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A lahoratory transport study of lHfueous arsenic under constant pres~"larc head in four surface soils, collected from the paddy fields 

at four different arsenic-atTected sites of the Deganga block of North 24-l'arganas district of West Ucngal, was conducted with 

the help of douhlc-chamhercd vertical column made of llorosil glass. The experimental data led to the Darcy's saturated hydraulic 

conductivil)' of the soils and acmmulation or relative hold-up of arsenic in these soils as re\'Culed by the corresponding breakthrough 

mrns. The ~i11rnoid shape of these breakthrough curves for the given passage of aqueous arsenic solutions through the present 

soils, thereby suggesting hydrodynamic dispersion, was noted, with a concomitant shift of the curves to the left of the corresponding 

inllextion points (at /'v = 1.11). Based on this, substantial arsenic retention by the given soils wa.~ inferred. In this rcjlard, the arsenic 

rctentiun through its interactions with the soil organic matter and the day fractions was also emphasized. Moreover, an attempt 

lms been made in the present study to relate the arsenic retention by the given soils to the corresponding relevant physico-chemical 

J>roperties. The lindings from the laboratory experiment were found to be satisfactorily correlated with the arsenic build-up in 

the different parts of summer (boro) paddy cultivated in the given afl'ected soil~. The latter may he taken to elucidutc the effect 

of sud1 irrigation on crops grown in the arsenic contaminated soils using the contaminated groundwater as the irrigation source. 

Arsenic (As) is placed in Group V(b) and Period 4 of the 
Periodic table. It is a toxic semimetal and is highly mobile 
under neutral to slightly alkaline conditions in natural eco
system. Arsenic is ubiquitous in the environment and its 
input to the environment, either through natural processes 
of weathering of arsenic-bearing rocks and/or use of arse
nic-contaminated groundwater for irrigation, or through a 
host of anthropogenic activities, such as mining operations, 
smelting of base metal ores, combustion of coal and appli
cation of arsenicals as agricultural pesticides is widely re
ported 1• Arsenic is a nonessential element for plants, and 
its inorganic forms are generally highly phytotoxic. An 
overexploitation of groundwater and the change in landuse 
pattern is believed to have triggered the mobilization of ar
senic into the groundwater in the Bengal Delta Basin 1·2. 

The geochemical characteristics of the aquifer play a cru
cial role in understanding the mobilization of arsenic. Arse
nic input to soils may have toxic effect on plants with its 
accumulation. mainly into the vegetative part of the latter, 
thereby le<1ding to entry of arsenic into the animal and 
human foml-web. The problem of arsenic contamination in 
groundwater in the vast tract of alluvial aquifers in the 
Bengal Delta Plains (BOP) is a subject of global concern 
and is known to have affected populations of about 7-8 
million in West Bengal and more than I 0 million in 61 out 
of 64 districts of Bangladesh. In West Bengal as many as 

100 

81 blocks in 9 districts covering an area of more than 
39000 km2 are reported to be severely affected2·3. 

The main focus of attention, until recently, has been ex
clusively on arsenic contamination in groundwater-derived 
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)<'ig. l. v~atical soil column. 
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Fi~e. 2. Arsenic lmnsmission ch:mn:lcrislic bar diagwm (for 200 mg As 
L" 1) of fum soils. 

drinking water. However, since groundwater is also used 
extensively for crop irrigation in the arsenic affected belt of 

West Bengal, the possibility of a build-up of arsenic in agri
culturul soils and agronomic produce was anticipated 1• Ar

senic uptake by crop plants grown in soils contaminated 
with high concentrations of arsenic, and irrigated with arse
nic-contaminated groundwater has also been reported~·5 . It 
is also evident that soil lubile pool of arsenic and its intake 
by plants from soil varies from region to region, depending 
on the extent and nature of interaction of soil components 
with arsenic. The l;.ttter is a function of the properties of the 

soils concerned. In this context it is worthnoting th<tt the 
surface w;.tter bodies in the entire affected belt have re
mained free of the toxin. This seems to suggest that the soil, 

which is receiving the arsenic contmninated groundwater as 

irrigation source, acts as a mujor sink of arsenic inflow to 
agroecosystemsi.6-IO, thereby reducing the availability of 

the toxicant in the groundwater-soil-plant/animal/human 

continuum'. 

11 E .. l Chyongdana IIAmbikonogar 
450 11 Chokla lllajpur 

T ... (llr) 

Fi~t. ~l Arsenic transmission characlerislic bar diagram (for 400 mg As 
L 1) of four soils. 

Keeping these facts in view, the present study was con

llucted to explore the arsenic retention/release behaviour of 

selected surfact' soil samples, located in the affected study 

site, Juring pas..,;tge of aqueous ursenic through these soil 
smnples wken in a vertical soil column. The latter has im

portant bearing to the leaching losses beyond the crop root 

zone, nutrient availability and potential contamination of 
groundwater resources. Several workers 11 - 14 have treated 
solute transport on u macroscopil:.: basis, i.e. with the water 
tlow velocity, hydrodynumic dispersion, etc., being treuted 

as the assm:iuted parameters that describe the soil system. 
In the present study, an attempt has been made to explore 
aqueous solute transport through vertical soil column and to 
relate such transport/retention to the relevant properties of 
the given soils. The information so generated hopefully 

would help to elucid<lte the extent of partitioning of arsenic 
(i.e. the pollutant) from the tlowing contaminated water 
onto the soil in contact during irrigation. 
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11c111 Chyangdana ll!Ambikanagar 

JOO 11 Chakla lilliJP"' 
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l~ig. 4. Arsenic transmission chamctcrislic bar diagr<un (for ~!Xl mg As 
L- 1) of four soils. · 

Results and discussion 

The surface soil samples, collected from the four ursenic 
affected areas, namely East Chyangd<tna, Ambikanagar, 

Chaklu and lajpur, were neutral to slightly alkaline in na
ture (pH 7.42 to 7.85) with varying organic carbon and clay 

contents (Table I), and hence C.E.C. The textural class of 

the soils nmged between sandy loum and silty clay loam. 
The electrical conductivity of the soils v<tried from 0.30 to 
0.60 dS/m. Organic carbon content ranged from 9.2 to 18.9 
g kg- 1• The soils had high base saturation and moderate 
CEC values, runging between 15.6 and 18.9 cmol (p+) kg-1• 

The exchangeable Ca co111e111 was quite high in all the soils. 
The specific surface urea also v<tried umong the present soil 
samples. The uvailable P was high in the soils of Ch:tyungd
ana East and Ambikunugar compared tu the soils of Ch~tkla 
<md Iajpur. The oxalute extructable (umorphous) Fe content 
was greater in the lajpur soil followed by that in the 
Ambikanagar, East Chyangduna and Chaklu soils. The 

Olsen extractable (0.5 M NaHCOJ, pH 8.5) arsenic content 

wus also relatively high in the lajpur soil, followed by th<tt 
in the Chakla, Ambikanagar and East Chayangdana soils. 

Findings.fi·om the leaching c~laqueous arsenic clown the 

vertical soil column : Results presented in Table 2 showed 
that the etlluent concentration varied with the progress of 
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T1thlc 1. lmp01t:mt physico-chemical properties of soils 

East Chyangdana 

Typic 

Ambikanagar Chakla Jajpur 

Typic Soil wxonomy Typic Typic 
Haplaqucpt 

1~.4 

54.1! 
29.8 

H:tplaqucpt Haplaqucpr Haplaquepr 
17.3 
66.6 
16.1 

It!.~ 55.7 
50.4 32.2 
31. I 12.1 

Sand(%) 
Silt !'il•) 
Clay t'YrJ 
T.:xturc Silty d:ty loam 

7.47 
Silty clay loam Sandy loam Silly loam 

7.77 
0.60 
1!1.9 

rH !I:~--'! 
EC(I · .'iJtdS 111 1) 

Or~. C I~ kg 1) 
Su~facc ;rca (Ill~~- 1) 

CEC lcmul \fl.) k~ 11 
Exch~m~cabk cations 
lcmnl (J;•) kg 11 
Na 
K 
Ca+Mg 
A mnrrhous Fe ( 'ii· l 
Olsen cxtractahlc (tug kg 1) 

As 
p 

O.D 
14.2 
105 
18.9 

0.17 
tUJ 
17.~ 

0.41 

1.60 
42.0 

-7.42 
ll.30 
I 1.6 
107 
15.6 

0.11 
0.46 
14.7 
0.41 

2.90 
40.0 

7.85 
0.38 
I 1.2 
69 
17.2 

0.16 
0.32 
16.3 
0.12 

6.~0 

38.0 

82 
16.7 

0.14 
(1.30 
16.0 
0.61 

19.4 
37.0 

Table 2. Ohscrvcd trends of finding' for transport of aqueous arsenic solutions through soils Ullucr paduy 

Soil sampk 

collecteu from 

East Chayanguana 

Ambikanagar 

Chakla 

Jajpur 

Time 
illlcrval 

(h) 

1.0 
2.0 
3.0 
4.0 
5.0 

24.0 
I .0 
2.0 
1.0 
-HJ 
5.0 
~4.0 

1.0 
2.0 
.to 
4.0 
5.0 

24.0 
1.0 
2.0 
1.0 
4.0 
5.0 

24.0 

Pcnncating 
arsenic Relative 

cunccntra- · concl.!ntratinn 
tion (C/Cn) x IO.l 

(mg i\s L' 1) 

1.35 
1.22 
1.19 

200 1.61 
2.00 
2.20 
I. 7 I 
1.65 
1.% 

200 238 
5.30 
7.48 
4.76 
4.97 
7.:09 

200 7.74 
9.03 
10.4 
I .62 
1.57 
198 

200 I .62 
4.!14 
7 95 

time. A general trend of gradual rise in the concentration of 

arsenic in the leachate with time of tlow (as retlected in the 

corresponding values of the ratio, C'/C0 ) was noted in all 

the four soils, suggesting a lower degree of retention of ar

senic by the soils at longer intervals. The greater average 

time of dilution in the soil of East Chyangdana (being 625, 

215 and HX.O for aqueous permeating arsenic solutions at 
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Pen nearing Pcnncating 
arsenic Relative arsenic Relative 

conccntra- concentration concentra- concentration 

tion (C/Cn) x 103 tion (C"/Cn)x 103 

(mgAsL- 1) (mg As L' 1) 

2.55 8.70 

3.15 12.3 

5.20 12.9 

400 4.62 800 8.39 

5.0.'i 14.6 

7.31 19.6 

2.98 7.!!8 

5.76 20.3 

5.04 12.6 
400 5.98 !!00 20.9 

8.81 19.4 
11.5 23.8 
3.35 I 1.7 
5.1 I 17.0 
5.96 23.1 

400 7.25 800 25.1 
7.72 2!1.6 
14.8 33J 
4.13 10.5 
5.24 17.6 
4.98 23.9 

400 6.31 !100 24.5 
6.63 24.!1 
12.1 28.4 

the feed-level concentrations of 200, 400 and !100 mg As 
L- 1) than in the remaining soil samples for all the difterent 

aqueous arsenic solutions used as the permeating electro

lyte, suggested a higher degree of arsenic accumulation in 
the former, possibly due to a moderately high organic c<tr

bon and clay contents in this soil (Table 1 ). The lowest time 

of dilution reported for the Chakla soil, with all the aqueous 



PunK .• Hmg Tum. Volume ol Cumul.lii'C Pm e Rel.ltl\ e 

.U'Cnle llliCIV,ll k.tdl~IC \Oiume volume lOillLilii.JIIOn 

Soli conc<.ntwllon (h) (ml) (ml) 

(mgA'L 1) 

(!'.) (C /Co) x 10 1 

I 0 'i '\ 'i '\ 0 OIR I 1'\ 

2 () 'i 0 10' oon 1 n 
LN (hy.mgd Ill I 200 1 () '\ 8 161 0 I 1'\ I 19 

Alllhl~.lll.lg 11 

Ch.1~l1 

I.IIJlUI 

200 

200 

200 

I'CIIlll..lllng 

~u "~L-Illi.. 

'>oil conccnii.IIIOil 

lmg A' L 1) 

E."t Chy.mgd 111.1 400 

Amb1~.m.1g.lr 400 

Cho.~~l.1 400 

I.IIJlUI 400 

40 48 211 0 I '\2 I 61 

'0 '1 26 6 0 189 ::! 00 

24 0 

10 

20 

10 
40 

'\0 

24 0 

10 

20 

10 

40 

'\0 

24 0 

10 

20 

10 

40 
'\(} 

24 0 

118 

'i 1 

16 

60 
'i 'i 

'i6 

'i'i 'i 

200 

14 0 

110 

110 

9 'i 

l'i'i 

10 

26 

2h 
2 'i 
10 

'\4 () 

Volum<.ol 

Tun<. mill\ .11 lc.tdMic 

(h) (ml) 

10 4'\ 

2 0 40 

10 40 

40 4'i 

'i () 4 0 

24 0 'i4 0 

I 0 16 0 

2 0 110 
10 l'i () 
4 0 100 
'i 0 II 'i 

24 0 108 'i 

I 0 400 

2 () 4'i 0 
10 400 

4 () 400 

'i 0 100 

24 0 27'i 

I 0 14 '\ 

2 () 16 'i 

10 17 0 

4 () 16 0 

'iO l'i 'i 
24 0 100 

604 

II I 

17 I 
226 
28 2 

817 

20 0 

14 0 

47 0 
47 0 
69 'i 

22'i 

10 

'i6 

84 

10 9 

119 

67 9 

0409 

0041 
om;o; 
0 126 

() 172 
0 209 

() 'i'i6 

0097 

0 164 

0 248 

0101 

0 1'\1 

0 577 

0012 

0 024 

0 01'i 

0044 

0 057 

0 281 

Cunml.tllvc Pou. 

volume volume 

(ml) (1'.) 

4 'i 0021 

8 'i () 018 

12 'i OO'i'i 

170 0074 

210 0091 

7'\ 0 0 121 

16 0 0 074 

29 0 0 12'\ 

44 0 0 189 

'\40 022'\ 

6'i' 0 279 

174 0 821 

400 0174 

8'i 0 0 169 

12'i 0 'i81 

16'i 0 770 

19'i 0 889 

470 2 02 

14 'i OO'i9 

110 0111 

48 0 0 20 I 

640 02~9 

79 5 0121 

ISO 0 742 

2 20 

I 71 

I 6'\ 
I %1 

2 18 

no 
7 48 

4 76 

4 97 

719 
7 74 

9 01 

10 4 

I 62 

I 'i7 

198 

I 62 

4 84 
79'\ 

RLIJIIVC 

lOlllCIIII.IIIOII 

(C'/Co) x I 01 

2 -~ 
1 I'\ 

~ 20 

462 

'\ O'i 

7 11 

2 91! 

'i76 
~ 04 

'i 98 

!!81 

II 'i 

11) 

~II 

~96 

7 2'i 

772 
14 8 

4 11 

~ 24 

498 

6 II 

6 61 

12 I 

Solut<. Flux (tf) 

lllUIIIUI.IItoll X 10~ 
Jl11.llll<.lel (I) (Lill' 1) 

1 = 1- C/Co 
0 999 2 HX 
0 999 2 7'\ 

0\199 2 84 

0 998 2 76 

0 99R 2 78 

0 LJ9~ 

099K 

() 99!! 

0998 

0 998 

0 99'\ 

0 991 

0 99'\ 

0 99'\ 

0 991 

0 992 

0 991 

0990 

0998 

099X 

0 998 

0 998 

0 99'\ 

0992 

So lull 

.ll.lUIIIUI.lllllll 

p.lllllldll (1) 

1 = I - CIC.o 
0\198 

() 997 

0 99'\ 

0\1\l'i 

() 99~ 

0 991 

0 997 

0 994 

() 99'i 

0 994 

() 991 

0989 

() 997 

0 99'\ 

0 994 

0993 

0 \>92 

() 98'\ 

0 996 

099'\ 

() 99'i 

0 994 

0 997 

0 9\>8 

I '~ '-
2 4H 

2'\1 

2 'i8 

2 'i'\ 
2'\'\ 
I '\!! 

6 91 

'87 

'41 

' 18 
4 80 

121 

I '\7 

I 47 

I 47 

I 41 

I 4'\ 

I 48 

Flux (q) 

X 10~ 

(llll' I) 

2 01 

192 

I 88 

I 92 

I 90 

I 41 

6 29 

'76 

'i76 
'i\0 
'i l'i 

2 8'i 

1'\7 

16 7 

164 

16 2 
I 'i 1 

7 69 

'i 70 

6 09 

6 29 
6 29 

6 2'\ 

294 

S.l!u1.11ell 

hy4JI.IUiJl 

wnllulllv&ty (~) 

X 10~ (clll' 1) 

2 08 

I 97 

I 4'\ 

I 29 

I 01 

0 952 

I 79 

I HI 
I 86 
I 84 

I X4 

I 11 

'\ II 
41'\ 

400 
181 
1'\'i 

2 19 

2 88 

2 84 

::! 61 

I 08 

I 09 

102 

<;,IIUJ.lll.U hyur.lUhl 

wnJuctJvlly (A) 

X 104 (llll\ 1) 

I 40 

I 11 

I 10 

I 11 

111 

0<)7 

4 'i1 

4 10 

41'i 

182 
1 71 

2 0~ 

109 

II '\ 

114 
112 
106 

'\II 

4 22 

4'il 

466 
4 66 

4 61 

2 IS 
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Table 5. Solute accumul:lliun par:nnctcr (r) and satur:ued hydraulic conductivity (k) of soils using aqueous arsenic :II diflcrcnttimc periods 

Permeating · Solute 

Time Volume of Cumulative Pore arst.:nit: 

cunccntr:llion 

Cmg As L 1) 

int.:rval J.:achatc volum.; volume 
(h) (ml) (ml) (/',) 

1.0 2.5 2.5 0.009 
2.0 2.5 5.0 0.019 
3.0 2.5 7.5 0.02H 

East Chy:mguana HOO 4.0 2.5 10.0 0.038 
5.0 3.0 13.0 0.049 

2-l.ll 57.5 70.5 0.243 

1.0 3.0 3.0 0.014 
2.0 3.0 6.0 0.026 
J.O 4.0 10.0 0.043 

Amhikanagar 800 4.0 5.0 15.0 0.063 
5.0 4.5 19.5 O.O!B 

24.0 45 64.5 0.305 

1.0 23 23 0.10!! 
2.0 27 50 0.232 

3.0 20 70 0.356 
Chakla XOO 4.0 20 90 0.439 

:'i.O 21 Ill 0.544 

24.0 225 336 0.623 

1.0 5.5 55 0.020 

2.0 4.0 9.5 0.042 

1.0 5.5 15.0 0.066 
laipur HOO 4.0 4.0 19.0 0.084 

5.0 5.5 24.5 0.109 

24.0 84.5 109 0.480 

" •East Chy1ngd1na eAmbik•n•g•• 

A Chalc Ia x lajpur . :.J •• 
10 

-. ;i IJ' ,. 
i 10 

t 
,§ 8 

~ • .. 
o- ----~----------------------------------~ 

0.1 0.2 . , o.• ... •• 0.1 

Pare VOUhl (PYJ 

Fi;.:. 5. Hn:aklhmudt ntrv.:s for four soils using ars.:nic solution (200 
mg As I. 11 as Jl<:l'lncating cl\!ctrolyt.:. 

Relative accumulation Flux (<J) 

conc.:ntrat ion paramct.:r (r) x 104 

(C'/Co) X 103 r= I- C'ICo (Cill S -I) 

lUO 0.991 0.86 
12.3 0.998 0.86 
12.9 0.994 0.!!6 
x.:w 0.992 0.!!6 

14.6 0.9!!5 0.!!9 
19.6 0.980 1.02 

7.!!8 0.992 I. I!! 
2!U 0.979 I. IX 

12.6 0.987 1.31 
20.9 0.979 1.47 

19.4 0.981 ISl 

23.H 0.976 1.06 

11.7 0.9!!!! 9.04 

17.0 0.983 9.!!2 

23.1 0.978 9.17 

25.1 0.975 !!.!!4 

28.6 0.972 !!.72 

:B.3 0.967 5.50 

10.5 0.9!!9 2.16 

17.6 0.982 1.87 

23.9 0.976 1.96 

24.5 0.974 1.!!7 

24.8 0.974 1.93 

28.4 0.971 1.78 

•Ea"Sol (hyo~~ngdana eAmbrkanaiJar 

0-~ •• •• 0.1 I l 
Port y,.._ (P¥) 

Saturated hydmulic 

conductivity (k) 

x 104 (cms.t) 

0.62 

0.62 
0.62 
0.62 

0.64 
0.7.1 

0.!!5 
0.85 

0.94 
1.06 
1.10 
0.76 

6.33 
6.!17 
6.42 
6.19 
6.10 

3.85 

1.56 

1.35 
1.41 

1.35 
1.39 

1.28 

u •• 

,,,,c·uic permeating solutions (being respectively 134, 142 

;1ud -U.3 for 200. 400 and 800 mg As L -I feed solution con

centrations) could have arisen from the lowest organic car
bon and clay contents in this soil (Table I). The solute accu

mubtion parameter (r) and the saturated hydruulic conduc

tivity (k) of the soils. using aqueous ars~nic solutions at dif

ferent time periods. are shown in Tables 3--5. In agreement 

with the above stated trends of arsenic retention by the 

given soils, the saturated hydraulic conductivity of the 

Chakla soil was generally higher for all concentrations 

(natiH:Iy 200. 400 and ~00 mg As L- 1) of the permeating 

aqueous arsenic solutions than the corresponding v;1lues in 

I<ig. 6. Br.:akthroufh curves for four soils using arsenic solution (400 
mg As L ) as permeating clectrulylc. 

lOci 

the remaining three soils studied, while it was the lowest in 

the East Chyangdana soil (Tables 3 to 5). The average solu
tion conductivity values (Table 6) ranged from 1.46 x 10-4 

to 3.87 x 10-~ em s-t for 200 mg As L -I aqueous arsenic 

solution, 1.27 x I 0-4 to I 0.1 X I 0-4 em s-1 for 400 mg As 

L- 1 arsenic solution and 0.64 x 10-4 to 5.96 x 10-4 em s-1 

for HOO mg As L-1 aqueous solution in the experimental 

soils. An apparently higher retention of solute by the East 

Chyangdana soil compared to the other soils suggests that 

this soil was mther prone to arsenic.: accumulation. 
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•Easl Chyan._dana eArntMkanagar 

)(I "Chakla )( lajpur 

:j 
C• 

~~ 

}. >0 • 

01 •• •• •• 
... V .... (PY) 

fo'iJ,:. 7. Hrcakrhrouuh curves for four soils using <~rsenic solulion (800 
_f . I I mg As L ) <~s pcrmc:rtmg c cerro ytc. 

Tuhlc to. Cnmluclivily aru.l <~rsenic rclcnlinn hy four soils using arsenic 
solulion as pcnnc:lling clcclrnlyt.: 

Avcn1gc solulion 
conduclivity 

Aco:umulaliun 
pammctcr (r) 

(% liCCumulation) 

Time uf dilution of 
average solute 

pcntlcaling 
arsc11ic solution 

x 10~ (em s-·l) 

Soil 

E:1st Chyangdan:r 

Amhik:magar 

Chakl:r 

lajpur 

E:rsl Chy:rngd:ma 

Amhikanagar 

Ch:rkla 

lajpur 

E:rst Chy:rngdana 

Permeating m·senic solution : 200 mg As L ·I 

1.46 99.9 6::!5 

1.71 99.7 294 

:un 99.:1 134 

I .92 99.7 307 

Penn.:ating ars.:nic solution: 400 mg As L- 1 

1.::!7 99.6 21.5 

.U.1 99J 150 

10.1 

4.14 

99.3 

99.4 

142 

152 

Pcnncaling arsenic solulion : 800 mg As L -I 

0.64 9X.5 88.0 

Amhikmmgar 0.93 9K.2 .57.2 

Chakla 5.96 97.7 43.3 

la,ipur 1.39 97.9 46.2 

'Data comptllcd from those presented in Tables 2. 3. 4 and .5. 

Bar di.agrams of the data on aqueous solute transport 
through the given soils were also made (Figs. 2-4) from 
which the general trend of permeability of ditferent soils, 
namely Chakla > Ambikanagar > lajpur >East Chyangdana 
tll different ~on~entmtions of a4ueous arsenic permeating 
solulions, was apparent. 

The t~pparently s'igmoid shape of the breakthrough 
~urves (Figs. 5-7) for a4ueous arsenic solutions in the given 
soils indi~ales the hydrodynamic dispersion. that is, mixing 
of the permeating solution, with the soil solution originally 
present. leading to displacement of the latter. A shift of the 
breakthrough curve to the left of the intlexion point (at P v = 
I :O) was also observed in each case. Such shifting is also 
proposed to be higher. the higher the clay and organic mat
ter contents of the soils'\ since the former provide a rela
tive measure of the volume of original soil solution that is 
not displaced by the permeating solution. Such expectation 

was generally corroborated by the present findings that the 
shift was. in general. maximum for the East Chyangdana 
soil for all the arsenic concentrations used. and the lowest 
for the Chakla soil. suggesting a higher degree of arsenic re
tention in the former and a lower retention in the latter 
(Figs. 5-7). This nlay possibly be linked with the rebtively 
higher clay content of the East Chyangdana soil and a lower 
clay content of the Chakla soil (Table I) as mentioned ear-
lier. 

Table 7. Total arsenic contenl in diiTcrelll pl:1111 parts of summer (i>om) 

p:rddy samples ~:oll.:ctcd from the study ar.::rs 

Plant s:nnples Sa1nple description 

~:ollc~:tcd from 

East Chyangdana /Jom paddy 

(slandingl 

Ambik:l1mgar Uom palldy 

(standing) 

Chakla 

lajpur 

/Jom raddy 

(standing) 

/Jom paddy 

(standing) 

Plant parts 

Root 

Shool 

Lear 
Economic pmdut:c 

Root 

Shoo1 

Lear 
Economic pmllucc 

Rool 

Shoot 

Lear 
Economic produ~:e 

Root 

Shool 

Arsenic content 

(mg As kg· 1) 

73.5 

17.7 

13.7 
12.!! 

72.6 

:!6.9 

28.0 

22.9 

119.7 

39.3 

36.7 

23.8 

80.1 
42.5 

Lcuf 32.X 

Ewnonric pmducc 21 .2 

The findings from the present vertical tmnsport studies 
are expected to provide additional information on the nature 
of arsenic retention/release processes in the given surface 
soil samples. alongwith that on the deposition or accumula
tion of the dissolved arsenic down the soil protile from the 
contaminated groundwater-irrigation source. Such reten
tion/deposition of arsenic in the given soils has been related 
to the texture anu organic matter contents in the present 
soils. 

Total arsenic content in the triacid digests of different 
parts (i.e. root, shoot, lenf and e~onomic produce/grain) of 
summer (boro) paddy grown in the given soils is summa
rized in Table 7. The total :rrsenic loading in the different 
parts of bora paddy collected from Chakla was found to be 
generally higher than those for the remaining three sites. On 
the other hand, such arsenic content was much lower in 
case of horo paddy grown in the soils of the East Chyang
dana. This may possibly be relateu to the lower binding ca
pacity of the Chakla soil, causing thereby a greater degree 
of arsenic extraction by the plant roots in this soil. 

Experimental 

Four surface soil samples were used in this investiga-
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tion. namely those from East Chyangdana, Ambikanagar, 
Chakla ;111d lajpur. All the four sites, which were arsenic af
fected. were situated in the Dcganga Block of North 24-
Parganas district. West Bengal. The soil samples were air
dried and crushed to pass through <t 2 111111 sieve to form the 
initial soi I samples. A number of relevant physical and 
chemical properties of these soils were measured by the 
standard methods 16 Soil pH was measured in a I : 2.5 (w/v) 
soil-water mixture 1r' using a combined glass electrode-pH 
meter (Model : Systronies 335). Electrical conductivity 
(E.C.l of the soil suspensions (soil :water: : I : 5) was de
termined by using a direct reading conductivity meter 
(Model : Systronics 303). Orgnaic carbon content of soil 
samples was measun:d by the method of Walkley and 
Black 17 (Nelson and Slllnmers) 1K. The C.E.C. of the soils 
was determined by t:xtracting the soils with buffered BaCI2 

solution at a pH ~.I. adjusted with triethanolamine, by way 
of following the method of Bascomb 19• as outlined by 
Dewis and Frcitas20. Sand. clay and silt percentages were 
determined by the International pipe lie method and the tex
ture of the soils was also ascertained from the particle-size 
distribution of sand, silt and clay. Olsen P content of the 
present soils was determined by extracting 2.5 g of each soil 
with 50 ml of 0.5 M NaHCO~ (pH 8.5) for 30 min and de
termining the phosphorus by .the I.-ascorbic method 21 . The 
oxalate:extractable (amorphous) Fe content of the given 
~oils was obtained by extracting the soils with 0.3 M ammo
nium oxalate in oxalic acid solution, pH 3.2522, followed by 
measurement of Fe by atomic absorption spectrophotome
ter (see later). The surface area of each soil sample was 
measured by the ethylene glycol retention method23 . To de
t_ermine the exchangeable cations, soil sample were treated 
with neutral normal ammonium acetate solution (pH 7.0) in 
I : 10 ratio 17 . After I h shaking, followed by filtration, the 
leachate was used for the determination of Ca2+, Mg2+, Na+ 
and K+. Calcium and Mg2+ ions were determined by means 
of chelumetric titration using disodium salt of ethylene eli
amine tetra-aceticacid (EDTA). Potassium and Na+ ions in 
the kachate were measured by using a tlame photometer 
(Model : Systronics 121 ). The soil samples were also sub
jected to extmction of labile <trsenic pool in soil by using 
Olsen's t:xtractant, namely 0.5 M NaHC03, pH 8.524 . The 
arsenic content of soil extracts was measured by using the 
atomic <tbsorption spectrophotometer (AAS ), coupled with 
a hydride generator unit (Model : GBC932B, HG-3000). 
Solution conductivity through the given soils was computed 
by way of fitting the transport data to the appropriate form 
of the Darcy's law 15 . 

Flmr through t•ertical soil colu11ut The soils under 
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study were taken into a double-chambered vertical column 
(Fig. I) made of Borosil glass. The upper column slipped 
into the lower one through a B-34/35 standard joint, leaving 
a length of 20 cm for each of the upper and lower columns. 
The internal diameter of each column was 3.0 em, and the 
bottom of the lower column was closed by a G-4 sintered 
glass disc on the top which was placed a filter paper of the 
appropriate circular size. This formed the base of the soil 
column which was then subjected to a constant pressure 
head of aqueous arsenic solutions of different concentra
tions ( C0), namely 200, 400, 800 mg As L -I by means of a 
Marriot arrangement, attached to the upper column through 
a standard joint system (Fig. I). The leachates were col
lected at different intervals of 1.0 h, and the experiment was 
continued overnight for each soil for em:h feed solution. 
The time periods used were pre-set depending on the per
meability characteristics of the given soils. The volumes of 
the leachates, collected at different time intervals, were 
noted, while the corresponding arsenic concentrations (C') 

were measured by using the above stated atomic ubsorption 
spectrophotometer (AAS), coupled with the hydride gene

rator unit. 

The study with the present vertical column was con
ducted to ascertain the Darcy's saturated hydraulic conduc
tivity (k), arsenic accumulation in the experimental soils 
and the relative hold-up of arsenic by the given permeating 
media (i.e. the present soils). The k value was obtained by 
applying. the Darcy's law (eq. (I)) to the given soil-tlow 

system. Thus, 

!lH 
q = k

L 
(I) 

where q is the volume tlux density through the soil column, 
!lH the hydraulic head difference and L is the length of the 
soil column. The data generated from the given experiment 
were also used in the formulism developed by Johnson et 
a/. 25 in assessing the solute accumulation parameter, r (eq. 
(2)), by the soil column (permeated by the given arsenic 
solution), namely 

C' 
r= I-

Co 
(2) 

where C' and C0 are the solute (arsenic) concentrations in 
the eftluent and the feed solution, respectively. 

The breakthrough curves ( BTC) for the given electrolyte : 

The above stuted results were plotted, showing (C'/C0) 

against the number of pore volume, P v• of the eftluent 
(leachate), obt<~ined from (cq. (3)), namely 

Pv = v 
Vo 

(3) 
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where V is the volume of the leachate collected in a given 
time t and V0• the volume of the voids, ~.:ontaining the dis
placing fluid in the soil column. The latter was obtained 
from eq. (4). namely 

Vo = 110V1 (4) 

where 110 is the water-filled porosity at the given time and 
V1 is the total volume of the soil column. The value of 110 at 
the appropriate time intervuls used in the given experiment 
was obtained by soaking the soil (from bottom upward) 
with water over the given time periods9· 11 . 

The plant samples I in this case, summer (boro) paddy I 
were collected from the selected farmer's fields of the pres

ent four sites and brought to the laboratory. These plant 

samples were next washed properly I initially with tap water 

to remove the adhering soil particles (particularly for the 

root zone soil samples) and thereafter rinsed with double 

distilled water I and processed to obtain different plant parts 

like root. shoot. leaf and economic produce (such as rice 

grain). The l•1tter were appropriately labelled, dried in an 

air-oven at I 05"C for 24 h. The dried plant samples were 

ground and a portion (such as 1.0 g) of each dried plant 

sample was digested on a sand bath with triacid mixture 

(HN03 : H2S04 : HCI04 : : 10: I : 4, by volume) to obtain 

the clear digest. The digests were cooled and diluted with 

double distilled water and then filtered through Whatrmm 

No. 42 tilter paper24 . Total arsenic content of the filtrates 

was determined by using the atomic absorption spectropho

tometer. coupled with the given hydride generator unit. 
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