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Summary The use of wastewater in agriculture and aquaculture is widespread in many
developing countries, but limited information is available about the health hazards associ-
ated with this practice. To study the occurrence of skin ailments in relation to wastewater
use in agriculture and aquaculture, an open cohort of 636 adults aged 15—70 years living in a
wastewater-irrigated area in Hanoi, Vietnam, was followed by weekly visits for 12 months. A
nested case—control study with 108 case/control pairs was conducted to investigate possible
risk factors for skin ailments. The incidence rate of skin ailments was 32.5 episodes per 100
person-years at risk. Independent determinants of skin ailments included wastewater contact
in the past 7 days (odds ratio (OR = 2.74, 95% confidence interval (CI) 1.29—5.82), female gender
(OR = 2.48, 95% CI 1.06—5.76), fish farming-related jobs (OR = 3.47, 95% CI 1.27—9.50) and lack

of protective measures (OR = 2.24, 95% CI 1.21—4.12). It is likely that effective promotion of
personal protective measures and improved hygiene practices amongst wastewater users will
mitigate the risk of dermatological problems and will thus be of benefit to public health in
communities that rely on the use of wastewater for agricultural and aquacultural productions.
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. Introduction

ike many developing countries, the use of wastewater
n agriculture and aquaculture in Vietnam is a traditional
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ractice of economic importance. Beside the benefits for
gricultural and aquacultural productions and the liveli-
oods of farmers (Siebe and Cifuentes, 1995; Trang et al.,

006a; van der Hoek et al., 2002), wastewater use also poses
hazard to human health. Several studies have assessed the
ealth risks associated with wastewater use, especially the
isk of parasitic infections and diarrhoea (Blumenthal and
easey, 2002; WHO, 2006). Other important health problems
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Table 1 Water quality of Kim Nguu River and Red River in
Hanoi, Vietnam (as measured at the sampling point near Yen
So commune in August 2002)a

Parameter Kim Nguu River Red River

pH 7.5 7.8
Dissolved oxygen (mg/l) 0.5 5.3
Biological oxygen

demand (mg/l)
92.4 6.8

Chemical oxygen
demand (mg/l)

117.0 9.6

Ammonium (mg/l) 24.8 0.1
Chloride (mg/l) 71 21.3
Total coliforms

(MPN/100 ml)
4.3 × 105 6 × 102
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Incidence and risk of skin ailments amongst wastewater use

often mentioned by wastewater farmers are skin problems.
However, information about such risks is largely anecdotal
and previous studies (Devaux et al., 2001; Feenstra et al.,
2000) were often not specifically designed to assess risks
for skin problems associated with wastewater use or the
nature of these diseases and causative agents in wastewater.
Preliminary findings from a recent survey focusing on skin
problems among wastewater users in Phnom Penh, Cambodia
(van der Hoek et al., 2005), showed that wastewater farmers
had a much higher prevalence of skin problems than non-
wastewater farmers. As wastewater use is likely to increase
in the future owing to a worldwide shortage of groundwa-
ter together with a competition between the demands for
safe water and increasing use of water for irrigation in agri-
culture, there is a need for research into the possible link
between health problems and exposure to wastewater.

This article reports the findings of a population-based
nested case—control study in a Vietnamese community using
wastewater in agriculture and for fish production in order
to determine the occurrence of occupational skin ailments
among wastewater users and to assess the possible determi-
nants for this health problem.

2. Materials and methods

2.1. Study area

The study was conducted in Yen So commune (population
10 500), a periurban area southeast of Hanoi city that is

known for its intensive use of wastewater as a water and
nutrient source in agricultural and aquacultural productions.
Untreated household and industrial wastewater from urban
Hanoi is diverted to ponds and fields through pumping sta-
tions along a large wastewater canal (Kim Nguu River) and
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Figure 1 Study area in Hanoi, ind
MPN: most probable number.
a Values are monthly mean values.

hrough a system of distributing canals. The commune is
ivided by a dyke, which protects the city of Hanoi from
ooding, allowing only the western part of the commune to
e irrigated with wastewater (Figure 1). The eastern part
elies on water from the Red River (natural water) for irri-
ation because wastewater cannot be pumped across the
yke. Monitoring data on the water quality of both water
ources (National Environment Agency, unpublished data)
howed that the irrigation water from Kim Nguu River had
igher pollution levels than that of the Red River, with a
igh level of pollution with organic matters (Table 1). The

uality of wastewater did not meet the Vietnamese national
tandards for wastewater to be used for agricultural and
quacultural production purposes, with most water quality
arameters exceeding the specified limit values, whilst the

icated by the boundary line.



5

q
u

f
f
a
o
fi
f
a
l
e

2

T
t
w
b
p
s
v
o
t
l
a
p
f
t
1
t
o
t
i
I
f
i
o
e
a
t
o
i
6
u

2

A
b
l
s
e
s
1
i
t
d
i
a
t

f
i

r
s
i
a
b
m
b
t
t
n

w
a
t
o
p
i
a
t
p
s
d
o

2

D
a
U
t
r
e
e
s
a
e
r

t
a
a
t
m
u
≥
c
a
m
a
a
w
p
w
r

04

uality of the Red River water was satisfactory for domestic
se (Directorate for Standards and Quality, 2005).

Agricultural land on both sides of the dyke is leased to
arming households on a quota basis. Consequently, most
armers in Yen So commune are engaged in both wastewater
nd Red River irrigated farming systems. Approximately 80%
f the communal labour force is farmers mainly engaged in
sh farming, rice culture and vegetable cultivation, with fish
arming being a seasonal activity whilst rice and vegetables
re grown throughout the year. However, during agricultural
eisure outside the farming seasons, many farmers are also
ngaged in non-farming types of work.

.2. Study population and data collection

o collect household background information and to invite
he families to participate in a cohort study, 400 households
ere randomly sampled in a baseline study initiated in Octo-
er 2002 (Trang et al., 2006a). Information was collected on
ossession of certain properties, sources of water supply,
anitation and domestic animals for all households. Indi-
idual information such as gender, age and education was
btained from all household members. As the study aimed
o assess occupational health risk, in particular skin prob-
ems, of wastewater use in agriculture and aquaculture, only
dults residing in the surveyed households were invited to
articipate in a 1-year morbidity surveillance programme
rom 15 November 2002 to 14 November 2003. The selec-
ion criteria for inclusion into the cohort were those aged
5—70 years who were involved in some areas of agricul-
ural work (i.e. either fish farming, rice culture, or aquatic
r terrestrial vegetable cultivation), regardless of whether
hey had contact with wastewater or not. Both sexes were
ncluded. The follow-up cohort initially included 620 adults.
t was an open cohort where people could join or withdraw
rom the study at any time during the study period. Follow-
ng their enrolment, subjects were followed up until the end
f the study through weekly visits by trained local fieldwork-
rs. During the visits, information on the status of any skin
ilments (i.e. any skin problems or skin disorders), length of
he illness and residence status of the follow-up subjects was
btained. The information was recorded on a morbidity mon-
toring sheet for each subject. The study recruited a total of
36 adults who were followed for 218 628 person-days (days
nder observation).

.3. Nested case—control study

case—control study was nested in the prospective mor-
idity surveillance of the enumerated cohort. Owing to
ogistical reasons, data collection for the case—control
tudy started at the beginning of March 2003 until the
nd of the follow-up programme. The incidence density
ampling of cases and controls (Greenland and Thomas,
982) was applied with cases identified by the morbid-
ty surveillance and one control sampled per case at the

ime of case ascertainment. A case of skin ailment was
efined as a subject having a self-perceived skin problem
n the last 7 days prior to the day of weekly visits. Signs
nd symptoms included chronic itchiness or any skin irrita-
ion accompanied by itching, rash, scaling, red papules or
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ungal infection. Cases were verified by the fieldworkers’
nspections.

For every detected case of skin ailments, a control was
andomly selected from the cohort. Adults who did not have
kin ailments over the same period, staying in the commune
n the last 7 days, but not living in the same household
s the cases were eligible as controls. A case could later
ecome a control if the subject stayed free of skin ail-
ents in the preceding 4 weeks. Similarly, a control could
e selected as a case if he developed skin ailments within
he specified period, and a subject without the illness from
he cohort would be randomly sampled as a control for the
ewly emerged case.

A corresponding case—control questionnaire interview
as conducted with every identified case of skin ailments
nd controls. Data were collected on the characteristics of
he ailments and the history of exposure in the past week
f disease onset (for cases), or history of exposure in the
ast week of the day of interview (for controls). Exposure
nformation included the status of contact with wastewater
nd wastewater-related activities (i.e. activities involving
he use of or contact with wastewater), personal hygiene
ractices after the contact, use of personal protective mea-
ures and other possible risk factors such as contact with
iseased persons, contact with animals and sharing certain
bjects with cases.

.4. Data analysis

ata were entered into a Microsoft Access database and
nalysed with STATA 8 (Stata Corp., College Station, TX,
SA). Incidence rates of skin ailments were calculated for
he cohort over the follow-up period. The person-time at
isk was calculated as the observed days at risk between
pisodes, excluding the symptom-free days following an
pisode. By definition, an episode of skin ailment was a
equence of days with symptoms of any skin problem, sep-
rated by at least 7 symptom-free days from the previous
pisode. Poisson regression was employed to estimate the
ate ratio (RR) from incidence data.

An unmatched case—control analysis was performed for
he data from the nested case—control study. Initial bivari-
te analyses providing odds ratios (OR) were carried out for
ll explanatory variables to assess the effect of exposure
o wastewater and other potential risk factors on skin ail-
ents. These analyses were adjusted for gender and age

sing an indicator variable for age groups 15—29, 30—44 and
45 years. A level of significance of 0.05 presented by 95%
onfidence intervals (CIs) was selected for including vari-
bles in a multivariate model. Different logistic regression
odels were run for the major categories of exposure vari-

bles (Model A for general exposure applied to all cases
nd controls, Model B for people who had contact with
astewater, and Models C and D for hygiene practices among
eople who washed their body or hands/feet after having
astewater contact). To allow for cluster data derived from

epeated observations on the same subjects, i.e. those who

ere selected as a case or control more than once, the
eneralised estimating equations method (Liang and Zeger,
986) was applied in all analyses. The backward stepwise
pproach was applied for the multivariate regression analy-
es to reduce the models, as presented later.
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Table 2 Socioeconomic characteristics of the study house-
holds (N = 400) in Yen So commune, Hanoi, Vietnam,
2002—2003

Characteristic Proportion of
households (%)

Main sources of household income
Vegetable farming 76.3
Rice cultivation 73.0
Subsidiary crops 31.3
Husbandry 25.3
Animal practices 66.5

Houses of permanent and good
construction

79.0

Water supply from wells
Drilled tube wells 78.8
Dug wells 25.8

Hygienic (septic tank) latrines 48.5
Composted human excreta for

land application
34.5
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rash (42.6%), red papules (34.3%), skin chaps and debris
(32.4%) and unhealed wounds (16.7%). The skin symptoms
were found on several parts of the patients’ bodies such as
the extremities, back, head or face, but mostly occurred on
Fresh human excreta for land
and fishpond application

9.0

2.5. Ethical aspects

People participated in the study after verbal informed con-
sent and were free to join or withdraw from the follow-up
at any time during the study period. Ethical clearance for
the study was provided by the Medical Ethics Committee of
the National Institute of Hygiene and Epidemiology in Hanoi,
Vietnam.

3. Results

3.1. Incidence of skin ailments

During the 1 year of the follow-up study, 636 adults (median
age 39 years; 65.6% female; 73.9% involved in agricultural
work) were enrolled from the 400 households representing a
total of 1723 household members (51.7% female; age range
0—91 years). Table 2 summarises the socioeconomic charac-
teristics of these households. Skin ailments were reported by
141 subjects (22.2%), with a total of 192 episodes reported
during 216 054 days at risk. This yields an incidence of 32.5
episodes per 100 person-years at risk.

Apart from a high number of cases (38 cases) regis-
tered shortly after the start of the study in November 2002
and an increase in June 2003 (32 cases), there was no
marked variation in the incidence of skin ailments by calen-
dar month (Figure 2). The incidence rates differed between
age groups and gender (Figure 3). The highest incidence
(48 episodes per 100 person-years) was observed in the
oldest females, compared with 16 episodes per 100 person-
years in the youngest (RR = 3.0, 95% CI 1.70—5.28). For the

male cohort, a slightly higher, but insignificant (P > 0.05),
incidence was seen in the group aged 15—29 years com-
pared with the older groups. The incidence in women was
higher than men (RR = 2.02, 95% CI 1.46—2.49, adjusting for
age).

F
m
S

igure 2 Monthly incidence of skin ailments in 636 adults
eported during 216 054 days at risk in Yen So commune, Hanoi,
ietnam, 2002—2003.

.2. Characteristics of skin ailments

f the people with skin ailments reported during the surveil-
ance period, 43 people experienced more than one episode.
he median duration was 7 days (range 1—64 days). The
ajor self-reported symptom was itching (67.2% of the skin

pisodes), which was often accompanied by skin chaps,
ebris, light ulcer or red papules. Self-perceived skin allergy
as reported by 45 persons and was believed to be an aller-
ic response after contact with external agents such as
ater, foods, pesticide and pollens. In particular, 29/45 sub-

ects with skin allergy (of which 24 subjects were included
n the nested case—control study) reported that their con-
itions occurred during the rice harvest season when they
ere in contact with rice pollens.

The case—control study of skin ailments provided an
nsight into the symptoms and localisation of dermatolog-
cal problems. Of the 108 cases of skin ailments included in
he nested case—control study, 98 cases (90.7%) had itchy
ymptoms, either mild or severe. Other symptoms included
igure 3 Age group and gender-specific incidence of skin ail-
ents in 636 adults reported during 216 054 days at risk in Yen

o commune, Hanoi, Vietnam, 2002—2003.
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he hands (37.1% of the cases) and feet (27.8%), especially
he skin areas between the fingers and toes. Twenty-one
f the 32 cases with skin conditions appearing on the body
29.6% of the cases) were associated with skin allergy or
acterial infections (boil).

.3. Risk factors for skin ailments

he case—control study for skin ailments recruited 108 cases
nd 108 controls. Twelve subjects were selected twice as a
ase and one subject three times, whilst one subject was
elected twice as a control.

.3.1. General risk factors for skin ailments—–Model A
able 3 summarises the results from the bivariate (age- and
ender-adjusted) and multivariate (reduced model) analy-
is. Contact with wastewater was a strong risk factor for
kin ailments. Jobs related to fish culture such as fish har-
est and fish selling were found to be significantly associated
ith skin problems. There was no difference in skin ailments
etween people engaged in fish harvest and fish selling
P > 0.05). Similar to the incidence results, gender remained
significant risk factor, with female gender being strongly

ssociated with the risk of skin ailments.
The absence of personal protective measures when peo-

le worked in the fields or fishponds increased the risk of skin
ilments. Specific investigations into the different types of
rotective measures used by farmers revealed that this risk
ould be reduced by wearing long stockings only (OR = 0.22,
5% CI 0.07—0.68), boots (OR = 0.69, 95% CI 0.40—1.21) and
loves (OR = 0.28, 95% CI 0.13—0.62). However, when fitted
nto the multivariate model, these factors were eliminated
uring the stepwise analysis. The main reasons stated by the
armers for not protecting their extremities were discomfort
r dislike of the measures, as claimed by 85 subjects (39.4%).

Several exposure variables, including contact with people

aving skin diseases, sharing personal objects with patients
nd contact with domestic animals, were not associated
ith an increased risk of skin ailments (data not shown).
ther potential confounders, such as educational levels
nd socioeconomic status (reflected in the possession of

a
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m

Table 3 Risk factors for skin ailments among farmers in Yen So c
cases and 108 controls)

Variable Case n (%) Control n

Contact with wastewater 95 (88.0) 74 (68.5)
Fish farming-related jobs (fish

harvest or fish selling)
26 (24.1) 14 (13.0)

Not using any protective measures 66 (61.1) 43 (39.8)
Female gender (adjusted for age) 81 (75.0) 75 (69.4)
Age groupsc (adjusted for gender)

30—44 years 60 (55.6) 47 (43.5)
≥45 years 37 (34.3) 38 (35.2)

OR: odds ratio.
a Age- and gender-adjusted ORs from initial bivariate analysis (pertain
b ORs from the reduced logistic regression model with the generalised
c Referent group was the subjects aged 15—29 years.
D.T. Trang et al.

ousehold items such as motorbikes, refrigerators, drilled
ells and hygienic septic latrines), which were obtained in

he baseline study (Trang et al., 2006a), were not associated
ith skin ailments (data not shown).

.3.2. Risk factors for skin ailments among people who
ad contact with wastewater—–Model B
ivariate and multivariate analyses were performed for the
ubjects who had contact with wastewater in the past week
f the onset of skin ailments (95 cases) and the day of inter-
iew (74 controls). The results are presented in Table 4. The
se of wastewater for a purpose other than irrigating gar-
ens or fields was associated with an increased risk of skin
ilments. Other specific agricultural activities involving con-
act with wastewater such as crop harvest (including rice or
egetables), weeding, transplanting and pesticide spraying
ere not associated with skin ailments. Fish harvest from
astewater-fed ponds was associated with the risk of skin
ilments at the bivariate analysis stage, but was dropped out
f the reduced model. Wastewater from the main canal (Kim
guu River) as the major wastewater source was a strong risk
actor for skin ailments.

Information on the length of daily contact with wastew-
ter was obtained for each day within the past week prior
o the onset of the skin problem or the day of control inter-
iew (Days 0—6). Longer time of wastewater contact (>2 h
er day) from Day 2 to Day 6 was significantly associated with
he risk of skin ailments, adjusted for age and gender (data
ot shown). A categorical variable of the total contact hours
ith wastewater was generated from the reported lengths

or Day 2 to Day 5. Data for Day 0 and Day 1 were omitted
rom this sum of contact hours because of short exposure
urations, as were the data for Day 6 because a consid-
rable number of subjects could not remember how long
hey were exposed to wastewater. In comparison with peo-
le having <4 h contact with wastewater during the 4-day
eriod, the effects of total time in contact with wastew-

ter were much greater in people with contact lengths of
—7 h, 8—11 h and ≥12 h (ORs = 1.33, 4.74 and 6.37, respec-
ively). These effects were independent of age and gender.
hen controlled for other variables in the multivariate
odel performed for the subjects exposed to wastewater

ommune, Hanoi, Vietnam, 2002—2003 (Model A including 108

(%) ORa 95% CI ORb 95% CI

3.20 1.56—6.56 2.74 1.29—5.82
5.01 1.92—13.06 3.47 1.27—9.50

2.49 1.40—4.42 2.24 1.21—4.12
1.06 0.57—2.00 2.48 1.06—5.76

2.56 1.10—5.95 3.44 1.32—9.00
1.98 0.82—4.76 2.64 0.98—7.12

ed to the first three variables).
estimating equations method.
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Table 4 Risk factors for skin ailments among people who had contact with wastewater, Yen So commune, Hanoi, Vietnam,
2002—2003 (Model B including 95 cases and 74 controls)

Variable Case n (%) Control n (%) ORa 95% CI ORb 95% CI

Using wastewater exclusively for
other purpose than irrigation

72 (75.8) 41 (55.4) 2.99 1.51—5.92 2.20 1.03—4.69

Main canal as the major source of
wastewater

74 (77.9) 41 (55.4) 2.88 1.46—5.66 3.45 1.55—7.69

Not washing body after contact
with wastewater

38 (40.0) 12 (16.2) 3.34 1.60—6.98 3.26 1.42—7.47

Not washing hands/feet after
contact with wastewater

16 (16.8) 3 (4.1) 4.38 1.29—14.85 4.06 1.12—14.69

Total hours of contact with wastewaterc

4—7 h 18 (18.9) 27 (36.5) 1.33 0.47—3.73 0.71 0.24—2.12
8—11 h 25 (26.3) 12 (16.2) 4.74 1.58—14.23 3.46 1.06—11.29
≥12 h 45 (47.4) 17 (23.0) 6.37 2.20—18.40 3.14 1.03—9.59

OR: odds ratio.
a Age- and gender-adjusted ORs from initial bivariate analysis.
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b Age- and gender-adjusted ORs from the reduced logistic regress
c Referent group was the subjects with length of wastewater cont

(Model B), the association between the number of hours with
wastewater contact and the risk of skin ailments remained
significant, especially in the people having >8 h of contact
during the 4-day period (Table 4). Results from the reduced
Model B also showed that personal hygiene practices had
strong impacts on the risk of skin ailments. People who
did not wash their body, hands or feet after contact with
wastewater were at increased risk for skin ailments.

3.3.3. Risk factors for skin ailments among people with
hygiene practices after wastewater exposure—–Models C
and D
In a subset of individuals who washed their body after
wastewater exposure (Model C including 57 cases and
62 controls), frequent body washing (OR = 0.46, 95% CI
0.21—1.0) and use of soap for body washing (typically at
home) (OR = 0.46, 95% CI 0.19—1.11; P = 0.08) tended to
protect against skin ailments. However, when fitted in the
multivariate model (Model C), these variables were no
longer significant.

In another subset of individuals who cleaned their hands
and feet with water after wastewater exposure (Model D
including 79 cases and 71 controls), reduced risks of skin
ailments were significantly associated with frequent wash-
ing (OR = 0.31, 95% CI 0.13—0.73) and using clean water from
drilled tube wells (OR = 0.12, 95% CI 0.04—0.38). The use of
water from shallow-dug wells also reduced the risk of skin
ailments, but the difference was only significant at P < 0.1
(OR = 0.25, 95% CI 0.06—1.07; P = 0.061). Washing with water
from local ponds that are usually fed with diluted wastewa-
ter or rain water tended to increase the risk of skin ailments,
however it was not significant at the stage of univariate
analysis (crude OR = 1.75, 95% CI 0.95—3.55).
To separate the exposure to rice pollen as a possible cause
of skin ailments from the effects of other risk factors, in par-
ticular the impact of wastewater, the multivariate models
were also fitted after the exclusion of 24 cases with aller-
gic reactions. The results remained essentially the same,

t
2
m
w
m

odel with the generalised estimating equations method.
4 h during the 4-day period (from Day 2 to Day 5).

ith all variables of the reduced models being significant at
< 0.05 (Model A) and at P < 0.1 (Models B and D) (data not

hown).

. Discussion

necdotal reports indicate that irritations and ailments
f the skin are common health problems described by
astewater farmers in different countries. The present

tudy is to our knowledge the first prospective study assess-
ng the incidence of skin ailments and the associated risks
actors in a cohort of farmers working in wastewater-fed
griculture and aquaculture. The nested case—control study
s a commonly used approach in occupational epidemiology
Rothman and Greenland, 1998) for its efficiency in the
ollection of additional exposure data than what is readily
vailable from baseline records of the cohort, especially
hen the exposure was transient, whilst taking the merits of
cohort study such as well defined study base, case findings
nd incidence estimates. Through this nested case—control
esign with density sampling, we found that people who
ere exposed to wastewater had a higher risk of skin prob-

ems than those who were not exposed. This was similar
o the findings in Phnom Penh (van der Hoek et al., 2005)
here wastewater farmers had a higher prevalence of skin
iseases than non-wastewater farmers (22% vs. 1%). In con-
rast, in a community-based study in a periurban settlement
f a small town in Pakistan, Feenstra et al. (2000) reported
lower prevalence of skin problems in the farmers exposed

o wastewater (3.0% vs. 5.8%), although the difference
as not significant (OR = 0.51, 95% CI 0.20—1.32) and the
revalence of skin diseases was rather low in both groups.
ince the wastewater used for irrigation in the small rural

own in Pakistan was exclusively domestic (Feenstra et al.,
000) and therefore most likely polluted mainly with faecal
atters, it could be speculated that the health impact of
astewater of both domestic and industrial origins in Hanoi
ay be greater. The wastewater in Hanoi contained, in



5

a
a
m
c
w

a
a
i
2
o
a
t
e
v
o
p
t
a
a
e
m
h
t
r
p
h
d
e
1
f
p
t
a
a
o
o

c
i
h
e
l
b
l
w
c
l
t
c
s
e
f
i
s
a

g
e
g
c
t

e
O
b
c
s
b
s
p
e
l
s
w
e
e
d
N
p
i
s
w
l
p

c
f
i
o
l
d
h
p
r
r

e
t
t
a
i
w
w
v
f
h
i
f
f
w
c
i

t
t
o
a
p
b

08

ddition to microbial contamination, a mixture of hazardous
gents such as toxic chemicals. Such chemicals may be
ore likely to irritate the skin of the exposed people and

ause more problems to the local farmers compared with
astewater with no or little industrial contamination.

Irritant contact dermatitis, which is a skin disorder
ppearing following the direct action of irritants on the skin
t the place of contact, is commonly found among people
nvolved in ‘wet work’ (Alberti et al., 1999; Held et al.,
002; Jungbauer et al., 2004). The term ‘wet work’ refers to
ccupations that require long-day exposure to water and the
gents contained in water. Water can be an external irritant
o the skin (Tsai and Maibach, 1999) and prolonged water
xposure may cause clinical signs such as scaling, redness,
esicles, pustules and erosion (Alberti et al., 1999). Most
f these signs were found in the skin cases recruited in the
resent case—control study, with nearly 90% reporting a his-
ory of contact with wastewater in the previous week of skin
ilment onset. In our study, wastewater contact came from
wide range of agricultural activities that required differ-

nt levels of body exposure, with feet and hands being the
ost exposed body parts. It has been shown that exposure of

ands to water was associated with irritant contact dermati-
is (Held et al., 2002). In addition, wastewater, especially
aw and preliminary-treated wastewater, harbours many
athogens and toxic chemicals that can cause different
ealth problems, including gastrointestinal and respiratory
iseases, as well as ear, eye and skin ailments (Devaux
t al., 2001; Feachem et al., 1983; Scarlett-Kranz et al.,
987; Siebe and Cifuentes, 1995). It was impossible to dif-
erentiate between skin problems caused by chemicals and
athogens and we did not know to what extent the skin reac-
ions or damage were a result of a combined action of these
gents. However, pathogens and chemicals in the wastew-
ter could accelerate the occurrence of new skin problems
r worsen existing damage, as shown by the current finding
f repeated episodes of skin ailments in 43/141 subjects.

It is noteworthy that 24 cases recruited in the nested
ase—control study reported erythema and itching appear-
ng in different body parts after spraying pesticides or
arvesting rice. A number of follow-up subjects who were
xcluded from the risk factor analysis also reported simi-
ar symptoms during the rice harvest season, which might
e caused by exposure to airborne agents such as pol-
ens. Although mainly the feet of farmers were exposed to
astewater during rice harvest, and this exposure might pre-
ipitate allergic reactions, it is likely that it might be of
ess importance compared with exposure to airborne par-
icles (e.g. pollens or aerosols) as the causes of allergic
ontact dermatitis (Sherertz, 1999). When the subjects with
ymptoms compatible with allergic contact dermatitis were
xcluded, wastewater exposure still remained a strong risk
actor. Nevertheless, further studies should be undertaken
f the relative importance of airborne particle exposure ver-
us wastewater exposure is to be elucidated as causes of
llergic contact dermatitis or other skin ailments.

Our results show that the use of protective footwear and

loves could reduce risks for skin problems among farmers
ngaged in wastewater activities. Other studies have sug-
ested that such measures and improved personal hygiene
ould reduce risks for wastewater-related diseases, in par-
icular parasitic infections (Ensink et al., 2005; Feenstra

e
d
w
S
1
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t al., 2000; Trang et al., 2006b, van der Hoek et al., 2005).
ne of the reasons that farmers did not want to use rubber
oots was that available models were stiff and impracti-
al for fieldwork. However, following the completion of our
tudy new types of thin, flexible and inexpensive rubber
oots and gloves are increasingly used by farmers in the
tudy area. This development is likely to reduce their skin
roblems. Additional studies are yet needed to assess, for
xample, to what extent the use of textile stockings and
ong/sleeved gloves can lower skin problems. The present
tudy also suggests that washing of body parts exposed to
astewater could significantly reduce skin ailments. The
xposure information on hygiene behaviour as well as other
xposure variables was collected during interviews, and
irect observations would have supported the conclusions.
evertheless, the study stressed the importance of hygiene
ractices, and thus the cleaning of hands and feet follow-
ng wastewater exposure should be promoted to farmers. It
hould be noted that cleaning extremities with water from
ells, but not with pond water, lowered the risk of skin prob-

ems, which may be explained by a generally higher level of
ollution of pond water that was fed with wastewater.

Among the various types of work involved in wastewater
ontact, fish harvest and fish selling were independent risk
actors for skin ailments. The nature of these jobs could
tself explain their heavier exposure to wastewater than
ther occupational categories. Fish harvest involves pro-
onged wastewater exposure of most of the body during the
ragging of fish nets, whilst fish selling requires long-term
and or arm contact with water to keep the fish alive and to
rocess the fish. Saw et al. (2001) also found an increased
isk of dermatitis among villagers who fished in the river that
eceived the village sewage.

The significantly higher risk of skin ailments for females,
specially those of middle age, was likely due to the fact
hat female farmers were more highly exposed to wastewa-
er than their male counterparts. Females in the commune
re more attached to the daily fieldwork (e.g. weed-
ng, manure application, pesticide spraying or watering),
hereas men mainly provide significant inputs to heavier
ork during time of land preparation, transplanting or har-
est of fish and rice. Consequently, females had a higher
requency of exposure to wastewater than males, hence
aving a higher risk of wastewater-related diseases, includ-
ng parasitic infections (Trang et al., 2006a). Another reason
or the higher risk in females could be the larger number of
emale participants in the follow-up cohort and their greater
illingness to report skin problems or to participate in the
ase—control interviews. This may also influence the higher
ncidence rate of skin ailments in females.

Owing to a limited number of longitudinal studies on
he incidence of skin diseases, it is difficult to compare
he rates of skin ailments in the present study with
ther studies. Available studies that have assessed the
ssociations between wastewater exposure in agricultural
ractices and skin diseases (among other health risks) have
een cross-sectional studies (Devaux et al., 2001; Feenstra

t al., 2000). The majority of studies reported risks for
iarrhoea and parasitic infections in communities working
ith wastewater (Blumenthal et al., 2001; Bouhoum and
chwartzbrod, 1998; Cifuentes et al., 2000; Fattal et al.,
986; Feenstra et al., 2000; Shuval et al., 1989). The
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extensive reviews by Shuval et al. (1986) and Blumenthal
and Peasey (2002) on the existing studies that addressed the
different health effects of wastewater use in agriculture, or
even the new guidelines of the WHO (2006) for wastewater
use in agriculture, did not mention skin diseases as the
consequence of exposure to wastewater. The most reported
health effects of wastewater use in agriculture have so far
been gastrointestinal diseases and infections of consumers
from wastewater irrigation of crops eaten uncooked, or
agricultural workers and their families from direct con-
tact with wastewater, and populations living near field
sprinklers irrigated with wastewater. In other studies that
assessed skin diseases, skin problems have typically been
studied as a health risk for sewage treatment plant workers
(Scarlett-Kranz et al., 1987; Thorn and Kerekes, 2001) or
recreational swimmers in low-quality water (Fleisher et al.,
1996), or as dermatological problems in population studies
(Figueroa et al., 1998; Gibbs, 1996; Saw et al., 2001) and
in occupational health surveys (Jungbauer et al., 2004).
Additionally, different from the community-based studies
(Figueroa et al., 1998; Gibbs, 1996) in which socioeconomic
characteristics (such as housing conditions and density)
were commonly found as risk factors for skin diseases, our
study did not detect any association between skin ailments
and the effects of socioeconomic status.

The present study has some limitations. The 1-year
surveillance programme was made up of weekly visits with
repetitive interviews on the occurrence of skin ailments.
Some participants in the cohort found such weekly visits a
‘nuisance’. In addition, no benefits or compensations were
provided to the study subjects. Thus, some subjects were
not co-operative and refused to report their morbidity sta-
tus, especially as the study went on. As a result, there
were higher numbers of reports during the first few months
than the final months of the follow-up. This might be due
to a reporting bias because of the initial enthusiasm to
participate as well as unacquaintance with the study def-
initions at the beginning of the programme. Nevertheless,
the case—control study only recruited cases emerged from
March 2003 when the monthly reporting was rather stable.
Therefore, the risk factor analysis was not really impacted
by the reporting bias occurring at the beginning of the study.

Our study also relied on recall interviews and, together
with underreporting problems, this may have underesti-
mated the true morbidity in the community. Furthermore,
the recruitment of cases was based on self-perceived
symptoms combined with verification by fieldworkers. A sub-
sequent standard physical examination by a dermatologist
could have improved the precision of the study and allowed
a determination of risk factors for specific diagnoses.

5. Conclusion

Through a case—control study nested in a morbidity surveil-
lance programme, we showed that contact with wastewater
(e.g. in fish culture), lack of personal protective mea-

sures, female gender and inadequate personal hygiene
were independently associated with the risk of skin ail-
ments in farmers. While proper treatment of wastewater
in Vietnam is yet to be attained, farmers should be encour-
aged to use personal protective measures while working in
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astewater-irrigated fields and ponds. At the same time,
mproved hygiene behaviours should be promoted in
ommunities engaged in wastewater-fed agriculture and
quaculture, thus benefiting general public health. Further
tudies are warranted to understand the nature of waste-
ater-related skin diseases and their possible risk factors.
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