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Abstract In this study, arsenic concentration of Haraz

River water at 20 stations and relative risk and hazard

levels regarding ingestion and dermal exposure routes are

evaluated. Furthermore, the quantitative threat caused by

the consumption of Rainbow trout muscle from the area is

also analyzed. The concentration of arsenic increases from

upstream areas towards the downstream estuarine zone

with a substantial rise in the central part. Arsenic-con-

taining drainage discharged from the Central Alborz coal

mine, hot spring spas, as well as municipal (Amol city) and

agricultural (numerous rice paddies) land uses that become

denser towards downstream are considered as major pol-

lution sources. The inhabitants are not exposed to a sig-

nificant hazard or risk regarding dermal exposure.

However, for the oral ingestion exposure route, all 20

samples present hazard quotient values greater than unity

and risk values greater than one in ten thousand. The

results show that if the river water is used for drinking, a

high-risk status would be imposed on consumers. Finally,

the concentration of arsenic in muscle tissues of ten

Rainbow trout fish samples was found to range from 0.48

to 1.30 lg/kg of dry weight which is below the allowed

daily intake. However, if we consider that lots of other

constituents in the total daily intake within the study area

contain arsenic, estimated values may be interpreted as a

trigger for further health threats.

Keywords Arsenic � Haraz River � Human health �
Rainbow trout � Risk assessment � Water

Introduction

Recent industrial and agricultural development has resulted

in a remarkable increase in pollution loads imposed by toxic

metals, which are a significant environmental hazard for

invertebrates, fish, and humans (Uluturhan and Kucuksez-

gin 2007; Mzoughi and Chouba 2012; Kargar et al. 2012;

Serbaji et al. 2012; Ogundiran et al. 2012). Having the

potential to be strongly accumulated and bioconcentrated in

sediments and aquatic food chains, toxic metals may easily

result in sub-lethal effects or even deaths in local fauna

populations (Megeer et al. 2000; Jones et al. 2001; Almeida

et al. 2002 ; Xu et al. 2004). As conservative and inert

pollutants, they always have the potential to enter water

column in response to slight changes in water bodies and

consequently to threat the related ecosystems (Wilcock

1999; Chow et al. 2005; Olivares-Rieumont et al. 2005;

Hope 2006; Daniel and Prabhakara Rao 2012; Conceição

et al. 2013; Bu-Olayan and Thomas 2013). One of the most
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important toxic elements that have been proved to be haz-

ardous to humans, animals, and plants is arsenic. Both

anthropogenic and geopogenic activities are responsible for

arsenic dissipation within the environment. However,

geopogenic resources, rather than anthropogenic ones, are

responsible for the arsenic contamination of water bodies

around the world (Burger et al. 2002; Öztürk et al. 2009;

Andjelkovic et al. 2013; Singh et al. 2014). The major

natural source of metals/metalloids including arsenic in

aquatic systems is considered to be weathering of soils and

rocks (Zeynali et al. 2009). Among different forms of

arsenic, inorganic compounds are supposed to have the

most adverse effects on freshwater aquatic species.

The more water-soluble compounds are usually more

toxic and more likely to have systemic effects than the less-

soluble compounds, which are more likely to cause chronic

pulmonary effects if inhaled. Water-soluble inorganic

arsenic compounds are absorbed through the gastrointestinal

tract ([90 %) and lungs; distributed primarily to the liver,

kidney, lung, spleen, aorta, and skin and are mainly excreted

in the urine at rates as high as 80 % in 61 h following oral

dosing (Crecelius 1977; US 1984; ATSDR 1989).

A great variety of media like food, water, air, and soil

are involved in human exposure to arsenic. Regarding food

media, fish and other seafood account for the majority of

total arsenic exposure (Yi et al. 2011; Dsikowitzky et al.

2013). Arsenic compounds are bioaccumulated by different

aquatic species and consequently transferred to humans

within the food chain (Korn et al. 2010; Saei-Dehkordi and

Fallah 2011). Due to higher trophic levels and also as a

remarkable and common element of the human diet, fish

are considered a suitable subject for investigation of

arsenic bioaccumulation in aquatic bodies (Burger et al.

2002).

Rainbow trout (Oncorhynchus mykiss) is a Pacific trout

species and belongs to the Salmonidae family (Fallah et al.

2011). They survive in cold, clear and well-oxygenated

lakes, rivers, and streams within a temperature range of

0 �C to over 25 �C. However, the ideal temperature is

estimated to be between 13 and 15.5 �C. Due to its rapid

growth and high nutritional value, Rainbow trout is widely

farmed in many countries around the world (Gall and

Crandell 1992). Besides, it is the main freshwater fish

species farmed in northern Iran. Its farming started in 1959

in Iran, and production has increased remarkably over

recent decades (Fallah et al. 2011).

Quantitative risk and hazard analysis make it possible to

have access to a spatial and temporal view on the severity

of contaminants’ adverse effects on ecosystems. A lot of

research has addressed the risk levels relevant to chronic

exposure to arsenic-contaminated water and fish species

(Donohue and Abernathy 1999; Koch et al. 2001; Liu et al.

2009; Phan et al. 2010; Muhammad et al. 2010).

In the current study, arsenic concentration in surface

water in one of the most significant southern Caspian Sea

basins (Haraz River) has been determined and the relative

potential risk and hazard levels regarding ingestion and

dermal exposure routes are evaluated. Furthermore,

regarding the numerous Rainbow trout fish farms within

the basin, a similar analysis is implemented through con-

sumption of this fish by humans.

Study area

Being considered as one of the most significant southern

Caspian Sea basins, the Haraz River basin stretches from

the northern Alborz valleys to the southern coasts of the

Caspian Sea in the Mazandaran province of Iran. The

overall length of the main stream and drainage area of the

basin are estimated to be 185 km and 5,100 km2, respec-

tively. Namarestagh, Shirkola, Razan, and Chelorud are

among the main tributaries that feed the river.

Generally, the central and southern parts of the study

area comprise super giant Paleozoic and Mezozoic lime,

dolomite, and shale deposits. According to seismology,

geothermal and volcanic activity, and uplift rates, the

asthenosphere must be shallower than normal in the central

Iranian plateau region (Hassanzadeh 1994). The immediate

basement in the Alborz Mountains is a folded and thrust-

faulted passive-margin sedimentary sequence of carbonate,

siliciclastic, and volcanic rocks that ranges in age from

Cambrian to Eocene (Davidson et al. 2004). Jurassic pas-

sive margin deposits are represented by the clastic (sand-

stone-shale) Shemshak Formation, and the Lar and Delichi

carbonates. The Eocene Karadj Formation comprises sub-

marine tuffs and is suggestive of the onset of active con-

tinental margin magmatism (Dehghani and Makris 1984).

Coal-rich layers are observed to a large extent especially

in central parts of the basin. This area has been well known

as a rich source of minerals from time immemorial. Lots of

mines (coal, limestone, sand, and gravel, etc.) have been

excavated during recent decades among which the Central

Alborz Coal Mine is internationally recognized. Magmatic

activity through volcanic deposits has formed hydrothermal

springs in central parts of the basin. Arsenic may easily be

released into the water column through exposure of spoil

and sulfide ores to atmospheric oxygen and moisture and

carried downstream by river flow. Such a process is pos-

tulated where hydrothermal springs enter the river stream.

A variety of water uses like drinking, industrial, recre-

ation, and agriculture are practised within the basin.

However, fish farming along the main river, recreation

through hot spring spas in central parts, and irrigation of

rice paddies in downstream plains are considered as major

water use options. The study area as well as the water and

fish sampling stations are shown in Fig. 1.
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Materials and methods

Sample collection

Surface water was collected using a 2-liter plastic water

sampler. Samples were acidified using concentrated nitric

acid (5 mL of HNO3/L of water sample), stored in poly-

ethylene bottles, transported to the laboratory, and filtered

through a 0.45-micron filter. The concentration of dis-

solved arsenic was determined in the filtered water. Rain-

bow trout fish were collected from ten selected fish farming

stations (Fig. 1). The fish were caught using nylon fishing

Fig. 1 Layout of Haraz River basin in Iran and water and fish sampling stations
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nets and preserved in an ice box during transportation to

the laboratory. Similar sized male fish were chosen to

minimize any bias. A pre-cleaned stainless scalpel was

used for fish dissection. Fish muscles were rinsed with

deionized water (Milli-Q, 18.2 MX/cm), frozen at -70 �C
and freeze dried before being ground and subjected to

metal analysis (Onsanit et al. 2010).

Metal analysis

Fish muscle digestion was conducted according to the

method described by Onsanit et al. (2010). In short, 0.1 gram

of fish muscle was digested in 3 mL of ultra-pure HNO3 at

80 �C for 48 h. In order to digest lipids, 0.5 mL HClO4 and

0.5 mLH2O2 were added to the mixture. Having been cooled

and diluted to specified volumes with ultra-pure water, the

solution was centrifuged to collect the supernatant for arsenic

analysis. In order to control the accuracy of analysis, Inter-

national certified standard reference material of muscle tissue

(SRM 2976, National Institute of Standards and Technology

NIST) was digested in a similar way as the fish muscle. The

results showed a recovery rate of 85–110 % for arsenic

concentration. Arsenic concentration in water samples was

analyzed for by inductively coupled plasma mass spec-

trometry (ICP-MS, PerkinElmer, Elan 9000). Furthermore,

some samples were analyzed in triplicate and a reference

solution of arsenic was also checked using Standard Methods

to avoid measurement errors.

Risk assessment

Chronic daily intakes (CDI) through ingestion exposure

route for non-carcinogenic cases for adults and children are

calculated through Eqs. 1 and 2, respectively,On the other

CDIWater�nc�ing ¼
Cðg� waterÞ � Ef reswcð Þ � ED reswcð Þ � IRWðreswcÞ

AT reswð Þ � BW(reswc)
ð1Þ

Table 1 Details for exposure

assessment, risk and hazard

analysis (RAIS 2009)

Parameter Abbreviation Unit Value

Chronic daily intake (water-non-carcinogenic-ingestion) CDI water-nc-ing mg/kg-day –

Chronic daily intake (water-non-carcinogenic-dermal) CDI water-nc-der mg/kg-day –

Concentration Cg-water mg/L –

adjusted intake factor IFWresw-adj L/kg 380

Average time (noncarcinogenic) ATresw day 10,950

Exposure duration (adult) EDreswa year 30

Exposure frequency (child) EFreswc day/year 350

Water intake rate (child) IRWreswc L/day 1

Body weight (child) BWreswc kg 15

Exposure duration (resident) EDresw year 30

Exposure duration (child) EDreswc year 6

Exposure frequency EFreswa day/year 350

Water intake rate (adult) IRWreswa L/day 2

Body weight (adult) BWreswa kg 70

Average time (carcinogenic) ATreswc day 25,550

Chronic daily intake (water-carcinogenic-ingestion) CDIwater-ca-ing mg/kg-day –

Chronic daily intake (water-carcinogenic-dermal) CDIwater-ca-der mg/kg-day –

Chronic daily intake (fish-ingestion) CDIfish-ing mg/kg-day –

Slope factor SF (mg/kg-day)-1 1.5

Reference dose RfD mg/kg-day 3.00E-04

Body weight (fish ingestion) BWa kg 70

Exposure duration (fish ingestion) EDr year 30

Exposure frequency(fish ingestion) EFr day/year 350

Fish consumption rate IRFa g/day 54

Life time LT year 70
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hand, Eqs. 3 and 4 estimate the age-adjusted chronic daily

intakes for carcinogenic approach:

CDIWater�ca�ing¼
Cðg� waterÞ � IFWðres� adjÞ

AT reswð Þ � LT
ð3Þ

IFWresw�adj ¼ ½EDreswc � EFreswc � IRWreswc =BWreswc�
+ [[EDresw � EDreswc� � IRWreswa� =BWreswa

ð4Þ

For the dermal exposure route, carcinogenic and non-car-

cinogenic CDIs are calculated using Eq. 5:

CDIwater�ca�derðmg=kg�dayÞ

¼Cðg� waterÞ � DFW resw� adjð Þ � Kp � ET

AT(resw)

ð5Þ

In order to evaluate the quantitative risk and hazard

threats caused by fish consumption, Eq. 6 is taken into

consideration:

CDIfish�ing¼
CðfishÞ � Ef fishð Þ � ED fishð Þ � IRFðaÞ

AT fishð Þ � BW(aÞ
ð6Þ

Fig. 2 Arsenic concentration in river water samples

Table 2 Arsenic concentration and relevant risk and hazard levels in different sampling stations

Station no. Arsenic

concentration

(lg/L)

(Child) ingestion

hazard quotient (HQ)

(Adult) ingestion

hazard quotient (HQ)

(Adjusted) ingestion

hazard quotient (HQ)

Ingestion risk

1 40 ± 2.7 7.95E ? 00 to 9.10E ? 00 3.41E ? 00 to 3.90E ? 00 4.31E ? 00 to 4.94E ? 00 8.32E-04 to 9.53E-04

2 29 ± 1.8 5.80E ? 00 to 6.56E ? 00 2.48E ? 00 to 2.81E ? 00 3.15E ? 00 to 3.56E ? 00 6.07E-04 to 6.87E-04

3 32 ± 2.1 6.37E ? 00 to 7.27E ? 00 2.73E ? 00 to 3.11E ? 00 3.46E ? 00 to 3.94E ? 00 6.67E-04 to 7.61E-04

4 33 ± 1.9 6.63E ? 00 to 7.44E ? 00 2.84E ? 00 to 3.19E ? 00 3.60E ? 00 to 4.04E ? 00 6.94E-04 to 7.79E-04

5 36 ± 2.1 7.22E ? 00 to 8.12E ? 00 3.10E ? 00 to 3.48E ? 00 3.92E ? 00 to 4.41E ? 00 7.56E-04 to 8.50E-04

6 39 ± 2.4 7.80E ? 00 to 8.82E ? 00 3.34E ? 00 to 3.78E ? 00 4.23E ? 00 to 4.79E ? 00 8.17E-04 to 9.24E-04

7 32 ± 1.7 6.46E ? 00 to 7.12E ? 00 2.77E ? 00 to 3.05E ? 00 3.51E ? 00 to 3.86E ? 00 6.76E-04 to 7.45E-04

8 45 ± 2.3 9.10E ? 00 to 1.01E ? 01 3.90E ? 00 to 4.32E ? 00 4.94E ? 00 to 5.47E ? 00 9.53E-04 to 1.06E-03

9 46 ± 1.9 9.40E ? 00 to 1.02E ? 01 4.03E ? 00 to 4.37E ? 00 5.10E ? 00 to 5.54E ? 00 9.84E-04 to 1.07E-03

10 52 ± 2.9 1.05E ? 01 to 1.17E ? 01 4.48E ? 00 to 1.17E ? 01 5.68E ? 00 to 6.35E ? 00 1.10E-03 to 1.22E-03

11 50 ± 2.8 1.01E ? 01 to 1.13E ? 01 4.31E ? 00 to 4.32E ? 00 5.46E ? 00 to 6.11E ? 00 1.05E-03 to 1.18E-03

12 110 ± 6.4 2.21E ? 01 to 2.48E ? 01 9.46E ? 00 to 1.06E ? 01 1.20E ? 01 to 1.35E ? 01 2.31E-03 to 2.60E-03

13 70 ± 3.7 1.41E ? 01 to 1.57E ? 01 6.05E ? 00 to 6.73E ? 00 7.67E ? 00 to 8.53E ? 00 1.48E-03 to 1.64E-03

14 66 ± 3.4 1.33E ? 01 to 1.48E ? 01 5.72E ? 00 to 6.34E ? 00 7.24E ? 00 to 8.03E ? 00 1.40E-03 to 1.55E-03

15 85 ± 4.7 1.71E ? 01 to 1.91E ? 01 7.33E ? 00 to 8.19E ? 00 9.29E ? 00 to 1.04E ? 01 1.79E-03 to 2.00E-03

16 80 ± 4.6 1.61E ? 01 to 1.80E ? 01 6.89E ? 00 to 7.73E ? 00 8.72E ? 00 to 9.79E ? 00 1.68E-03 to 1.89E-03

17 100 ± 5.7 2.01E ? 01 to 2.25E ? 01 8.61E ? 00 to 9.65E ? 00 1.09E ? 01 to 1.22E ? 01 2.10E-03 to 2.36E-03

18 110 ± 6.1 2.21E ? 01 to 2.47E ? 01 9.49E ? 00 to 1.06E ? 01 1.20E ? 01 to 1.34E ? 01 2.32E-03 to 2.59E-03

19 105 ± 4.9 2.13E ? 01 to 2.34E ? 01 9.14E ? 00 to 1.00E ? 01 1.16E ? 01 to 1.27E ? 01 2.23E-03 to 2.45E-03

20 100 ± 4.8 2.03E ? 01 to 2.23E ? 01 8.69E ? 00 to 9.57E ? 00 1.10E ? 01 to 1.21E ? 01 2.12E-03 to 2.34E-03

Water is considered as the media and oral ingestion is the exposure route

CDIwater�nc�der ¼
C g� waterð Þ � EV reswcð Þ � ED reswcð Þ � EF reswcð Þ � SA reswcð Þ � K pð Þ � ETðreswcÞ

AT reswð Þ � BW(reswc)
ð2Þ
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Andfinally, Eqs. 7 and8 estimate the excess lifetime cancer risk

(ELCR) and the relevant hazard quotient (HQ), respectively,

ELCR¼CDIwater�caX � SForal ð7Þ
HQ¼CDIwater�nc=RfD ð8Þ

Input parameters for exposure assessment, risk and

hazard analysis are indicated in Table 1.

Results

The arsenic concentrations in water samples collected from

20 stations along the river is shown in Fig. 2. The lowest

concentration (29 lg/l) was found at Station two, the

highest concentration was recorded at Station eighteen

while the mean value is 110 lg/l. Reported values may be

Fig. 3 Spatial distribution of As hazard quotient within the study area [Medium: water, Exposure route: oral ingestion]
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considered extremely high when compared to the maxi-

mum concentration of arsenic in the Kampong Cham

watershed of Cambodia of 2.37 lg/l (Phan et al. 2010) or

in Lake Awassa and Koka of Ethiopia of 3 lg/l (Dsiko-
witzky et al. 2013).

As seen the mean concentration of arsenic in the central

and northern parts of the basin is somewhat higher than that

in the southern areas. This may be due to northward

transport and enhanced sorption/desorption of arsenic-

containing suspended sediments in northern areas where

Fig. 4 Spatial distribution of As risk within the study area [Medium: water, Exposure route: oral ingestion]
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heavier loads of local pollution are discharged into the

river.

In order to run exposure assessments, the arsenic con-

centration in water samples was investigated. Oral and

dermal ingestion were considered as possible exposure

routes for water media while ingestion was selected as the

sole route for rainbow trout (a nutritional medium). For

carcinogenic and non-carcinogenic effects of arsenic,

exposure analysis was carried out separately to estimate

both potential risks and hazards. Accordingly, chronic

daily intakes for both cases were calculated (Eqs. 1 and

3).The excess lifetime cancer risks (Eq. 7) and relative

hazard quotients (Eq. 8) through oral ingestion of water

were estimated. For hazard quotient analysis, three differ-

ent scenarios (child, adult, and adjusted) were included to

cover a more detailed scope. The results obtained are listed

in Table 2.

Generally, an increasing pattern is observed in HQ and

ELCR values from southern to northern stations. In order to

have a more detailed view of critical areas, the spatial

distribution of hazard and risk values are shown in Figs. 3

and 4, respectively.

For threats caused by arsenic, the dermal exposure route

is not at all as important as oral ingestion. However,

because of the abundance of rice paddies flooded by river

water and also hot spring spas with international touristic

interests, the dermal exposure route is also taken into

consideration. To assess the dermal exposure route in

contact with water as the medium, the relative chronic

daily intakes for non-carcinogenic (Eq. 2) and carcinogenic

(Eq. 5) cases and the respective hazard quotients (Eq. 7)

and Excess lifetime cancer risks (Eq. 8) were calculated

and are shown in Table 3. In a similar manner to the oral

ingestion route, the three different cases of child, adult, and

adjusted are considered here.

As seen in Table 3, the hazard quotient values in all

three different cases are below unity and indicate no sig-

nificant hazard. However, ELCR values change from

3.27E-06 to 1.40E-05.

The spatial distribution of arsenic risk caused by dermal

exposure within the study area is shown in Fig. 5. Fur-

thermore, colonies of rice paddies and hot spring spas are

also considered.

Ten fish farms were selected for the determination of

arsenic in muscle tissues of farmed rainbow trout (Fig. 1).

The mean concentrations of arsenic were used for human

health risk assessment. For default values for average body

weight of target persons, the daily consumption rate of fish,

exposure frequency, and duration as indicated in Table 1,

the relevant chronic daily intakes were calculated (Table 4).

Allowed daily intake (ADI) of inorganic arsenic, cal-

culated from the provisional tolerance weekly intake

Table 3 Arsenic risk and hazard levels in different sampling stations

Station no. (Child) dermal hazard

quotient (HQ)

(Adult) dermal hazard

quotient (HQ)

(Adjusted) dermal hazard

quotient (HQ)

Dermal risk

1 5.25E-02 to 6.01E-02 1.78E-02 to 2.04E-02 2.33E-02 to 2.66E-02 4.48E-06 to 5.13E-06

2 3.83E-02 to 4.33E-02 1.30E-02 to 1.47E-02 1.70E-02 to 1.92E-02 3.27E-06 to 3.70E-06

3 4.21E-02 to 4.80E-02 1.43E-02 to 1.63E-02 1.86E-02 to 2.13E-02 3.59E-06 to 4.10E-06

4 4.37E-02 to 4.91E-02 1.48E-02 to 1.66E-02 1.94E-02 to 2.18E-02 3.74E-06 to 4.20E-06

5 4.77E-02 to 5.36E-02 1.62E-02 to 1.82E-02 2.11E-02 to 2.38E-02 4.08E-06 to 4.58E-06

6 5.15E-02 to 5.82E-02 1.74E-02 to 1.97E-02 2.28E-02 to 2.58E-02 4.40E-06 to 4.98E-06

7 4.26E-02 to 4.70E-02 1.44E-02 to 1.59E-02 1.89E-02 to 2.08E-02 3.64E-06 to 4.02E-06

8 6.01E-02 to 6.65E-02 2.04E-02 to 2.25E-02 2.66E-02 to 2.95E-02 5.13E-06 to 5.69E-06

9 6.20E-02 to 6.74E-02 2.10E-02 to 2.28E-02 2.75E-02 to 2.99E-02 5.30E-06 to 5.76E-06

10 6.91E-02 to 7.72E-02 2.34E-02 to 2.62E-02 3.06E-02 to 3.42E-02 5.90E-06 to 6.60E-06

11 6.64E-02 to 7.43E-02 2.25E-02 to 2.52E-02 2.94E-02 to 3.29E-02 5.67E-06 to 6.35E-06

12 1.46E-01 to 1.64E-01 4.94E-02 to 5.55E-02 6.46E-02 to 7.26E-02 1.25E-05 to 1.40E-05

13 9.32E-02 to 1.04E-01 3.16E-02 to 3.51E-02 4.13E-02 to 4.59E-02 7.97E-06 to 8.86E-06

14 8.80E-02 to 9.76E-02 2.98E-02 to 3.31E-02 3.90E-02 to 4.33E-02 7.53E-06 to 8.34E-06

15 1.13E-01 to 1.26E-01 3.83E-02 to 4.28E-02 5.01E-02 to 5.59E-02 9.65E-06 to 1.08E-05

16 1.06E-01 to 1.19E-01 3.59E-02 to 4.03E-02 4.70E-02 to 5.27E-02 9.06E-06 to 1.02E-05

17 1.33E-01 to 1.49E-01 4.50E-02 to 5.04E-02 5.88E-02 to 6.59E-02 1.13E-05 to 1.27E-05

18 1.46E-01 to 1.63E-01 4.95E-02 to 5.53E-02 6.48E-02 to 7.24E-02 1.25E-05 to 1.40E-05

19 1.41E-01 to 1.55E-01 4.77E-02 to 5.24E-02 6.24E-02 to 6.85E-02 1.20E-05 to 1.32E-05

20 1.34E-01 to 1.47E-01 4.54E-02 to 5.00E-02 5.93E-02 to 6.53E-02 1.14E-05 to 1.26E-05

Water is considered as the media and dermal is the exposure route
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(PTWI) set by the Joint Food and Agriculture Organiza-

tion/World Health Organization Expert Committee on

Food Additives is considered to be 2.14 (lg/kg bw/day)

(FAO 2008). In comparison to the ADI, chronic daily

intakes in all ten samples show lower values. Accordingly,

no health risk would threaten the people consuming such

fish from designated farms. However, fish sampled from

downstream farms show CDI values around three times

higher than those sampled from upstream farms.

The arsenic concentrations in the Rainbow trout muscle

tissues of this study are compared to some similar ones in

the literature in Table 5.

Fig. 5 The spatial distribution of As risk within the study area [Medium: water, Exposure route: dermal]
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Data obtained from a literature survey showed that

arsenic concentrations in the above fish muscles varied

widely depending on the site where the animals were

caught. With an average As concentration of 1.2 mg/kg dry

weight, the fish sampled in this study manifest the highest

concentrations after the cases studied by Svobodova et al.

(2002) and Harkabusová et al. (2009).

Conclusions

The concentration of arsenic in Haraz River water and the

attendant excess lifetime cancer risk and hazard levels are

evaluated. Furthermore, the threats caused by consumption

of Rainbow trout from the area are also taken into con-

sideration. The concentration of arsenic showed an increase

from upstream mountainous areas towards the downstream

estuarine zone. A similar distribution pattern for organic

(Nasrabadi et al. 2011) and other inorganic pollutants

(Nasrabadi et al. 2010a, b; Mohseni-Bandpei and Yousefi

2013; Karbassi et al. 2008) has been observed in the study

area. Such a pattern seems to be reasonable if we consider

the activities of the Central Alborz coal mine and hot

spring spas for tens of years in the central and lower areas

of the basin.

In comparison to 10 ppb which is indicated as the

guideline value for arsenic in drinking water by the World

Health Organization (World Health Organization 2008),

US EPA and Institute of Standards and Industrial Research

of Iran (ISIRI 1053), all water samples are evaluated to be

risky for drinking. The highest arsenic concentration and

consequently risk and hazard values occur at Stations 12,

17, and 20. Long-term operation of the Central Alborz coal

mine as well as the services offered by tourist hot spring

spas in central parts of the basin make up the arsenic-rich

drainage discharged to the river stream. Such phenomena

may be addressed as the major reasons to select Station 12

as a critical case. On the other hand, centralization of

municipal (Amol city) and agricultural (numerous rice

paddies) land uses in northern parts of the basin compared

to southern zones explains the higher risk levels in the four

stations 17–20.

HQ values greater than unity are considered as hazard-

ous cases for human health. All HQs by the dermal expo-

sure route show values far below unity. However, for the

oral ingestion route, the reverse is the case; the present

values for all 20 samples are greater than 1 and around 20

percent of the cases show values even greater than ten. In

comparison to similar studies (Kavcar et al. 2009;

Muhammad et al. 2010), the severity of non-carcinogenic

effects that threaten human health is highly significant.

Risk values higher than one in a million [10-6] are

generally regarded to be unacceptable by the US EPA.

However, according to less strict guidelines the acceptable

level is one in ten thousand [10-4] World Health Organi-

zation (2008). For the oral ingestion route, around 65

percent of exposed individuals have experienced Excess

lifetime cancer risks greater than 10-3, while the minimum

risk value among the remainder of 35 % is evaluated to be

6.07E-04. The results show that if the river water is used

for drinking purposes, a high-risk status would be imposed

on consumers. Dermal exposure to such water, however,

seems not to be equally dangerous; only 35 % of the total

cases show risk values slightly greater than 10-5 and the

lowest estimated value is 3.27E-06.

Finally, the ten Rainbow trout fish samples obtained

from fishing farms along the river which were analyzed for

arsenic in their muscle tissues show values from 0.48 to

1.30 lg/kg of dry weight. Although the estimated chronic

daily intakes of arsenic through consumption of such

farmed fish show values less than the ADI, if we bear in

Table 4 Concentration of arsenic in muscle tissues of sampled fish

and chronic daily intakes through fish consumption

Station no. Concentration in fish muscle

(mg/Kg)

Chronic daily intake

(lg/kg bw/day) CDI

F1a 0.48 0.35

F2 0.52 0.38

F3 0.77 0.57

F4 0.92 0.68

F5 0.82 0.61

F6 0.89 0.66

F7 0.91 0.67

F8 1.1 0.81

F9 1.14 0.84

F10 1.3 0.96

a Fish farm station number

Table 5 Concentration of As in Haraz River rainbow trout muscles

in comparison with similar studies

As in Rainbow

trout musclea
Case study Literature

0.934 ± 0.293 Fishing sites of Zayandeh-

Rood River, Iran

Fallah et al.

(2011)

2.80 ± .03 Bohemia in Prague, Czech

Republic

Svobodova et al.

(2002)

1.48 ± 0.8 Fish farm in Prague, Czech

Republic

Harkabusová

et al. (2009)

0.68 ± 0.2 Awassa and Koka Lakes,

Ethiopia

Dsikowitzky

et al. (2013)

0.44 ± 0.8 Yangtze River basin, China Yi et al. (2011)

1.2 ± 0.31 Haraz River, Iran Current study

(2013)

a mg/kg dry wt
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mind that lots of other media are present in the total daily

intake of arsenic in the study area, such values may be

interpreted as a trigger for further health threats.
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