female flower farmworkers than among other women.
Spontaneous abortions and irregular menstrual flow have been
reported by women as common disorders due to exposure to
pesticides. Bretveld et al® studied women in the Netherlands
working in flower greenhouses where large amounts of pesti-
cides such as abamectin, imidacloprid, methiocarb, deltame-
thrin, and pirimicarb were routinely used. The researchers
reported that the risk of spontaneous abortion among these
women was increased 4-fold. Meta-analyses conducted to
assess potential adverse effects on reproduction showed a
pooled estimate of a 2.24-fold increase in spontaneous abor-
tion; figures of 1.31 for birth defects and 1.49 for premature
infant birth were found among women with a history of work-
ing on flower farms. A study conducted in Denmark by
Jorgensen et al?? found a slightly increased risk of cryptorchid-
ism in sons of maternal horticultural workers and farmers. It is
therefore important to better understand pesticide exposure
and health effects in women so that both women and their
offspring can be protected.

An epidemiological study conducted by McLean et al®? in
New Zealand revealed an association between leukemia and
pesticide exposure, particularly among women working in hor-
ticulture. In the above-cited study in Denmark conducted by
Jorgensen et al, women’s occupational exposure to pesticides
was associated with an increased risk that their children would
develop leukemia.”> Zahm and Ward® reported that families
of farmers have increased risks of neuroblastoma, nervous sys-
tem tumors, Hodgkin disease, and bone and brain cancers due
to long-term exposure to pesticide and pesticide residues.

Acute and chronic neurotoxicity, lung damage, respiratory
failure, asthma, and male infertility have been associated with
pesticide exposure.?297%8 Cancer,”12 aplastic anemia, and
blood dyscrasia have been associated with occupational

exposure to pesticides. Skin effects such as contact dermatitis
and allergic sensitization have been frequently observed in pes-
ticide workers after exposure to several pesticides.'® These
effects are believed to be related to the pesticides’ability to dis-
rupt the functions of certain hormones, enzymes, growth fac-
tors, and neurotransmitters and to induce key genes involved in
metabolism of steroids and xenobiotics.19 Diseases such as
skin infections, bronchial asthma, and diabetes reported in hor-
ticultural regions in Tanzania could also be pesticide related.

In the US Agricultural Health Study, wives of pesticide
applicators living and/or working in an agricultural region had
increased levels of thyroid disease compared with the general
population.’®* The increased incidence of thyroid disease in
these women was thought to be linked to their exposure to
various fungicides and organochlorine insecticides.!® In an
area of Brazil that has been shown to be heavily contaminated
with organochlorine pesticides, Freire et al'% found that there
was an increased prevalence of hyperthyroidism. There were
also sex-specific differences; for example, women showed
higher levels of thyroid hormones.

Workers in developing countries face many work-related
health problems resulting from exposure to pesticides used to
control pests and diseases. Both direct and indirect health effects
of pesticide exposure in humans have been documented.'>07
However, the magnitude of the environmental and health
effects from pesticide use in Tanzania is not fully recognized,
and several studies have found that women’s and children’s
exposure to pesticides is often underestimated.?%80.108

Final Remarks

Horticulture in Tanzania is mainly practiced by small-scale
farmers, with the most of the workers and employees being
women. Horticulture has transformed from subsistence to
commercial with increased use of pesticides. Women working
in horticulture are highly exposed to pesticide hazards due to
lack of knowledge, low-risk perception, and poverty. Thus, a
sex-sensitive educational programs targeting safety awareness,
proper use of pesticides, and implementation of personal pro-
tective measures would be necessary to decrease the pesticide
exposure risk of women farmers.”>1% Training of practicing
physicians and other health care professionals would also be
necessary in implementing occupational health care at primary
health care facilities in Tanzania and would improve diagnosis
of diseases related to pesticide exposure.

Sex-specific data on effects of pesticide use in horticulture
are limited, and women have not been the primary subjects of
occupational studies historically. The link between pesticides
and noncommunicable diseases in studies done in other coun-
tries has raised concern for Tanzanian women working in hor-
ticulture. Data from the HIMS do not adequately provide
information that would make it possible to establish links
between pesticide exposure and diseases affecting women in
Tanzania. However, a number of pesticides used in horticulture
in the country are suspected of causing chronic health effects,
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Table 4. Studies of the impact of pesticides on women and their offspring.

PUBLICATION YEAR OF POPULATION NATURE OF EXPOSURE CONCLUSION

PUBLICATION

Abell et al84

Bazylewicz-
Walczak et al8®

Bretveld et al8¢

Cohn et al®”

Dalvie et al88

Farr et al®®

Handal and
Harlow®°

Harari et al®'

Jorgensen

et al

McLean et al

2000

1999

2008

2015

2010

2004

2009

2010

2014

2009

Denmark: 1767 female members
of Danish Gardeners Trade
Union; 492 pregnant women
assessed

Poland: 51 women working in
gardening enterprises. Of these,
26 performed planting jobs in
greenhouses and were
occupationally exposed to
several organophosphates; 25
women were not exposed

Review of epidemiological
studies that found associations
between pesticide exposure and
reproductive effects that may
have been due to disruption of
the female hormonal function

Child Health and Development
Studies pregnancy cohort,
Alameda County, California,
1959 to 1967, and their adult
daughters

Women residents on farms in
Western Cape (South Africa)

Women living on farms in lowa
and North Carolina

Ecuadorian mothers with at
least one child who had lived in
the community at least 1 year

In northern Ecuador, an
intensive cross-sectional study
assessed children’s
neurobehavioral functions at 6-8
years of age

The risk of cryptorchidism
among sons of horticultural
workers and farmers in Denmark
was assessed

Population-based case-control
study of adult-onset leukemia
and occupation in New Zealand

Abbreviation: DDT, dichlorodiphenyltrichloroethane.

Workers in greenhouses
handling flower cultures,
spraying pesticides

Long-term exposure to
several organophosphate

Long-term exposure

Widespread DDT use in
the 1960s

Pesticide exposure
experienced at work and
from the environment

Exposures of interest
were lifetime use of any
pesticide

Occupational pesticide
exposure

Pesticide exposure
during the index
pregnancy

Pesticide exposure
during pregnancy

Occupational exposures,
including agriculture
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Female workers in flower greenhouses
may have reduced fecundability and
pesticide exposure may be part of the
causal chain

The exposed female workers were
characterized by longer reaction times
and reduced motor steadiness
compared with the unexposed workers.
Also, increased tension, greater
depression and fatigue, and more
frequent symptoms of central nervous
system disturbances were observed in
the exposed women compared with the
controls

Occupational exposure to pesticides
appears to have adverse effects on
female reproduction. Endocrine
disruptors that accumulate in the body
may eventually reach higher threshold
levels necessary for exertion of their
biological effects

This prospective human study linked
measured DDT exposure in utero to the
risk of breast cancer

More women with low cholinesterase
compared with normal levels (indicating
that they were highly exposed to
pesticides) had elevated levels of
fractional exhaled nitric oxide, indicating
the presence of lung inflammation
associated with asthma

Women who used probable hormonally
active pesticides had a 60%-100%
increased possibility of experiencing
long cycles, missed periods, and
intermenstrual bleeding compared with
women who had never used pesticides.
Associations remained after
occupational physical activity was
controlled for

The findings suggest a potential
adverse association between
employment in the cut-flower industry
and spontaneous abortion

The findings support the notion that
prenatal exposure to pesticides—at
levels not producing adverse health
outcomes in the mother—can cause
lasting adverse effects on brain
development in children

A slightly increased risk of
cryptorchidism in sons of maternal
horticultural workers and farmers was
found

Confirmed previously observed
associations between ever having been
an agricultural worker and elevated risk
of leukemia. The risk appeared to be
higher in women than in men
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some of which have been reported by women in the regions.
Therefore, we recommend that sex-specific studies be con-
ducted to assess diseases and pesticide exposure in horticulture
in Tanzania. The findings would, in turn, inform strategies at
the level of public policy to reduce the burden of occupational
health diseases that might be related to pesticide exposure in
the horticulture sector.
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