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Abstract

Avrsenic in rice fields of district Tando Mohammad Khan is a concern, most likely originating from long term canal
irrigation water receiving significant quantities of wastewater. Evaluation of available soil arsenic through fractionation
schemes can help understand the chemical association with elements and its transformation to rice. In this study 120 soil
samples, from 24 rice fields and associated rice shoots were collected from intensive rice cultivated area of the district.
Fractionation schemes illustrated that most of the arsenic in soils was calcium-bound and available arsenic (water soluble +
exchangeable), with some as iron and aluminum bound arsenic, contributing 38, 29, 17 and 10 percent to total soil arsenic.
The regression equations further confirmed the significant contribution of each calcium-bound (r = 75), available (r = 65),
iron-bound (r = 49) and aluminum-bound arsenic (r = 0.42) to rice grain. The same was true for straw + husk, however, the
relationships were significant only in case of calcium-bound (r = 0.79) and available arsenic (0.48). Only 4 out of 24 sites
were contaminated by soil arsenic (5.47-59.77 mg kg) and 01 by grain arsenic (0.15-1.00 mg kg1), but concentration in
straw + husk was more (0.30-1.29 mg kg™) than that in grain. In order to avoid further arsenic increase in rice soils, regular
monitoring of arsenic in soil, rice grain and straw + husk may be carried out.
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Introduction

Rice is main meal portion of Asian people taken in
larger quantities and arsenic concentration in rice has
become a big issue worldwide. The crop is cultivated
all over Sindh (i.e. upper, middle and lower) province.
The study area is part of lower Indus Plain and is
amongst main districts of the province growing rice.
The rice in this area relies on the irrigation water of
Indus-Basin-system. The river water carries drainage
and wastewater of “Indus” at Punjab and Sindh (Anon.,
2007). About 1.5 million gallons of poisonous spill of
industries and sewerage from Hyderabad is discharged
into sub-distributary canals on daily basis (Wattoo et
al., 2006). The wastewater of sugar mills, laundries,
plastic factories and domestic sewage of district Tando
Mohammad Khan is part of these canals irrigating rice
fields (Guriro, 2009) and contain relatively more
arsenic than that initially present in River Indus at
Kotri Barrage (Chohan et al., 2020a). The same has
been reported for wastewater of district Badin (Chohan
et al., 2020b). The chemical constituents are relatively
low in domestic wastewater (Memon et al., 2019). The
left bank outfall drain (LBOD) was constructed in the
area to deal with the issue of water logging and also
collect the extra water from floods or otherwise. But
instead, it carries the industry and municipality based
run-off, which falls into sub-distributary canals and
ultimately in river. Rice in the area is normally grown
under flooded conditions, and there is possibility of
arsenic accumulation in soil environment (Gupta et al.,
2002). Continuous irrigation, even with low arsenic
concentration in water, can in the long run buildup the
arsenic level in rice fields, rice grain and enter the food
chain (Abedin et al., 2002; Jamali et al., 2006; Wattoo
et al., 2006; Anon., 2007; Bhattacharya et al., 2009).

Arsenic is not included under the list of plant-essential
nutrients. Presence of arsenic concentration in plant parts is
subject to the overall and available arsenic concentration
(water-soluble + exchangeable) in soil. Which relies on the
chemical forms i.e., arsenite and arsenate. However, these
forms in soil are continuously interconverted (Martinez-
Sanchez et al.,, 2011) and therefore, a more reliable
approach is to determine arsenic concentration in soil using
fractionation testing methods. Alkaline soils have
significant amounts of calcium carbonate or calcium salts,
which lead to calcium-bound, exchangeable, including
water soluble (available), and also little aluminum-bound
and iron-bound arsenic (Norra et al., 2005; Fayiga et al.,
2007). Fractionation schemes extract chemical fractions
from soil using mild (i.e. water) to moderate (i.e. NH4Cl)
and severe (i.e. H,SO.) extractants (Onken & Adriano
(1997), based on increased binding strength of a metal. The
quantity of different arsenic fractions, their relationship
with the concentration in plant can be beneficial in
understanding the arsenic dynamics in soil plant system.
The most common schemes include those of Onken &
Adriano (1997), Jiang et al., (2014); Wan et al., (2017).

Research related to the impact of arsenic fractions in
soil and their association to arsenic in rice parts and
contamination level are scarce and is rather a new-
fangled issue in the area. The regional studies generally
relate to cereals like wheat and maize, and some
vegetables (Arain et al., 2009; Baig et al., 2011) or are
related to total arsenic enrichment in soils (Jamali et al.,
2006; Rasool et al., 2016). There is very scanty data
reported on soil pertaining to various fractions as well as
the arsenic concentration in rice grain and straw. This
study aims to: 1) evaluate inorganic arsenic fractions in
rice growing sites of district Tando Mohammad Khan;
2) Compare the total arsenic concentration in soil and
rice shoot with the established permissible limits; 3) Use
regression models to find out the contribution of
inorganic fractions to rice grain and straw + husk.
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Material and Methods

Study area: District Tando Muhammad Khan (latitude:
24°11° to 23°09° N, longitude: 60°19° to 62°15° E) is
located in the South East of Sindh, Pakistan on the left
bank of Indus River. The study area is part of the lower
Indus plain formed by the quaternary alluvial-deltaic
sediments deposits of the Indus River through the
ancient Hakra, Nullah and Gungra water courses. Being
a vast alluvial plain, its land is highly uniform in
character and is not diversified by hills or rivers (Baig et
al., 2009; District Government Tando Mohammad Khan,
2009). The climate of the study area is semi-arid and
subtropical continental, with temperatures between 4.5-
46°C and mean rainfall of <200 mm.

Sample collection and processing: One hundred
twenty five samples from surface (0-15 cm) and sub-
surface (15-30 cm) were obtained from 24 rice growing
fields using screw type auger (stainless steel). Soil
samples transported to the laboratory were spread using
plastic trays in fume cupboard. The samples were first
air-dried at room temperature for ten days, followed by
grinding and reducing the particle size to 2 mm.
Associated plants were collected from the same fields at
the time of rice harvest. These plants were
decontaminated by rinsing it first with normal tap water,
followed by double washing using distilled water. The
straw + husk and grain were kept separately. These parts
were washed thrice with ultrapure water and air dried
separately in an electric oven at 65°C for 48 h (Ryan et
al., 1996). The samples were homogenized using agate-
mill, passed through a nylon sieve of <75 pm mesh.
Before analysis samples were labeled and stored in
plastic containers and kept at ambient temperature.

Analytical procedures: Soil arsenic fractionation:
Extraction of inorganic arsenic fractions was achieved by
the test-scheme of Onken & Adriano (1997). The
fractions were namely available, aluminum-bound, iron-
bound and calcium-bound arsenic. Plastic tubes of 50 ml
volume having 2 g soil and 40 ml of 1M NH4CI were
shaken on an orbital shaker 180 rpm) for 30 minutes.
After centrifuging the contents (2000 rpm) for 10
minutes, the clear extract was decanted in separate plastic
vial and analysed for available-arsenic. The residue in
plastic tube was extracted with 0.5M NH4F for 30 minutes
and tested for aluminum-bound-arsenic. Likewise, the
remaining two fractions were correspondingly extracted
with 0.1M NaOH and 0.5M H,SO4 for 17 hours and tested
for iron and calcium bound arsenic. In between each
extraction, saturated NaCl (25 ml) was used. All the
arsenic fractions were passed through 0.45 um cellulose
membrane, capped before running on hydride generation.

Arsenic in soil and rice shoot: Concentration of total
arsenic in soil and rice shoots was separately determined
by placing 2 g of each in specific digestion tubes with
HCI and HNOj3 (3:1) mixture and kept for 12 hours. This
was followed by heating the contents starting from low
temperature of 50°C and slowly increased to 200°C. This
took about 70 minutes before the digestion could start.
The process continued for four hours and the digested
samples turned into thickened material. The digested
samples were tightly stoppered, and kept in refrigerator
(Anon., 1998).
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All the arsenic analyses was carried out on
absorption-spectrometry  (Shimadzu-AA6300, Japan)
coupled with Hydride-Vapour Assembly (Shimadzu-
HVGL1, Japan). Arsenic cathode lamp generated radiation
at a wavelength of 193.7nm and a slit width of 0.7nm.
The vapour assembly used HCL (10%) solution as carrier
at a flow-rate of 10 ml m?. Whereas, NaBH. (0.5%) in
NaOH (0.05%) solution was used as reducing medium at
5 ml m*? flow rate. Both HCI and NaBH, were driven by
the reaction-coil and gas-liquid divider. These solutions
reached the flame with the flow (0.32 MPa) of nitrogen
gas. Before the sample analysis the instrument was run
with standards solutions contained varying amount of
arsenic concentrations and the deduction limit of arsenic
was 0.1 pg kg™

Statistical analysis and interpretation of the data:
Descriptive statistics of arsenic in soil (total and fractions)
and plant parts (grain and straw + husk), and linear
regression among soil and plant arsenic was carried out
using Statistix 8.1. Percent contamination of arsenic in
soil and plant parts (i.e. grain) was assessed according to
the permissible limits as given by Anon., (1992) and
Anon., (2010). While, the standard values for straw +
husk arsenic are not available, therefore, these values
were only discussed in the light of available literature
(Bhattacharya et al., 2009).

Results and Discussion

Soil arsenic fractions: The calcium-bound-arsenic was
the most dominant fraction, found in the range of 1.35-
25.66 mg kg? in surface and 1.01-15.71 mg kg? in
subsurface rice field soils, contributing 38% and 31%
(Table 1) of total arsenic (5.47-59.77 mg kg™ in surface
and 7.32-38.55 mg kg in sub-surface soils). The next
fraction i.e. available-arsenic ranged from 1.23-21.11
mg kg* and 0.87-10.67 mg kg contributing 29% and
25% of total arsenic present in the soil. The iron-bound-
arsenic fraction contributed 17% (0.97-11.31 mg kg?)
and 29% (0.63-8.2 mg kg?') of the total arsenic
correspondingly in surface and subsurface soils. The
lowest concentration present in rice field soils was that
of aluminum-bound-arsenic (0.68-5.87 mg kg* in
surface and 0.71-6.20 mg kg subsurface) contributing
only 10% and 16% in total arsenic concentration. The
individual fractions of surface soil are presented in Fig.
1. The available-arsenic fraction typically adsorbs on the
clay separates and is generally released from the mineral
surfaces by ligand-exchange (Zhang et al., 2013). The
calcium-bound-arsenic  fraction ought to be the
prevailing fraction in these soils. Fractionation schemes
allow partitioning into various fractions (i.e.
exchangeable, Al, Fe, or Ca bound forms) based on
chemical alteration of the ions in a soil system,
therefore, one fraction may complement the other.
However, these schemes have proved the high
availability and transport of arsenic in calcite rich soils
(Yolcubal & Akyol, 2008). The results reported by
Adriano (1986) also support this fraction to be dominant
due to sorption of calcium minerals. Major oxides and
hydroxides of iron and aluminum occur in acidic soils,
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therefore play major role in the retention and transport
of arsenic in acidic environment. Nonetheless, even
lower quantities of iron oxides are responsible for
arsenic adsorption (Taggart et al., 2004). The occurrence
of iron oxides i.e., goethite and hematite in calcareous
soils of Pakistan have already reported by Memon et al.,
(2009). As rice cultivation is carried out under flooding
conditions, the quantity of iron-bound-arsenic may be
more than other crops. Poorly crystalline iron oxides
associated with arsenic are more prevalent in rice soils
than in wheat soils, due to larger quantities of iron
minerals where rice is cultivated under flooded
conditions (Norra et al., 2005).
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Fig. 1. Results of arsenic fractionation i.e., available, aluminum-
bound, iron-bound and calcium-bound arsenic in rice growing
sites of surface soils.
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Total arsenic in soil and rice and their comparison with
permissible limits: Total arsenic concentration (Table 1)
was higher in surface (5.47-59.77 mg kg?) than that in sub-
surface (7.32-38.55 mg kg?) and was in agreement with the
concentrations reported by Cappuyns et al., (2002) and Luo
et al., (2008). Based on mean values, arsenic decreased from
surface to sub-surface by 36%. However, the standard
deviation values show wide variability in arsenic
concentration of surface soils. This variability was under
sites 2, 3, 12 and 17 due to four rice growing sites ranging
from 51.59 to 59.77 mg kg-t. The arsenic concentration in
these sites was relatively more due to low sand and pH and
high clay, silt and Fe and is in agreement with the results of
Fayiga et al., (2004) and (2007). Similar total arsenic
concentrations have been reported (8.7-46.2 mg kg*) for
agricultural soils irrigated with drainage mixed water of
Manchar Lake, Sindh-Pakistan (Arain et al., 2009). Silva
Junior et al., (2019) reported similar arsenic (0.98-41.71 mg
kg™ concentration in Amazon, Biome-Brazil. Regarding
rice shoots (Table 1), straw + husk had more arsenic
concentration (0.30-1.29 mg kg?) than that in grain (0.15-
1.00 mg kg'%). Looking at mean arsenic concentrations (straw
+ husk - 0.79 mg kg* and grain - 0.43 mg kg?), straw + husk
had about two times higher arsenic concentration over that in
grain. This is because, arsenic moves from rhizosphere to
rice shoots by means of xylem which further distributes to
other aerial parts, thus, the buildup of arsenic drops from
roots to stem, leaves and grain, and is in line with the studies
by Liu et al., (2004).

The arsenic concentration in soil, grain, and straw +
husk obtained in this study was compared with available
standard permissible limits of arsenic set by different
organizations (Table 2) as there are no standard limits locally
established for total arsenic in soil or rice grain. Majority of
the scientists use a limit of 50 mg kg* arsenic in soil as given
by Anon., (1992). Which seems much higher compared to a
limit (30 mg kg% given by Anon., (2005). Permissible limits
of total arsenic by other countries are even lower than these
values. According to action level of arsenic for agricultural
soils set by Anon., (1992) only 17% rice sites (surface soils)
were above the permissible limit of 50 mg kg arsenic. The
percent contaminated rice sites increased (29% at surface and
8% at subsurface) when compared with 30 mg kg? arsenic
limit given by Chinese Food standards Agency (2005). The
situation was worse and the arsenic contaminated rice sites
further increased to 63% and 17% when the arsenic limit of
20 mg kg was considered (Anon., 2015). Considering the
permissible limits of rice by Anon., (2010), only one sample
was above the limits of 1.0 mg kg™. In contrast, 100% rice
grain samples were above the prescribed limit of 0.15 mg kg
! by Chinese Food standards Agency (2005) and 0.10 mg kg
L by Anon., (2015) and Anon., (2016) norms. In case of straw
+ husk, it is mostly used for animal feed and there are no
arsenic limits on the record. However, the data can be
discussed on the basis of previous values reported in
literature. Among straw + husk, straw has main quantity of
arsenic. Literature reports variable arsenic concentration of
straw i.e. 1.15-4.15 mg kg' (Bhattacharya et al., 2009),
0.077 to 5.139 mg kg* (Chakma et al., 2012) and even up to
92 mg kg-1 (Abedin et al., 2002). All these studies
(Bhattacharya et al., 2009; Chakma et al., 2012) report
concern over the use of arsenic contaminated straw as feed
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and that more likely, this concentration will increase in milk
products, meet, etc. of cow, buffalo. Nonetheless, the values
obtained in this study (0.3-1.29 mg kg™) are much lower than
those already reported.

Contribution of soil fractions to rice through
regression models: In order to find out the contribution
of each soil arsenic fraction to rice grain and straw +
husk, regression analysis was carried out. Arsenic
concentration present in each soil fractions (calcium-
bound, available, iron-bound and aluminum bound
arsenic) of surface soil showed a linear, positive and
significant relationship (p<0.05 —<0.001) with the arsenic
concentration in rice grain (Table 3). The coefficient of
correlation (r) values varied from 0.42 for aluminum-
bound-arsenic to 0.75 for calcium-bound-arsenic. The
regression equation (Y=a+bx) along with coefficient of
determination (R?) explained that accumulation in rice
grain was mainly contributed from calcium-bound-arsenic
(56%), followed by available-arsenic (43%), iron-bound
(26%) and aluminum-bound arsenic (18%). As for
subsurface soil, the contribution mainly came from
calcium-bound (r =66) and available arsenic (r =0.53) and
the arsenic accumulation in grain from these fractions was
respectively 0.44% and 0.28%. The regression equation
(Y=a+bx) along with coefficient of determination (R?)
explained that accumulation in rice grain was mainly
contributed from calcium-bound-arsenic (56%), followed
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by available (43%), iron-bound (26%) and aluminum-
bound arsenic (18%). The relationship between arsenic in
each fraction and straw + husk as presented in Table 4
showed linear, positive and significant (p<0.05 -
p<0.001) relationship for calcium-bound (r = 0.79 and
0.66) and available arsenic (r = 0.48 and 0.54),
correspondingly.

The regression analysis illustrated that calcium-bound-
arsenic fraction contributed 62% and 44% and available-
arsenic as 23% and 29% to the arsenic concentration
present in straw + husk, correspondingly in surface and
subsurface soils. The available-arsenic fraction is the one
that is available to plant at any given time and is dependent
on the calcium-bound, iron-bound and aluminum-bound
arsenic fractions, with the former one contributing the most
and the later one, the least (Fayiga et al., 2007). The
available-arsenic fraction is therefore continuously altered
depending on the change in chemical species. The calcium-
bound-arsenic fraction contributes the most to bioavailable
fraction with limited iron-bound and aluminum-bound
arsenic. This is because, in calcareous soil conditions, the
arsenate-outer sphere complexes of arsenate govern over
the inner surface bound ones (Adriano, 2001 and Yolcubal
& Akyol, 2008) with no or little arsenite. This also
conveys the quick desorption of arsenic from calcium-
bound-arsenic and its entry to available-arsenic. This also
means that the calcium-bound-arsenic is not a permanent
part of crystal lattice.

Table 1. Arsenic in soil (fractions and total) and plant parts (grain and straw + husk) of rice.

. Range | Mean + Std. Range | Mean + Std.
Variable 0-15cm 15-30 cm
Soil arsenic (mg kg™?)
Available-arsenic* 1.23-21.11 7.66 +4.98 0.87-10.63 4.22+201
Aluminum-bound-arsenic** 0.68-5.87 261+151 0.71-6.20 2.71£1.53
Iron-bound-arsenic*** 0.97-11.31 4.48 +2.92 0.63-8.20 3.18 + 2.06
Calcium-bound-arsenic™** 1.35-25.66 9.94 +£6.41 1.01-15.71 5.10+3.85
Total arsenic 5.47-59.77 26.29 + 14.74 7.32-38.55 16.85 + 7.46
Plant arsenic (mg kg™?)
Rice grain 0.15-1.00 0.43+0.24
Straw + husk 0.30-1.29 0.79+0.28
+Exchangeable arsenic fraction
++Aluminum bound arsenic fraction
+++1ron bound arsenic fraction
++++Calcium bound arsenic fraction

Table 2. Arsenic contamination in soil and rice grain.

Parameter 0- 1550” dep|th (Cni)5-30 Perm|55|lt()£I;1;|m|t (mg References
Total arsenic in soil 17 (04) 0 50.0 FAO (1992)
Total arsenic in rice grain 4 (1) 1.0 FAO/WHO (2010)

Table 3. Regression analysis of soil arsenic fractions (0-15 and 15-30 cm) with arsenic in rice grain.

Coefficient of correlation (r)

Coefficient of determination (R?)

Regression equation (Y=bx+a)

Soil arsenic fractions

0-15 | 1530 0-15 | 15-30 0-15 | 15-30
Available 0.65™ 0.53™ 0.43 0.28 0032x+0.19  0.064x +0.17
Aluminum-bound 0.42" 0.26 NS 0.18 0.07 0.07 x + 0.26 0.041 x +0.32
Iron-bound 0.49™ 0.391s 0.24 0.15 0.040Xx+0.26  0.045x +0.29
Calcium-bound 0.75™ 0.66™" 0.56 0.44 003x+015  0.04x+022

NS — Non-significant, *, ** and *** - Significant at p 0.05, 0.01 and 0.001HSD test
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Table 4. Regression analysis of soil arsenic fractions (0-15 and 15-30 cm) with arsenic in straw + husk of rice plant.

Coefficient of correlation (r)

Coefficient of determination (R?)

Regression equation (Y=bx+a)

Soil arsenic fractions

0-15 15-30 015 | 1530 0-15 | 15-30
Available 0.48" 0.54™ 0.23 0.29 0.03x+059  0.075x+0.47
Aluminum-bound 0.1NS 0.10Ns 0.01 0.01 0.02x+0.75 0.045 x + 0.67
Iron-bound 0.321 0.37N 0.10 0.14 0.031x+0.65  0.052x+0.68
Calcium-bound 0.79™" 0.66™ 0.62 0.44 0.04 x +0.45 0.05 x + 0.54

NS — Non-significant, *, ** and *** - Significant at p 0.05, 0.01 and 0.001HSD test

Conclusion

Fractionation schemes resulted in higher availability
and transport for calcium-bound and available arsenic,
based on the carbonate rich nature of these soils with
arsenate as a dominant ion. The soils showed limited
presence of iron and aluminum bound arsenic fractions.
About 94-97% of total arsenic was in the form of
inorganic fractions. Although the results of this study are
not indicative of any critical hazard, the accumulation of
arsenic in soil and mainly in rice grain needs to be
evaluated on regular basis. This is particular for straw +
husk, which had more arsenic than that in rice grain.
When utilized as a feed for animals, can enter in the food
chain, transfer to human via meat, milk products, etc. and
be a threat to human.

References

Abedin, M.J., J.C. Howells and A.A. Meharg. 2002. Arsenic
uptake and accumulation in rice (Oryza sativa L.) irrigated
with contaminated water. Plant Soil, 240(2): 311-319.

Adriano, D.C. 1986. Trace elements in the terrestrial environment.
Springer-Verlag, Berlin, Heidelberg, New York. pp. 536.

Adriano, D.C. 2001. Trace elements in terrestrial environments-
biogeochemistry, bioavailability and risks of metals,
Springer-Verlag, New York. pp. 61-89.

Anonymous. 1992. Water quality for irrigation. In: Chapter
Miscellaneous Problems, Irrigation and Drainage. Paper
29-Revised-1, Rome, Italy.

Anonymous. 1998. APHA, AWWA and WEF. Standard
methods for examination of water and wastewater (20th
ed.), Washington DC: American Public Health Association.

Anonymous. 2005. Chinese Food Standard Agency. Hygienic
standard for grain- maximum level of pollutants in rice.
GB-2762-2005. pp. 3-18.

Anonymous. 2007. Surface water quality monitoring in Punjab.
Monthly Report (February) of Water and Power
Development Authority. Irrigation and Power Department.
Government of Punjab, Pakistan.

Anonymous. 2010. Summary and conclusions of the seventy-
second meeting of the Joint FAO/WHO Expert Committee
on Food Additives (JECFA). Food and Agriculture
Organization of the United Nations, Geneva, World Health
Organization. pp. 8-10.

Anonymous. 2015. Commission Regulation of European Union
(EU) 2015/1006 of 25 June 2015. Amending regulation No.
1881/2006 as regard maximum levels of inorganic arsenic
in food stuffs. Offi. J. Europ. Union, 14-16.

Anonymous. 2016. FDA explores impact of arsenic in rice. FDA
consumer health information. U.S. Food and Drug
Administration. www.fda.gov/comsumer.

Arain, M.B., T.G. Kazi, J.A. Baig, M.K. Jamali, H.I. Afridi, A.Q.
Shah, N. Jalbani and R.A. Sarfraz. 2009. Determination of
arsenic levels in lake water, sediment, and foodstuff from

selected area of Sindh, Pakistan: Estimation of daily dietary
intake. Food & Chem. Toxicol., 47: 242-248.

Baig, J.A., T.G. Kazi, A.Q. Shah, H.1. Afridi, G.A. Kandhro, S.
Khan, N.F. Kolachi, S.K. Wadhawa, F. Shah, M.B. Arain
and M.K. Jamali. 2011. Evaluation of arsenic levels in
grain crop samples, irrigated by tube well and canal water.
Food & Chem. Toxicol., 49(1): 265-270.

Baig, J.A., T.G. Kazi, M.B. Arain, H.I. Afridi, G.A. Kandhro,
R.A. Sarfraz, M.K. Jamal and A.Q. Shah. 2009. Evaluation
of arsenic and physico-chemical parameters of surface and
ground water of Jamshoro, Pakistan. J. Hazard. Mat., 166:
662-669.

Bhattacharya, P., A.C. Samal, J. Majumdar and S.C. Santa.
2009. Transfer of arsenic from ground water and paddy soil
to rice plant (Oryza sativa L.): A micro level study in West
Bengal, India. World J. Agri. Sci., 5(4): 425-431.

Cappuyns, V., S. Van-Herreweghe, R. Swennen, R. Ottenburgs
and J. Deckers. 2002. Arsenic pollution at the industrial site
of Repel-Bocholt (North Belgium). Sci. Total Environ.,
295: 217-240.

Chakma, S., M.M. Rahman, P. Islam, M.A. Awal, U.K. Roy and
M.R. Hag. 2012. Arsenic in rice and rice straw. The
Bangladesh Vet., 29(1): 1-6.

Chohan, M., M. Memon, I. Rajpar and M.S. Akhtar. 2020a.
Arsenic I, V and total in canal irrigation water and
transported load to rice fields of district Tando Muhammad
Khan, Sindh-Pakistan. Pure Appl. Biol., 9(1): 491-500.

Chohan, M., M. Memon, |. Rajpar, A.A. Khooharo, M.l
Kumbhar and H. Kakar. 2020b. Arsenic transport in canal
water and across rice fields in district Badin. Indian J. Sci.
Technol., 13(14): 1505-1511.

District Government Tando Mohammad Khan. 2009. District
Profile, District Tando Mohammad Khan, Government of
Sindh, Pakistan. pp. 25-31.

Fayiga, A.O., L.Q. Ma and Q. Zhou. 2007. Effects of plant arsenic
uptake and heavy metals on arsenic distribution in an arsenic-
contaminated soil. Environ. Pollut., 147: 737-742.

Fayiga, A.O., L.Q. Ma, X. Cao and B. Rathinasabapathi. 2004.
Effects of heavy metals on growth and arsenic
accumulation in the arsenic hyperaccumulator Pteris vittata
L. Environ. Pollut., 132: 289-296.

Gupta, R.K., P.R. Hobbs, J.K. Ladha and S.V.R.K. Prabhakar.
2002. Resource conserving technologies: Transforming the
rice-wheat systems of the Indo-Gangetic Plains. Rice-wheat
Consortium-A Success Story. APAARI, FAO, Bangkok.

Guriro, A. 2009. Lower Sindh faces health hazardous due to the
Phuleli canal’s contamination. Daily Times. National
Newspaper. Published on May 19, 2009.

Jamali, M.K., T.G. Kazi, M.B. Arain, H.I. Afridi, N. Jalbani and
R.S. Adil. 2006. The correlation of total and extractable
heavy metals from soil and domestic sewage sludge and
their transfer to maize (Zea mays L.) plants. Toxicol. &
Environ. Chem., 88: 619-632.

Jiang, W., Q. Hou, Z. Yang, C. Zhong, G. Zheng, Z. Yang and J.
Li. 2014. Evaluation of potential effects of soil available
phosphorus on soil arsenic availability and paddy rice
inorganic arsenic content. Environ. Pollut., 188: 159-165.


http://www.fda.gov/comsumer

2016

Liu, W.J., Y.G. Zhu, F.A. Smith and S.E. Smith. 2004. Do iron
plaque and genotypes affect arsenate uptake and
translocation by rice seedlings (Oryza sativa L.) grown in
solution culture? J. Exp. Bot., 55: 1707-1713.

Luo, W., L. Yonglong, W. Guang, S. Yajuan, W. Tieyu and J.P.
Giesy. 2008. Distribution and availability of arsenic in soils
from the industrialized urban area of Beijing, China.
Chemosphere, 72(5): 797-802.

Martinez-Sanchez, M., S. Martinez-Lopez, M. Garcia-Lorenzo,
L. Martinez-Martinez and C. Perez-Sirvent. 2011.
Evaluation of arsenic in soils and plant uptake using
various chemical extraction methods in soils affected by
old mining activities. Geoderma, 160: 535-541.

Memon, M., A.M. Narejo, F.A. Memon, R.B. Mahar and H.
Kakar. 2019. Treated residential greywater and its effect on
shoot dry matter and nutrient uptake of maize (Zea mays).
Pak. J. Bot., 51(4): 1381-1385.

Memon, M., K.S. Memon, M.S. Akhtar and D. Stiiben. 2009.
Characterization and quantification of iron oxides occurring
in low concentration in soils. Comm. in Soil Sci. & Plant
Anal., 40(1): 162-178.

Norra, S., Z.A. Berner, P. Agarwala, F. Wagner. D.
Chandrasekharam and D. Stuben. 2005. Impact of irrigation
with As rich groundwater on soil and crops: A geochemical
case study in West Bengal Delta Plain, India. Appl.
Geochem., 20: 1890-1906.

Onken, B.M. and D.C. Adriano. 1997. Arsenic availability in
soil with time under saturated and sub-saturated conditions.
Soil Sci. Soc. Amer. J., 61: 746-752.

Rasool, A., T. Xiao, A. Farooqgi, S. Mahmood, S. Masood, S.
Ali, F. Shah and W. Nasim 2016. Arsenic and heavy metal
contaminations in the tube well water of Punjab, Pakistan

MUHAMMAD CHOHAN ET AL,

and risk assessment: A case study. Ecol. Engineering, 95:
90-100.

Ryan J., G. Estefan and A. Rashid. 1996. Soil and Plant analysis
laboratory manual. 2™ edi. International Centre for
Agricultural Research in the dry areas, Aleppo, Syria and
National Agriculture Research Centre, Islamabad Pakistan. 11.

Silva Junior, E.C., G.C. Martins, L.H.O. Wadt, K.E. Silva,
R.M.B. Lima, K.D. Batista, M.C. Guedes, R.C. Oliveira
Junior, A.R. Reis, G. Lopes , M.D. Menezes, M.R.
Broadley, S.D. Youngi and L.R.G. Guilherme. 2019.
Natural variation of arsenic fractions in soils of the
Brazilian Amazon. Sci. Total Environ., 687: 1219-1231.

Taggart, M.A., M. Carlisle, D.J. Pain, R. William, D. Obsborn,
A. Joyson and A.A. Mehrag. 2004. The distribution of
arsenic in soils affected by the Aznalcollar mine spill, SW
Spain. The Sci. Total Environ., 223: 137-152.

Wan, X., H. Dong, L. Feng, Z. Lin and Q. Luo. 2017.
Comparison of three sequential extraction procedures for
arsenic fractionation in highly polluted sites. Chemosphere,
178: 402-410.

Wattoo, M.H., S.F.H. Wattoo, S.A. Tirmizi, T.G. Kazi, M.l
Bhanger and J. Igbal. 2006. Pollution of Phuleli canal water
in the city premises of Hyderabad: Metal monitoring. J.
Chem. Soc. Pak., 28(2):136-143.

Yolcubal, 1. and H. Akyol. 2008. Adsorption and transport of
arsenate in carbonate-rich soils: Coupled effects of
nonlinear and rate-limited sorption. Chemosphere, 73:
1300-1307.

Zhang, C., P. Wu, C. Tang, Z. Han and J. Sun. 2013. Assessment
of arsenic distribution in paddy soil and rice plant of a typical
Karst Basin affected by acid mine drainage in Southwest
China. Environ. & Pollut., 2(2): 27-38.

(Received for publication 30 March 2019)



