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Arsenic is a toxic substance. The amount of arsenic in waste water is a raising problem 

because of increasing mining industry. Arsenic is connected to cancers in areas where 

arsenic concentration in drinking water is higher than recommendations.  

 

The main object in this master’s thesis was to research how ferrous hydroxide waste 

material is adsorbed arsenic from ammonia containing waste water. In this master’s 

thesis there is two parts: theoretical and experimental part. In theoretical part harmful 

effects of arsenic, theory of adsorption, isotherms modeling of adsorption and analysis 

methods of arsenic are described. In experimental part adsorption capacity of ferrous 

hydroxide waste material and adsorption time with different concentrations of arsenic 

were studied. Waste material was modified with two modification methods. 

 

Based on experimental results the adsorption capacity of waste material was high. The 

problem with waste material was that at same time with arsenic adsorption sulfur was 

dissolving in solution. Waste material was purified from sulfur but purification methods 

were not efficient enough. Purification methods require more research.  
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Arseeni on myrkyllinen aine. Arseenin määrä jätevesissä on kasvava ongelma erityisesti 

lisääntyvän kaivosteollisuuden vuoksi. Arseenilla on selkeä yhteys syöpätapauksien 

määrään alueilla, joissa juomaveden arseenipitoisuus on selvästi suosituksia korkeampi.  

 

Tämän diplomityön tarkoitus oli tutkia rautahydroksidipitoisen jätemateriaalin 

soveltuvuutta arseenin poistoon adsorptiolla ammoniakkipitoisesta jätevedestä. Työ 

muodostuu teoreettisesta ja kokeellisesta osasta. Teoriaosassa käsitellään arseenin 

haittavaikutuksia, adsorption teoriaa ja mallintamista, sekä arseenin 

analyysimenetelmiä. Kokeellisessa osassa mitattiin jätemateriaalin 

adsorptiokapasiteettia ja adsorptioaikaa eri arseenipitoisuuksissa. Jätemateriaalia myös 

modifioitiin kahdella eri tavalla. 

 

Kokeellisen osan tulosten perusteella rautahydroksidipitoisella jätemateriaalilla 

saavutettiin tehokas adsorptiokapasiteetti. Ongelmaksi muodostui kuitenkin 

jätemateriaalista liuokseen liukenevan rikin määrä. Jätemateriaalia yritettiin puhdistaa 

rikistä, mutta puhdistusmenetelmillä ei saavutettu riittävän hyviä tuloksia. 

Jätemateriaalin puhdistusmenetelmä vaati jatkokehittämistä.  
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ACRONYMS 

 

WHO   World Health Organization 

EPA   The United States Environmental Protection Agency 

As   arsenic 

Fe   iron 

EU   European Union 

ICP   inductively coupled plasma 

ICP-AES  inductively coupled plasma atomic emission spectrometry 

ICP-OES  inductively coupled plasma optical emission spectrometry 

BET   Brubauer-Emmet-Teller 

FTIR   fourier transform infrared spectroscopy 

SEM   scanning electron microscope 

SEM-EDAX  scanning electron microscope with energy dispersive x-ray 

ppm   parts per million 

ppb   parts per billion 
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1 INTRODUCTION 

 

1.1 Background 

 

A mining industry is a growing industrial area in Finland and all over the world because 

resources are consumed all the time and more ores are needed. Mining technology has 

developed and the price of technology is competitive so it is cost-effective to mine 

minerals and metals also from difficult sources and deeper from bedrock. It is well known 

that in Finland there are a lot of ores in bedrock, which is one reason that mining 

companies are extremely interested in Finland. Finland is also safe and stable country from 

political and natural location aspects. Political and natural catastrophes do not cause big 

risks to mining activities. Getting educated and competent workforce is easy in Finland.  

 

Mining industry is offering a lot of opportunities: improving export and giving jobs in 

remote areas. The growth of mining industry has improved employment, especially in 

northern Finland, where unemployment rate is high and creation new jobs is difficult. 

Mining activities offer opportunities and challenges. Special challenges in mining activities 

are impacts to environment.  Environmental impacts of mining activities are emission to 

water, to soil and solid waste. In public conversation attitude to mining industry is 

discordant: one group resists strongly all mining industry because of environmental 

impacts and other group supports new mining projects because of new jobs and incomes. 

Environmental risks are the biggest problem in mining industry. In the future is important 

to solve environmental problems and find safe practices.  

 

Arsenic is a big problem in water and in soil. Arsenic has strong connection to several 

cancers and deaths. Even low levels of arsenic are harmful in drinking waters. Arsenic is 

found naturally in soils and it is released by human actions, for example by mining actions. 

The mining industry is raising activity around the world and in Finland. Environmental 

impacts of mining activities are extensive and significant. Emissions from mining industry 

impact on environment in many ways, for example emission with waste water can 

transport into soil and in groundwater, where they can continue transporting into animals 

and vegetables.  Contamination of environment by mining activities can cause numerous 
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health effects. Long term exposure to toxic substances increases the risk to get harmful 

health effects.  

 

Typical harmful elements and compounds from mining activity can be metals (for example 

Al, Cr, Cu, Fe, Mn, Mo, Pb, Ni, Zn and V),   semimetals (As, Sb), salts (for example 

sulfides), nutrients (nitrogen compounds) or organic compounds. Harmful elements or 

compounds arise from ore deposit, explosive agents, chemical tailing or fuel of machines 

and devices. Arsenic is one of these harmful elements. In this research focus is on arsenic, 

its environmental impacts and removal of arsenic from waste water by adsorption.  

 

 

Figure 1. Mine life cycle. (Tekes 2015) 

 

Figure 1 presents a simple life cycle of mine project. This research focuses on the 

environmental impacts of mining operations.  
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1.2 Research description 

 

This research was focused on arsenic adsorption by ferrous hydroxide pellets from 

ammonia containing waste water. The aim of this project was to test and research how 

ferrous containing waste pellets adsorbed arsenic from ammonia containing waste water 

and find efficient and low-cost adsorbent. It is well known that arsenic is adsorbing 

efficiently to solid ferrous hydroxide.  Main questions in the research are 

 

1. Is the adsorbent adsorbing arsenic from ammonia solution? 

2. What is the adsorption capacity? 

3. Is the final arsenic concentration lower than limit of arsenic of WHO in drinking water 

(10 µg/L)?  

4. How does modification effect on adsorption capacity? 

 

1.3 Research methods 

 

In the research quantitative method was used. Main method was based on measurements. 

In the study adsorption capacity and adsorption time in different arsenic concentration and 

several amount of adsorbent were measured. Measurements were compared to similar 

researches and limit of arsenic concentration in drinking water (WHO).  Literature review 

was based on scientific journals and literature of adsorption.  

 

Measurements were done in Laboratory of Green Chemistry in Mikkeli at summer 2012.  

 

1.4 Structure of research 

 

The structure of research was based on three parts. First part presents basic theory of 

adsorption, describes properties and environmental effects of arsenic and also few words 

about mining industry. Second part was experimental part which included experimental 

tests and results. At the end summarized results and conclusions were presented.  

 

 



12  

1.5 Arsenic in waste waters 

 

Naturally arsenic is in soil different amounts. Same time with mineral mining process is 

releasing harmful arsenic from soil to minerals processing. When metals are leaching to 

process water, also arsenic is dissolving to process water. Because of arsenic high toxicity 

it is problematic in waste waters and it is extremely important to manage arsenic level in 

waste waters and removed the main part of arsenic. (Mohan and Pittman, 2007, p. 1) 

 

2 LITERATURE REVIEW 

 

2.1 Arsenic 

 

Arsenic chemical symbol is As. In history arsenic has used for control of insects and 

medicine. Arsenic is also known as a poison. Nowadays arsenic is used in electro 

mechanical industry. In nature arsenic is found mainly in ore deposits. (RAMAS-project, 

2007) 

 

2.1.1 Properties 

 

Arsenic is a typical nonmetal and it presents naturally in soils and in bedrocks. In some 

areas content of arsenic in soils is very high because of natural reasons. Arsenic dissolves 

to water easily and transport into groundwater. Arsenic in groundwater is global problem 

especially in India, Bangladesh and Taiwan. In these countries about 100 million people 

are exposed to arsenic every day. In Finland arsenic in well water is problem in Tampere 

region. (National Public Health Institute, 2006) (RAMAS-project, 2007)  

 

Arsenic is part of the group 5A elements. Elements in same group are nitrogen (N), 

phosphorus (P), antimony (Sb) and bismuth (Bi). Arsenic is metalloid which has properties 

of non-metal and metal. Arsenic may occur in four valence states in nature: -3, 0, +3 and 

+5. Usually in natural water arsenic is arsenite (+3) or arsenate (+5).  (Loukkola-

Ruskeenniemi and Lahermo 2004, p. 2) (ASROCKS-hanke, 2015) 
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2.1.2 Sources 

 

Arsenic can be released into soil, atmosphere and water by different ways. Shortly, sources 

of arsenic can be natural activities, human activities, remobilization of historic sources or 

mobilization into drinking water from geological deposits. (WHO, 2010, p. 1) 

 

Natural activities can be such as volcanic activity, dissolution of minerals, exudates from 

vegetation and wind-blow dusts. Large part of problematic arsenic in environment comes 

from human activities. Human activities can be mining industry, metal smelting, 

combustion of fossil fuels, and use of fertilizers in agriculture and timber treatment with 

chemicals. Remobilization of historic sources can mean for example mine drainage water. 

Arsenic can also release into drinking water by mobilization from geological deposits by 

drilling of tube wells.  (WHO, 2010, p. 1) 

 

In more than 200 mineral species arsenic is main constituent. 200 mineral species consist 

of different arsenic compounds, which can be named as following way. 60 % are arsenate, 

20 % sulfide and sulfosalts and the remaining 20 % are arsenite, arsenate, oxides and 

elemental arsenic. Arsenopyrite (FeAsS) is the most common arsenic mineral. It is well 

known that arsenic is associated with many mineral deposits and especially with sulfide 

mineralization. Generally arsenic is found with sulfide-bearing minerals because of the 

ability of arsenic to bind with sulfur ligands. (WHO, 2001, p. 28) 

 

In natural environment arsenic-bearing minerals go through oxidation releasing arsenic 

into water. This process could be one explanation for arsenic problems in groundwater. In 

areas where is high concentration of arsenic in groundwater is used a lot of groundwater.  

In those areas are large amounts of tube wells. (WHO, 2001, p. 29) (Loukkola-

Ruskeenniemi and Lahermo 2004, p. 102) 

 

The excessive withdrawal and lowering of the water table for rice irrigation and other 

requirements strengthen arsenic oxidation in soil. After rainfall water table recharges into 

the aquifer and same time arsenic oxidation from the sediment and go with the water table 

into aquifer. This process raises total arsenic content in groundwater. (WHO, 2001, p. 29) 
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Recent studies support the theory that reduction of Fe/As oxyhydroxides are responsible 

for arsenic contamination in groundwater. Arsenic forms precipitates easily with ferric 

oxyhydroxide. Burial of the sediment consist a lot of ferric oxyhydroxide and organic 

matter. These materials have led to the strongly reducing groundwater conditions. The high 

water table and fine-grained surface layers make penetration of air to the aquifer difficult. 

The dissolved oxygen in groundwater has depleted by microbial oxidation of organic 

carbon. Strongly reducing conditions in groundwater explains presence of arsenite (> 50%) 

in water.  (WHO, 2001, p. 29) 

 

Arsenic is releasing from geological deposits in water cycle. When raining water is 

absorbed into the soil and continues trip into groundwater, same time arsenic is mobilized 

from geological sources in groundwater and can transport to drinking water. (WHO, 2010, 

p. 1) (Loukkola-Ruskeenniemi and Lahermo 2004, p. 105) 

 

Arsenic sources from human activities are industry, agriculture and sewage sludge. 

Industry is the biggest source of anthropogenic arsenic. It is well known that smelting of 

non-ferrous metals and the combustion of fossil fuels release arsenic to air, water and soil. 

Other well-known sources of anthropogenic arsenic are, manufacturing and using of 

arsenical pesticides and wood preservatives. Mining industry has a big role of arsenic 

contamination in the environment. Arsenic from mining activities can lead into soils and 

groundwater, which can still lead to serious contamination problems in the surroundings.  

(WHO, 2001, p. 30) (Lehtinen et al. 2007, p. 103) 

 

In past arsenic was the most commonly used biocontrol agent in agriculture. Arsenic was 

used as efficient herbicide. Arsenic was used from inorganic compounds (including lead 

and calcium arsenate and copper acetoarsenite) to inorganic and organic compounds 

(arsenic acid, arsenate, MMA and DMA). (WHO 2001, p. 31-32)  

 

The level of arsenic in sewage sludge is depending on what kind of industry is in 

surrounding. If it is a lot of arsenic contaminated waste water then level of arsenic in 

sewage sludge is probably high. Generally arsenic in waste water is coming from metal-
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processing industry. Using sludge in agricultural arsenic is contaminating land and food. 

Arsenic is also remobilized from historic sources in mining industry. The released arsenic 

ends up in mining waste waters and set special recommendations to purification process. 

Arsenic is released from geological deposits in water cycle. When raining water is 

absorbed into the soil and continues trip into groundwater, same time arsenic is mobilized 

from geological sources in groundwater and can transport to drinking water. (WHO, 2001, 

p. 32)  (WHO 2010, p. 1) 

 

2.1.3 Arsenic in environment 

 

In soils arsenic is usually inorganic form but it can bind to organic materials. Redox 

conditions effects occurrence of arsenic. Under oxidizing conditions in aerobic 

environment arsenic occurs as arsenate (As(V)). Arsenates are stable and sorb strongly 

onto clays, iron and manganese oxides or hydroxides and organic maters. (Mandal and 

Suzuki, 2002, p. 204)  

 

In soils and rocks there are naturally arsenic. Concentration of arsenic depends of 

geographical location. In bedrock of Finland there is typically high concentration of 

arsenic. Arsenic in bedrock can be released to environment in different processes.  Arsenic 

can be released from wood preservatives, plant protective agents, phosphate fertilizers, 

metal refiners and combustion products of fossil fuels. Also batteries of landfills are 

potential arsenic source to soils and ground water. (Loukkola-Ruskeenniemi and Lahermo, 

2004, p. 2) 

 

In natural water a low concentration of arsenic has been found. Arsenic content in ground 

water is depending on the area. EPA and WHO have set limits to arsenic content in 

drinking water. Limits of arsenic are 50 µg/L by EPA and 10 µg/L by WHO. Limits are 

based on the safe amount of arsenic in drinking water. Arsenic content in drinking water is 

wanted to limit because of its harmful health effects. (Mandal and Suzuki, 2002, p. 205) 

 

Arsenic in drinking water is a global environmental and health problem. Many people live 

areas, which have been contaminated by arsenic. People are exposed to arsenic every day. 
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Daily exposure to arsenic does not cause immediately symptoms but long term exposure to 

arsenic can cause different health effects, which is explained more in chapter 2.2.1. (WHO, 

2010, p. 1) 

 

General arsenic is emitted into air from processes which are used very high temperature for 

example coal-fired power generation, smelting, burning vegetation and volcanism. High 

arsenic levels have been reported in working environment. Safe level of arsenic in air 

cannot be ensured. After all it is important to avoid high concentration of arsenic in air. 

(WHO 2001, p. 34) (Wg et al. 2003, p. 1356) (WHO 2010, p. 2)  

 

2.1.4 Arsenic concentrations in world and Finland 

 

Concentration of arsenic is varying in different areas and waters. WHO has reported 

concentrations of arsenic in the following manner. Typical concentration of arsenic in open 

ocean water is 1-2 µg/L. Concentrations of arsenic in surface and ground waters differ 

signicantly. Amount of arsenic depend a lot of local conditions. If local ground is polluted 

it is very likely that close groundwater and surface waters are contaminated. Level of 

arsenic in clean surface water and groundwater is usually 1-10 µg/L. In polluted surface 

water and groundwater arsenic level could be much higher for example 100-5000 µg/L. 

High concentrations of arsenic (> 1 mg/L) have been found in Taiwan, West Bengal, India 

and Bangladesh.  (WHO, 2001, p. 28-29) 

 

Typical concentration of arsenic in bedrock in Finland is below 10 mg/kg. 1-2 % of 

bedrock in Finland contains over 10 mg/kg arsenic. Ores and ore zones arsenic 

concentrations could be 10-1000 times bigger than in the surrounding bedrock. Total 

average of concentration of arsenic in soil is 2.6 mg/kg. Typical arsenic concentration in 

well water is lower than 0,1 µg/L in Finland but it is also measured over 100 µg/L. 

(Loukola-Ruskeenniemi and Lahermo, 2004, p. 40 and 45) (KTL 2006) 
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2.2 Recommendations of WHO and other organizations 

 

Because of toxicity of arsenic is extremely important follow arsenic content in drinking 

water. Different organizations and countries have set limits of arsenic concentration in 

drinking water. WHO has given guideline for arsenic 0,01-0,05 mg/L in 1993. In Germany 

limit of arsenic is 0,01 mg/L in 1996. In Australia is allowed to be arsenic 0,007-0,05 mg/L 

in drinking water. In Vietnam and in Mexico standard is 0,05 mg/L. EU’s limit of arsenic 

is 0,01 mg/L and EPA’s limit is 0,01-0,05 mg/L. In Finland arsenic content in drinking 

water is usually lower than 0,01 mg/L. Limit of arsenic varies in countries and in areas but 

main point is similar. Concentration of arsenic is needed to be low for avoiding health 

hazards. WHO has set global 10 µg/L limit of arsenic concentration in drinking water. 

Same limit is valid in Finland. For purified waste water from mining operations has not 

been set only one limit of arsenic concentration. Allowed arsenic content in purified waste 

water from mining operation is determined in environment permit of mine. Also arsenic 

content in purified mining waste water is needed to keep at low level.  (Choong et al. 2007, 

p. 141) (KTL 2006) (WHO 2010, p. 1) 

 

2.2.1 Effects on environment and human health 

 

Arsenic contamination in natural waters is worldwide problem and it causes a lot of health 

and environmental problems. When people are exposed to arsenic they can get arsenic 

poisoning. Regularly arsenic poisoning is classified into acute and sub-acute types. Usually 

acute arsenic poisoning requires medical treatment and it is result of drinking contaminated 

water or eating contaminated food. Typical symptoms of acute arsenic poisoning are 

burning and dryness of the mouth and throat, dysphasia, colicky abnormal pain, projectile 

vomiting, profuse diarrhea and hematuria. Result of dehydration can become muscular 

cramps, facial edema and cardiac abnormalities and shock. (Choong et al. 2007, p. 141)  

 

In regularly it is possible reorganize four different stages in arsenicosis or chronic arsenic 

poisoning. In preclinical stage the patient has not prominent symptoms. Arsenic can detect 

in urine or body tissue samples. In clinical stage the patient can have a lot of skin 
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symptoms. Darkening of the skin and dark spots different parts of the body are typical 

symptoms. Keratosis or hardening of skin into nodules, usually on palms and soles are 

more serious symptoms. In complications stage clinical symptoms are stronger and can 

become internal organ. In malignancy stage tumors and cancer on the skin are general. 

(Choong et al. 2007, p. 141-142) 

 

2.3 Purification methods of arsenic 

 

Arsenic is typical soft metal and it is toxic to environment and humans. Environmental 

impacts of arsenic are serious and significant. Arsenic in groundwater and soils is global 

problem. People live in areas where soil and groundwater are contaminated by arsenic. 

Because of arsenic toxicity it is very important clean drinking water and waste water from 

arsenic. (Wang and Wai, 2004, p. 207) (Sullivan et al. 2010, p. 1770) 

 

2.3.1 Purification methods of arsenic 

 

Many purification methods of arsenic in drinking water has been designed. Main methods 

are (EPA, 2000, p. 7-9) (Choong et al. 2007, p. 142-151) 

 

1. Coagulation and flocculation 

2. Adsorption and ion exchange 

3. Membrane filtration 

4. Precipitation process 

5. Oxidation of ozone 

 

2.3.2 Coagulation and flocculation 

 

Coagulation and flocculation has been used hundreds of years to clean drinking water. 

Earlier people used these techniques remove pollutants from water but they didn’t 

understand the true value of these techniques. At 20
th

 century people began understand 

how useful, economical and efficient coagulation and flocculation processes are in waste 
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water treatment. Coagulation and flocculation are two separate processes but these are used 

together and at the same time. (Patterson, 1985, p. 289-290) 

 

Usually very small particles (<10 µm) in water treatment are challenging to remove by 

conventional separation methods. The target of coagulation is joining small particles into 

larger particles. Larger particles are easier to separate from waste water. Coagulation 

processes are generally used with colloidal materials. Humic substance in waste water 

reacted strongly with cationic additives, hydrolyzing metal coagulant and cationic 

polyelectrolytes are generally used. (Sharma and Sanghi 2012, p. 241)  

 

Target of coagulation is neutralizing the forces that keep colloids apart. Neutralization 

operates with cationic colloids that provide positive electric charges of the colloids.  As a 

consequence, the particles collide to form larger particles.  Rapid mixing is necessary that 

the coagulant disperses throughout the liquid. One of the general treatment methods is 

aluminum-based coagulation with disinfection by chlorination. (Choong 2010, p. 143)   

 

Larger colloidal and dissolved particles are easier to remove from waste water by 

traditional treatment methods. The particles size can be increased by flocculation.  

Flocculation is process which collisions of particles are obtained larger particles. A 

negatively charged flocculants will react with against a positively charged suspension. 

After charging reaction the particles are larger and easier to remove. (Choong 2010, p. 

143) (Pizzi 2010, p. 47)   

 

2.3.3 Adsorption and ion exchangers 

 

Adsorption is a process for removal soluble substances that are in solutions on a suitable 

interface. The interface can be between the liquid and a gas, the liquid and a solid or the 

liquid and another liquid. In this work adsorption from the liquid on the solid is discussed. 

Adsorption is explained more in chapter 2.4. (Metcalf and Eddy 1991, p. 314-315) 

(Sharma and Sanghi 2012, p. 145)  
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Arsenic removal by an ion exchange resin is unit process in which impure ion is exchanged 

into other ion. The waste water is passed through the resin vessels where the arsenic ions 

are exchanged with the chloride ions. The water which is exiting the vessel is lower in 

arsenic but higher in chloride. Initially all or most of exchange sites were loaded with 

chloride ions. During the ion exchange process exchange sites become loaded arsenic ions. 

When the chloride ions of the resin are exchanged for the arsenic ions and other anions 

then water is being treated. (Metcalf and Eddy 1991, p. 740) (Sharma and Sanghi 2012, p. 

145) (Kahelin et al. 1998, p. 14) 

 

2.3.4 Membrane filtration 

 

The membrane filtration is effective technique to remove harmful organisms and inorganic 

substances from water. Agents flow thought membranes. Membranes stop movement of 

some substances and collect these substances to membrane.  Main part of the flow 

continues its journey. If particle size of arsenic is large membrane filtration can be used. 

Removal of arsenic by membrane filtration particle size effects most to purification results. 

(Metcalf and Eddy 1991, p. 99) (Sharma and Sanghi 2012, p. 148) (Kahelin et al. 1998, p. 

14) (EPA, 2000, p. 2-27 and 2-30) 

 

2.3.5 Precipitation processes 

 

Unsettled and stable ions in water can be treated by chemicals that ions are joining together 

and settling to the bottom of vessel. Four precipitation processes are useful to remove 

arsenic; these processes are alum coagulation, iron coagulation, lime softening and 

combination of iron. (Sharma and Sanghi 2012, p. 150)   

 

It is possible to remove solids and dissolved materials by alum precipitation. Arsenic 

removal by alum precipitation is more effective if a solution is added an oxidizing agent, 

for example chlorine, before flocculator and clarifier. A suitable pH-value for efficient 

alum precipitation is 7 or less. The arsenic is removed at same time than alum sludge in the 

clarifier. (Sharma and Sanghi 2012, p. 150)   
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The advantages of iron precipitation technique are simplicity, versatility, selectivity and 

low cost. PH is adjusted to the required level and iron granules are removed harmful 

particles. Iron compound is added to the untreated water. The iron-arsenic combines are 

settled out in the clarifier. The best pH value for arsenic removal by iron precipitation is 

less than 8,5. (Sharma and Sanghi 2012, p. 151)   

 

2.3.6 Oxidation with ozone 

 

Ozone is common used chemical in oxidation process. With ozone is easy to oxidase and 

clean drinking water. Ozone is added into solutions, which contains arsenic and soluble 

iron. Ozone oxidizes arsenic and iron, also ferric hydroxide adsorbs arsenic. The arsenic 

bearing ferrous hydroxide is not easily to remove by separation process of solid and liquid. 

(Sharma and Sanghi 2012, p. 153-154)    

 

2.4 Adsorption 

 

Adsorption process is generally used to remove substances from liquid or gas. Adsorption 

is based on a phase transfer.  Molecules or ions adsorbed from a liquid on a surface. 

Adsorption is process at the boundary between two phases. Adsorption can be physical, 

chemical or biological process and it can be happened between liquid-gas, liquid-liquid 

and solid-liquid. (Dąbrowski 2001, p. 137) (Worch 2012, p. 1)  

 

Figure 2 presents basic terms that are used in adsorption process. Figure 2 shows 

adsorption process between solid-liquid. Adsorbent in this case is a solid substance which 

adsorbed an adsorbate from liquid substance.  The adsorbate is for example some harmful 

substance which is needed to remove from waste water effluent. The adsorbate attaches on 

surface of adsorbent. (Worch 2012, p. 1) 
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Figure 2. Basic terms of adsorption (Worch 2012, p. 1) 

 

Adsorption process has used in different applications. In industry adsorption is used as 

purification method with solid-liquid-gas and solid-liquid. In laboratory adsorption is a 

separation technique. There are many applications of adsorption and one of these is water 

purification. It has been proven that adsorption is an effective and practical method to 

clean up waste water. (Dąbrowski 2001, p. 137) (Worch 2012, p. 1) 

 

Adsorption can be classified to two different categories. The classification criterion is 

depending on the value of the adsorption enthalpy and binding mechanism. These 

categories are physical adsorption (physisorption) and chemical adsorption 

(chemisorption). In the physisorption adsorbent is binding on the surface of adsorbate with 

Van der Waals forces (dipole-dipole interactions, dispersion forces, induction forces), 

which are not fairly weak forces. Physisorption happens generally at low temperatures and 

it uses 5-10 kcal/mol heat to adsorption. Physisorption is reversible process and it is 

happening to mono- or multilayers. In the physisorption the enthalpy value of the 

adsorption is generally lower than 50 kJ/mol. The base of the chemisorption is chemical 

reactions between the adsorbate and surfaces sites. Chemisorption happens at wide 

temperatures and it uses more energy than physisorption. Chemisorption uses 10-100 

kcal/mol heat to adsorption. Chemisorption can be irreversible or reversible and it happens 

only monolayers. In the chemisorption adsorbent and adsorbate make strong covalent bond 

and the value of the adsorption enthalpy is bigger than 50 kJ/mol. (Repo 2011, p. 15) 

(Worch 2012, p. 2-4) 
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Activated carbon has been used about 100 years to clean drinking water. Activated carbon 

is an adsorbent which removes efficiently organic solutes. The first target was to remove 

uncomfortable taste and odor compounds from water. It also has been proved that activated 

carbon remove a big number of further organic micropollutants such as phenols, 

chlorinated hydrocarbons, pharmaceuticals, pesticides, personal care products, corrosion 

inhibitors and so on. (Worch 2012, p. 6)  

 

In recent years the problems of arsenic in drinking water has been got more attention in 

public and scientific conversations. World Health Organization (WHO) has given 

recommendation of level of arsenic in drinking water. The recommendation says that level 

of arsenic in drinking water should be 10 µg/L or less. Ferric hydroxide or aluminum 

oxides have been proved to remove arsenic from water very efficiently. These same 

adsorbents can also remove uranium and selenium species. (Worch 2012, p. 6)  

 

2.4.1 Adsorption in water treatment 

 

Water is used in every day single industrial processes. In the industrial process large 

volumes of waste waters are generated. Effluent treatment is needed to be part of industrial 

processes. There are many water treatment technologies for different effluents and 

different purification targets. (McKay 1996, p. 2) 

 

2.5 Characterization of adsorbent  

 

In this research the used adsorbent is pellets which contain ferrous hydroxide. Ferrous 

hydroxide pellets are byproduct of mining industry. In this research it is not significant 

how these pellets are produced. Significant is that adsorption properties of ferrous 

hydroxide are well known. In next chapters more details of adsorbent are described. 

 

In water treatment engineered and natural adsorbents are used. Engineered absorbent are 

generally more efficient than natural adsorbents but engineered adsorbents generally cost 

more than natural adsorbents. The good solid adsorbent is energy-rich and it is easily 
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interact with solutions. Usually the surface is energetically heterogeneous.   Because of 

low costs natural adsorbents are also interesting choice especially in industry processes 

which natural adsorbents can be byproduct of manufacturing. Natural adsorbents can be 

very low-cost adsorbents but they have limits for example related to adsorption capacity. 

Natural adsorbents are usually unique, which means that scientific information about 

properties of natural adsorbents are not always available. (Worch 2012, p. 11-13)   

 

2.5.1 Surface area 

 

The surface area of adsorbent is the most significant parameter of adsorbent. A large 

surface area makes the good adsorption capacity possible. Porous materials have high 

surface area, which has strong connection to high adsorption capacity. Porous structure 

enables a large internal surface area by the pore walls. In shortly, the larger pore system 

and the finer pores provide the higher internal surface area. There are engineered and 

natural adsorbents. Engineered adsorbent are produced generally very porous materials and 

their surface areas are 10
2 

to 10
3
 m

2
/g. The external surface area is typically below 1 m

2
/g. 

(Worch 2012, p. 10-12) 

 

2.5.2  Pore-size 

 

The pore-size distribution is also an important parameter of adsorbent. Larger pores enable 

fast adsorbate transport to the adsorption sites. The pore-size distribution of adsorbent 

needs attentions. (Worch 2012, p. 12) 

 

Engineered adsorbents have been planned to extremely efficient adsorption. Engineered 

adsorbents can be classified in four groups: activated carbon, polymeric adsorbents, oxidic 

adsorbent and synthetic zeolites. Oxidic adsorbents are described more here because they 

remind adsorbent used in this research. (Worch 2012, p. 12-16) 

 

Oxidic adsorbents are good for removal arsenic. Aluminum and ferrous hydroxide are most 

important of oxidic adsorbents. The oxidic adsorbents contain a lot of surface OH groups, 
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which determine their adsorption properties. Because of OH groups oxcidic adsorbents are 

especially good for removal of ionic compounds for example phosphate, arsenate, fluoride 

or heavy metal species. (Worch 2012, p. 16-17)  

 

Natural and low-cost adsorbents can be natural materials, agricultural wastes/by-products 

or industrial wastes/by-products. Low-cost adsorbents are interesting in scientific position 

because of price of treatment process. Low-cost adsorbents also provide to significant 

chance to improve waste water treatment in developing countries and low cost adsorbents 

can be used to improve utilization of waste in industrial processes. Figure 3 presents low-

cost adsorbents. (Worch 2012, p. 18-19)   

 

 

Figure 3. Different low-cost adsorbents (Worch 2012, p. 19) 

 

2.6 Methods of modification of adsorbents 

 

From the properties of adsorbent it is possible to see that adsorbent contains significant 

amount of sulfur. Sulfur easily dissolves in ammonia solution. High concentration of sulfur 

in adsorbent predicts that sulfur dissolves to waste water in adsorption process. Sulfur 

dissolving to waste water is not wanted reaction and that is the reason why is useful to 

modify the adsorbent. Target of modification is to purify the adsorbent from sulfur.  
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Generally used sulfur purification processes in industry are flotation, roasting and leaching. 

Next chapters describe more these methods. 

 

2.6.1  Flotation  

  

Flotation is based on physical properties and surface activity of minerals. Many sulfide 

metals are enriched by flotation. Basic about flotation is presented next. The oil is added to 

crashed mineral, and then the suspension is added into soap water. Next step is strong 

mixing. From suspension foam is formed. Sulphide grasps into bubbles, which are surface 

of solution. Other stone material goes the bottom of pool. Foam is scraped off the surface 

of the solution. After all foam and mineral are separated mineral is ready to continue for 

possessing.  (Laitinen and Toivonen, 2006 s. 272) 

 

2.6.2  Roasting  

 

Metal sulfurs are difficult to reduce to free metals without modification. Therefore sulfide 

minerals are roasted before actual reducing. In roasting metal oxides and sometimes free 

metals and sulfur dioxide are forming. Sulfur dioxide can be used to produce sulfur acid.  

(Laitinen and Toivonen, 2006 s. 272-273) 

 

2.6.3 Leaching  

 

Sulfur can be removed by leaching it by other substances. Sulfur dissolves in ethanol, 

benzenes, ethyl ether, carbon disulphide and also ammonia liquid. Solid substances which 

contain sulfur is put into ammonia solution and kept there in 1-24 hours. Higher 

temperature can make this leaching faster. In this study sulfur is removed from adsorbent 

by toluene and ammonia liquid. (Halfryad and Hawbolt, 2011, p. 85-86) (Wang et al. 2008, 

p. 296-297) (Työterveyslaitos, 2014) 
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2.7 Adsorption modeling  

 

The adsorption data are analyzed by the isotherm models like Langmuir, Freundlich or 

Sips isotherms. The Langmuir isotherm model is generally used in a homogenous surface 

by monolayer sorption. The Freundlich model suggests a monolayer sorption with 

heterogeneous energetic distribution of active sites and interactions between adsorbed 

molecules. Sips isotherm (Langmuir-Freundlich) integrate parts from the Langmuir and the 

Freundlich models. The Sips isotherm returns to the Langmuir isotherms and is generally 

connected to homogeneous adsorption.   (Srivastava and Goyal, 2010, p. 87) 

 

2.7.1 The Langmuir Isotherm 

 

The Langmuir Isotherm is proper for adsorption of homogeneous surfaces when adsorbent 

and adsorbed substances are without any interaction together. The Langmuir Isotherm is 

generally used because it is easy to linearize and because of that using experimental data is 

simply. Non-linear Langmuir can be calculated by equation 1. (Repo, 2011, p. 22) 

(Srivastava and Goyal, 2010, p. 88) 

 

eL

eLm

e
CK

CKq
q






1
      (1) 

 

qe adsorption capacity     [mg/mg] 

qm maximum adsorption capacity of adsorbent   [mg/mg] 

Ce initial concentration of adsorbate   [mg/L] 

KL  the energy of the adsorption    [L/mg] 

 

2.7.2 The Freundlich Isotherm 

 

The Freundlich Isotherm is a simple adsorption model which includes only two parameters 

and takes account of heterogeneity of surfaces The Freundlich Isotherm can be used for 

https://portti.lut.fi/f5-w-687474703a2f2f6c696e6b2e737072696e6765722e636f6d$$/search?facet-author=%22Shalini+Srivastava%22
https://portti.lut.fi/f5-w-687474703a2f2f6c696e6b2e737072696e6765722e636f6d$$/search?facet-author=%22Pritee+Goyal%22
https://portti.lut.fi/f5-w-687474703a2f2f6c696e6b2e737072696e6765722e636f6d$$/search?facet-author=%22Shalini+Srivastava%22
https://portti.lut.fi/f5-w-687474703a2f2f6c696e6b2e737072696e6765722e636f6d$$/search?facet-author=%22Pritee+Goyal%22
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heterogeneous surfaces and multilayer adsorption. The Freundlich Isotherm can be 

calculated by equation 2. (Repo, 2011, p. 22)  
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2.7.3 The Sips Isotherm (Langmuir-Freundlich) 

 

In the Sips Isotherm there are parts from Langmuir Isotherm and some parts from 

Freundlich Isotherm. The Sips Isotherm returns Langmuir Isotherm and it is good for 

heterogeneous adsorption. The Sips Isotherm can be calculated with equation 3. (Repo, 

2011, p. 23)  
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Ks affinity constant     [L/mg] 

ns describes surface heterogeneity 

 

3 METHODS FOR STUDYING ADSORPTION FROM SOLUTION 

 

There are a few available techniques to study adsorption from solution. The techniques can 

be classified to three categories:  determination of adsorbents isotherms, measurements of 

the energies involved and provision of extra information on the properties of the adsorbed 

layer. (Rouquerol et al. 1998, p. 142) 

 

http://www.amazon.com/s/ref=dp_byline_sr_book_1?ie=UTF8&field-author=Jean+Rouquerol&search-alias=books&text=Jean+Rouquerol&sort=relevancerank
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3.1 Methods for determining amount of adsorbed arsenic 

 

There are a clear distinction between the methods which use one fresh sample for each 

point on the adsorption isotherm (immersion methods) and those using a single sample 

through which solution of increasing concentration is allowed to flow (flow-through 

methods). (Rouquerol et al. 1998, p. 142) 

 

Immersion methods are the oldest and the easiest method to determinate amount of 

adsorbed. Generally in immersion method the dry sample is immersed in the solution. In 

other version of immersion method, at first the sample is covered the pure solvent 

(protected from any contact with surrounding atmosphere) before adding the right amount 

of mother solution (figure 4b). (Rouquerol et al. 1998, p. 142) 

 

In immersion methods equilibration can take time from 1 minute to more than 24 hours. 

The suspension is needed to keep in controlled temperature, suspension is allowed to settle, 

which can take one day or more. The suspension is centrifuged and the supernatant is then 

pipetted and analyzed. (Rouquerol et al. 1998, p. 143)  

 

http://www.amazon.com/s/ref=dp_byline_sr_book_1?ie=UTF8&field-author=Jean+Rouquerol&search-alias=books&text=Jean+Rouquerol&sort=relevancerank
http://www.amazon.com/s/ref=dp_byline_sr_book_1?ie=UTF8&field-author=Jean+Rouquerol&search-alias=books&text=Jean+Rouquerol&sort=relevancerank
http://www.amazon.com/s/ref=dp_byline_sr_book_1?ie=UTF8&field-author=Jean+Rouquerol&search-alias=books&text=Jean+Rouquerol&sort=relevancerank


30  

 

Figure 4. Methods to determinate amount adsorbed from solution: a) immersion sample, b) 

immersion method and c) open-flow method. (Rouquerol et al. 1998, p. 143) 

 

3.2 Inductively coupled plasma (ICP) 

 

There are few potentials methods to determinate concentration of arsenic in solutions. 

Methods are spectrophotometric, electro-analytical (voltamperometry), activation analysis, 

atomic fluorescence and the methods of inductive or microwave-induced plasma in 

combination with different detection methods (emission or mass spectrometry). Much 

http://www.amazon.com/s/ref=dp_byline_sr_book_1?ie=UTF8&field-author=Jean+Rouquerol&search-alias=books&text=Jean+Rouquerol&sort=relevancerank
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attention has been paid for application of plasma generation methods, especially ICP-AES. 

(Niedzielski and Siepak, 2003, p. 653) 

 

ICP is inductively coupled plasma and it is used on optical emission and mass 

spectrometry instruments. The ICP source consists of a quartz torch inside a radio 

frequency coil. The base idea is that argon gas is passed through the torch and a radio 

frequency energy is applied the coil. When spark is connected with highly energized argon 

atoms then electrons are stripped from the argon and the plasma is formed. Temperature of 

plasma can be 8 000-10 000 C. In most ICP-analysis solid materials are dissolved to liquid. 

The liquid sample is converted to aerosol by nebulizer. Then samples are sprayed into 

center of plasma. ICP-AES is ICP-atomic emission spectrometer (sometimes is called ICP-

OES). Usually elements in very high temperatures are emitted typical wavelengths. 

Measuring these wavelengths can recognize elements in sample. (ALS Finland 2015) 

(EVG 2015)  

 

The plasma spectrometric methods are based on the emission of electromagnetic radiation 

by elements excited for example high temperature. Every element emits radiation of 

characteristic wavelength and intensity proportional to the concentration of this element. 

The method is based on phenomenon of ionization of atoms in a plasma state at high 

temperature and there is opportunity to identification of the ions by using mass 

spectrometry. It is possible to determinate a few elements in wide concentrations by ICP 

method. The plasma of ICP doesn’t work correctly with strong acids. (Niedzielski and 

Siepak 2003, p. 657) 

 

3.3 Parameters of adsorbent 

 

Adsorbent was waste pellets which contains ferrous hydroxide. Next chapters describe 

methods how properties of adsorbent has researched and measured. Properties of good 

adsorbent are efficiency, low cost, non-toxicity and large surface area.  
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3.3.1 Surface area 

 

Materials have an external and an internal surface area. The internal surface area is the 

significant property for porous adsorbent. (Worch 2012, p. 23-25)   

 

External surface has strong effect to mass transfer rate which is important factor in 

adsorption. The effect of mass transfer rate to adsorption can see in equation 4.  

 

Mass transfer = mass transfer coefficient X     (4) 

area available for mass transfer X driving force 

 

With porous adsorbents need to make difference between external and internal mass 

transfer. (Worch, 2012, p. 23)   

 

Internal surface area of porous adsorbent is much larger than external surface area. Internal 

surface area is more significant than external surface area for porous adsorbents. The 

property of good adsorbents is large internal surface area, which is coming true with 

engineered adsorbents. The large surface area is one of the most important parameters 

when we are selecting a good and effective adsorbent. Surface area can be analyzed by 

Autosorb equioment by BET-method. (Worch 2012, p. 25)  

 

3.3.2  Acidity  

 

Acidity of liquid during experiments was ensured by pH-paper.  Acidity of liquid was 

same during experiments. Acidity of liquid was 10 pH. 

 

3.3.3 Surface groups 

 

In Fourier transform infrared spectroscopy (FTIR analysis) it is possible to measured 

infrared adsorption spectrum of sample. The vibration of bond or groups in molecule 
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adsorbs the infrared light at specific frequencies. FTIR analyses give information about 

surface groups of subjects. (Top-analytica, 2015) (SSW, 2015) 

 

3.3.4 Surface morphology  

 

Surface morphology of adsorbent 1 was determinate by SEM. Surface morphology were 

determinate unmodified adsorbent (adsorbent 1). SEM images can see that adsorbent has 

gradual shape, which is good property of adsorbent. Gradual shape is connected to good 

adsorption capacity.  

 

 

Figure 5. Adsorbent 1. 

 

 

Figure 6. Adsorbent 1. 
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Figure 7. Adsorbent 1.  

 

Figures 5-7 present surface shapes of adsorbent 1. All figures show that adsorbent 1 is 

granular material, which is usually connected to good adsorption capacity. 

 

3.3.5 Elemental analyses 

 

Elemental analyses were done to adsorbent 1 by SEM-EDAX method. 

 

 

Figure 8. Elemental analyses of adsorbent 1. 
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Table 1. Elemental analyses of adsorbent 1. 

Element Wt% At% 

  C 37.28 49.91 

  O 40.82 41.03 

 Mg 02.95 01.95 

 Al 00.84 00.50 

 Si 00.53 00.31 

  S 03.24 01.62 

 Ca 04.00 01.61 

 Ti 01.98 00.66 

 Mn 00.39 00.11 

 Fe 07.97 02.29 

Matrix Correction ZAF 

 

Figure 8 presents elemental analyses of adsorbent 1. Surface of adsorbent 1 was a lot of 

coal, oxygen, sulfur, calcium and iron. High concentrations of oxygen and iron predicted 

good adsorption capacity. Also sulfur concentration was high, which caused problem in 

experiments and final results.  Table 1 contains element content in rates.  
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3.4 Experiment 
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Results
 

 

Figure 9. Experiment plan. 
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3.4.1 Preparations for experiment 

 

Pellets were crushed to sand so that adsorbent had uniform quality.   

 

Adsorbents were weighted by balance Sartorius CPA-225D. Table 2 presents contents of 

adsorbents. Adsorbents were weighted and then put them into 50 ml volumetric flask. The 

measurement accuracy was 0,0001-0,009 g.  

 

1 = unmodified ferrous hydroxide adsorbent (crushed pellets), 2 = toluene cleaned 

adsorbent and 3 = ammonia cleaned adsorbent. 

 

Table 2. Mass of adsorbents.  

Adsorbent Number of sample Content of adsorbent 

[g/L] 

Mass of adsorbent 

[mg] 

Adsorbent 1 1a 0,5  0,0025 

Adsorbent 1 1b 1,0  0,05 

Adsorbent 1 1c 2,0 0,10 

Adsorbent 2 2a 0,5 0,0025 

Adsorbent 2 2b 1,0  0,05 

Adsorbent 2 2c 2,0  0,10 

Adsorbent 3 2a 0,5  0,0025 

Adsorbent 3 2b 1,0  0,05 

Adsorbent 3 2c 2,0  0,10 

 

Arsenic solution was prepared from arsenic pentoxide (As2O5) as equation 5 shows. 

  

43252 23 AsOHOHOAs       (5) 

 

The concentration of arsenic was 1 000 ppm (1 g/L). In equations 6 and 7 mass of As2O5 is 

solved. 
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10 % NH3-solution was prepared from 25 % NH3-solution. Equations 8-9 presents how 

much 25 % NH3-solution was needed to make 10 % NH3-solution. Presents are mass-

presents. For one experiment was prepared 1500 ml 10 mass-% NH3-solution. Equations 8-

9 show how much 25 % NH3-solution was used and rest was mill-Q water. 
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3.4.2 Experiment and sampling 

 

Concentration of Arsenic solution was 1 000 ppm. Arsenic was pipetted by automatic 

pipettes into 50 ml volumetric flask. Table 3 presents how arsenic was pipetted into 

samples. The rest of 50 ml volumetric flask was filled with 10 % NH3-solution. Figure 10 

shows adsorbent and adsorbate in solution. 
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Table 3. Arsenic concentrations in samples. 

 

Adsorbent 

As, ppm 

a 

0,5 g/l 

ml 

b 

1 g/l 

ml 

c 

2 g/l 

ml 

0 0 0 0 

10 0,5 0,5 0,5 

20 1,0 1,0 1,0 

40 2,0 2,0 2,0 

60 3,0 3,0 3,0 

80 4,0 4,0 4,0 

100 5,0 5,0 5,0 

200 10,0 10,0 10,0 

300 15,0 15,0 15,0 

400 20,0 20,0 20,0 

 

 

Figure 10. Adsorbent and adsorbate in solution. 

 

After pipetting to volumetric flask samples were mixed by Heidolph Promax 2020 during 

the experiment. Mixing was stopped during the sampling.  

 

In sampling disposable syringes were used and every sample was filtrated when sample 

was taken. Samples were put into 10 ml measuring tubes and closed tight corks. Time of 
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samples were taken are presented in table 4. After sampling measuring tubes were put into 

fridge + 4 °C. 

 

Table 4. Sampling time.  

Sampling time (hours from at 

the begin of adsorption test) 

2 h 

4 h 

6 h 

8 h 

10 h 

12 h 

24 h 

26 h 

 

3.4.3 ICP-analyzing 

 

In ICP-analyzing we wanted to recognize concentration of Aluminum (Al), Arsenic (As), 

Ferrous (Fe), Sulfur (S) and Nickel (Ni). Standard solutions were prepared to above-

mentioned elements. Table 5 shows what determination limits that ICP can analyze.   

 

Table 5. Determination limits of elements in ICP. 

Element ppb ppm 

Al 1 0,001 

Fe 0,1 0,0001 

Ni 0,5 0,0005 

S 10 0,010 

As 2,0 0,002 

 

Based on table 5 standard solutions for above mentioned elements were prepared. Table 6 

shows concentration of standard solutions. Unit was ppm. Standard solutions were 
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prepared into 50 ml volumetric flasks. At first 0-solutions were prepared. From 0-solutions 

01-, 02- and 03-solutions were prepared.  From 02- and 03-solution standard solutions, which 

were used in ICP analyzing, were prepared. Rest of standard solution was ultra-clear water. 

 

Table 6. Standard solutions. 

Solution, ppm Al Fe Ni S As 

Initial standard  

element 

1 000 1 000 1 000 10 000 1 000 

01 10 1 5 100 20 

02 1 0,1 0,5 10 2 

03 0,1 0,01 0,05 1 0,2 

1 0,001 0,0001 0,0005 0,01 0,002 

2 0,002 0,0002 0,001 0,02 0,004 

3 0,004 0,0004 0,002 0,04 0,008 

4 0,006 0,0006 0,003 0,06 0,012 

5 0,008 0,0008 0,004 0,08 0,016 

6 0,010 0,0010 0,005 0,10 0,020 

7 0,020 0,0020 0,010 0,20 0,040 

8 0,040 0,0040 0,020 0,40 0,080 

 

ICP cannot analyze strong alkaline solutions. PH in solutions was 10 pH and it was 

measurement by pH-paper. Samples were handled for neutralization.  

 

From every sample 2 ml of sample and 2 ml ultra-clear water was pipetted. Then samples 

were heated 30 minutes in 80°C temperature. Ammonia was evaporated from samples, but 

heating did not effect on concentration of arsenic in samples. After evaporation pH of 

samples was 7 and they were ready for ICP analyzing.    
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3.4.4 Modifications of adsorbent 

 

First ICP analyzing test showed that sulfur of adsorbents dissolved into solution because of 

(10 %) ammonia.  Adsorbent was modified because of high concentration of sulfur. 

Adsorbent was cleaned by toluene and ammonia, which dissolve sulfur.  

 

20 g of crushed adsorbent was put into 250 ml toluene solution and 20 g of crushed 

adsorbent put into ammonia (10 %) solution. Both solutions were mixed 24 hours. After 

mixing both adsorbents were filtrated with 200 ml ultra-clear water. After filtrating solid 

adsorbents were dried for 24 hours.  

 

Modified adsorbents were named 2 = toluene cleaned adsorbent and 3 = ammonia cleaned 

adsorbent.  

 

3.4.5 Conducting adsorption tests  

 

Adsorbents were named: 1 = ferrous hydroxide adsorbent, 2 = toluene cleaned adsorbent 

and 3 = ammonia cleaned adsorbent. 

 

Removal of arsenic and ammonia from waste water by using obtained adsorbents. Initial 

batch experiments for optimizing conditions (pH, contact time, adsorbent and dose). 

Analysis of metals is conducted by ICP-OES.  

 

4 RESULTS 

 

Results of experiments are based on measurements by ICP and calculations. Next chapters 

describe results.  
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4.1 Amount of adsorbed Arsenic and adsorption time 

 

Arsenic adsorption was tested with various initial concentration of Arsenic [ppm] (10, 20, 

40, 60, 100, 200, 300 and 400) and different mass of adsorbents in solution [mg/L] (0,5 

g/L, 1,0 g/L and 2,0 g/L). Adsorbents were 1 = unmodified ferrous hydroxide pellets, 2 = 

toluene cleaned ferrous hydroxide pellets and 3 = ammonia cleaned ferrous hydroxide 

pellets. Adsorption time was [h] 2, 4, 6, 8, 10, 12, 24 and 26. 

 

The amount of adsorbed Arsenic was compared to adsorption time. The Tables present 

result which the mass of adsorbent was 2 g/L. Adsorbents adsorbed well from 10-80 ppm 

initial concentration of arsenic. Good arsenic adsorption capacity is based on limit of 

arsenic in drinking water (10 µg/L), which WHO has given. Health level of arsenic 

concentration in drinking water of WHO is also implemented in Finland. In some industry 

process higher arsenic concentration in waste waters is allowed. The limit is specified in 

environmental permit.   

 

In Figure 11 the mass of adsorbent 1 was 2 g/L and initial concentration of arsenic was 20 

ppm. Figure 11 shows that all arsenic is adsorbed in 24 hours. Ferrous hydroxide adsorbent 

adsorbed arsenic efficiently.  

 

 

Figure 11. Adsorption time of adsorbent 1.  
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In table 12 mass of adsorbent was 2 g/L and initial arsenic concentration was 40 ppm. 

Figure 12 shows that adsorbent adsorbeb all arsenic in 24 hours. There was some problem 

in 12 hours sampling. Ferrous hydroxide adsorbent adsorbed arsenic in 24 hours.  

 

 

Figure 12. Adsorption time of adsorbent 1. 
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Figure 13. Adsorption time of adsorbent 1. 

 

Adsorbent 1 adsorbed arsenic well at concentration of 10-80 ppm in 24 hours. After 24 

hours final concentration of arsenic was lower than 0,01 µg/L.  

 

Figure 14 shows toluene cleaned adsorbent (2 mg/L) and initial concentration of arsenic 

was 20 ppm. Adsorbent 2 adsorbed arsenic very efficiently in 6 hours and after that 

adsorption was slowed down. After 24 hours arsenic concentration is lower than 0,01 µg/L. 

 

 

Figure 14. Adsorption time of adsorbent 2.  
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Figure 15 shows toluene cleaned adsorbent (2 mg/L) and initial concentration of arsenic 

was 40 ppm. After 24 hours arsenic concentration is lower than 0,01 µg/L. Adsorbent 2 

adsorbed arsenic well in 24 hours.  

 

 

Figure 15. Adsorption time of adsorbent 2.  

 

Figure 16 shows toluene cleaned adsorbent (2 mg/L) and initial concentration of arsenic 

was 80 ppm. In 8 hours adsorbent 2 adsorbed efficiently arsenic and after that adsorption 

was slower. After 24 hours concentration of arsenic was lower than 0,01 µg/L.  

 

Figure 16. Adsorption time of adsorbent 2. 
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Figure 17 shows ammonia cleaned adsorbent (2 mg/L) and initial concentration of arsenic 

was 20 ppm. In 8 hours adsorbent 3 adsorbed arsenic efficiently and then adsorption was 

slowed down. Adsorbent 3 didn’t undercut 10 µg/L limit of arsenic concentration. 

 

 

Figure 17. Adsorption time of adsorbent 2. 

 

Figure 18 shows ammonia cleaned adsorbent and initial concentration of arsenic was 40 

ppm. In 8 hours adsorption was efficient and then was slowing down. Adsorbent 3 didn’t 

undercut 10 µg/L limit of arsenic concentration. 

 

 

Figure 18. Adsorption time of adsorbent 3.  
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Figure 19 shows ammonia cleaned adsorbent and initial concentration of arsenic was 80 

ppm. Adsorbent 3 adsorbed efficiently in 8 hours. After that, adsorption was slower. 

Adsorbent 3 didn’t undercut 10 µg/L limit of arsenic concentration 

 

 

Figure 19. Adsorption time of adsorbent 3.  

 

Adsorbent 1, 2 and 3 adsorbed arsenic efficiently in hours 8-12. After 12 hours adsorption 

was slowing down. Adsorbent 1 and 2 adsorbed arsenic enough in 24 hours and final 

concentration of arsenic was lower than 10 µg/L. When initial concentration of arsenic was 

bigger than 80 ppm the final amount of arsenic was not lower 10 µg/L. 

 

4.2 Adsorption capacities 

 

Adsorption capacities were calculated with equation 10. 
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)( 0       (10) 

 

Qe  average of arsenic adsorption capacity of adsorbent  [mg/g] 
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w  initial mass of adsorbent     [g] 

 

Figures 20-22 present adsorption capacity of adsorbent 1, 2 and 3. Different colors 

describe mass of adsorbent, 0,5 g/L, 1,0 g/L or 2,0 g/L. Adsorption time was 24 hours. On 

the vertical axis there is adsorption capacity, which describes amount of adsorbed arsenic 

per unit mass of adsorbent [mg/g]. On the horizontal axis there is initial concentration of 

arsenic [ppm].  

 

Figure 20 shows adsorption capacity of adsorbent 1. In this experiment maximum 

experimental adsorption capacity was 393 mg/g. Amount of adsorption capacity predicts 

good purification results of arsenic. When comparing adsorption capacity of adsorbent 1 to 

figures 20-22 of adsorption time, it can be seen that in this experiment adsorbent 1 hasn’t 

reached good enough adsorption results that the adsorption capacity predicted. There were 

some problems in sampling. In all sampling was repeated same mistake. When samples 

were taken at same time was removed small amount of adsorbent. It means that amount of 

adsorbent end of test was same as in begin. In experiments should have been used one 

sample for one sampling. Samples were taken from the same sample and every sampling 

also removed little bit of adsorbent. 

 

 

Figure 20. Adsorption capacity of adsorbent 1.  
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Figure 21 shows adsorbent 2. Experimental maximum adsorption capacity of adsorbent 2 

in this experiment was 577 mg/g. Adsorption capacity predicts a very good amount of 

adsorbed arsenic. Amount of adsorbed arsenic in Tables 15-17 was not as good as 

adsorption capacity predicts. The difference was significant. There was same sampling 

mistake that was with adsorbent 1. 

 

 

Figure 21. Adsorption capacity of adsorbent 2.  

 

Figure 22 shows adsorption capacity of adsorbent 3. In this experiment experimental 

maximum adsorption capacity was 661 mg/g. The largest experimental adsorption capacity 
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couldn’t undercut limit of arsenic, even results of adsorption capacity predicts very 

efficient adsorption. There was same problem in sampling that was with adsorbent 1 and 2. 
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Figure 22. Adsorption capacity of adsorbent 3.  

 

4.3 Adsorption isotherms modeling 

 

Results of adsorption were modeled with adsorption isotherms. Adsorption isotherms used 

in modeling were Langmuir, Freundlich and Sips isotherms. These isotherms were 

described in chapter 2.7. In modeling adsorbent 1, 2 and 3 were used. Concentration of 

adsorbent was 2 g/L and adsorption time was 24 hours. Error function was used ERRSQ. 

Parameters qm, K and n were solved with Excel solver-function.  

 

The value of ERRSQ was for Langmuir isotherm 0,0002, Freundlich isotherm 0,5019 and 

Sips isotherm 0,1068. The error was smallest in Langmuir isotherm. Also the maximum 

adsorbent capacity of Langmuir isotherm is nearest the experimental adsorbent capacity. 

Table 19 shows that every isotherm fitted very well with experimental values. The scale in 

figure 23 should be smaller that differences would show better.  
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Table 19. Isotherms of adsorbent 1.  

Initial As Langmuir Freundlich Sips Experimental 

10 5.25 5.00 5.03 4.97 

20 10.48 9.98 10.02 9.96 

40 20.89 19.94 19.94 19.84 

60 31.21 29.88 29.80 29.85 

80 41.47 39.82 39.60 39.76 

100 51.64 49.75 49.89 49.84 

200 101.42 99.38 99.49 99.27 

300 149.43 148.95 148.99 149.33 

400 195.77 198.49 198.42 198.27 

 

Table 20. Errors of adsorbent 1. 

Langmuir 
 

Freundlich Sips 
 q_m 2807.7527 n 1.0019 qm 4.7183 

K 0.0002 K 0.5019 K 0.1068 

    
n 0.9959 

 

 

Figure 23. Isotherms modeling of adsorbent 1.  
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every isotherm fitted very well with experimental values. The scale in figure 24 should be 

smaller in order to see differences better.  

 

Table 21. Isotherms of adsorbent 2.  

Initial As Langmuir Freundlich Sips Experimental 

10 5.18 4.98 4.24 4.99 

20 10.35 9.96 8.97 9.99 

40 20.64 19.90 18.89 19.83 

60 30.87 29.84 29.09 29.82 

80 41.05 39.78 39.43 39.75 

100 51.17 49.71 49.81 49.75 

200 100.95 99.37 101.21 99.33 

300 149.39 149.01 150.42 149.16 

400 196.56 198.63 196.84 198.55 

 

 

Table 22. Errors of isotherms. 

Langmuir 
 

Freundlich 
 

Sips 
 q_m 3712.4039 n 1.0008 qm 1238.0148 

K 0.0001 K 0.4990 K 0.0005 

    
n 1.0865 

 

 

Figure 24. Isotherms modeling of adsorbent 3. 
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The value of ERRSQ was for Langmuir isotherm 0,0002, Freundlich isotherm 0,4907 and 

Sips isotherm 0,0007. The error was smallest in Langmuir isotherm. Figure XX shows that 

every isotherm fitted very well with experimental values. The scale in figure 25 should be 

smaller to see differences better.  

 

Table 23. Isotherms of adsorbent 3.  

 Initial As Langmuir Freundlich Sips Experimental 

10 5.23 4.93 4.03 4.98 

20 10.45 9.88 8.66 9.93 

40 20.81 19.78 18.50 19.84 

60 31.10 29.70 28.71 29.78 

80 41.32 39.62 39.09 39.80 

100 51.45 49.55 49.53 49.35 

200 101.01 99.24 101.13 99.11 

300 148.78 148.98 150.08 149.05 

400 194.86 198.76 195.64 198.77 

 

Table 24. Errors of isotherms.  

Langmuir 
 

Freundlich Sips 
 q_m 2746.4643 n 0.9979 qm 1018.2602 

K 0.0002 K 0.4907 K 0.0007 

    
n 1.1089 
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Figure 25. Isotherms modeling of adsorbent 3.   

 

Adsorption capacities of adsorbent 1-3 fitted best with Langmuir isotherm modeling, 

because the value of ERRSQ was smallest. Maximum adsorption capacity of Langmuir 

isotherm was much bigger than what experiments gave. Reason for that difference between 

experimental adsorption capacities and adsorption capacities of Langmuir isotherm can be 

that in the experiment bigger initial concentration of arsenic than 400 mg/L was not used. 

Also is possible that there was some problem in experiment and systematic mistake in 

sampling happened.  

 

4.4 Effects of modification 

 

Table 25 shows example how modification effected to concentration of sulfur. 

Concentration of adsorbent in solution was 2 g/L. Initial Arsenic concentration was 200 

ppm. Other result followed the same way in sulfur concentration. Top of table 25 is 

adsorption time, on the left side of table is name of adsorbent and middle of table is 

measured concentration of sulfur in solution. Sulfur in adsorbent 1 is dissolving efficiently. 

Sulfur isn’t dissolving from adsorbents 2 and 3 as efficiently as from adsorbent 1. Using 

toluene cleaned adsorbent sulfur concentration in solution clearly lower than using other 

adsorbents. Also concentration of sulfur was lower when ammonia cleaned adsorbent 

(adsorbent 3) was used. Sulfur concentration is too high for purified waste water with 
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adsorbent 2 and 3. It would be better to use stronger toluene or ammonia solution for 

removal of sulfur. It is obvious that modification made concentration of sulfur lower in 

adsorption process.  

 

Table 25. Sulfur content in solution.  

 2 h 6 h 12 h 24 h 

Adsorbent 1  92.97  127.1  217.4 474.8 

Adsorbent 2  70.72  64.56  189.8  271.4 

Adsorbent 3  70.06  92.54  230.8  390.2 

 

Table 26 presents arsenic adsorption capacity of unmodified and modified adsorbents. It is 

easy to see that modification didn’t affect adsorption capacity. In Table 26 concentration of 

adsorbent was 2 mg/L and initial arsenic concentration was 200 ppm. Other results 

followed the same way than results in Table 26.  

 

Table 26. Effects of modification.  

 2 h 6 h 12 h 24 h 

Adsorbent 1 94.59 98.48 99.01 99.17 

Adsorbent 2 97.67 98.78 99.26 99.33 

Adsorbent 3 93.35 97.26 98.96 99.11 

 

4.5 Comparing other study 

 

When is compared these results to results of other study. For example one research was 

studied how removal arsenic from water using granular ferric hydroxide: Macroscopic and 

microscopic studies. Adsorption capacities with granular ferric hydroxide was 1 mg/g, 10 

mg/g, 50 mg/g and 170 mg/g. Adsorption capacities in our study are larger than the above 

mentioned results. (Guang et al. 2008, p. 181) 
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5 CONCLUSIONS 

 

Waste material ferrous hydroxide pellets and its modified versions were tested. In 

experiment unmodified and modified ferrous hydroxide pellets adsorption capacities of 

arsenic from ammonia containing waste water were tested. Amount of ammonia in waste 

water was 10 %, which meant that waste water was strongly alkaline.  

 

In adsorption experiments different concentration of arsenic (10 ppm - 400 ppm) were used 

and concentration of adsorbent was 0,05 g/L, 1 g/L or 2 g/L. Adsorption time was 2 – 26 

hours. 

 

Unmodified ferrous hydroxide pellets (adsorbent 1) adsorbed efficiently arsenic from 

alkaline waste water. Even in 8 hours adsorbent 1 adsorbed about 80-90 % from initial 

arsenic. In 24 hours adsorbent 1 adsorbed arsenic (10-80 ppm) well and the final 

concentration of arsenic was lower than 10 µg/L. At higher initial concentration of arsenic 

(100-400 ppm) results weren’t as good as in lower concentrations (10-80 ppm).  The 

problem with adsorbent 1 was that adsorbent contained a lot of sulfur and ammonia 

dissolved sulfur to solution during the test. Sulfur dissolving was unhoped reaction.  

 

Adsorbent 1 contained a lot of problematic sulfur and that was the reason of modifications 

of adsorbent 1.  Modifications of adsorbent 1 meant that adsorbent 1 was purified from 

sulfur by toluene and ammonia. There were two modification methods. In first method 

adsorbent 1 was treated in toluene. In other method adsorbent was treated in ammonia. 

Sulfur concentration was lower after purification process. Still sulfur was problem in the 

case of both toluene cleaned adsorbent (adsorbent 2) and ammonia cleaned adsorbent 

(adsorbent 3). Strength of ammonia should have been greater in purification process in 

order to prevent sulfur causing problems.  

 

Adsorbent 2 adsorbed arsenic efficiently in 8-10 hours (initial concentration of arsenic 10-

80 ppm) and in 24 hours almost all arsenic was adsorbed. Final arsenic concentration was 

lower than 10 µg/L. Using adsorbent 2 sulfur concentration in final solution was still a 

problem but sulfur content was lower than in the case of adsorbent 1. 
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Adsorbent 3 adsorbed arsenic efficiently in 10-12 hours (initial concentration of arsenic 

10-80 ppm). After 12 hours adsorption was much slower and for adsorbent 3 the final 

concentration of arsenic was over 10 µg/L. Sulfur content was also a problem with 

adsorbent 3, but sulfur content in final solution was lower than for adsorbent 1.  

 

Experimental maximum adsorption capacities and maximum adsorption capacities from 

Langmuir model predicted much better adsorption results. Adsorption capacities predicted 

that adsorbent 1-3 could adsorb all arsenic (10-200 ppm) in 24 hours or faster. Result 

which based on adsorbent capacities showed that adsorbent 1-3 could easily get adsorption 

capacities 200 mg/g. But experimental results did not reach as good adsorption capacities. 

Lower experimental adsorption capacities might be caused by mistake in sampling. 

Samples were taken from the same sample and every sampling also removed little bit of 

adsorbent.  

 

It can say that adsorbent 1-3 have good adsorption capacity and they are useful adsorbents 

for removal of arsenic. It would be necessary to find a good purification method of 

adsorbent 1 to prevent sulfur causing problems in the final purification results. Adsorbent 1 

needs further research. It would be important to research purification methods of adsorbent 

1 or just test adsorbent 1 in neutral solution.  

 

6 SUMMARY 

 

Main object in this master thesis was to test low-cost adsorbent, ferrous hydroxide pellets, 

for removal of arsenic from ammonia containing water by adsorption.  

 

Arsenic is toxic for human and nature. Especially in drinking water arsenic causes a lot of 

problems. Long-term exposure to arsenic can cause cancers. Arsenic is natural in soil but 

for example mining processes can release arsenic from soil and transport it to waste water 

of mining processes. If arsenic in waste water transport into environment there is a big risk 

for environmental damage. That is the reason why a removal of arsenic from waste water is 

extremely important.  
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There are several purification methods of arsenic. In this study removal of arsenic by 

adsorption was studied. It is well known that ferrous containing materials adsorb arsenic 

efficiently. There are engineered adsorbents for the removal of arsenic. The problem with 

engineered adsorbents is costs, which can be high. Because of cost it is important to 

research natural adsorbents, which are also known as low-cost adsorbents. In this research 

it was studied how ferrous hydroxide pellets adsorbed arsenic from ammonia solution.  

 

Ferrous hydroxide pellets adsorbed arsenic efficiently from ammonia solution. Using 

ferrous hydroxide pellets the final arsenic concentration after 24 hours was lower than 

WHO’s recommendation for arsenic content in drinking water (10 µg/L) if initial 

concentration of arsenic was lower than 100 ppm. It was obvious that adsorbent was 

effective.  

 

The problem with ferrous hydroxide pellets was that at same time with arsenic adsorption 

sulfur was dissolving in solution. In final results arsenic concentration was very small but 

sulfur content was raised significantly. The ferrous hydroxide pellets were modified by 

purifying sulfur. Ferrous hydroxide pellets were treated in toluene solution or ammonia 

solution. Sulfur content was smaller after purification but it was still a problem in final 

results. Purification methods need more researching. Purification methods did not affect 

adsorbent capacity.  

 

Based on results of this study we can say that ferrous hydroxide pellets are potential 

adsorbents to arsenic. But especially purification methods of adsorbent need more 

research.    
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APPENDICES 

 

Appendices I. Result of ICP-OES analysis. 

 

ICP-OES analysis of adsorbent 1.  

 

Results/sample      

       

time Sample      

 1a1 As1890 Cd2288 Fe2599 Ni2216 S_1807 

Adsorption time, 
h 

Initial As 
ppm 

0     

       

11:00 2      

13:00 4      

15:00 6      

17:00 8  .5731  .0051  -.0012  -.0769  76.79 

19:00 10      

21:00 12  1.110  .0110  -.0011  -.0959  103.5 

8:00 24  99.02  .2489  .0001  -.0308  .3577 

11:00 26  .1043  .0002  .0015  -.0222  100.1 

       

       

       

time Sample      

 1a2 As1890 Cd2288 Fe2599 Ni2216 S_1807 

Adsorption time, 
h 

Initial As 
ppm 

10     

       

11:00 2      

13:00 4      

15:00 6      

17:00 8  1.013  .0098  -.0010  -.1007  88.93 

19:00 10      

21:00 12  .1265  .0009  -.0014  -.0601  60.03 

8:00 25  .0622  .0004  -.0005  -.0212  87.78 

11:00 27  .0447  .0002  .0018  -.0300  129.7 

       

time Sample      

 1a3 As1890 Cd2288 Fe2599 Ni2216 S_1807 

Adsorption time, 
h 

Initial As 
ppm 

20     

       

11:00 2      

13:00 4      

15:00 6      

17:00 8  115.4  1.125  .0000  -.0668  77.86 

19:00 10      

21:00 12  .0662  .0001  -.0014  -.0585  75.39 
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8:00 24  .0454  .0004  -.0005  -.0219  62.33 

11:00 26  .0390  .0000  .0010  -.0173  72.11 

       

time Sample      

 1a4 As1890 Cd2288 Fe2599 Ni2216 S_1807 

Adsorption time, 
h 

Initial As 
ppm 

40     

       

11:00 2  .0289  .0001  -.0001  -.1101  1.028 

13:00 4      

15:00 6      

17:00 8  153.2  1.497  .0005  -.0494  64.36 

19:00 10      

21:00 12  .0665  .0002  .0125  -.0526  75.69 

8:00 24  .0459  .0003  -.0005  -.0242  48.16 

11:00 26      

       

time Sample      

 1a5 As1890 Cd2288 Fe2599 Ni2216 S_1807 

Adsorption time, 
h 

Initial As 
ppm 

60     

       

11:00 2  13.17  .0567  .0000  -.1482  .3548 

13:00 4      

15:00 6      

17:00 8  .0177  .0003  -.0012  -.0449  109.9 

19:00 10      

21:00 12  .6091  .0059  -.0004  -.0581  70.61 

8:00 24  .3243  .0012  -.0004  -.0354  89.81 

11:00 26  .0871  .0002  .0024  -.0382  83.06 

       

time Sample      

 1a6 As1890 Cd2288 Fe2599 Ni2216 S_1807 

Adsorption time, 
h 

Initial As 
ppm 

80     

       

11:00 2  17.43  .0764  .0000  -.1057  .0512 

13:00 4      

15:00 6      

17:00 8  .0333  .0003  -.0009  -.0643  119.9 

19:00 10      

21:00 12  .4126  .0036  -.0008  -.0575  63.92 

8:00 24  .6234  .0017  -.0005  -.0289  59.77 

11:00 26      

       

time Sample      

 1a7 As1890 Cd2288 Fe2599 Ni2216 S_1807 

Adsorption time, 
h 

Initial As 
ppm 

100     

       

11:00 2  59.57  .2751  .0009  -.1738  .0455 

13:00 4      

15:00 6      
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17:00 8  .2715  .0027  -.0009  -.0659  94.45 

19:00 10      

21:00 12  35.21  .3490  -.0007  -.0505  45.15 

8:00 24  1.520  .0047  -.0004  -.0285  75.95 

11:00 26  .0423  .0001  .0020  -.0317  111.0 

       

time Sample      

 1a8 As1890 Cd2288 Fe2599 Ni2216 S_1807 

Adsorption time, 
h 

Initial As 
ppm 

200     

       

11:00 2  94.01  .4477  .0004  -.0932  .3109 

13:00 4      

15:00 6      

17:00 8  3.769  .0363  -.0012  -.0760  166.2 

19:00 10      

21:00 12  .0356  .0000  -.0012  -.0285  114.8 

8:00 24  .2376  .0007  -.0005  -.0262  84.60 

11:00 26  .1958  .0006  -.0003  -.0322  103.4 

       

time Sample      

 1a9 As1890 Cd2288 Fe2599 Ni2216 S_1807 

Adsorption time, 
h 

Initial As 
ppm 

300     

       

11:00 2      

13:00 4      

15:00 6      

17:00 8      

19:00 10      

21:00 12      

8:00 24      

11:00 26      

       

time Sample      

 1a10 As1890 Cd2288 Fe2599 Ni2216 S_1807 

Adsorption time, 
h 

Initial As 
ppm 

400     

       

11:00 2      

13:00 4      

15:00 6      

17:00 8      

19:00 10      

21:00 12      

8:00 24      

11:00 26      

       

time Sample      

 1b1 As1890 Cd2288 Fe2599 Ni2216 S_1807 

Adsorption time, 
h 

Initial As 
ppm 

0     
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11:00 2      

13:00 4      

15:00 6      

17:00 8  17.20  .1646  .0005  -.0759  70.91 

19:00 10      

21:00 12  .1059  .0006  -.0011  -.0568  69.68 

8:00 24  .1762  .0005  -.0004  -.0310  102.4 

11:00 26  .0159  .0003  -.0005  -.0088  191.9 

       

time Sample      

 1b2 As1890 Cd2288 Fe2599 Ni2216 S_1807 

Adsorption time, 
h 

Initial As 
ppm 

10     

       

11:00 2      

13:00 4      

15:00 6      

17:00 8  15.87  .1523  .0005  -.0697  65.40 

19:00 10      

21:00 12  .0179  -.0002  -.0008  -.0426  121.2 

8:00 24  .0055  .0003  -.0005  -.0128  149.6 

11:00 26  .0119  .0000  -.0003  -.0287  134.1 

       

       

time Sample      

 1b3 As1890 Cd2288 Fe2599 Ni2216 S_1807 

Adsorption time, 
h 

Initial As 
ppm 

20     

       

11:00 2      

13:00 4      

15:00 6      

17:00 8  .6229  .0058  -.0010  -.0671  159.6 

19:00 10      

21:00 12  .5598  .0052  -.0014  -.0525  85.93 

8:00 24  .0182  .0000  -.0004  -.0283  204.5 

11:00 26  .0142  -.0001  -.0003  -.0164  205.2 

       

time Sample      

 1b4 As1890 Cd2288 Fe2599 Ni2216 S_1807 

Adsorption time, 
h 

Initial As 
ppm 

40     

       

11:00 2      

13:00 4      

15:00 6      

17:00 8  6.179  .0588  -.0010  -.0502  127.4 

19:00 10      

21:00 12  .0168  -.0003  -.0011  -.0511  100.5 

8:00 24  .0087  -.0001  -.0004  -.0131  206.1 

11:00 26  .0098  .0000  .0000  -.0162  223.3 

       

time Sample      
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 1b5 As1890 Cd2288 Fe2599 Ni2216 S_1807 

Adsorption time, 
h 

Initial As 
ppm 

60     

       

11:00 2      

13:00 4      

15:00 6      

17:00 8  27.79  .2665  -.0002  -.0404  111.0 

19:00 10      

21:00 12  .0139  -.0003  -.0007  -.0518  93.53 

8:00 24  .0090  -.0003  -.0005  -.0174  153.5 

11:00 26  .0097  -.0002  .0024  -.0174  230.3 

       

       

time Sample      

 1b6 As1890 Cd2288 Fe2599 Ni2216 S_1807 

Adsorption time, 
h 

Initial As 
ppm 

80     

       

11:00 2      

13:00 4      

15:00 6      

17:00 8      

19:00 10      

21:00 12  1.775  .0175  -.0010  -.0388  103.8 

8:00 24  .0472  .0000  -.0004  -.0205  152.0 

11:00 26  .0079  -.0002  -.0001  -.0263  196.4 

       

time Sample      

 1b7 As1890 Cd2288 Fe2599 Ni2216 S_1807 

Adsorption time, 
h 

Initial As 
ppm 

100     

       

11:00 2      

13:00 4      

15:00 6      

17:00 8      

19:00 10      

21:00 12      

8:00 24      

11:00 26      

       

time Sample      

 1b8 As1890 Cd2288 Fe2599 Ni2216 S_1807 

Adsorption time, 
h 

Initial As 
ppm 

200     

       

11:00 2      

13:00 4      

15:00 6      

17:00 8      

19:00 10      

21:00 12      
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8:00 24      

11:00 26      

       

time Sample      

 1b9 As1890 Cd2288 Fe2599 Ni2216 S_1807 

Adsorption time, 
h 

Initial As 
ppm 

300     

       

11:00 2  382.3  1.906  .0011  -.1212  .5842 

13:00 4      

15:00 6      

17:00 8      

19:00 10      

21:00 12  42.73  .4355  -.0001  -.0340  89.18 

8:00 24  .0044  -.0004  -.0004  -.0179  180.2 

11:00 26  .0126  -.0002  .0000  -.0198  209.9 

       

time Sample      

 1b10 As1890 Cd2288 Fe2599 Ni2216 S_1807 

Adsorption time, 
h 

Initial As 
ppm 

400     

       

11:00 2  481.2  2.498  .0017  -.0962  2.912 

13:00 4      

15:00 6      

17:00 8      

19:00 10      

21:00 12  .0243  -.0002  -.0011  -.0189  154.3 

8:00 24  .4512  .0014  -.0002  -.0188  143.7 

11:00 26  .1387  .0006  .0006  -.0253  195.1 

       

time Sample      

 1c1 As1890 Cd2288 Fe2599 Ni2216 S_1807 

Adsorption time, 
h 

Initial As 
ppm 

0     

       

11:00 2      

13:00 4      

15:00 6      

17:00 8      

19:00 10  .0293  .0001  -.0015  -.0118  158.7 

21:00 12  .0149  .0001  -.0013  -.0246  223.8 

8:00 24  .0181  .0002  -.0003  -.0133  191.6 

11:00 26  .0048  -.0003  -.0004  -.0025  278.7 

       

time Sample      

 1c2 As1890 Cd2288 Fe2599 Ni2216 S_1807 

Adsorption time, 
h 

Initial As 
ppm 

10     

       

11:00 2      

13:00 4      

15:00 6      
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17:00 8  8.088  .0331  -.0004  -.1308  55.86 

19:00 10  .0164  .0000  -.0011  -.0345  162.1 

21:00 12  .0128  .0000  -.0013  -.0170  246.6 

8:00 24  .0093  .0004  -.0004  -.0052  357.7 

11:00 26  .0042  .0003  .0031  -.0109  372.9 

       

time Sample      

 1c3 As1890 Cd2288 Fe2599 Ni2216 S_1807 

Adsorption time, 
h 

Initial As 
ppm 

20     

       

11:00 2      

13:00 4      

15:00 6      

17:00 8  .0279  -.0002  -.0004  -.0881  34.55 

19:00 10  .0202  .0000  -.0013  -.0314  180.0 

21:00 12  .0119  -.0002  -.0010  -.0152  210.2 

8:00 24  .0048  .0001  -.0005  -.0048  308.8 

11:00 26      

       

time Sample      

 1c4 As1890 Cd2288 Fe2599 Ni2216 S_1807 

Adsorption time, 
h 

Initial As 
ppm 

40     

       

11:00 2      

13:00 4      

15:00 6      

17:00 8  147.7  .6870  .0009  -.0533  .3767 

19:00 10  .1190  .0006  -.0006  -.0264  170.4 

21:00 12  .2135  .0020  -.0010  -.0374  140.7 

8:00 24  .0039  .0000  -.0004  -.0051  281.7 

11:00 26  .0083  -.0003  .0003  .0004  314.5 

time Sample      

 1c5 As1890 Cd2288 Fe2599 Ni2216 S_1807 

Adsorption time, 
h 

Initial As 
ppm 

60     

       

10:30 2  4.640  .0226  -.0011  -.0570  71.51 

12:30 4  1.968  .0103  -.0010  -.0573  90.36 

14:30 6  .9831  .0052  -.0006  -.0546  104.4 

16:30 8  .2190  .0010  -.0019  -.0538  148.5 

18:30 10  .1070  .0006  -.0011  -.0504  204.4 

20:30 12  .0392  .0001  -.0016  -.0424  258.4 

8:30 24  .0054  .0002  .0005  -.0237  -437.2 

10:30 26  .0017  .0001  -.0008  -.0234  -300.1 

       

       

time Sample      

 1c6 As1890 Cd2288 Fe2599 Ni2216 S_1807 

Adsorption time, 
h 

Initial As 
ppm 

80     
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10:30 2  5.286  .0262  -.0008  -.0568  80.99 

12:30 4  4.346  .0228  -.0005  -.0583  95.72 

14:30 6  1.221  .0061  -.0006  -.0548  -136.3 

16:30 8  .8114  .0042  -.0007  -.0569  168.5 

18:30 10  .2085  .0011  -.0005  -.0503  205.4 

20:30 12  .1130  .0004  -.0010  -.0424  288.0 

8:30 24  .0139  .0000  -.0003  -.0251  -453.6 

10:30 26  -.0012  .0001  -.0002  -.0235  -342.3 

       

time Sample      

 1c7 As1890 Cd2288 Fe2599 Ni2216 S_1807 

Adsorption time, 
h 

Initial As 
ppm 

100     

       

10:30 2  3.861  .0187  .0006  -.0567  75.58 

12:30 4  2.179  .0113  -.0001  -.0572  89.58 

14:30 6  .6749  .0033  -.0011  -.0560  107.5 

16:30 8  .8356  .0046  -.0007  -.0596  138.3 

18:30 10  .6096  .0029  -.0002  -.0557  179.9 

20:30 12  .2256  .0012  -.0010  -.0494  245.1 

8:30 24  .2196  .0010  .0004  -.0290  -442.6 

10:30 26  .1867  .0010  -.0001  -.0287  -373.7 

       

time Sample      

 1c8 As1890 Cd2288 Fe2599 Ni2216 S_1807 

Adsorption time, 
h 

Initial As 
ppm 

200     

       

10:30 2  9.441  .0476  .0009  -.0484  92.97 

12:30 4  3.759  .0194  .0007  -.0464  106.1 

14:30 6 1.605  .0082  .0000  -.0518  127.1 

16:30 8  1.177  .0062  -.0003  -.0537  148.7 

18:30 10  1.087  .0058  -.0007  -.0529  162.6 

20:30 12  .5257  .0027  .0000  -.0507  217.4 

8:30 24  .2128  .0012  -.0001  -.0315  -474.8 

10:30 26  .4097  .0024  .0000  -.0358  -225.8 

       

time Sample      

 1c9 As1890 Cd2288 Fe2599 Ni2216 S_1807 

Adsorption time, 
h 

Initial As 
ppm 

300     

       

10:30 2  58.08  .3162  .0004  -.0425  63.77 

12:30 4  44.02  .2515  .0004  -.0433  77.41 

14:30 6  20.82  .1135  -.0003  -.0443  92.75 

16:30 8  4.178  .0222  .0004  -.0478  112.1 

18:30 10  2.610  .0139  -.0006  -.0470  126.3 

20:30 12  2.002  .0104  -.0007  -.0474  189.4 

8:30 24  .1129  .0007  .0000  -.0328  -391.0 

10:30 26  .0380  .0003  -.0002  -.0282  -342.4 

 
 

      

time Sample      
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 1c10 As1890 Cd2288 Fe2599 Ni2216 S_1807 

Adsorption time, 
h 

Initial As 
ppm 

400     

       

10:30 2  100.3  .5681  .0000  -.0368  63.04 

12:30 4  77.55  .4494  -.0002  -.0379  79.64 

14:30 6  56.45  .3241  -.0007  -.0385  95.38 

16:30 8  36.34  .2075  .0007  -.0387  101.7 

18:30 10  9.456  .0496  -.0002  -.0421  127.7 

20:30 12  2.493  .0126  -.0011  -.0410  203.2 

8:30 24  .1296  .0008  -.0007  -.0246  -418.5 

10:30 26  .0209  .0000  .0005  -.0223  -375.5 

 

ICP-analysis of adsorbent 2.  

 

Results/sample      

       

time sample      

 4a1 As1890 Cd2288 Fe2599 Ni2216 S_1807 

Adsorption 
time 

Initial As 
ppm 

0     

       

10:30 2  .1261  .0000  -.0003  -.0757  41.26 

12:30 4  .0177  -.0001  -.0004  -.0652  40.41 

14:30 6  .0113  -.0006  -.0003  -.0641  36.29 

16:30 8  .0123  -.0004  -.0003  -.0599  40.49 

18:30 10  .0001  .0000  -.0078  -.0588  47.73 

20:30 12  -.0067  -.0001  -.0108  -.0574  70.92 

8:30 24  .0007  -.0002  -.0300  -.0518  134.1 

10:30 26  .0069  .0001  -.0305  -.0136  511.8 

       

       

time sample As1890 Cd2288 Fe2599 Ni2216 S_1807 

 4a2      

Adsorption 
time 

Initial As 
ppm 

10     

       

10:30 2  4.223  .0113  -.0003  -.0747  35.26 

12:30 4  3.512  .0095  -.0004  -.0714  38.62 

14:30 6  3.068  .0095  -.0004  -.0725  35.56 

16:30 8  1.472  .0044  -.0003  -.0680  38.16 

18:30 10  1.629  .0104  -.0077  -.0822  54.77 

20:30 12  1.110  .0071  -.0108  -.0787  66.67 

8:30 24 -     

10:30 26  -.0043  -.0001  -.0310  -.0393  101.8 

       

       

time sample As1890 Cd2288 Fe2599 Ni2216 S_1807 

 4a3      

Adsorption 
time 

Initial As 
ppm 

20     
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10:30 2  5.532  .0146  -.0004  -.0636  37.84 

12:30 4  3.682  .0102  -.0005  -.0721  44.13 

14:30 6  2.431  .0073  -.0004  -.0704  38.99 

16:30 8  1.306  .0037  -.0004  -.0688  43.57 

18:30 10  1.631  .0102  -.0075  -.0745  52.32 

20:30 12  .6205  .0042  -.0108  -.0723  84.56 

8:30 24  .7762  .0024  -.0313  -.0728  161.8 

10:30 26  .7654  .0028  -.0308  -.0629  98.31 

       

       

time sample As1890 Cd2288 Fe2599 Ni2216 S_1807 

 4a4      

Adsorption 
time 

Initial As 
ppm 

40     

       

10:30 2  2.412  .0062  -.0003  -.0646  31.52 

12:30 4  3.614  .0100  -.0005  -.0691  37.45 

14:30 6  1.494  .0041  -.0003  -.0740  34.97 

16:30 8  2.768  .0087  -.0004  -.0573  28.65 

18:30 10  .5898  .0036  -.0087  -.0734  45.61 

20:30 12  1.258  .0078  -.0101  -.0749  72.30 

8:30 24  .4633  .0016  -.0309  -.0697  130.1 

10:30 26  .6338  .0020  -.0302  -.0550  126.0 

       

       

time sample As1890 Cd2288 Fe2599 Ni2216 S_1807 

 4a5      

Adsorption 
time 

Initial As 
ppm 

60     

       

10:30 2  2.490  .0064  -.0004  -.0719  40.08 

12:30 4  7.616  .0210  -.0004  -.0656  42.22 

14:30 6  5.911  .0180  -.0001  -.0385  40.36 

16:30 8  1.934  .0060  -.0003  -.0702  49.86 

18:30 10  .5733  .0037  -.0077  -.0781  56.16 

20:30 12  1.371  .0090  -.0103  -.0747  65.67 

8:30 24  .9282  .0030  -.0301  -.0769  123.3 

10:30 26  .4911  .0018  -.0306  -.0598  112.5 

       

       

time sample As1890 Cd2288 Fe2599 Ni2216 S_1807 

 4a6      

Adsorption 
time 

Initial As 
ppm 

80     

       

10:30 2  5.109  .0138  -.0004  -.0692  40.67 

12:30 4  7.219  .0202  -.0004  -.0668  41.93 

14:30 6  4.726  .0142  -.0004  -.0663  38.71 

16:30 8  1.477  .0041  -.0003  -.0764  42.28 

18:30 10  1.816  .0113  -.0076  -.0714  42.01 

20:30 12  1.733  .0110  -.0103  -.0726  55.30 

8:30 24  .9343  .0031  -.0309  -.0741  139.3 
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10:30 26  .6224  .0024  -.0299  -.0659  107.5 

       

       

time sample As1890 Cd2288 Fe2599 Ni2216 S_1807 

 4a7      

Adsorption 
time 

Initial As 
ppm 

100     

       

10:30 2  6.104  .0168  -.0003  -.0887  43.62 

12:30 4  5.908  .0163  -.0004  -.0631  42.92 

14:30 6  3.356  .0110  .0001  -.0294  46.18 

16:30 8  2.523  .0159  -.0076  -.0699  44.06 

18:30 10  2.523  .0159  -.0076  -.0699  44.06 

20:30 12  1.726  .0110  -.0102  -.0688  63.38 

8:30 24  .8480  .0030  -.0303  -.0726  125.8 

10:30 26  .5540  .0018  -.0309  -.0632  119.0 

       

       

time sample As1890 Cd2288 Fe2599 Ni2216 S_1807 

 4a8      

Adsorption 
time 

Initial As 
ppm 

200     

       

10:30 2  65.17  .2021  -.0003  -.0616  32.91 

12:30 4  56.91  .1739  -.0003  -.0575  33.46 

14:30 6 -     

16:30 8  37.54  .1402  -.0002  -.0672  38.72 

18:30 10  20.09  .1287  -.0068  -.0643  42.70 

20:30 12  12.88  .0830  -.0093  -.0667  60.65 

8:30 24  4.176  .0155  -.0302  -.0622  137.2 

10:30 26  .3074  .0008  -.0299  -.0612  109.2 

       

       

time sample As1890 Cd2288 Fe2599 Ni2216 S_1807 

 4a9      

Adsorption 
time 

Initial As 
ppm 

300     

       

10:30 2  151.3  .4720  .0002  -.0516  29.19 

12:30 4  148.0  .4763  -.0003  -.0503  29.28 

14:30 6  133.9  .4780  -.0003  -.0510  26.66 

16:30 8  125.1  .4771  .0003  .0188  35.06 

18:30 10  108.8  .7580  -.0067  -.0633  43.57 

20:30 12  45.47  .3058  -.0101  -.0616  85.05 

8:30 24  33.38  .1353  -.0304  -.0595  151.1 

10:30 26  3.807  .0149  -.0309  -.0559  124.3 

       

       

time sample As1890 Cd2288 Fe2599 Ni2216 S_1807 

 4a10      

Adsorption 
time 

Initial As 
ppm 

400     
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10:30 2  199.4  .6249  -.0003  -.0437  35.66 

12:30 4  190.3  .6127  -.0004  -.0421  34.35 

14:30 6  171.5  .6261  -.0001  -.0110  29.67 

16:30 8  142.7  1.009  -.0048  -.0480  42.30 

18:30 10  112.7  .7932  -.0093  -.0510  71.99 

20:30 12  112.7  .7932  -.0093  -.0510  71.99 

8:30 24  106.7  .4660  -.0307  -.0504  124.5 

10:30 26  26.39  .1070  -.0310  -.0453  122.0 

       

       

time sample As1890 Cd2288 Fe2599 Ni2216 S_1807 

 4b1      

Adsorption 
time 

Initial As 
ppm 

0     

       

10:30 2  .1553  .0002  -.0003  -.0555  65.83 

12:30 4  .0984  .0000  -.0005  -.1010  141.6 

14:30 6  .0971  -.0005  -.0003  -.0506  70.41 

16:30 8  .1122  -.0003  -.0003  -.0453  77.89 

18:30 10  .0017  .0000  -.0074  -.0470  97.58 

20:30 12  .0101  .0001  .0032  -.0360  126.4 

8:30 24  .0046  -.0003  -.0313  -.0294  242.4 

10:30 26  90.17  .4106  -.0298  -.0422  106.4 

       

       

time sample As1890 Cd2288 Fe2599 Ni2216 S_1807 

 4b2      

Adsorption 
time 

Initial As 
ppm 

10     

       

10:30 2  1.192  .0030  -.0004  -.0720  63.54 

12:30 4  1.543  .0049  -.0004  -.0714  58.62 

14:30 6  .9726  .0024  -.0003  -.0660  65.91 

16:30 8  .7196  .0016  .0000  .0000  70.89 

18:30 10  .2698  .0015  -.0077  -.0675  95.15 

20:30 12  .0487  .0005  -.0108  -.0556  156.4 

8:30 24  .0103  -.0003  -.0313  -.0327  261.0 

10:30 26  .0101  -.0003  -.0300  -.0226  257.4 

       

       

time sample As1890 Cd2288 Fe2599 Ni2216 S_1807 

 4b3      

Adsorption 
time 

Initial As 
ppm 

20     

       

10:30 2  1.345  .0034  -.0004  -.0687  62.07 

12:30 4  2.448  .0080  -.0003  -.0688  54.30 

14:30 6  1.683  .0048  -.0003  -.0562  50.05 

16:30 8  .7953  .0020  -.0004  -.0536  72.57 

18:30 10  .5981  .0039  -.0085  -.0713  91.95 

20:30 12  .2052  .0014  -.0116  -.0657  114.1 

8:30 24  .0094  .0000  -.0322  -.0280  355.1 

10:30 26  .0063  -.0001  -.0306  -.0316  257.9 
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time sample      

 4b4 As1890 Cd2288 Fe2599 Ni2216 S_1807 

Adsorption 
time 

Initial As 
ppm 

40     

       

10:30 2  4.197  .0114  -.0004  -.0669  45.80 

12:30 4  1.705  .0051  -.0003  -.0702  48.02 

14:30 6  1.745  .0054  -.0004  -.0558  43.52 

16:30 8  .1192  -.0004  -.0004  -.0654  71.74 

18:30 10  .4318  .0027  -.0111  -.0549  96.76 

20:30 12  .0516  .0005  -.0116  -.0433  181.5 

8:30 24  .0094  .0000  -.0322  -.0280  355.1 

10:30 26 -     

       

       

time sample As1890 Cd2288 Fe2599 Ni2216 S_1807 

 4b5      

Adsorption 
time 

Initial As 
ppm 

60     

       

10:30 2  3.908  .0104  -.0002  -.0664  65.20 

12:30 4  3.626  .0117  -.0004  -.0599  54.61 

14:30 6  2.486  .0076  -.0002  -.0305  70.14 

16:30 8  .0386  -.0005  -.0004  -.0022  1.876 

18:30 10  .8771  .0057  -.0112  -.0611  92.92 

20:30 12  1.193  .0076  -.0112  -.0643  109.5 

8:30 24  .0564  -.0001  -.0301  -.0460  247.4 

10:30 26  .0498  -.0001  -.0309  -.0460  306.9 

       

       

time sample As1890 Cd2288 Fe2599 Ni2216 S_1807 

 4b6      

Adsorption 
time 

Initial As 
ppm 

80     

       

10:30 2  10.91  .0293  -.0005  -.0631  58.35 

12:30 4  5.861  .0187  -.0002  -.0545  49.56 

14:30 6  2.455  .0077  -.0004  -.0593  57.81 

16:30 8  .0384  -.0005  -.0004  -.0024  1.973 

18:30 10  .3270  .0020  -.0109  -.0566  148.1 

20:30 12  .1679  .0011  -.0103  -.0522  158.3 

8:30 24  .1887  .0005  -.0311  -.0430  260.8 

10:30 26  .1587  .0003  -.0072  -.0061  246.3 

       

       

time sample As1890 Cd2288 Fe2599 Ni2216 S_1807 

 4b7      

Adsorption 
time 

Initial As 
ppm 

100     

       

10:30 2  5.585  .0151  -.0005  -.0413  74.98 
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12:30 4  4.249  .0131  -.0004  -.0373  58.24 

14:30 6 -     

16:30 8  .1565  .0004  -.0005  -.0491  86.86 

18:30 10  .0310  -.0001  -.0110  -.0397  96.67 

20:30 12  .4875  .0015  -.0303  -.0421  203.4 

8:30 24  .2957  .0010  -.0303  -.0321  244.9 

10:30 26  .2471  .0008  -.0311  -.0358  278.2 

       

       

time sample As1890 Cd2288 Fe2599 Ni2216 S_1807 

 4b8      

Adsorption 
time 

Initial As 
ppm 

200     

       

10:30 2  23.04  .0646  -.0004  -.0341  70.72 

12:30 4  4.215  .0130  -.0003  -.0330  62.91 

14:30 6  .3161  .0002  -.0004  -.0399  64.56 

16:30 8  2.258  .0079  -.0005  -.0410  84.28 

18:30 10  1.013  .0065  -.0110  -.0411  105.4 

20:30 12  1.979  .0067  -.0312  -.0367  189.8 

8:30 24  .5113  .0014  -.0313  -.0370  271.4 

10:30 26  .4056  .0015  -.0310  -.0326  238.4 

       

       

time sample As1890 Cd2288 Fe2599 Ni2216 S_1807 

 4b9      

Adsorption 
time 

Initial As 
ppm 

300     

       

10:30 2  86.32  .2653  -.0003  -.0290  59.81 

12:30 4  69.63  .2441  -.0002  -.0287  51.58 

14:30 6  49.95  .1773  -.0003  -.0279  49.75 

16:30 8  32.00  .1242  -.0005  -.0316  62.30 

18:30 10  1.013  .0065  -.0110  -.0411  105.4 

20:30 12  2.588  .0086  -.0315  -.0356  280.8 

8:30 24  1.718  .0062  -.0307  -.0346  288.9 

10:30 26  1.481  .0059  -.0308  -.0323  267.4 

       

       

time sample As1890 Cd2288 Fe2599 Ni2216 S_1807 

 4b10      

Adsorption 
time 

Initial As 
ppm 

400     

       

10:30 2  130.8  .4041  -.0004  -.0250  56.56 

12:30 4  100.4  .3644  -.0003  -.0475  54.49 

14:30 6  114.4  .4165  -.0003  -.0271  57.93 

16:30 8  78.04  .3089  -.0005  -.0267  59.97 

18:30 10  59.23  .4015  -.0109  -.0270  78.41 

20:30 12  65.22  .2547  -.0294  -.0315  175.2 

8:30 24  5.077  .0194  -.0313  -.0330  297.3 

10:30 26  2.899  .0115  -.0229  -.0251  273.6 
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time sample As1890 Cd2288 Fe2599 Ni2216 S_1807 

 4c1      

Adsorption 
time 

Initial As 
ppm 

0     

       

10:30 2  .3216  .0006  -.0004  -.0292  93.81 

12:30 4  .0644  -.0002  -.0002  -.0251  79.39 

14:30 6  .0831  -.0002  -.0003  -.0258  94.62 

16:30 8  .0421  -.0002  -.0005  -.0224  127.6 

18:30 10  .0016  -.0001  -.0106  -.0179  175.3 

20:30 12  .0142  -.0002  -.0308  -.0156  370.5 

8:30 24  -.0016  -.0003  -.0310  -.0077  404.7 

10:30 26  -.0017  -.0001  -.0304  -.0056  500.5 

       

       

time sample As1890 Cd2288 Fe2599 Ni2216 S_1807 

 4c2      

Adsorption 
time 

Initial As 
ppm 

10     

       

10:30 2  .1911  .0001  -.0004  -.0340  106.4 

12:30 4  .3035  .0006  .0000  -.0270  91.09 

14:30 6  .0462  -.0005  .0002  -.0316  106.2 

16:30 8  .0281  -.0003  -.0005  -.0314  131.9 

18:30 10  .0105  .0002  -.0115  -.0253  186.9 

20:30 12  .0119  -.0004  -.0308  -.0208  464.5 

8:30 24  -.0027  -.0001  -.0316  -.0071  601.3 

10:30 26  .0003  -.0001  -.0312  -.0068  621.7 

       

       

time sample As1890 Cd2288 Fe2599 Ni2216 S_1807 

 4c3      

Adsorption 
time 

Initial As 
ppm 

20     

       

10:30 2  .7275  .0019  -.0004  -.0365  105.0 

12:30 4  .5355  .0009  -.0001  .0032  86.95 

14:30 6  .0772  -.0006  -.0004  -.0361  118.6 

16:30 8  .0564  -.0001  -.0005  -.0320  134.1 

18:30 10  .0433  .0002  -.0110  -.0298  207.1 

20:30 12  .0312  -.0001  -.0310  -.0243  412.7 

8:30 24  .0026  -.0001  -.0315  -.0108  523.6 

10:30 26  -.0013  -.0001  -.0312  -.0120  580.0 

       

       

time sample As1890 Cd2288 Fe2599 Ni2216 S_1807 

 4c4      

Adsorption 
time 

Initial As 
ppm 

40     

       

10:30 2  .6788  .0014  -.0004  -.0355  123.5 

12:30 4  .4188  .0006  -.0004  -.0341  106.2 
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14:30 6  .3686  .0005  -.0003  -.0227  124.9 

16:30 8  .0266  -.0001  -.0005  -.0347  136.9 

18:30 10  .1570  .0009  -.0117  -.0332  196.0 

20:30 12  .0267  -.0002  -.0315  -.0230  512.0 

8:30 24  .0069  .0001  -.0305  -.0136  511.8 

10:30 26  .0031  -.0003  -.0309  -.0159  581.9 

       

       

time sample      

 4c5 As1890 Cd2288 Fe2599 Ni2216 S_1807 

Adsorption 
time 

Initial As 
ppm 

60     

       

10:30 2  .5585  .0024  -.0015  -.0502  103.1 

12:30 4  .6132  .0030  -.0010  -.0503  129.5 

14:30 6  .4387  .0021  -.0001  -.0479  149.7 

16:30 8  .3320  .0016  -.0007  -.0460  163.4 

18:30 10  .0886  .0005  -.0003  -.0503  207.0 

20:30 12  .0338  .0003  -.0013  -.0343  253.7 

8:30 24  .0043  -.0001  -.0012  -.0283  341.5 

10:30 26  .0465  .0003  -.0003  -.0225  -411.1 

       

       

time sample      

 4c6 As1890 Cd2288 Fe2599 Ni2216 S_1807 

Adsorption 
time 

Initial As 
ppm 

80     

       

10:30 2  1.662  .0073  -.0015  -.0487  117.3 

12:30 4  .9528  .0046  -.0014  -.0473  135.1 

14:30 6  .5939  .0031  -.0007  -.0483  154.2 

16:30 8  .1386  .0007  -.0003  -.0492  175.3 

18:30 10  .0925  .0005  -.0012  -.0437  199.3 

20:30 12  .0233  .0004  -.0017  -.0409  255.7 

8:30 24  .0062  .0002  -.0012  -.0303  321.0 

10:30 26  .0285  .0002  -.0005  -.0195  -386.6 

       

time sample      

 4c7 As1890 Cd2288 Fe2599 Ni2216 S_1807 

Adsorption 
time 

Initial As 
ppm 

100     

       

10:30 2  1.946  .0084  -.0017  -.0627  101.3 

12:30 4  2.580  .0127  -.0007  -.0543  129.9 

14:30 6  1.337  .0076  -.0009  -.0508  143.8 

16:30 8  .1086  .0004  -.0010  -.0445  172.1 

18:30 10  .1214  .0005  -.0005  -.0437  211.1 

20:30 12  .0536  .0003  -.0018  -.0443  291.6 

8:30 24  .0117  -.0001  -.0016  -.0359  315.9 

10:30 26  .1521  .0007  -.0003  -.0335  -370.0 

       

       

time sample      



 80 

 4c8 As1890 Cd2288 Fe2599 Ni2216 S_1807 

Adsorption 
time 

Initial As 
ppm 

200     

       

10:30 2  3.686  .0165  -.0008  -.0437  122.2 

12:30 4  1.890  .0095  -.0011  -.0454  146.2 

14:30 6  1.444  .0076  -.0005  -.0454  162.4 

16:30 8  .9176  .0048  -.0015  -.0453  175.9 

18:30 10  .0782  .0003  -.0002  -.0466  208.7 

20:30 12  .4953  .0023  -.0010  -.0491  258.1 

8:30 24  .3429  .0016  -.0003  -.0441  313.9 

10:30 26  .2231  .0012  -.0004  -.0351  -368.0 

       

       

       

time sample      

 4c9 As1890 Cd2288 Fe2599 Ni2216 S_1807 

Adsorption 
time 

Initial As 
ppm 

300     

       

10:30 2  6.966  .0310  .0004  -.0392  115.6 

12:30 4  2.162  .0107  -.0008  -.0436  142.9 

14:30 6  1.864  .0099  -.0010  -.0435  149.6 

16:30 8  1.411  .0073  -.0003  -.0431  -183.3 

18:30 10  .7046  .0038  -.0008  -.0455  180.6 

20:30 12  .1158  .0003  -.0010  -.0470  261.4 

8:30 24  .1334  .0005  -.0013  -.0432  294.9 

10:30 26  .0713  .0002  -.0001  -.0278  -382.2 

       

       

       

time sample      

 4c10 As1890 Cd2288 Fe2599 Ni2216 S_1807 

Adsorption 
time 

Initial As 
ppm 

400     

       

10:30 2  8.293  .0374  .0001  -.0315  115.4 

12:30 4  4.356  .0225  .0002  -.0361  150.5 

14:30 6  3.669  .0193  -.0002  -.0368  160.5 

16:30 8  3.514  .0185  -.0008  -.0383  167.0 

18:30 10  2.098  .0110  -.0014  -.0424  189.0 

20:30 12  .4506  .0023  -.0012  -.0375  232.0 

8:30 24  .5619  .0026  -.0009  -.0384  287.2 

10:30 26  .1221  .0005  -.0011  -.0360  -207.7 

 

ICP-analysis of adsorbent 3.  

 

Results/sample       

       

time sample      

 5a1 As1890 Cd2288 Fe2599 Ni2216 S_1807 
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Adsorption time Initial As, 
ppm 

0     

       

10:30 2      

12:30 4  .0036  .0001  .0001  -.0803  28.33 

14:30 6  .0023  -.0001  -.0002  -.0799  35.53 

16:30 8  .0030  -.0001  -.0001  -.0804  39.35 

18:30 10  -.0018  -.0004  .0002  -.0835  49.78 

20:30 12  -.0006  -.0002  .0000  -.0831  58.26 

8:30 24      

10:30 26  .0042  -.0001  -.0003  -.0614  82.77 

       

       

time sample      

 5a2      

  As1890 Cd2288 Fe2599 Ni2216 S_1807 

Adsorption time Initial As, 
ppm 

10     

10:30 2      

12:30 4  3.011  .0126  -.0005  -.0833  27.09 

14:30 6  .0018  -.0001  -.0012  .0006  -.0136 

16:30 8  1.481  .0060  -.0010  -.0866  41.16 

18:30 10  .9532  .0035  -.0003  -.0894  61.76 

20:30 12  .1720  .0005  .0002  -.0858  73.80 

8:30 24  .0642  .0003  -.0008  -.0732  68.39 

10:30 26  .4731  .0023  -.0004  -.0768  72.95 

       

       

time sample      

 5a3      

  As1890 Cd2288 Fe2599 Ni2216 S_1807 

Adsorption time Initial As, 
ppm 

20     

10:30 2      

12:30 4  6.277  .0251  -.0006  -.0808  28.91 

14:30 6  .0023  -.0002  -.0014  .0003  -.0610 

16:30 8  4.009  .0169  .0004  -.0906  40.73 

18:30 10  2.484  .0096  -.0001  -.0905  52.76 

20:30 12  .8511  .0032  -.0012  -.0722  57.46 

8:30 24  .2380  .0011  -.0011  -.0797  70.81 

10:30 26  .4169  .0020  -.0009  -.0840  75.50 

       

       

time sample      

 5a4      

  As1890 Cd2288 Fe2599 Ni2216 S_1807 

Adsorption time Initial As, 
ppm 

40     

10:30 2      

12:30 4  13.65  .0554  -.0003  -.0767  24.20 

14:30 6  7.940  .0332  -.0004  -.0838  31.65 

16:30 8  2.655  .0112  -.0002  -.0906  40.55 

18:30 10  2.318  .0090  -.0004  -.0907  59.65 
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20:30 12  .1744  .0005  -.0002  -.0765  62.00 

8:30 24  .4783  .0022  -.0005  -.0808  71.77 

10:30 26  .8831  .0043  -.0008  -.0831  74.45 

       

       

time sample      

 5a5      

  As1890 Cd2288 Fe2599 Ni2216 S_1807 

Adsorption time Initial As, 
ppm 

60     

10:30 2      

12:30 4  25.68  .1096  -.0004  -.0723  20.03 

14:30 6  9.139  .0376  -.0003  -.0803  29.56 

16:30 8  2.122  .0090  -.0001  -.0888  41.43 

18:30 10  2.197  .0082  -.0001  -.0887  52.93 

20:30 12  .3128  .0013  -.0015  -.0742  55.64 

8:30 24  .3156  .0014  -.0011  -.0785  78.45 

10:30 26  .4901  .0024  -.0008  -.0764  82.20 

       

       

time sample      

 5a6      

  As1890 Cd2288 Fe2599 Ni2216 S_1807 

Adsorption time Initial As, 
ppm 

80     

10:45 2  37.94  .1591  .0000  -.0726  17.15 

12:45 4  10.43  .0422  .0010  -.0745  22.57 

14:45 6  17.02  .0719  .0004  -.0744  27.40 

16:45 8  6.534  .0275  .0008  -.0864  38.98 

18:45 10  2.761  .0109  .0004  -.0887  51.06 

20:45 12  .2885  .0010  -.0006  -.0751  55.24 

8:45 24  .1182  .0003  -.0006  -.0769  89.26 

10:45 26  .5505  .0027  -.0012  -.0800  95.11 

       

       

time sample      

 5a7      

  As1890 Cd2288 Fe2599 Ni2216 S_1807 

Adsorption time Initial As, 
ppm 

100     

10:45 2  27.14  .1074  .0005  -.0723  20.24 

12:45 4  22.77  .0927  .0009  -.0741  25.14 

14:45 6  18.85  .0792  .0001  -.0740  28.24 

16:45 8  12.04  .0499  .0002  -.0845  36.59 

18:45 10  5.152  .0204  -.0002  -.0893  49.84 

20:45 12  3.241  .0131  -.0003  -.0719  46.14 

8:45 24  1.504  .0072  -.0005  -.0815  74.18 

10:45 26  .7413  .0036  -.0007  -.0838  82.35 

       

       

time sample      

 5a8      

  As1890 Cd2288 Fe2599 Ni2216 S_1807 
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Adsorption time Initial As, 
ppm 

200     

10:45 2  70.94  .3022  .0005  -.0670  23.38 

12:45 4  57.17  .2558  .0016  -.0673  26.73 

14:45 6  50.45  .2376  .0006  -.0707  30.89 

16:45 8  47.93  .2282  .0009  -.0776  35.93 

18:45 10  43.41  .1932  .0005  -.0823  44.21 

20:45 12  27.67  .1216  .0002  -.0644  36.28 

8:45 24  2.626  .0124  -.0010  -.0757  94.25 

10:45 26  3.210  .0158  -.0013  -.0783  98.39 

       

       

time sample      

 5a9      

  As1890 Cd2288 Fe2599 Ni2216 S_1807 

Adsorption time Initial As, 
ppm 

300     

10:45 2  115.3  .5017  .0010  -.0527  22.59 

12:45 4  115.8  .5359  .0003  -.0557  25.40 

14:45 6  110.8  .5372  .0005  -.0562  28.08 

16:45 8  111.7  .5531  .0000  -.0634  32.82 

18:45 10  114.7  .5278  .0011  -.0668  39.27 

20:45 12  75.20  .3634  .0003  -.0570  41.81 

8:45 24  19.63  .0921  -.0008  -.0620  83.47 

10:45 26  20.18  .1026  -.0003  -.0665  90.37 

       

       

time sample      

 5a10      

  As1890 Cd2288 Fe2599 Ni2216 S_1807 

Adsorption time Initial As, 
ppm 

400     

10:45 2  137.0  .6049  .0023  -.0435  18.99 

12:45 4  162.0  .7696  .0000  -.0564  25.25 

14:45 6  156.0  .7612  .0012  -.0581  26.88 

16:45 8  158.3  .8015  .0035  -.0696  32.73 

18:45 10  169.1  .8373  .0008  -.0772  40.58 

20:45 12  107.4  .5132  .0002  -.0661  53.31 

8:45 24  65.73  .3518  .0025  -.0675  77.35 

10:45 26  68.43  .3826  .0003  -.0736  82.39 

       

       

time sample      

 5b1      

  As1890 Cd2288 Fe2599 Ni2216 S_1807 

Adsorption time Initial As, 
ppm 

0     

10:45 2  .0243  .0001  .0008  -.0672  38.36 

12:45 4  .0853  .0004  .0205  -.0320  44.10 

14:45 6  .0169  -.0001  -.0004  -.0629  56.15 

16:45 8  .0120  .0002  -.0004  -.0663  71.49 

18:45 10  .0089  -.0004  -.0004  -.0638  87.78 

20:45 12  .0093  .0001  -.0006  -.0501  86.28 
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8:45 24  .0014  -.0001  -.0003  -.0355  146.9 

10:45 26  .0033  .0002  -.0009  -.0329  156.4 

       

       

time sample      

 5b2      

  As1890 Cd2288 Fe2599 Ni2216 S_1807 

Adsorption time Initial As, 
ppm 

10     

10:45 2  1.951  .0072  -.0007  -.0696  37.88 

12:45 4  1.767  .0070  -.0008  -.0766  43.87 

14:45 6  .7714  .0031  -.0007  -.0742  56.53 

16:45 8  .3611  .0015  -.0010  -.0821  75.25 

18:45 10  .1055  .0000  -.0007  -.0691  93.18 

20:45 12  .0306  .0000  -.0007  -.0492  133.0 

8:45 24  .0045  -.0001  -.0010  -.0345  162.5 

10:45 26  .0114  .0001  -.0010  -.0333  164.4 

       

       

time sample      

 5b3      

  As1890 Cd2288 Fe2599 Ni2216 S_1807 

Adsorption time Initial As, 
ppm 

20     

10:45 2  4.395  .0170  -.0012  -.0741  38.23 

12:45 4  4.059  .0165  -.0006  -.0770  42.97 

14:45 6  1.469  .0059  -.0011  -.0738  54.73 

16:45 8  .9802  .0041  -.0007  -.0757  68.60 

18:45 10  .1834  .0005  -.0004  -.0818  99.21 

20:45 12  .0647  .0002  -.0014  -.0506  129.7 

8:45 24  .0244  .0003  -.0013  -.0433  175.4 

10:45 26  .0370  .0001  -.0006  -.0424  171.5 

       

       

time sample      

 5b4      

  As1890 Cd2288 Fe2599 Ni2216 S_1807 

Adsorption time Initial As, 
ppm 

40     

10:45 2  4.276  .0164  -.0008  -.0770  36.28 

12:45 4  1.170  .0046  -.0001  -.0743  41.31 

14:45 6  1.361  .0056  -.0014  -.0820  52.72 

16:45 8  1.058  .0035  -.0002  -.0801  67.68 

18:45 10  .2301  .0008  -.0005  -.0793  77.18 

20:45 12  .1478  .0005  -.0010  -.0587  102.3 

8:45 24  .0070  -.0002  .0029  -.0303  204.6 

10:45 26  .0130  .0002  -.0016  -.0378  209.4 

       

       

time sample      

 5b5      

  As1890 Cd2288 Fe2599 Ni2216 S_1807 

Adsorption time Initial As, 60     
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ppm 

10:45 2  4.753  .0186  -.0002  -.0723  40.53 

12:45 4  1.663  .0067  -.0010  -.0713  49.01 

14:45 6  .8804  .0038  -.0008  -.0803  59.89 

16:45 8  .9984  .0035  .0004  -.0784  66.95 

18:45 10  .2183  .0006  -.0005  -.0813  81.64 

20:45 12  .1131  .0005  -.0010  -.0633  96.13 

8:45 24  .0770  .0002  -.0004  -.0514  185.3 

10:45 26  .0464  .0001  -.0005  -.0499  184.2 

       

       

time sample      

 5b6      

  As1890 Cd2288 Fe2599 Ni2216 S_1807 

Adsorption time Initial As, 
ppm 

80     

10:45 2  5.328  .0213  .0009  -.0704  42.38 

12:45 4  2.744  .0115  -.0007  -.0733  51.87 

14:45 6  2.250  .0093  -.0007  -.0803  62.07 

16:45 8  1.611  .0055  .0006  -.0781  69.20 

18:45 10  .4132  .0014  -.0001  -.0825  86.18 

20:45 12      

8:45 24  .0485  .0003  -.0009  -.0562  178.8 

10:45 26  .0191  -.0001  -.0010  -.0513  176.0 

       

       

time sample      

 5b7      

  As1890 Cd2288 Fe2599 Ni2216 S_1807 

Adsorption time Initial As, 
ppm 

100     

10:45 2  35.06  .1535  .0005  -.0603  41.51 

12:45 4  24.64  .1038  -.0003  -.0632  50.90 

14:45 6  5.197  .0220  .0008  -.0774  54.22 

16:45 8  .9590  .0055  -.0006  -.0799  66.50 

18:45 10  1.573  .0061  .0000  -.0856  79.49 

20:45 12  .0462  .0002  -.0010  -.0736  74.19 

8:45 24  .2200  .0011  -.0006  -.0737  106.0 

10:45 26      

       

       

time sample      

 5b8      

  As1890 Cd2288 Fe2599 Ni2216 S_1807 

Adsorption time Initial As, 
ppm 

200     

10:45 2  23.85  .0971  -.0003  -.0682  36.83 

12:45 4  11.71  .0482  .0117  -.0638  42.40 

14:45 6  17.41  .0741  .0002  -.0689  57.77 

16:45 8  11.79  .0442  .0005  -.0683  63.02 

18:45 10  5.636  .0231  .0015  -.0745  89.56 

20:45 12  4.070  .0180  .0001  -.0658  84.15 

8:45 24  2.060  .0095  .0007  -.0648  108.1 
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10:45 26      

       

       

time sample      

 5b9      

  As1890 Cd2288 Fe2599 Ni2216 S_1807 

Adsorption time Initial As, 
ppm 

300     

10:45 2  83.44  .3783  .0005  -.0505  38.19 

12:45 4  88.66  .4132  .0018  -.0550  43.53 

14:45 6  75.89  .3712  .0001  -.0604  52.04 

16:45 8  63.15  .2600  .0012  -.0607  62.75 

18:45 10  54.78  .2563  .0018  -.0674  76.30 

20:45 12  28.21  .1341  .0002  -.0595  77.38 

8:45 24  .2143  .0010  -.0003  -.0553  193.3 

10:45 26      

       

       

time sample      

 5b10      

  As1890 Cd2288 Fe2599 Ni2216 S_1807 

Adsorption time Initial As, 
ppm 

400     

10:45 2  127.0  .5753  .0006  -.0430  36.01 

12:45 4  128.5  .6147  .0012  -.0462  42.74 

14:45 6  109.3  .5225  -.0001  -.0493  51.37 

16:45 8  105.4  .4541  .0017  -.0516  61.29 

18:45 10  95.82  .4645  .0011  -.0560  73.56 

20:45 12  24.13  .1109  -.0001  -.0531  103.9 

8:45 24  2.493  .0121  -.0007  -.0477  175.6 

10:45 26      

       

       

time sample      

 5c1      

  As1890 Cd2288 Fe2599 Ni2216 S_1807 

Adsorption time Initial As, 
ppm 

0     

10:45 2  .0147  .0000  -.0005  -.0668  37.04 

12:45 4  .0124  -.0001  -.0002  -.0670  47.04 

14:45 6  .0093  -.0001  -.0001  -.0731  65.08 

16:45 8  .0094  -.0004  -.0006  -.0628  74.30 

18:45 10  .0044  -.0004  -.0002  -.0631  98.15 

20:45 12  .0068  .0001  -.0006  -.0451  102.8 

8:45 24  .0005  .0001  -.0011  -.0271  176.5 

10:45 26      

       

       

time sample      

 5c2      

  As1890 Cd2288 Fe2599 Ni2216 S_1807 

Adsorption time Initial As, 
ppm 

10     
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10:45 2  .3449  .0014  .0001  -.0734  43.89 

12:45 4  .2714  .0012  -.0005  -.0735  53.39 

14:45 6  .1885  .0006  -.0003  -.0794  65.50 

16:45 8  .0254  -.0002  .0004  -.0778  75.26 

18:45 10  .0479  -.0001  .0084  -.0706  83.96 

20:45 12  .0099  -.0001  -.0002  -.0613  87.94 

8:45 24  .0001  .0000  -.0004  -.0482  139.4 

10:45 26      

       

       

time sample      

 5c3      

  As1890 Cd2288 Fe2599 Ni2216 S_1807 

Adsorption time Initial As, 
ppm 

20     

10:45 2  4.283  .0173  -.0009  -.0775  38.02 

12:45 4  3.201  .0131  -.0008  -.0759  42.83 

14:45 6  2.532  .0106  -.0008  -.0881  57.56 

16:45 8  1.108  .0036  -.0002  -.0830  77.96 

18:45 10  .2689  .0006  -.0003  -.0795  94.56 

20:45 12  .2345  .0010  -.0009  -.0686  104.3 

8:45 24  .0240  .0000  -.0013  -.0428  194.8 

10:45 26      

       

       

time sample      

 5c4      

  As1890 Cd2288 Fe2599 Ni2216 S_1807 

Adsorption time Initial As, 
ppm 

40     

10:45 2  4.366  .0175  -.0012  -.0761  41.37 

12:45 4  2.864  .0114  -.0012  -.0729  47.10 

14:45 6  2.135  .0089  -.0003  -.0795  58.56 

16:45 8  .8626  .0030  .0153  -.0510  72.27 

18:45 10  .1054  .0001  .0002  -.0515  64.36 

20:45 12  .0456  .0003  -.0010  -.0507  153.4 

8:45 24  .1127  .0005  -.0009  -.0566  179.9 

10:45 26      

       

       

time sample      

 5c5 As1890 Cd2288 Fe2599 Ni2216 S_1807 

       

Adsorption time Initial As, 
ppm 

60     

10:30 2  4.092  .0187  -.0007  -.0552  65.61 

12:30 4  2.488  .0128  -.0008  -.0565  82.51 

14:30 6  1.073  .0056  -.0003  -.0543  115.1 

16:30 8  .5462  .0029  -.0005  -.0496  138.2 

18:30 10  .0829  .0003  -.0013  -.0426  193.1 

20:30 12  .0299  .0001  -.0005  -.0338  282.7 

8:30 24  .0091  -.0002  -.0010  -.0216  362.2 

10:30 26  .0354  .0003  -.0003  -.0214  -368.0 
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time sample      

 5c6 As1890 Cd2288 Fe2599 Ni2216 S_1807 

       

Adsorption time Initial As, 
ppm 

80     

10:30 2  6.318  .0287  -.0013  -.0559  70.93 

12:30 4  4.473  .0237  -.0006  -.0574  88.97 

14:30 6  1.797  .0093  .0025  -.0489  95.37 

16:30 8  1.200  .0064  -.0011  -.0557  129.1 

18:30 10  .1248  .0006  -.0012  -.0486  182.0 

20:30 12  .0249  .0000  -.0003  -.0348  303.6 

8:30 24  .0165  .0000  .0013  -.0230  355.4 

10:30 26  .0124  .0000  -.0003  -.0196  -360.7 

       

       

time sample      

 5c7 As1890 Cd2288 Fe2599 Ni2216 S_1807 

       

Adsorption time Initial As, 
ppm 

100     

10:30 2  15.90  .0743  -.0006  -.0523  44.05 

12:30 4  12.73  .0666  -.0016  -.0597  57.35 

14:30 6  5.085  .0277  -.0010  -.0533  66.53 

16:30 8  .7303  .0038  -.0001  -.0615  96.84 

18:30 10  1.357  .0073  -.0008  -.0573  121.0 

20:30 12  .3145  .0017  -.0012  -.0487  186.5 

8:30 24  .5359  .0027  -.0010  -.0466  233.5 

10:30 26  .0141  .0000  -.0002  -.0354  -294.1 

       

       

time sample      

 5c8 As1890 Cd2288 Fe2599 Ni2216 S_1807 

       

Adsorption time Initial As, 
ppm 

200     

10:30 2  11.69  .0549  .0003  -.0475  70.06 

12:30 4  4.591  .0235  -.0005  -.0479  80.97 

14:30 6  3.806  .0205  -.0004  -.0485  92.54 

16:30 8  1.266  .0068  .0000  -.0509  104.0 

18:30 10  1.319  .0070  -.0009  -.0487  135.3 

20:30 12  .3741  .0020  -.0008  -.0465  230.8 

8:30 24  .0764  .0002  -.0015  -.0326  390.2 

10:30 26  .0104  .0000  -.0003  -.0311  -276.8 

       

       

time sample      

 5c9 As1890 Cd2288 Fe2599 Ni2216 S_1807 

       

Adsorption time Initial As, 
ppm 

300     

10:30 2  25.13  .1248  -.0011  -.0399  84.81 
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12:30 4  7.988  .0410  -.0001  -.0423  101.9 

14:30 6  4.874  .0255  -.0008  -.0437  111.8 

16:30 8  4.174  .0219  -.0007  -.0436  112.0 

18:30 10  2.867  .0152  -.0004  -.0500  141.6 

20:30 12  .4174  .0021  -.0010  -.0467  242.3 

8:30 24  .1775  .0008  -.0004  -.0370  351.3 

10:30 26  .1399  .0006  -.0008  -.0365  -297.8 

       

       

time sample      

 5c10 As1890 Cd2288 Fe2599 Ni2216 S_1807 

       

Adsorption time Initial As, 
ppm 

400     

10:30 2  56.59  .2981  .0011  -.0353  79.64 

12:30 4  34.61  .1928  .0001  -.0370  93.53 

14:30 6  28.07  .1574  .0000  -.0403  106.1 

16:30 8  25.08  .1420  -.0007  -.0466  124.9 

18:30 10  3.288  .0177  -.0003  -.0459  142.2 

20:30 12  1.994  .0101  .0000  -.0442  245.0 

8:30 24  .5054  .0024  -.0010  -.0361  361.4 

10:30 26  .0430  .0003  -.0007  -.0294  -288.2 

 


