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ARTICLE INFO ABSTRACT

Article history: In a period from 1995 to 2000, we had collected and analyzed 33,092 hand tube well
Received 20230930 water samples from four different/principal geomorphological regions (Hill tract, Table
Received in revised form 20231005 Land, Flood Plain, and Deltaic reason) i.e., from all 64 districts of Bangladesh and found
Accepted 20231005 arsenic in 60 districts that were above the WHO recommended value in drinking water (10
Available online 20231020 pg/L) and 50 districts that were above the maximum permissible limit, 50 pg/L.
Keywords: In our study for 6 years in Bangladesh, the survey for identification of arsenical
Drinking water; patients was conducted by our group with a medical team in 261 villages of 80 police
Arsenic; stations under 33 districts out of 50 where contamination of groundwater with arsenic is
Arsenic toxicity; above 50 pg/L. We could not identify people suffering from arsenical skin lesions who

Arsenical skin lesions;

Adults;

Children During this survey, arsenic patients were identified in 222 villages of 69 police stations
under 31 out of 33 districts. The number of people we examined including children was
18,840, and 3,725 people were identified with arsenical skin lesions. We had registered
1,885 males, 1,542 females, and 298 children out of the total 3,725 patients, having
arsenical dermal lesions, such as: melanosis, leucomelanosis, keratosis, hyperkeratosis,
dorsal, non-petting oedema, gangrene, cancer, etc. If children are included, then 19.77%
(n=3,725) have arsenical dermal lesions, and for separately adults and children, these are
24.52% and 6.13%, respectively. Buccal mucus membrane melanosis (MMM) on tongue,
gums, lips, etc. was also found. Rough dry skin often with palpable nodules (spotted
keratosis) on dorsal of hand, feet, and legs are the symptoms seen in severe cases.

drunk water below 100 pg/L of arsenic.

Sometimes, other symptoms are also found (1) conjunctional congestion and (2) non-
petting swelling (solid oedema) of feet. Complications like liver enlargement
(hepatomegaly), spleen enlargement (splenomegaly) and fluid in abdomen are seen in
severe cases. Squamous cell carcinoma, basal cell carcinoma, Bowen's disease, carcinoma
affecting lung, uterus, bladder, genitourinary tract, or other sites are often seen in advanced
neglected cases suffering for many years. During our preliminary field survey in
Bangladesh, we could identify 25 carcinoma /gangrene patients out of 3,725 patients. In
addition to the above symptoms, we observe some common problems in arsenic patients
with arsenical skin lesions such as intolerance to sunlight, burning sensation on whole
body, weakness, and respiratory problem.

In children, our 6 years of field experience in Bangladesh show that normally children
under 11 years of age do not show arsenical skin manifestations. However, we have
observed a few exceptions when (1) the arsenic content in water consumed by children is
very high (1000 pg/L) and (2) the arsenic content is not very high (around 500 pg/L), but
the children get poor nutrition. The youngest arsenic patient was a child (age 18 months)
with melanosis (+) and keratosis (++) [spotted on palm and sole] who was found in
Payerpur village under Madaripur Sadar police station in Madaripur district. While
discussing with his mother, I came to know that the child used to drink a very high quantity
of water (2-3 liters per day) from childhood.
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So far, we had examined 4,864 children, below 11 years of age, drinking arsenic
contaminated water from the arsenic affected villages in Bangladesh and out of that
arsenical skin lesions registered from 298 children (6.12%) whereas in adults it is 24.47%.
Normally, arsenical skin lesions observed in children are diffuse melanosis and spotted
melanosis. Keratosis on the palm and sole are not common in children. We have not found
children suffering from+++ stage of melanosis and keratosis (we used mild+, moderate to
high++, severe+++). Also, we have not found any child patient during studied years (1995
to 2000) in Bangladesh, below 11 years of age, with non-pitting oedema, gangrene,
Bowens, dorsal, or cancer.

In addition to common arsenical symptoms, we also observed dorsal (15%), chronic
bronchitis (30%), and vitamin deficiency among the under-poverty line family members,
but such type of symptoms was not observed to the members in rich family. Children at
the age around 11 years in that family had no arsenical skin lesions. The arsenic
concentration in their drinking water of the tube well was 570 pg/L. But six children out
of seven, around 11 years of age, were found with arsenical skin lesions in the under-
poverty line family. The youngest victim was 8 years old, and the arsenic concentration in
drinking water being used by this family was 690 ug/L.

Our field experience in Bangladesh, we have observed that among the adults suffering
from diffuse melanosis and light spotted melanosis can recover after drinking safe water,
eating nutritious food, and taking vitamins. Normally diffused melanosis disappears easily
after drinking safe water, and light keratosis (+) may also disappear. But if keratosis is
appreciably visible (++), drinking safe water and eating nutritious food may reduce it, but
it may not disappear. In arsenic patients with moderate to severe (++ and +++) keratosis,
the appearance of keratosis does not stop even after drinking safe water over a long period
of time and even when hair, nail, and skin scales contain safe levels of arsenic.

We have further observed that children recover from diffuse melanosis (blackening of
color) and light spotted melanosis (+) quickly if they use safe water, have better nutrition,
and eat vitamins. Mild keratosis (+) also disappears, but the children having moderate to
high spotted melanosis (++) and spotted keratosis (++), even after drinking safe water and
nutritious food, do not recover completely. We had found diffuse melanosis in children
disappear, and those who had spotted melanosis (+) and keratosis (+) are no longer
showing skin lesions. Those who had ++ spotted melanosis and ++ spotted keratosis could
not get rid of their skin lesions, and spotted melanosis is replaced by Leucomelanosis, and
keratosis is less. However, the children are still complaining about their weaknesses,
breathing problems, and suffering from cough and cold.

Finally, if it is accepted that children are at a higher risk due to arsenic exposure, then
the future of the next generation in Bangladesh living in arsenic affected villages may be
grim as above 84% and 89% of the children's hair and nail contain arsenic above toxic
(hair) or normal level (nail), respectively. Therefore, it is very important to monitor the
concentration of arsenic in their drinking water and in biological samples (hair and nail)
even though they are drinking arsenic free deep tube wells water now.

2023 Sciforce Publications. All rights reserved.
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Introduction

In our study in Bangladesh (1995-2000), we had analyzed  water and suffering from arsenicosis, but undoubtedly, they are at
33,092 hand tube well water samples from all 64 districts and  risk. Patients with arsenical skin lesions are expected in 50 out of
found arsenic in 60 districts above the WHO recommended value 64 administrative districts in Bangladesh, where we have found
in drinking water (10 pg/L) and in 50 districts above maximum arsenic in groundwater above 50 pg/L.
permissible limit, 50 pg/L. This does not mean that the total
population in these 50 districts are drinking arsenic contaminated
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Literatures survey show that arsenic concentration in the
body tissues and fluids increase as arsenic concentration in the
drinking water increases'?. Arsenic concentration is higher in hair
and nails than in other parts of the body because of the high
content of keratin, the SH groups of which might bind trivalent
inorganic arsenic™>.,

Ingestion of inorganic arsenic is now an established cause of
skin cancer®®. Recent studies provide evidence that ingestion of
arsenic can also cause cancers of the lung and the urinary bladder.
According to WHOS, 1.0 mg of inorganic arsenic per day may
give rise to skin effects within a few years. It has been estimated
that based upon the current U.S. Environmental Protection
Agency (EPA) standard of 50 pg/L, the lifetime risk of dying from
cancer of the liver, lung, kidney, or bladder, from drinking 1 liter
per day of water could be as higher 13 per 1000 persons’. In the
latest document on arsenic in drinking water, U.S. National
Research Council (NRC)® concluded that exposure to 50 pg/L
could easily result in a combined cancer risk of 1 in 100.

In this paper, I will report (a) arsenic impact/toxic effects to
the people due to drinking arsenic contaminated underground

water in Bangladesh, (b) arsenic effects to the people in rich
family members versus under-poverty line family members, and
(c) children are at risk in arsenic affected areas of Bangladesh.

Groundwater arsenic status in Bangladesh

In a period from 1995 to 2000, we had collected and analyzed
33,092 hand tube well water samples from four different/principal
geomorphological regions (Hill tract, Table Land, Flood Plain,
and Deltaic reason) i.e., from all 64 districts of Bangladesh (Fig.
1) and found arsenic in 60 districts that were above the WHO
recommended value in drinking water (10 pg/L) and 50 districts
that were above the maximum permissible limit>® 50 pg/L. In
some areas of Bangladesh, the arsenic concentration in
groundwater is minimum, some parts are almost arsenic
contamination free, and others are highly arsenic contaminated
(Fig. 2). Figure 3 shows the distribution of arsenic in tube wells
water of 50 arsenic affected districts in Bangladesh, and Table 1
shows the overall status of arsenic in groundwater in all 64
districts of Bangladesh.

Table 1. Overall arsenic situation in underground tube wells water in Bangladesh

Parameters
Total no. of districts in Bangladesh 64
No. of districts we had surveyed 64
No. of districts where arsenic in proundwater = 10 pg/L &)
No. of districts where arsenic in groundwater = 30 pg/L 50
Total no. of police stations 490
No. of police stations we had surveyed 200
No. of police stations we had found arsenic == 10 pg/L 205
No. of police stations we had found arsenic = 50 pg/L 178
Total no. of villages in Bangladesh 68,000
No. of villages we had surveyed 2.900
No. of willages we had found arsemic > 10 ug/L 2,500
No. of villages we had found arsemc = 50 ug/L 1955
Total no. of sroundwater samples we had collected and analyvzed 33.092
Percent (%) of proundwater samples having arsenic = 10 ug/L 3635
Percent (%) of sroundwater samples having arsenic = 50 ug/L 3738
Percent (%) of sroundwater samples having arsenic = 1000 pg/L 0.82
Highest arsenic concentration found in sroundwater (ug/L) 4730
No. of total deep tubewells (=100 meters depth) water samples analyzed | 1217
Percent (%) of deep tubewells water samples having arsemic = 10 pg/L 26.87
Percent (%) of deep tubewells water samples having arsenic = 50 pg/L 3.71
Depth of the tubewells for safe water (arsenic concentration <3 ug/L) = 350 meters
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Figurel. Four principals geomorphological reasons in Bangladesh.
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Figure 2: Groundwater arsenic status in all 64 districts of Bangladesh
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Figure 3. Distribution of arsenic in tube wells water of 50 arsenic affected districts in Bangladesh

Overall arsenic patients and biological samples status in
33 districts of Bangladesh

In our study for 6 years in Bangladesh, the survey was
conducted by our group with a medical team (at least one
dermatologist and one general physician/pediatric) in 261 villages
(Vill.) of 80 police stations (PS) in 33 out of 50 districts (Dist.)

where contamination of groundwater with arsenic is above 50
pg/L. During our survey, we had also collected hair, nails, skin
scales (skin scales from those having keratosis), and urine samples
from the people of these villages. Biological samples were
collected from 40-50% of those having skin lesions, and the rest
of the samples were from those without skin lesions. Parametric
presentation of arsenic situation (from six years study) in
Bangladesh is shown in Table 2.

Table 2: Parametric presentation of arsenic situation in Bangladesh

Parameters
01 Total ne. of districts in Bangladesh &4
02 No. of district we have surveyed 64
03 No. of districts where arsemic in groundwater = 10 ug/L a0
04 No. of districts where arsenic m groundwater = 50 ug/L 50
s Mo. of districts where we have stuwveved for arsenic patients 33
05 No. of districts where we have identified for arsemic patients 31
a7 No. of police stations suwrveyed for arsenic patient T7
08 No. of police stations where we have identified arsenic patient 69
09 No. of villages surveyed for arsenic patient 253
10 No. of villages where we have identfied arsemuc patient 222
11 Total no. of people examined for arsenic patient 18,840
12 No. of patients identified 3,725
13 Total no. of adults examined 13,976
14 Mo. of adults” patient identified 3.420 (24.47%%)
15 Total Mo. of children examined 4 864
16 MNo. of children patient identified 208 (6.12%)
17 Total No. of hair samples analyvzed 4 386
18 Percent (%0) of hair samples content arsenic abowve toxic level 3%
19 Total No. of nail samples analyzed 4321
20 Percent (%) of nail samples content arsenic above normal level 4%
21 Total Mo, of wrine samples analyzed 1.084

x2 Percent (%) of urine samples content arsenic abowve normal level | 95

23 Total No. of skin scales samples analvzed

T05

with mean valoe

24 Arsenic concentration range in skin scales samples

600 to 33390 ugke (mean
valoe 5. 730 pgkg)

During this survey, arsenic patients were identified in 222
villages of 69 police stations under 31 out of 33 districts. The

following map shows the districts where survey was conducted,
and arsenic patients identified in Bangladesh (Fig. 4). The number
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of people we examined, including children, was 18,840 and 3,725 shows our overall findings of the arsenic patients among adults
people who were identified with arsenical skin lesions. Table 3 and children in different districts.

- TR LY -
l"‘ﬁ_#&_ Ty T
(THAR LRGN — FrnLErs,
R

1 T EeEras

"

‘\ll‘ammlr'u_
bt

Bl asrmenic pabanl idantifed (31 districts)

Témq?-‘\”
Ty ‘J..'

%q}rlnmul—h. ’

(10§ ) FY

e T T e g
BT AMGAMD O v ReET] =
HE TROKENS el

- Hi e i

- AT
- |I—IF\DI$ S
. e

o WL U

[ ]

EE 3 5 i Vet
LIE & o T E] i h SEHARRAcHaN] 3

[ =TT 1El"}l"~'5 (B I i) e,
kT 7 Tl

YT ShFH J L LoTh
Ay r Ej.:__.’__ S L et

i — b
! oo e e A W |
_J_nlqi i

< e

= =
[[=Tmp A= A gl 3
BAY OF @SENGAL L e

[ =101 = RSP SHEOWIRSG THE DISTRICTS IM BARGLADESH WHERE
ARSERIS PATI ERNTS IBEIP_;J?'IF'IED
NS =

Figure 4. This map shows the districts (red) in Bangladesh where arsenic patients identified

Normally, there were 6-8 people in our team, including at least 2 medical personnel. However, I feel the number of days we spent
surveying in 34 districts were negligible compared to the number of days needed. In most of the cases, we superficially surveyed the
villages for patients without any in-depth study. Sometimes, due to time constraint, we had to leave one village for the next village
without recording patients. At present (during the study period, 1995-2000), we have information of about 74 more villages where
people have arsenical skin lesions, but we could not visit those sites. From our experience of the last 6 years from arsenic affected
districts in Bangladesh, we feel we have identified only a small percentage (40-50%) of those having skin lesions, and the rest of the
people were from those without skin lesions. After discussing with villagers, it appeared that 15-20% of the total number of people
suffering from arsenicosis really came to the arsenic camp for examination. This is due to the following reasons:

* In villages, the affected people think their disease is contagious, and if other people get to know about their ailment, they will be
isolated

* Young girls do not want to be examined and the obvious reason is that they may face difficulties during their marriage

* Young girls and women of conservative families do not want to be examined (Photograph 1)

* People are frustrated and feel that they will not be cured in the future of this disease

» Since village roads condition are not good, people who are suffering seriously did not want to come to our camp after travelling a long
distance due to physical weakness

* Normally we were in a village during the day, and most of the males were in the field for work at that time of the day

Arsenic patients identified among the people in Bangladesh

People suffering from arsenical dermal lesions have been arsenical skin lesions (Fig. 5). We had registered 1,885 males,
identified in 31 out of 33 districts where we had made a 1,542 females, and 298 children out of total 3,725 patients, having
preliminary dermatological investigation with a medical team. arsenical dermal lesions (Fig. 6), such as: melanosis,
From a random of 18,840 examination people in arsenic affected ~ leucomelanosis, keratosis, hyperkeratosis, dorsal, non-petting
villages where people were drinking arsenic contaminated water ~ oedema, gangrene, cancer, etc. If children are included, then
during the last 6 years and 3,725 people were identified with 19.77% (n=3,725) have arsenical dermal lesions, and for
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separately adults and children, these are 24.52% (Fig. 7) and
6.13% (Fig. 8), respectively. Figure 9 shows the distribution of

arsenical dermal lesions among 3,725 patients (including
children) in 31 districts of Bangladesh.

Table 3. Shows the overall findings of the arsenic patients among adults and children in different districts of Bangladesh

MName of the Area HNo. Populaton Mo.of No.of
districts n of police  police
(Dhst) sgkm  police staton  statons

statio s where

ns survey  patients

(P.5) ed identifi

ed
Bagerhat 3959 S 1611000 2 2
Barizal 2741 10 24531000 3 2
Bogra 2920 11 3053000 1 1
Chuadanga 1158 4 921000 1 1
Chandapur 1704 T 2309000 6 5
Cammlla 3089 12 4751000 4 4
Fandpur 2073 g 1673000 3 3
Gopalganj 1490 5 1169000 4 2
Gazipur 1741 5 1899000 1 1
Jessore 2567 8 2337000 5 4
Jhenaidaha 1961 & 1540000 2 2
Jamalpur 2032 7 2111000 1 1
Kushtia 1621 & 1691000 3 3
Ehulna 4395 14 2417000 2 2
Kishoreganj 2639 13 2574000 1 1
Lakshoupur 1456 4 1502000 3 q
Meherpur Tl6 2 5535000 2 1
Madanpur 1145 4 1135000 3 3
Magura 1049 4 E15000 3 q
Munshiganj 955 & 1309000 1 1
Mymensmg 4363 12 4450000 1 1
Manikganj 1379 T 1293000 3 2
Mawabgan) 1702 5 1346000 2 2
Narsmgd: 1141 & 1864000 3 2
Warayangan) 739 5 2013000 1 1
Moakhah 3601 & 2547000 3 3
Pabna 237 9 2266000 5 3
Rajshaln 2407 13 2255000 3 3
Rajban 1119 4 941000 1 1
Fangpur 2308 g 2475000 1 1
Satkhora 3858 T 1780000 3 3
TOTAL=31 66315 227 61188000 77 69
Arsenical dermal lesions among the people in
Bangladesh

Figure 9 shows the distribution of arsenical dermal lesions
among 3,725 patients (including children) in 31 districts of
Bangladesh. We had identified people with arsenical
manifestation such as spotted melanosis on palm (SM-P), spotted
melanosis on trunk (SM-T), diffuse melanosis on trunk (DM-T),
leucomelanosis (Leuco), whole body melanosis (WB-M), spotted
keratosis on palm (SK-P), diffuse keratosis on palm (DK-P),
spotted keratosis on sole (SK-S), and diffuse keratosis on sole
(OK-S). Buccal mucus membrane melanosis (MMM) on tongue,

No.of Mo.of HNeo.of No of Adult Adult Chald
village wvillage people patent male femal patient
5 5 exami s patients & 5
swvey where ned 1dentfi patie
ad patient ed nts

1dentif

ied
9 ° 670 200 133 &0 7
5 5 358 57 25 32 -
1 I 280 21 & 11 4
7 3 219 119 33 48 18
33 33 1605 157 98 55 4
6 & 509 68 32 29 T
14 13 304 151 76 &0 15
T 7 267 34 14 15 3
1 I 92 7 5 2 -
9 9 1871 476 187 218 71
2 2 235 56 33 19 4
3 3 222 79 35 35 9
15 15 891 240 108 o4 3E
5 5 634 105 &0 36 9
3 3 307 1% 14 4 -
27 25 2283 51 314 191 1&
11 7 580 190 103 64 23
11 L) 1038 g1 24 57 1
3 3 296 41 15 21 5
z 2 27 5 1 4 -
] 1 46 3 2 1 -
T 3 103 8 3 2 3
T 7 459 212 119 34 5
2 2 178 12 g 3 1
11 B 602 23 46 44 3
13 13 1245 218 86 120 10
19 16 1860 342 17 148 25
5 5 443 107 52 43 12
2 2 103 g 4 4 -
2 1 297 3% 25 10 3
3 3 266 &0 34 26 -
253 222 18840 3725 1885 1542 298

gums, lips, etc. was also found. Rough dry skin often with
palpable nodules (spotted keratosis) on dorsal of hand, feet, and
legs are the symptoms seen in severe cases.

Other symptoms sometimes found are (1) conjunctional
congestion and (2) non-petting swelling (solid oedema) of feet.
Complications like liver enlargement (hepatomegaly), spleen
enlargement (splenomegaly) and fluid in abdomen (ascites) are
seen in severe cases. Squamous cell carcinoma, basal cell
carcinoma, Bowen's disease, carcinoma affecting lung, uterus,
bladder, genitourinary tract, or other sites are often seen in
advanced neglected cases suffering for many years. During our
preliminary field survey in Bangladesh, we could identify 25
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carcinoma /gangrene patients out of 3,725 patients (Table 4). We
heard from villagers that there were cancer deaths for those who
had arsenical skin lesions.

People examined
(n=18,840)

7

= Non Patient, % = Patient, %
Figure 5: The percentage of the arsenical people
1dentified

Adults examined
(n=13,976)

= Patient, % = Non patient, %

Figure 7: The percentage of patients and non-patients
among the adults

Patients
(n=3,725)

<

= Males, % = Females, % = Children, %
Figure 6: The percentage of the male, female, and
children’s patients identified

Children examined
(n=4,864)

/

= Patient, % = Non patient, %

Figure 8: The percentage of patients and non-
patients among the children
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Figure 9: Distribution of arsenical skin lesions [Dorsum, WB-M (Whole Body Melanosis), Leuco, DK-S (Diffuse Keratosis-
Sole), SK-S (Spotted Keratosis-Sole), DK-P (Diffuse Keratosis-Palm), SK-P (Spotted Keratosis-Palm), DM-T (Diffuse Melanosis-
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Trunk), SM-T (Spotted Melanosis-Trunk), DM-P (Diffuse Melanosis-Palm), and SM-P (Spotted Melanosis-Palm)] among the 3,725
patients in 31 districts of Bangladesh

Table 4: Dermatological features of 10 carcinoma/gangrene patients out of 25 patients from different arsenic affected districts of
Bangladesh.

SL# Districts | Sex & Melanosis Keratosis

ki Palm Trunk Leuco | Whole Palm Sole Dersal | Carcinormia

Spotied | Diffuse | Spotted | Diffuse W Spotted | Diffuse | Spotted | Diffuse

1 | Pabna M,58 - - ++ h + + ++ + ++ + + Cancer
2 | Lakshmipur |F.50 - + ++ + + + ++ - + - - Gangrene
3 |Meherpur  [M36 [ - ++ + + + ++ o ++ ++ + Gangrene
4 | Faridpur M.45 + + Ll ++ + +t -+ + ++ = Gangrene
5 | Meherpur M,33 - +H+ bk - ++ ++ ++ +++ + + Cancer
6 | Meherpur M.50 - ++ + + -t e — -t + Cancer
7 | Meherpur MO | - + g o + + e ++ ++ ++ + Uleer
§ |Pabna E15 + + o + + ++ ot - - Cancer
9 | Lakshmipur M43 _ _ ++ - + + 4 ++ ++ + (Gangrene+Cancer
10 | Lakshmipur [M27 | - + +4 + + + - - + + - Gangrene

Table 5 shows the dermatological features of 31 patients from 31 arsenic affected districts of Bangladesh, and Photographs 2 to 32
from different arsenic affected districts of Bangladesh. These photographs show all possible arsenical skin manifestation. It is noticed
that arsenical skin lesions never appear on the face (except diffuse melanosis).

Photograph 1 Photograph 2

10
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Table 5: Dermatological features of 31 patients from 31 arsenic affected districts of Bangladesh (One patient from each district)

SL [Mnsmicts L::i: Plalangsis Flersiosis Dord [Nea “onpuctionz] Bowen's [Caninoms
ol — Feuco [Wioke [aim = 'i‘“"’”—i i
Gpotted [Difase Fpoted Piffuze bodY kposed [Diffie Bpoted [Diffee

1 |[Bagerhee [WLIE - -+ - L [ =+ - I I I

(2]

[Hozra [F.36 - - — — - e s o g [+ N [ : I

|
2
|
|
|
|
|

4 |Cmsdanzs M3 O = B B O | F i -

Chandmur  [M20(+ - =+ =+ & [ = [ [ ; ' 3 I

[*7]

Fmapr F55 F = = F = B F &= F F F 3

E |Gopalzm pL2f | |— F IR " FRPE FUTIE FUTEE FUTRR FY

15 [Kishoremmjpa2of | P L F I n N ; : I i Thn

17 [Mehermr  [ML33 = [+ | =+ b= = b= = | i -
15 [Mazura  [F.26 | FREN PRI N PR U FEVRE e P F i : B
19 |[Madsmpar [F,35 P TN, PR o T P i P P
20 |[Mumshizsm [F,28 PR T PR I FEIEE " : "

21 |efymensingh NS0 N i F H I~ [+ [ I~ - r
21 [Mmmikgsnj [F37 - - - [+ [ = [~ [~ 2 " r

23 [Nawabeamj [M.20} - = = F OF OF - + ; i : i POVLA

24 [Marayenzan M5 |- = + - - = L = s [ - . I 3

15 |Wasingdi WS+ F 0 F b R e e : r

26 [Nemshai [F33[ | = F - B o F =+ G -

X7 |Pabma M5 — - - - 4+ |- l++ A [ - P
18 |Bajban M 25 |- - — = - - P L ry [+ C - N
20 [Fajshshi  [F26 im3 - o = = - - - - B ; L it
30 [Pemepar  [ME30G — - - | - b+ = b+ b ] N TN
31 |Satkhira M25 — - — - -+ s+ L+ - : N
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Photograph 3 Photograph 4

Photograph 5 Photograph 6

Photograph 7 Photograph 8
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Photograph 11 Elopraph 12

Photograph 13 Photograph 14
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Photograph 13

Photograph 17 Photograph 18
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Photograph 20
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Photograph 23 Photograph 24

Photograph 23
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Photograph 28

Photograph 29 Photograph 30

Photograph 31 Fhotograph 32
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Photography Captions:

Photograph-1

A conservative family not willing to exhibit their skin lesions

Photograph-2

Squamons cell carcinoma (SCC) en leg

Photograph-3

Whole body melanosis

Photograph-4

Spotted keratosis on doles

Photograph-3

Arsemic affected cluldren

Photograph-6

An arsenic affected family

Photograph-7

Melanosis on trunk

Photograph-8

Arsenic affected male patient

Photograph-9

A group of young arsenic affected male patients

Photograph-10

Whole body melanosis and KEeratosizs on palms

Photograph-11

Spotted melanosis and suspected Bowen's

Photograph-12

Spotted melanosis on trunk

Photograph-13

Spotted melanosis on trunk

Photograph-14 Leucomelanosis

Photograph-15

Deorzal keratosis

Photograph-16

Spotted/ Diffuse Eeratosis

Photograph-17 Keratosis

Photograph-18

Severe Keratosis on palms and soles

Photograph-19

Arsenic affected people

Photograph-20

Diorzal keratosis

Photograph-21

Spotied keratosis on palm and sole

Photograph-22

Arsenic affected child

Photograph-23

Spotted melanosis on trunk and keratosis on soles

Photograph-24

An arsenic affected family

Photograph-25

Diffuse melanosis

Photograph-26

A severe arsenic affected patient

Photograph-27

Severe melanosis on tronk and keratosis on soles

Photograph-28

Whole body spotted and diffuse melanosis

Photograph-29

Spotted melanosis on trunk

Photograph-30

Severe Keratosis on palms and soles

Photograph-31

A severe arsenic affected patient

Photograph-32

A group of arsenic affected women

In addition to the above symptoms, we observe some
common problems in arsenic patients with arsenical skin lesions
such as intolerance to sunlight, burning sensation on whole body,
weakness, and respiratory problem.

Normally, we found arsenical skin lesions among adult
villagers in Bangladesh when water contains arsenic above 300
ug/L. The average water intake is 3.5-4.0 liters per day for
adults!®!!, However, if the nutrition status is poor, lower arsenic
levels may cause arsenical skin lesions, and if the nutrition status
is good, even above 300 pg As/L may not show arsenical skin
lesions. We could not identify people suffering from arsenical
skin lesions who drank water below 100 pg/L of arsenic. Children
younger than 11 years of age normally do not exhibit arsenical
skin lesions.

Exception is found where the arsenic concentration in water
is very high (>1000 pg/L) or when the arsenic concentration is
low (around 500 pg/L), but the children get poor nutrition'2.

Arsenic effects to the people in a rich family versus an under-
poverty line family member

We have plenty of such examples:

It was observed that an arsenic affected family in Bheramara
police station of Kushita district, started drinking their tube well
water from 1971 and began noticing skin lesions from 1990. Out
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of 28 people in the family in the age range of 5 to 80 years, most
of the adults (n=18) had arsenical skin lesions. The youngest
victim was Sahadul (M/14 years), who got skin lesions in 1997.
Children at the age around 11 years in that family had no arsenical
skin lesions. The arsenic concentration in drinking water of the
tubewell was 570 pg/L. They are a rich family (Photograph 33) of
that area and get better nutrition. Basal Metabolic Index (BMI)
also shows good nutrition.

Further, under the Meherpur Sadar police station in Meherpur
district, there is an under-poverty line family comprising 22
members in the age range of 6 to 60 years. Twenty-one (21)
numbers out of 22 have arsenical skin lesions. Six children out of
seven around 11 years of age were found with arsenical skin
lesions (Table 6). The youngest victim was Mafiza (F/ 8 years).
The arsenic concentration in drinking water being used by this
family was 690 pg/L. The family is under-poverty line
(Photograph 34). The food habit and Basal Metabolic Index
(BMI) also shows poor nutrition. In addition to common arsenical
symptoms, we also observed dorsal (15%), chronic bronchitis
(30%), and vitamin deficiency among the under-poverty line
family members, but such type of symptoms was not observed to
the members in rich family of Kushita district (Photograph 33).
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Photograph 33. A rich fanuly, PS: Bheramara, Dist: Kushtia

Table 6: Dermatological manifestation of a group of children in an under-poverty line family in Meherpur Sadar police station of
Meherpur district of Bangladesh

SLMo. | Sex & age Melanosis Eeratosis
Palm Trunk Leuco| Whole Palm Sole
Spotted | Diffuse | Spotted | Diffuse body | Spotted | Diffuse | Spotted | Diffuse
CPl M9 - + ++ + — + + + + -
CP2 F.9 - + + + 2 E _ = i B
CP3 F,8 - + + + S - - - - =
CP4 MO - + ++ + = - + - + -
CPs M, 11 - + + + - 2 - - + -
CPs F, 10 E + + - = . - T » =
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Photograph 34. A poor family, PS: Meherpur sadar, Dist: Meherpur

Impact of arsenical skin lesions after drinking safe water, eating nutritious food, and taking vitamins

During the last 6 years of field experience in Bangladesh, we have observed that those suffering from diffuse melanosis and light
spotted melanosis can recover after drinking safe water, eating nutritious food, and taking vitamins. Normally diffused melanosis
disappears easily after drinking safe water, light keratosis (+) may also disappear. However, if keratosis is appreciably visible (++),
drinking safe water and eating nutritious food may reduce it, but it may not disappear. In arsenic patients with moderate to severe (++
and +++) keratosis, the appearance of keratosis does not stop even after drinking safe water over a long period of time and even when
hair, nail and skin scales contain safe level of arsenic (Photographs 35 and 36).

Photograph 35. Arsenic patients drinking arsenic contaminated underground water and they have
skin lesions
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Photograph 36. After drinking safe water over a few years, and hair, nail and skin scales contain

safe level of arsenic, but he has still skin lesions

Children at risk in arsenic affected areas of Bangladesh

If we accept that the future of the world depends on its
children, then all of us should try to protect them regardless of
where they live. The exposure of children to environmental toxins
and the resultant illness should be the concern of all. Arsenic
toxicity is one example. Several studies over the years have shown
that children are at higher risk of arsenic exposure!* 8. Although
children show less arsenical skin lesions than adults, they are
more susceptible to arsenic toxicity'®. Arsenic can damage the
central nervous system; chronic encephalopathy symptoms
include diminished recent memory and organic cognitive
impairment?®. A recent study?' shows that the percentage of
children in the average 1Q group decreased remarkably from 56.8
(n =44) to 40.0 (n = 95) as the arsenic level increased in hair.

Our last 6 years of field experience in Bangladesh show that
normally children under 11 years of age do not show arsenical
skin manifestations. However, we have observed a few exceptions
when (1) the arsenic content in water consumed by children is
very high (1000 pg/L) and (2) the arsenic content is not very high
(around 500 pg/L), but the children get poor nutrition
(Photographs 34 and 37). For example, photograph 34 shows a
group of children under 11 years in a poor family having arsenical
skin lesions [Bagoan village under the police station of Meherpur
sadar, Meherpur, Bangladesh]. It was also observed that 21
members out of 22 (including 6 children out of 7) had arsenical
skin lesions in this poor family. Table 6 shows the dermatological
manifestation of these six children. The arsenic concentration in
drinking water being used by this family was 690 ug/L. So far in
Bangladesh, the youngest arsenic patient is a child (age 18
months) with melanosis (+) and keratosis (++) [spotted on palm
and sole] was found in Payerpur village under Madaripur Sadar
police station in Madaripur district (Photograph 38). While
discussing with his mother, I came to know that the child used to
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drink a very high quantity of water (2-3 liters per day) from
childhood.

We had examined 4,864 children below 11 years of age
drinking arsenic contaminated water from the affected villages of
Bangladesh and out of that arsenical skin lesions registered from
298 children (6.12%), whereas in adults it is 24.47%. Normally,
arsenical skin lesions observed in children are diffuse melanosis
and spotted melanosis. Keratosis on the palm and sole are not
common in children. A few exceptions are found when arsenic in
drinking water is quite high 1000 pg/L and nutrition is also poor.
However, we have not found children suffering from+++ stage of
melanosis and keratosis (we used mild+, moderate to high++, and
severet+++). We have not also found any child patient during the
last 6 years in Bangladesh below 11 years of age with non-pitting
oedema, gangrene, Bowens, dorsal, or cancer. Table 7 shows the
dermatological manifestation of 24 child patients from 24 affected
districts of Bangladesh (one child patient from each district)
where we have identified child patients, and Figure 10 shows a
comparison of dermatological symptoms of the adults and child
patients in Bangladesh.

We also had analyzed hair, nail, and urine samples from
children below 11 years of age from arsenic affected villages of
Bangladesh. Table 8 shows a statistical comparison of arsenic in
hair, nail, and urine of adults and children (both patient and non-
patient). It appears that although 6.12% of 4,864 children showed
arsenic skin lesions, but hair and nail analysis of children (below
11 years of age) with or without arsenical skin lesions from
affected villages of Bangladesh showed that 84% of the children
had arsenic in hair more than the toxic level and 89% in nail above
normal level (Table 8). It appears that children living in arsenic
affected villages have higher arsenic body burden but less
dermatological symptoms. Table 8 also shows that the
concentration (mean value) of arsenic in hair and nails of adults is
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higher than that of children. For urinary arsenic, children are
excreting more arsenic than that of adults.

Table 7: Shows the dermatological manifestation of 24 child patients from 24 affected districts of Bangladesh (one child patient
from each district) where we have identified child patients

SINo.|  Districts Sex & Melanosis Keratosis

age Palm Trunk | Lencq Whole Palm Sale

Spotted| Diffuse| Spotted| Diffuse body | Spofted| Diffuse| Spotted| Diffuse

CPl | Lalshmpur | F9 - 1 + + : - - 1 2
(P2 | Jessome E3 - + + th + + +
CP3 | Pabma F, 10 - + t+ + + + + + +
CP4 | Fandpur F, 11 - + + + -
CP5 | Chandpur E. 9 - + -
CP6 | Narayangayy | M 10| + + + + +
CP7 | Nawabgam M0 - + + + .
CP8 | Rajshalu M 10| - + +| - + + +
CP9 | Ranppus F, 10 + + u t + + + +
CPI0| Meherpur M| - t $ + E T .
CP11 | Jhsnaidaha E9 + + + ; E
CP12 | Camilla F, 11 + + | - + ¥
CP13| Manikgan, M1 ¢ + + + +
CP14 | Bagerhat F, 10 - + + : z -
CP13 | Bogm MI0| - + + + - + -
(P16 | Chuadanga M3 - + +H + + 2 + _
(P17 | Gopalgan) F9 - + n + | - 2 : ! g
CPI8 | Jamalpus M9 + ++ + + i + +
CP19 | Khulna F9 + + + + + + + +
CP20 | Madanpur Fll - 4 ++ + L $ + i + _
CP21 | Mamura F, 10 - + + + + + - +
CP)) | Narsmedi F10 7 t + + + + - +
CP23 | Noakhali MIO | - + + + - +
CP24 | Kusha E 1l t+ H [+ + H | H| ++
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Table 8: Status of biological samples collected from the adults and children of arsenic affected villages in Bangladesh (about 40-
50% of samples are from people having arsenical skin lesions)

|Parameters Adults Children
Arsemic m Arsemic 1n Arsemic in Arsemic in Arsemic Arsemac in
Hair*® MNail** Urina*+* Hair* Mail** Urina***
(ue'ke) (peks) {ug/L) (peke) (peke) (ueL)
Mo, of valid B350 352 300 152 148 155
lobservation
|1V[ean 3400 GR60 472 1850 5850 605

IhJedian p161 4512 B35 1031 1516 B10
Ih.r.ﬁ.:r:i::m.lm [530 L1700 37 570 1665 4

P adinnm l420 79500 283 5930 17700 R0BS
Standard deviation [1900 5500 51 1150 3600 rssz
Yo of samples having [93 100 95 B4 59 b7
larsenic above normall

tondie (hair) level

*Nomnal level of arsenic in hair ranges from 80- 250 pg/kg; 1000 pg/kg is the indication of toxicity™

**Nomnal level of arsenic in nail ranges from 430 - 1080 pg/Kg™
1000 O
80.00
60,0
20.00 — ' '
— A L
& O & & 2 2 & & it 2

***Normal excretion of arsenic in urine ranges from 5 - 40 pngT*
0.
3 o F F F o o o

& & P

o

Comparative study of dermatological symptoms
(Children patients, n=298 and adults patients, n=3,427)

B children, % of patients B Adults, % of patients

Figure 10: Comparative study (children vs adults) of dermatological symptoms [Dorsum, WB-M (Whole Body Melanosis), Leuco,
DK-S (Diffuse Keratosis-Sole), SK-S (Spotted Keratosis-Sole), DK-P (Diffuse Keratosis-Palm), SK-P (Spotted Keratosis-Palm), DM-
T (Diffuse Melanosis-Trunk), SM-T (Spotted Melanosis-Trunk), DM-P (Diffuse Melanosis-Palm), and SM-P (Spotted Melanosis-
Palm)] of the adults (n=3,427) and child (n=298) patients in Bangladesh
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Photograph 37: A group of children below 11 years of age in an under-poverty line family having arsenical skin lesions (PS:
Nawabganj Sadar, Dist: Nawabganj, Bangladesh)

LT = AW

Photograph 38: The youngest child (age 18 months) in the Vill: Payerpur, PS: Madaripur sadar, Dist: Madaripur, Bangladesh

We have further observed that children recover from diffuse having moderate to high spotted melanosis (++) and spotted
melanosis (blackening of color) and light spotted melanosis (+) keratosis (++) even after drinking safe water and nutritious food,
quickly if they use safe water, eat better nutrition, and take = do not recover completely. In one of our follow up studies in
vitamins. Mild keratosis (+) also disappears, but the children = Harirampur village, Bagha police station in Rajshahi district of
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Bangladesh, we have found during August 1996, nine children  early1997, and we further went to the village in April 1999 for the
(Photograph 39) had arsenical skin lesions and was drinking follow up study. We had found diffuse melanosis disappeared in
arsenic contaminated water from a tube well having arsenic 1,070 children, and those who had spotted melanosis (+) and keratosis
ug/L. The group started taking safe water <3 pg/L of arsenic from (+) are no longer showing skin lesions, but those who had ++

spotted melanosis and ++ spotted keratosis could not get rid of their skin lesions and spotted melanosis, replaced by Leucomelanosis
and keratosis, is less compared to what they had during August 1996. However, the children are still complaining about their weaknesses,
breathing problems, and suffering from cough and cold. Finally, if it is accepted that children are at a higher risk due to arsenic exposure,
then the future of the next generation of Bangladesh living in arsenic affected villages may be grim as above 84%, and 89% of the
children's hair and nail contain arsenic above toxic (hair) or normal level (nail), respectively.

Photograph 39: A group of arsenic affected children in the Vill: Harirampur, PS: Bagha, Dist: Rajshahi, Bangladesh.

Inorganic arsenic and its metabolites together in urines were analyzed by the FI-HG-AAS method. In our FI-HG-AAS system,
arsenobetaine and arsenocholine do not form hydride. The results for children are given in Table 9. Exposed children's urine samples
were collected from Datterhat village of Madaripur district in Bangladesh, where children use arsenic contaminated tube well water for
drinking purposes. Controlled children's urine samples were collected from Medinipur district of West Bengal, India, where they are
using arsenic safe water (<3 pg/L) for drinking purposes. The analytical result of control urine samples is given in Table 9.

Table 9: Concentration of arsemic {ug/L) in drmmking water and comresponding unnary total arsemuc of
children i exposed and control groups collected from Datterhat willage of Madarspur district inm Bangladesh
and Bautinagar block/PS m Medinipur district of West Bengal-India. respectivelw:

Sample No.

Exposed chaldren
EC1
EC2
EC3
EC4
EBCS
EC6
EC7
ECE
EC9
EC10
ECLI
ECI12>
EC13
ECLl4
EC15

Age
Cenr)

(=15}
10

11
11
6
10
8
6
7
10
11

Control children (n=12)

CC1
CC2
CC3
CCca
CiC5
CCé
CC7
CCs
cCo
CClo
CCl11
CC12

[ N
-

(ALF)

HEERTMEEEEg g™

44

2

Mg

gEHzEAAA

Asin T-Asinorg-+met
drinbking (gL
WWater

(M)

300 370
340 TS50
480 L350
4&0 37D
460 350
620 1287
620 2400
sS40 1250
540 520
40 o919
118 164
350 365
320 1172
320 340
390 565
=3 k]

=3 35
=3 16

=3 13
=3 36

=3 28
<3 ]

=3 3

=3 3

=3 o |

=3 22

<3 17
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Conclusion:

This study indicated that maybe a lot of people died, suffered,
and have been suffering due to drinking arsenic contaminated
water and foods. We don’t know how many families were
destroyed and how many children lost their future. We don’t know
our economic loss.

Therefore, we must learn from these arsenic impacts in
Bangladesh that even though it looks good today, it could be very
dangers tomorrow if we don’t think about each one of it, very
carefully.

Now a days, most of the people are drinking deep
underground arsenic free water, but it must be a good idea to
follow up this underground water for measuring contaminants,
including arsenic, because the people are drinking/using safe deep
tube wells water today, it could be contaminated with times in
future.
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