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ABSTRACT

The low coverage of drinkirnvater in the West Kalimantan-Indonesia region because of the limited

ilability of decent water as a source of drinking water is the main trigger for the community to
use rainwater as a source of drinking water. The way of storing rainwater through zinc roofs and
environmental pollution conditions results in rainwater being a health concern for the community
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Key Words: because of the content of Plumbum (Pb). In this study, the characteristics of rainwater in the West
Plumbum (Pb) Kalimantan region were investigated from rainwater collected by people from homes with zinc roofs.
Rainwater Rainwater samples from the collection results were analysed for the presence of Plumbum (Pb). The
Zinc roof impact of consuming rainwater is carried out by blood Pb examination. The main problem can analyse

the existence of Plumbum (Pb) in rainwater against the content of Plumbum (Pb) in the blood. The
results showed that there was a correlation of Pb content in rainwater with Pb content in the blood of

Community blood
Drinking water

N people who consumed rainwater as water drink (p=0.001).

INTRODUCTION

Freshwater is al:adant in the tropics, especially Indonesia,
and can be used as a source of clean water and drink for the
community. It is only about 20% of the 200 million people
who have access to Regional Water Companies (PDAMs)
(Peniwati & Brenner 2008). The rest use water sources that
are not processed by Regional Water Companies, such as
surface water and rainwater. Along with population growth,
which is getting higher with increasingly poor environmen-
tal quality, results in high pollution of surface water and
the community uses rainwater as a source of drinking water
(Resosudarmo 2003, Wilopo et al. 2013).

Rainwater naturally has good quality physically, chemi-
cally and biologically except that its mineral content is low,
Environmental conditions that are getting worse due to air
pollution in the Industrial era can pollute rainwater (Water
et al. 2017). These contaminants come from transportation,
industry, and land burning activities, which often occur in
the dry season (Afroz et al. 2003, Colvile et al. 2001, Harri-
son et al. 2009, Sastry 2002). Indonesia is a land area with
peatlands with distribution in Sumatra, Kalimantan as a
trigger for fires (Tacconi et al. 2007).

Characteristics of tropical communities that use roofs
having zinc as roofs have their own risk of Pb content in
rainwater (Meera & Ahammed 2018). Zinc roofs are made
up of zinc metal using Pb coating as stainless. Due to the
presence of air pollutants such as COx, SOx and NOx the

rainwater becomes acidic and corrosive to metals (De la
Fuente et al. 2007). In addition, contamination from burn-
ing fuel oil can result in Pb pollutants. Low pH of rainwa-
ter due to acid rain will increase the solubility of metals in
water, so it will be riskier if the water is consumed (Chuan
et al. 1996).

Pb content in rainwater aside from the zinc roof used
to hold rainwater also occurs due to Pb exposure from the
environment outside the zinc roof, for example, industrial
activities, motor vehicle emissions, burning of agricultural
land (peat), burning of charcoal and other materials (Sun
et al. 2004, Al-Masri 2006). Furthermore, pollutants of Pb
particles, especially organic Pb (tetraethyl lead and tetrame-
thyl lead) in the air decompose rapidly due to sunlight. Tet-
ra ethyl-Pb will decompose into triethyl-Pb, diethyl-Pb and
mor@Rthyl-Pb with the help of rainwater to become crystals
and easily dissolve in water, and then enter into Rainwater
Shelter (PAH) and used as a source of drinking water for
the @@mmunity (Zhang et al. 2015)

rom several studies, the effects of long-term lead have
been linked to various forms of cancer, nephrotoxicity, cen-
tral nervous system effects, and cardiovascular disease in
humans. Drinking water has a widely known metal expo-
sure pathway. So that the risk as early as possible needs to
be known before an acute effect occurs (Ryan et al. 2000).
Detection of Pb exposure can be done through blood tests
by comparing with the standards set by WHO (Edwards et
al. 2009).
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MATERIALS AND METHODS

Research Methods

This study uses analytical obsel‘vati(l methods. With the
aim of analysing the utilization of rainwater as a source
of drinking water that passes through the roof of zinc to
the content of blood Pb in the people of West Kalimantan,
Indonesia. The study design used was cross-sectional. The
number of research samples were from 40 houses. The re-
search was conducted through three research objectives,
namely knowing the Pb content in rainwater that passes
through the zinc roof, the Pb content of the blood levels of
that consume rainwater, and to analyse the risk of exposure
to Pb of rainwater that is passed through a zinc roof with
the content of Pb in the blood of the community of West
Kalimantan, Indonesia.

Study Site

Samples come from the tv.nargeted areas in the West Kali-
mantan region, Indonesia to represent urban and rural are-
as, namely Pontianak nly and Kubu Raya Regency. Urban
areas were chosen by two target locations, namely Siantan
Hulu and Central Siantan ]ntricts, Whereas Kubu Raya
Regency is taken from the locations of Limbung Village
and Arang Limbung Village. This research was conduct-
ed for 12 months from Jan?y to December 2016. This
study was appr¢@®d by the Ethics Committee for Health
Research at the Ministry of Health Polytechnic Makassar
(303/ KEP-PTKMKS/VII) and informed consent was giv-
en directly to the respondents to get approval and partic-
ipation in this study. Rainwater samples were taken from
homes with zinc roofs and rainwater storage was used as a
source of random drinking water. Rainwater samples were
taken with a 0-20 minute rain interval of 2.5 litres of rain.
A blood sample of 5 mL was taken from the occupants of
the house whose duration of residence was longest at home
with the consumption of the most drinking water from rain-
water. The collected samples were processed and stored for
brewing to the laboratory. Decision in research participa-
tion were voluntary.

Sample Analysis

Pb analysis in water was carried out using atomic absorp-
tion spectroscopy (AAS). Standard solutions were ana-
lysed using AAS and followed by empty solutions and
sample solutions (urine and blood). The measurement re-
sults of atomic absorption were recorded and calculated
to obtain Pb concentration in the sample solutions (Bai
et al. 2015, Islam et al. 2016). Blood lead measurement
uses a voltammetric stripping technique (Ahmad et al.
2014).

Khayan Khayan-Taufik Anwar-Slamet Wardoyo

Data Analysis

931& were processed by computer programs and analysed
escriptively and analytically. Correlation test was used to
analyse the relationship between exposure to rainwater Pb
d Pb in the blood of people who consume rainwater as
rinking water, to see the strength of the relationship car-
ried out by looking at the value of r (Hedberg et al. 2011).

EESU LTS

1

From the results of Pb examination in rainwater that was used
by the people of West Kalimantan with four target locarins,
the study showed that rainwater used by the community as a
source of drinking water was positive for the existence onb.
The Pb is caused by the way the community keeps using zine
roofs and is aggravated by air pollution. The Pb level of rain-
water in West Kalimantan has a mean of 137.55 pg/L with
the highest distribution being in urban areas namely Upper
Siantan and Central Siantan (201.34; 220.40 pg/L) compared
to rural areas (56.57; 71.87) (Fig. 1a).

From testing blood samples taken from the people who
consume rainwater, it shows that Pb in their blood is still at
the permissible limit of = 40 pg/dL. Lead levels in the blood
of people who consumed rainwater as drinking water had
an average of 21.79 pg/dL of drugs with the highest blood
Pb in urban areas 27.48 pg/dL compared to rural areas of
16.11 pg/dL. The urban and rural areas are each represented
by two target regions (Fig. 1b).

Table 1: Relationship of Pb levels in water with blood Pb.

Pb in Blood
Pb in Water garsnn Correlation 6747
Sig. (2-tailed) 000
N 40

*% Correlation is significant at the 0.01 level (2-tailed).

From the examination, it was shown that the people who
consumed drinking water came from rainwater, which was
accommodated through zinc roofs which tended to liive high
blood lead levels. Test statistic obtained the value of §$£0,001.
There is a correlation between Pb levels in rainwater con-
sumed with blood levels of Pb blood. The relationship has a
strong and positive rﬁlionship (r=0.67) (Table 1). From the
regression equation, it can be seen that the higher the Pb of
rainwater, the higher the blood Pb of the community. Regres-
sion results from this study are shown in Fig. 2.

DISCUSSION

West Kalimantan region, Indonesia is a region that has a
tropical climate with the intensity of rain throughout the
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a. Pb content in rainwater is utilized by the community

months. The abundant amount of rain in addition to the
quality of surface water and poor soil triggers the commu-
nity to use rainwater as drinking water (Kido et al. 2009).
From the research conducted, the quality of rainwater which
is considered by the community as good quality turns out to
have a high lead content of 137.46 pg/L. Urban areas with
higher levels of Pb in rainwater are higher than rural areas
because urban areas have higher pollution levels than rural
areas.
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The inclusion uf% in rainwater is caused by the pres-
ence of Pb contamination in the air from natural and human
activities. Natural activities, for example are from Mount
Merapi explosions and land fires. Non-natural sources or
human activities are such as lead emissions from industrial
and transportation activities (Zhang et al. 2015). Because
of the use of leaded fuel, car and motorcycle vehicles are
the main sources of lead (Pb) emissions in the air. Lead
emission (Pb) released in the ambient air will be bound by
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Fig. 2: Linear PB in rainwater and blood Pb.
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the simultaneous decrease in rainwater. Rainwater whose
natural conditions do not contain lead can be polluted by
lead (Pb) (Khayan et al. 2017).

Natural activities and human activities in addition to
causing lead contamination (Pb), also cause other contami-
nating gases such as COx, NOx, and SOx which cause acid
rain and increase the solubility of lead (Pb) in rainwater
(Wondyfraw et al. 2014). Acidic rainwater is corrosive to
metal roofs such as zinc roofs. Zinc roof is the roof of the
house in the manufacturing process using a layer of lead
(Pb). Acid rain causes the zinc roof to be corrosive and re-
lease Pb in the water flowing above it (Knotkova 1992).

The impact arising from consumption of rainwater con-
taining [gJgh Pb results in high blood Pb levels in the com-
munity. This can be seen from the measurement of blood Pb
levels in people who oxidize rainwater. There is a tendency
between the high ¢fjposure of Pb of rainwater and the high
Pb of the blood of people who use rainwater as a source of
drinking water. The statistical test results showed a signif-
icant correlation (p<0,001), with a moderate strength (r =
0.4) between the high concentration of Pb of rainwater and
the amount of Pb content in the blood of the community.

The impact of lead exposure depends on how much lead
(Pb) is exposed in the body. Lead (Pb) is a metal that is
toxic to humans, which can enter the body through oral (di-
gestive), such as food or drinking water consumed. Besides
having toxic properties, Pb metal has cumulative proper-
ties in the body (Wani et al. 2015). Lead (Pb), which enters
the body will be distributed throughout the body through
the blood and accumulates in the bones and soft tissue will
cause chronic toxicity. Lead (Pb) can cause neurological,
liver, kidney, haematological, circulatory, immunological,
reproductive, growth, hearing, gastrointestinal and cardio-
vascular disorders (Zhang et al. 2015). Pb concentrations
more than 50 pg/dL can interfere with the production of
haemoglobin even though the blood Pb of the community
is still below the standard but continued monitoring needs
to be done (Khotijah et al. 2017, Liu et al. 2015). Pb ex-
posure, in general, is more detrimental to children than
adults. Children are more sensitive to low lead levels than
adults. Lead poisoning (Pb) in children can cause neurolog-
ical effects that contribute to lower intellectual intelligence
(1Q), learning deficits, cognitive deficits, lower vocabulary
abilities and grammatical reasoning, longer reaction times,
worse hand-eye coordination, deficits in psychological per-
formance, hyperactivity, and behavioural problems (Wani
etal. 2015).

High levels of lead in blood (BLL) in adults will have an
impact on the emergence of several diseases, Common dis-
eases are frequent headaches, numbness in the legs, nausea,
colic, tremor, nausea, and lead lines on the gums. Timabk
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in the blood is also related to the incidence of hypertension
and anaemia (Ahmad et al. 2014).

CONCLUSION

Rainwater that is used by the people of West Kalimantan,
Indonesia has the presence of Pb. The presence of Pb in
the rainwater increases the W§od Pb content of the people
who consume it. There is a correlation between the Pb of
rainwater and the blood Pb of the community with rainwa-
ter consumption (p<0,001) with a positive correlation (r =
0.67). The relationship shows that the higher the Pb in the
water consumed, the higher the blood Pb.
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