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Abstract

To achieve self-sufficiency in food grain production, the HYV rice varieties are

widely produced in Bangladesh, particularly in the dry season, and this requires a

large volume of groundwater for irrigation. Groundwater of many areas of our

country is severely contaminated with arsenic. So, there is a possibility of arsenic

.accumulation in rice plants from arsenic contaminated irrigation water. Generally,

consumption of protein is not adequate for our people due to insufficient production

of major protein sources like fish, meat, milk, eggs, etc. and also due to economic

constraints. Any adverse effect on protein content in rice due to use of arsenic

contaminated irrigation water may, therefore, aggravate the malnutrition problem of

our people. Similarly any adverse effect on amylose content, which is about one forth

portion of rice grain by weight, would cause deficiencies in calorie supply. This study

aims at assessing the accumulation of arsenic in rice plants and its possible effect on

nutrient (protein and amylose) content of rice grains. Arsenic contents in different

parts of rice plants were tested using hydride generation Atomic Absorption

Spectrophotometry (Shimadzu, AA6800). For assessing nutrient contents (protein and

amylose), rice samples were tested at the Laboratory of Grain Quality and Nutrition

Division of Bangladesh Rice Research Institute (BRRI), Gazipur. Results from this

study show that arsenic accumulates in different parts of rice plants, though the

accumulation varies from variety to variety. Highest arsenic concentration was found

in root hair with a mean 16.7mglkg and maximum 38.5 mglkg, and least in grain with

a mean 0.32 mglkg and maximum 1.1 mglkg. Mean arsenic concentrations in husk,

leaf and stem were found to be 1.06mglkg, 3.98 mglkg and 3.32 mglkg, respectively.

Presence of arsenic in straw (leaf and stem) at moderately high concentration poses

risks for cattle and human health. Arsenic concentration in top soil samples of study

fields were found to be up to 12 mglkg. From linear regression analysis only a

moderate correlation (R2
= 0.45) was found between arsenic in water and arsenic in

root hair. Measured nutrient contents were compared with the standard values. Test

results for protein content show rice grain contain less protein than standard values.

Similarly, for most samples, amylose content was found to be less than standard

value. More studies are needed to better understand these phenomena.
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As a poverty stricken country, many people are living under the absolute poverty level

measured on the basis of calorie intake, which is 2122 Kcal/capita/day (BBS, 1996).

Recommended allowances for protein requirements for the people of Bangladesh are

1.85 glday per kg of body weight for infant, 23-41 gld for children, 53-79 gld for

adolescents, 60 gld for adult male, 50 gld for adult female, with additional 15 gld for

pregnant mother and 25 gld for lactating mother (Kabir Y, 2002). The major sources

of protein are meat, fish, eggs and milk. However, due to lack of availability and

Bangladesh and the adjacent areas of West Bengal, India are currently facing the

challenge of high arsenic concentration in groundwater. In Bangladesh, ground water

is heavily contaminated with arsenic and in some areas it reaches ;;:2mglL (Tonden et

aI., 1999; BGS, 2000; Dainichi, 2001). A large number of tube wells in at least 61

districts out of 64 have been identified to have arsenic concentration above the

national recommended limit of 0.05 mglL. Conservative estimates indicate that about

29 million people are exposed to the risk of being affected by arsenic contaminated
drinking water (Ahmed, 2001).

CHAPTER!
INTRODUCTION

General1.1

The country is heavily dependent on its agricultural sector for its gross domestic

product. National growth is reliant on the growth of agricultural output. The

population growth rate is still quite high and therefore the demand of food grain

production specially rice production has always been a challenging issue for our

country. To ensure food security Bangladesh Government has emphasized on

increasing rice production. To become self sufficient in food grain, Bangladesh

Government has insisted on our people to produce huge quantity of HYV rice which

require a large volume of irrigation water. The use of ground water for irrigation has

increased abruptly over the last couple of decades. About 86% of total groundwater

withdrawn is utilized in agricultural sector (WRI, 2000). It is therefore, apparent that

the use of arsenic contaminated irrigation waters in Bangladesh may cause

accumulation of arsenic in rice and rice plants, which needs to be examined.



economic reasons, peoples' access to these protein sources is inadequate. Many people

especially children suffer from malnutrition in Bangladesh. Since, rice is the staple

food in this country, any adverse effects on nutrient content of rice due to arsenic

contaminated irrigation water would only enhance the malnutrition problem.

The use of this arsenic contaminated water for irrigation of agricultural crop may lead

to accumulation of arsenic in crops and plant body. Rice is the main crop in this

country and a vast quantity of water is needed for its cultivation especially during the

dry season. Presently, 75% of the total cropped area and 83% of the total irrigated

area are used for rice cultivation (Dey et aI., 1996). Varieties of rice produced in

Bangladesh are mainly in two seasonal categories namely Boro and Arnan rice. Boro

variety, cultivated in dry season is completely dependent on irrigation water but

Arnan variety requires the minimum quantity of irrigation water, and in most cases no

irrigation is required. Arsenic uptake and accumulation in rice plant from irrigation

water may differ depending on cultivars used (Xie and Huang, 1998). Abedin (2002)

found considerable differences in uptake of arsenic among different varieties of rice

grains and he has also found that the affinity to absorbing arsenic of Arnan variety is

more than Boro varieties cultivated in Bangladesh. The present study was aimed at

examining whether or not rice and rice plants absorb arsenic from arsenic

contaminated irrigation water and subsequently to see if there is any adverse effect on

the nutritional (protein and amylose) level of rice.

1.2 Objectives

The specific objectives of the study are

(i) to find out the level of arsenic absorbed by rice and rice plant produced on

underground irrigation water contaminated with arsenic;

(ii) to determine the relationship between the amounts of arsenic absorbed by rice

and rice plant and arsenic concentration in irrigation water;

(iii) to find out the level of arsenic content in the soil samples of the study fields
and

(iv) to examine the possible changes in nutrient content (protein & amylose) in
nce.
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1.3 Scope of Research

HYV rice's cultivated in Boro seasons (dry season) are dependent on irrigation water,

which comes mainly from underground water. Due to contamination of ground water

with arsenic soil of agricultural fields as well as rice plants may be contaminated with

arsenic. Many researchers found arsenic is accumulated by rice plant. Abedin et 31.

(2002) conducted a greenhouse experiment on accumulation of arsenic by Bangladesh

HYV rice and he observed that arsenic was accumulated by rice plant. Some

researchers (Hiromi Hironaka, 2003) collected rice samples from different markets of

Bangladesh in basket survey experiment and identified accumulated arsenic in rice

grain. Accumulation of arsenic in rice grain may cause health risk for human being if

accumulation occurs at an elevated concentration. These reports on arsenic

accumulation in rice plant leads to work on arsenic accumulation in rice plant during

practical cultivation in the rural areas where arsenic groundwater is severely

contaminated with arsenic and it is also used for irrigation purpose.

1.4 Methodology

In order to achieve the above objectives, the following program of works were

undertaken to select the study fields:

(I) selection of 23 work fields in Comilla district from analyzing the data of arsenic

contaminated ground water;

(2) collection of water samples from the primarily selected fields and testing of water

samples for arsenic using Atomic Absorption Spectrophotometer (Shimadzu,

AA6800) attached with a graphite furnace at environmental engineering

laboratory in BUET. On the basis of arsenic content found in the water samples

above national safe limit (>0.05 ppm) 13 work fields were finalized (Append.-A).

Out of these finalized study fields one is located in North Dhamti Mauza of Debidwar

Upazila and the rests are in Galimpur, Deora and Jhalam Mauza of Barura Upazila.

Rice plant samples and also soil samples surrounding the plant hills were collected

from the study fields during harvesting of rice in April' 2002. Collected samples were

brought to the laboratory and tested for arsenic and nutrient (protein and amylose).

3



4

1.6 Organization of the Thesis

.,,",.
Limitations of the Study1.5

The thesis consists of five chapters. Chapter one is introduction, which includes

background, objectives, scope of research, methodologies and also limitations of the

study. Chapter two is used literature review. It includes discussion on (i) different

research works on arsenic contamination and literature on arsenic such as health risk

assessment, fate of arsenic in soil, cause of arsenic contamination, arsenic in rice and

other plants, phytotoxicity of arsenic, etc., (ii) rice chemistry which includes structure

of rice, brief discussion on protein and amylose, development of protein and amylose

in rice, varieties of rice cultivated in Bangladesh and (iii) nutritional aspect in

Bangladesh. Chapter three includes experimental methodologies for arsenic in rice

plant and soil, results and discussion and also analysis for arsenic content. Similarly,

chapter four includes laboratory analysis for protein and amylose content in rice grain,

experimental test results, comparison of test results with standard value for protein

and amylose and discussion. Finally, chapter five includes conclusions drawn from

the study and proposed recommendations for future works.

The limitations of the study were as follows-

• study for speciation of accumulated arsemc in rice plant could not be

determined due to technical limitations

• rice plant samples were collected from the selected areas where variety

selection for cultivation was dependent only on the willingness of the

farmer; therefore, there was no scope for selection of particular one or two

target variety

• soil quality does not remalll uniform III the agricultural field in rural

Bangladesh

• rain fall and stagnation of rain water were not similar for all study

locations.



CHAPTER 2
LITERATURE REVIEW

2,1 Introduction

Ground water in Bangladesh is contaminated with arsenic. To produce RYV rice

ground water is used for irrigation which may cause accumulation of arsenic in rice

plant. On the other hand this irrigation water continuously added arsenic to the soil

during irrigation season. Inorganic arsenic is the predominant from of Arsenic in soil

(Jonson and Riltbold, 1969) and in ground water (Samanta et at., 1999). Under

aerobic soil conditions arsenate dominates, whereas in submerged soil condition the

predominant species is arsenite (Masscheleyn et aI., 1991; Marin et at., 1993; Onken

and Rossner, 1995; Onken and Rossner, 1996). There is an evidence of arsenic

methylation in paddy soil systems, where inorganic species were converted to organic

form by micro-organisms (Takamatsu et aI., 1982). Takamatsu et al. (1982) found

arsenate as the major component in paddy soils, with lower levels of arsenite, MMAA

(monomethylarsonic acid [CR3AsO-(OR)2J) and DMAA (dimethylarsinic acid
[(CR3)2AsO-(OR)]).

Arsenic accumulated by agricultural plants produced in the contaminated area. There

are a number of studies investigating the mechanism of arsenic uptake by different

plant species (Asher and Reay, 1979; Meharg and Macnair, 1992a; Meharg and

Macnair, 1992b; Meharg and Macnair, 1994), but little work has been done on the

uptake mechanism of rice plant. Arsenic uptake by a range of plants is via the high

affinity phosphate transporter, as arsenate and phosphate are analogous (Jung and

Rothstein, 1965; Asher and Reay, 1979; Beever and Burns, 1980; Silver and Misra,

1988; Ullrich-Eberius et aI., Meharg and Macnair, 1990; Meharg and Macnair,
I992a).

Rice fruit, a caryopsis, consists of nitrogen free material (about 77%), protein (about

7.5%), fat (1.9%), fibre (0.9), ash (1.2) etc. Many researchers reported about reduction

in shoot biomass and/or growth in rice grown in arsenic contaminated soil or water

(Tsutsumi, 1980; Milam et aI., 1988; Tang and Miller, 1991; Marin et aI., 1992 and

1993;). So, there is a possibility of adverse effect on nutrient content of rice grain.

Reduction in protein development in rice is also reported by Jahiruddin et aI., (2004).

5



This chapter briefly describes the sources of arsenic, its distribution in groundwater of

Bangladesh and its health effects. It also provides a review of available information

on arsenic contents in irrigation water, soil and plants and effect of arsenic bearing

water on plants. This chapter also briefly describes rice chemistry, including its
structure, composition and nutrient content.

2.2 Source of Arsenic

2.2.1 Natural Sources of Arsenic

Major sources of arsenic (As) contamination in the environment through out the world

are smelting of metals, burning of coal, the use of arsenical pesticides and geogenic

abnormality of As. The high concentration of As in lead-zinc and copper ores and its

presence in most pyrites causes As pollution of the environment in the vicinity of

smelters treating such ores. The mine dumps and smelter slag tips containing high

concentrations of As can be found through the world. Arsenic is a component of more

than 245 minerals (Fredrick et aI., 1994). These are mostly ores containing sulfide,

along with copper, nickel, lead, cobalt or other metals. The most important ores are

arsenopyrites or mispickel (FeS), realger (AS4S4), orpiment (AS4S6), cIudite,

Iolligngite (FeAs2), nicoliotite (NiAs), cobalt glance (CoAsS), Gersdroffite (NiAsS)

and smaltite (CoAs2). Within these minerals, arsenopyrite is probably the most

common mineral. Table 2.1 shows some naturally occurring minerals containing

arsenic. Arsenic and its compounds are mobile in the environment. Weathering of

rocks converts arsenic sulfides to arsenic trioxide, which enters the arsenic as dust or

by dissolution in rain, rivers or ground water (Clifford and Zhang, 1993). Volatile

forms of arsenic [(CH3)3As]enter the atmosphere from land and water ate returned by

rain and atmosphere fall out. The oxidized forms of arsenic are converted back to

sulfides by anaerobic processes occurring on land and water sediments (Tamaki,

1992).The concentration of arsenic in natural reservoir with respect to soils have been

shown in Table 2.2. The rate of transfer of fluxes among the individual reservoirs are

shown in Table 2.3. Soils and oceans are the remaining major reservoirs that have

much more inherent arsenic than do biota (plants, animals, man and microbes) and the

atmosphere. The average concentration of arsenic in soils of the world is 7.2 ppm

(Annonymous, 1978). Arsenic in the natural environment occurs in soils at an average

6



concentration of about 5 to 6 mg/kg, but this vanes among geographic region

(Peterson et aI., 1981).

Table 2.1 Naturally occurring minerals containing arsenic (NRCC, 1978).

Endogenous Formula Supergeneous Formula
Arsenite As Arsenolite AS203
Antimony arsenite AsSb Mutite PbS(P04, As04)JCI
Realger AsS Adamite Zn2As04(OH)
Orpiment AS2S3 Erythrite C03As04.8H2O

Arsenopyrite FeAsS Annarbergite Nh(As04) 2.8H20
Nicolite NiAsS Scorodite (Fe.AI)As04.2H20
Gersdorffite CoAsS Pharmacosiderite Fe3(As04MOH) 3
Cobaltite CoAsS Olivenite CU2(As04)OH
Smaltite (Co, Ni)Asx Beandanite PbFe3(As04)S04
Skutteridite (Co, Ni)Asx

Loallingite (FeAs2)

Tennantite (CUI2As4SI3)

Jordanite (Pb,Ti) I3As7S23

Pearcite Agi6As2S12

Prunsifite Ag2As2S3
Energite CU3ASS4

Rathine Pb3AssSIO

Table 2.2: Calculated Ratios of Arsenic Concentrations in Natural Reservoirs with

Respect to Soil (Mackenzie et aI., 1979).

Reservoir Approximate ratios with respect to soil

Rocks 25,000

Oceans 4

Soil 1

Biota 0.0005
Atmosphere 0.000001
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Table 2.3: Calculated Arsenic Rates of Transfer.

From: To: Approximate Amount

(x 108 g/yr)

Land Oceans 3,000

Atmosphere 1,000

Biota 300

Atmosphere Oceans 2,000

Land 1,000

Oceans Sediment 2,500

Biota 1,300

Dissolved 1,000

Sediments Land 2,400

Minning, Smelting Land 300
Terrestrial biota

Volcanoes Land 54

Sediment 40

Atmosphere 3

2.2.2 Anthropogenic Sources

Recent estimates have placed the ratio of natural to anthropogenic inputs of arsenic at

60:40 (Chi Ivers et a!., 1985). The global production rates of arsenic compound,

determined in a recent survey are shown in Table 2.4.

Table 2.4: Production rates of the main arsenical compounds (Alloway, 1990).

Compound Production (tons As/year)

Herbicides 8,000

Cotton desiccant 12,000

Wood preservative 16,000

The anthropogenic influence on the level of arsenic in soils depends on the human

activity, the distance from the pollution sources, and the pollution dispersion pattern
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(Yan-chu, 1994). Arsenic may accumulate in soil through use of arsenical pasticides,

application of fertilizers, irrigation, dust from the burning fuels, and disposal of

industrial and animal wastes (Sandber and Allen, 1975). It is natural contaminant in

lead, zinc, gold and copper ores and can be released during the smelting process

(Crecelcious et aI., 1974; Ragaini et aI., 1977). The stack dust and flue gases from

smelters often contaminate soil with arsenic downwind from the operation

(Crecelcious et aI., 1974; Ragaini et aI., 1977). Arsenic is also coming associated with

phosphate minerals in an average concentration of? 7 IlgiL (Alloway, 1990).

2.3 Distribution of Arsenic in Groundwater of Bangladesh

In case of Bangladesh and West Bengal, India, the cause of arsenic contamination is

different from that of other countries. The source of arsenic in this area is ground

water. It is now generally agreed that the source of arsenic contamination in

groundwater of Bangladesh is geological (BGS, 2000). The distribution of arsenic in

ground water is related to the geology of the country rather than depth (Ministry of

LGRD, 2002). The arsenic derives from the geological strata underlying Bangladesh.

The primary sources for arsenic the sedimentology of Bangladesh are likely to have

originated from Eastern India, the Shillong Plateau and possibly from Himalayas

(National Water Management Plan, Working Paper, 1999).

The British Geological Survey (BGS, 200 I) conducted a comprehensive study to

assess the extent of the Arsenic contamination of groundwater in Bangladesh. The

work included their own measurements in UK laboratories, in addition to field

measurement in Bangladesh. The UK results were at some variance with local

measurements. Both field kit and laboratory methods were used for analysis of water.

Arsenic concentration data for 3534 shallow tube wells (depth < 150 meters) are

shown in Table 2.5. About 27% of the wells were found to have Arsenic

concentrations in excess of the national standard of 50llgL,I. These wells are

distributed in 61 districts out of 64 districts in the country which corresponds to 433

upazilas out of a total of 496. The data for the As concentration in 570 shallow wells

in the 12 worst affected districts are shown separately. The highest concentrations in

contaminated wells are found in these districts situated in the south and east of

9



Bangladesh and where some 76% of shallow wells exceed the Bangladesh standard
for arsenic.

Table 2.5: BGS Screenning survey results for 61 districts out of 64 and 12 worst
affected districts (Kinniburgh et aI., 200 I).

Area Type Districts Tube wells Comments
(Upazillas) Total Contaminated (%)

All 61 (433) 3,534 27 61 out of 64 districts and
Worst 12 570 76 433 out of 496 Upazilas.
affected

World Bank financed Bangladesh Arsenic Mitigation and Water Supply Project

(BAMWSP) the LGED, Local Government Division, GOB, is responsible for As

screening the As contamination level in shallow tube well water in 188 Upazilas out

of 496 through out the country in another survey. The data obtained by BAMWSP are

archived by National Arsenic Mitigation Information Centre (NAMIC), which are
shown in Table 2.6.

Table 2.6: Status of the NAMIC screening survey-Phase I and II. (NAMIC, 2003).

Pbase Upazilas Tube wells Population Patients
Total Contaminated(% )

I 6 80,390 48.19 1,698,410 1,139
II 35 544,651 46.49 8,674,202 9,188

Total 41 625,041 46.71 10,372,612 10,327

The percentage of contaminated tube wells is higher in this studies compared to BGS

survey. This is not necessarily a disagreement as hot spots were chosen for screening
on the basis of prior knowledge.
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2.4 Health Effect of Arsenic

The routes of Human exposure to Arsenic can be through food, water and air. The

general values of exposure through air, water and food are shown in Table-2.7
(Vahter, M., 1994).

Table 2.7: Intake of inorganic and orgamc Arsenic compounds in the general
population.

Source Inorganic Arsenic (f!g/d,p) Organic Arsenic compounds

(f!g/d,p)
Air 0.05 -
Food 5-20 5-1000
Water <1-10 -
Smoking 1-20 -

Normally the concentrations of Arsenic in air are in the range of 0.4 - 30 x 10,3llg/m3

(Wu et ai, 1989).30-85% of the inhaled arsenic can be absorbed and USEPA (United

States Environmental Protection Agency) has estimated that the general public's

intake of Arsenic would be in the range of 0.04-0.09 f!g/d (Pontius F.W. et a!., 1994).

People living near smelters, power plants using coal and oil with high arsenic

concentrations, and households using coal with high concentrations of arsenic can get

exposed to arsenic concentrations as high as I f!g/m3 resulting in a real intake of 6-17

Ilg/d (assuming that an adult inhales 20 m3 of air per day). Liu et a!. (2002) reported

an incidence of indoor air arsenic concentrations in the range of 20-400 llg/m3 in

China, where people used coal with high arsenic concentration for preparation of
food.

The amount of Arsenic intake through food is widely varied depending on the type of

food consumption. The importance of the various routes of exposure depends on the

actual concentration. Usually in places where the arsenic concentration in the

groundwater is less (I f!g/I) and there is no pollution of air due to industries, the major

route of exposure to arsenic would be through food. Based on market basket survey of

total As the US Food and Drug Administration has estimated that adults ingest on
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average about 53 Ilg/d from the diet (Pontius F.W. et a!., 1994). A Japanese study

showed a daily intake of Arsenic at 182 Ilg. In a Dutch study the daily intake of total

Arsenic range between <5 to 950 Ilg/d. According to WHO the mean daily intake of

Arsenic through food by adults is in the range of 17-129 Ilg (Wu et aI, 1989).

Generally it is only the inorganic Arsenic that is considered toxic to human, while the

organic forms appear virtually non-toxic. Ali et a!. (2003) found average arsenic

concentration in rice grain produced in different parts of Bangladesh is 0.48 mglkg.

Considering average consumption of rice grain 454gm1capitalday average arsenic

intake by a Bangladeshi people through only rice grain is 218 Ilg/day.

Arsenic concentration in most natural waters generally varies between 1-21lg/1

resulting in an arsenic intake of2-41lg/d assuming that an adult consumes 2L of water

per day (Wu et aI, 1989). This value is very low compared to the exposure through

food. But as mentioned before elevated concentrations of Arsenic occur in some parts

of the world especially in Bangladesh & West Bengal, India and the arsenic

concentration varies widely, resulting in very high exposure to Arsenic

concentrations. In another study, Raychowdhury et a!. (2002) estimated that the

average intake of drinking water per day for adult male is 4 L and for females 3 L.

With a mean concentration of 133 Ilg/I in one of the studied blocks they found the

average daily intake of arsenic from drinking water by an adult is 532 Jlg and the

average intake of inorganic arsenic through food it is 86 Jlg/d assuming that 50% of

total arsenic in food is inorganic.

The toxicity of arsenic is a complex subject. The most common toxic mode of an

element is the inactivation of enzyme systems which serve as biological catalyst. The

acute toxicity of arsenic compounds is predominantly a function of their rate of

removal from the body. Chronic exposure to low concentrations of arsenic is of

primary interest when the health significance is of arsenic in drinking water is

elevated, because of general population is normally exposed to low concentration.

Chronic oral exposure of As generally affects the same organs and systems as those

affected by acute exposure. For chronic toxicity of arsenic, arsenite [inorg. As(III)]

and arsenates [inorg. As(V)) are equally toxic. The inorganic arsenic compounds are

about I00 times more toxic than organic arsenic compounds (DMAA and MMAA)

(Nagy, G. et a!., 1983). The methylation of inorganic arsenic in the body is a
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detoxification process which reduces the affinity of the compound for the tissue

(Vahter, M. and Marafante, E., 1988). Man, cow and dog can methylate both trivalent

(As+J
) and pentavalent (As+5

) arsenic to form monomethylarsonic acid (MMAA) and

dimethylarsinic acid (DMAA) and the steps of methylation reactions are-

As(V)-+ As(III)-': MMAA(V)--' MMAA(III)--+ DMAA(Thompson, D.J., 1993)

Arsenic is a known carcinogen and incidences of population suffering from Blackfoot

disease due to long term exposure to Arsenic concentrations at 0.1 - 0.9 mg/I (Tseng

W. P. et a!., 1968). Acute dosages of 1.5 mg Arsenic (di-arsenic trioxide)/kg of body

weight can lead to death. The most common symptoms of long-term low-level arsenic

exposure are variations in skin pigments, hyperkeratosis, and ulcerations. There is

documentation that Arsenic can cause kidney, bladder, skin, lung and liver cancer. In

the majority of cases in which the internal cancer is ascribed to As exposure, some

dermatological hallmark of As poisoning is identified (Tsai et a!., 1999). However,

the total quantity of arsenic consumed per day and the duration of exposure are

important factors (WHO, 1981; Chakrabarti and Saha, 1987; Niu et a!. 1999). In

Taiwan, Chen and Wu (1962) reported a high incidence of hyperkeratosis and skin

cancer after consumption of water containing more than 0.3 mg L-1 arsenic. Tseng et

a!. (1961) also observed an association of skin cancer with drinking well water

containing 0.5 mg arsenic. It is reported (WHO, 1981) that approximately I mg of

arsenic per day may give rise to skin effects within a few years of exposure.

Gastrointestinal manifestations have also been reported due to chronic As exposure

and includes noncirrhotic portal hypertension (NCPH) (Nevens et a!., 1990) hepatic or

splenic enlargement, hepatocellular carcinoma (Nevense et a!., 1990) and liver

angiosarcoma (Neshiwat et a!., 1992). Due to increasing severity of risk from arsenic

contamination ANHMRC (1996), Australian National Health and Medical Research

Council reduces the guidelines for arsenic in water from 0.0 I mg/L to 0.007 mg/L

because of the concerns for health/cancer risk. Sharma et a!. (2003) found the risk of

getting skin and internal cancer can be reduced by 77% if the water containing high

concentrations of Iron and Arsenic are allowed to stand for 24 hours and then filtered

properly before drinking.
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There were many studies, which showed that at lower exposure levels there was no

excess risk of getting cancer. These studies are from the Oregon, Utah Study

(Kartinen et aI., 1995) Belgium, and Finland. The study from Utah showed that there

was no observed excess incidence of death due to cancer and high Arsenic

concentrations in drinking water. The Arsenic concentrations were in the range
between 14-166 l'g/L.

Long time intake of inorganic arsenic is known to induce a build-up in the ectodermic

tissues like hair and nails (Eisler, 1994). The health effects of Arsenic vary for each

individual depending on genetic conditions, nutrition level, amount of exposure,

duration of exposure etc (Brown K. G. et aI., 1995; Pontius F. W. et a!., 1994;
Viraraghavan et aI., 1994).

Generally, a dose of 120 to 200 milligrams of As would prove lethal in an adult.

Levels between 0.1 and 0.5 mg/kg on a hair sample indicate chronic poisoning whilst

1.0 to 3.0 mg/kg indicates acute poisoning. In acute poisoning the clinical

presentation includes nausea, vomiting, diarrhea, abdominal pain, excessive salivation

and seizures. Increased capillary permeability along with diarrhea, vomiting and

excessive salivation leads to reduced blood volume and eventual death due to

circulatory failure, usually within twenty-four hours to four days following ingestion.

Chronic As poisoning has a more insidious onset. The symptoms are non-specific

such as abdominal pain, diarrhea and sore throat. There are numerous skin changes
associated with long-term exposure.

The ground water contamination causes serious health hazards as reported from many

countries of the world. In Bangladesh, shallow groundwater is heavily contaminated

with arsenic and in some areas it reaches ~ mgIL (Tonden et aI., 1999; BGS, 2000;

Dainichi, 200 I). The source of this contamination is geogenic (DPHE-BGS, 2000).

Chronic arsenic poisoning or arsenicosis occurs as a result of prolonged exposure

(Ministry of Health and Family Welfare, 1990). The symptoms include melanosis

(blackening of skin), keratosis (thickening of the hands and soles), skin lesions,

muscular weakness and paralysis of lower limbs (National Water Management Plan,

Working Paper, 1999). Studies indicate the incidences of skin cancer and cancer of

specific internal organs increases with increased exposure to inorganic arsenic

(USEPA, 1998). It is reported that about 7500 arsenicosis patients have been
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identified in 37 districts (Ahmad, 2000). In another study it is also reported that about

2 lac people in Bangladesh are suffering from arsenicosis ranging from melanosis to

skin cancer (Das, 2000). Yet in another report (Ahmed, 2001) estimates that 29

million people are exposed to high arsenic contents in drinking water exceeding the

Bangladesh standard of 50 ~gL-1while 49 million people are exposed to the some risk

for exceeding the WHO guideline value of I0 ~gL-l. It is extremely toxic on long-

term exposure to very low concentrations. The WHO acceptable skin cancer risk is

calculated to be O.17~g arsenic/L of water (WHO, 1996). The estimated number of

people under the risk of excess skin cancer due to arsenic contamination of drinking

water in Bangladesh is 375,000 (Ahmed, 2003)

A recent paper on cancer risk estimation in Bangladesh, on the basis of Taiwan data,

showed that the lifetime risk of deaths from internal cancers among Bangladesh

population would be more than double due to arsenic ingestion (Chen and Ahsan,
2002).

Das et al. (2003) studied for As in scalp hair collected from Daudkandhi and

Begumgonj Upazila of Bangladesh found arsenic concentration 8-13 ppm in human

scalp hair that is more than 4 times higher than the proposed NRCC (National

Research Council of Canada, 1978) critical concentration of 2 ppm. Photographs of

some arsenicosis patients of Bangladesh are shown in figure 2.1.

Conversely, As has been found to have an anti-carcinogenic effect and a potential role

in the treatment of acute promyelocytic leukaemia. It must be remember that As has

been extensively used in the past as a healing agent and an example is Fowler's

solution, which was used for leukaemia. Arsenic was also used for the primary
treatment for syphilis until World War II.
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(a) Melanosis patients

(b) Keratosis with cancer patients

Fig, 2,1, Photographs of arsenicosis patients (Source: NGG Forum, 2002),
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2.5 Irrigation Practices in Bangladesh

Agricultural activity is of critical importance to both the household and national

income of Bangladesh. The country itself is heavily dependent on its agricultural

sector for domestic employment, foreign exchange earnings, and its gross domestic

product. It is the most dominant sector of national economy, accounting for nearly

80% of trade. More than 80% of the population depends on agriculture for its

livelihood. The agricultural sector employs 90% of rural males as well as 80% of rural

females (World Development Indicators, 1998); for rural populations of Bangladesh,

activities in agricultural operations are virtually the only means of earning income and

increasing welfare. This emphasis on agricultural production has prompted the

government of Bangladesh to adopt policies for the continued and increased

development of water resources. In 1983 the government of Bangladesh, along with

the World Bank and the United Nations Development Program collaborated on the

formulation of a National Water Plan to take into account the needs of all water-use

sub sectors. The specific objectives of the National Water Plan are to: 1) maximize

value added in agriculture and fisheries, 2) provide water in a timely manner and in

sufficient amounts to users 3) manage and control of flooding, and 4) achieve growth

in equity. The underlying goal of this plan was to ultimately achieve food grain self-

sufficiency for the country, a goal that the country is close to attain in the case of rice.

In Bangladesh, due to absence of adequate surface water in the dry season, irrigation

is heavily dependent on ground water. During the last fifteen years, the area under

irrigation has been increased significantly to raise food production. Much of this

increase has been accomplished through installation of shallow tube well. Irrigation

season is divided into two seasons in this country, namely Rabi season and Kharif

season. According to WARPO report (WARPO, 1999) in the 1996/1997 Rabi season,

the total irrigated area was 3.8 million hectares, among which 2.63 million hectares

irrigated using groundwater. In the Kharif season a total of 0.2 million hectares was

irrigated, among which 0.158 million hectares was irrigated using ground water. In

the Rabi (1996/1997) season, STW irrigated 2.15 million hectares (63% of the total

area under minor irrigation), among which boro rice field accounted for 1.68 million
hectares.
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According to BADC survey (BADC, 2002) a total of 865213 shallow tube wells and

23182 deep tube wells were used for irrigation during the 200 I boro season. Shallow

tube wells irrigated about 2.295 million hectares (about 61% of total area under

irrigation) and deep tube wells accounted for about 0.538 hectare (about 14% of

irrigated area). The contribution of ground water to total irrigated area has increased

from 41% in 1982/83 to over 75% in 2001.

Thus, for Bangladesh, attainment of self-sufficiency in food production is strongly

related to its ability to produce food during the dry season with the help of irrigation.

Since we are increasingly depending on shallow aquifer (a large part of which is

arsenic contaminated) for irrigation water, a huge quantity of arsenic is being added in

the agricultural fields each year with irrigation water. If concentration of arsenic in

ground water is 100 ppb and in an average 1000 mm of water is applied for irrigation

of boro rice then 1 kg/ha arsenic is added to the rice field each year. According the

estimation of BADC (BADC, 2002) the districts with high deposition of arsenic in

agricultural land include Chandpur, Munshigonj, Comilla, Gopalgonj, Faridpur,

Madaripur, Jessore, Jhenaidah, Bagerhat and Kustia.

2.6 Arsenic Content in Soil and Plants

2.6.1 Arsenic Content in Soil

2.2.6 Fate of Arsenic in Soil

Arsenic contaminated soil causes potential risk to human and environmental health.

Arsenic contamination of soil can occur as a result of both natural and anthropogenic

activity. This type of contamination associated with use of arsenical pesticides and

herbicides, atmospheric deposition, mining activity, waste disposal and many other

sources of As. Currently, the use of As contaminated groundwater for irrigation in

Bangladesh, India and Vietnam is raising concerns.

The fate of As once it enters the soil environment can be complex. The fate of arsenic

in the soil can be summarised as shown in Fig. 2.2. Essentially, As can (i) react with,

and become retained by the solid phase of the soil, (ii) be volatilised into the

atmosphere as a result of various biological transformations, (iii) be taken up by
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As retained by
the solid phase
of the soil

Washing & drainage of As by rain and flood

Volatilisation of As
Plant uptake of As

Probably of great concern in relation to As-contaminated soil is the potential for

arsenic to be leached through the soil into groundwater. The potential for As to leach

has indeed been recognized for many years. For example, there are many reports of

As movement down through the soil profile following the use of As containing

herbicides and pesticides. Substantial leaching has also been observed at sites

contaminated with copper-chromium-arsenic timber preservative, and at sites

19

Leaching of As to groundwater

Sorption of As on solid phase of soil affected by many factors such as soil pH, clay

minerals, iron and alluminium oxides and competing inorganic and organic ligands.

Various biotransformation in particular microbial oxidation and reduction process

complicate the chemical form of As in solution and solid phase. Certainly, microbial

influences on As sorption and desorption process. Microbial methylation process also

produces volatile gases such as di- and trimethylarsine from soil. Depending on

conditions, 17 to 60% of the total arsenic present in soils may be volatilized (NCCR,

1978). The plant uptake pathway is another potential fate of As in contaminated soil.

However, in most plants, As concentrations are relatively low. But the fern pteris

vittata (brake fern) is extremely efficient in extracting As from soils and translocating

it into its aboveground biomass. The redox process may be involved in acquisition of

As by the hyperaccumulating fernpteris vittata (Fitz et aI., 2001).

Fig. -2.2: Simplified fate of As in the soil enviromnent.

plants, (iv) be leached out of the soil in groundwater and (v) be washed out by rain

water and flood.



containing As rich mining and processing wastes (McLaren et aI., 2001). However,

estimates of half-life of arsenic in soil vary from 6.5 years for arsenic trioxide to 16

years for lead arsenate.

In aerobic soils, the dominant arsenic species is As+5and small quantities of arsenate

and monomethylasonic acid are present in mineralised areas; in anaerobic soils As +) is

the major soluble species (Haswell et a!., 1985). Inorganic arsenic is more mobile than

organic arsenic and thus poses greater problems by leaching into surface waters and

ground water (NCCR, 1978). The trivalent arsenic species are generally considered to

be more toxic, more soluble and more mobile than As+5 species (Thanabalasingam

and Pickering, 1986). Arsenic from solid phase of soil and soil solution are dissolved

in water logged over soil surface. Water logging due to rain and flood dilute As from

soil and soil solution and drainage it out to river and other places.

As is coming to the soil surface from the arsenic contaminated ground water during

irrigation because 86% of total ground water withdrawn uses for irrigation (WRl,

2000) that is mostly inorganic arsenic. The experiment used to study the sorption and

transformation of arsenic [As(III)] and arsenic [As(IV)] in the soil system by Xie et

al. (2001) showed that the chemistry of soil-water system as follows:

The order of As(III) and As(IV) sorption by soil components tested was synthetic

AhO) > synthetic Fe203 > synthetic Mn02 > synthetic CaCO) > montmorillonite>

kaolinite> verviculite. Of the above mentioned soil components, the birnessite can

oxidize As(III) to As(V). It was suggested that amorphous FezO) and/or MnOz in the

soil-water systems could reduce As toxicity. On average, As(III) added to the soil was

transformed into water-soluble As (H20-As) 4.0%, As-AI 6.04%, As-Fe 30.05%, As-

Ca 4.74% and As-O (occluded As) 55.19%. Increased soil pH decreased the As

sorption on the soil sharply. Anions in the soil increased HzO-As released from the

soil, the order being HzPOi > S04- > NO) - > Cr. Cations are opposite, the decreasing

order being Mgz+ > Caz+» K+ - Na+.

Despite repeated application of As contaminated irrigation water soil may adsorb

certain amount of arsenic and rice and other agricultural plant uptake arsenic from soil

solution. There is no direct relationship with As in ground water and corresponding
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As in soil (Huq, 2003). However, there is a positive relationship of As adsorption in

soils with its clay content and soil having clay more than 84% adsorb more As (Huq,
2003).

Since arsenic in ground water was recognized as a potential threat to human life,

much effort has been directed towards ensuring safe drinking water either through

mitigation techniques or through finding alternative water sources. Even when

alternative sources of water are used for potable purposes, continued cropping of

long-term irrigated soils subjected to As contaminated ground water will pose

significant risk to animal and human health through soil-crop transfer of As. Food

crops such as vegetables and cereals can become a path by which As may enter the

food chain, because they can reflect the levels of As that exist in the environment in

which they are cultivated (soil and irrigation water). Recent studies by Meharg et a!.

(2002) and Huq et a!. (200 I) demonstrate significant uptake of As by rice and a range

of vegetable crop commonly grown in Bangladesh. Numerous greenhouse studies by

a number of researchers have revealed that an increase in As in cultivate soils leads to

an increase in the levels of As in edible vegetables (Burlo et a!., 1999; Carbonell

Barrachina et a!., 1999, Helgensen and Larsen, 1999) with many complex factors

affecting bioavailability, uptake and phytotoxicity of As (Carbonell-Barrachina et a!.,

1999). Although, there are many studies on As in Bangladesh few have focused on .

soil As. Similar greenhouse study by Abedin et a!. (2002) revealed that the most

predominant forms of arsenic in soil solution were inorganic and constitute about 56-

82% and in the paddy soil environment the applied arsenate was readily converted to

arsenic. The presence of arsenic in the soil solution at a larger proportion corroborates

the results of a number of investigations (Marin et a!., 1993a; Onken and Hosner,

1995; Onken and Hosner, 1996), as arsenite is the predominant species in the soil

solution. Microbial transformation of inorganic species to the organic form occurs in

the paddy soil (Takamatsu et a!., 1982, Abedin et a!. 2002) that may be considered

beneficial because of the lower toxicity of organic species (Fowler, 1977; NRCC,

1978). According to another study by EPA (1980) inorganic arsenic can be converted

to organic alkyl arsenic acid and methylated arsine under anaerobic conditions by

fungi, yeast and bacteria although biomethylation may also occur under aerobic

conditions. A recent study to see the residual effect of arsenic in pot experiment

conducted by Shah et a!. (2004) reported that when arsenic application exposed for
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longer time, the phytotoxiciy effect of arsenic became less compared to immediate
application of arsenic.

Arsenic found in soil, where contamination occurs, all over the world at an average

concentration of 5 to 6 mg/L. The average concentration of arsenic in alluvial sand

and mud/clay has been reported to be 2.9 mg/kg and 6.5 mg/kg respectively in

Bangladesh (DPHE and BGS, 2001). Arsenic concentrations in soils as high as 51

mg/kg in Faridpur and 83 mg/kg in Comilla have also been reported (Ullah, 1998). A

concentration varying from 1.5 to 19 mg/kg showing higher concentration in the top

layers of soil has been found in Samta village in Jessore (Kubota, 1998). In a recent

study conducted by Bangladesh University of Engineering & Tech~ology and United

Nations University (Ahmed et a!., 2003) on Bangladesh shows that:

• Arsenic content of sediment of the Jamuna-Padma-Meghna rivers system

varies from 1.0 to 6.5 mg/kg depending on particle size of the sediment.

• Arsenic builds up in the top soil when irrigated with arsenic contaminated

water and maintain a decline profile of depth.

• Arsenic content of agricultural soils increases during irrigation with

contaminated water but it is reduced during post irrigation period probably

by leaching with flood/rain water and/or methylation process to the level
of background concentration.

• Arsenic content of soil does not build up to a critical level that affects
growth of crops.

2.6.2 Arsenic in Rice Plant

2.6.2.1 Accumulation of arsenic in rice

Accumulation of arsenic is affected by arsenic concentration in soil or nutrient media

and increased greatly with increasing arsenic levels (Marin et a!., 1992, Xie and

Huang 1998). Arsenic concentration pattern in rice plant parts generally follow the

pattern: root> straw> husk> whole grain >husked rice (Xie and Huang, 1998).

Odanka et a!., (1987) and Marin et a!. (1992) also reported higher accumulation of

arsenic in roots than any other plant parts. Rice grain generally has lower arsenic

concentration (Schoof et a!., 1999, Heitkemper et a!., 2001) and the concentration

remain much below maximum permissible limit of I mg As kg.1• However, a study

conducted by Chakraborti et a!. (2001) showed 95% inorganic and 5% organic As
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species in rice. Irrespective of arsenic chemical forms root arsenic concentration was

10.5 mglkg in the 0.05 mg As/L.t treatment, which increased to 212.7 mglkg in the

0.8 mg As L-t treatment (Marin et a!., 1992). Bennett et a!., (2000) tested wild rice

collected from Seely, Willow Flowage, Crandon and Port Edwards area of Northern

Wisconsin, USA and found arsenic concentrations (ppm) 12.00,0.34,0.81 and 0.11 in

root (36), stem (27), leaf (30) and seed (4) respectively and average concentration

4.82 ppm. The mean for As is almost double that of Nriagu and Lin's value of 0.066

ppm for store-bought wild rice (Nriagu and Lin, 1995). Yan Chu (1994) has posed a

relationship between arsenic concentration in soil solution and rice also tested to

quantif'y the effect of arsenic level uptake into rice. The regression equation found

between the amount of arsenic present in the rice plant, Y, and the amount of arsenic

in aqueous solution, X, to be: Y = 0.042X - 0.0413.

Xie et al. (200 I) determined As contents of roots, flag leaf, grain and husked rice of

II new cultivars of rarely rice variety cultivated in paddy soils polluted from tailingat

an abandoned lead-zinc-silver mine at Xhoxing, Zhejang, China. They found As

concentrations in husked rice exceeded the hygienic standard (0.7 mg As/kg) when

they grew in the soil having total As content 70-100 mglkg.

After confirmation of ground water contamination with arsenic in Bangladesh many

researchers including government, non-government and foreign organizations works

to find out the extent and severity and also to mitigate the problem but a few number

of researchers are trying to find out the presence of arsenic in rice as rice is the staple

food and about 70% of produced rice cultivated using ground water irrigation.

Recent studies by Meharg et a!. (2002) demonstrate significant uptake of As by rice .

grown in Bangladesh. Huq et a!. (2001) reported 0.11 to 0.35 mglkg As found in

cooked rice collected from Munshigonj, Bangladesh. Hiromi Hironaka and Sk. Akhtar

Ahmad (2003) collected rice samples from different part of the country and conducted

test for arsenic and found arsenic contamination range from 0.1 to 0.3 ppm which was

similar to that of Japan's rice. But the limitations of the study were samples collected

from farmer's house and market so there was no perfect indication of arsenic in soil
and water.
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Das et al. (2003) conducted test for arsenic in rice grown on the soils adjacent to

arsenic contaminated water source. They found roots of paddy accumulated the

highest arsenic concentration followed by shoot and rice grain ('" 0.23 ppm). The ratio

of As concentration in root, shoot and grain is I : 6 : 10. But they didn't show the level

of As in soil.

Abedin et al. (2002) found arsenic, arsenate, DMAAand MMAA in soil solution

where rice (8 Bangladesh Varieties) was irrigated with arsenic (arsenate, arsenite,

DMAA, MMAA) contaminated water having arsenic concentration 0 to 8 mg/L-! in

greenhouse experiment. Uptake of both arsenite and arsenate by Boro varieties was

less than that of Aman varieties. Arsenite uptake was carrier-mediated, and was taken

up at approximately the same rate as arsenate. In presence of phosphate arsenate

uptake strongly suppressed while arsenite transport was not affected. However, at a

slow rate, there was a hyperbolic uptake of MMAA and limited uptake of DMAA.

They found accumulation of arsenic in rice grain was limited and was less than the

maximum permissible limit of I mg/kg (National Food Authority, Australia, 1993).

The presence of very high concentrations of arsenic in rice straw could pose a

potential health hazard to the cattle population as rice straw is used as cattle feed in

Bangladesh and in other countries.

In another study conducted by Ali et a!., (2003), the highest concentration of arsenic

was found in the roots (2.81 - 16.8 mgikg) of rice plant, and the comparatively a

lower concentration in stem and leaves and the lowest concentrations were found in

rice grain (0.05 - 1.52mg/kg with a mean ofOA8mgikg).

Duxbury et aI., (2002), collected 150 samples of paddy grains from Barisal, Comilla,

Dinajpur, Rajshahi and Rangpur districts in Bangladesh and determined the arsenic

concentration in the grain. He found arsenic concentration in the range from 0.01 to

00415 mgikg dry weight. As expected grain arsenic concentrations were higher for

Boro rice (mean value 183 ltg/kg dry wt.) compared to Aman rice (mean value 117

ltgikg dry weight).
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In case of rice, Ghani et al (2004) also observed higher accumulation of As in rice

roots (121.56 x117.03 ppm) followed by straw (13.01 x 3.57 ppm) and least in grain

(0.12 x 0.05).

In a different type of study Huq et al. (2005) found green algae accumulate arsenic at

a significantly high concentration while grown in boro rice field in Bangladesh. This

accumulation of arsenic by green algae from irrigation water may cause lower

accumulation of arsenic by rice plant, which would be beneficial to the people of

Bangladesh.

2.6.2.2 Rice growth and yield

Presence of As in soil or soil solution or water cause adverse effect on growth and

yield. Tsutsumi (1980) and Marin et al. (1992) reported about reduced plant height,

Tang and Miller (1991) and Marin et al. (1993) reported about reduced root and

Tsutsumi (1980), Milam et al. (1988), Tang and Miller (1991), Marin et al. (1992,

1993) reported reduced shoot biomass and/or growth in rice grown either in soil or in

solution culture with arsenic. However, improved tillering (Xie and Huang 1994) and

no reduction in dry matter production (Marin et al. 1993) have also been reported

while arsenic concentrations in the growing media were low. Significant reduction in

dry biomass (root and shoot), leaf area and net photosynthesis was observed with

increasing concentration of DMAA (0 - 1.6 mg As L'l) by Marin et al. (1993). A

physiological disease, straighthead has been reported to be associated with arsenic

(Wells and Gilmour, 1977; Gilmour and Wells, 1980). It was also found that 7 ppm of

arsenic causes injury to rice plant and would affect farm output productivity (Yan-

Chu,1994).

There are reports in literature of grain yield reduction due to arsenic application for

rice (Gilmour and Wells, 1980; Liu and Gao, 1987; Milam et aI., 1988; Frans et aI.,

1988). The arsenic concentration at which rice yield is decreased by 10% is judged to

be the maximum allowable limit or critical content of arsenic in soil (Yan-chu, 1994).

Nriagu (1994) reported rice yield decreases by 10% at 25 ppm of arsenic in soil.

While reviewing soil arsenic concentration effect on rice yield Yan-chu (1994)

reported a reduction of yield by 10% at 12.5-29 mg As kg.l; 50% at 47-52 mg As kg'l;

no yield leading to death of plants occurred at 109-157 mg As kg'l. Onken and
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Hossner (1995) also reported rice yield reduction by 66% when mean soil solution

arsenic concentration reached 1.5 mgiL.I. However, Shah et aI., (2004) has reported

the level of arsenic in soil having concentration above 20 ppm may affect rice yield of
Bangladesh variety.

2.6.3 Arsenic in other Plants

2.6.3.1 Direct effect of arsenic on plants

Arsenic (a toxic element) and phosphate (a macronutrient) are taken up by the same

plasma membrane transport system in plants. In well aerate soils, the chemical

behavior of arsenate is similar to that of phosphate. Both elements adsorb strongly to

certain soil components (Fe-and AI-oxides and clays) and are therefore not readily

available for plants. The effect of As on plant growth is often different in

hydrophonics compared to soil systems (Cox et aI., 1996). In hydrophonic uptake

studies, phosphate decreased the As uptake in both arsenic tolerant and non-tolerant

populations of Holcus lanatus L. (Macnair, 1991). In soils however, phosphate is able

to displace arsenate into the soil solution (Alam et aI., 1991). The presence of

phosphate could therefore result in an increase in the availability of arsenate and
enhance its uptake.

Carbonell et al. (1999) tested arsenic uptake by turnip growing under soil less culture

conditions conducted with four As species [arsenite, arsenate, monomethylarsonic

acid (MMAA), dimethylarsinic acid DMAA] and there As concentrations (1.0, 2.0

and 5.0 mg L.I). They found both organic arsenicals showed a higher upward

translocation than their inorganic counterparts, contributing to the greater

phytotoxicity and lower dry matter productions of these organic treatments. Both

inner root and outer root skin As concentrations were above the maximum limit set

for As content in food crops (1.0 mg/kil). Smith et al. (2001) also found yield of

vegetable crops (Silver beet, Tomatoes, Peas and Capsicum) were severely affected.

With increased As concentration in agricultural soils. They found yields of silver beet

and tomatoes at higher rate arsenic (100 and 200 mglkg) were only 5-10% of the yield

at control soil and the variation also depends on plant species and soil pH.
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The accumulation of arsenic by plants grown on As contaminated soils varied

between plant type and plant part with elevated levels of As being accumulated in all

the plants studied. Smith et al. (200 I) found different high arsenic concentration (> I

mg/kg, Australian food standard) in Rye grass, Silver-beet and Radish produced in

long-term contaminated in South Australia. Similarly, study of Bolan et al. (2001)

showed that arsenic concentration in watercress (Lipidium sativum) and other tropical

water plants (Table 2.8) grown in Taupo Volcanic Zone (TVZ), New Zealand was

less than the maximum value permitted in food stuffs (2 mg/kg) by the WHO except

watercress (2.42 mg/kg).

Table 2.8: As concentration in different plant species grown in TVZ, New Zealand.

SI. No. Species Common name As concentration mg/kg'l-

1. Hygrophila difformis Hygrophilla 0.07

2. Hygrophila cosata Hygrophilla 0.18

3. Saurus cernus 0.19

4. Hygrophila !acustris Hygrophilla 0.42

5. Echinodorus Amazon Sward 0.72

6. Bacopa monniera Baby's tears 0.75

7. Ludwigia repens 0.95

8. Limnophila heterophylla Ambuli 1.41
9. Leidium sativum Watercress 2.42

Source: Bolan et aI., 2001.

There is significant variation in the As content of plant tissues of commonly grown

vegetables in Bangladesh (Huq et aI., 2001) that is shown in the Table-2.9. Recent

studies by Farid et al. (2003) reported that As content in vegetables (tomato, potato,

brinj ai, lalshak, better gourd, amaranth, china shak, katuadata, cabbage, Indian

spinach, cauliflower, chilli, okra) produced in different part of Bangladesh using both

As contaminated and uncontaminated irrigation water varied from species to species

and also from uncontaminated to contaminated water. They found the trend of arsenic

accumulation was higher in leafy vegetables and lower in fruit vegetables. Similarly,

in other study Huq et al. (200 I) reported that Arum accumulated excessively high

arsenic than other vegetables tested.
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Table-2.9: As concentration in different plant species grown in Bangladesh.

SI. No. Vegetables Plant tissue arsenic mg/kg-' dry weight

1 Gourd (leaves) 0.48

2 Gourd 0.66

3 Arum 19.80

4 Papaya 0.83-1.13

5 Data Shak (leaf + stem) 0.87-2.78

6 Data Shak (root) 1.92-4.54

7 Cauliflower 1.77-2.66

8 Cauliflower (leaves) 1.28-1.86

9 Cucumber (flower) 0.05-7.23

10 Cucumber (leaves) 0.38-3.25

11 Potato (leaves) 0.26-0.57

12 Potato (tuber) 0.33-0.41

Conversely, in other study Shah et a!., (2004) found none of the 8 vegetables under

study had arsenic level above maximum permissible limit when grown in different

arsenic concentration in irrigation water (Table-2.l 0) ..

In a separate study, Shah et a!., (2004) also found high concentration of As (0.03 -

0.96 ppm) in roots than leaves (0.03 - 0.1 ppm) and stems (0.03 - 0.6 ppm) in early

growth stages of vegetables of age 4-5 weeks (Table-2.11). Another field survey by

Shah et a!., (2004) on 24 vegetable crops in Chapai Nawabgonj showed that arsenic

content varied from 0.33 - 0.88 ppm (Table-2.12).
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Table-2.10: Effect of irrigation water with different arsenic levels on the yield and

arsenic contents in different vegetables, 2004.

Vegetables High water arsenic (614 ppb) Low water arsenic (38 ppb)

Yield As load As in edible Yield As load As in edible
(t/ha) (mg/ha) parts (ppb) (t/ha) (mg/ha) parts (Ppb)

Amaranth 17.32 421.61 211.3 17.23 36.73 83.33
Red Amaranth 23.06 442.1 146.7 19.92 36.23 57.66
Spinach 25.59 468.69 68.35 19.94 36.73 50.00
Onion 13.25 1369 48.14 13.13 65.61 45.45
Onion flower - - 148.0 - - 52.19
Radish 47.45 751.1 33.98 34.32 73.21 29.70
Potato 26.59 1448 27.97 17.38 110.8 42.67
Cabbage 46.07 751.1 25.26 37.15 50.41 43.33
Cauliflower 34.36 751.1 21.03 27.90 53.20 32.02

From the above test results conclusion were drawn that if irrigation water contain

higher amount of As, the concentration of As will become more in the plants though it

does not influence the yield ofthe vegetable.

Table-2.11: Distribution of arsenic content (ppm) in different parts of vegetable crops

during early stage.

Crop Root Stem Leaf
Red Amaranthus 0.10 0.06 0.05
Amaranthus 0.08 0.06 0.08
Tomato 0.96 0.06 0.Q7
Cauliflower 0.03 - 0.03
Cabbage 0.04 - 0.Q3
Radish 0.10 - 0.Q7
Potato 0.17 0.03 0.10
Onion 0.39 - 0.09

Source: Shah et aI., 2004.
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Table-2.12: Arsenic content of different types of vegetables grown III arsenic

contaminated soil at Chapai Nawabgonj sadar upazila, 2003.

Fruit type As content (ppm) Leafy vegetable As content (ppm)

Tomato 0.73 Red Amaranthus 0.05

Papaya 0.61 Coriander leaf 0.58

Bringal 0.66 Indian spinach 0.44

Ladies finger 0.54 Spinach 0.68

Chilli 0.60 Potato 0.47

Bean 0.59 Radish 0.77

Cauliflower 0.59 Onion 0.46

Bitter gourd 0.88 Garlic 0.33

Source: Shah et aI., 2004.

In a study of Huq et aI., (2001) arsenic concentration in aurum found excessively

high, 19.80 mglkg dry weight, which indicates the alarming situation in Bangladesh.

2.6.3.2 Residual effect of arsenic on plants

To see the residual effect of arsenic two sets of pot experiments were conducted by

Shah et aI., (2004) in a green house experiment for arsenic accumulation in different

parts of Indian spinach as moderate sensitive crops to arsenic. In first port experiment

was conducted by adding fresh As at a concentration of 0, 5, 10, 15 and 20 ppm.

Results showed that the growth and dry matter yield decreased with increasing As

rates (Table-2.13). Growth of Indian spinach drastically suppressed with 10 ppm

As/pot. As accumulation in different plant parts was the highest in roots, lesser in

leaves and least in stems.

In the 2nd pot experiment in the first year, rice was grown with high rates of As (0.0 to

140 kglha) and in the following year, residual effect of As on the growth and yield

was observed where soil As level was 5.4 - 85.3 ppm. The higher As content in soil

had no growth suppression effect on spinach and had no effect on green dry matter

yield (Table-2.14). Results indicated that when As application exposed for longer
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time, the phytotoxicity effect of As became less compared to immediate application of

As.

Table-2.13: Effect of arsenic rates on Indian spinach dry matter yield and its As

content in different parts.

As level Dry matter (glpot) As content (ppm)

Root Stem Leaf

Aso 50.7 1.66 0.22 0.52

AS5 39.02 3.12 0.31 0.21

AslO 37.60 8.26 0.70 1.05

AS15 22.50 9.48 1.64 1.71

Aszo 16.46 14.03 1.72 1.70

Source: Shah et al. (2004).

Table 2.14: Residual effect on fresh dry matter weight of Indian spinach and its

influences on the arsenic content in different plant parts.

Treatment Weight of plant parts (glpot) As content (ppm)

Root Stem Leaf Total Root Stem Leaf
Aso (5.4) 11.18 76.92 127.96 191.17 0.29 0.04 0.08
As5(8.2) 11.46 91.38 121.48 212.86 0.44 0.02 0.09
AslO(l4.4) 11.36 87.17 119.01 206.18 0.63 0.Q3 0.12
Aszo(24.8) 12.00 92.30 123.61 215.92 0.82 0.04 0.11
As40(37.0) 12.49 87.90 110.79 198.69 1.13 0.04 0.13

As60(43.9) 12.05 95.11 130.80 225.91 1.49 0.07 0.17

Asso(53.5) 12.59 101.30 124.53 225.83 2.22 0.06 0.15
AsIOO(68.3) 10.98 105.38 121.44 227.32 2.37 0.06 0.13
As120(74.2) 10m 97.97 115.74 213.76 2.96 0.14 0.13
ASI40(85.3) 10.96 105.89 106.37 212.26 2.65 0.18 0.18

Figure in parenthesis indicates pot soil As in ppm. Source: Shah et al. (2004).
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2.7 Fluctuation of Arsenic in Groundwater and Soil

To see the fluctuation of arsenic concentration in groundwater in Bangladesh a study

was conducted by Rashid et ai, (2004) under the areas of PETRRA subprojects of

IRRI. Monthly monitoring of As concentration in groundwater in the selected

locations in Charghat upazila of Rajshahi district and Nawabgonj upazila of

Chapainawabgonj district showed that the concentration was not constant through out

the year. It varied from time to time. As concentration started to increase with the

beginning of dry season and continued up to May/June. Then the As level started to

minimum level after the monsoon. Variable arsenic concentrations over time have

been given in table 2.15. Fig. 2.3 and 2.4 present the monthly average arsenic

concentration in selected locations.

A study conducted by Ali et a!., (2003) in Srinagar upazila of Munshigonj district also

shows that arsenic concentration varies over time during irrigation of HYV rice

varieties in Boro season.

Another study on irrigated agricultural soil over time for a rice field site in Srinagar,

Munshigonj, by Ali (2003) showed that arsenic concentration in soil was significantly

higher at the end of the irrigation season in June, compared to concentrations at the

beginning of the season in February. However, after the flood (i.e., in Nov.) during

which the rice field at the Srinagar site was under flood water for prolonged periods

of time, arsenic concentration in soil came down to levels comparable to those at the

beginning of the (2001-2002) irrigation season. The reduction in arsenic concentration

in soil after the flood may result from bio-geochemical process (e.g., bio-methylation,

dissolution/desorption) occurring in the rice fields.
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Table 2.15: Monthly arsenic content (ppm) in irrigation water in the selected locations ofRajshahi and Nawabgonj district during, 2003.

Name of Location (village Jan. Feb. March April May June July Aug. Sep. Oct. Nov. Dec.Upazila
name)

Talbaria north 0.190 0.212
..
0.215 0.207 0.200 0.163 0.134 0.130 0.142 0.163 0.180 0.174

Talbaria south 0.075 0.072 0.077 0.074 0.076 0.060 0.056 0.054 0.051 0.051 0.074 0.104
Bamnidah 0.105 0.109 0.114 0.147 0.174 0.170 0.168 0.171 0.164 0.170 0.155 0.162

Charghat Bhatpara 0.052 0.063 0.067 0.079 0.102 0.117 0.112 0.110 0.112 0.106 0.099 0.081
Bhatpara (DTW) 0.021 0.026 0.031 0.015 0.015 0.008 0.003 0.003 0.004 0.004 0.002 0.004
Shibpur 0.017 0.021 0.021 0.028 0.038 0.035 0.030 0.035 0.033 0.028 0.031 0.027
Laxshmipur (STW) 0.107 0.173 0.224 0.235 0.251 0.340 0.458 0.379 0.206 0.014 0.192 0.237
Laxshmipur 0.105 0.148 0.160 0.205 0.247 0.275 0.257 0.227 0.201 0.184 0.136 0.215

~awabgonj Vadail 0.078 0.107 0.138 0.186 0.211 0.233 0.218 0.216 0.177 0.068 0.053 0.113

Sadar Hatathpara 0.554 0.595 0.852 1.108 1.536 1.275 1.107 0.814 0.747 0.747 0.842 1.117
Rajarampur 0.082 0.130 0.159 0.125 0.125 0.119 0.131 0.133 0.131 0.060 0.065 0.103
Laxshmipur (DTW) 0.052 0.090 0.140 0.166 0.179 0.161 0.146 0.124 0.082 0.073 0.062 0.052

Source: Rashid et a!., 2004.
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Fig. 2.3: Fluctuation of As content in irrigation water in Charghat.

Fig. 2.4: Fluctuation of As content in irrigation water in Chapai Nawabgonj.

2.8 Arsenic contamination due to carried over effect

Studies were conducted by Rashid M. A. et al. (2003) under PETRRA sub-projects for

three treatments with As contaminated groundwater in each of Charghat and Chapai

Nawabgonj areas. The treatments were as follows-

T! = Continuous standing water (1-7 cm),

T2 Alternate wetting and dry (irrigation after three days of disappearing standing

water) and

T3 = Saturation to field capacity.



Three plots were selected under all the tube wells for detail monitoring. The

experiments were conducted in the Boro seasons of 2003 and 2004 for the variety of

BRRI dhan 28. Control plots were irrigated with permissible As concentration «0.05

ppm). Arsenic load was higher in continuous standing water condition than in other

two treatments. The highest load was 2.26 kg/ha in continuous standing water

condition and lowest was 1.46 kg/ha under alternate wet and dry condition (Table-

2.16). In this studies arsenic concentrations in straws were found in the ranges from

3.84 to 5.20 ppm. Arsenic concentrations in grain were found in the range from 0.428

to 0.56 ppm. Highest arsenic concentration found in straw for the treatment of

continuous standing water. But more arsenic concentration found in grain for the

treatment of saturation to field capacity and least concentration found for the treatment

of continuous standing water.

Table 2.16: Arsenic accumulations by rice plant in different treatment conditions.

Location Treatment Yield Water As load Straw As Grain As

(Upazila) (Kg/ha) depth (cm) (kg/ha) in (ppm) in (ppm)

T1 5074 107.0 2.26 5.20 0.465

Charghat Tz 5174 78.1 1.65 4.38 0.540

T3 5527 74.2 1.57 4.05 0.560
Chapai T! 4697 101.6 2.14 4.72 0.428
Nawabgonj Tz 4494 72.6 1.53 3.91 0.476

T3 4794 69.0 1.46 3.84 0.492

Source: Rashid et aI., 2004.

2.9 Influences of Phosphorus and other soil parameters

A pot experiments were carried out by Jahiruddin, et al. (2004) at BAU to evaluate the

effect of As in presence of P (phosphorus) on Bora rice (cv. BRRI dban 29). These

two element were added to soil at 0, 10, 25 and 50 ppm and 0, 25, 50 and 100 ppm

from sodium arsenate and potassium di-hydrogen phosphate, respectively. Addition of

As adversely affected the growth, grain and straw yields of rice. The application of As

to soil at or above 10 ppm markedly affected the grain and straw yields of rice and

such adverse effect of As was further aggravated due to P addition to soil. The
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application of P enhanced the As accumulation in grain and straw while the P content

in grain and straw remained unaffected by As addition to soil. Therefore, it can be

concluded that application of high levels of phosphorus may increase the arsenic

toxicity in soils.

In another study by Abedin et aI., (2002) in a greenhouse experiment it was found that

presence of phosphate strongly suppressed the uptake of arsenate while arsenite

transport was not affected.

In another analysis, Shah et aI., (2004) collected soil and water samples from selected

fields of nine districts under PETRRA subproj ects. Based on test results of arsenic

content they established a correlation matrix. The correlation matrix showed that water

extracted As had -

i) positive but insignificant relationship of total soil As, and

ii) similar relationship with As in straw and grain of rice plant.

In contrast total As in soil showed-

i) positive but insignificant relationship with As in straw and grain of rice plant;

ii) significant positive relationship with soil pH and

iii) negative relationship with available iron content in soil.

2.10 Residual effects of soil arsenic

Jahiruddin et al. (2004) were studied the effects of As contamination on crop yield and

As accumulation under control conditions. Two sets of pot experiments, one with soil

added arsenic and the other with irrigation water arsenic, were conducted in the net-

house ofBAU, Mymenshingh. The levels of soil added arsenic were 0, 5, 10, 15,20,

30, 40 and 50 ppm, and that of irrigation water As were 0, 0.1, 0.25, 0.5, 0.75, 1.0, 1.5

and 2 ppm. The effect of added As (plus 2.6 ppm soil As) was tested directly on Boro

rice (cv. BRRI dhan 29) and its residual effect on T. Arnan rice (cv. BRRI dhan 33).

The pots for both crops received an equal amount of fertilizers. They found that the

grain protein was adversely affected due to arsenic contamination.
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For water added arsenic grain yield decreased with higher arsenic doses at 1.5 ppm in

irrigation water for the first crop and doses at 0.75 ppm in irrigation water for the 2nd crop

(Table 2.17). For soil added arsenic it was observed that there was a significant yield

reduction at and above 10 ppm As. The arsenic concentration in rice grain increased with

arsenic applications either added through irrigation water or added directly to the soil, still

it did not exceed I ppm. The straw-arsenic concentrations in all cases were well above 1

ppm. There was a residual effect of both soil and water added arsenic on the second crop

(T. Arnan rice).

Table 2.17: Direct and residual effects of added arsenic through irrigation water on

growth, yield and arsenic contents of rice.

Concentration Direct effect on first crop Residual effect on second crop

of irrigation (Boro rice, BRRI dhan 29) (T. Arnan, BRRI dhan 33)

water arsenic gram Straw Grain Straw gram Straw Grain Straw
(ppm) yield yield arsemc arsenic yield yield arsemc arsenic

(glpot) (glpot) content content (glpot) (glpot) content content
(ppm) (ppm) (ppm) (ppm)

0.0 99.87 119.10 0.239 2.292 56.33 61.26 0.094 1.480

0.10 103.73 122.50 0.330 4.836 58.60 66.68 0.107 2.646

0.25 108.90 148.00 0.348 6.536 71.50 83.52 0.133 2.741

0.50 106.60 148.83 0.390 7.068 56.54 67.39 0.137 3.083
.

0.75 101.97 133.57 0.447 7.491 53.10 62.16 0.156 3.269

1.00 99.02 115.77 0.485 7.869 50.28 61.38 0.171 3.841

1.50 74.01 99.07 0.579 9.008 45.19 59.91 0.206 4.601

2.00 49.77 87.90 0.622 10.830 42.64 57.42 0.294 5.024

Source: Jahiruddinet a!., 2004.
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Based on the study by Jahiruddin et a!., (2004) it can be concluded that-

i) the level of arsenic in irrigation water bellow I ppm may not affect growth

and yield of rice;

ii) the level of arsenic in soil having above 15 ppm may affect rice yield.

2.11 Arsenic tolerance and phytotoxicity

Arsenic is not an essential nutrient element for plant and not involved in specific

metabolic functions when supplied at low concentrations (Leibig, 1996; Lepp, 1981;

Marin et a!., 1993b). At higher concentrations, arsenic may interfere with the

metabolic process and could hamper normal growth and development of plants

through arsenic induced phytotoxicity (Marin et a!., 1993b). Plants can develop

toxicity symptoms while they are exposed to excess arsenic either in soil or solution

culture such as inhibition of seed germination (Abedin et a!., 2002; Liebig, 1966);

decrease in plant height (Tsusuni, 1980; Marin et a!., 1992); depressed tillering

(Labata-pendias and Pendias, 1984); reduction in root growth (Carbonell-Barrachina et

a!., 1987); reduction in leaf area and photosynthesis (Marin et a!., 1993b); decrease in

shoot growth (Carbonell-Barrachina et a!., 1998; Cox et a!., 1996); lower fruit and

grain yield (Tsutsumi, 1980; Carbonell-Barrachina et a!., 1995); sometimes leading to

death (Marin et a!., 1993b). Decreased dry matter production was recorded due to

application of both MMAA and DMAA in Spartina sp. (Carbonell-Barrachina et a!.,

1998); MMAA in turnip (Carbonell-Barrachina et a!., 1999); DMAA in rice (Marine et

a!. 1993b); arsenate in garden pea (Paivoke, 1993); and rice (Tang and Miller, 1991).

However, a number of species have been reported to show arsenate tolerance

(Paliouris and Hutchinson, 1991, Macnair, 1993). The tolerance of plants to arsenic

have been described to be heritable, often as a result of multiple or single gene

differences, and genetic modifiers (Macnair, 1993).

Abedin et a!. (2002) conducted tests in greenhouse experiment to cheek the tolerance

to germination of some Bangladesh HYV rice varieties to arsenic and found that most

of the varieties showed tolerance upto 2 mg As L-1• Percentage germination decreased

considerably at 4 mg As L-1 and at the highest concentration of 8 gm As L-1 treatment

germination was completely halted for all the varieties except purbachi. Purbachi was

the only variety that showed tolerance up to 4 mg As L-t treatment for arsenite and up
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to 8 mg As L-1 treatment for arsenate. Because of the tolerance of rice seeds for

germination up to 2 mg As L-1 which is equivalent to highest reported concentration in

Bangladesh groundwater (BGS, 2000), the use of contaminated groundwater might

have little impact on germination.

Resistance to high concentrations of arsenic could also be achieved through some

detoxification mechanisms such as, i) complexation of arsenite and arsenate

(production of thiol rice peptides phytochelatins [PCs]) (Hartley-Whitaker et aI.,

2001a) ii) reduction of arsenate to less toxic methylated arsenic compounds and non-

toxic organo-phospho-lipids (Nissen and Benson, 1982) iii) enhanced production of

antioxidants that detoxifY free reactive oxygen species (ROS) produced in response to

arsenite and arsenate (Hartley-Whitaker et aI., 2001b) and iv) efflux of arsenic species

from the root to the rhizosphere (Sharples et aI., 2000).

2.12 Rice Varieties in Bangladesh

About 12487 traditional varieties of rice were cultivated in through out the country

except Kishorgonj district of Bangladesh (Talukder, M. H. R., 1982). Currently, in

parallel to HYV rice varieties some of those traditional varieties are cultivated in

moderate scale in different parts of Bangladesh. Moreover, a few numbers of foreign

varieties and IRR1 developed HYV varieties are also cultivated. Purbachi is such an

important China variety whose original name is Cheng-chu-ai.

From more than last 2 decades Modem high-yielding varieties (HYV) become more

popular to our farmer. Modem HYV contribute more than 74% of the rice production

in Bangladesh. These rice are classified in three group namely, Boro, Aus and Arnan.

The physiochemical characteristics of HYV rice are different from those of the

traditional varieties. A list of HYV rice cultivated in our country has given in

Appendix -B which are developed by Bangladesh Rice Research Institute (ERR!).

Due to difference in soil quality all varieties are not cultivated in all over the country.

Table- 2.17 shows a list of more popular HYV rice varieties (Boro) jointly developed

by BRR!, UNDP and FAO with respective cultivated areas in Bangladesh (Iameel et

aI., 1999). A map of Bangladesh presented in figure-2.18, shows the district wise

39



indication of some important HYV rice developed by BRRI, which are most

commonly cultivated in Boro and Arnan seasons.

Table-2.l8: List ofHYV rice (Boro) produced in different divisions of Bangladesh.

Division Early Variety Mid Life Variety Late Variety

(Life 140-145days) (Life 150-155days) (Life 160-170days)

Dhaka BR-l, BR-26 BR-14 BR-3, BR-12, BR-16

BRRIDhan28 BR-17 BR-18, BR-19

BRRIDhan28 BRRIDhan29

BRRIDhan35

Chittagong BR-I, BR-26 BR-14 BR-3, BR-12, BR-16

BRRIDhan28 BRRIDhan29

BRRIDhan28 BRRIDhan35

Khulna BR-l, BR-26 BR-14 BR-3, BR-16

BRRIDhan28 BRRIDhan29

BRRIDhan28 BRRIDhan35

Rajshahi BR-I, BR-26 BR-9 BR-3, BR-16

BRRIDhan28 BR-14 BRRIDhan29

BRRIDhan28 BRRIDhan35

Barisal BRRI Dhan28 BR-14 BR-3, BR-16

BRRIDhan28 BRRIDhan29

BRRIDhan35

Sylhet BR-26 BR-14 BR-3, BR-18, BR-19

BRRIDhan28 BR-17 BRRIDhan29

BRRIDhan28 BRRIDhan35
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Figure 2.5: Map of Bangladesh showing district wise distribution for cultivation of

some HYV Rice developed by BRRI.
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The caryopsis is called brown rice because of its brownish pericarp. The weight

distribution of the various parts of brown rice is: pericarp, 1-2%; aleurone plus testa,

4-6%, germ, 2-3%; and endosperm, 89-94%. The cell walls of the pericarp are 2fJ.

thick and absorb stains for protein, hemicellulose, and cellulose. Both the endosperm

and the embryo are enclosed by the aleurone, which lies beneath the tegmen. The

aleurone may have from I to 7 cell layers (Fig. 2.7) and the aleurone layer is

Rice is the principal cereal food in Asia and in some countries in Africa and Latin

America, and is used as a food in all countries in the world. It is generally considered

to be a tropical crop. Detailed studies have been made on the gross structure of brown

rice by Santos (1933), Juliano and Aldama (1937), Hinton (1948). The rice fruit is

caryopsis in which the single seed is fused with the wall of the ripened ovary

(pericarp), forming a seed-like grain (Figure-2.6).

Figure 2.6: Structure of the rice grain (Juliano and Aldama, 1937).

2.13

2.13.1
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Figure 2.7: Longitudinal section of the dorsal (left) and ventral (right) portions of the

mature caryopsis (Juliano, B. 0., 1978).
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The starchy endosperm consists of thin-wall parenchyma cells, usually radially

elongated and heavily loaded with compound starch granules and some protein bodies

[Figure-2.8 (Juliano, B. 0., 1978)]. The number of endosperm cells is highly

correlated to the size of the starchy endosperm but not to its shape. Endosperm cell-

walls react positively to stains for protein, hemicelluloses, and cellulose. Rice starch

granules are polygonal and compound. The granules have the structure of a

pentagonal dodecahedron, and ranges in size from 2 to IOI!. Starch granules are small

(2 to 41!) in the peripheral cells ofthe starchy endosperm; they are fewest in the lateral

and ventral peripheral cells, forming tiny clusters well separated by the surrounding

dense protein material. Starch granules of the major, central portion of the kernel are

larger (5 to 91!) and occur in closely packed compound groups, several groups in each

cell. Extremely small granules are found in cells near the embryo; they are usually

considered devoid of starch. However, the embryo has been reported to contain

minute starch granules, the largest ones being in the scutellum.

composed of quadrangular or rectangular parenchyma cells with 21! thin walls. These

cells are filled with small, protein-rich aleurone grains enclosed in a sheath of fat-

staining material. The cell-walls of the aleurone layer react positively to stains for

protein, hemicellulsoe, and cellulose.



Up to 95% of endosperm protein has been observed to be in the form of discrete

particles called protein bodies. These range in size from I to 4 /:1. Protein bodies are

most concentrated in peripheral-lateral and peripheral-dorsal cells (whereas starch

granules are fewest and least concentrated in peripheral-dorsal cells) and are found

more along he periphery than in the center of each cell. Fat seems to occur in

combination with protein bodies. Differences among cultivars in their distribution in

the starchy endosperm have been reported. The protein bodies are about 1/:1 in size at
peripheral cells and 2 to 3/:1 in size in the inner cells.

,
..,..•:,

.. :P,,:,b. :., ,','

::;;'J:~~

10""

Figure 2,7: Cross-section of 14% protein BPI-76 endosperm stained with mercuric

chloride-bromophenol blue, showing protein bodies (p.b.), compound starch granules
. (s,g.), and cell-walls (c.w,).

2.13.2 Starch and Protein

Starch is the reserve carbohydrate of plants and occurs as granules in the cell in

plastids, separated from the cytoplasm. Most starch granules contain both amylose

and amylopectin molecules. Waxy or glutinous starch from corn and other cereals

contains little or no amylose, while a sugary mutant corn and some of the legumes
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Amylose molecules are straight chain polysaccharides in ex -D-glucose units are joined

1-4. Chain lengths vary from 250 to about 350 glucose units, and the long molecules

appear to be coiled in an ex helix. The formula for ex -D-glucose is given below:

Every living cel1 contains protein. Indeed, the name "protein" comes from the Greek

root which means "to be first". In man synthesis of the many proteins that make up

body tissue requires the presence of amino acids. Although man's need for protein and

its amino acids is rather stringent, his method of fulfil1ing his need varies considerably

in different parts of the world. Primarily the difference has depended on the

availability of foods. In the tropics many peoples have developed dietary patterns

based primarily on plant foods with the cereals most abundant. In most of these diets

animal protein in the form of meat, eggs, fish and milk is added when available. Most

of the proteins required for body synthesis are available in rice that has been shown in

table-2.13.

contain amylose in greater abundance than amylopectin. Amylopectin is usual1y the

more plentiful type of starch.

2.13.3 Composition of Rice

In many Asian countries, the average individual gets half or more of his total caloric

intake from rice. The composition of rice is influenced by variety and environment.

The composition of brown, milled raw and parboiled rice and other cereal grain is

shown in Table-2.19 (Houston, 1978).



Table 2.19: Composition of rice and other cereals.

The Principal difference between brown rice and milled raw rice is that the protein,

fibre, thiamine, and niacin are higher in brown rice. Parboiled milled rice is similar to

brown rice in protein, thiamin and niacin content. The nutritional level of rice is

comparatively high among cereals and other grain and root crops. Among cereals rice

has a comparatively high content of essential amino acids and fairly low content of

glutamic acid and some other nonessential amino acids. High-protein rice has better

nutritional value because it has higher level of essential amino acids. The amino acid

composition of the protein in cereals is shown in Table- 2.2 (Houston, 1978).
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Note. NutntIonallyessentIal

Composition Rice Wheat Maize
Brown Milled Raw Milled Parboiled

Moisture (%) 12.0 12.0 10.3 12.5 13.8
Calories/l00em 360 363 369 330 348
Protein, % 7.5 6.7 7.4 12.3 8.9
Fat, % 1.9 0.4 0.3 1.8 3.9
N-free extract, % 77.4 80.4 81.3 71.7 72.2
Fiber, % 0.9 0.3 0.2 2.3 2.0
Ash, % 1.2 0.5 0.7 1.7 1.2
Thiamine, mwl00gm 0.34 0.07 0.44 0.52 0.37
Riboflavin, mg/lOOgm 0.05 0.03 ... 0.12 0.12
Niacin, mg/lOOgrn 4.7 1.6 3.5 4.3 2.2

a e mo aCl content 0 cerea s, o ammo aCl m nrotem
Amino acid Rice (brown) Wheat(RHS) Maize(field)
TryptophanO 1.08 1.24 0.61
Threonineb 3.92 2.88 3.98
Isoleucineb 4.69 4.34 4.62
Leucineb 8.61 6.71 12.96
Lvsineb 3.95 2.82 2.88
Methionineo 1.80 1.29 1.86
Cvstine 1.36 2.19 1.30
Phenvlalanineo 5.03 4.94 4.54
Tyrosine 4.57 3.74 6.11
Valineb 6.99 . 4.63 5.10
Arginineb 5.76 4.79 3.52
Histidineb 1.68 2.04 2.06
Alanine 3.56 3.50 9.95
Aspartic acid 4.72 5.46 12.42
Glutamic acid 13.69 31.25 17.65
Glvcine 6.84 6.11 3.39
Proline 4.84 10.44 8.35
Serine 5.08 4.61 5.65

• b ..
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Table 2.21. Weight (mg) of single paddy and brown rice of Hbj IV and BR-3 at
'ff< fd Idl erent stages 0 eve opment.
DAF Hbj IV BR-3

Paddy Brownrice (Kernel) Paddy Brownrice (Kernel)

4'" 5.4 3.1 4.4 1.3

8'" 14.6 9.0 14.7 8.5

12'" 20.6 15.0 25.7 19.0

16'" 21.8 16.2 28.5 21.7

20'" 22.5 16.7 29.3 22.7

Amylose content in brown rice was found to be 15.1% in Hbj IV and only 3.1% in

BR-3 brown rice at four DAF. The content increased slowly to 24.5% at 20 DAF in

Hbj IV .On the other hand, in BR-3 brown rice, amylose content increased to 26.6%

Table 2.22 shows the protein accumulation in paddy and brown rice. The protein

content increased most rapidly from four DAF to 16 DAF in Hbj IV and to 12 DAF in

BR-3. Then it almost leveled off. BR3 brown rice had 16.5% at four DAF and rapidly

decreased to 7.8% at 12 DAF. Dry matter was found to accumulate at the faster rate

from four DAF to 12 DAF in BR-3. On the other hand, actual percentage of protein in

Hbj IV brown rice decreased from 12.3% at four DAF to 9.6% at 20 DAF. Actual

percentage of protein in brown rice decreased, but protein per brown rice increased

between four DAF to 16 DAF in Hbj IV.

2.13.4 Change in Dry Matter content in developing rice grain

The protein in matured rice grain is consistently high in some varieties compared to

some other varieties. The difference in grain protein content may be due to difference

in rates of protein accumulation in grain rather than difference in soil N absorption.

Table 2.21 shows the changes in dry matter content of paddy and brown rice in BR-3

and Hbj IV varieties. At 4 DAF, BR3 and Hbj IV had 4.4 and 5.4 mg/paddy dry

matter respectively but at 20 DAF, dry matter content was 29.3 and 22.5 mg/paddy

respectively.

Bangladesh Rice Research Institute developed released 45 varieties of HYV rice

which are cultivated in the country. The standard protein and amylose content of these

rice varieties are given in Appendix-B.



at 20 DAF. The % of amylose accumulation was observed higher in BR-3. The

variations of amylose content in rice at different stages are given in the Table-2.23.

Table 2.22. Protein accumulation in paddy and brown rice at different stages of
development

DAF Hbj IV BR-3

Paddy Brown rice(Kernel) Paddy Brown rice(Kernel)

mg/paddy % Mglbrown rice mg/paddy % rnglbrown rice

41" 0.47 12.30 0.66 0.30 16.50 0.19

81" 1.15 10.20 1.08 1.02 8.50 0.76

It" 1.41 9.00 1.60 1.73 7.80 1.70

161" 1.48 9.60 1.77 1.74 7.80 1.73

201n 1.89 9.60 1.79 1.76 7.60 1.75

Table 2.23: Amylose content in brown rice at different stages of development.

DAF Hbj IV BR-3

% mgiBrown rice (Kernel) % mgiBrown rice (Kernel)

41" 15.1 1.0 3.1 0.0

81n 15.8 1.8 6.7 0.6

It" 17.1 3.1 17.1 3.6

161" 24.2 4.2 22.5 4.6

201" 24.5 4.2 26.6 5.8

48



CHAPTER 3

ARSENIC IN RICE PLANT AND SOIL

3.1 Introduction

In Bangladesh ground water is severely contaminated with arsenic. Due to application

of this contaminated water in agricultural field for irrigation purpose soil could be

contaminated with arsenic. Rice plants as well as other agricultural plants may

accumulate arsenic from this irrigation water and also from contaminated soil. In this

chapter results of analysis of arsenic contents in rice plant and soil samples collected

from the study locations have been presented.

3.2 Methodology

3.2.1 Selection of Study Area

Study areas were selected on the basis of arsenic concentration in irrigation water and

distance from BOOT considering communication feasibility. Firstly, analyzing the

data of arsenic concentration in ground water 23 study areas were selected in different

locations in Barura and Debidwar upazila of Comilla district. Then water sample were

collected from irrigation pumps of these locations and tested for arsenic using atomic

absorption spectrophotometry attached with graphite furnace. Finally, on the basis of

arsenic concentration> 0.05 mglL, the national acceptable limit 13 study locations

were selected. The locations of the selected study areas were shown in figure 3.1- 3.2.

3.2.2 Collection of water, soil and rice plant samples

Water samples were collected from irrigation water pumps of the selected study fields

at the beginning of the irrigation season. Before collection of water bottles were

rinsed out 3-4 times with the sampling water. Samples were collected at least 30

minutes after starting the pump. The bottles were filled with 90 ml of sampling water

mixed with 10 ml 2N HCI acid and the bottles were marked properly. During

harvesting full rice plants (including root) and soil samples were collected from 13

selected study fields. Samples were packed in separate poly bags and brought to the

laboratory. Initially the plant samples were washed with distilled water, air-dried and
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Figure 3.1: Map of Barura Upazila of Comill a District showing 12 Study Fields.
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Figure 3.2: Map of Debidwar Upazila of Comilla District showing 1(one) Study Field.
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segmented into rice, stem, leaf and root hair and packed in different poly bags. During

sample collection varieties name of rice were recorded and that were re-confirmed

from Seed Division of BRRI, Gazipur. Collected samples were of 5 varieties, these

were BR-14, BRRI dhan-28, BRRI dhan-29, Purbachi and IR-50.

3.2.3 Analysis of Water Samples

Water samples were analyzed for arseDiC usmg an atomic absorption

spectrophotometer attached with graphite furnace (Shimadzu, AA6800)

3.2.4 Analysis of soil samples

Soil samples were also collected from the selected field during rice plant sample

collection. Soil samples were collected only from the top layer surrounding the hill

and root of rice plant and packed in poly-bags. Soil samples were initially air dried

and grounded into powder and cleaned from root hair and other foreign materials.

Then soil samples were digested as (i) oven-dry at 11O°Cfor 24 hours, (ii) take 5

gram oven-dried sample in a volumetric flask, add 2.5 ml concentrated nitric acid and

7.5 ml of concentrated hydrochloric acid and keep it overnight, (iii) heat the sample

for 2 to 3 hours to boiling, then allow to cool and adjust the volume to 500 ml by

adding de-ionized water. Then the digested sample was filtered and stored in plastic

bottle for analysis. Test for total arsenic was carried out using an AAS (Shimadzu,

AA6800) attached with a graphite furnace.

3.2.5 Analysis of Rice Plant Samples

Before experimental analysis rice samples are divided into brown grains and husks.

The samples of grain, husk, leaf, stem and root hair were digested following the

procedure described in section 6 of Cookbook of Shimadzu AAS. The digestion

procedures were as (i) oven-dry the sample at 65°C for 24 hours, (ii) take 2 gm of

grounded samples into volumetric flask of 500 ml capacity and make it moist by

adding a few ml of deionized water, then add 25 ml concentrated nitric acid to the

flask and keep it overnight, (iii) heat the flask for two hours to boiling, then after

cooling add 10 ml of concentrated perchloric acid to the flask and heat again (to
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boiling) for one hour, (iv) if color of the sample turns yellow, digestion is assumed to .

be complete, (v) if color of the sample turns dark, add 2 to 3 ml of nitric acid to the

flask and apply heat, repeat the process until the color turns yellow, (vi) then allow to

cool and adjust the volume to 100 ml by adding de-ionized water. Digested samples

were filtered and preserved in plastic bottles for testing. Total arsenic concentration in

digested sample was tested with hydride generation atomic absorption

spectrophotometry using an AAS (Shimadzu, AA6800).

3.3 Results and Discussions

The results of arsenic concentration found in different parts of rice plant samples

tested as the procedure of article 3.2.3 and in soil samples tested as the procedure of

article 3.2.4 are given in table 3.1. Corresponding groundwater arsenic concentration

and varieties of rice are also given in this result sheet. Test results shows that arsenic

is accumulated in different parts of rice plant. To analyse the level of arsenic contents

in rice grain, husks, leaves, stems and root hairs, arsenic concentration found in

laboratory tests for all varieties are shown graphically in figures 3.3 - 3.8. Arsenic

concentration in different parts of the rice plants of different varieties: BR-14, BRRI

dhan-28, BRRI dhan-29 and Purbaehi (Cheng-chu-ai) have also been presented

separately in figures 3.9 - 3.12. Figure 3.13 also represents the trend of accumulation

of arsenic (considering average value) in different parts of the rice plants of different

varieties.

3.3.1 Arsenic Content of Soil Samples.

Arsenic found in soil samples tested with in 12mglkg but no similarity was found with

the concentration of irrigation water arsenic. In some cases it is found comparatively

al low concentration (2 - 4 ppm). It may be due to over flow of rainwater or flood-

water and stagnation of rainwater over soil surface for long time (more than IS days).

Because soil arsenic could be released into the water. Soil can contain certain amount

of arsenic from irrigation water or other sources though the supply of arsenic

contaminated irrigation water applied repeatedly. Accumulation of arsenic in soil and

also in plants depends on arsenic concentration of groundwater but it is affected by

many other factors discussed in literature review. Many researchers found that soil

arsenic concentration depends on many factors like pH, EC, P, Fe, soil texture etc
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(Shah et a1. 2004). It also depends on groundwater arsenic (Shah et aI., 2004; Huq et

aI., 2003; and Xie et aI., 2001). Adsorption of arsenic in soils positively dependent on

clay content (Huq et aI., 2003). Moreover, the release of soil As has no bearing on

total As contents of soil.

3.3.2 Arsenic Content of Rice Pin at Samples

As per test results, presence of arsenic in different parts of rice plants such as rice,

husk, leaf, stem & root hairs and soil samples are found. Arsenic concentration found

in rice grain 0.0 - 1.1 mglkg, in husk 0.4 - 2.0 mglkg, in leaf 2.0 - 7.6 mglkg, in stem

up to 5.7 mglkg and in root hair up to 38.5 mglkg. This results shows similarity to the

results found by Ali et a1. (2003) while testing for rice plant grown with arsenic

contaminated irrigation water in Srinagar during boro season. However, in a recent

study Ghani et a1. (2004) observed higher accumulation of arsenic in roots (121.56 :!:

111.0.03) followed by straw (13.01 :!: 3.75 ppm) and least in grain (0.12 :!: 0.05 ppm).

Test results show rice grain absorb less amount of arsenic that also shows the

similarity to the result found in greenhouse experiment conducted by Abedin et a1.

(2002). Root hair found having the highest arsenic concentration that is similar to the

findings ofOdanka et aI., (1987) and Marin et aI., (1992), Das et a1. (2003), Bennett et

a1. (2002). The trend of arsenic absorbing capabilities of different parts of rice plants

found are as root hair> leaf > stem> husk> rice grain that is similar to the trend

found by Xie and Huang (1998) which is root> straw> husk> whole grain>

husked grain.

Test result also indicates that arsenic absorption capability of rice varies from variety

to variety. In green house experiment Abedin et a1. (2002) also found that arsenic

absorption capability of some Bangladesh varieties varies from one variety to other

varieties. The affinity of arsenic absorption in rice found for Purbachi variety is more

than other varieties such as BRRI dhan-28, BRR! dhan-29, BR14 & IR 50 tested

though the variety wise sample size was low. Most of them absorb arsenic in an

amount less than I mglkg of Australian maximum permissible limit (National Food

Authority, 1993) except sample FGB-22 ofPurbachi variety that contain 1.1 mglkg of

arsenic. But all samples contain arsenic less than 2 mglkg of Bangladesh Pure Food

Limit (The Bangladesh Pure Food Rules, 1967).
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Table 3.1: Arsenic concentration in different parts of rice plants and corresponding water and soil samples.

Sl. No Sample As in Arsenic Variety of rice Rice Husk Leaf Stem Root Hair

ID water in soil grain
(Ppb) (mglkg) (mglkg) (mglkg) (mglkg) (mglkg) (mglkg)

1 FDD-6 199 3.764 BRRI dhan-28 0.56 2.07 7.62 4.94 18.04

2 FGB-12 105 3.363 Purbachi 0.54 0.47 2.97 3.01 11.91

3 FDB-13 131 3.976 BRRI dhan-28 0.31 0.83 4.79 3.47 13.17

4 FGB-14 188 3.295 BRRI dhan-28 0.12 1.31 2.89 4.24 0.32

5 FGB-15 156 7.518 BR-14 0.17 0.83 3.73 1.56 16.66

6 FGB-16 62 2.008 BRRI dhan-29 0.00 0.49 2.33 0.15 4.92

7 FGB-17 364 2.069 BR-14 0.26 2.05 4.23 4.02 38.46

8 FJB-18 208 3.628 BRRI dhan-29 0.20 1.26 2.09 3.28 24.26

9 FJB-19 277 12.03 BR-14 0.04 1.89 3.59 5.66 38.51

10 FJB-20 222 2.243 Purbachi 0.22 1.12 4.99 3.97 19.41

II FGB-21 255 2.417 BRRI dhan-28 0.17 0.43 5.04 5.13 6.83

12 FGB-22 177 3.022 Purbachi 1.10 0.66 3.70 2.33 5.68

13 FGB-23 278 9.926 IR-50 0.44 0.38 3.72 1.46 18.40
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Figure 3.3: Arsenic content of brown rice grain (mglkg).
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Figure 3.4: Arsenic content of husk (mglkg).

Figure 3.5: Arsenic content ofleaf (mglkg).
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Due to technical constraints analysis for different species of arsenic (organic and

inorganic) could not be conducted. Many researchers found arsenic accumulated in

rice plants are both in organic and inorganic form. Chakraborti et a!. (2001) showed

95% inorganic and 5% organic As species in rice. However, recent studies showed

that DMAA could be a major component of total arsenic (up to 56%) in rice grain

(Schoof et a!., 1999; Heitkemper et a!., 2001). In laboratory analysis highest arsenic

concentration found in rice grain is 1.1 mg/kg which would be sum of organic and

inorganic arsenic. But inorganic fraction is nontoxic or less toxic. Organic arsenic is

about 100 times less toxic than inorganic arsenic (Nagy, G. et a!., 1983). Deducting

inorganic portion it could be assumed that toxic species of arsenic in rice grain within

Australian Permissible Limit, I mg/kg.

Test results also show that leaf and stem contain high arsenic concentration. Average

Arsenic concentration found 3.98 mg/kg in leaf and 3.32 mg/kg in stem, which are

much higher than Australian Maximum Permissible Limit, I mg/kg. Abedin et a!. .

(2002) reported the major arsenic species in rice straw was arsenate (87-100%),

followed by arsenite (0-8%) and DMAA (0-5%). The rice straw (stem + leaf) contains

a very small proportion of organic species (DMAA). Accumulated arsenic in straw

would be mostly inorganic which could create potential health hazards for both cattle

and human beings especially when the straw contains an elevated level of arsenic

(maximum found in leaf7.62 mg/kg).

To find out the ratio of arsenic accumulated in different parts of rice plant calculation

has made in Appendix-C. In this Annexure samples of BRRI dhan-28 and BRRI

dhan-29 varieties rice plants has taken into consideration for determination of total

amount of absorbed arsenic. Total arsenic found in different parts of rice plants

(except root hair) of these two varieties are graphically presented in pie charts of

figure 5.14 - 5.15. Calculated results show that highest amount of arsenic accumulated

in stem of a rice plant and the trend found is Stem> Leaf> Husk> Rice grain. The

ration of total arsenic in Stem, Leaf, Husk and Rice grain in for BRRI dhan-28 and

BRRI dhan-29 varieties rice plants are 71 : 26 : 2 : 1 and 65 : 31 : 3 : 1 respectively.
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3.3.3 Correlation among Arsenic Content of Water, Soil and Rice Plants

From the test results it is clear that rice plant absorbs arsenic from arsenic

contaminated irrigation water. The level of arsenic concentration varies from one part

to another parts of the rice plants grown in the study fields. To check the relationships

between concentrations of arsenic in different parts of rice plant and corresponding

irrigation water arsenic the following linear regression analysis were made.

(i) Analysis of arsenic concentration of rice grain, husk, leaf, stem and root hair

with corresponding arsenic concentration of irrigation water;

(ii) Analysis of arsenic concentration of paddy (rice grain + husk) with

corresponding arsenic concentration of irrigation water. To determine the

arsenic concentration of paddy calculation has made using grain arsenic

concentration and husk arsenic concentration considering the weight ratio of

grain: husk to be 5 : 3; and

(iii) Analysis of total arsenic accumulated by a rice plant of BRRI dhan-28 variety

with corresponding irrigation water arsenic. In statistical analysis total arsenic

accumulated in a rice plant (excluding root) of BRRI dhan-28 variety has

been taken from calculated results presented in Appendix -C.

Results of regression analyses mentioned above are presented in Figs. 3.16 - 3.22.

i

Similar linear regression analyses were conducted to check the relationships between

concentrations of arsenic in rice plant and in corresponding field soils. Results of

regression analysis for arsenic in rice grain and arsenic in paddy (rice grain + husk)

are shown in Figs. 2.23 -2.24. Regression analysis was also conducted for arsenic in

soil with corresponding arsenic in irrigation water. The relationship is shown in Fig.

2.25.
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Figure 3.17: Arsenic concentration in husk (mg/kg) verses arsenic in inigation water
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Figure 3.19: Arsenic concentration in stem (mg/kg) verses arsenic in irrigation water ..•...•
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Figure 3.23: Arsenic concentration in rice (mglkg) as a function of arsenic in soil
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Linear Regression Analysis are conducted to assess the correlation between (i) arsenic

concentrations in different parts of rice plants and irrigation water arsenic, (ii) soil

arsenic and irrigation water arsenic, (iii) concentrations in different parts of rice plants

and soil arsenic. Linear regression analyses show that arsenic concentrations in

different parts of rice plant (except root hair) are poorly correlated with irrigation

Figure 3.25: Arsenic in soil samples (mg/kg) verses arsenic in irrigation water (mg/L).

Figure 3.24: Arsenic concentration in paddy (mg/kg) as a function of arsenic in soil

(mg/kg).



water arsenic or soil adsorbed arsenic. Root hair shows a moderate correlation (R =

0.45) with irrigation water arsenic. Similarly, from fig. 3.25 it is observed that there is

no correlation between soil arsenic and corresponding irrigation water arsenic.

Test results and statistical analysis shows that arsenic is accumulated in rice plant and

soil but it depends on many factors beyond arsenic concentration in water during

practical cultivation in rice field. No linear relationship was found with irrigation

water and/soil arsenic though some researchers (Yan Chu et aI., 1995; Abedin et aI.,

2002) have established such linear relationships. So, it can be assumed that correlation

between plant arsenic and irrigation water/soil arsenic in case of practical cultivation

wouldn't be similar to the correlations established in green house experiments.

Recent studies showed that arsemc concentration in ground water of Bangladesh

varies from time to time (Ali et aI., 2003 and Rashid et aI., 2004). Arsenic

concentration in soil of rice field in Bangladesh also varies from time to time over the

year and after flood it comes to the level nearby the initial concentration having

during beginning of boro season (Ali et al.,2003). There is an evidence of arsenic

methylation in paddy soil system (Takamatsu et aI., 1982). Microbial methylation also

produces volatile gases such as di- and tri-methyl arsine from soil. Depending on

conditions, 17 - 60% of the total arsenic present in soils may be volatilized (NCCR,

1978). In addition to these there is an impact of green algae grown in bom rice field.

This green algae accumulates arsenic at a significantly high concentration (Huq et aI.,

2005), which reduces the load of arsenic on rice plant. Due to these reasons poor

correlations of arsenic in rice plant as well as soil adsorbed arsenic with respect to

irrigation water arsenic were found.
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3.4 Summary

Arsenic content found in different parts (rice grain, husk, leaf, stem and root hair) of

rice plant grown in study fields using ground water with arsenic for irrigation purpose.

Highest arsenic concentration found in root hair and least in rice grain (less than 1.0

mg/kg, Australian Maximum Permissible Limit. Arsenic content in straw (leaf +
stem) were found more than 1.0 mg/kg, which poses health risk for cattle and human.

Arsenic concentrations in soil samples were found up to 12 mg/kg. But insignificant

correlations were found among arsenic content of water, soil and rice plant.
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CHAPTER 4

NUTRIENT CONTENT IN RICE

4.1 Introduction

In this chapter percentage of protein and amylose content of 13 rice samples has been

presented and probable adverse effect of arsenic contaminated irrigation water on

nutrient content has been discussed. Rice samples collected from 13 study locations

were of 5 varieties such as BR-14, BRRl dhan-28, BRRl dhan-29, Purbachi and IR-

50. In order to determine the protein and amylose content of these rice samples,

laboratory tests were conducted at the laboratory of Grain Quality and Nutrition

Division of Bangladesh Rice Research Institute (BRRl), Gazipur. Percentage of

protein contents was determined applying micro-Kjeldahl method and amylose

content was determined using spectrometer at 620 om.

4.2 Methodology

4.2.1 Site Selection and Sample Collection

Selected sites were in Barura and Debidwar upazila of Comilla district. The site

selection procedures were expressed in article 3.2.1. Rice samples were collected

from the study areas during harvesting; the procedure for rice sample collection was

also described in article 3.2.2.

4.2.2 Protein Content Analysis

For analysing protein around 0.2 gm whole brown rice grain (actual weight should be

taken) taken in Kjeldahl Flask and digested with concentrated H2S04 (98%) in

presence of catalyst namely called Digestion Mixture by heating in a digestion

chamber. Digestion Mixture is a mixture of Potassium Sulfate, Copper Sulfate and

Selenium powder in 50:10:1 ratio. Under this condition (NH4hS04 is formed reacting

with H2S04 and the protein nitrogen. Then digested mixture was cooled. Adding 25

ml of 40% NaOH the digested mixture is then steam distilled, which produces free

ammonia. This ammonia is passed into Boric acid solution, forms a color complex,

which is then back titrated with standard HCI of 0.03N. Blank solution is also

digested and titrated as same procedures described above. Percentage of protein in
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rice is calculated using the formulas given bellow and a sample calculation for protein

content has been made in Appendix- D.

Formula for percentage of Nitrogen is,

(vol. ofHCl for sample - vol. ofHCl for blank) x N ofHCI x 0.014 x 100
Nz (%) =--------------------------

Weight of grain sample

Protein (%) = Percentage of Nitrogen x 5.95

Where, conversion factor for Nitrogen to protein of rice is 5.95

4.2.3 Amylose Content Analysis

For analysing amylose 100 mg of rice sample (fine powder form) is taken in 100 ml

volumetric flask and I ml Ethanol (95%) is carefully added and spread over the whole

sample. After some minutes 9.0 ml NaOH (IN) is added and heated the flask for 10

minutes in boiling Water Bath to gelatinize the starch and then cooled. Keep the

sample overnight. Make the volume 100 ml adding distilled water and store it as stock

solution. Take 5 ml of stock solution into a 100 ml volumetric flask and add I m! of

IN acetic acid and 2 m! of freshly prepared Iodine solution in the flask. Iodine

solution is a mixture of iodine and potassium iodide. After mixing, make the volume

up to the mark and determine percentage of transmittance with spectrometer at 620

nrn. Similar procedures were used to determine the % of transmittance of standard

solutions for determining standard curve. Standard curve for amylose content were

plotted by computer and percentage of amylose were determined from standard curve.

Sample calculation for amylose content in rice has given in Appendix- E.
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4.4 Results and Discussions

4.4.1 Protein Content of Rice Grain

Protein contents in different rice varieties found in the laboratory experiment are

shown in table 4.1.

Table 4.1 Protein content in rice grain samples with corresponding standard value.

Sl. No Variety Field ID Protein content (%)

Measured Standard (BRRI)
1 BR-14 FGB-15 7.3
2 BR-14 FGB-17 7.0 7.5
3 BR-14 FJB-19 6.8
4 BRRl dhan -28 FDD-6 6.2
5 BRRl dhan -28 FDB-13 7.0

8.6
6 BRRl dhan -28 FGB-14 7.8
7 BRRl dhan -28 FGB-2l 6.7
8 BRRl dhan -29 FGB-16 7.0

7.0
9 BRRl dhan -29 FJB-18 6.6
10 IR-50 FGB-23 7.0 -
11 Purbachi FGB-12 8.9
12 Purbachi FJB-20 7.6 9.0
13 Purbachi FGB-22 8.7

Test results show that all the samples tested contain protein less than standard value

except one sample ofBRRI dhan-29 (Sample ill FGB-16) that contain protein (7.0 %)

equal to the standard level. The measured protein content found in laboratory

experiments for the samples of different varieties (BR-14, BRRl dhan-28, BRRl

dhan-29 and Purbaehi) with corresponding standard values are presented by line

charts in figures 4.1 - 4.4.
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Figure 4.1: Protein content ofBR-14 rice.

Figure 4.2: Protein content ofBRRI dhan -28 rice.
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For BR-14, BRRl dhan-28 & BRRl dhan-29 varieties standard values for protein have

been taken from BRRl standard values which are given in Appendix-B. For

Purbaehi variety (a China variety: original name Cheng-chu-ai) standard values for

protein has been taken fj-om BRRI Annual Report for 1989 and BRRl Annual Report

for 1976-77 respectively. Out of 13 samples variations in nutrient contents for 12

samples could be compared with BRRl standard values but one sample of IR-50

variety (sample ill FGB-23) couldn't be compared with standard due to unavailable

standard value for Protein.

Test results of protein content show that the protein contents in rice samples tested are

lower than the standard values. Maximum negative variation in protein content found

in BRRl dhan -28 variety, 27.9% with average 19.5% followed by Purbachi, 15.6%

with average 6.7%; BR-14, 9.3% with average 6.2% and BRRl dhan-29, 5.7% with

average 2.9%.According to the data available in Laboratory of BRRl protein content

in rice may vary due to many factors. One of these factors is deficiency of nitrogen in

soil. Application of urea fertilizer in rice field also plays a vital role on protein

content. Presence of As in soil or soil solution or water cause adverse effect on growth

and yield. Tsutsumi (1980), Milam et al. (1992), Tang and Miller (1991), Marin et al.

(1992, 1993) reported about reduced shoot biomass and/or growth in rice grown either

in soil or in solution culture with arsenic. But no reduction in dry matter production

(Marin et al. 1993) has also been reported while arsenic concentrations in the growing

media were low. However, in a study under PETRRA project Jahiruddin et al. (2004)

found grain protein was adversely affected due to arsenic contamination.

4.4.2 Amylose Content of Rice Grain

Amylose contents in different rice varieties found in the laboratory experiment are

shown in table 4.2. Test results show that the amylose content in rice samples of

different varieties tested is less than the standard (BRRI) values except two samples

of BR-14 varieties (Sample ill No. FGB-15 and FGB-17) having amylose content

more than standard value which are 27.1% and 27.7% respectively. The comparative

amylose contents found for different rice samples of different varieties with respect to

standard values are presented by line charts of figure 4.5 - 4.8.
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Table 4.2: Amylose content in different varieties of rice and corresponding standard

value.

SI. No Variety Field ID Amylose content (%)
Measured Standard (BRRI)

1 BR-14 FGB-15 27.1

2 BR-14 FGB-17 27.7 27.0

3 BR-14 FJB-19 24.5

4 BRRl dhan -28 FDD-6 27.4

5 BRRl dhan -28 FDB-I3 25.0
28.0

6 BRRl dhan -28 FGB-14 25.2

7 BRRl dhan -28 FGB-21 26.5

8 BRRl dhan -29 FGB-16 26.2
29.4

9 BRRl dhan -29 FJB-18 26.1

10 IR-50 FGB-23 26.5 -
11 Purbachi FGB-12 25.4

12 Purhachi FJB-20 26.2 27.0

13 Purhachi FGB-22 26.9
.
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Figure 4.5: Amylose content ofBR-14 rice.
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Figure 4.8: Amylose content ofPurbachi rice.

Amylose contents found in laboratory tests have been compared with standard value.

For BR-14, BRRl dhan-28 & BRRI dhan-29 varieties standard values for protein &

amylose have been taken from BRRl standard values which are given in Appendix-

B. For Purbaehi variety (a China variety: original name Cheng-chu-ai) standard

values for amylose has been taken from BRRl Annual Report for 1989 and BRRI

Annual Report for 1976-77 respectively. Out of 13 samples variations in nutrient

contents for 12 samples could be compared with standard values but one sample of

IR-50 variety (sample ill FGB-23) couldn't be compared due to unavailable standard

value for Amylose.

Test results of amylose content show that the amylose contents in rice samples tested

are lower in most of the cases than the BRRl standard values only 2 samples ofBR-14

variety found having amylose content more than standard value (0.4% & 2.6%).

Maximum deficiency in amylose content found in BRRl dhan-29, 11.2% with average

11.1% followed by BRRl dhan-28, 10.7% with average 7.1%; Purbachi, 5.9% with

average 3.1% and BR-14, 9.3% with average 2.1%. According to the data available in

Laboratory of BRRl there is less scope of variation in amylose content. Presence of

As in soil or soil solution or water cause adverse effect on growth and yield. Tsutsumi

(1980), Milam et a1. (1992), Tang and Miller (1991), Marin et a1. (1992, 1993)

reported about reduced shoot biomass and/or growth in rice grown either in soil or in

80



solution culture with arsenic. But no reduction in dry matter production (Marin et aI.

1993) has also been reported while arsenic concentrations in the growing media were
low.

4.4 Summary

Protein content found in rice grain is less than the BRRI standard value. In case of

amylose content only two samples found having amylose content less than the BRRI

standard value. Percentage of deficiency of protein content in rice is more than that of

amylose content. From the test result it can be assumed. that there may be adverse

effect of arsenic in irrigation water on nutrient content of rice.

However, the test results are only indicative of possible adverse effects of arsenic

contaminated irrigation water on nutrient (protein & amylose) content. Further

extensive research is necessary to draw such a conjecture.
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CHAPTERS

CONCLUSIONS AND RECOMMENDATIONS

5.1 Conclusions

From the above discussions the following conclusions can be drawn:

1. Rice plant accumulates arsenic from the arsenic-contaminated irrigation water

applied in rice field. Arsenic concentration varies from one part to another part

of a rice plant. The pattern of arsenic concentration in different parts of rice

plants found is rice grain < husk < stem < leaf < root hair.

2. Test results show that the arsenic accumulation in rice gram vanes from

variety to variety. Most of the varieties tested accumulate arsenic in an amount

less than I mglkg, which is the Australian maximum permissible limit

(National Food Authority, 1993), except one sample of Purbachi variety that

contained 1.1 mglkg of arsenic.

3. The amount of total accumulated arsenic in different parts of BRRI dhan-28

and BRRI dhan~29 were calculated. The calculated result shows that the

highest amount of arsenic accumulated in the stem of a rice plant and the trend

found is Stem> Leaf> Husk> Rice grain. The ratio of total arsenic in Stem,

Leaf, Husk and Rice grain in BRRI dhan-28 and BRRI dhan-29 varieties rice

plants are 71 : 26 : 2 : 1 and 65 : 31 : 3 : 1, respectively.

4. There is no definite correlation between arsenic content of water and soil and

arsenic accumulated in rice grain, husk, leaf and stem of rice plant. But a

moderate relationship (R 2 "'0.45) was found between arsenic accumulated in

root hair sample and arsenic in irrigation water.

5. Arsenic concentration in soil samples varies from one field to another. But no

relationship was found with arsenic in water.

6. Nutrient analysis shows that there is less protein content in rice with respect to

the BRRI standard value, though protein development in grain depends on
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many factors including fertilizer application. In case of amylase content the

test results shows that there is less amylose content in rice grain than the BRRI
standard value.

7. Maximum deficiency of protein content found was in BRRI dhan-28 (27.9%)

variety followed by Purbaehi, BR-14 and BRRI dhan-29. Deficiency of

amylase content in the four tested varieties varies as BRRI dhan-29 > BRRI
dhan-28 >Purbaehi >BR-14.

5.2 Recommendations

For future experiments the author proposes a list of studies as given below:

I. Research works are needed to assess the level of accumulated arsenic for each

HYV variety of Boro rice produced in the same field using irrigation waters
with different concentrations of arsenic.

2. Research works may be conducted to determine the concentration of arsenic in

milk and meat produced from cow, which is feeding arsenic contaminated
straw.

3. Research works are needed to determine the level of accumulated arsenic in
polished rice for different degrees of polishing.

3. Research works are needed to determine the level of accumulation of arsenic

in pericarp (brown surface) of rice from where nutrient-enriched edible oil
could be produced.

4. Research works are needed to find out the impact of irrigation water with
arsenic on nutrient content of rice.
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Appendix A

Table-I: Arsenic in water samples of 13 finalized study fields in Comilla District.

81. No. Field ID Owner's name Thana Union Village Mouza JLNo. Arsenic

(ppb)

I. FDD-6 Md. Habibur Rahman Debidwar North Dhamti Dhamti Dhamti 213 199

2. FGB-12 Md. Omar Faruk Majumder Barura Galimpur Jhapua Jhapua 210 105

3. FDB-13 Md. Abul Khair Barura Deora Kaichcha Pukuria Kaichcha Pukuria 216 131

4. FGB-14 Md. Bappi Mia Barura Galimpur Muggaon Muggaon 190 188

5. FGB-15 Arab Ali Barura Galimpur Bauksar Muggaon 190 156

6. FGB-16 Ali Azam Barura Galimpur Rari Rari 208 62

7. FGB-17 Md. Abdul Hakim Barura Galimpur Bauksar Muggaon 190 364

8. FJB-18 Md. Lokman Mia Barura Jhalam Shossia Shossia 125 208

9. FJB-19 Ali Ashraf Barura Jhalam Haynna Fe1ua 123 277

10. FJB-20 Abdul Latif Barura Jhalam Jhur Pukuria Fe1ua 123 222

II. FGB-21 Moulavi Ayub Ali Barura Galimpur Bauksar Muggaon 190 255

12. FGB-22 Mafiz Muri Barura Galimpur Shamishpur Sripur 206 177

13. FGB-23 Md. Sirajul Islam Barura Galimpur Bauksar Muggaon 190 278

,
"
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AppendixB

Table-2: Standard Protein and Amylose content in different Rice Varity.

99

SL. No. Variety Protein % Amylose %
I BRI 8.8 25
2 BR3 8.0 26
3 BR8 7.2 27
4 BR9 7.7 27
5 BRIO 8.4 26
6 BRll 8.2 26
7 BRI2 7.4 27
8 BRI4 7.5 27
9 BRI5 7.4 26
10 BRl7 7.0 27
II BRI8 8.0 27
12 BRI9 7.5 26
13 BR20 8.5 25
14 BR21 8.7 25
15 BR22 7.8 26
16 BR25 9.1 25
17 BRRIDhan27 7.0 27
18 BRRIDhan29 7.0 29.4
19 BRRIDhan 30 8.7 26.7
20 BRRIDhan 31 8.9 26.5
21 BRRIDhan 32 7.0 26.3
22 BRRIDhan 33 8.5 25
23 HBJB-II 9.0 20
24 HBJB-IV 10.5 25
25 HBJB-VI 9.0 22
26 HBJB-VIII 8.7 20
27 000 8.4 25
28 BR2 7.9 27
29 BR4 8.2 25
30 BR6 7.1 26
31 BR7 8.0 22
32 BRI6 7.3 27
33 BR23 7.8 27
34 BR24 8.9 26
35 BR26 8.4 22.7
36 BRRIDhan28 8.6 28
37 BRRIDhan36 10.0 25.4
38 BRRIDhan37 10.3 23.8
39 BRRIDhan 39 8.4 26.6
40 Pajam 8.3 25
41 Nizersail 8.1 25
42 Latisail 8.9 26
43 BR5 9.1 26
44 BRRIDhan34 10.2 23
45 BRRIDhan38 8.8 22

Source: BRRI, 1999



•

Appendix C

Calculation of Arsenic in Rice Plant of BRRI dhan-28 and BRRI dhan-29 varieties

Arsenic concentration in Different parts of rice plant (mg/kg)

Sample ID Variety Rice Husk Leaf Stem

FDD-6 BRRI dhan-28 0.56 2.07 7.62 4.94

FDB-13 BRRI dhan-28 0.31 0.83 4.79 3.47

FGB-14 BRRI dhan-28 0.12 1.31 2.89 4.24

FGB-21 BRRI dhan-28 0.17 0.43 5.04 5.13

Average 0.29 I.I6 5.09 4.44

FGB-16 BRRI dhan-29 0.00 0.49 2.33 0.15

FJB-18 BRRI dhan-29 0.20 1.26 2.09 3.28

Average 0.10 0.88 2.21 1.72

Grain weight for a single rice plant of BRRI dhan-28 and BRRI dhan-29 varieties

Variety No. of No. of Weight Weight of Weight of Weight of
filled filled oflOOO spikeletes Brown Husk (g)

Spikelets/ Spikelets/ grain(g) (g)/plant rice (g)
m2 plant

BR-28 33169.96 1326.7984 18.67 24.771326 15.482079 9.2892473

BR-29 36408.87 1456.3548 17.41 25.355137 15.846960 9.5081764

Weight of different parts of rice plant (g)

Variety Stem Leaf Husk Rice

BRRI dhan-28 84.63 27.68 9.2892473 15.482079

BRRI dhan-29 92.67 34.95 9.5081764 15.846960

* Considering Husk: Rice ratio 3:5 in grain

* No. of plants per sq. meter is 25 (considered as BRRI data)

* Data for plant weight collected from Plant Physiology Division ofBRRI
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Sample calculation for total accumulated arsenic in different parts of a rice plant

Arsenic in rice ofBRRI dhan-28 = As concentration. x Weight of rice

= 0.29 mg/kg x 15.482079 grn

= 0.29 x 15.482079/1000 mg

= 0.00448978 mg

= 4.48978 JLg

Total accumulated arsenic by a single plant (excluding root hair) ofBRRI dhan-28

& BRRI dhan-29 varieties (mg)

Variety Rice(mg) Husk(mg) Leaf(mg) Stem(mg) Total As (mg)
0.00479942 0.00770987 0.1325872 0.2936661 0.4387626

BRRI 0.00866992 0.01922823 0.2109216 0.4180722 0.656892
dhan-28 0.00185784 0.01216859 0.0799952 0.3588312 0.4528528

0.00263194 0.00399427 0.1395072 0.43381338 0.5799468
Average 0.00448978 0.01077524 0.1407528 0.37609572 0.5321135
BRRI 0.000 0.00465892 0.0814335 0.0139005 0.0999929
dhan-29 0.0031694 0.01198008 0.0730455 0.3039576 0.3921526
Average 0.0015847 0.0083195 0.0772395 0.15892905 0.2460728

Ratio of Accumulated arsenic in different parts of a rice plant

For BRRI dhan-28

Rice: Husk: Leaf: Stem = 1: 2: 26: 71

BRRI dhan-29

Rice: Husk: Leaf: Stem = 1: 3 : 31: 65

101



Appendix D: Calculation of protein in grain

Experimental procedure:
About 0.2 mg (actual weight noted) of whole grain was taken in Kjeldahl flask and

digested with strong H2S04 i~ presence of catalyst. During digestion (NH4)2S04 formed

from the protein nitrogen. The mixture was then steam distilled. Ammonia released from

digested mixture collected into a conical flask containing boric acid and HCI. Before

calculation of protein or nitrogen strength of HCI was measured by titration against a

standard base (Sodium Borate of 0.03N). Then percentage of protein was calculated by
equations -

(vol. ofHCI for sample - vol. ofHCI for blank) x N ofHCI x 0.014 x 100
Nitrogen (%) =-.---------- _

Weight of grain sample

Protein (%) = Percentage of Nitrogen x 5.95

Where, conversion factor for Nitrogen to protein of rice is 5.95

Sample calculation:

For sample FGB-17:
Weight of grain = 0.2014 gm
Strength ofHCl = 0.0297N
Volume ofHCI for blank = 0.30 ml
Volume ofHCl for sample = 6.00 ml

(vol. ofHCI for sample - vol. ofHCI for blank) x 0.0297 x 0.014 x 100
Nitrogen (%) =------- _

Weight of grain sample

(vol. ofHCl for sample - vol. ofHCl for blank) x 0.04158
Nitrogen (%) =--------- _

Weight of grain sample

Nitrogen (%) = (6.00 - 0.30) x 0.04158/ 0.2001
= 1.176

% of Protein =% of Nitrogen x 5.95
= 1.176 x 5.95
=7.0
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Table- A: Percentage of Protein content in rice grain.

SI. Sample HCI for HCI for Sample Nitrogen Protein

No ill Blank (ml) sample (ml) weight (mg) (%) (%)

1 FOB-IS 0.30 6.25 0.2016 1.227 7.3

2 FOB-17 0.30 6.00 0.2014 1.176 7.0

3 FJB- 19 0.30 5.80 0.2001 1.143 6.8

4 FDD-6 0.30 5.40 0.2035 1.042 6.2

5 FDB-13 0.30 6.00 0.2014 1.176 7.0

6 FOB-14 0.30 6.60 0.1998 1.311 7.8

7 FOB-2l 0.30 5.80 0.2030 1.126 6.7

8 FOB-16 0.30 6.00 0.2012 1.176 7.0

9 FJB-18 0.30 5.65 0.2005 1.109 6.6

10 FOB-23 0.30 6.00 0.2014 1.176 7.0

11 FOB-12 0.30 7.50 0.2001 1.496 8.9

12 FJB-20 0.30 6.50 0.2018 1.277 7.6

13 FOB-22 0.30 7.40 0.2019 1.462 8.7
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Preparation of Stock Solution
100 mg (0.1 gm) sample (fine powder) has taken in 100 m1 flask and using ethanol,

NaOH & Distilled water make the volume up to the mark.

•

2.82.421.61.2
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0.8

Amylose concentration (mg/100ml)

0.4

0.6
~ 0.5
~
C 0.4
'.•
~ 0.3
] 0.2

:3- 0.1
o
o

Standard Curve for Amylose contents
y = 0.281x - 0.0072
R2 = 0.9993

Concentration of diluted OD
standard solution (mg/IOO ml)

0.4 0.103

0.8 0.216

1.2 0.334

1.6 0.448

2.0 0.549

Amylose content measurement

Standard Curve Setting

Measure Optical Density (OD) using spectrophotometer at 620 urn for 1, 2, 3, 4 & 5 ml

standard solution taking into 100 ml flasks and diluted up to the marks.

Preparation of Standard Amylose Solution

40 mg Amylose has taken into a 100 ml flask and using ethanol, NaOH & Distilled water

make the volume up to the mark. Concentration of standard solution is 0.4 mg/m\.

Appendix E : Calculation of Amylose content in grain
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5 ml of each stock solution of 13 test samples have taken into 100 ml flasks separately

and diluted with distilled water up to the volume. Co-factor would be 20. Using

spectrometer aD of diluted stock solutions are measured. With the help of standard curve

concentration of amylose in diluted solution (mg/IOOml) calculated for corresponding

mean aD. Finally, multiplying Co-factor with these measured amylose concentration

percentage of amylose in grain has determined.

Sample Calculation

From equation of standard curve,

x = (y + 0.0072)/0.281

Where,x indicates the value of amylose content in diluted solution (mg/IOOml)

y is the measured optical density

For the FDD-6, optical density 0.378,

the value ofx is, x = (0.378 + 0.0072)/0.281

= 1.37

Therefore, percentage of amylose in grain is = Co-factor x 1.37

= 20 x 1.37 = 27.4

Table-A: Percentage of Amylose content in grain

SI. No Sample ill Mean Optical Amylose in diluted Amylose in
Density (aD) stock solution grain (%)

m 100mI
I FDD-6 0.378 1.370 27.4
2 FGB-12 0.350 1.270 25.4
3 FDB-13 0.344 1.250 25.04 FGB-14 0.347 1.260 25.25 FGB-15 0.374 1.355 27.16 FGB-16 0.361 1.310 26.27 FGB-17 0.382 1.385 27.7
8 FJB-18 0.360 1.305 26.1
9 FJB-19 0.337 1.225 24.510 FJB-20 0.361 1.310 26.2
II FGB-21 0.365 1.325 26.5
12 FGB-22 0.371 1.345 26.9
13 FGB-23 0.365 1.325
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