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AbstractAbstractAbstractAbstract 
Every year, migratory waterfowl are hunted and consumed by people in Golestan Province of Iran. Due to the heavy 
metal contamination of wintering habitats, an estimation of the human health risks associated with the consumption 
of these ducks is necessary. Therefore, this study was conducted to estimate the health risks of exposure to cadmium 
(Cd), total chromium (Cr), iron (Fe), lead (Pb), and zinc (Zn) due to the consumption of pectoral muscle of mallard (Anas 
platyrhynchos) and pochard (Aythya ferina) harvested and hunted in the South-Eastern Caspian Sea region of Iran. The 
mean values of these metals in the pectoral muscle of mallards and pochards were used to calculate estimated daily 
intake (EDI), estimated weekly intake (EWI), and target hazard quotients (THQ). The EDI (µg/day/70 kg body weight) for 
Cd, Cr, Fe, Pb, and Zn in mallard were 0.2, 0.04, 58, 1.1, and 12.8, respectively. The EDI (µg/day/70 kg body weight) 
for Cd, Cr, Fe, Pb, and Zn in pochard were 0.8, 0.1, 69, 0.8, and 13.4, respectively. The estimated total THQ (higher 
than 1) indicated that heavy metal levels in pochard flesh were unsafe for consumption. The EDI and EWI of the 
metals examined were below those recommended by the Joint FAO/WHO Expert Committee on Food Additives (JECFA) 
and oral doses suggested by the United States Environmental Protection Agency (USEPA). There appears to be little 
risk of exposure to metals associated with the consumption of mallard and pochard in this region. 
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Introduction1    
Contamination of the environment with metals 
is increasing, and may pose a threat to some 
species and populations. They may exert 
beneficial or harmful effects on plant, animal, 
and human life depending upon the 
concentration.1 These elements are introduced 
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into the environment through various routes, 
such as smelting processes, fuel combustion, 
and industrialization.1 They make their way 
into aquatic systems through atmospheric 
fallout, dumping of wastes, accidental leaks, 
runoff from terrestrial systems (industrial and 
domestic effluents), and geological 
weathering.2 Birds obtain heavy metals from 
their food and the surrounding environment, 
and their body burdens represent a balance 
between rates of intake and elimination.3 
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Heavy metals discharged into the aquatic 
environment can damage both aquatic species 
diversity and ecosystems, due to their toxicity 
and accumulative behaviour.4 Inorganic 
contaminants such as Cd, Cr, and Pb are among 
the most studied metal contaminants. These 
metals react with diffusing ligands, 
macromolecules, and ligands present in 
membranes, which mostly cause 
bioaccumulation and biomagnification in the 
food chain, persistence in the environment, and 
disorders in the metabolic processes of living 
organisms.5 

High concentrations of metals in the 
Gomishan and Miankaleh Wetlands of North-
Eastern Iran are of great concern due to their 
potential effects on wildlife and human health.6 
These two wetlands are under the protection of 
the Ramsar Convention. With the rapid 
industrialization and economic development in 
the watershed, pollution has become 
widespread in these areas.6 

The objectives of this study were to 

determine the concentrations of cadmium (Cd), 
chromium (Cr), iron (Fe), lead (Pb) and zinc 
(Zn) in the pectoral muscle of mallard and 
pochard from Miankaleh and Gomishan 
International wetlands and to assess the 
potential human health risk for hunters’ family 
members via consumption of the ducks. To our 
knowledge, this is the first study of the metal 
exposure risk from consumption of flesh of 
ducks wintering in the South Eastern Caspian 
Sea region, Iran. 

Materials and Methods 

During the winter of 2012, 30 mallard (15 
males and 15 females) and 30 pochard (15 
males and 15 females) ducks were shot in the 
Miankaleh (36° 20' N, 53° 43' E) and 
Gomishan (54° 53' N, 37° 9' E) International 
Wetlands under license of the Environmental 
Protection Agency of Golestan, Iran. These 
sites are among the important wetlands and 
wintering areas for birds in the Middle East 
(Figure 1).  

 

 
Figure 1. Sampling sites in the South East of the C aspian Sea 
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Upon collection, specimens were 
immediately transported to a laboratory where 

pectoral muscles were excised and samples 
frozen for later analysis. Median body mass 
and total length of mallard were 1.178 kg and 
55.95 cm and of pochard were 0.924 kg and 

44.1 cm, respectively. Approximately 5 g of wet 
tissue of pectoral muscle was placed in a 
porcelain crucible and dried at 135 °C for 2 

hours. Samples were then transferred to a cool 
muffle furnace and the temperature was slowly 
raised to 450-500 °C overnight. After cooling, 2 
ml of HNO3 were added and the sample was 

then heated on a hot plate until dry. The 
sample was returned to the cooled furnace and 
the temperature was raised to 450-500 °C for an 

hour. After cooling, 10 ml of 1N HCL were 
added and heated on the hot plate to dissolve 
the ash. Digested samples were filtered and 
diluted to 25 ml in 1N HCL.7 Metal 

concentrations were determined using an 
atomic absorption spectrophotometer (GFS97, 
Thermo Electron, Cambridge, UK). The 

accuracy of the analysis was confirmed by 
measuring certified reference material tissue 
(DORM-2; National Research Council, 
Canada). Recoveries ranged from 95 to 105%. 

Detection limits (µg/g) were 0.004 for Cd, 0.03 
for total Cr, 0.05 for Fe, 0.001 for Pb, and 0.005 
for Zn. The concentrations of metals in samples 

were expressed as microgram per gram wet 
weight (µg/g ww). 

THQ was calculated according to the 
guidelines of the United States Environmental 

Protection Agency (USEPA).8 Based on the 
USEPA guidance, we assumed that the 
adsorbed contaminant dose was equal to the 

ingestion dose and that cooking had no effect 
on the contaminants.8 Furthermore, because of 
the unavailable oral reference dose (RfDo) of 
Pb, the value is specified as the permissible 

tolerable daily intake (PTDI) suggested by the 
Joint FAO/WHO Expert Committee on Food 
Additives (JECFA) 2013.9  

THQ was calculated using the following 
equation: 

THQ = (EF × ED × MS × C)/(RfDo × BW × 
AT) × 10-3     (1) 

 

where THQ is the Target Hazard Quotient, 
which indicates the ratio between exposure and 
reference dose. A THQ of higher than 1 means 
that the THQ is higher than the daily reference 
dose and systemic effects may occur.10 In 
general, the RfDo is an estimate (with 
uncertainty spanning perhaps an order of 
magnitude) of the daily exposure of the human 
population (including sensitive subgroups) that 
is likely to be without an appreciable risk of 
deleterious effects during a lifetime. EF is the 
exposure frequency or number of exposure 
events per year of exposure (about 182.5 days) 
and ED is the exposure duration (72 years).11 MS 
is the meal size of 95 g; Sinkakarimi et al. 
indicated that a Golestan province hunter’s 
family members consume about 95 g/day of 
waterfowl.6 C is the metal concentration (µg/g 
w.wt). RfDo is the oral reference dose 
(µg/g/day); the RfDo values used in this study 
were 1 × 10-3 for Cd, 7 ×10-1 for Fe, 4 × 10-3 for 
Pb, and 3 × 10-1 for Zn.9,12 BW is the body weight 
of 70 kg,8 and AT is the averaging time (it is 
equal to EF × ED). 

In this study, total THQ is treated as the 

arithmetic sum of the individual metal THQ 
values, obtained using the method of Chien et al.13 

Total THQ (TTHQ) = THQ (toxicant 1) + 

THQ (toxicant 2) + … … + THQ (toxicant n) (4)  
The estimated daily intake (EDI) and 

estimated weekly intake (EWI) depend on both 
the metal concentration in food and the daily 

and weekly food consumption. In addition, 
body weight influences the tolerance to 
contaminant exposure. The EDI and EWI 

account for these factors and are calculated as 
follows: 

 

EDI (µg/g/daily) = (MS × C)/BW (2) 
 

EWI (µg/g/week) = (MS × C)/BW (3) 
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Results and Discussion 

Concentrations of metals 

The concentration of metals in the pectoral 
muscle tissue of mallard and pochard follows 
the sequence Fe > Zn > Pb > Cd > Cr (Table 1). 
Lead is a non-essential element and it is well 
documented that Pb can cause neurotoxicity, 
nephrotoxicity, and many other adverse health 
effects.14 The maximum permitted 
concentration of Pb in food proposed by both 
the Australian National Health and Medical 
Research Council (ANHMRC) and Spanish 
legislation are 2.0 µg/g as wet weight basis.15,16 
Moreover, the United Kingdom has a legislated 
permissible level for Pb in food of 1.0 µg/g.17 In 
our study, the concentrations of Pb in mallard 
and pochard flesh were lower than these 
thresholds (Table 1). In contrast, the European 
Commission (EC) and Institute of Turkish 
Standards for Food (ITSF) considered 0.1 and 
0.5 µg/g w.w, respectively, as the permissible 
threshold for Pb in food.18,19 The flesh of 
mallard and pochard we examined clearly 
exceeded this lower threshold and, according 
to these guidelines, pose health risks to 
humans consuming them. In a similar study in 
Poland, Binkowski examined Pb levels in the 
flesh of mallard and coot (Fulica atra), and 
concluded that their flesh was unfit for human 
consumption.20 The mean concentration of Pb 
(µg/g w.w) in our study was higher than that 
in common teal (Anas crecca) (0.32) from 
Northern Iran (Sinkakarimi et al.,6 
Unpublished data), and mallard (0.23), 
garganey (Anas querquedula) (0.48), and 
tufted duck (Aythya fuligula) (0.15) from 
Warmia and Mazury, Poland.21 It was also 
higher than that in mallard (0.04) and coot 
(0.06) from Zator, in Southern Poland,20 scaup 
(Aythya marila) (0.55) from Szczecin Lagoon, 
Poland,22 and gadwall (Anas strepera) (0.92) 
from Northern Iran (Sinkakarimi et al.,6 
Unpublished data). 

The mean Cd concentrations we observed in 
mallard and pochard did not exceed the 

maximum permitted concentration of the 
ANHMRC (2 µg/g), Western Australian 
authorities (5.5 µg/g), and Spanish legislation  
(1 µg/g).15,16 On the other hand, observed 
concentrations of Cd in the pectoral muscle of 
mallards and pochards were greater than the 
EC threshold (0.05 µg/g ww) for Cd in 
food.15,17,18 Similarly, Binkowski reported that 
the flesh of mallard and coot from Poland was 
unfit for human consumption due to its Cd 
content.20 

The mean concentration of Cd in our study 
was greater than that of common teal (0.13) 
from Northern Iran (Sinkakarimi et al.,6 
Unpublished data), mallard (0.01) and coot 
(0.02) from Zator, in Southern Poland,20 and 
scaup (0.06) from Szczecin Lagoon, Poland.22 

Although naturally occurring, most Cr to 
which biota are exposed originate from 
anthropogenic activities involved in pigments, 
municipal sewage, mining, and refining.23 The 
Cr concentrations we observed were lower 
than the Western Australian Food and Drug 
Regulations’ stated concentration of 5.5 µg/g 
for Cr in seafood for consumption.15 

Iron and Zn are essential elements that are 
regulated through normal homeostatic 
mechanisms.24 The concentrations of Zn we 
observed in pochard and mallard flesh were 
below the acceptable limit (1000 µg/g) in food 
set by the ANHMRC and WHO.15,25 The mean 
concentrations of Fe and Zn in this study were 
within the ranges normally found in other 
ducks in other regions.21,26,27  

THQ 

The health risk of heavy metals in seafood is 
usually estimated by the THQ.28 The THQ does 
not provide a quantitative estimate of the 
probability of an exposed population 
experiencing an adverse health effect, but it 
does offer an indication of the risk level due to 
pollutant exposure. The THQ of each metal we 
examined was lower than 1, suggesting that 
people would not experience health risks from 
consumption of mallards and pochards from 
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the wetlands of the South East of the Caspian 
Sea (Table 2). On the other hand, values of the 
THQ index for total exposure were higher than 
1 for pochard, indicating that the estimated 
exposure is a major health concern. 

Dietary intake 

An important aspect in assessing risk to human 
health from potentially harmful chemicals in 
food is the knowledge of the dietary intake of 
such substances that must remain within the 
determined safety limits. In the present study, 
we have shown that the estimated daily intakes 
of Cd, Fe, Pb, and Zn through the consumption 
of mallard and pochard by adults are lower 
than the acceptable daily intake recommended 
by the JECFA (Table 3).9 With respect to Cr, the 
JECFA does not set a provisional tolerable 
intake limit. However, comparing the estimated 
intake with the oral reference dose suggested by 
the USEPA (equal to 3 and 1500 µg/g/day for 
Cr VI and Cr III, respectively), our results 
indicate that daily intake was lower than this 

reference dose (Table 1). Furthermore, our 
results for Cd, Zn, and Fe were lower than the 
oral reference dose (µg/g/day) suggested by 
the USEPA (Cd: 1, Zn: 300, and Fe: 700). No oral 
reference dose has been suggested by the 
USEPA for Pb or total Cr.8 

Conclusion 

Prior to this study, no published information 

existed on the risks of consuming the flesh of 
these popular waterfowl from the Caspian Sea 
region. The results of this study indicated that 

the estimated provisional permissible tolerable 
weekly intake (PTWI) and PTDI values for Cd, 
total Cr, Fe, Pb, and Zn in the pectoral muscle 
of mallard and pochard were lower than the 

values established by various authorities.29-32 In 
addition, THQ indices for total exposure in 
pochard were higher than 1.0; thus, 

consumption of the pectoral muscle of this 
species wintering in the South Eastern Caspian 
Sea region was a human health concern. 

 

Table 1. Metal concentrations (mean ± Standard devi ation) in the pectoral muscle of mallard and pochar d 
collected from wetlands in the South Eastern region  of the Caspian Sea 

Species N Pb Cd Cr Zn Fe 
Mallard 30 0.83 ± 0.32 0.21 ± 0.09 0.03 ± 0.01 9.46 ± 2.51 43.05 ± 12.46 
Pochard 30 0.62 ± 0.40 0.59 ± 0.37 0.09 ± 0.06 9.92 ± 3.14 50.88 ± 17.18 

 
Table 2. Estimated target hazard quotients (THQ) fo r individual metals and total THQ from consumption 
of the pectoral muscle of mallard and pochard from the South Eastern region of the Caspian Sea 

Species Pb Cd Cr Zn Fe TTHQ 
Mallard 0.281 0.285 - 0.043 0.083 0.692 
Pochard 0.210 0.801 - 0.045 0.045 1.101 

TTHQ: Total target hazard quotients 
 
Table 3. The estimated daily and weekly intakes for  mallard and pochard flesh by adult humans in the 
South East of the Caspian Sea 

Metal PTWI PTWI* PTDI Mallard EWI (EDI) Pochard EWI (EDI) 
Pb 25 1750 250 7.9 (1.10) 5.9 (0.8) 
Cd 6 420 60 2.0 (0.20) 5.6 (0.8) 
Cr - - - 0.3 (0.04) 0.9 (0.1) 
Zn 7000 490000 70000 89.9 (12.80) 94.3 (13.4) 
Fe 5600 392000 56000 409 (58.40) 483.4 (69.0) 

Mean daily waterfowl consumption in Iran is 95 g per person 
PTWI: Provisional permissible tolerable weekly intake in µg/week/kg body weight; * PTWI per 70 kg body weight of adults (µg/week/70 
kg body weight); PTDI: Permissible tolerable daily intake (µg/day/70 kg body weight); EWI: Estimated weekly intake (µg/week/70 kg 
body weight); EDI: Estimated daily intake (µg/day/70 kg body weight) 
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