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Chapter 1 

General Introduction 

1.1. GENERAL BACKGROUND 

Arsenic (As) is an element found in nature in rocks, soils, water and air. In 

fact, it is one of the most common elements on earth. While, As has been used 

historically in industries, in fertilizers and preservatives, it is probably best known 

as a poison, toxic to humans who ingest it. Large doses are fatal relatively quickly, 

while smaller doses over time can cause diseases such as several types of skin 

disorders and cancers. Arsenic can become an environmental hazard when it is 

weathered from local geologic units and enters the groundwater supply. In the 

world today, many populations are at risk for As poisoning due to exposure from 

contaminated drinking water. 

Groundwater is the main source of drinking water in most of the countries 

including Bangladesh. It is estimated that approximately one third of the world’s 

population uses groundwater for drinking purposes (UNEP 2000). Bangladesh is 

a developing country in which 90% of the people depend on groundwater for 

drinking purpose because much of the surface water of Bangladesh is microbially 

unsafe to drink (BGS and DPHE 2001). Moreover, Bangladesh being an 

agricultural country, the population of the country mainly depends on 

groundwater for irrigation in dry season cultivation. Approximately, 95% of all 

the groundwater extracted in Bangladesh is used for irrigation, mainly for dry 

season cultivation (Heikens 2006). It is unfortunate that the vast area of 

Bangladesh groundwater is naturally contaminated with As concentration 

ranging from <1–1,500 µg L-1. This As concentration in groundwater reaches up 

to 2.0 mg L-1 in some areas in Bangladesh (BGS and DPHE 2001; Tondel et al. 

1999). About 46% percent of the groundwater in Bangladesh exceeds the World 

Health Organization (WHO) drinking water guideline (0.01 mg L-1) and 27% 
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exceeds the Bangladesh drinking water guideline (0.05 mg L-1) (BGS and DPHE 

2001; Smedley 2003). 

Arsenic is naturally present in soil all over the world, with a concentration 

that varies depending on the origin of the soil (Matschullat 2000). Numerous 

studies documented different As concentration ranges in Bangladesh soil as 

follows: from 0.3–49 mg kg-1 (Islam et al. 2005); from below the detection limit 

to 56.7 mg kg-1 (Alam and Sattar 2000); from less than 10 mg kg-1 to 46 mg kg-1 in 

areas with low concentration of As in the irrigation water (Meharg and Rahman 

2003); and from 3.2–27.5 mg kg-1 (Imamul Huq et al. 2006a). In areas, where 

irrigation water did not contain As, the soil As concentration varied from 0.10–

2.75 mg kg-1 (Imamul Huq et al. 2006a). 

Irrigation water with high levels of As may result in the crops (rice as well 

as vegetables) whose edible parts has higher levels of As, causing loss of yield and 

As contamination of the food chain, thus posing human health risks (Brammer 

2005; Burló et al. 1999; Carbonell-Barrachina et al. 1999a; Duxbury and Zavala 

2005; Imamul Huq and Naidu 2005; Imamul Huq et al. 2001, 2006a; Meharg 

and Rahman 2003). A number of reports also found evidence that irrigating with 

As-contaminated groundwater caused accumulation of As in the soil (Ali 2003; 

Heikens 2006; Imamul Huq et al. 2003; Meharg and Rahman 2003). 

Many researchers have done a lot of research on As in groundwater and 

soil. Alternatives options or various types of mitigation techniques have also been 

developed to remove As from drinking water. But there is limited research on 

mitigating or reducing As uptake in plants grown in As-containing growth 

medium, both in irrigation water as well as in soil.  Moreover, very little research 

has been reported on vegetable crops grown in As-contaminated growth medium. 

In Bangladesh, vegetables are grown in winter season under irrigation and 0.27 

million ha of land is used for vegetable crops (BADC 2004). 



General Introduction 

 

Chapter 1 |  Page|3 

 

1.1.1. Objectives of the Study 

Considering the above discussed points, the present study was undertaken 

keeping with the following objectives: 

i) to examine the effect of the As concentration present in growth mediums 

(both in irrigation water as well as soil) on the As content in vegetables. 

ii) to look for some cost effective, non-toxic and environment friendly soil 

additives that could reduce the As uptake in vegetable plants grown in As-

containing growth mediums. 

 

1.2. GEOCHEMISTRY OF ARSENIC  

1.2.1. Overview 

Arsenic has the chemical symbol As, the atomic number 33, and an atomic 

weight of 74.92. Arsenic is a metalloid which belongs to group V of the periodic 

table. It has metallic as well as non-metallic characteristics. The twentieth most 

abundant element in the earth’s crust, it is found in sedimentary, igneous, and 

metamorphic rocks. It is found naturally bound into over 200 different mineral 

compounds. It is present throughout the earth’s crust at varying concentration 

with an average concentration of 1.7 mg kg-1 (Robinson and Ayotte 2006). In 

sedimentary iron ores the average concentration is extremely high at 400 mg kg-1 

(ISSI Consulting Group et al. 2000). 

Arsenic occurs in the environment in 5 different valence states: arsine (-3); 

elemental As (0); arsonium metals (+1); arsenites (+3); and arsenates (+5). 

Elemental As is rarely found in nature, whereas arsenite and arsenate are the two 

most common states found. Arsenic can occur both inorganically and organically. 

If the compound contains carbon (C), it is considered organic. Organic As can be 

found in nature in water, natural gas, and shale oil. It is found in the human body 

due to liver enzyme activity (ISSI Consulting Group et al. 2000). Some examples 

of organic As are: monomethylarsonic acid, CH3AsO(OH)2; dimethylarsinic acid 
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(CH3)2AsO(OH); trimethylarsine oxide, (CH3)3AsO. Inorganic As is found in 

almost all rocks and many minerals. The most common minerals are: 

arsenopyrite (FeAsS) [Fig. 1.1], found in high temperature veins associated with 

tin and tungsten ores; orpiment (As2S3) and realgar (As4S4). Both realgar and 

orpiment often appear together in lead and silver deposits (ISSI Consulting 

Group et al. 2000). 

 

Figure 1.1. Picture of arsenopyrite. 

1.2.2. Water Quality Guidelines  

In 1958, The World Health Organization (WHO) set the first International 

Drinking Water Standard for As concentration at 200 µg L-1. In 1963, the WHO 

recommended lowering the International Drinking Water Standard from 200 to 

50 µg L-1. The current WHO provisional guideline was lowered to 10 µg L-1 in 

1993. While this limit was recommended, it was not mandatory. Guidelines and 

their enforcement in specific countries were set by the individual countries. Most 

developed countries follow the current recommended limit, but many developing 

countries’ national drinking water guidelines remain at the 50 µg L-1 limit due to 

the high costs of monitoring and compliance to the lower level. Guidelines can 

range from 7 µg L-1 in Australia to the former WHO guideline of 50 µg L-1 in 

Bangladesh, India, China and Nepal (World Bank 2005). 
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Figure 1.2. Arsenic in tube-wells water in Bangladesh [green colour (<0.05 mg 

L-1); and red colour (>0.05 mg L-1)]. 

1.2.3. Arsenic in Groundwater with Special Reference to Bangladesh 

Since the 1980s, evidence has gradually unfolded that As is present in 

elevated levels in part of tapped groundwater resources. At present, countries viz. 

Afghanistan, Bangladesh, Cambodia, China, India, Mongolia, Myanmar, Nepal, 

Pakistan, Thailand, and Vietnam have reported high levels of As in part of their 

groundwater resources and more cases are being also reported and published 

(Berg et al. 2001; Chakraborti et al. 2002; Mandal and Suzuki 2002; Ng et al. 

2003; Polya et al. 2005). The high levels of As in groundwater in the affected 

countries are predominantly of geogenic origin. Reductive dissolution of 

iron(hydr)oxides (FeOOH) stimulated by microbial activity and organic materials 

is regarded as the most important mechanism releasing As into the aquifer 

(Ahmed et al. 2004; McArthur et al. 2004; Mukherjee and Bhattacharya 2001; 

Ravenscroft et al. 2001; Smedley and Kinniburgh 2002; Smedley et al. 2003; 

Zheng et al. 2004). Anthropogenic sources of As include various industrial 

activities, pesticides, herbicides, and fertilizers. Natural contamination is 

Arsenic concentration 
<0.05 mg L-1 

Arsenic concentration 
>0.05 mg L-1 
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generally regarded as the main mechanism causing the high levels of As in the 

groundwater. 

  

Figure 1.3. Picture showing the extraction of groundwater for drinking purpose 

(left) and irrigation purpose (right). 

Bangladesh is situated on the Ganges-Brahmaputra delta region. 

Bangladesh is a densely populated country with approximately 160 million people 

and a primarily agricultural economy. Prior to 1970, surface water was the 

primary source of drinking water in Bangladesh. However, contamination caused 

many cases of waterborne diseases with high mortality, notably cholera. To 

prevent this, throughout the 1970’s tube-wells were installed in Bangladesh to 

access shallow (10-50 meters) groundwater as an alternate drinking water supply 

(Mead 2005; Smith et al. 2000). In the mid-1980’s patients from Bangladesh 

were showing the characteristic skin lesions that appear from chronic exposure to 

high As concentration. In the early 1990’s, the groundwater of regions of 

Bangladesh was tested for As (Smith et al. 2000). High concentration of As were 

found, ranging from less than 1 µg L-1 to greater than 300 µg L-1 (BGS and DPHE 

2001; Mead 2005). A regional variation grading to higher concentration of As was 

found in groundwater of Bangladesh (Fig. 1.4). Out of the over 8 million tube-

wells in Bangladesh, more than half have been tested for As. It is estimated that 

about 20% of the tube-wells have unsafe levels of As over 50 µg L-1, the national 

standard for Bangladesh. It was estimated that over 35 million people are exposed 
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to contaminated drinking water with concentration of 50 µg L-1 or higher and 57 

million people are exposed to drinking water with concentration greater than 10 

µg L-1 (BGS and DPHE 2001; Smith et al. 2000). Various survey and research 

studies reported different ranges of As concentration in the irrigation water. 

Imamul Huq et al. (2006a) reported that As concentration of the irrigation water 

varied from 0.14–0.55 mg L-1. Another study showed that 87% of irrigation deep 

tube-wells (DTWs) contained an As concentration of more than 0.05 mg L-1 and 

the average As concentration in those DTWs was 0.21 mg L-1 (JICA/AAN 2004). 

Ross et al. (2005) estimated that 76% of the boro (dry season) rice is grown in 

areas where shallow tube-wells (STWs) usually contain less than 0.05 mg L-1, 17% 

in areas with 0.05–0.10 mg L-1, and 7% in areas with more than 0.10 mg L-1. 

Concentration of As exceeding 1.0 mg L-1 in STWs were also reported from 17 

districts in Bangladesh (Ahmad et al. 2006). In addition, over 10,000 people have 

shown evidence of arsenicosis with this number expected to rise (WHO 2001). In 

the last three decades, the number of STWs has increased abruptly in Bangladesh. 

This groundwater from the STWs is the main source of drinking water because of 

an inexpensive source of drinking water and mostly free of waterborne diseases. 

The shallow aquifer is also the main source of irrigation water during the dry 

season cultivation. These STWs are providing a reliable and inexpensive source of 

irrigation water, which allows farmers to grow additional crops during the dry 

season, and ensures them of water security during periods of drought. 

Approximately, 95% of all groundwater extracted is used for irrigation, mainly for 

boro rice production in dry season (Heikens 2006). Wheat and other crops follow 

a somewhat different pattern (BADC 2004). 

1.2.4. Risk of Irrigation with As-Contaminated Water 

Most of the research focused on As-contaminated drinking water. But to 

date, only limited attention has been paid to the risks of using As-contaminated 

groundwater for irrigation. Irrigation water with high levels of As may result in 
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land degradation in terms of crop production (loss of yield) and food safety (food 

chain contamination). Long-term use of As-contaminated irrigation water could 

result in As accumulation in the soil also. If absorbed by the crops, this may add 

substantially to the dietary As intake, thus posing additional human health risks 

(Burló et al. 1999; Carbonell-Barrachina et al. 1999a; Imamul Huq and Naidu 

2005; Imamul Huq et al. 2001, 2006a; Meharg and Rahman 2003).  

 

Figure 1.4. Map showing the As distribution in groundwater of Bangladesh. 

(Source: BGS and DPHE 2001) 
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Over time, As accumulation in the soil could reach soil concentration toxic 

to crops, thus reducing yields. Based on available data on drinking water STWs, it 

has been estimated that 0.9–1.36 million kg As per year is brought onto the 

arable land via groundwater extraction for irrigation (Ali, 2003; Heikens 2006). 

The deposition of As on the arable land is high, especially in south-western and 

southern part of Bangladesh where the groundwater As concentration is high. The 

north-western part of the country, which has relatively low As concentration in 

the shallow aquifer but has a very high intensity of using irrigation STWs, is also 

extracting a considerable amount of As from the aquifer. According to Meharg 

and Rahman (2003), 150–200 (up to 900) mm water is used for land preparation 

before planting, and crop growth requires 500–3000 mm. They assumed 1000 

mm groundwater per year (1000 L m-2 per year). If the irrigation water would 

contain 0.1 mg L-1 and the As added with irrigation water would retain in the first 

10 cm of soil (assuming soil density of 1 kg L-1), the water input would cause a 

yearly increase of 1 mg As kg-1 soil. These figures depend strongly on the 

permeability of the soil. Wheat, maize and vegetables are produced on a smaller 

scale and require much less water. Another study reported that a ten years of 

irrigating paddy fields with As-contaminated water would add 5–10 mg As kg-1 

soil (Duxbury and Zavala 2005). Imamul Huq et al. (2003) calculated the As 

loading in irrigated soils for a boro rice requiring 1000 mm of water per season to 

be between 1.36 to 5.50 kg As ha-1 per year. Similarly, for winter wheat requiring 

150 mm of irrigation water per season, As loading from irrigation water had been 

calculated to range between 0.12 and 0.82 kg As ha-1 per year. They also 

calculated the loading for other crops that require irrigation and have come up 

with a calculated build-up of As in surface soil through irrigation. In a case study 

in West Bengal (India), data on As in irrigation water and the paddy soil profile 

indicated a yearly As input of 1.1 mg kg-1 to the top soil (Norra et al. 2005). So, 

doubtless, As is entering into the soil in different amounts day by day because of 

irrigating crops with As-contaminated groundwater of varying concentration. 



General Introduction 

 

Chapter 1 |  Page|10 

 

1.2.5. Arsenic in Soil with Special Reference to Bangladesh 

Weathering of As bearing rocks results in addition of As being continued in 

almost all soils and sediments. The main source of As in soils is the parent 

materials from which the soil is derived (Yan-Chu 1994). The native As content 

may vary considerably within an area and is often determined by the geological 

history of the region (Wild 1993). The concentration of As in sediments is largely 

dependent on source rock. Sediments derived from volcanic rocks generally have 

higher As concentration. The As concentration in soil normally varies from 0.1 to 

40 mg kg-1. Extremely high As concentration of up to 8000 mg kg-1 can occur in 

soils associated with sulfuric ores (ISSI Consulting Group et al. 2000). 

Anthropogenic As compounds used in agriculture, industry, and wood 

preservation are other sources of As in soil and sediment. Arsenic in rock, soil, 

and sediment eventually makes it into ground and surface water where it can be 

found in both the arsenite state (As+3) and the arsenate state (As+5) (Deuel and 

Swoboda 1972; Walsh and Keeney 1975). Arsenate is found in oxidizing 

conditions while arsenite is found in sufficiently reducing conditions (ISSI 

Consulting Group et al. 2000). 

Arsenic is naturally present in soil all over the world, with a concentration 

that varies depending on the origin of the soil (Matschullat 2000). The 

distribution of As in soils may vary with soil type, depending on the nature of the 

parent material. The background As concentration in soil is approximately 5 mg 

kg-1 (Dudas and Pawluk 1980; Mandal and Suzuki 2002). Background 

concentration do not generally exceed 15 mg As kg-1 (NRCC 1978), although 

concentration ranging from 0.2 to 40 mg As kg-1 soil (Walsh et al. 1977) and 

ranged from 8 to 40 mg As kg-1 (Dudas 1987) have also been reported. Other 

studies have reported a similar variability among soils from various regions. Soils 
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As concentration ranging between 0.1–10 mg kg-1 are considered as non-

contaminated soils (Kabata-Pendias and Pendias 1992; Walsh and Keeney 1975).  

The soil As concentration in Bangladesh is higher than this value and it 

varies depending on the location. The average As concentration in soil in 

Bangladesh is 12.3 mg kg-1. Numerous studies documented different As 

concentration ranges in Bangladesh soil as follows: from 0.3–49 mg kg-1 (Islam et 

al. 2005); from below the detection limit to 56.7 mg kg-1 (Alam and Sattar 2000); 

from less than 10 mg kg-1 to 46 mg kg-1 in areas with low concentration of As in 

the irrigation water (Meharg and Rahman 2003); from 3.2–27.5 mg kg-1 (Imamul 

Huq et al. 2006a); and from 7.3 to 27.3 mg kg-1 with an average of 15.7 ± 6.6 mg 

kg-1 (Das et al. 2004). In areas where irrigation water did not contain As, the soil 

As concentration varied from 0.10–2.75 mg kg-1 (Imamul Huq et al. 2006a). 

1.2.6. Arsenic in Plants with Special Reference to Bangladesh 

In general, As content in plants varied considerably with type of plants, 

types of soil it grown, and As content of irrigation water. Arsenic in similar type of 

plants present several times greater in As affected areas than in unaffected areas. 

It was reported that the As content in rice and wheat was mostly concentrated in 

the roots and straw. The As content of rice grain samples collected from various 

districts in Bangladesh varied from below detection limit to >1 mg kg-1. The 

concentration of As in rice roots ranged from less than 1 to 267 mg kg-1, while the 

range was from less than 1 to 30 mg kg-1 in rice straw. The values of wheat ranged 

from 0.5 to 1 mg kg-1 in grain, from 0.2 to 30 mg kg-1 in straw, and from 1.5 to 3 

mg kg-1 in root (Imamul Huq et al. 2006a). It was also reported that the mean As 

level from Bangladesh rice was 0.13 (range 0.03-0.30) mg kg-1 (Williams et al. 

2005). Other investigators have also reported similar results (Abedin et al. 2002a, 

2002b; Alam and Rahman 2003; Hironaka and Ahmad 2003; Meharg and 

Rahman 2003). The As content in rice grain varied according to the type and the 
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area where it was grown. Abedin and Meharg (2002) exposed eight Bangladesh 

rice varieties to As(III) and As(V) and tested for germination and seedling growth 

in a hydroponic study. Germination was slightly inhibited at 0.5 and 1 mg L-1. At 2 

mg L-1, inhibition was more than 10 percent. As(III) was more toxic than As(V). 

Root growth was inhibited by ~20 percent at 0.5 mg L-1 and As(V) was more toxic 

than As(III). The shoot height was reduced by ~30 percent at 0.5 mg L-1, with no 

significant difference between As species.  Soil spiked with 25 mg kg-1 As(III) or 

As(V) in the silt loam soil, Onken and Hossner (1995) found a reduced dry matter 

after 40 days exposure, but after 60 days exposure, the dry matter was reduced by 

approximately 50 percent with no significant difference between As(V) and 

As(III). In the clayey soil, no toxicity was observed, suggesting that a greater part 

of the added As was strongly bound to the soil (Onken and Hossner 1995).  

Jahiruddin et al. (2004) spiked silt loam soil with As and observed a grain yield 

reduction of more than 45 percent at 10 mg kg-1 soil. Abedin et al. (2002b) 

exposed rice cultivar BRRI dhan-11 to As(V) and studied growth and As uptake. 

They observed a reduced root biomass at 0.2 mg L-1. Other effects including 

reduction of plant height, spiklet weight, number of spiklets and grain yield 

started at 2 mg L-1. In an almost similar experiment, a reduced root biomass, 

grain number and grain weight (g pot-1; 26% reduction) was found at ≥1 mg L-1 

(Abedin et al., 2002a). Smith et al. (1998) reported that rice, bean, oats can suffer 

from phytotoxicity at a soil concentration of 20 mg kg-1, whereas this value is 100 

mg kg-1 for maize and radish. Williams et al. (2006) collected a large number of 

samples (rice: 330, vegetables: 94, pulses and spices: 50) throughout the country 

Bangladesh and showed that there was a positive relationship between As levels 

in rice and As levels in groundwater. Boro (dry season) rice contained 

significantly more As than aman rice (rainy season). An alternative explanation 

was that aman rice was mainly rain fed, while boro rice was irrigated with 
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groundwater containing As. Of various crops/vegetables analyzed in Bangladesh, 

As contents ranging from 8 mg kg-1 (gourd) to 158 mg kg-1 (arum) was reported by 

Imamul Huq et al. (2006a). Concentration of As in all plant parts increased with 

the exposure concentration. This is a common observation for other plants as well 

(Bleeker et al. 2003; Carbonell et al. 1998; Carbonell-Barrachina et al. 1997, 1998; 

Hartley-Whitaker et al. 2001; Sneller et al. 1999). 

1.2.7. Health Effects of As  

Arsenic occurs in inorganic and organic forms. Inorganic As compounds 

(such as those found in water) are highly toxic while organic As compounds (such 

as those found in seafood) are less harmful to health.  

1.2.7.1. Acute effects 

The immediate symptoms of acute As poisoning include vomiting, 

abdominal pain and diarrhea. These are followed by numbness and tingling of the 

extremities, muscle cramping and eventually death, in extreme cases. In 

survivors, bone marrow depression, haemolysis, hepatomegaly, melanosis, 

polyneuropathy and encephalopathy may be observed (WHO 2001). 

1.2.7.2. Long-term effects 

The first symptoms of long-term exposure to high levels of inorganic As 

(e.g. through drinking water and food) are usually observed in the skin, and 

include pigmentation changes, skin lesions and hard patches on the palms and 

soles of the feet (hyperkeratosis). These occur after a minimum exposure of 

approximately five years and may be a precursor to skin cancer. Exposure-

response relationships and high risks have been observed for each of these end-

points. The effects have been most thoroughly studied in Taiwan but there is 

considerable evidence from studies on populations in other countries as well 
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(WHO 2001). In addition to skin cancer, long-term exposure to As may also cause 

cancers of the bladder and lungs. Occupational exposure to As, primarily by 

inhalation, is causally associated with lung cancer. The International Agency for 

Research on Cancer (IARC) has classified As and As compounds as carcinogenic 

to humans, and has also stated that As in drinking water is carcinogenic to 

humans. 

    

Melanosis of the chest Leuco Melanosis Keratosis of the palms Keratosis of the feet 

Figure 1.5. Different skin diseases occurred due to long-term exposure of As. 

Other adverse health effects that may be associated with long-term 

ingestion of inorganic As include developmental effects, neurotoxicity, diabetes 

and cardiovascular disease. Chronic As exposure in Taiwan has been shown to 

cause ‘blackfoot disease’ (BFD), a severe form of peripheral vascular disease 

(PVD) which leads to gangrenous changes (Fig. 1.6). However, this disease has 

not been observed in other parts of the world, and it is possible that malnutrition 

contributes to its development. But there is good evidence from studies in several 

countries that As exposure causes other forms of PVD (WHO 2001). Conclusions 

on the causality of the relationship between As exposure and other health effects 

are less clear-cut. The evidence is strongest for hypertension and cardiovascular 

disease, suggestive for diabetes and reproductive effects and weak for 

cerebrovascular disease, long term neurological effects, and cancer at sites other 

than lung, bladder, kidney and skin. 



General Introduction 

 

Chapter 1 |  Page|15 

 

   

Arsenic lesions on hand causing cancer Arsenic lesions on feet causing cancer 

  

Blackfoot disease Gangrene 

Figure 1.6. Different life-threating diseases caused by long-term exposure of As. 

1.2.7.3. Magnitude of the problem  

Arsenic contamination of groundwater is widespread and there are a 

number of regions where As contamination of drinking water is significant. 

Arsenic in Bangladesh has attracted much attention since recognition in the 1990s 

of its wide occurrence in well water in the country. Since that time, significant 

progress has since been made and the number of people exposed to As exceeding 

the Bangladesh drinking water quality standard has decreased by approximately 

40%. Despite these efforts, it is estimated that about 20 million and 45 million 

people in Bangladesh are at risk of being exposed to As concentration that are 

greater than the Bangladesh national standard of 0.05 mg L-1 and the WHO 
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guideline value of 0.01 mg L-1, respectively (Flanagan et al. 2012). The symptoms 

and signs caused by long-term elevated exposure to inorganic As differ between 

individuals, population groups and geographical areas. Thus, there is no universal 

definition of the disease caused by As. This complicates the assessment of the 

burden on health of As. Similarly, there is no method to distinguish cases of 

cancer caused by As from cancers induced by other factors. As a result, there is no 

reliable estimate of the magnitude of the problem worldwide. 

In 2010, the Joint FAO/WHO Expert Committee on Food Additives 

(JECFA) re-evaluated the effects of As on human health, taking new data into 

account. JECFA concluded that for certain regions of the world where 

concentration of inorganic As in drinking water exceed 0.05–0.1 mg L-1, there is 

some evidence of adverse effects. In other areas, where As concentration in water 

are a little lower (0.01–0.05 mg L-1), JECFA concluded that while there might be 

a possibility of adverse effects, which would be at a low incidence that would be 

difficult to detect in epidemiological studies. 

 

1.3. RATIONALE OF THE PRESENT RESEARCH  

From the above literature discussion, it is ascertained that the irrigation 

water with high levels of As result higher levels of As in the edible part of the 

crops causing loss of yield and As contamination of the food chain, thus posing 

human health risks. Moreover, irrigating with As-contaminated water also caused 

accumulation of As in the soil. In spite of substantial research conducted by 

various researchers mainly on rice and wheat, very little research has been 

reported on vegetable crops grown in an As-containing growth medium. In 

Bangladesh, vegetables are grown in winter season (dry season) under irrigation 

and 0.27 million ha of land is used for vegetable crops (BADC 2004). Therefore, it 

is of the utmost importance to determine the As content in vegetables grown in an 

As-containing growth medium. 
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There are various types of techniques to remove As from drinking water 

and it is possible to remove As from the drinking water in a small scale. But it is 

difficult to clean up or remove As from for large scale irrigation water as well as 

As-contaminated soil. Moreover, once soil is contaminated with As, it is hard to 

clean up or remove the As from the agricultural field. There are currently no 

alternatives to the use of As-contaminated irrigation water in Bangladesh, 

because no other water resources are available for agricultural irrigation during 

the dry season. There are also no cost-effective methods or technologies to reduce 

As uptake by plants growing in As-contaminated soil and/or irrigated with As-

contaminated water. The present research goal was to find out cost-effective, non-

toxic, environment friendly soil additives that could reduce the As concentration 

in plant grown in As-contaminated growth medium. This is an in-situ technique 

that implies the application of soil additives, which are incorporated and mixed 

with the contaminated soil. Soil additives can adsorb, bind, or co-precipitate the 

contaminating elements (Kumpiene et al. 2007). The binding of As to the additive 

material reduces its mobility and bioavailability in the soil. 

Literature suggested that the sorption of As on amorphous and crystalline 

Fe-hydroxides had shown great potential to remediate contaminated soils (Bowell 

1994; Doi et al. 2005; Fukushi and Sverjensky 2007; Garcia-Sanchez et al. 2002; 

Goldberg 1986; Hartley et al. 2004; Jain et al. 1999; Raven et al. 1998; Sherman 

and Randall 2003; Warren et al. 2003). Arsenic may also co-precipitate with Fe-

oxides (Dzombak and Morel 1990; Ford 2002). The efficiency of the remediation 

treatments depends on the soil characteristics, the sorption capacity of the Fe 

source used as amendment, and the environmental conditions to which the 

treated soil is exposed (Lidelöw et al. 2007; Mench et al. 1998). So, an artificially 

made granular amorphous iron (Fe)-hydroxide material viz. asclite was selected 

as the soil additive in reducing As concentration in vegetable plants grown in As-

contaminated soils in the present research study. 
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Phosphorus (P) is an essential nutrient element to plant while As is an 

unessential element with toxicity to plant. Arsenic has chemical similarity to P; 

both As and P belong to the V family on the periodic table of chemical elements; 

they have similar electron configurations and chemical properties. Under 

oxic/aerobic soil conditions, As is predominantly present as arsenate (Pongratz 

1998) which is chemically an analogue of phosphate. In soil, due to this similarity, 

dissolved phosphate and arsenate competes with each other for the same soil 

sorption binding sites in the root apoplastic route (Gao and Mucci 2001; Smith et 

al. 2002; Wauchope 1983) and for the same uptake and transport carriers in the 

root plasmalemma (Asher and Reay 1979; Catarecha et al. 2007; Macnair and 

Cumbes 1987; Meharg and MacNair 1992; Meharg et al. 1994; Ullrich-Eberius et 

al. 1989). Phosphate can decrease or increase the uptake of As by plants, 

depending on the speciation of As, the species of the plant and the plant growth 

medium (Otte et al. 1990). The physiological behaviors of As and P in plant 

system are very different. Therefore, the phosphate concentration of the soil 

solution must be considered as a prime factor determining uptake and toxicity of 

arsenate in plants. Several studies on the interactions between As and P indicated 

that P attenuated As uptake in plants (Koseki 1988; Meharg and Hartley-

Whitaker 2002; Meharg and Macnair 1992, 1994; Shaibur et al. 2013; Wang et al. 

2002). Therefore, it was hypothesized that application of the material with high 

concentration of P to As-contaminated growth medium could reduce the plant As 

concentration. Therefore, high-P rich material, baked pig manure (BPM), was 

selected as the soil additive. BPM is an organic material could be used as organic 

fertilizer that contained high levels of P (13%). BPM is light and easy to work with 

in agricultural settings. It can be produced in quantity in areas where livestock 

husbandry is prosperous. Some other P fertilizers derived from both organic or 

inorganic sources viz. chicken manure (CM), bone powder (BP), fused 

magnesium phosphate (FMP), and super phosphate (SP) were also selected for 

the present research. 
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 Silicon is not recognized as an essential element for plant growth but the 

beneficial effects of Si on the growth, development, yield, and disease resistance 

have been observed in a wide variety of plant species (Ma 2004). Silicon 

fertilizers are routinely applied to several crops including rice and sugarcane to 

enhance high and sustainable crop yields. The beneficial effect of Si is more 

evident under stress conditions. This is because Si is able to protect plants from 

multiple abiotic and biotic stresses (Ma and Takahashi 2002). Numerous studies 

have shown that Si is effective in controlling diseases caused by both fungi and 

bacteria in different plant species (Fauteux et al. 2005; Seebold et al. 2001). 

Silicon also enhances plant resistance to insect pests such as stem borer and plant 

hopper (Ma and Takahashi 2002). Silicon alleviates many abiotic stresses 

including chemical stress (salt, metal toxicity, nutrient imbalance) and physical 

stress (lodging, drought, radiation, high temperature, freezing, UV) and many 

others (Epstein 1999; Ma 2004; Ma and Takahashi 2002; Richmond and 

Sussman 2003). In addition to the role of Si in alleviating various stresses, Si 

improves light interception by keeping leaves erect, thereby stimulating canopy 

photosynthesis in rice (Epstein 1994; Ma and Takahashi 2002). 

It has been reported that Si availability in soil has a large influence on As 

uptake by rice (Bogdan and Schenk 2008). Arsenic uptake may also be affected by 

silicic acid as shown by Guo et al. (2005, 2007). This is not surprising because of 

the shared uptake pathway between Si and arsenite (Ma et al. 2008). Two Si 

transporter proteins, Lsi1 and Lsi2, respectively, mediate the entry of arsenite 

into root cells and the efflux from cells to apoplast in the direction of stele for the 

translocation to the shoots (Ma et al. 2006, 2007). Arsenic exists in the 

environment in both inorganic and organic forms, and both arsenite and arsenate 

are often found in both anaerobic and aerobic soil environments. So, the silicate 

fertilizers were also selected as the soil additives in the present research study. 
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Chapter 2 

General Materials and Methods 

2.1. SOIL ADDITIVES 

Several types of soil additives were selected for the present research work. 

These are asclite (an artificially made Fe-based material), baked pig manure (high 

content of P containing material), wood charcoal (the wood charcoal experiment 

was not included in this dissertation because the wood charcoal had no effect in 

reducing As content in the plant), different P containing materials derived from 

organic and inorganic sources, and different silicate fertilizers.    

 

2.2. COMPOSITION OF ASCLITE 

Asclite is an artificially made Fe-based material produced by Createrra Inc. 

Tokyo, Japan. It is a granular (100～300 µm) amorphous Fe-hydroxide. Many 

active -OH groups are present on surface of outer and inner surfaces of the 

granules. The composition of asclite is shown in the Table 3.2 (Chapter 3). The 

elements were measured by X-ray fluorescence analysis by using "Wavelength 

Dispersive X-ray Flourescence Spectrometer, Supermini 200, Rigaku 

Corporation, Tokyo". Phosphorus in asclite was measured by colorimetric method 

after being digested by alkaline (Na2CO3) resolution method. 

 

2.3. PROPERTIES OF BAKED PIG MANURE 

Several material forms of BPM were commercially available in Japan. The 

BPM used in this research work was produced by Sanken Soil Corporation, 

Hachimantai, Japan. The BPM was produced by baking at 600–700°C for 10 min 

in a dedicated oven (SMK-800-S, Soil Farm, Kouchi). The raw materials 
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contained ~21% moisture; the baked product contained 10% moisture and the 

particle size was <10 mm. The BPM was ground into smaller sizes using a motor, 

sieved through a 0.5-mm sieve, and used for the experiment and chemical 

analyses. The cation-exchange capacity (CEC) was measured as 31.3 meq/100g 

using the Schollenberger method (Schollenberger and Simon 1945). The pH and 

electrical conductivity (EC) of BPM were 11.7 and 3.4 dS m-1, respectively. The 

amounts of NH4-N and NO3-N were 7.0 and 7.0 mg kg-1, respectively. 

Exchangeable cations, such as K, Ca, Mg, and Na, were 24.4, 4.4, 0.70, and 4.2 

mg g-1, respectively. The contents of total N and total P were 1.5 and 13%, 

respectively. The concentrations of Cu and Zn were 916 and 5,530 mg kg-1, 

respectively. Arsenic was not detected in BPM. 

 

2.4. PHOSPHORUS AND/OR SILICON FERTILIZERS AND THEIR PROPERTIES 

A total of four P fertilizers, two of which were derived from organic sources 

viz. chicken manure (CM), and bone powder (BP), and two other from inorganic 

sources viz. fused magnesium phosphate (FMP), and super phosphate (SP), were 

used in this research work. CM was produced by Ise Farms Tohoku Inc. (Miyagi) 

and contained citrate soluble P2O5 4.7%, N 3.0%, citrate soluble K2O 3.0%, CaO 

19.9%. BP was produced by Nissin Garden Mate Co. Ltd. (Tokyo) and contained 

citrate soluble P2O5 7.0%, N 1.0%, citrate soluble K2O 3.0%, citrate soluble MgO 

1%, total P2O5 18%, water soluble K2O 2%. FMP was produced by Seiwa Fertilizer 

Ind. Co. Ltd. (Osaka) and contained citrate soluble P2O5 20.0%, citrate soluble 

MgO 12.0%, soluble SiO2 20.0% and alkali (CaO+MgO) 40%. SP was produced by 

Nittofc Co. Ltd. (Nagoya) and contained citrate soluble P2O5 18.0%, CaSO4 15%. 

A total of three Si fertilizers were applied in the present research. These 

three different Si fertilizers were viz. potassium silicate (PS), magnesium 

trisilicate pentahydrate (MTP) and lerzolite (LE). PS (K2SiO3) was produced by 
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Kaihatuhiryou Co. Ltd. (Tokyo, Japan) and contained citrate soluble SiO2 34%, 

K2O 20%, MgO 4% and B 0.1%. MTP (Mg2Si3O8.5H2O) was bought as chemicals 

marketed by WAKO, Osaka, Japan. LE was produced by Miyamori Saiseki Corp. 

(Iwate, Japan) and contained total silicate SiO2 39% and MgO 36%. 

 

2.5. SOIL COLLECTION AND PREPARATION 

All the experiments were carried out under glass greenhouse conditions 

both in Bangladesh and Japan. In Bangladesh, the soil samples representing 0-15 

cm depth from the surface were collected from the agricultural field behind the 

Khulna University campus, Bangladesh, by the composite soil sampling method 

as suggested by the United States Department of Agriculture (USDA 1951). In 

Japan, the Japanese andosol used in the experiment was commercially obtained 

(Trust, Tochigi) whereas the As-contaminated soil was collected from Gunma 

Prefecture, Japan by composite soil sampling method (USDA 1951). The soil was 

collected with the help of spade from the surface of the field. The bulk soil was air 

dried; ground; mixed thoroughly and sieved through a 2 mm sieve. This soil was 

used as the growth medium in the experiments. 

 

2.6. WATER AND SOIL  

The irrigation water used in this research was simply the tap water. In case 

of As-contaminated irrigation water, the tap water was artificially contaminated 

with As by spiking As-salt, dissolving sodium meta arsenite (NaAsO2) and/or di-

sodium hydrogen arsenate heptahydrate (Na2HAsO4.7H2O). Both natural and 

artificially As-contaminated soil was used in the present research work. The soil 

As concentration was artificially varied by using As salt, sodium meta arsenite 

(NaAsO2) and/or di-sodium hydrogen arsenate heptahydrate (Na2HAsO4.7H2O) 

as solution. 
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2.7. PLANTS AND PLANT CULTIVATION 

One of the common leafy vegetable plants of Bangladesh viz., spinach 

(Spinacia oleracea) and Japanese mustard spinach (JMS) (Brassica rapa var. 

perviridis) were selected to grow as the test plants in the experiments. Plastic 

pots were used with four replications in each treatment. The soil was fertilized 

according to the calculation by following the Fertilizer Recommendation Guide 

(BARC 2005) in Bangladesh. Whereas in Japan, 1 g of chemical fertilizer 

[10:10:10, N:P2O5:K2O (Taki Chemicals Co. Ltd, Kakogawa)] were applied to each 

pot (1-L). The pots were arranged and the positions were changed every day in a 

completely randomized way. One week after sowing the seeds, the plants were 

thinned. Pesticide was sprayed as needed. During the whole growth period, all 

visible symptoms were observed and recorded. Only the edible part of the plant 

was harvested. The stems of the plants were cut at 1.0 cm above the soil. Leaves 

and stems were harvested together and considered to be the edible part of the 

plant. 

 

2.8. PLANT SAMPLE PREPARATION 

The harvested plant part (shoot) was washed with deionized distilled water 

then with Milli-Q water to remove adhering soil particles on the plant surface. 

The collected plant samples were air-dried, followed by oven drying at 70°C for 

48 hours. Both the fresh weight (FW) and the dry weight (DW) of the plant 

samples were measured and recorded. The dried plant samples were then ground 

and preserved for further analysis. 

 

2.9. MEASUREMENT OF THE ELEMENTS 

The soil, BPM and plant samples were digested with a mixture of 

concentrated nitric acid and perchloric acid [HNO3:HClO4, 2:1, (v/v)]. The 

digested plant and soil samples were analyzed for As and other elements using a 
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hydride generation atomic absorption spectrophotometer (AA-6200, Shimadzu, 

Kyoto) by following the previously published protocols (Imamul Huq and Alam 

2005; Smith et al. 1977). Phosphorus was determined by colorimetric method 

using a UV-VIS Spectrophotometer (UV mini 1240, Shimadzu Corporation, 

Kyoto, Japan) at 420 nm wavelengths after developing the yellow color with 

vanadomolybdate as described in Imamul Huq and Alam (2005).  

Reagent blanks and internal standards were used to ensure the accuracy 

and precision of the analyses. The As concentration is shown as mg kg-1 DW 

whereas As uptake in the edible part of the plant is shown as µg plant-1. The As 

uptake was calculated by multiplying the As concentration with the DW of the 

edible part of the respective plant. Contents of the other elements are shown as 

mg kg-1 and/or % in the edible part of the plant. 

 

2.10. STATISTICAL ANALYSES 

The results were expressed as the averages of four replications. The data 

were subjected to ANOVA using the computer-built in SAS software program 

(SAS 2004) at Iwate University in Japan. Differences between means were 

statistically analyzed using a Ryan-Einot-Gabriel-Welsch multiple range test 

(P=0.05). Other graphs were prepared by using Microsoft Excel-2010. 
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Chapter 3 

Using asclite to reduce arsenic concentration in 
vegetables grown on arsenic contaminated soil 

 

ABSTRACT 

Three pot experiments were conducted to assess the capacity of asclite in 

reducing arsenic (As) content in vegetable plants from As-contaminated soil. 

Asclite is an artificially made granular amorphous iron (Fe)-hydroxide material 

having high ability in adsorbing As(III) as well as As(V). In the 1st experiment, 

Japanese mustard spinach (JMS) (Brassica rapa L. var. perviridis) was grown in 

a 242 mg As kg-1 soil with 10 and 20% of asclite application. The 2nd and 3rd 

experiments were conducted in Japan and Bangladesh, respectively, with JMS 

and Bangladesh spinach (BS) (Spinacia oleracea) grown in a 50 mg As kg-1 soil 

where, 1 and 2% asclite were applied. Application of asclite to As-contaminated 

soil significantly reduced the As concentration in the edible part of the plants as 

compared to the control plants. The As concentration in JMS reduced by 43 and 

60% at 10 and 20% asclite application when grown in a 242 mg As kg-1 soil. The 

As concentration was reduced by 29 and 37% in JMS, whereas it was 52 and 74% 

in BS, at 1 and 2% asclite application, respectively, when grown in a 50 mg As kg-1 

soil. There were no significant changes in the growth and the nutrient elements 

concentration in the plants. The research findings suggested that asclite could be 

used to reduce As concentration in vegetables grown on As-contaminated soil. 

Considering the soil types, soil pH, soil As concentration, and plant species, 

further study is required to examine the desirable conditions for reducing the As 

concentration in vegetable plants with asclite application. 
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3.1. INTRODUCTION 

Arsenic is a common metalloid usually present in a small amount in all 

rocks, soils, waters, air and biological tissues (Matschullat 2000; Nriagu and 

Pacyna 1988). Arsenic is one of the most toxic elements of the environment 

(Cullen and Reimer 1989; Dermatas et al. 2004; Hudson-Edwards et al. 2004). 

Arsenic can enter into the terrestrial and aquatic environments through natural 

geologic processes and anthropogenic activities as well. So, As can be present in 

groundwater and in soil. Contamination in groundwater by As has been discussed 

as the worst calamity of the century in Asia particularly in Bangladesh and West 

Bengal, India. It is widely accepted that the ingestion of As-contaminated 

groundwater is the major cause of As poisoning in As affected areas. Now, it is 

also established that the ingestion of As-contaminated groundwater is not the 

only exposure pathway to humans. Another pathway might be the As 

contamination in food materials through As-contaminated irrigation water and 

the subsequent transfer of As via water/soil to crops (Chakravarty et al. 2003; 

Correll et al. 2006; Farid et al. 2003; Imamul Huq et al. 2006a, 2006b). 

Low levels of As (about 5 mg kg-1) occur naturally in soils all over the world 

with a variation depending on the origin of the soil (Mandal and Suzuki 2002; 

Matschullat 2000). Generally, in non-contaminated soil, As concentration ranges 

from 0.1 to 10 mg kg-1 (Kabata-Pendias and Pendias 1992). Usually, crops grown 

in non-contaminated soil do not accumulate enough As to be toxic to man. 

However, in As-contaminated soil, the uptake of As by the plant tissue is 

significantly elevated, particularly in vegetables and edible crops (Correll et al. 

2006; Imamul Huq et al. 2006a, 2006b; Larsen et al. 1992). It is reported by 

many researchers in Bangladesh that extensive application of As-contaminated 

underground water for irrigating crop fields has resulted in elevated 

concentration of As in surface soils (Ali 2003; Heikens 2006; Imamul Huq and 

Naidu 2005; Imamul Huq et al. 2003, 2006b; Meharg and Rahman 2003). 
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There are various types of mitigation techniques to remove As from 

drinking water (Mulligan et al. 2001). One of the methods is through excavation 

followed by landfilling with clean soil. But it is a very expensive and difficult task 

for remediation of As-contaminated soil (Vangronsveld and Cunningham 1998). 

Other techniques present are phytoremediation (Aldrich et al. 2007; Meharg and 

Hartley-Whitaker 2002); soil washing (Jang 2005); inorganic 

solidification/stabilization using inorganic binders such as cement, lime, and 

pozzolanic materials (Kim et al. 2003); electro-kinetic remediation (Amrate and 

Akretche 2005; Kim et al. 2005); and in-situ chemical immobilization. The last 

technique, in-situ chemical immobilization, implies the application of inorganic 

amendments, which are incorporated and mixed with the contaminated soil. Soil 

amendments can adsorb, bind, or co-precipitate the contaminating elements 

(Kumpiene et al. 2007). The binding of As to the amendment material reduces its 

mobility and bioavailability in the soil, making the long-term stability of the new 

compounds formed (Hartley et al. 2004). The long-term stability of the As 

compounds depends on many factors including the disposal site characteristics, 

particle crystallinity, grain size distribution and others (Patinha et al. 2004). 

Various inorganic amendments had been used previously to reduce As 

contamination in soils, such as silica, phyllosilicates, clays, zeolites, amorphous Al 

and Mn oxides, and nanocrystalline titanium dioxide (Anderson et al. 1976; 

Boisson et al. 1999; Frost and Griffin 1977; Garcia-Sanchez et al. 2002; Goldberg 

1986; Manning and Goldberg 1996; Pena et al. 2006; Scott and Morgan 1995). 

The sequential extraction of As-contaminated soils has indicated that As was 

primarily associated with crystalline and amorphous Fe-oxides (Chao 1984; 

Dhoum and Evans 1998; Dudas 1987). So, As sorption on amorphous and 

crystalline Fe-hydroxides has shown great potential to remediate contaminated 

soils (Bowell 1994; Doi et al. 2005; Fukushi and Sverjensky 2007; Garcia-Sanchez 

et al. 2002; Goldberg 1986; Hartley et al. 2004; Jain et al. 1999; Raven et al. 
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1998; Sherman and Randall 2003; Warren et al. 2003). Arsenic may also co-

precipitate with Fe-oxides (Dzombak and Morel 1990; Ford 2002). The efficiency 

of the remediation treatments depends on the soil characteristics, the sorption 

capacity of the Fe source used as amendment, and the environmental conditions 

to which the treated soil is exposed (Lidelöw et al. 2007). Among the numerous 

inorganic amendments in reducing As availability, Fe minerals and Fe industrial 

by-products are considered to be the great potential for in-situ remediation 

(Mench et al. 1998) of As. 

The present study was conducted with an artificially made granular 

amorphous iron (Fe)-hydroxide material viz. asclite having high ability to adsorb 

As(III) as well as As(V). The aim of the present study was to evaluate the 

effectiveness of asclite in reducing As concentration in vegetable plants grown in 

As-contaminated soils. 

 

3.2. MATERIALS AND METHODS 

3.2.1 Experimental Design 

Three different pot experiments were conducted to evaluate the efficiency 

of the adsorbent material asclite in reducing As concentration in vegetable plants 

grown on As-contaminated soil. 

3.2.1.1 First experiment 

In the 1st experiment, JMS was grown in highly As-contaminated soil (242 

mg kg-1) with the application of the adsorbent asclite. Arsenic contaminated soil 

was collected from Gunma Prefecture in Japan by composite soil sampling 

method (USDA 1951). In our information, the source of the As in the soil was the 

chemical factory which produced pesticides. The factory was already closed, and 

the soil of the land of the factory remained contaminated with As. The soil was 
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collected with the help of spade from the surface of the As-contaminated field and 

was stored in the shade of the green house of Iwate University, Japan. Asclite was 

applied at two rates (10 and 20%) along with a control (no asclite) in four 

replications. For better plant growth, 1.0 g of chemical fertilizer [10:10:10, 

N:P2O5:K2O (Taki Chemicals Co. Ltd, Kakogawa)] was added to each pot (1-L). 

Soil, asclite and fertilizer were mixed thoroughly. About 250-ml of water was 

added in each pot to keep the mixture moist. After seven days, the contents of the 

pots were mixed thoroughly again and 6-8 seeds of JMS were sown. Seven days 

after sowing, the plants were thinned to three plants per pot. The plants were 

harvested 30 days after seed sowing. 

3.2.1.2 Second experiment 

In the 2nd experiment, JMS was also grown in artificially As-spiked soil 

contaminated up to 50 mg kg-1 with the application of the adsorbent asclite. The 

soil was spiked by As mixing Na2HAsO4.7H2O (di-sodium hydrogen arsenate 

heptahydrate) as solution. The soil used in the experiment was commercially 

obtained (Trust, Tochigi). In this experiment, asclite was applied at two rates (1 

and 2%) along with a control (no asclite) in four replications. Fertilizer 

application and other processes were done similarly to the 1st experiment. 

3.2.1.3 Third experiment 

In the 3rd experiment, the procedure was similar to that of the 2nd 

experiment but in different climatic condition (in Bangladesh) where Bangladesh 

spinach (BS) was grown in Bangladesh alluvial soil. The soil was collected from 

the agricultural field behind the Khulna University, Bangladesh by composite soil 

sampling method (USDA 1951). This soil As content was also artificially raised to 

50 mg kg-1 by spiking with As-salt, Na2HAsO4.7H2O (di-sodium hydrogen 

arsenate heptahydrate), calculating the inherent As concentration of the soil. 
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3.2.2 Characteristics of Soils 

The chemical characteristics of the soils are shown in the Table 3.1. 

Table 3.1. Chemical analysis of the soils used in all three experiments 

Parameters 1st experiment 2nd experiment 3rd experiment 

pH 8.15 5.17 7.43 

EC (dS m-1) 2.74 0.17 1.25 

As (mg kg-1) 242 11.40 6.90 

1N HCl Extrac. As (mg kg-1) 14.60 0.12 0.29 

P (%) 0.62 0.26 0.32 

Fe (%) 1.97 2.38 3.44 

Na (%) 0.16 0.84 1.12 

K (%) 0.53 0.36 0.20 

Ca (%) 6.24 0.45 0.65 

Mg (%) 1.51 0.31 1.01 

 

3.2.3 Composition of Asclite 

Asclite is an artificially made Fe-based material produced by Createrra Inc. 

Tokyo, Japan. It is a granular (100～300 µm) amorphous Fe-hydroxide having 

high ability in strongly and quickly adsorbing As(III) as well as As(V). Many 

active -OH groups are present on surface of outer and inner surfaces of the 

granules. The composition of asclite is shown in the Table 3.2. The elements were 

measured by X-ray fluorescence analysis by using "Wavelength Dispersive X-ray 

Flourescence Spectrometer, Supermini 200, Rigaku Corporation, Tokyo". 

Phosphorus (P) in asclite was measured by colorimetric method after being 

digested by alkaline (Na2CO3) resolution method. 

3.2.4 Measurement of the Elements 

Both soils and plant samples were digested with concentrated nitric acid 

and perchloric acid mixture (v/v, 2:1) for the determination of As and other 

elements. The concentration of As and the other nutrient elements in the digest 

solution were determined by using a hydride generation atomic absorption 
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spectrophotometer (AA-6200, Shimadzu, Kyoto) by following the prescribed 

laboratory methods (Imamul Huq and Alam 2005; Smith et al. 1977). Reagent 

blanks and internal standards were used to ensure the accuracy and precision in 

the analyses. The As concentration was expressed as mg kg-1 DW whereas the As 

uptake was expressed as µg plant-1. Arsenic uptake was calculated by multiplying 

the As concentration with the DW of the edible part of the respective plant. 

 

Table 3.2. Physico-chemical characteristics of asclite 

Parameters Contents 

Fe2O3 (%) 19.4 

-OH (%) 44.0 

SiO2 (%) 28.9 

Al2O3 (%) 24.2 

TiO2 (%) 1.13 

MnO (%) 0.21 

CaO (%) 1.47 

MgO (%) 2.18 

K2O (%) 0.45 

Na2O (%) 0.41 

P2O5 (%) 0.26 

SO3 (%) 6.33 

As (mg kg-1) below detection limit 

pH 5.0 

Electric conductivity (dS m-1) 0.18 

Bulk density (g cm-3) 0.45 

Particle size (μm) 100-300 

 

3.2.5 Statistical Analyses 

The results were expressed as the averages of four replications. The data 

were subjected to ANOVA. Differences between means were statistically analyzed 

using a Ryan-Einot-Gabriel-Welsch multiple range test (P=0.05) run on the SAS 

software program (SAS 2004) at Iwate University, Japan. 
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3.3. RESULTS 

3.3.1 First Experiment 

Visually there was no distinct change in the growth of the plant due to the 

application of asclite. The As concentration (mg kg-1 DW) in the edible part of the 

plant (JMS) as well as the As uptake (µg plant-1) decreased significantly with the 

application of asclite as compared to the control plant (Figs. 3.1a, 3.1b). Due to 

the application of 10% asclite, the As concentration of edible part of the plant 

reduced by 43%; and it was 60% at 20% asclite applied soil (Fig. 3.1a). Reduction 

of As concentration in plant part was significantly different from the control in 

individual rate of asclite application. The average reduction of As concentration 

was higher in 20% asclite application than that of 10% asclite application. But 

there was no significant difference between the applications of 10 and 20% of 

asclite. The As uptake (µg plant-1) was also reduced by 36 and 55% for 10 and 20% 

asclite applications, respectively (Fig. 3.1b). This reduced amount of As in asclite 

applied plant was significantly different from the control plant. The mixing of 

asclite in As-contaminated soil could reduce the As concentration as well as As 

uptake in plant. There were no significant changes on the nutrient elements 

concentration in the plant part (Table 3.3). 

  

Table 3.3. Changes in dry weight (DW) and nutrient elements concentration in 

the edible part of JMS grown in 242 mg As kg-1 soil 

Treatment 
DW 
(g) 

P 
(mg kg-1) 

Fe 
(%) 

Na 
(%) 

K 
(%) 

Ca 
(%) 

Mg 
(%) 

No asclite 
0.18ab 

(±0.03) 

146.4a 

(±1.2) 

0.12a 

(±0.05) 

0.21b 

(±0.01) 

3.46ab 

(±0.29) 

1.99b 

(±0.28) 

0.17a 

(±0.03) 

10% 

asclite 

0.22a 

(±0.02) 

126.8a 

(±7.6) 

0.08a 

(±0.03) 

0.39a 

(±0.02) 

3.05b 

(±0.22) 

2.68a 

(±0.23) 

0.22a 

(±0.01) 

20% 

asclite 

0.16b 

(±0.02) 

143.9a 

(±25.4) 

0.06a 

(±0.01) 

0.23b 

(±0.07) 

3.73a 

(±0.44) 

2.17b 

(±0.24) 

0.19a 

(±0.03) 

Different letters after the values in the table are significantly different (P=0.05). 

Numbers in the parentheses are the standard deviations (SDs). 
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(a) 

 

 

(b) 

 

Figure 3.1. (a) Arsenic concentration (mg kg-1 DW); and, (b) Arsenic uptake (µg 

plant-1) in the edible part of JMS grown in 242 mg As kg-1 soil. Bars with different 

letters are significantly different (P=0.05) according to a Ryan–Einot–Gabriel–

Welsch multiple range test. Error bars are the standard deviations (SDs). 
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3.3.2 Second Experiment 

In the 2nd experiment, similarly to the 1st experiment, with the application 

of asclite in As-contaminated soil, the As concentration (mg kg-1 DW) and the As 

uptake (µg plant-1) in the edible part of the plant (JMS) were also reduced as 

compared to the control plant. The As concentration in the edible part of the 

plant reduced by 29 and 37%, at 1 and 2% asclite application, respectively (Fig. 

3.2a). But this reduced As concentration in the plant part was not significantly 

different from the As concentration of the control plant. The As uptake was also 

reduced but it was statistically similar (Fig. 3.2b). The As uptake (µg plant-1) was 

reduced by 40 and 42% for 1 and 2% asclite applications, respectively (Fig. 3.2b). 

Similarly to the result of the 1st experiment, there was no significant change in the 

growth or visual symptoms and nutrient elements concentration in the plant part 

due to the application of asclite (Table 3.4). 

 

Table 3.4. Changes in dry weight (DW) and nutrient elements concentration in 

the edible part of JMS grown in 50 mg As kg-1 soil 

Treatment 
DW 

(g) 

P 

(mg kg-1) 

Fe 

(mg kg-1) 

Na 

(mg kg-1) 

K 

(%) 

Ca 

(%) 

Mg 

(%) 

No asclite 
0.54a 

(±0.08) 

70.8a 

(±14.9) 

59.6a 

(±11.9) 

968a 

(±30) 

2.87a 

(±0.47) 

2.15a 

(±0.42) 

0.15a 

(±0.06) 

1% asclite 
0.52a 

(±0.12) 

83.1a 

(±10.4) 

88.6a 

(±9.4) 

990a 

(±9) 

3.32a 

(±0.80) 

2.62a 

(±0.79) 

0.20a 

(±0.06) 

2% asclite 
0.51a 

(±0.09) 

64.3a 

(±25.6) 

131.9a 

(±53.7) 

958a 

(±91) 

3.72a 

(±0.20) 

2.02a 

(±0.32) 

0.20a 

(±0.05) 

Different letters after the values in the table are significantly different (P=0.05). 

Numbers in the parentheses are the standard deviations (SDs). 
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(a) 

 

   

(b) 

 

Figure 3.2. (a) Arsenic concentration (mg kg-1 DW); and, (b) Arsenic uptake (µg 

plant-1) in the edible part of JMS grown in 50 mg As kg-1 soil. Bars with different 

letters are significantly different (P=0.05) according to a Ryan–Einot–Gabriel–

Welsch multiple range test. Error bars are the standard deviations (SDs). 
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3.3.3 Third Experiment 

There was also no distinct change in plant growth and visual symptoms. 

The As concentration (mg kg-1 DW) and As uptake (µg plant-1) in the edible part of 

the plant (BS) are shown in Figures 3.3a and 3.3b.  In this experiment, the As 

concentration in the edible part of the plant reduced by 52 and 74% at 1 and 2% 

asclite application, respectively (Fig. 3.3a). The reduced As concentration in plant 

part was significantly different from the As concentration in control plant in each 

rate of asclite application and between the application rates of asclite also (Fig. 

3.3b). The As uptake (µg plant-1) was also reduced significantly and different from 

the As uptake in the control plant. The As uptake (µg plant-1) was reduced by 50 

and 66% for 1 and 2% asclite applications, respectively (Fig. 3.3b). Similarly to the 

1st and 2nd experiments, there were no significant differences in the growth and 

nutrient elements concentration in the edible part of the plant (Table 3.5). 

 

Table 3.5. Changes in dry weight (DW) and nutrient elements concentration in 

the edible part of BS grown in 50 mg As kg-1 soil 

 DW (g) P (%) Fe (%) Na (%) K (%) Ca (%) Mg (%) 

No 

asclite 

0.54b 

(±0.05) 

0.77a 

(±0.09) 

0.24a 

(±0.03) 

4.03a 

(±0.42) 

0.55b 

(±0.01) 

1.30a 

(±0.24) 

0.80a 

(±0.03) 

1% 

asclite 

0.57b 

(±0.10) 

0.82a 

(±0.12) 

0.12b 

(±0.03) 

3.85a 

(±0.30) 

0.95a 

(±0.09) 

1.33a 

(±0.21) 

0.89a 

(±0.13) 

2% 

asclite 

0.70a 

(±0.07) 

0.78a 

(±0.13) 

0.10b 

(±0.02) 

4.19a 

(±0.41) 

1.21a 

(±0.32) 

1.11a 

(±0.11) 

1.02a 

(±0.22) 

Different letters after the values in the table are significantly different (P=0.05). 

Numbers in the parentheses are the standard deviations (SDs). 
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(a) 

   

 

(b) 

 

Figure 3.3. (a) Arsenic concentration (mg kg-1 DW); and, (b) Arsenic uptake (µg 

plant-1) in the edible part of BS grown in 50 mg As kg-1 soil. Bars with different 

letters are significantly different (P=0.05) according to a Ryan–Einot–Gabriel–

Welsch multiple range test. Error bars are the standard deviations (SDs). 
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A summary of the reduced amount of both As concentration (mg kg-1 DW) 

and As uptake (μg plant-1) in the edible part of the plants among the asclite 

application doses in all three experiments are shown in Table 3.6. 

   

Table 3.6. Reduction of As concentration and As uptake in edible plant part as 

affected by asclite application rates 

Experiment As concentration (mg kg-1 DW) As uptake (μg plant-1) 

Dose (d) 

comparison 

No asclite 

vs 

10 or 1% 

No asclite 

vs 

20 or 2% 

10 or 1% 

vs 

20 or 2% 

No asclite 

vs 

10 or 1% 

No asclite 

vs 

20 or 2% 

10 or 1% 

vs 

20 or 2% 

1st experiment 

(reduction) 

dno>d10 

(43%)* 

dno>d20 

(60%)* 

d10>d20 

(29%)ns 

dno>d10 

(36%)* 

dno>d20 

(55%)* 

d10>d20 

(29%)ns 

2nd experiment 

(reduction) 

dno>d1 

(29%)ns 

dno>d2 

(37%)ns 

d1>d2 

(12%)ns 

dno>d1 

(40%)ns 

dno>d2 

(42%)ns 

d1>d2 

(4%)ns 

3rd experiment 

(reduction) 

dno>d1 

(52%)* 

dno>d2 

(74%)* 

d1>d2 

(47%)* 

dno>d1 

(50%)* 

dno>d2 

(66%)* 

d1>d2 

(33%)ns 

d-indicates asclite application dose; (*) indicates statistically significant; and (ns) 

indicates statistically not significant.  

 

3.4. DISCUSSION 

In the 1st experiment, both the As concentration (mg kg-1 DW) and As 

uptake (µg plant-1) in the edible part of the plant (JMS) reduced significantly as 

compared to the As content in control plant. In this experiment, a highly As-

contaminated soil was used which contained 242 mg As kg-1 soil and higher rate 

of asclite was applied (10 and 20%). Actually, such a type of highly As-

contaminated soil is unusual in agricultural field. The soil As concentration were 

selected up to 50 mg kg-1 of soil based on the information of As concentration in 

Bangladesh soils (Ali 2003; Heikens 2006; Imamul Huq et al. 2003, 2006a, 

2006b; Meharg and Rahman 2003). Besides, the rate of asclite application (10 

and 20%) might be practically too high. That’s why; the 2nd and 3rd experiment 



Using asclite to reduce arsenic concentration in vegetables grown on arsenic 
contaminated soil 

 

Chapter 3 |  Page | 39 

 

was conducted again by reducing the asclite application rate and soil As 

concentration. These two experiments were conducted in two different climatic 

conditions growing two vegetables in two types of soils. Similarly to the 1st 

experiment, the 2nd experiment was conducted in Japan, whereas, the 3rd 

experiment was conducted in Bangladesh. In both of the experiments, the soil As 

content was artificially raised to 50 mg kg-1 by spiking As and the asclite 

application rate was 1 and 2%. In all the three experiments, it was shown that the 

As concentration in the edible part of the plants decreased significantly after the 

application of asclite. The decreased As concentration in the plant part was not 

due to the ‘dilution effect’ by the enhancement of the plant growth. Because, the 

overall growth of the plants was not affected by the application of asclite in the 

As-contaminated soils. Besides, the As uptake in the plant part was also reduced. 

Asclite did not have any fertilizer effect. Therefore, the decreased As 

concentration in the plant part might be induced by the adsorption of As by 

amorphous Fe-hydroxide in asclite. 

Asclite is an amorphous Fe-hydroxide material, therefore, As might form 

complexes with Fe or As might be un-available to plants due to Fe sorption 

mechanism. Fe-oxide surfaces are known to be involved in As adsorption in soils 

(Lumsdon et al. 1984; Waychunas et al. 1993). Arsenic is strongly adsorbed on the 

surface sites of Fe-hydroxides through the formation of inner-sphere complexes 

(Goldberg and Johnson 2001). Carbonell-Barrachina et al. (1999b) also reported 

that water soluble Fe concentration were highly correlated with dissolved total As, 

suggesting that hydrous Fe-oxides play an important part in controlling As 

adsorption-desorption reactions in sewage sludge. Iron oxides applied to garden 

soils had shown decreases of up to 50% in water extractable As concentration, 

together with lower accumulation levels in plant tissues (Mench et al. 1998). The 

results of the present experiments employing As adsorption on asclite, an 

amorphous Fe-hydroxide material, was in good agreement with the findings of 
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many other researchers (Dixit and Hering 2003; Doi et al. 2005; Fukushi and 

Sverjensky 2007; Garcia-Sanchez et al. 2002; Hartley et al. 2004; Kumpiene et al. 

2007; Sherman and Randall 2003; Warren and Alloway 2003; Warren et al. 

2003) to remediate contaminated soils applied with amorphous and crystalline 

Fe-hydroxides. 

In the 2nd experiment, the reduced As concentration in the edible part of 

the plant (JMS) applied with asclite was not significantly different from that of 

control plant. One of the reasons might be the effect of soil pH. The pH values of 

the soils of 1st and 3rd experiments were higher than 7, while the pH value of the 

soil of 2nd experiment was 5.2. It is considered that intensity of the effect of asclite 

might be affected by pH of the soil because of the solubility of Fe-hydroxide in 

asclite. Arsenic concentration in the edible part of the plant depends on the 

availability of soil As and the ability of a plant to take up As and to translocate it 

to the organs in the shoot (Huang et al. 2006). There are many factors that 

influence As uptake by plants, including species differences (Walsh and Keeney 

1975), the presence of competing ions (Khattak et al. 1991), concentration of As in 

the soil (NAS 1977), soil types and soil properties such as pH, clay content 

(Joardar et al. 2005), redox potential and the presence of Fe-oxides. 

Besides, there were no significant differences in nutrient elements 

concentration (P, Fe, Na, K, Ca and Mg) in the edible part of the plants (Tables 

3.3–3.5). So, the application of asclite, in reducing As concentration of the 

vegetable plants on As-contaminated soils had no harmful effect on the growth 

and the mineral concentration of the plants. 

Both organic and inorganic forms of As are present in terrestrial plants 

(Zhao et al. 2010) but As in terrestrial food plants is dominated by inorganic As 

(Schoof et al. 1999) and in case of peas and spinach only inorganic As was present 

(Schoof et al. 1999). Douglas et al. (2001) reported that the inorganic As and 
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DMA in rice (n=6) were 43.8% and 56.2%, respectively. In the present 

experiments, the total As in the plant part was measured by digesting the plant 

sample with a mixture of HNO3 and HClO4. In this experiment, organic and 

inorganic As could not be separately measured. It is also reported that in the 

Bengal Delta region, where As-contaminated water has been used for irrigation, 

some vegetables and spices contained relatively high concentration of As 

(Roychowdhury et al. 2003; Roychowdhury 2008) and most of the As are present 

only in inorganic forms (Chowdhury et al. 2001; Douglas et al. 2001; 

Roychowdhury et al. 2003; Roychowdhury 2008; Smith et al. 2006; Williams et 

al. 2006). Inorganic As (arsenite and arsenate) in rice grain and vegetables 

contributed 89.9% and 89.2%, respectively (Roychowdhury 2008); 95% and 96%, 

respectively, in West Bengal (Chowdhury et al. 2001); 87% and 96%, respectively, 

in Bangladesh (Smith et al. 2006) of the total content of As. 

 

3.5. CONCLUSION 

The application of asclite in As-contaminated soils significantly reduced 

the As concentration and the As uptake in the edible part of the vegetable plants 

in different scales depending on the soil As concentration, plant species and soil 

characteristics, thus reduced the food chain transfer potential of As. The 

application of asclite also did not show any adverse effect on the growth and 

elemental composition of the plants. The results suggested that asclite could be 

used for reducing As content in vegetables when it is grown in As-contaminated 

soil. A large scale investigation should be conducted to find out the desirable 

conditions to increase the effectiveness of the application of asclite to produce As-

safe-food considering the characteristics of soils or plant species. 
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Chapter 4 

Phosphate rich soil additive baked pig manure 
effectively reduces arsenic concentration in 

vegetable plants grown in arsenic containing 
growth medium 

ABSTRACT 

Three different pot experiments were conducted to assess the efficiency of 

baked pig manure (BPM) application in soil to reduce the arsenic (As) 

concentration in vegetable plants grown in As-containing growth medium, both 

in irrigation water and in soil. In the 1st experiment, Japanese mustard spinach 

[JMS] (Brassica rapa var. perviridis) was grown in Japanese andosol irrigating 

with artificially As-contaminated water. Irrigation water was artificially spiked 

with As to 0.5 mg L-1 dissolving di-sodium hydrogen arsenate heptahydrate 

(Na2HAsO4.7H2O). The 2nd and 3rd experiments were conducted in Japan and 

Bangladesh where JMS and Bangladesh spinach [BS] (Spinacia oleracea) was 

grown in artificially As-contaminated Japanese andosol and Bangladesh alluvial 

soil, respectively. Plants were grown with non-contaminated water. Soil As was 

artificially raised to 50 mg kg-1. BPM was applied to soil at the rate of 1, 2, and 3%; 

each treatment had four replications. The plant was grown for 30 days. Soil, BPM 

and plant samples were analyzed for As and other elements. In all three 

experiments, As concentration in the edible part of the plants decreased 

significantly with compared to that in control plants after BPM application. Based 

on the plant dry weight (DW), the As concentration (mg kg-1) reduced by 39, 52 

and 66%, with the application of 1, 2 and 3% BPM, respectively, compared with 

those of control plant in the 1st experiment. In 2nd and 3rd experiment, the plant 

As concentration were reduced up to 61 and 49% grown in Japanese andosol and 

Bangladesh alluvial soil, respectively, compared with those of control plants. 

However, the As uptake (µg plant-1) in JMS was statistically similar and/or higher 
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but significantly lower in BS than that in control. Plant fresh weight (FW) and dry 

weight (DW) increased significantly with increasing amounts of BPM, which 

might function to decrease the As concentration in plants as ‘dilution effect’. The 

phosphorus (P) contents of both JMS and BS increased significantly with BPM 

application, whereas the Fe, K, Mg, and Ca contents decreased to some extent. 

The decreased As concentration and increased P concentration in plants indicated 

the competitive absorption of As and P in plants, which might be due to the P 

supplied by BPM, might competitively suppress As uptake. Moreover, BPM might 

have the properties that enable the adsorption of As because BPM contained 

charcoal due to the baking treatment. It is possible that the surface of BPM might 

adsorb As and thereby hindered the As absorption by the plant root. 

 

4.1. INTRODUCTION 

Arsenic is one of the most dangerous global environmental toxicants and 

pollutants. Currently, As has been declared as a serious health risk in many 

countries. Groundwater is the main source of drinking water in most of the 

countries including Bangladesh. Approximately, one-third of the world’s 

population use groundwater for drinking purpose (UNEP 2000). But 

unfortunately, high concentration of As in groundwater have been reported in 

Argentina, Bangladesh, Chile, China, India, Japan, Mexico, Mongolia, Nepal, The 

Philippines, Poland, Taiwan, Thailand, Vietnam, and some parts of the United 

States (Anawar et al. 2002; Chowdhury et al. 2000; Mitra et al. 2002; Pandey et 

al. 2002; Smith et al. 2000). Bangladesh tops the global list in terms of the 

severity of the problem, because, approximately half of the total population is at 

risk of drinking As-contaminated water from tube-wells. About 90% of the total 

population in Bangladesh use groundwater for drinking purpose because much of 

the surface water of Bangladesh is microbially unsafe to drink (BGS and DPHE 
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2001). In one estimate, consumption of As-contaminated drinking water in 

Bangladesh resulted in approximately 9,100 deaths and 125,000 disability-

adjusted life years (DALYs) in 2001 (Lokuge et al. 2004). It is widely accepted 

that ingestion of As-contaminated groundwater is the major cause of As 

poisoning in areas affected by As contamination in Bangladesh. A nationwide 

survey suggested that 27% of all shallow tube-wells (STWs) were likely to have As 

contamination above the Bangladesh standard of 0.05 mg L-1, with 46% in excess 

of the provisional World Health Organization (WHO) guideline value of 0.01 mg 

L-1 (BGS and DPHE 2001; Smedley 2003). Another study that screened 

approximately 5 million STWs in 271 As affected upazilas (sub-district) showed 

that approximately 1.4 million STWs (~29%) had As concentration in excess of 

the Bangladesh standard (0.05 mg L-1), and more than 8,000 villages had As 

contamination in 80% of all STWs (NAMIC 2004). But, only a small portion 

(~16%) of the extracted groundwater is used for drinking purposes; the majority 

(~84%) is used for agricultural irrigation (BBS 2010). More than 80% of the 

population depends on agriculture for their livelihood, for that reason people use 

groundwater for irrigation especially during the dry season and during drought 

periods at the beginning and end of the rainy season. In Bangladesh, the total 

area under irrigation is 4 million ha of which 75% is covered by groundwater 

resources: 2.4 million ha via 924,000 STWs and 0.6 million ha via 23,000 deep 

tube-wells (DTWs) (BADC 2004). 

It is demonstrated that the Bangladesh groundwater is naturally 

contaminated with As concentration ranging from <1–1,500 µg L-1 (BGS and 

DPHE 2001). Various survey and research studies reported different ranges of As 

concentration in irrigation water. Imamul Huq et al. (2006a) reported that the 

irrigation water As concentration varied from 0.14–0.55 mg L-1. Another study 

showed that 87% of irrigation DTWs contained As more than 0.05 mg L-1 and the 

average As concentration in those DTWs was 0.21 mg L-1 (JICA/AAN 2004). 
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Arsenic is naturally present in soil all over the world, with a concentration 

that varies depending on the origin of the soil (Matschullat 2000). The soil As 

concentration in Bangladesh is higher than this value and it varies depending on 

the location. The average As concentration in soil in Bangladesh is 12.3 mg kg-1. 

Numerous studies documented different As concentration ranges in Bangladesh 

soil as follows: from 0.349 mg kg-1 (Islam et al. 2005); from below the detection 

limit to 56.7 mg kg-1 (Alam and Sattar 2000); from less than 10 mg kg-1 to 46 mg 

kg-1 in areas with low concentration of As in the irrigation water (Meharg and 

Rahman 2003); and from 3.227.5 mg kg-1 (Imamul Huq et al. 2006a). In areas 

where irrigation water did not contain As, the soil As concentration varied from 

0.102.75 mg kg-1 (Imamul Huq et al. 2006a). 

 Researchers have paid their attention to the risks of the use of 

contaminated groundwater for irrigation. Irrigating with As-contaminated water 

resulted in causing loss of yield and/or decreased growth of the plants (Hossain et 

al. 2005; Imamul Huq et al. 2006a; Khan et al. 2010) as well as higher levels of As 

in the edible parts of crops [rice as well as vegetables] (Burló et al. 1999; 

Carbonell-Barrachina et al. 1999a; Imamul Huq et al. 2001; Meharg and Rahman 

2003) thus posing human health risks (Imamul Huq and Naidu 2005; Imamul 

Huq et al. 2006a). Many researchers reported that long-term irrigation with As-

contaminated water also resulted in As accumulation in the surface soil (Ali 

2003; Heikens 2006; Imamul Huq et al. 2003; Meharg and Rahman 2003). It is 

now well-established that As-contaminated irrigation water is causing increases 

in soil As concentration due to the long-term irrigation. 

There are several strategies for removing As from water. But it is difficult 

to clean or remove As from As-contaminated irrigation water on a large scale. 

Moreover, if soil is contaminated with As, it is difficult to clean or remove the As 
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in a field level. There are currently no alternatives to the use of As-contaminated 

irrigation water in Bangladesh, because no other water resources are available for 

agricultural irrigation during the dry season. There are no cost-effective methods 

or technologies to reduce As uptake by plants growing in As-contaminated soil 

and/or irrigated with As-contaminated water. The research goal was to find out a 

cost-effective, non-toxic, environment friendly soil additive that could reduce the 

As concentration in plants grown in As-contaminated growth medium. 

Arsenic has chemical similarities to P; both have similar electron 

configurations, chemical properties, and compete for the same sorption sites in 

the root apoplastic route and for the same uptake and transport carriers in the 

root plasmalemma (Asher and Reay 1979; Catarecha et al. 2007; Macnair and 

Cumbes 1987; Meharg and MacNair 1992; Meharg et al. 1994; Ullrich-Eberius et 

al. 1989). Several studies on the interactions between As and P indicated that P 

attenuated As uptake in plants (Koseki 1988; Meharg and Hartley-Whitaker 

2002; Meharg and Macnair 1992, 1994; Shaibur et al. 2013; Wang et al. 2002). 

Therefore, we hypothesized that application of material with high concentration 

of P to As-contaminated growth medium could reduce the plant As concentration. 

High-P rich material BPM was selected as the soil additive. BPM is an organic 

material could be used as organic fertilizer that contained high levels of P (13%). 

BPM is light and easy to work with in agricultural settings. It can be produced in 

quantity in areas where livestock husbandry is prosperous. In Bangladesh, 

vegetables are grown in winter season (dry season) under irrigation facilities and 

0.27 million ha of land is used for vegetable crops (BADC 2004). The present 

research study examined the efficiency of BPM in reducing the As concentration 

in vegetable plants grown in As-contaminated growth medium (As present both 

in soil and in irrigation water). 
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4.2. MATERIAL AND METHODS 

4.2.1 Experimental Design 

Three pot experiments were carried out in the glasshouse under two 

experimental conditions with two vegetables grown in two types of soils 

(Japanese andosol and Bangladesh alluvial soil). The 1st and 2nd experiment was 

conducted at Iwate University, Morioka, Japan whereas the 3rd experiment was 

conducted at Khulna University, Bangladesh. 

4.2.2 Soil Collection and Characteristics of Soil 

The Japanese andosol used in the experiment was commercially obtained 

(Trust, Tochigi). The experimental Bangladesh alluvial soil was collected from the 

agricultural field behind the Khulna University, Khulna, Bangladesh, using the 

composite soil sampling method developed by the soil survey staff of the USDA 

(USDA 1951). The soil was air-dried, ground, and sieved through a 2-mm sieve. 

These soils were used in the experiments. A small portion of the soil samples were 

stored for laboratory analyses. The characteristics of the soils are presented in 

Table 4.1. 

4.2.3 Properties of Baked Pig Manure 

Several material forms of BPM were commercially available in Japan. The 

BPM used in this experiment was produced by Sanken Soil Corporation, 

Hachimantai, Japan. The BPM was produced by baking at 600–700°C for 10 min 

in a dedicated oven (SMK-800-S, Soil Farm, Kouchi). The raw materials 

contained ~21% moisture; the baked product contained 10% moisture and the 

particle size was <10 mm. The BPM was ground into smaller sizes using a motor, 

sieved through a 0.5-mm sieve, and used for the experiment and chemical 

analyses. The pH and EC of BPM were 11.7 and 3.4 dS m-1, respectively. The 
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cation-exchange capacity (CEC) was measured as 31.3 meq/100g using the 

Schollenberger method (Schollenberger and Simon 1945). The amounts of NH4-N 

and NO3-N were 7.0 and 7.0 mg kg-1, respectively. Exchangeable cations, such as 

K, Ca, Mg, and Na, were 24.4, 4.4, 0.70, and 4.2 mg g-1, respectively. The contents 

of total N and total P were 1.5 and 13%, respectively. The concentration of Cu and 

Zn were 916 and 5,530 mg kg-1, respectively. Arsenic was not detected in BPM. 

 

Table 4.1. Characteristics of soils 

Parameters Japanese andosol Bangladesh alluvial soil 

pH 5.17 7.43 

EC (dS m-1) 0.17 1.25 

As (mg kg-1) 11.40 6.90 

As (mg kg-1) 1N HCl extracted 0.12 0.29 

P (%) 0.26 0.32 

Fe (%) 2.38 3.44 

Na (%) 0.84 1.12 

K (%) 0.36 0.20 

Ca (%) 0.45 0.65 

Mg (%) 0.31 1.01 

CEC (meq/100g) 56.19 37.92 

Available P (mg kg-1) 1.25 2.92 

 

4.2.4 Plant and Plant Cultivation 

Two common leafy vegetable plants were used for these studies. JMS was 

grown in Japan and BS was grown in Bangladesh. For the 1st experiment, the 

irrigation water was artificially contaminated with As concentration up to 0.5 mg 

L-1 using As-salt di-sodium hydrogen arsenate heptahydrate (Na2HAsO4.7H2O). 

For the 2nd and 3rd experiments, the background As concentration in soils were 

measured and used to calculate the total soil As concentration. The plants were 

grown with non-contaminated water. The soils were artificially contaminated 
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with As up to 50 mg kg-1 using As-salt di-sodium hydrogen arsenate heptahydrate 

(Na2HAsO4.7H2O). This high level of As was selected because higher 

concentration of As in Bangladesh soils have been reported (Alam and Sattar 

2000; Islam et al. 2005). Three different rates of BPM (1, 2, and 3%) were applied 

to the soil along with control (no BPM). Each treatment had four replications. The 

soil, the required amount of BPM, and 1.0 g of chemical fertilizer [10:10:10, 

N:P2O5:K2O (Taki Chemicals Co. Ltd, Kakogawa)] were mixed in a plastic bowl, 

transferred to a 1-L plastic pot, and watered. After preparation of the pot, 

approximately 8–10 seeds of the selected vegetable plant were sown in each pot. 

Irrigation was done according to the necessity of the plant but at equal volume for 

each pot on the same day. Seven days after seed sowing, the plants were thinned 

to four plants per pot. During the growing period, all the visible symptoms were 

observed and recorded. Pesticide was sprayed according to the necessity. The 

plants were harvested 30 days after seed sowing and fresh weight (FW) of the 

plant was recorded. 

4.2.5 Plant Sample Preparation 

Harvested plant sample was washed with deionized distilled water and 

then with Milli-Q water to remove any adhering soil particles. The collected plant 

samples were air-dried, followed by oven drying at 70°C for 48 h. The DW of the 

plant samples was measured and recorded. The dried plant samples were then 

ground and preserved for further analyses. 

4.2.6 Measurement of As and Other Elements 

The soil, plant and BPM samples were digested with a mixture of 

concentrated nitric acid and perchloric acid. [HNO3:HClO4, 2:1, (v/v)]. The 

digested plant, soil, and BPM samples were analyzed for As and other elements 
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using hydride generated atomic absorption spectrophotometer (AA-6200, 

Shimadzu, Kyoto) according to the previously published protocols (Imamul Huq 

and Alam 2005; Smith et al. 1977). Reagent blanks and internal standards were 

used to ensure the accuracy and precision of the analyses. The As concentration 

was expressed as mg kg-1 DW whereas the As uptake was expressed as µg plant-1. 

Arsenic uptake was calculated by multiplying the As concentration with the DW 

of the edible part of the respective plant. 

4.2.7 Statistical Analyses 

The results were expressed as the averages of four replications. The data 

were subjected to ANOVA. Differences between means were statistically analyzed 

using a Ryan-Einot-Gabriel-Welsch multiple range test (P=0.05) performed with 

the SAS software program (SAS 2004) at Iwate University, Japan. 

 

4.3. RESULTS 

4.3.1 First Experiment  

In the 1st experiment using Japanese andosol in Japan, JMS grew better 

with As-contaminated irrigation water when BPM was applied in soil. Both the 

FW and DW increased significantly with the increasing rate of BPM application 

(Fig. 4.1). The As concentration (mg kg-1) in the edible part of the plant JMS 

decreased significantly with the application of BPM (Fig. 4.2). However, the 

uptake of As (µg plant-1) in the edible part of JMS was statistically similar after 

the application of BPM (Fig. 4.3). The concentration of other mineral nutrient 

elements in the plant is presented in Table 4.2. The P concentration in the plant 

part increased significantly whereas Fe, K and Mg concentration was decreased 

after the application of BPM in soil. 
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Figure 4.1. Fresh weight (g) and dry weight (g) of JMS grown with As-

contaminated irrigation water in Japanese andosol. Different letters on the bars 

indicate significant differences (P=0.05). Error bars represent the standard 

deviations (SDs). 

  

 

Figure 4.2. Arsenic concentration (mg kg-1 FW and/or DW) in the edible part of 

JMS grown with As-contaminated irrigation water in Japanese andosol. Different 

letters on the bars indicate significant differences (P=0.05). Error bars represent 

the standard deviations (SDs). 
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Figure 4.3. Arsenic uptake (µg plant-1) in JMS grown with As-contaminated 

irrigation water in Japanese andosol. Different letters on bars indicate significant 

differences (P=0.05). Error bars represent the standard deviations (SDs). 

   

Table 4.2. Minerals concentration in the edible part of JMS grown with As-

contaminated irrigation water in Japanese andosol 

 P (%) Fe (mg kg-1) Na (%) K (%) Ca (%) Mg (%) 

No BPM 1.14b 

(±0.05) 

294a 

(±29) 

0.54a 

(±0.09) 

5.84a 

(±0.54) 

2.48a 

(±0.21) 

0.65a 

(±0.06) 

1% BPM 1.50a 

(±0.16) 

253a 

(±71) 

0.55a 

(±0.08) 

5.23ab 

(±0.25) 

2.83a 

(±0.09) 

0.54ab 

(±0.05) 

2% BPM 1.58a 

(±0.14) 

228ab 

(±22) 

0.46a 

(±0.09) 

4.12b 

(±0.84) 

2.39a 

(±0.41) 

0.42b 

(±0.05) 

3% BPM 1.71a 

(±0.14) 

148b 

(±32) 

0.33a 

(±0.11) 

2.61c 

(±0.81) 

2.14a 

(±0.25) 

0.42b 

(±0.09) 

Results are expressed as mean values of four replicates. Different letters after the 

values in the table indicate significant differences (P=0.05). Numbers in the 

parentheses are the standard deviations (SDs). 
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4.3.2 Second Experiment 

Similarly to the 1st experiment, JMS clearly grew better in As-

contaminated Japanese andosol by the application of BPM. The plant DW is 

shown in Figure 4.4. The DW increased significantly with the application of BPM. 

The As concentration (mg kg-1 DW) in the edible part of the plant is shown in 

Figure 4.5. The As concentration in the edible part of the plant decreased 

significantly with application of BPM to As-contaminated soil. However, the 

uptake of As (µg plant-1) in the edible part of JMS increased with increasing 

concentration of BPM (Fig. 4.6). The concentration of other mineral nutrient 

elements in the plant is presented in Table 4.3. The results showed that the P and 

K concentration in plant part was significantly increased as compared with the 

control plant with the application of BPM. The Ca concentration in plant part was 

significantly reduced as compared with the control plant after the application of 

BPM. 

 

Figure 4.4. Dry weight (g) of JMS growing in As-contaminated soil with 

different concentration of BPM. Different letters on bars indicate significant 

difference (P=0.05). Error bars represent the standard deviations (SDs). 
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Figure 4.5. Arsenic concentration (mg kg-1 DW) in JMS growing in As-

contaminated soil with different concentration of BPM. Different letters on bars 

indicate significant difference (P=0.05). Error bars represent the standard 

deviations (SDs). 

 

Figure 4.6. Arsenic uptake (µg plant-1) in JMS growing in As-contaminated soil 

with different concentration of BPM. Different letters on bars indicate significant 

difference (P=0.05). Error bars represent the standard deviations (SDs). 
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Table 4.3. Concentration of mineral nutrients in JMS 

 P (%) Fe (mg kg-1) Na (%) K (%) Ca (%) Mg (%) 

Control 
0.72c 

(±0.21) 

88.81a 

(±23.27) 

0.27a 

(±0.19) 

6.57ab 

(±1.93) 

1.51a 

(±0.32) 

1.05a 

(±0.21) 

1% BPM 
1.21b 

(±0.01) 

74.76a 

(±4.45) 

0.16a 

(±0.10) 

5.88b 

(±0.87) 

0.90b 

(±0.14) 

0.92a 

(±0.09) 

2% BPM 
1.76a 

(±0.13) 

80.18a 

(±16.61) 

0.40a 

(±0.13) 

9.62a 

(±0.41) 

0.75b 

(±0.11) 

1.25a 

(±0.10) 

3% BPM 
1.82a 

(±0.28) 

77.51a 

(±20.33) 

0.39a 

(±0.04) 

9.38a 

(±1.56) 

0.66b 

(±0.20) 

1.15a 

(±0.13) 

Results are expressed as mean values of four replicates. Different letters after the 

values in the table indicate significant difference (P=0.05). Numbers in the 

parentheses are the standard deviations (SDs).  

 

4.3.3 Third Experiment 

In Bangladesh alluvial soil where BS was grown, the plant BS grew better 

in As-contaminated soil after the application of BPM but it was significant only 

where the soil contained 3% BPM. The plant DW is shown in Figure 4.7. The As 

concentration (mg kg-1 DW) in the edible part of the plant is shown in Figure 4.8. 

The As concentration in the edible part of the plant BS decreased significantly 

with the presence of BPM in As-contaminated soil. The As uptake (µg plant-1) in 

the edible part of the plant also decreased significantly with increasing 

concentration of BPM applied in soil (Fig. 4.9). The concentration of other 

mineral nutrient elements in the plant is shown in Table 4.4. Similarly to the 2nd 

experiment, the results showed that the P and K concentration in plant part was 

significantly increased as compared with the control plant with the application of 

BPM. The Ca concentration in plant part was significantly reduced as compared 

with the control plant after the application of BPM.  
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Figure 4.7. Dry weight (g) of BS growing in As-contaminated soil with different 

concentration of BPM. Different letters on bars indicate significant difference 

(P=0.05). Error bars represent the standard deviations (SDs). 

 

Figure 4.8. Arsenic concentration (mg kg-1 DW) in BS growing in As-

contaminated soil with different concentration of BPM. Different letters on bars 

indicate significant difference (P=0.05). Error bars represent the standard 

deviations (SDs). 
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Figure 4.9. Arsenic uptake (µg plant-1) in BS growing in As-contaminated soil 

with different concentration of BPM. Different letters on bars indicate significant 

difference (P=0.05). Error bars represent the standard deviations (SDs). 

 

Table 4.4. Concentration of mineral nutrients in BS 

 

P 

(%) 

Fe 

(mg kg-1) 

Na 

(%) 

K 

(%) 

Ca 

(%) 

Mg 

(%) 

Control 
0.92b 

(±0.06) 

467.98c 

(±67.05) 

4.10a 

(±0.41) 

0.55c 

(±0.01) 

1.30a 

(±0.24) 

0.80a 

(±0.03) 

1% BPM 
2.20a 

(±0.26) 

730.89ab 

(±58.37) 

3.70ab 

(±0.29) 

2.30b 

(±0.39) 

0.94b 

(±0.16) 

0.76a 

(±0.13) 

2% BPM 
2.37a 

(±0.22) 

758.50a 

(±118.05) 

3.09b 

(±0.33) 

2.72ab 

(±0.53) 

1.00ab 

(±0.08) 

0.91a 

(±0.14) 

3% BPM 
2.50a 

(±0.21) 

604.84bc 

(±62.39) 

3.33b 

(±0.46) 

3.01a 

(±0.31) 

0.91b 

(±0.17) 

0.96a 

(±0.08) 

Results are expressed as mean values of four replications. Different letters after 

the values in the table indicate significant difference (P=0.05). Numbers in the 

parentheses are the standard deviations (SDs). 
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4.4. DISCUSSION 

Three different experiments were conducted under two experimental 

conditions, and two different vegetables were grown in two types of soils. The soil 

additive, BPM, was the same in all three experiments. The focus of the research 

was to examine the BPM application in soil to reduce the As concentration in 

vegetable plant. In all three experiments, it was found that the application of BPM 

to As-contaminated soil significantly reduced the As concentration in the edible 

part of the plant irrespective to the growth condition, soil types, plant species, 

and presence of As in the growth medium (irrigation water and/or soil). Plant 

growth in terms of DW was significantly higher in BPM-containing soil than that 

of the control plant (Figs. 4.1, 4.4, 4.7). JMS yielded better grown in Japanese 

andosol than that of BS grown in Bangladesh alluvial soil that contained BPM. In 

both the experimental conditions, application of BPM to soils induced better 

growth of plants. These results might be due to the presence of higher amounts of 

P in BPM-mixed soils, which could increase plant growth. In fact, BPM is an 

organic fertilizer that can increase plant growth. 

Application of BPM in soil significantly reduced the As concentration in 

the edible part of both JMS and BS compared to the As concentration in control 

plant. The As concentration in the edible part of the JMS was reduced by 39, 52 

and 66% (DW basis) with the application of 1, 2, and 3% BPM, respectively, 

comparing with that of the control plant when grown being irrigated with As-

contaminated water (0.5 mg L-1) (Fig. 4.2). This concentration in JMS was 

reduced by 44, 48, and 61% (DW basis) when JMS was grown in As-contaminated 

soil (50 mg kg-1) (Fig. 4.5). The As concentration in the edible part of BS was also 

reduced significantly with the application of BPM. The As concentration in the 

edible part of BS was reduced by 42, 43, and 49% (DW basis) with the application 
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of 1, 2, and 3% BPM, respectively, comparing with to that of the control plant 

(Fig. 4.8). The As concentration in the edible part of both JMS and BS was 

significantly lower than that of the control; however, among the BPM treatments 

(1, 2, and 3%), the As concentration was statistically similar. These results showed 

that under the two different experimental conditions, BPM significantly reduced 

the As concentration in the edible parts of both the plants. Therefore, it was 

primarily considered that the decrease in As concentration in the edible part of 

plants was due to the ‘dilution effect’ because of the increased plant growth with 

the application of BPM. 

The As uptake (µg plant-1) into the edible part of JMS was statistically 

similar and/or higher as compared to the control plant by the application of BPM 

(Figs. 4.3, 4.6). On the contrary, in BS, the As uptake (µg plant-1) was reduced 

significantly in soil containing BPM compared to that of the control plant (Fig. 

4.9). The Japanese andosol is known to be a P-deficient soil that is low in 

available P (Table 4.1). Thus, the effect of high P provided by BPM on plant 

growth may be more significant depending on the soil. However, in BS grown in 

the Bangladesh alluvial soil, both the As concentration and As uptake decreased 

in soil containing BPM. The result in Bangladesh alluvial soil is not simply 

explained by the ‘dilution effect’ on plant growth. Bangladesh soil has a higher 

availability of P, and plant growth was not substantially improved by the addition 

of BPM. Therefore, it appeared that factors other than increased plant growth due 

to excess P supplied by BPM were involved in the reduction of plant As 

concentration. 

One of the possible factors involved in the reduction of plant As 

concentration would be the biochemical competition between As and P in soil-

plant system. High concentration of P in the soil favor uptake of P rather than As, 
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because P is absorbed through the transporter more efficiently than As 

(Catarecha et al. 2007; Koseki 1988; Meharg and Macnair 1994; Meharg et al. 

1994; Sharples et al. 1999, 2000; Wang et al. 2002). Because both As and P 

belong to the V family on the periodic table of the elements, and are similar in 

their chemical properties, so they behave similarly in the soil-plant system. 

Previous results suggested that phosphate can decrease or increase the uptake of 

As by plants, depending on the As species, the plant species, and the growth 

medium (Otte et al. 1990; Tsutsumi 1980). In the present experiments, the P 

supplied by BPM application decreased the As concentration in vegetable plants. 

These results are in good agreement with the results of many other reports 

(Koseki 1988; Lee 1982; Lin 1977; Meharg and Hartley-Whitaker 2002; Meharg 

and Macnair 1990, 1992, 1994; Meharg et al. 1994; Wang et al. 2002). This work 

showed that plant P concentration increased in soils containing BPM (Tables 4.2-

4.4). The Ca concentration in the edible part of both JMS and BS decreased 

significantly when grown in soils containing BPM (Tables 4.3-4.4). This might be 

due to Ca precipitation in combination with high P concentration in BPM. There 

were no significant effects of BPM on other elements. 

Another possible factor that might be involved in the attenuation of As 

concentration in plants was the characteristics of BPM. BPM might have 

properties that enable the adsorption of As because BPM contains charcoal due to 

the baking treatment. It is possible that the surface of BPM might adsorb As and 

thereby hinder the As absorption by the plant roots. The mechanism of this effect 

on plants needs to be investigated further to understand the characteristics and 

interactions among soils, soil additives, and plant species. This study showed that 

BPM was a cost-effective, environmentally friendly, non-toxic soil additive that 

could alleviate the As contamination in food material grown with As-
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contaminated irrigation water and/or in As-contaminated soil. It may help to 

safeguard the food security for human populations in regions with heavy burdens 

of As contamination in the groundwater and soil. Future work will optimize 

parameters such as pH and soil moisture content to further reduce plant As 

concentration. Searches for more desirable materials to reduce plant As 

concentration should be continued. 

 

4.5. CONCLUSION 

This study showed that As concentration in the edible part of JMS and BS 

was attenuated by the application of high concentration of P in soil supplied with 

BPM grown both with As-contaminated irrigation water and in As-contaminated 

soil. The application of BPM to soil also increased plant growth and P 

concentration. The results suggested that BPM was effective in reducing As 

concentration in vegetable plants due to the ‘dilution effect’ and/or the 

‘competition effect’ induced by the P supplied by BPM. Competition effect did not 

largely affect As absorption by roots on Japanese andosol, but in Bangladesh 

alluvial soil competition effect was observed. The findings of the present research 

also recommended that the BPM could be a hopeful, low-cost, environment 

friendly, and non-toxic soil additive in producing As safe food materials in 

regions with heavy burdens of As contamination in the groundwater and/or in 

soil. Further studies are required to assess with other plant species, soil types, 

and additional parameters that could increase the effectiveness of BPM to reduce 

the plant As concentration. 
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Chapter 5 

Effect of phosphorus or silicon on the arsenic 
content of Japanese mustard spinach (Brassica 

rapa var. Perviridis) grown on arsenic 
contaminated soil 

ABSTRACT 

Two experiments were conducted to examine the effect of the 

application of phosphorus (P) and/or silicon (Si) on the arsenic (As) content 

of Japanese mustard spinach (JMS) (Brassica rapa var. perviridis) grown on 

As-contaminated soil (30.6 mg kg-1). The P was applied with four different P 

fertilizers derived from both organic or inorganic sources viz. chicken manure 

(CM), bone powder (BP), fused magnesium phosphate (FMP), and super 

phosphate (SP). The P was applied at two rates (50 and 100 kg citrate soluble 

P2O5 ha-1). The As content (mg kg-1 dry weight [DW] and/or µg plant-1) in the 

edible part of JMS reduced significantly as compared to the As content in 

control plant after the application of P, irrespective to the form of fertilizer 

and to the application rate of P. There was no significant difference among the 

P fertilizers as well as the rate of P application in reducing As content in the 

plant. The growth of the plant and P concentration in the plant part increased 

significantly with the application of P. In the Si application experiment, Si was 

applied from three different sources viz. potassium silicate (PS), magnesium 

trisilicate pentahydrate (MTP) and lerzolite (LE). Silicon was applied at the 

rate of 1,050 kg SiO2 ha-1. The As content in the edible part of JMS increased, 

but not significantly, as compared to the As content in control plant with the 

application of Si irrespective of the source of Si. There was no significant 

difference in the As content in the edible part of the plant among the Si 

sources. The magnesium content in the plant part was increased significantly 

with the application of MTP and LE. The growth of the plant and the other 
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minerals concentration in the plant part was statistically similar as compared 

to the control plant. The results of two experiments indicated that the 

application of P could reduce the As content in the edible part of JMS whereas 

Si had no effect to reduce As content in JMS under the employed condition. 

 

5.1. INTRODUCTION 

Arsenic is a toxic and carcinogenic element that occurs naturally in the 

environment through geological activities. Arsenic is naturally present in the 

soil all over the world with a variation depending on the origin of the soil 

(Matschullat 2000) and the background concentration are around 5 mg kg-1 

(Mandal and Suzuki 2002). Soil contamination with As occurs through both 

natural and anthropogenic activities such as mining and smelting operations 

(Chilvers and Peterson 1987), fossil fuel combustion (Nriagu and Pacyna 

1988; Ochiai 1995) and As-based agrochemicals (Smith et al. 1998), fertilizers 

and disposal of municipal and industrial wastes (Requejo and Tena 2006). 

Irrigation in agricultural land with As-contaminated groundwater or 

wastewater, particularly in Bangladesh, India and south-east Asia, leads the 

accumulation of As in both soils and plants, posing risks to soil ecosystems 

and human health (Ali 2003; Heikens 2006; Imamul Huq and Naidu 2005; 

Imamul Huq et al. 2003, 2006a; Meharg and Rahman 2003). 

Phosphorus (P) is an essential nutrient element to plant while As is an 

unessential element with toxicity to plant. Arsenic exists in the environment in 

both inorganic and organic forms, and both arsenite and arsenate are often 

found in both anaerobic and aerobic soil environments. Both As and P belong 

to the V family on the periodic table of chemical elements. Due to their 

similarities in electron configurations and in chemical properties, they behave 

similarly in many ways in the soil-plant system. Under oxic/aerobic soil 
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conditions, As is predominantly present as arsenate (Pongratz 1998) which is 

chemically an analogue of phosphate. In soil, due to this similarity, dissolved 

phosphate and arsenate competes with each other for the same soil sorption 

binding sites and this competition results in a reduction in their sorption by 

soil and an increase in solution concentration (Gao and Mucci 2001; Smith et 

al. 2002; Wauchope 1983). They also compete for the same sorption sites in 

the root apoplast and for the same uptake carriers in the root plasmalemma 

(Asher and Reay 1979; Catarecha et al. 2007; Meharg and Hartley-Whitaker 

2002; Meharg and Macnair 1991, 1992; Ullrich-Eberius et al. 1989). 

Phosphate can decrease or increase the uptake of As by plants, depending on 

the speciation of As, the species of plant and the plant growth medium (Otte et 

al. 1990). Arsenic uptake of plant was usually suppressed by P uptake when P 

was added (Koseki 1988; Meharg and Hartley-Whitaker 2002; Meharg and 

Macnair 1990, 1992, 1994; Meharg et al. 1994; Wang et al. 2002). The 

physiological behaviors of As and P in plant system are very different. 

Therefore, the phosphate concentration of the soil solution must be 

considered as a prime factor determining uptake and toxicity of arsenate in 

plants. Hurd-Karrer (1936) demonstrated that As toxicity to plants can be 

prevented or at least reduced by phosphate addition. Since then many 

researchers have investigated the interactions between phosphate and 

arsenate uptake by plants (Benson 1953; Creger and Peryea 1994; Meharg and 

Macnair 1990, 1992, 1994; Meharg et al. 1994; Naylor et al. 1996). Plant 

responses to arsenate and phosphate depend on growth conditions. Hurd-

Karrer (1936) found that in nutrient solution a P:As ratio [mg kg-1] of at least 

4:1 was needed to protect wheat roots against As toxicity. It was reported that 

phosphate addition improved plant growth in nutrient solutions containing 

sufficient arsenate to be toxic at low P concentration (Rumburg et al. 1960) 

and also decreased As concentration in plants (Shaibur et al. 2013). In soil 
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systems, results were ambiguous; deleterious, negligible or even beneficial 

effects of P addition on As uptake and plant growth have been reported 

(Hurd-Karrer 1936; Jacobs and Keeney 1970; Woolson et al. 1973). 

Silicon is not recognized as an essential element for plant growth but 

the beneficial effects of Si on the growth, development, yield, and disease 

resistance have been observed in a wide variety of plant species (Ma 2004). 

Silicon fertilizers are routinely applied to several crops including rice and 

sugarcane to enhance high and sustainable crop yields. The beneficial effect of 

Si is more evident under stress conditions. This is because Si is able to protect 

plants from multiple abiotic and biotic stresses (Ma and Takahashi 2002). 

Numerous studies have shown that Si is effective in controlling diseases 

caused by both fungi and bacteria in different plant species (Fauteux et al. 

2005; Seebold et al. 2001). Silicon also enhances plant resistance to insect 

pests such as stem borer and plant hopper (Ma and Takahashi 2002). Silicon 

alleviates many abiotic stresses including chemical stress (salt, metal toxicity, 

nutrient imbalance) and physical stress (lodging, drought, radiation, high 

temperature, freezing, UV) and many others (Epstein 1999; Ma 2004; Ma and 

Takahashi 2002; Richmond and Sussman 2003). In addition to the role of Si 

in alleviating various stresses, Si improves light interception by keeping leaves 

erect, thereby stimulating canopy photosynthesis in rice (Epstein 1994; Ma 

and Takahashi 2002). 

It has been reported that Si availability in soil has a large influence on 

As uptake by rice (Bogdan and Schenk 2008). Arsenic uptake may also be 

affected by silicic acid (Guo et al. 2005, 2007). This is not surprising because 

of the shared uptake pathway between Si and arsenite (Ma et al. 2008). Two Si 

transporter proteins, Lsi1 and Lsi2, respectively, mediate the entry of arsenite 
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into root cells and the efflux from cells to apoplast in the direction of stele for 

the translocation to the shoots (Ma et al. 2006, 2007). 

The source or form of P fertilizer application in As-contaminated 

growth medium to reduce As contents in plants is not documented yet. 

Besides, the application of Si fertilizer has not been yet applied in growing 

vegetables in As-contaminated aerobic soil. So, the present study was 

undertaken with aiming at the following objectives: to examine the effect of P 

application, supplied from both organic and inorganically derived fertilizers, 

in reducing As concentration in JMS plant from As-containing soil-plant 

system; and, to investigate the effects of Si fertilizer application on the As 

content of JMS plant grown in As-contaminated aerobic soil-plant system. 

 

5.2. MATERIALS AND METHODS 

5.2.1 Soil Collection and Preparation 

The experiment was carried out in the glasshouse of Iwate University, 

Morioka, Japan. The soil employed in this experiment was made by mixing 

two soils. One of the soils was highly As-contaminated soil collected from 

Gunma Prefecture in Japan by composite soil sampling method (USDA 1951). 

The other soil was commercially obtained (Trust, Tochigi) which had low 

concentration of As. The soils were air-dried, ground and sieved through a 2-

mm sieve. The pH value of the 1st soil was around 8.0 and As of the soil was 

too high (242 mg kg-1) to cultivate crops. Therefore, by mixing the other soil, 

pH value and As concentration were adjusted to the usual level of the soil in 

the field. An aliquot of the soil sample was stored for laboratory analyses. 

Characteristics of the mixed soil that was used in the present experiment are 

shown in the Table 5.1. 
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Table 5.1. Characteristics of the soil used in the experiment 

Parameters Values 

pH 5.22 

EC (dS m-1) 0.85 

As (mg kg-1) 30.6 

1N HCl Extractable As (mg kg-1) 1.19 

Total P (%) 0.0587 

Total Fe (%) 3.22 

Total Na (%) 0.070 

Total K (%) 0.604 

Total Ca (%) 0.956 

Total Mg (%) 0.397 

CEC meq/100g soil 52.5 

Available P2O5 (mg/100g) 0.272 

Exchangeable Na2O (mg/100g) 16.2 

Exchangeable K2O (mg/100g) 81.7 

Exchangeable CaO (mg/100g) 46.2 

Exchangeable MgO (mg/100g) 87.7 

 

5.2.2 Phosphorus or Silicon Fertilizers and Their Properties 

A total of four P fertilizers, two of which were derived from organic 

sources viz. chicken manure (CM), and bone powder (BP), and two other from 

inorganic sources viz. fused magnesium phosphate (FMP), and super 

phosphate (SP), were used in this experiment. The properties of CM, BP, FMP 

and SP were described in chapter 2 (2.4). 

A total of three Si fertilizers were applied in the experiment. These 

three different Si fertilizers were viz. potassium silicate (PS), magnesium 

trisilicate pentahydrate (MTP) and lerzlite (LE). Silicon was applied at the rate 

of 1,050 kg SiO2 ha-1. The components of PS, MTP and LE were described in 

chapter 2 (2.4). It is reported that LE has the characteristics to be applied for 

phytoremediation of Cd contaminated soil (Kashem et al. 2010; Takahashi et 

al. 2011). 
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5.2.3 Plant Cultivation 

One of the common leafy vegetable plant viz. Japanese mustard 

spinach (JMS) (Brassica rapa var. perviridis) was selected as the test plant. 

Seeds, collected from Sakata seed corporation, Japan, were grown in the 

experiment. There were two rates of P application (50 kg P2O5 ha-1 and 100 kg 

P2O5 ha-1) along with a control. These two rates of applied amount of P were 

calculated based on the citrate soluble P content of the P fertilizers. There 

were a total of 36 pots [4 (control) + {4 (P source) × 4 (replication) × 2 (P 

rate)}]. The N was applied on the basis of the total amount of N in the CM that 

was required to meet the amount of P. Because CM contained the highest 

amount of N (3%) among the four P fertilizers and this N was applied as urea. 

In the pots of 50 kg P2O5 ha-1, amount of applied N was adjusted to 0.753 g 

pot-1. In the pots of 100 kg P2O5 ha-1, amount of applied N was adjusted to 1.51 

g pot-1. In a plastic bowl, As-contaminated soil, required amount of P 

fertilizers, and urea were mixed then put in the plastic pot of 0.5-L size, 

watered and kept for 7 days. 

In the Si experiment, there was only one rate of Si application (1,050 kg 

SiO2 ha-1) along with control. In each pot, 1.42 g of PS, 0.94 g of MTP and 1.25 

g of LE was added in powder form. For better growth of the plant 1.0 g of 

chemical fertilizer [10:10:10, N:P2O5:K2O (Taki Chemicals Co. Ltd, 

Kakogawa)] were added in each pot. 

 In both of the experiments of P and Si; there were four replications for 

each application. Seven days after the preparation of the pot, about 8-10 seeds 

of the plants were sown in each pot. Seven days after seed sowing, the plants 

were thinned remaining three plants in each pot. During the growing period, 

all the visible symptoms were observed and recorded. Only the edible part 

(shoots) of the plant was harvested 21 days after seed sowing by cutting about 

1.0 cm above from the soil level which included both stems and leaves. 
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5.2.4 Plant Sample Preparation 

The harvested plant part (shoot) was washed with deionized distilled 

water to remove adhering soil particles on the plant surface. The collected 

plant samples were air dried followed by oven dried at 70°C for 48 hours. Both 

the fresh weight (FW) and the dry weight (DW) of the plant samples were 

measured and recorded. The dried plant samples were then ground and 

preserved for further analysis. 

5.2.5 Measurement of the Elements 

The soil and plant samples were digested with a mixture of 

concentrated nitric acid and perchloric acid. [HNO3:HClO4, 2:1, (v/v)]. 

Arsenic and other elements in the digested soil and plant samples were 

analyzed by employing hydride generated atomic absorption 

spectrophotometer (AA-6200, Shimadzu, Kyoto) by following the prescribed 

laboratory methods (Imamul Huq and Alam 2005; Smith et al. 1977). Reagent 

blanks and internal standards were used to ensure the accuracy and precision 

in the analysis. The As concentration was expressed as mg kg-1 DW whereas 

the As uptake was expressed as µg plant-1. Arsenic uptake was calculated by 

multiplying the As concentration with the DW of the edible part of the 

respective plant. 

5.2.6 Statistical Analyses 

The results were expressed as the averages of four replications. The 

data were subjected to an ANOVA (SAS 2004) using the computer-built in 

SAS software program in Iwate University, Japan. Differences between means 

were statistically analyzed by using a Ryan-Einot-Gabriel-Welsch multiple 

range test (P=0.05). 
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5.3. RESULTS 

5.3.1 Effect of the Application of P Fertilizers 

The As concentration (mg kg-1 DW) in the edible part of the plant 

(JMS) reduced significantly with the application of P fertilizers irrespective of 

the fertilizer source and fertilizer application rate (Fig. 5.1). The reduced As 

concentration in the plant part was significantly different from the As 

concentration in the control plant in all the individual fertilizer source and 

fertilizer application rate (Fig. 5.1). Among the four P fertilizers CM reduced 

the As concentration in the edible part of the plant mostly at 50 kg P2O5 ha-1 

application rate, whereas at 100 kg P2O5 ha-1 application rate, As was reduced 

mostly by BP application. The other P fertilizers also reduced As concentration 

in the edible part of the plant. But there was no significant difference in the 

reduction of As in the edible part of JMS among the fertilizer sources. 

Considering the reduced As concentration in the edible part of the plant, the 

effectiveness of the P fertilizer followed the order: CM>BP>FMP>SP at 50 kg 

P2O5 ha-1 application rate and it was followed the order: BP>CM>SP>FMP at 

100 kg P2O5 ha-1 application rate. The As concentration in the edible part of 

the plant reduced 61, 45, 41 and 30% from the control plant with the 

application of 50 kg P2O5 ha-1 from CM, BP, FMP and SP fertilizer sources, 

respectively. Whereas, the As concentration in the edible part of the plant 

reduced 53, 45, 44 and 40% from the control plant when 100 kg P2O5 ha-1 was 

applied from BP, CM, SP and FMP fertilizer sources, respectively. There was 

no significant effect of the rate of P application in the reduction of As 

concentration in the edible part of the plant except in the case of SP. 
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Figure 5.1. Arsenic concentration (mg kg-1 DW) in the edible part of JMS 

after the application of P fertilizers. CM, BP, SP and FMP represents chicken 

manure, bone powder, super phosphate and fused magnesium phosphate, 

respectively. Different letters above the bars indicate the significant 

differences (P=0.05). Error bars are the standard deviations (SDs). 

The As uptake (µg plant-1) in the edible part of JMS also reduced with 

the application of P fertilizer irrespective of fertilizer source and fertilizer 

application rate (Fig. 5.2). Similarly to the As concentration, As uptake was 

also reduced mostly with the application of CM at 50 kg P2O5 ha-1 application 

rate whereas at 100 kg P2O5 ha-1 application rate BP reduced the most. 

Considering the reduced amount of As uptake in the edible part of the plant, 

the effectiveness of the P fertilizer followed the order: CM>FMP>BP>SP at 50 

kg P2O5 ha-1 application rate and it was followed the order: BP>CM>FMP>SP 

at 100 kg P2O5 ha-1 application rate. The As uptake in the edible part of the 

JMS reduced 61, 39, 37 and 7% from the control plant due to the application 

of 50 kg P2O5 ha-1 from CM, FMP, BP and SP fertilizer sources, respectively. 
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Whereas, the As uptake in the edible part of JMS reduced 51, 39, 32 and 23% 

from the control plant due to the application of 100 kg P2O5 ha-1 from BP, CM, 

FMP and SP fertilizer sources, respectively. 

A better growth of the plant was observed visually with the application 

of P fertilizers as compared to the control plant. Both the fresh weight (FW) 

and the dry weight (DW) of the plant increased with the application of P 

fertilizers but it was not statistically different from the control plant except in 

case of SP application for both the P application rate (Figs. 5.3a, 5.3b). 

 

 

Figure 5.2. Arsenic uptake (µg plant-1) in the edible part of JMS after the 

application of P fertilizers. CM, BP, SP and FMP represents chicken manure, 

bone powder, super phosphate and fused magnesium phosphate, respectively. 

Different letters above the bars indicate the significant differences (P=0.05). 

Error bars are the standard deviations (SDs). 
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(a) 

 

 

(b) 

Figure 5.3. Weight of the edible part of JMS (a) Fresh weight (g); and, (b) 

Dry weight (g). CM, BP, SP and FMP represents chicken manure, bone 

powder, super phosphate and fused magnesium phosphate, respectively. 

Different letters above the bars indicate the significant differences (P=0.05). 

Error bars are the standard deviations (SDs). 
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The P concentration in the plant part also increased significantly with 

the application of P fertilizer (Table 5.2). There were no significant changes in 

the concentration of other nutrient elements (Fe, Na, K, C and Mg) in the 

edible part of JMS (Table 5.2). 

Table 5.2. Nutrient elements concentration in the edible part of JMS after 

the application of P fertilizers 

  Fe (mg kg-1) P (%) K (%) Ca (%) Mg (%) Na (%) 

 Control 57.4a 

(±5.51) 

0.95b 

(±0.09) 

3.60a 

(±0.34) 

2.02a 

(±0.15) 

0.47a 

(±0.02) 

0.42a 

(±0.01) 

5
0

 k
g

 P
2
O

5
 h

a
-1

 

CM 59.6a 

(±6.66) 

1.13ab 

(±0.06) 

3.62a 

(±0.50) 

2.01a 

(±0.08) 

0.46a 

(±0.04) 

0.45a 

(±0.02) 

BP 58.6a 

(±11.2) 

1.10ab 

(±0.07) 

2.85a 

(±0.50) 

1.86a 

(±0.13) 

0.42a 

(±0.03) 

0.43a 

(±0.04) 

SP 57.3a 

(±7.59) 

1.18a 

(±0.05) 

2.37a 

(±0.93) 

1.81a 

(±0.13) 

0.45a 

(±0.03) 

0.39a 

(±0.02) 

FMP 66.1a 

(±15.6) 

1.17a 

(±0.14) 

2.81a 

(±0.89) 

2.04a 

(±0.17) 

0.46a 

(±0.03) 

0.41a 

(±0.04) 

10
0

 k
g

 P
2
O

5
 h

a
-1

 

CM 54.4a 

(±6.30) 

1.22ab 

(±0.08) 

4.04a 

(±0.59) 

1.83a 

(±0.13) 

0.43a 

(±0.02) 

0.43ab 

(±0.02) 

BP 62.7a 

(±5.73) 

1.28a 

(±0.03) 

3.21ab 

(±0.95) 

1.75a 

(±0.23) 

0.49a 

(±0.09) 

0.44a 

(±0.07) 

SP 62.9a 

(±23.7) 

1.18ab 

(±0.03) 

2.65b 

(±0.68) 

1.65a 

(±0.13) 

0.41a 

(±0.02) 

0.37b 

(±0.02) 

FMP 54.5a 

(±14.5) 

1.13b 

(±0.08) 

2.95ab 

(±0.35) 

2.02a 

(±0.22) 

0.44a 

(±0.02) 

0.37b 

(±0.02) 

Results are expressed as mean values of four replicates (mean±SD). CM, BP, 

SP and FMP represents chicken manure, bone powder, super phosphate and 

fused magnesium phosphate, respectively. Numbers in the parentheses are 

the standard deviations (SDs). Different letters after the values in the table 

indicate significant differences (P=0.05).  
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5.3.2 Effect of the Application of Si Fertilizers 

No distinct changes were observed in the growth of the plant JMS with 

the application of Si fertilizers in the As-contaminated soil. All of the 

individual Si fertilizer statistically had the similar effect on the growth of the 

plants (Fig. 5.4).  

 

Figure 5.4. Weight (both fresh weight and dry weight) of the edible part of 

JMS. PS, MTP and LE represents potassium silicate, magnesium trisilicate 

pentahydrate and lerzolite, respectively. Same letters above the bars indicate 

the similar effect (statistically insignificant, P=0.05). Error bars are the 

standard deviations (SDs). 

 

The As contents, both the As concentration (mg kg-1 DW) and As 

uptake (µg plant-1), in the edible part of JMS increased with the application of 

Si fertilizers irrespective of Si source, but there was no significant difference in 

the increased As content in Si applied plant with the As content in control 

plant (Figs. 5.5-5.6). 
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Figure 5.5. Arsenic concentration (mg kg-1 DW) in the edible part of JMS 

after the application of Si fertilizers. PS, MTP and LE represents potassium 

silicate, magnesium trisilicate pentahydrate and lerzolite, respectively. Same 

letters above the bars indicate the similar effect (statistically insignificant, 

P=0.05). Error bars are the standard deviations (SDs). 

 
 

Figure 5.6. Arsenic uptake (µg plant-1) in the edible part of JMS after the 

application of Si fertilizers. PS, MTP and LE represents potassium silicate, 

magnesium trisilicate pentahydrate and lerzolite, respectively. Same letters 

above the bars indicate the similar effect (statistically insignificant, P=0.05). 

Error bars are the standard deviations (SDs). 
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All of the applied Si fertilizer had the similar effect on the As content in 

JMS grown on As-contaminated soil. Among the concentration of the nutrient 

elements in the plant part, only the concentration of Mg was increased 

significantly when MTP and LE was applied in As-contaminated soil (Table 

5.3). The concentration of the other nutrient elements was not affected by the 

application of Si fertilizers. It is reasonable that the Mg concentration was 

increased by MTP and LE, because they contained Mg. It seemed that 

application of Si fertilizer did not have an effect on the absorption of essential 

elements shown in this experiment. 

 

Table 5.3. Nutrient elements concentration in the edible part of JMS after 

the application of Si fertilizers 

 Fe (mg kg-1) P (%) K (%) Ca (%) Mg (%) Na (%) 

Control 195a 

(±56.5) 

0.984a 

(±0.050) 

1.90a 

(±0.092) 

2.07a 

(±0.089) 

0.444b 

(±0.028) 

0.419a 

(±0.054) 

PS 132a 

(±28.7) 

0.977a 

(±0.065) 

1.99a 

(±0.318) 

2.09a 

(±0.262) 

0.468b 

(±0.019) 

0.458a 

(±0.070) 

MTP 139a 

(±42.7) 

1.137a 

(±0.073) 

1.55a 

(±0.326) 

1.85a 

(±0.206) 

0.564a 

(±0.032) 

0.444a 

(±0.011) 

LE 184a 

(±55.7) 

1.071a 

(±0.113) 

1.97a 

(±0.582) 

2.24a 

(±0.276) 

0.524a 

(±0.025) 

0.438a 

(±0.031) 

Results are expressed as mean values of four replicates (mean±SD). PS, MTP 

and LE represents potassium silicate, magnesium trisilicate pentahydrate and 

lerzolite, respectively. Numbers in the parentheses are the standard deviations 

(SDs). Different letters after the values in the table indicate significant 

differences (P=0.05).  
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5.4 DISCUSSION 

In the P application experiment, it was found that the As concentration 

(mg kg-1 DW) as well as As uptake (µg plant-1) in the edible part of JMS 

reduced with the application of P in the growth medium (Figs. 5.1-5.2). The As 

content in the plant part reduced significantly with the application of P 

irrespective of the fertilizer source and application rate. It is known that when 

the plant grows well the elements were diluted and concentration reduces in 

the plant. In the present experiment, the growth of the plant increased due to 

the application of P in the growth medium which might dilute the As 

concentration in plant. So, it is primarily considered that the As content in the 

plant part was reduced due to the ‘dilution effect’. But the ‘dilution effect’ was 

not only the reason of the reduction of As concentration in the plant part. 

Some other phenomenon was involved in the reduction of As. Because, though 

the growth of the plants increased (Figs. 5.3a, 5.3b) due to the application of 

P, the As uptake (µg plant-1) was also reduced (Fig. 5.2), which revealed that 

the other effect than ‘dilution effect’ functioned in reducing the As 

concentration in the plant part. The reduced amount of As uptake (µg plant-1) 

suggested that the As in the plant was reduced with the biochemical 

competition of absorption transporter between As and P, not only due to the 

‘dilution effect’. Both As and P behave similarly in the soil-plant system 

because they belong to the V family on the periodic table of the elements and 

have the similarities in their chemical properties. Previous results suggested 

that phosphate can decrease or increase the uptake of As by plants, depending 

on the As species, the plant species, and the growth medium (Otte et al. 1990). 

In the present experiment, P applied in the As-containing growth medium 

reduced the As concentration (mg kg-1 DW) and As uptake (µg plant-1) in the 

edible part of JMS. High concentration of P in the soil favor uptake of P rather 
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than As, because P is absorbed through the transporter more efficiently than 

As (Koseki 1988; Meharg and Macnair 1994; Meharg et al. 1994). 

Though all the individual P fertilizer reduced both As concentration 

and As uptake in the edible part of JMS, the reduction was a little more, when 

organically derived P fertilizer CM and BP was applied, than inorganic P 

fertilizer FMP and SP. But these reductions were statistically similar among 

the applied fertilizers. So, the results showed that the supplied P was not 

source specific. All the sources of fertilizer from both organic and inorganic 

had the similar effect in reducing As contents in the edible part of JMS. That 

small higher reduction of As by organically derived fertilizer sources might be 

due to the As adsorption by bio-solid organic substances which reduced the As 

phytoavailability. It was also found that the 50 kg P2O5 ha-1 was sufficiently 

enough to reduce the As contents in the edible part of JMS plant grown on 

30.6 mg As kg-1 soil. This amount may vary depending on the soil types, soil 

As concentration and the plant species. 

In the Si application experiment, dissimilar result was observed from 

that observed in the case of P fertilizer application. It was found that the As 

concentration and As uptake both were increased, but not significantly, in the 

edible part of JMS with the application of Si fertilizers. In the previous report 

by other researchers, the addition of Si fertilizer markedly decreased As 

accumulation in rice shoots and, to a lesser extent, the concentration of As in 

the rice grain in greenhouse study (Bogdan and Schenk 2008; Guo et al. 2007; 

Li et al. 2009). The results, however, did not support the previous results. The 

reason of the difference might be due to the fact that, though arsenate is 

absorbed through phosphate transporter, arsenite is absorbed mainly through 

the Si transporter in rice roots (Ma et al. 2008). The present experiments were 

conducted on aerobic soil condition where arsenate was dominated than 

arsenite, so the inhibitory effect of As accumulation in plant was observed 
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with the application of P fertilizer but it was not observed with the application 

of Si fertilizer. 

From the present experiments, it is suggested that for the repression of 

As absorption by plants, grown in aerobic soil, P fertilizer should be applied. 

The application of P fertilizer may help to safeguard the food security for 

human populations in regions with As contamination in soil. But in case of Si 

fertilizer application in the aerobic soil, the increased As content in plant due 

to the application of Si fertilizer was not significantly different. Probably the 

reason of no reduction in As concentration and As uptake in plant by Si is due 

to the difference in the form of As. It is considered that application of Si 

fertilizer to the crops grown on aerobic As-contaminated soil may not have the 

effect to reduce As concentration of the plant part. More detail investigation 

needs to be conducted in considering the soil characteristics, soil As 

concentration and plant species in future. 

 

5.5. CONCLUSION 

The application of P in the As-containing growth medium significantly 

reduced the As concentration (mg kg-1 DW) and As uptake (µg plant-1) in JMS. 

All the individual P fertilizer significantly reduced As content in the edible 

part of JMS as compared to the control at both the rate of P applications. The 

application of P fertilizer at the rate of 50 kg P2O5 ha-1 in Japanese andosol 

containing 30.6 mg As kg-1 soil, was seemed to be enough to reduce the As 

content in the edible part of JMS. On the contrary, the application of Si 

fertilizer in the same soil had no effect in reducing As content in JMS but 

showed an increasing trend of As uptake in plants. Therefore, the application 

of Si fertilizer could be used for phytoremediation. Further study will be 

continued in future for the betterment of producing As safe food. 
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Chapter 6 

General Discussion and Conclusion 

6.1. GENERAL DISCUSSION 

Though many researchers have conducted several numbers of experiments 

with As in relation to plant uptake, the present research was also initiated with 

the experiments about As contamination in relation to As uptake by vegetable 

plants. In the present work, it was emphasized to the effect of both irrigation 

water As and/or soil As in vegetable plants and promising soil additives for 

remedial measure of arsenic toxicity.  

No doubt As is entering into the food chain both through the consumption 

of As-contaminated drinking water as well as As-contaminated vegetables grown 

in As-containing soil and/or irrigating with As-containing water. In a small scale, 

the As-contaminated drinking water can be purified and there are many options 

for filtering and purifying As-contaminated water for drinking purposes. But it is 

very difficult and hard task to remove As from a large scale and huge volume of 

irrigation water. Moreover, once the soil is contaminated with As it is difficult to 

clean or remove As from the soil body. Then in the present research program, 

attention was also paid on how to reduce the As concentration and As uptake in 

plants grown in As-containing growth medium. First, an artificially made Fe 

based material, asclite, an amorphous Fe-hydroxide material, was selected. 

Asclite was selected considering that the Fe-oxide and hydroxides surfaces are 

known to be involved in As adsorption in soils through the formation of inner-

sphere complexes (Goldberg and Johnson 2001; Lumsdon et al. 1984; 

Waychunas et al. 1993). To find out the efficiency of asclite in reducing As content 
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in growing vegetables three different experiments were conducted both in Japan 

and in Bangladesh (Chapter 3). 

In an experiment in Japan, where a highly As-contaminated soil was used 

as the growth medium which contained 242 mg As kg-1 soil and a higher rate of 

asclite was applied (10 and 20%). Both the As concentration (mg kg-1 DW) and As 

uptake (µg plant-1) in the edible part of the growing plant Japanese mustard 

spinach (JMS) reduced significantly as compared to the As content in control 

plant. In this experiment, the soil that was used as the growth medium, was 

highly As-contaminated soil and was unusual in agricultural field. Besides, the 

rate of asclite application (10 and 20%) might be practically too high from the 

economic point of view. That’s why; two more experiments were conducted again 

by reducing the asclite application rate and soil As concentration. The soil As 

concentration was selected up to 50 mg kg-1 of soil based on the information of As 

concentration in Bangladesh soils (Ali 2003; Heikens 2006; Imamul Huq et al. 

2003, 2006a, 2006b; Meharg and Rahman 2003). These two experiments were 

conducted in two different climatic conditions growing two vegetables in two 

types of soils. One experiment was conducted in Japan whereas the other 

experiment was conducted in Bangladesh. In both of the experiments, the soil As 

content was artificially raised to 50 mg kg-1 by spiking As and the asclite 

application rate was 1 and 2% (Chapter 3).  

In the all three experiments, the overall growth of the plants was not 

affected by the application of asclite in the As-contaminated soils because asclite 

did not have any fertilizer effect. It was found that the As concentration in the 

edible part of the plants decreased significantly after the application of asclite 

mixing in the soil. Besides, the As uptake (µg plant-1) in the plant part was also 

reduced. The decreased As concentration in the plant part was not due to the 
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‘dilution effect’ by the enhancement of the plant growth, because the plant growth 

was not enhanced by the application of asclite. Therefore, the decreased As 

concentration in the plant part might be induced by the adsorption of As by 

amorphous Fe-hydroxide present in asclite. Arsenic may form complexes with Fe 

or As may be unavailable to plants due to Fe sorption mechanism. The results of 

the present experiments employing As adsorption on asclite, an amorphous Fe-

hydroxide material, was in good agreement with the findings of many other 

researchers (Dixit and Hering 2003; Doi et al. 2005; Fukushi and Sverjensky 

2007; Garcia-Sanchez et al. 2002; Hartley et al. 2004; Kumpiene et al. 2007; 

Sherman and Randall 2003; Warren and Alloway 2003; Warren et al. 2003) to 

remediate contaminated soils applied with amorphous and crystalline Fe-

hydroxides. 

In the 2nd experiment, the reduced As concentration in the edible part of 

the plant (JMS) applied with asclite was not significantly different from that of 

control plant. One of the reasons might be the effect of soil pH. The pH values of 

the soils of 1st and 3rd experiments were higher than 7, while the pH value of the 

soil of 2nd experiment was 5.2. It is considered that intensity of the effect of asclite 

might be affected by pH of the soil because of the solubility of Fe-hydroxide in 

asclite. There are many factors that influence As uptake by plants, including 

availability of soil As and the ability of a plant to take up As and to translocate it 

to the organs in the shoot (Huang et al. 2006), species differences (Walsh and 

Keeney 1975), the presence of competing ions (Khattak et al. 1991), concentration 

of As in the soil (NAS 1977), soil types and soil properties such as pH, clay content 

(Joardar et al. 2005), redox potential and the presence of Fe-oxides. Moreover, 

the application of asclite in reducing As concentration of the vegetable plant on 

As-contaminated soil had no harmful effect on the growth and the mineral 

concentration of the plants (Chapter 3). 
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As the part of the continuation of looking for the cost-effective, non-toxic 

and environment friendly soil additives that will reduce the As concentration in 

growing plants, some phosphate containing materials (both organic and 

inorganic) were selected. These P-containing materials were selected because As 

and P belong to the V family on the periodic table of the elements, and are similar 

in their chemical properties, so they behave similarly in the soil-plant system. 

Previous results suggested that phosphate can decrease or increase the uptake of 

As by plants, depending on the As species, the plant species, and the growth 

medium (Otte et al. 1990). Firstly, a high-P rich material viz. baked pig manure 

(BPM) was considered and selected as the soil additive for reducing As content in 

plants. BPM is an organic material, could be used as organic fertilizer, which 

contained high levels of P (13%). Besides, BPM is light and easy to work with in 

agricultural settings. To examine the efficiency of BPM in reducing As 

concentration in plants three different experiments were conducted where both 

the irrigation water As and/or soil As contamination were considered (Chapter 4).  

In one experiment in Japan, the efficiency of BPM in reducing As concentration 

in JMS grown with As-contaminated irrigation water was examined. The other 

two experiments were conducted with non-contaminated irrigation water under 

two different experimental conditions (one in Japan and other in Bangladesh), 

and two different vegetables (JMS and Bangladesh spinach [BS]) were grown in 

two types of soils. The soil additive BPM was the same in both the experiments. In 

the all three experiments, it was found that the application of BPM mixed with 

the soil could reduce the As concentration in the edible part of the plants 

(Chapter 4).  

In all the experimental conditions, application of BPM to soils induced 

better growth of plants.  BPM contained high amounts of P and was an organic 

material, so plants grew better in BPM-containing soil than that of controls. Plant 
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growth in terms of DW was significantly higher in BPM-containing soil than that 

of the control plants. This result might be due to the presence of higher amounts 

of P in BPM-mixed soil, which could increase the plant growth. In fact, BPM is an 

organic fertilizer that can increase plant growth. 

Application of BPM significantly reduced the As concentration in the 

edible part of both JMS and BS as compared to the As concentration in control 

plants. The As concentration in the edible part of the JMS was reduced by 39, 52 

and 66% (DW basis) with the application of 1, 2, and 3% BPM, respectively, as 

compared to that of the control plant under the As-contaminated irrigation water 

system (Chapter 4). Whereas, the As concentration in the edible part of the JMS 

was reduced by 44, 48, and 61% (DW basis) with the application of 1, 2, and 3% 

BPM, respectively, as compared to that of the control plants under As-

contaminated soil system. The As concentration in the edible part of BS was 

reduced by 42, 43, and 49% (DW basis) with the application of 1, 2, and 3% BPM, 

respectively, as compared to that of the control plants under As-contaminated soil 

system (Chapter 4). The reduction of As concentration in the edible part of both 

JMS and BS was significantly different from that of the control; however, among 

the BPM treatments (1, 2, and 3%), the As concentration was statistically similar. 

These results showed that BPM significantly reduced the As concentration in the 

edible parts of the plants irrespective to plant species, soil types and experimental 

conditions. It was also true that the reduction was higher in JMS grown in 

Japanese andosol than that in BS grown in Bangladesh alluvial soil. 

The As uptake (µg plant-1) into the edible part of JMS was statistically 

similar and/or higher as compared to the control plant. But in BS, the As uptake 

(µg plant-1) was reduced significantly in soil containing BPM compared to that of 

the control plant. In JMS grown in Japanese andosol containing BPM, the As 

concentration (mg kg-1) in plant decreased but the As uptake (µg plant-1) into 
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plants similar and/or increased. Therefore, the decrease in As concentration in 

the edible part of plant was primarily considered due to the ‘dilution effect’ 

because of the increased plant growth with the application of BPM. The Japanese 

andosol is known to be a P-deficient soil that is low in available P. Thus, the effect 

of high P provided by BPM on plant growth may be more significant depending 

on the soil. However, in BS plants grown in the Bangladesh alluvial soil, both the 

As concentration (mg kg-1) and As uptake (µg plant-1) decreased in soil containing 

BPM. The result in Bangladesh soil is not simply explained by the ‘dilution effect’ 

on plant growth. Bangladesh soil has a higher availability of P, and plant growth 

was not substantially improved by the addition of BPM. Therefore, it appeared 

that factors other than increased P supplied by BPM were involved in the 

reduction of plant As concentration (Chapter 4). 

One of the possible factors involved in the reduction of plant As content 

would be the ‘biochemical competition’ between As and P in soil-plant system. 

High concentration of P in the soil favor uptake of P rather than As, because P is 

absorbed through the transporter more efficiently than As (Koseki 1988; Meharg 

and Macnair 1994; Wang et al. 2002). Because As and P belong to the V family on 

the periodic table of the elements, and are similar in their chemical properties, so 

they behave similarly in the soil-plant system. Previous results suggested that 

phosphate can decrease or increase the uptake of As by plants, depending on the 

As species, the plant species, and the growth medium (Otte et al. 1990; Tsutsumi, 

1980). In the present experiments, the P supplied by BPM application decreased 

the As uptake only when it was grown in Bangladesh alluvial soil. So, this P 

attenuation by supplied P in the growth medium depends on soil types also.  

Another possible factor that might be involved in the attenuation of As 

concentration in plant was the characteristic of BPM. BPM might have properties 

that enable the adsorption of As because BPM contains charcoal due to the baking 
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treatment. It is possible that the surface of BPM might adsorb As and thereby 

hindered the As absorption by the plant root. The mechanism of this effect on 

plants needs to be investigated further to understand the characteristics and 

interactions among the soils, additives, and plants. This study showed that BPM 

was a cost-effective, environmentally friendly, non-toxic soil additive that could 

alleviate the As contamination in food material. This would be a hopeful strategy 

of plant growth which may help to safeguard the food security for human 

populations in regions with heavy burdens of As contamination present in the 

groundwater and in the soil. Future work will optimize the other parameters such 

as pH and soil moisture content to further reduce plant As concentration. 

Searches for more desirable soil additives or materials to reduce plant As 

concentration will be continued. 

Now, to examine the effect of P supplied in the growth medium in 

attenuating As content in plant (JMS), P fertilizers derived from different sources 

were used. The P was applied with four different P fertilizers derived from both 

organic or inorganic sources viz. chicken manure (CM), bone powder (BP), fused 

magnesium phosphate (FMP), and super phosphate (SP). The P was applied at 

two rates (50 and 100 kg citrate soluble P2O5 ha-1) (Chapter 5). Completely 

separately another set of silicate fertilizers were also used to examine the effect of 

silicate fertilizer in reducing the As content in plant (JMS). Silicon was applied 

from three different sources viz. potassium silicate (PS), magnesium trisilicate 

pentahydrate (MTP) and lerzolite (LE). Silicon was applied at the rate of 1,050 kg 

SiO2 ha-1 (Chapter 5). 

The growth of the plant (based on DW) increased due to the application of 

P in the growth medium. When different P fertilizers were applied in the As-

containing growth medium, it was found that the As concentration (mg kg-1 DW) 

as well as As uptake (µg plant-1) in the edible part of JMS reduced with the 
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application of P in the growth medium. The As content in the plant part reduced 

significantly with the application of P irrespective to the fertilizer source and to 

the application rate. It is known that when the plant grows better, the elements 

were diluted and concentration reduces in the plant. In the present experiment, 

the growth of the plant was increased by the application of P in the growth 

medium which might dilute the As concentration in plant. But the ‘dilution effect’ 

was not only the reason of the reduction of As concentration in the plant part. 

Some other phenomenon must be involved in the reduction of As. Because, 

though the growth of the plants increased due to the application of P, the As 

uptake (µg plant-1) was also reduced in some conditions, which revealed that the 

other effect than ‘dilution effect’ functioned in reducing the As concentration in 

the plant part. The reduced amount of As uptake (µg plant-1) suggested that the 

As in the plant was reduced with the ‘biochemical competition’ of absorption 

transporter between As and P, not only due to the ‘dilution effect’.  

Though all the individual P fertilizer reduced both As concentration and As 

uptake in the edible part of JMS, the reduction was a little more, when organically 

derived P fertilizer CM and BP was applied, than inorganic P fertilizer FMP and 

SP. But these reductions were statistically similar among the applied fertilizers. 

So, the results showed that the supplied P may not be source specific. All the 

fertilizers derived from both organic and inorganic sources had the similar effect 

in reducing As content in the edible part of JMS. That slightly higher reduction of 

As by organically derived fertilizer sources might be due to the As adsorption by 

bio-solid organic substances which reduced the As phytoavailability. It was also 

found that the 50 kg P2O5 ha-1 was sufficiently enough to reduce the As content in 

the edible part of JMS plant grown on 30.6 mg As kg-1 soil (Chapter 5). This 

amount may vary depending on the soil types, soil As concentration and the plant 

species. 
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When silicate fertilizers were applied, completely dissimilar result was 

observed from that was observed in the case of P fertilizer application. It was 

found that the As concentration and As uptake both were increased, but not 

significantly, in the edible part of JMS by the application of Si fertilizers. In the 

previous report by other researchers, the addition of Si fertilizer markedly 

decreased As accumulation in rice shoots and, to a lesser extent, the 

concentration of As in the rice grain in greenhouse study (Bogdan and Schenk 

2008; Guo et al. 2007; Li et al. 2009). The present study results, however, did not 

support the previous results. It is reported that though arsenate is absorbed 

through phosphate transporter in plants, but arsenite is absorbed mainly through 

the Si transporter in rice roots (Ma et al. 2008). The present experiments were 

conducted on aerobic soil condition where arsenate was dominated than arsenite, 

so the inhibitory effect of As uptake in plant was observed with the application of 

P fertilizer but it was not observed with the application of Si fertilizer. This would 

be one of the reasons for which the present study results differed from the past 

results in case of Si fertilizer application. So, it is considered that application of Si 

fertilizer on aerobic As-contaminated soil may not have the effect to reduce As 

concentration of the plant part. The present result also suggested that the 

application of Si fertilizer in aerobic soil might be used in the field of research 

where phytoremediation is practiced due to its enhancing capacity of As uptake in 

plants. Further detail investigations need to be conducted for considering the Si 

fertilizers in phytoremediation study instead of using as soil additive in reducing 

As content in vegetable plant. 
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6.2. CONCLUSION AND SUGGESTIONS 

 Asclite, as an iron based material, could be used mixing with soil in 

reducing As content in vegetables when it is grown in As-containing 

growth medium.  

 The application of Si fertilizer was not effective to reduce As content in 

vegetable plant grown on employed condition. 

 BPM as well as other P-containing materials could be applied in the As-

containing growth medium to produce As-safe-food considering the 

characteristics of soils and/or plant species. The effectiveness of the 

mixing of P-containing materials in the As-containing growth medium 

largely depends on the P status of the soil. 

 Among the P-containing materials chicken manure could be a hopeful, 

cost effective soil additive for Bangladesh because Bangladesh has a lot 

of poultry farms and producing a lot of poultry manure every day.   

 

6.3. FUTURE NEEDS 

 Further studies with a large scale investigation are required to find out 

the desirable conditions that could increase the effectiveness of the 

application of asclite and P-containing materials to produce As-safe-

food by considering the soil types, plant species, and contamination 

levels both in soil and/or in irrigation water. 
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Chapter 7 

Abstract 

7.1. ABSTRACT 

Several sets of experiments were conducted both in Bangladesh and Japan. 

In the present research, the effect of arsenic (As), both in irrigation water and/or 

in soil, on the As content in vegetables were examined where some soil additives 

were used to reduce the As content in vegetables. Several soil additives were 

selected, viz. asclite, an artificially made granular amorphous iron (Fe)-hydroxide 

material; wood charcoal; baked pig manure (BPM); different phosphorus (P) 

containing organic and inorganic materials [chicken manure (CM), bone powder 

(BP), fused magnesium phosphate (FMP), and super phosphate (SP)]; and 

different silicate fertilizers [potassium silicate (PS), magnesium trisilicate 

pentahydrate (MTP) and lerzolite (LE)]. Several sets of experiments were 

conducted to assess the capacity of the selected soil additives in reducing As 

content in vegetables grown in As-contaminated soil. In an experiment, Japanese 

mustard spinach (JMS) (Brassica rapa L. var. perviridis) was grown in a 242 mg 

As kg-1 soil with 10 and 20% of asclite application. Additional two experiments 

were conducted in Japan and Bangladesh, respectively, with JMS and Bangladesh 

spinach (BS) grown in 50 mg As kg-1 soil where 1 and 2% asclite were applied. In 

all three experiments, the application of asclite to As-contaminated soil 

significantly reduced the As content in the edible part of the plants as compared 

to the control plants. The As concentration in JMS reduced by 43 and 60% at 10 

and 20% asclite application, respectively, when grown in a 242 mg As kg-1 soil. 

The As concentration was reduced by 29 and 37% in JMS, whereas it was 52 and 

74% in BS, at 1 and 2% asclite application, respectively, when grown in a 50 mg 

As kg-1 soil. There was no significant change in the growth and the nutrient 
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elements concentration in the plants. The findings suggested that asclite could be 

used to reduce As concentration in vegetables grown on As-contaminated soil. 

Several pot experiments were also conducted to examine the efficiency of 

BPM application both in Japanese andosol and Bangladesh alluvial soil to reduce 

the As content in JMS and BS grown with As-contaminated irrigation water 

and/or in As-contaminated soil. In an experiment in Japan, JMS was grown in 

Japanese andosol irrigating with artificially As spiked water (0.5 mg L-1) or 

applied with BPM at the rate of 1, 2, and 3%. Two other experiments were 

conducted with the application of BPM in As-contaminated Japanese andosol and 

Bangladesh alluvial soil where JMS and BS were grown, respectively. Soil As was 

artificially raised to 50 mg kg-1 and BPM was applied to the soil at a concentration 

of 1, 2, and 3%. Results showed that the As concentration of the plant decreased 

significantly with BPM application as compared to that in control plants in all 

three experiments. The As concentration of JMS grown in Japanese andosol 

irrigated with 0.5 mg As L-1
 water was reduced by 39, 52 and 66%, with the 

application of 1, 2 and 3% BPM, respectively, comparing with those of control 

plant. The As concentration in JMS grown in As-contaminated Japanese andosol 

or Bangladesh alluvial soil (50 mg kg-1) were reduced up to 61 or 49%, 

respectively, with the application of BPM. The As uptake was higher and/or 

similar in JMS and lower in BS than that in control plants. Plant DW increased 

significantly with increasing application of BPM, which might function to 

decrease the As concentration in plants as ‘dilution effect’. The P contents of both 

JMS and BS increased significantly with BPM application. The decreased plant As 

concentration might be due to P supplied by BPM. Phosphorus might 

competitively suppress As uptake. Moreover, BPM might have properties that 

enable the adsorption of As because BPM contained charcoal due to the baking 

treatment, thereby BPM might hinder the As absorption by the plant roots. It is 

suggested that BPM could be a cost-effective, environmentally friendly, non-toxic 

soil additive for reducing As concentration in vegetables grown with As-
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contaminated irrigation water and/or As-contaminated soil. This strategy will 

ultimately safeguard the food supply from As contamination. Experiments with 

wood charcoal did not show any positive effects in reducing As contents in 

vegetables. 

Experiments were also conducted with different organic and inorganically 

derived P fertilizers and silicon (Si) fertilizers where JMS was grown in As-

contaminated soil (30.6 mg As kg-1). The P was applied from four different P 

fertilizers (CM, BP, FMP, and SP) at two rates (50 and 100 kg citrate soluble P2O5 

ha-1). Silicon was applied from three different sources (PS, MTP, and LE) at the 

rate of 1,050 kg SiO2 ha-1. The As content in the edible part of JMS reduced 

significantly as compared to the As content in control plant with the application 

of P, irrespective to the form of fertilizer and the rate P application. There was no 

significant difference among the P fertilizers as well as the rate of P application in 

reducing As content in the plant. The plant growth and P concentration in the 

plant part increased significantly with the amount of applied P. But the As 

content in the edible part of JMS increased, but not significantly, as compared to 

the As content in control plant with the application of Si irrespective of the source 

of Si. There was no significant difference in the As content in the edible part of the 

plant among the Si sources. The results indicated that the application of P could 

reduce the As content in the edible part of JMS whereas Si had no effect in 

reducing As content in JMS under the employed condition. Silicon fertilizers 

could be applied in the phytoremediation experiments because the Si had some 

effects of increasing As content in plants. It is suggested that the application of P 

containing materials in the As-containing growth medium irrespective to the 

source may be the most hopeful additives to reduce the As content in vegetables. 

Among the P-containing materials chicken manure could be a hopeful, cost 

effective soil additive for Bangladesh because Bangladesh has a lot of poultry 

farms and producing a lot of poultry manure every day.   
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