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Suffering water of Pakistan: arsenic — A major threat
M. Parvez!, M. Akram?”

!Department of Chemistry, Govt. Degree College for Women Lodhran, Pakistan
2Deparment of Environmental Sciences, COMSATS Institute of Information Technology, Vehari Pakistan

Received December 11, 2014, Revised December 22, 2015

Arsenic which is known as ‘Sinkhia’ in Pakistan is notorious as a king of poisons. It is commonly found in water,
mostly originating from geological sources and pollutes the environment. It is the 12" most common element in nature.
It can be found in the earths’ crust, atmosphere, rocks, soil, organisms and natural water. Studies show that 60% of the
arsenic is introduced into the atmosphere by anthropogenic activities. It can combine with other elements to form
inorganic and organic arsenic compounds. The important inorganic species are arsenate (As V) and arsenite (As III).
Inorganic arsenic compounds may include oxygen, sodium, copper, potassium, chlorine, sulphur and iron, while arsenic
combines with carbon and hydrogen to form organic arsenic in plants and animals. The three basic pathways of arsenic
or sources of ingested arsenic include, water, food (fish, sea food, cereals and algae) and air (smelting, coal-fired power
generation). Out of these sources long term exposure to arsenic in drinking water is the greatest threat to human health.
Because of daily and widespread consumption, the presence of arsenic in drinking water has been documented as a
major public health concern in many parts of the world in recent years. The worst health effects due to arsenic are
directly related to the dose and duration of exposure. Dermatological effects are the characteristics of chronic or severe
exposure to arsenic. The dermatological effects include Melanosis (pigmentation) and Keratosis (rough, dry skin
lesions) which may be spotted or diffuse. Arsenic’s chronic exposure may result in neurological, reproductive,
cardiovascular, haematological, respiratory and diabetic effects in humans. Like other parts of the world in Pakistan too,
people are exposed to arsenic by different ways like by the intake of contaminated water or food, by the use of arsenic
containing medicinal preparations, by inhalation or by homicidal or suicidal ingestion of arsenic compounds. Data
regarding arsenic contamination in drinking water is lacking in Pakistan. It is essential that strategies are made available
to tackle the health hazards caused by arsenic contaminated water. This review is an attempt to cover the available data
concerning arsenic contamination, particularly in Punjab and Sindh and generally in Pakistan.
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form inorganic and organic arsenic compounds [4].
The important inorganic species are arsenate (As V)
and arsenite (As Ill) [1]. Inorganic arsenic
compounds may include oxygen, sodium, copper,
potassium, chlorine, sulphur and iron, while arsenic
combines with carbon and hydrogen to form
organic arsenic in plants and animals. Organic
arsenic present in foods is harmless and easily
removed from the body but inorganic arsenic is
very toxic and can result in acute, sub-acute or
chronic affects. Due to long term exposure it can be
deposited in the body and once concentrated it can
cause long term damage [2].

ARSENIC — THE HISTORY

Arsenic has been derived from the Greek word
“Arsenikon” which means ‘Yellow Orpiment’ [1].
It was first discovered by Albertus Magnus in 1250.
Arsenic is a metalloid existing in more than 200
different forms whereby 60% are arsenates, 20%
sulphosalts, sulphides and arsenite, oxides,
arsenide, silicates and elemental arsenic
constituting the remaining 20%, which exhibit
different grades of toxicity [2]. Arsenic which is
known as ‘Sinkhia’ in Pakistan is notorious as a
king of poisons. It is commonly found in water,
mostly originating from geological sources and

pollutes the environment [3]. It is the 12" most
common element in nature. It can be found in the
earth crust, atmosphere, rocks, soils, organisms and
natural water. Studies show that 60% of arsenic is
introduced into atmosphere by anthropogenic
activities. It can combine with other elements to

* To whom all correspondence should be sent:
E-mail: akramcp@gmail.com

SOURCES OF ARSENIC

The three basic pathways of arsenic or sources
of ingested As include:

1.  Water

2. Food (fish, sea food, cereals and algae)

3. Air (smelting, coal-fired power generation)
[5].

Out of these sources long term exposure of
arsenic in drinking water is the greatest threat to
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human health. Because of daily and widespread
consumption, presence of arsenic in drinking water
has been documented as a major public health
concern in many parts of world in recent years [6].
Similarly Bangladesh, in recent years, witnessed a
mass poisoning of population because of arsenic
contaminated ground water [7]. The average
concentration of arsenic in sea water may be as
high as 2.6 pg/L and in fresh water is nearly 0.4
Hg/L [8]. An extreme level of up to 225mg/L, as in
the case of drinking well water in Bangladesh can
also be reached [9].

ARSENIC — A USEFUL ELEMENT

The initial use of arsenic as a medicine was for
curing breathing problems and dates back to around
2500 years ago. Arsenic trioxide (AszQOs), one of
the common forms of arsenic is used in agriculture
and for medical purposes such as the treatment of
promyelocytic leukemia. During 1970 arsenic was
mainly used as an insecticide to kill insects [2].

ARSENIC - A TOXIC, HAZARDOUS
CHEMICAL

The worst health effects of arsenic are directly
related to the dose and duration of exposure. The
dermatological effects are characteristic of chronic
or severe exposure to arsenic. The dermatological
effects include Melanosis (pigmentation) and
Keratosis (rough, dry skin lesions) which may be
spotted or diffuse. Chronic exposure to arsenic may
result in neurological, reproductive, cardiovascular,
haematological, respiratory and diabetic effects in
humans [10]. As arsenic is colorless, odorless and
tasteless so its exposure is mostly un-noticed
especially in drinking water. The International
Agency of Research on Cancer (IARC) has
classified arsenic as a class | human cancerogen.
The skin and many types of intestinal causes like
bladder, liver, kidney, prostate and lungs are also
linked to arsenic ingestion [5]. A variety of
substances coming from different sources can be
added to the soil, water, air and the food chain. It
can easily accumulate in biological samples such as
nails, hair, skin, urine and blood [11]. The nails and
hair are considered as the most acceptable
biomarkers as arsenic can persist in these
biosamples for longer periods of time [12].

DRINKING WATER CRITERIA FOR ARSENIC

The arsenic (As) in drinking water can affect
human health and is considered as one of the most
important environmental causes of cancer in the
world. Thus, it is essential to record the levels of As
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in the drinking water, its chemical composition and
to establish the regulatory standards and guiding
principles [13]. According to FAO (Food and
Agriculture Organization) the health limit for As in
groundwater is 50 pg/L, but in view of recent
incidences of As poisoning in the Indian
subcontinent, a decrease to 5-10 pg/L is being
considered by a number of regulatory bodies
throughout the world. The temporary World Health
Organization (WHO) guideline for As in drinking
water is also 10 pg/L. This is based on the skin
cancer risk, which is much higher than the factor
usually used to protect human health. However, the
WHO states that the health-based drinking water
guideline for As should in reality be 0.17 pg/L [14].

Nevertheless, the current drinking water
guideline for As adopted by both the WHO and the
US EPA is 10 pg/L. This is higher than the
proposed Canadian and Australian maximum
permissible concentrations of 5 and 7 pg As/L,
respectively.

ARSENIC IN PAKISTAN — THE CURRENT
SCENARIO

Though a significant proportion of ground water
in South Asia is contaminated with arsenic,
Pakistan has low levels of arsenic in the ground
water as compared to Bangladesh, India and China
[15]. The expected increase of population in
Pakistan is from 180 million to 221 million by
2025. This represents a threat for the available fresh
water supply which is drops from 5600 m?to 1000
m® per capita. The quality of the water supply in
different cities in Pakistan is also deteriorating fast
[16]. In Pakistan the screening of water for arsenic
contamination started relatively late in the year
2000. It is essential that strategies are built to tackle
the health hazards caused by arsenic contaminated
water. A record of the data with the arsenic
contamination levels in different areas of Pakistan
would be helpful to address further contamination
[2].

Like other parts of the world in Pakistan too,
people are exposed to arsenic by different ways
such as by the intake of contaminated water or
food, by the use of arsenic containing medications,
by inhalation or by homicidal or suicidal ingestion
of arsenic compounds. But the arsenic present in
the water or food does not evaporate into air [15].

In the Southern part of Sindh, Pakistan 61-73%
of the population is facing chronic arsenic toxicity.
Almost the same situation prevails in the Punjab
province. With a huge outbreak of arsenic
contamination in different villages of the Kasur
district. The results of the study show that the water
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supply schemes of Kasur fail to fulfill the water
guality standards and due to the high concentration
of arsenic and the people of Kasur face the threat of
various diseases like skin cancer, skin irritation and
chronic inflammation of the kidneys [16].

Ground water is the main source of drinking
water in Pakistan which is pumped out by electric
pumps or hand pumps [2]. Another important
aspect was revealed in a study which showed, that
geographically, more arsenic containing ground
water and associated diseases are found along the
coastline, suggesting a strong link between arsenic
contamination of the ground water and presence of
the Arabian Sea. It was found that for the coastal
population, the toxicity of arsenic varies with the
health of the people, their meal composition, their
diet as well as the location of their drinking water
storage tanks, overhead or underground. As arsenic
is cumulative, its level can be easily determined in
hair, urine, nails or skin through which it slowly
leaves the body and these studies showed an
increasing risk from arsenic in Pakistan [15].

Matiari a district of Sindh, Pakistan is also
witnessing the presence of arsenic in the drinking
water. As in other parts of Pakistan, here too the
ground water is the main source of drinking water
that can be extracted by motor pump or hand pump.
In this area the presence of arsenic in the ground
water can be related to three theories or facts:

1. Use of phosphatic fertilizer that may
release arsenic due to phosphorus.

2. Oxidation of pyrite

3. Due to a reductive dissolution of metal
oxy-hydroxide desorption of arsenic.

In this area phosphate fertilizers are extensively
used on cotton and sugar cane crops which can be a
reason for the elevated concentration of arsenic as
found in many studies [17]. The emerging health
problems of arsenic contaminated water are more
prominent in Southern Punjab. The most affected
areas are located near the Indus River like Rajan
Pur, Rasul Pur in the district Rahim Yar Khan. In
some rural villages the ‘Curse of God’ name is
given to “Arsenicosis”, indicating the physical pain
and sufferings. Again, the main cause of the arsenic
contamination of the ground water is the extensive
use of fertilizers as Rahim Yar Khan is an
important agriculture production land [18]. Initially
only eight districts out of 34 in Punjab were
screened for arsenic contamination by the PCRWR
(Pakistan Council of Research in Water Resources)
and the UNICEF (United Nations Children's Fund)
and then in 2004-05 all the remaining districts were
also covered. It was found that six districts namely
Bahwalpur, Layyah. Multan, Muzzafar Garh, Okara

and Sahiwal are at high risk. The water samples
collected from these districts had the alarming
arsenic level of 250-500pg/L (Fig. 1) while samples
from 60% of the area of Punjab had an arsenic level
of less than 10ug/L i.e. within safe limits.

O Safe area

0O Bahawalpur
@ Layyah

B Multan

38 Muzzafar Garh
@ Okara

W Sahiwal

Fig.1. Districts at high risk of the arsenic level in
Punjab Pakistan.

ARSENIC IN NEIGHBORING COUNTRIES

The arsenic contamination scenario has changed
remarkably in Asian countries in the near past.
Before the year 2000, only five major incidents of
arsenic contamination of ground water were
reported in Bangladesh, West Bengal, India and
China among Asian countries. During 2000-2005
new sites were reported having ground water
contaminated with arsenic in Mongolia, Cambodia,
Myanmar, Nepal, Pakistan and Afghanistan [19].
Here the main focus is on Afghanistan, India and
Bangladesh. According to the World Health
Organization (WHO) in Bangladesh 42 districts
have ground water contaminated with arsenic,
greater than the permissible limits of 50 pg/L. Nail,
hair and urine samples of the people living in the
arsenic contaminated villages were analyzed and
the people were found to suffer from arsenical skin
lesions. The study revealed that adults can be
afflicted by arsenical skin lesions if the water
contained arsenic above 300ug/L; the average
water intake for adults is 4L/day. Interestingly, if
the nutrition status is poor then even low arsenic
levels can cause arsenical skin lesions, while if the
nutrition status is good even 400ug/L cannot
generate the disease [20].

In Afghanistan, the Water and Sanitation group
(WSG) of Afghanistan did the screening of the
rural water supply schemes for arsenic in different
villages with the help of UNICEF. Under this
program they tested 647 wells out of which 565
were found to be arsenic free, 74 wells contained
arsenic and 56 had arsenic ranging from 10-
500ug/L. The predictable number of people at risk
was about 500,000 [10].

In India, the Lower Ganga plain of West Bengal
was initially found to be severely affected by
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arsenic contamination, but later Bhojpur District,
Bihar which is in the Middle Ganga plain was also
found to be contaminated with arsenic. In a study
conducted in these areas, water from 206 tube wells
was analyzed for arsenic content and it showed that
56.8% had an arsenic concentration exceeding
50pg/L to 300ug/L. In the same study 390 adults
and 160 children were medically examined and
showed that 13% of the adults and 6.3% of the
children had skin lesions, especially the children
were more affected, which can be linked to
malnutrition [21].

LESSONS LEARNT

There is a lot which can be learnt from the
neighboring countries as they fight arsenic
contamination. The public and private sector in
Pakistan can both play a very effective role in this
together so that they could educate and train the
natives of affected areas in taking preventive
measures against arsenic contamination.

An inspiring success story, in this regard, comes
from West Bengal, India. There the Public Health
Engineering (PHE) Department, with the
collaboration of the UNICEF and local NGOs set
up arsenic testing labs. The lab employees and
trainee female members of the local population not
only educate their communities about Arsenic
contamination but also regularly collect samples
from tube wells which are the common source of
drinking and domestic-usage of water for the local
people. If samples from a tube well give positive
results for Arsenic, the PHE teams (trained local
women) inform the local population about it and
encourage them to collectively buy Activated
Alumina Arsenic Filters for the affected tube well.
In addition to employing local women as awareness
and sampling resources, the PHE has also trained
around 300 local women to work as tube well
mechanics. These lady mechanics act on a self-help
basis to repair tube wells and install and replace As
Filters whenever needed. This makes it very cost
effective for the local communities and affordable
to maintain the arsenic free tube wells. This
strategy has really helped the PHE in fighting
Arsenic contamination on a war footing [22].

In Bangladesh, through the conducted survey of
the rural communities the level of awareness was
gauged and prevailed amongst the local community
members as regards arsenic contamination through
the water and soil. Throughout the survey it was
ensured that native members of rural community
were kept on board, educated and consulted to
promote arsenic awareness. Gatherings amongst the
village residents were organized to talk about the
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As hazards and public networks such as radio and
TV were engaged to disseminate information
regarding the adverse long term effects of Arsenic
contamination.  These  activities  drastically
improved the household perceptions about the
health impacts of arsenic  contamination.
Furthermore, different methods and technologies
were identified for fighting arsenic contamination.
Rural residents were not only educated about these
methodologies but were also informed about the
merits and demerits of each. This infused interest
into the community members and encouraged their
positive involvement [23].

The methods and technologies identified to fight
back Arsenic were:

1.  Three Kolshi (Pitcher) Method

2. Dugwell

3. Activated Alumina Method

4. Deep Tubewell
Similar strategies and models can be adopted in the
affected rural areas of Pakistan and with the support
of public-private partnerships.

Apart from Pakistan’s neighboring countries,
lessons can be learnt from other nations which have
been successfully fighting this menace too. In
Cambodia private philanthropists have taken it
upon themselves to discover new ways of
understanding and combating arsenic effectively.
To improve the lives of the local rural community
in this regard, these researchers test all the existing
wells for arsenic contamination. If the test comes
negative, they install another tube well in the
vicinity and hand it over to the local community for
domestic use. In case the test results show positive
signs of Arsenic, the team finances the local
community to buy a locally made rainwater-
harvesting unit. Thus, not only helping them meet
their domestic water needs but also providing them
with a water resource free of arsenic [19].

ENDING NOTE

Keeping in view of the whole scenario, the
following practices should be adopted:

1. Screening of the ground water / tube wells
should be undertaken on a regular basis to keep an
eye on the rise of arsenic contamination.

2. Provision of low cost testing facilities or
apparatus.

3. Areas which are at a high risk like the
Southern Punjab and also some sites in Sindh must
be monitored and the arsenic removal systems
should be made using locally available materials
such as water filtering mediums.

4. Social awareness is a must. It can be done
through print and electronic media. Besides that
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volunteers should be employed to educate the
masses in the affected villages about the harmful
affects. More importantly the sources/ tube wells/
wells that have been screened and found
contaminated should be marked or painted as ‘Red’
indicating the use of water as risky and those not
contaminated by arsenic should be painted as
‘Green’ indicating ‘safe’ for drinking.

5. As the ground water is more contaminated,
alternative water supply options should be
introduced.

6. To determine the health risks associated
with and caused by arsenic, the Government Health
department should take steps so that the
Epidemiological survey in various areas can be
carried out as early as possible.

7. The health hazards caused by arsenic like
‘Arsenicosis’ and all the related study materials
should be included in the curricula of the medical
institutes.
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BOJHUAT TTPOBJIEM HA ITAKUCTAH: APCEHBT KATO I'JTABHA 3AITJIAXA
M. IMapsest, M. Akpam?”

Ylenapmamenm no xumus, Jamcku npasumencmeen xoneaic, Jlooxpan, Iaxucmar
2 lenapmamenm no exonozuunu nayku, Hucmumym no ungopmayuonnu mexnonozuu COMSATS,Bexapu, Ilaxucman

Moctenuna Ha 11 gekemBpu, 2014 r., xopurupana ua 22 nexemspu, 2015 r.
(Pestome)

ApcensT (u3BecteH karo ‘Sinkhia’ B [lakucran) ce ompenens karto Haii-omacHaTta orpoBa. OOMKHOBEHO TOH ce
cpella BbB BOJUTE, [NIABHO OT I'€0JIOTMYECKU M3TOYHHUIM WM OT 3aMbpCABaHHUS Ha OKONHaTa cpepa. Karto xumuueH
€JIEMEHT TOH € Ha 12-To MACTO 1O pasnpocTpaHeHHe B mpupoaaTa. Hamupa ce B 3eMHaTa Kopa, atMmocgepara, CKanuTe,
KHWBUTE OPraHM3MH W B MNPUPOJHHUTE BoaW. M3crnenBaHmsATa MOKa3BaT, Y€ HAIMYMETO My B arMmocdepara € c
aHTPOIIOTEHEH NPOM3X0oA. ApCeHBT 00pa3yBa HEOPraHMYHH M apCeH-OPTaHWYHM CheAWHEeHus. Haii-BaxHurte
HEOPraHMYHHU BelecTBa ca apcenarute (AsY*) u apcenuture (As''"). Heopranmduure apceHOBH CheMHEHHUs MOTAT 12
BKJIFOUBAT KHCJIOPOJ, HATPUil, MEA, KaJIHH, csIpa M >KeNsi30, a OPraHUYHHUTE ce 00pa3yBaT IPH B3aHUMOJECHCTBHETO MYy C
BBIVIEPO ¥ BOAOPOJ B OPTaHUYHHUTE HA PACTCHUSTA U )KUBOTHUTE. MI3BECTHM ca TpH OCHOBHH IIBTHIIA 32 IIPUEMaHe Ha
apceHa: upe3 Bojara, XxpaHata (puba, MOPCKU XpaHH, )KUTHU KyJITYpPH ¥ BOJOPACiIN) U Bb3IyXa (IUIIaHE, EMUCUH OT
n3rapsHe Ha BbriaMma). OcBeH TIX Haif-cepHo3Ha 3alllaXxa 3a YOBEIIKOTO 3JIpaBe IPEJCTaBISABA ABITOCPOYHOTO
HaJIM4YMEe Ha apceH B MUTEHHHUTE BOAU. B mocienHUTe roIMHE TOBA ce cMATa 3a Hail-rojsMaTa 3ariaxa B MHOTO 4acTu
1o csera. Haii-nommre Bb3A€HCTBUA c€ IBbJDKAT HAa JO3UTE U IMIPOJABIDKUTEIHOCTTA HA BB3IEUCTBUETO. Te ce nposBaBar
JIEPMATOJOTMYHM CMYLICHUS TNpPH XPOHUYHO MM KpaTKOTpailHO H3JaraHe Ha BB3IACHCTBHETO HAa apceH.
Jlepmarosnornunute eeKTH BKIIOYBAT MENaHO3U (MMIMEHTAIMs) U KepaTo3u (BTBBp/sBaHe, 3arpy0siBaHe Ha MecTa OT
KO’kaTa) KaTo TeTHa WIM AU(Y3HO Pa3NpOCTPaHCHHW. XPOHWYHOTO H3JIaraHe Ha BB3ACHCTBHE MOXE Aa MPHIMHU
HEBPOJIOTUYHH, PEIPOIYKTUBHH, ChPACYHO-CHI0BH, XEMAaTOJIOTHIHY, IUXATSITHN U AnabeTHIHN epeKTH BEpXy Xoparta.
Kakto u B npyru mecra mo cera u B IlakucTaH Xopara ca HM3JI0KEHM Ha BB3JCHCTBHETO HA apceHa IO pa3IudHH
HAYMHU: Ype3 pHEeMaHe Ha XpaHa, MEUIMHCKHY TpenapaTy, BaumBaHe u np. B [TakucTan HAMa 10CTaThYHO AaHHU MO
OTHOIIIEHHE 3aMBPCIBAHETO C apceH Ha NUTCiHHMTEe Boau. Te ca HeoOXoouMH 3a M3pabOTBAHETO Ha CTPATETHs 3a
pelaBaHe Ha 37paBHUTE IPOOJICMH, IPUIMHEHN OT BOAMTE, 3aMBPCEHH € apceH. T031 0030p € ONUT 3a Aa ce pasrienaT
JIOCTBITHUTE AaHHU OTHOCHO 3aMbpcsiBaHeTo ¢ apceH B [1yHmxad n Cunax u u3o6mo B [Takucran.
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