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Abstract 

The purpose of this literature review is to make a compilation of which kind of general 

procedures and preservatives have been used in previous studies to stabilize arsenic species 

As(III) and As(V) especially inorganic in aqueous samples for a certain known period. 

The role of various preservatives like different mineral acids, EDTA, EDTA-HAc, selection of 

their concentration according to sample matrix especially considering Fe, Mn, Ca and 

microorganisms to get maximum desirable stability results are studied. pH is also an important 

factor which is responsible for oxidation and reduction of As species. Important general 

procedures like filtration, selection of container (to reduce photochemical reactions and 

adsorption), refrigeration and microbiological activities are important factors that can alter 

As(III)/As(V) distribution. The importance of filter and acids to minimize microbiological 

activities responsible for speciation change has also been studied in this literature review.      
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Introduction. 
 

Drinking water contaminated with arsenic species has harmful effects to human body and can 

cause many health problems. Long term investigation on contaminated drinking water has 

shown that it cause cancer (skin, bladder and lungs), hypertension and cardiovascular problems 

[1-10]. The  United State Environmental Protection Agency (USEPA) has recommended MCL 

(maximum concentration level) of arsenic in drinking water up to 10µg/l instead of 50µg/l 

(USEPA, 2002) [11]. In natural drinking water arsenic exist as inorganic as well as in organic 

form. Arsenic exists in the inorganic as As
III

 (arsenite) and As
V
 (arsenate), and in organic form 

as monomethyl arsenic acid (MMA
III

, MMA
V
), dimethyl arsenic acid (DMA

III
, DMA

V
) and 

other organo arsenic compounds, As
III

 and As
V
 are predominant forms of arsenic in aqueous 

solutions [12]. The toxicity of arsenic mainly depends on its chemical form. The toxicity of 

arsenite (As
III

) is 10 and 70 times more than that of arsenate (As
V
) and methylated arsenic 

compounds respectively [13]. The stability of the chemical forms of arsenic is very important 

for their determination in drinking water. Since the toxicity of arsenic is dependent on the 

chemical form, no chemical transformation should take place during sample storage, sample 

preparation and sample analysis. Suitable information regarding arsenic speciation in water 

samples is available [1, 14-16]. To optimize the storage conditions from sampling to analysis 

such as reduction, oxidation, optimized temperature, pH, selection of preservative according to 

sample matrix along with suitable container are important factors for stabilizing and 

maintaining the distribution kept constant.  

If the distribution of arsenic species is altered, the speciation analysis is of no use. The main 

causes which could be responsible for the conversion of arsenic species in aqueous medium 

are; 

(I)  Redox reaction. 

(II)  Precipitation. 

(III)  Microbiological activities. 

No one can deny the importance of sample storage and to maintain the distribution of arsenic 

species in speciation analysis. The dominant arsenic arsenic species in water are As
III

 and As
V
.  

It has been normally reported that for ground As
V
 a predominant water soluble species. But the 

latest studies show that As
III 

may be in higher concentrations. The oxidation of As
III

 to As
V
  

may be due to the procedure used from sampling to analysis [17-20]. In reducing environment 

and moist sites, the level of inorganic arsenic species is slightly less than that of MMA and 

DMA while in sea water not only inorganic arsenic species but various organic species also co-

exist [21]. 
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                          Figure 1. Arsenic species generally found in natural water.  

In the oxidizing environment arsenic species with oxidation state +5 i.e., H3As4, (H2As4)
1-

, 

(HAsO4)
2-

 and (AsO4)
3-

 are comparatively dominant where as arsenic species with oxidation 

state +3 i.e., H3AsO3, (H2As3)
1-

, (HAsO3)
2- 

and (AsO3)
3- 

dominant in reducing environment. 

For drinking water at a pH range 6.5-8.5 As(III) exist as uncharged while As(v) as an 

oxyanionic form [12].  

 

Table 1. Some arsenic species and their formulas 

Name Abbrevation chemical  farmula 

Arsenite(arsenous acid) As
III 

As(OH)3 

Arsenate(arsenic acid) As
V 

AsO(OH)3 

Monomethylarsonic acid  MMA
v
 CH3AsO(OH)2 

Monomethylarsonous acid MMA
III

 CH3As(OH)2 

Dimethylarsinic acid DMA
v
 (CH3)2AsO(OH) 

Dimethylarsonous acid DMA
III

 (CH3)2AsOH 

Dimethylarsinoyl ethanol DMAE (CH3)2AsO(CH2)2OH 

Trimethylarsine oxide  TMAO (CH3)AsO 

Tetramethylarsonium ion Me4As
+
 (CH3)4As

+
 

Arsenobetaine AsB (CH3)As
+
CH2COO

-
 

Arsenobetaine 2 AsB-2 (CH3)As
+
(CH

2
)
2
COO

-
 

Arsenochline AsC (CH3)3As
+
(CH2)2OH 

Trimethylarsine  TMA
III

 (CH3)3As 

Ethylmethylarsines EtxAsMe3-x (CH3CH2)XAs(CH3)3-x 

(x=0-3) 

Phenylarsonic acid PAA C6H5AsO(OH)2 



Methyl arsenicals are considered more stable in water and urine sample, than inorganic 

arsenics [22, 17, 23-26]. Larsen et al. concluded that concentration of DMA
v
, MMA

v
 and AsB 

almost remain constant in aqueous sample [17]. Jokia et al. found that concentration of DMA
v
 

and MMA
V
 (0.01-10ng/ml) at room temperature were stable up to 5-6 months [23]. While 

Palacios et al; observed the stability of DMA
v
, MMA

v
 and AsB in urine and water sample at 

4°C, which was found stable against 67 days [24]. The storage time of arsenic species also 

varied with the nature of sample matrix. The stability of standard arsenic species prepared 

using bi distilled water under controlled pH condition has been observed by a number of 

studies [23-25]. At room temperature, standard solution containing organic arsenic species are 

considered to be stable for a long time i.e., more than 5 months. Whereas standard solutions 

containing inorganic arsenic compounds required refrigeration for their stability [24]. Roig 

Navarro et al. studied the stability of different arsenic compounds under different conditions 

[20]. Filtration, acidification, use of particular container are the general procedures used for the 

stability of arsenic species in aqueous medium. But some methods mainly depend upon the 

composition of sample matrix as well as arsenic species ratio. Standard practice is to use inert 

membrane filter (0.45mm) which remove ferric oxide and microorganism having dimension ˂ 

0.45µm [26]. The objective of aqueous arsenic sample container is to minimize absorption and 

photochemical reaction caused by sunlight among the different species. Acidification 

suppresses precipitation of Fe and Mn which adsorbs arsenic species, HCl is normally used for 

that purpose [27].  

Hence the stability of arsenic species mainly inorganic in water sample depends upon the 

oxidation condition, temperature, intensity of sunlight. However substances other than arsenic 

in the sample matrix such as Fe(III), background ions, absorption and microbiological activities 

also effect the stability of arsenic. 

Along with maintaining the conditions, additives such as HCl, H2SO4, ascorbic acid, EDTA 

and EDTA plus acetic acid are also used as preservatives to enhance the stability of arsenic 

species. 

Cherry et al. designed a series of experiments to check the oxidation and reduction of arsenic 

species in water samples having concentration of 50µg/l for both As(III) and As(v), which are 

responsible for the change of distribution (As
III

 / As
V
). They concluded no oxidation or 

reduction for about 3 weeks even when exposed to sunlight, in the absence of oxidant or 

reductant such as O2 and H2S which are common in natural water [28]. Later on their idea was 

supported by Tallman and sheikh [29]. 

To control oxidation of As
III

 to As
V
 Van-Eleteren et al. concluded that temperature and pH are 

the major factors which could be controlled to minimize change in distribution (As
III

/As
V
). At 

lower value of temperature and pH small change in the distribution was observed [30]. Andrea 

et al. preserved distribution of arsenic (As
III

/As
V
) in sea and fresh water for 10 days by using 



filtration technique and then maintain the temperature to 4°C. Freezing was applied to increase 

the duration of preservation [31]. 

Later on in 2000, Linderman et al. performed a series of experiments to ensure the preservation 

at -20°C, +3°C and at 20°C, among these +3°C best storage temperature while -20°C worst 

temperature was observed [25]. 

Z.Jokia et al. concluded that along with low temperature, extent of concentration of arsenic 

species in water sample an important factor regarding to their stability, As
III

 and As
V
 with 

0.5µg/l or 1µg/l maintained their distribution up to 21 days at 4°C and show variation in their 

concentration up to 29 days. Water sample having concentration 20 µg/l or higher at room 

temperature, no significance change is observed. They also gave information about the stability 

of organic arsenic species (DMA
v
, MMA

v
) which were stable at room temperature for about 5-

6 months [24]. Placious et al. observed that organic species (DMA
v
, MMA

v 
and AsB) were 

stable for 67 days in urine sample at 4°C [23]. 

Feldman et al. used ascorbic acid to inhibit oxidation of As
III

 for about 18 days, having arsenic 

concentration from 1 to 1000µg/l [32]. Boyle et al. used HCl (0.04%) instead of ascorbic acid 

to preserve arsenic species by inhibiting arsenic oxidation and to stop iron precipitation 

formation [33]. Hall et al. observed that only acids, HCl, HNO3, could not inhibit oxidation 

As
III

 to As
V
. To minimized the conversion (As

III
 to As

V
) storage at low temperature improved 

stability results [34]. Chem and Agemain et al. observed that after acidification with 0.2% (v/v) 

H2SO4 at room temperature arsenic species in natural and synthetic deionized water samples 

were stable using polyethylene or Pyrex container [35]. To inhibit the formation of iron 

precipitates, Aggett et al. observed that by lowering the pH of water sample, the extent of co-

precipitation decreases due to non formation of iron precipitates which are normally found at 

higher pH values [36]. Borho and wilder added Fe
II
 in water sample and maintain the pH˂ 2 

using HCl as preservative As
III 

remained the same when analyzed time to time up to one week 

[37]. McCleskey supported their idea [38].
 

Edward et al. used both HCl and ascorbic acid to preserve and minimize pH of arsenic 

contaminated deionized water samples. Using ascorbic acid As
III

 to As
V
 conversion is slow 

when studied their stability up to 28 days where as 25% As
III

 is converted to As
V
 within 8 days 

when HCl is used as preservative for a spiked deionized water samples containing humind 

substances [39]. P.A Gallagher et al. used EDTA along with acetic acid to lower pH at 3.2 for a 

water sample containing Fe(III). By the addition of EDTA in water fortified with As
III

 and 

Fe(III) showed less than 1 µg/l change in As
III

 concentration up to 16 days because EDTA 

inhibit the formation of FeOOH (iron ppts) and form EDTA-iron complex [40]. 

 The role of preservatives HNO3, HCl, H2SO4 and EDTA in standard water solutions containing 

arsenic species was observed by Bedner, in the presence and absence of 1µg/l Fe(III) in dark 

and in exposed light. They found that without acid preservatives that are used to lower the pH 



of water sample, di-sodium EDTA is sufficient for preservation of arsenic species in iron rich 

water sample using opaque bottle (brown borosilicate glass) at room temperature [41]. 

Complications arise, to preserve arsenic species containing Fe(III) which results FeOOH ppts. 

These ppts have tendency to adsorb insoluble As
V
 [42, 43]. Water sample containing Fe (II) 

when exposed to air serves as a catalyst to convert As
III

 to As
V 

[44]. In the presence of 

microorganisms at higher temperature and pH oxidation and reduction take place, mean along 

with other factors microbiological activities are also responsible for the change in oxidation 

state of arsenic in water sample [45, 46]. Lastly, separation of arsenic species during sampling 

are also reported which uses the sorption phenomenon in which one species is sorped onto a 

solid phase [47, 48, 18]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 Overview & Phases of the Research Literature review  

 
 

From sampling to analysis there are normally four stages; 1. Sampling, 2. Sample storage, 3. 

Sample preparation and 4. Analysis, where alteration of arsenic species take place. The major 

processes responsible for change of arsenic species at each stage is mentioned. The extent of 

change in As species at every stage, its change contribution varies and depend upon the sample 

matrix, technique and the general methods adopted. 

In this literature review, we will focus on the sample storage process responsible for the change 

in As species and how we can improve these factors with the help of previous research work so 

that from sampling to analysis our arsenic species distribution remains the same. 

 

 

 

 

 

 



Chapter 1. Arsenic Speciation Changes in Unacidified Solutions  
 

Standard solutions of As
+3

 and As
+5

 used for calibration purpose and it should be stable for a 

known reasonable period of time. 

 Standard solution in deionized water with a certain µg/l level inorganic arsenic were stable for 

3 weeks, without any acid preservative even in the presence of O2, Fe(III) and H2S (common 

redox agents) [29].  

There are several studies which show redox 

transformation of arsenic species when not 

preserved. A filtered Bielated water sample, 

spiked with 1mg/l arsenite and 10mg/l of Fe
+2

, 

stored at -18°C, 6°C and 20°C without adding 

any stabilizing agent give maximum recovery 

of arsenite after 1 week storage at 6°C, poor 

recovery at room temperature (20°C) (Chart 

01), the frozen sample is kept for 30 minutes at 

room temperature and the analyzed for As(III) 

recovery [49]. Rapid reduction of As(v) to 

As(III) take place for a standard solution in de 

ionized water sample spiked at 0.5 and 5 µg/ l 

(mixture of both AsIII and Asv) within 2 days 

when stored at 22°C, but giving different 

response when stored at 5°C. After 11 days of 

storage no change in total arsenic concentration 

is observed at both temperatures (Chart 2) [34].  

 

 

By decreasing temperatue from room temperature to 5°C distribution of arsenic species 

(As
III

/As
V
) in deionzed water sample almost remains the same up to 11 days [34]. 



 

                            

            

The ratio of As
III

/As
T
 in deionized water having equal initial As

III 
 and As

V
 concentration 

spiked at 1, 5, 10, 20µg/l was observed. Within a time period of 48-72 h almost complete 

conversion of As(V) to As(III) took place for 1µg/l. However 50% conversion for 20µg/l spike 

solution after 144 h, after viewing graphs a, b, c and d its clear that a less conversion for higher 

concentration was reported (Chart 3) [34]. 

 

 



Without adding any preservative for a water sample arsines in air tight container are stable up 

to certain days, slow conversion occurs due to dissolved oxygen giving corresponding acids, 

under same conditions water sample containing methylated arsenic acids loss their identity 

within 3 days which varies with their initial concentrations [50]. 

The stability of As(III) and As(v) at different pH and concentration (1 and 10µg/l) in distilled 

and Hamilton Harbour water samples was studied and found that at natural pH 5.4 and 7.2 

(without adding any acid preservative) for distilled and Hamilton Harbour water sample 

respectively. Arsenic As(III) remained in distilled water sample stable for a longer time as 

compared to in Hamilton Harbour water sample when studied using polyethylene container up 

to 120 h (Chart 4) [35]. 

 

 

 

Water sample having As
+3

 20µg/l, lost its 50% concentration within 33 days when stored in 

glass container [51]. 

Cyrus Feldman observed complete disappearance of As
+3

 in prepared water samples with 

initial concentration 1 to 10 ng/ml, 100 ng/ml and 1 µg/ml having the same quantity of As
+5

 

with in 4, 7 and 18 days respectively (Chart 5), which is not due to adsorption or evaporation 

but its due to spontaneous As
+3

 to As
+5

 oxidation [32].  



 

 

 

The arsenic distribution in ground water remained stable up to in 2 days, in the absence of iron 

and acid preservative, when studied in dark and light places at room temperature. Ground 

water, initially having equal concentration of As
III

 and As
V 

at 20µg-As/l, the presence of iron 

resulted co precipitation and adsorption of As species, variation in their concentration is 

observed also show different trend in light and dark experiments (Chart 6) [41]. 

 

 

To study the stability of arsenic solutions at 4°C and 25°C, keeping pH constant throughout the 

storage for about 1 month, the prepared solutions (a). As
+3

 with concentration 0.5, 1.0,3 and 20 

µg/ml, (b). As
+5

 with concentration 0.5, 1.0,3 and 20 µg/ml and (c). As
+3

 + As
+5

 having 

concentration 1, 2, 3 and 40 µg/ml. At 4°C storage temperature for a solution series a 



containing As
+3

 and a solution series b containing As
+5

 remain stable up to 21 days for all 

above mentioned concentrations change is observed between 21 to 29 days. Arsenic solution 

series c containing both As
+3

 and As
+5

 were stable up to 21 days having 20 and 3 µg/ml 

concentrations of each, while low concentrations show variation in their distribution even on 

8
th

 day of preservation and on wards up to 29 days [24]. 

For a synthetic ground water at pH 8.4, in the absence of Fe(II), observed stability 10 µg/l of 

As
+3

 and As
+5

 up to 72 h, found to be stable up to 24 h, after that up to 72 hours 100% As
+3

 

oxidation to As
+5 

is observed using poly propylene container at room temperature while in the 

presence of Fe(II) 3 mg/L 25-35 conversion is observed within 3 minutes (Chart 7) [52]. 

 

     

For a de-ionized water sample at a pH 6 the stability of MMA
III 

without adding acid 

preservative is observed at room temperature (25°C ), 4°C and -20°C. At room temperature 

rapid conversion of MMA
III 

to MMA
V 

is observed at least 15% conversion is noticed just 

within 3 days. while slight and negligible conversion is observed at 4°C and -20°C, only about 

10 % MMA
III 

oxidized to MMA
V 

after 120 days of preservation (chart 8) [22]. 



  

 

  

 

 

DMA
III

 in de ionized water sample is highly unstable as compare to MMA
III 

to MMA
V
, 

complete conversion take place within 10, 15 and 13 days when stored at room temperature,      

-20°C and at 4°C respectively (Chart 8) and it oxidized to DMA
v
 [22].  

 

 

 

 

 

 

 



Chapter 2.Stability and storage of arsenic water samples with acid 

preservation. 

Acidification and maintaining the pH of water sample < 2 decrease the extent of precipitation, 

absorption and microbiological activates for samples containing arsenic species, which is clear 

from Table 2, including set of studies. For acidification H2SO4 [35], HCl [38], HNO3 [34] and 

H3PO4 [49] are normally used, which increases the stability of As(III) and As(v) and their ratio. 

A water sample can be preserved for 78 days, by using HCl as preservative at a pH 2 [28]. 

While acidified standard solution 

in de ionized water can be 

preserved for 3 years [53]. A 

spiked rainwater was stable for 3 

days, but after acidification using 

0.2 % H2SO4, found to be stable 

for 125 days at room temperature 

[39]. While comparing the As
III

/ 

As
v
 ratio after acidification, 

considerable increased storage 

duration is observed with; 1. 

HCl, 90 days [38], 2. H2SO4 125 

days 3. HNO3 15 days. 4. H3PO4  

9 days [35, 38, 40, 49]. For a 

chlorinated tap water derived 

from Ottawa river at room temp. 

with 1 µg/l  As
III

  and As
V
. While 

studying their stability with 

different HNO3 (0.05%, 0.1%) 

less concentration change in As
III

 

to As
V  

 was observed with 0.05% 

HNO3 (Chart 9) [34]. 

            

 

                           

As
III

/As
V
 ratio is observed up to 11 days for Ottawa River water, spiked at 0.5 and 5 µg/l using 0.1% 

and 0.4% HNO3 as preservative. Rapid increase and then decrease in their ratio is observed almost up 

to 3 days for both arsenic concentrations (0.5 and 5 µg/l ) using 0.1% HNO3 instead of 0.4% HNO3, 

whereas with 0.4% HNO3 give smooth and less change in their ratio up to 11 days. Under the same 



condition and concentration, but instead of HNO3, HCl is used to determine As
III

/As
V
 ratio, give 

different trend (Chart 10) [34]. 

 

                        

For a laboratory solutions at a ph 3.7 in the absence of any preservative As
III

 and AsT in a 

double distilled water, remained unchanged (redox distribution) when observed in dark and 

light experiments up to 16 days (Chart 11a), whereas for a laboratory solution in the presence 

of HCl as preservative AsIII and AsT stability remained almost unchanged (redox distribution) 

when observed in dark and light experiments up to 45 days (Chart 11b) [41]. 

Chem and Agemain studied the stability of As(III) in distilled and Hamilton Harbour water 

sample spiked at 1 and 10 µg/l, in air tight bottles at different pH ,remarkable  good results was 

obtained at pH 1.5 which is maintained by using 0.2% H2SO4 [35]. 

                                        



 

 

 For a water samples containing As
+3

 from 1-1000 ppb by the addition of 1mg/ml ascorbic acid 

remain stable up to 18days also the total concentration (As
5+

 and As
3+

) for all above mentioned 

concentration remained the same with a difference of ±2.1 % when 1mg/ml ascorbic acid is 

used. Without ascorbic acid with different concentration of As
+3

/ml is also shown in Chart 5, 

which are unstable [32]. 

In the absence of iron, with equal arsenic distribution i.e., As
+3

 and As
+5

 at 10 µg-Al/l in 

ground water, H2SO4 and HNO3 preserved distribution in dark experiments almost the same, 

but when samples exposed to light HNO3 give large variation in their distribution as compared 

to H2SO4. While with HCl comparatively large variation in their distribution is observed under 

ambient light when noticed their stability up to 120 hours (Chart 12) [42]. 

 

 

 

 

 

 

                               

  

The preservative H2SO4, H3PO4, EDTA-HAc preserved As
+3

 and As
+5

 in synthetic ground 

water without iron having equal concentration 10 µg/l up to 168 h (7 days) at room temperature 



22-24°C using brown propylene bottles while the pH of the synthetic ground water is about 8.4 

(Chart 13) [54]. Similar results were obtained by Gautam samanta and Denis [54]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



                     Table 2. summary of typical studies on the stability of inorganic As species in aqueous samples  

Nature of water  

sample 

 

As con. range 

µg/ml 

Preservative plus 

Conditions 

Observations/comments 

 

 

 

Ref 

 

Synthetic samples As(III) 

&As(v) 

pH < 2, 4°C in dark Stable for 12 months. Light and temperature 

decrease the As species stability 

[55] 

Water synthetic 

solution 

As(V): 1-4 

As(III):4 

As(V): 4 

With HCl ,pH< 2,about 0°C Stable up to 28 days with HCl as well as with 

ascorbic acid. In the presence of NOM, 

stability decreases to 8 days. Waterworks 

samples preserved with ascorbic acid were 

stable for 8 days 

[39] 

Synthetic 

solutions 

River water 

As(III):1-10 

As(V): 1-10 

Acidified with H2SO4 

(0.2%), room temp. 

Filtered ,acidified with HCl 

pH < 2, 4°C. 

Stable for 125 days 

 

 

Stable for 133 days at 0 and 20°C 

[35[, 

[30] 

Synthetic 

solutions, 

River water 

As(III): 0.5 & 

5 

As(V): 0.5-& 

5 

Filtered, acidified with 

HCl(0.2%) or 

HNO3(0.1%),5,22 & 

20°C,light & dark 

Stable for 15 days for both HCl and HNO3 

acids.HNO3 showed higher degree of oxidation 

at 0.4% concentration. Storage at 5°C did not 

improve species stability in river water. 

[35] 

Synthetic 

solutions 

As(III):10 

As(V): 10 

HCl(0.06 mol/l) 

HNO3(0.08mol/l) 

H2SO4(0.09mol/l) 

HCl oxidizes As(III) within a day; HNO3 

preserved the species for 5 days in dark. In the 

presence of light oxidation was observed 

within a day,  H2SO4 preserved the species for 

5 days both in dark and light. 

[41] 

Synthetic and 

geothermal 

solutions 

As(III):20 

As(V): 20 

As(III):15-260 

 

 

HCl  Ph < 2, 

 Light and dark Filtered 

onsite, acidified 

Stable for a period of 45 days in both light and 

dark conditions. 

Stable for 5-19 months. Sample had wide range 

of ph. 

[38] 

Geothermal water As(III)>1000 

 

Filtered onsite, acidified 

(HCl pH<2 ), stored in 4 °C 

dark. 

Stable for more than 6 months. Unacidified 

sample preserved under the same conditions 

showed similar results. River water preserved 

under the same conditions was not stable and 

oxidation of As(III) was not noticed. 

[53] 

Ground water As(III):3.5-

710 

Filtered outside, 

acidified(HCl 24 m 

mol/l),stored in opaque 

container 

Stable for 15 weeks. Sample was collected 

from arsenic affected area of west Bengal. 

Sample were alkaline (PH 7.0-8.5) 

[56] 

Spiked mine 

water 

As(III):500 

As(V): 500 

 

 

Filtered, acidified with 

H3PO4(0.01%),6°C 

Stable for 6 days. Sample having higher Fe 

required higher acid (10 m mol/l) concentrations 

for complexation.  

[49]] 

Spiked raw 

and treated 

wastewater 

As(III):8 

As(V): 15 

Filtered with 0.45 µm 

,acidified to pH 1.6 and in 

dark at4,20 and 40°C 

As(III) was stable for 4 and 2 months in treated 

wastewater stored at 4 and 40°C.respectinly.in 

unacidified (PH 7.27) sample. As(III) untreated 

wastewater containing more organic matter was 

oxidized to As(V). 

[57] 

[60] 

This stability variation is due to difference in matrix, preserving condition (temperature and 

type of container) and microbiological activities.  

 



Chapter 3. Processes responsible for changing arsenic species. 

3.1. Effect of Fe (II)/Fe(III) on the stability of As(III)/As(v)  

Iron is commonly found in water samples having arsenic compounds [12]. Arsenic 

contaminated mine water contains different metals and among these metal iron is found in 

higher concentration [58]. The extent of existence of Fe as Fe(II) & Fe(III) in arsenic 

contaminated water samples depend upon on Eh and pH values [44]. 

Fe(II) in ground water when contacts with atmospheric oxygen forms precipitates of Fe as 

HFOs, which sorbs co-precipitated As(V) as a result the concentration of As(V) decreases. In 

fact As(III) is also adsorbed and co-precipitated but in small amount [44, 52]. Fe(II) containing 

arsenic solutions gives brown color colloidal solution due to the formation of Fe(II) oxide [54].   

  For water sample containing Fe(III) using HCl as preservative, rapid conversion of As(III) to 

As(V) is observed for synthetic solution when exposed to light [59]. 

 For a water sample containing iron and chlorine and maintaining the ph 0.5-1.5 with the help 

of perchloric acid produce FeOH
+2

 and Fe(III)Cl2
+2

, less than 2 % dimer is also found 

Fe2(OH2)
4+

. The radicals OH˙ and ˙Cl
2-

 radicals are obtained as a result of photolysis [59]. 

Fe(III)OH
2+

  +   hV          Fe(II)    +     OH˙                (1) 

Fe(III)Cl
2+

    +  hv          Fe(II)    +     Cl˙                  (2) 

      Cl˙ 
 
   +  Cl

-
              ˙Cl2

-
                                     (3)

                                              
 

The produced radicals OH˙ and ˙Cl2
-
  as a result of above initiation reactions 2 and 3, give 

intermediate of As(Iv), which reacts with As(III), As(Iv) in the presence of Fe(III) produce 

Fe(II) and As(v), reaction 4, 5 and 6 as shown [59]. 

As(III)    +  OH˙            s(I )    +   OH                (4) 

As(III)   +  Cl2˙                s(I )    +   2Cl                ( ) 

As(IV)   +  Fe(III)              As(V)  + Fe(II)              (6) 

 Also! As(IV) intermediate rapidly reacts with dissolved oxygen as under, [61]. 

As(IV)  +  O2  +  H
+
            As(V)  +  HO2˙          (7) 

 For synthetic water As(III) oxidation is facilitated for solution having higher Fe(III)/As(III) 

ratio at lower pH using HCl as preservative or when exposed to light but when iron rich sample 

is stored in dark slow oxidation is reported (Chart 14) [38]. 



 

The oxidation of As(III) to As(V) in a solution containing low concentrations of Fe(III) is 

slowed down by the addition of SO4 and Fe(II) in a light experiment while water sample with 

higher Fe(III) concentration i.e., 10 mg/l the oxidation of As(III) to As(V) is slowed down by 

adding only Fe(II). Under dark experiment and under the same conditions better results for 

As(III) stability were obtained up to 71 days. The effect of Fe(II) and SO4 concentrations on 

the oxidation of As
lll

 by Fe(III) in (a) light (b) dark experiment (chart 15 a and b) [38]. To 

preserve As(III) in iron rich ground water, significantly good results have been observed at low 

pH < 2 by adding Fe(II) [37]. Sulfate could also responsible to reduce the oxidation of As(III) 

[59]. Thus to reduce the oxidation of As(III) due to Fe(III) and SO4, Fe(II) is used along with 

HCl as preservative at pH 1.5 (Chart 15) [38].  

 

On the basis of redox chemistry and kinetics, for natural water Fe is not 100 % oxidized nor As 

100 % reduced [38]. 



3.2. Preservation of arsenic species in iron rich water sample 
 

To preserve arsenic species in iron contaminated synthetic ground water a number of 

preservatives, EDTA-HAc, H2SO4 and H3PO4 has been used. At room temperature, H2SO4 and 

EDTA-HAc gave reasonable stability results for arsenic species(III, V) up to 672 h (28 days), 

while H3PO4 also stabilized the arsenic species up to 168 h (7 days), which is 25% stability 

duration than with  EDTA-HAc and H2SO4 [52], which agrees with Daus et all [49]. 

At higher pH value, Fe(II) oxidation is fast and rapid oxidation of Fe(II) speed up As(III) 

oxidation. Whereas after the formation of Fe(III)(hydro) oxides As(III) oxidation becomes 

slow when observed in dark [44]. 

3.3. Effect of natural organic matter on the stability of As(III) & As(V). 
Natural organic matter is commonly found in natural water having functional groups in 

combination or alone like carboxylic group, esteric, phenolic, quinine, amino, nitroso, 

sulfhydryl, hydroxyl and other ones [62]. Natural organic matter containing hydroquinone 

functional groups and its components are redox officious which may show reactivity towards 

arsenic species. For a water sample containing both AsIII and AsV and NOM, the presence of 

NOM which having normally reducing property tends to dominant AsIII species [19]. After 

spiking NOM in an arsenic contaminated water sample (AsIII/AsV), it is reported a drastic 

reduction in their stability [39]. 

3.4. Effect of microbes on the stability of arsenic species. 
Microorganism are also responsible for arsenic transformations resulted due to redox reactions, 

methylation and de-methylation are well observed [64]. Micro organism could may cause 

oxidation or reduction of arsenic species over a range of temperature, pH and composition of 

constituents of water sample. Reduction of As(III) to trimethylarrsine has been observed due to 

fungi since Gosio (1897) [65]. Rapid reduction of As(v) is observed mainly with an inorganic 

reductant or in the presence of micro organisms [28]. The reduction of As(V) could be 

significantly observed under oxic condition which may be due to ars operon [66]. During 

storage, micro organism utilized dissolved organic compounds as food for sealed water sample 

along with that may endorse As(V) reduction, in the absence of adequate preservation [38]. It 

was found that different and fused microbial cultures cause As(III) oxidation and As(V) 

reduction [14]. It was found that brisk (rapid) As(III) oxidation due to microbes is common 

during hot springs [67]. No oxidation was observed for samples at hot temperature the reason is 

that at higher temperature (about 200 °C); micro organism cannot survive [68]. 

Oxidation of arsenic species could be minimized by using sterile filters and antibiotics which 

kill or damage microorganisms [42] or formaldehyde [67]. Other factor for their survival and 

their functions directly related to temperature. At higher temperature their survival is tough, 

which co relate to the oxidation of As(III) [42]. 



Less arsenic speciation change was observed for sterile (having less microbes) against non 

sterile water sample [14]. Brief information regarding to oxidation of As(III) due to microbes 

was reported by salmamassi et al [69]. Micro organism an important factor which change the 

speciation of arsenic species due to oxidation and reduction of As species over a range of 

temperature, pH and composition of solution [38]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Chapter 4. General procedures improving the stability of arsenic species in 

water sample. 

4.1. Filtration. 

It is a standard and common practice that filtration through inert 0.4 µm membrane is used in 

case of trace element speciation analysis dissolved in water sample. In case of arsenic, filtration 

helps to maintain their speciation due to the removal of hydrated ferric oxide along with micro 

organisms, which are supposed to be the major factors for the change in arsenic speciation. 

Almost all bacteria have a dimension < 0.4 µm. consequently filtration through 0.1-0.2 µm 

membrane improve stability of arsenic species [27]. 

On the other hand, slightly less arsenic concentration has been observed after filtration through 

0.2 µm membranes than using 0.45 µm membranes [70]. So filtration give rise to little bit 

ignorable lower concentration of As(III) and A(V) , no doubt due to air contact and formation 

of ferric oxyhydrate precipitates resulted decrease in concentration (Chart 16a).  

 
 

While iron concentration also decreases after the filtration which is related to the decrease in 

As concentration (Chart 16b) [49]. For the arsenic contaminated water sample having iron at a 

pH > 8, the duration of filtration < 10 min. give satisfactory results [40]. This filtration time 

can be increased in the presence of N2 gas atmosphere. 

During filtration through 0.1-0.2 µm membrane the loss in arsenic concentration is mainly due 

to the formation of HFO, s which is deposited on the filter surface during filtration which is a 

common problem [39]. External pressure, instead of suction has been recommended by some 

authors, but the mechanism becomes little bit more problematic & complicated. However 

authors have not yet been compared the results [71]. 



4.2. Acidification. 
For arsenic aqueous sample acidification suppress formation of Fe, Mn precipitation and make 

them more soluble and stable, along with that it also minimizes microbiological activities. In 

case of arsenic species stability, HCl is commonly used for acidification [38]. HNO3 oxidizes 

As(III) to As(v) because of its oxidizing ability. H2SO4 has been reported as preservative by 

some authors [35]. But it is not appreciated just because of the formation of BaSO4 

precipitation and hard to purify. H3PO4 has been appreciated as preservative for arsenic 

speciation analysis by lowering pH of the solution and forming iron complexes [49]. 

H3PO4 (0.01 mol/L) can preserve successfully aqueous sample having total arsenic 

concentration 1-2 mg/l, Fe and Mn up to 15 mg/L for 6 days. At higher increased H3PO4 

concentration (10 mg/l) it can preserve arsenic species for 3 months. However lower the pH 

value may cause adversity for ion-chromatographic column [72]. 

4.3. Containers. 
Normally, different types of plastics i.e., polyethylene, polypropylene, polycarbonate and glass 

containers are used as containers for samples containing arsenic. The material of the container 

should be inert for matrix as well as for analyte and analyte should not show any or minimum 

absorption and leaching effect. 

A prewashed glass container using HNO3 is demonstrated to leach out arsenic [63]. The small 

pores within the container wall are responsible for the loss and escape of arsenic species when 

stored In the plastic container [71]. A few earlier studies have also observed the decrease in 

arsenic species concentration when used plastic as container [32,35]. The reactions due to 

photo light could also be responsible for these losses. At 5°C < 5% absorption is observed by 

using glass as container while other container show different behavior (Chart 17a) [69]. 

            

            

 

 

 

 

Same kind of trend is observed at 20°C by using polyethylene and glass container (Chart 17b) 

[63]. Normally, plastic is transparent used for making containers that’s way to reduce 

photochemical reactions opaque glass containers are preferred by some authors [73]. 



4.4. Temperature and light effect. 
Biotic and abiotic operation are responsible for interconvert ion of arsenic-species, to reduce 

that conversion mostly refraction is recommended. For arsenic-species stability 4°C storage 

temperature has been recommended by a number of authors [74, 55, and 36]. 

The rate of oxidation of As(III) due to biotic and abiotic process increases by increasing the 

temperature, if the sample is stored at room temperature, the stability duration would be less 

[68, 62]. For sample having poor Fe concentration -20°C storage temperature is more useful 

[23]. For higher Fe concentration, As(III) to As(V) and As(V) to As(III) conversion has been 

observed [49, 63].   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



   Chapter 5. Preservation of arsenic species in water sample by using EDTA. 
 

EDTA is a chelating agent not only for iron but it could also be for Ca and Mn and form 

stable complexes [75]. It buffers water sample pH and also decreases the microbiological 

activities [76]. It prevents and minimizes photochemical, oxidation and precipitations [41]. 

A higher EDTA concentration is required for ground water samples to stabilize arsenic 

species [75]. pH increases by the addition of concentrated EDTA due to the formation of 

metal-EDTA complexes [77]. Conversion of Fe from its oxidation state +3 to +5 is pH 

dependent, i.e., the positivity of the solution is [H]
-1 

dependent, mean if excess amount of 

EDTA is introduced, then pH increase will be higher, which resulted Fe(II) oxidation and co 

precipitation of arsenic species along with that among Fe(III)-EDTA and Fe(II)-EDTA 

complexes, the 1
st
 one is more stable complex, higher Fe(III) concentration will be favorable 

for As(III) oxidation. To preserve arsenic species in ground water, EDTA 1.25 mmole 

(lower concentration) is insufficient [77]. While 10mmole/l EDTA (higher concentration) 

increases pH, Fe(ll) oxidation rate increases, which is co related to increase in As(III) 

oxidation process. So in some types of ground water and AMD (acid mine drainage) 

samples EDTA could preserve As(III)/As(V) distribution just for 3 h [78]. 

The redox distribution of As species in AMD water sample has been preserved by using 

EDTA as preservative up to 3 months [41]. A 5 % v/v 0.25 mole EDTA is sufficient to 

preserve As redox distribution for AMD sample, because most of the AMD samples contain 

Fe less than 500 mg/l [41]. However, water samples having higher Fe concentration then 

concentrated EDTA would work well as preservative. From the equilibrium constants 

reported by Smith and Martell (1989) using 5% (v/v) 0.25 mole EDTA for AMD samples 

collected from Summitville mine and Richmond mine site contain major Fe and Mn metals 

the EDTA forms complexes with iron, Fe(III) are more stable as because forward reaction is 

more feasible than with Fe(Il) [41]. For Summitvile -1 sample 100% Fe(III) was chelated 

with 5% v/v 0.25 EDTA, however 59 and 3 % Fe(III) could set off for Summitvile-2 and 

Richmond mine water samples respectively. To chelate 100% Fe(III) in Richmond mine 

water sample having higher Fe(III) concentration 5 % 0.79 mole EDTA could be required 

for preservation of arsenic species [41].  

For synthetic ground water, stability of arsenic species (As
III

 & As
V
) were studied by using 

1.25 and 1.34 mmole EDTA along with 87 mmole acetic acid (resulting pH 3.25), in the 

presence and absence of Fe(II) using brown polypropylene bottle as container. It was 

noticed that EDTA alone could not give satisfactory results, after one day (24 h) oxidation 

of As
III

 to As
V 

was observed even in the absence of Fe; where as arsenic species remained 

stable up to 7 days (168 h) by using EDTA-HAc (Table 4). Thus combination of EDTA and 

HAc serves as a good preservative, slow oxidation of Fe(ll) due to dissolved O2 is observed 



after the addition of HAc which reduces the pH to 3.2. At that pH slow As(lll) oxidation is 

observed [54].                    

 

                              Initial As                         As Con.(µg/)                 % Deviation of 

                                    con.(µg/)                          after 7 days                   As species                

Preservative As(III) As(V) As(III) As(V) As(III) As(V) 

EDTA 10.2 10.3 4.6 16.3 55 58 

EDTA-HAc 10.2 10.2 10.2 10.4 0 2 

       
Table 4. Results of arsenic preservation in synthetic ground water (initial Ph 8.4) in the absence of       

Fe(II) at room temperature using EDTA and EDTA-HAc as preservative. 

Whereas graphical representation show stability difference of As species verses time (h) 

using EDTA and EDTA-HAc (Chart 18a, b) [54].                

 

 

 

 

 

                       

At pH=6.5, Eh= -100± 10mV and Fe(II) = 3.0 µg/l at room temperature best As
III

 stability 

results were obtained against 28 days for synthetic ground water, whereas at other values of 

pH and Eh high % age deviation of As
III 

was obtained (Table 5) in all cases EDTA-HAc is 

used as preservative.  

                 



 

  Reducing, initial Eh -100±10mv                            Oxidation, initial Eh +200±10mv 

 
 

Initial 
pH 

Initial 
As(III) 
µg/l 

7 d 
µg/l 

14 d 
µg/l 

21 d 
µg/l 

28 d 
µg/l 

Initial 
As(III) 
µg/l 

7 d 
µg/l 

14 d 
µg/l 

21 d 
µg/l 

28 d 
µg/l 

 8.4 9.5 9.4(1) 9.7(1) 9.5(0) 9.7(2) 9.9 9.4(5) 9.4(5) 9.4(5) 9.5(4) 
 7.5 10.0 10.0(0) 10.3(3) 10.1(1) 10.1(1)           
 6.5 9.6 9.8(2) 9.7(1) 9.9(3) 9.6(0) 9.9 9.6(3) 9.7(3) 9.7(3) 9.6(3) 

Table 5.The values in parenthesis indicate % deviation of As(III) concentration. If the deviation 

exceeded ±10%, the preservative failed to maintain the distribution at room temperature [54].      

 For a reagent water when observed the stability of As(aq) at different pH in the absence and 

presence of EDTA, found that for a water sample at a pH 3.8 containing Fe(lll) = 7 ppm, 

EDTA = 500ppm, As(III) concentration almost remained the same for 18 h, while an 

increase in As(V)  concentration up to 0.4, 0.5 and 4.9 ppm is observed when analyzed on 

11th, 16th and 31th day respectively [79].  

 A number of experiments were conducted to preserve arsenic species in reagent water with 

different acid and EDTA (1.25 mmole) at room temperature. Change in arsenic distribution 

occurs within 2 days in the absence of any preservative, while no significant change in As
III

 

and As
V
 distribution is observed up to 5 days (120 h) having no iron when EDTA is used as 

preservative, light has no effect (Chart 19 ) [41].              

 

 

At the same time for reagent water with double As
III

 and As
V
 concentration better stability 

results were obtained in the presence EDTA with Fe(III) in light and dark experiments(Chart 

20) [41].                 



 

 

 

A 1.25 mM EDTA reduced degradation and transformation of dissolved arsenic compounds 

in rain and soil pore water samples [63].   
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