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Abstract
The acidic sediment of Sumatra’s lowlands naturally increases the availability of micro 
minerals. Moreover, residential and municipal waste streams and other anthropogenic 
sources of pollutants commonly end up in the lowlands. As a result, waterfowl could be 
exposed to heavy metal contamination. This study present heavy metal concentrations 
(Iron, Zinc, Manganese, Copper, Cadmium, and Lead) in the muscles and liver samples 
of domestic mallards (Anas platyrhynchos f. domestica) reared in backyards around the 
city of Palembang, grazing mallards in rural regions, and whistling ducks (Dendrocygna 
arcuata). Zinc levels in the muscles were higher in the backyard mallards than in the 
grazing mallards. The muscles of whistling ducks contained higher iron than mallards. 
Copper, cadmium, and lead concentrations in the livers were lower in the whistling ducks 
than in the mallards. The metal concentrations were within the previously reported range 
in other mallards, however, the maximum value of Iron level (37 to 6,763 mg/kg dry 
weight) was higher. Manganese, Iron, Zinc, Cadmium, and Lead levels were shown to be 
highly correlated in the muscles and livers. Lead concentrations in 99% of samples and 
Cadmium concentrations in 22% of samples exceed European Commission acceptable 
limits. This study indicates a health risk from long-term consumption of duck meats 
according to the elevated Cadmium and Lead concentrations.
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1. Introduction
Poultry production plays a significant part 

in the agricultural economy of small-scale 
farmers in terms of egg and meat production. 
The majority of poultry farming in Southeast 
Asia takes place in lowland areas. Duck 
production, in particular, is essential for the 
rural economy, which also supports various 
rice production in the region. Ducks are 
generally reared in extensive and intensive 
systems in rural areas, where the product is 
utilized for family use and the surplus is sold 
in local markets (Islam et al., 2016; World 
Bank, 2021).

Rapid urbanization and dysfunctional 
waste management services and infrastructure 

are challenges for cities in most developing 
countries (Guerrero et al., 2013), which may 
be related to increased exposure of pollutants 
to the environment and food chains. In the 
lowland areas of Sumatra where water and 
soil are acidic, heavy metals pollution might 
need more concern since their availability and 
uptake were higher in the acid environment 
(Kicińska et al. 2022), resulting in a larger 
concentration of the metals in the plant (Ali 
et al. 2019) as well as buffalo hair (Ali et al. 
2021).

Poultry reared in extensive systems 
derives the majority of its nutritional 
requirements from free scavenging. As a 
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consequence, extensive rearing ducks could 
encounter substantial risks of environmental 
pollutants including heavy metals (Rajkumar 
et al. 2021; Ali et al. 2024). For the higher 
tropic level of food chains, ducks might 
potentially be a valuable indication for 
environmental monitoring (Plessl et al. 2017; 
Man et al. 2021).This hypothesis needs to 
be proven in the context of the backyard, 
grazing, and wild ducks in the lowlands of 
south Sumatra.

The aim of this study was to evaluate 
heavy metals levels, including Iron (Fe), Zinc 
(Zn), Manganese (Mn), Copper (Cu), Lead 
(Pb), and Cadmium (Cd), in muscle and liver 
organs of males and females of the backyard 
and grazing mallards (Anas platyrhynchos f. 
domestica) and whilsting ducks (Dendrocygna 
arcuata). A secondary aim was to assess the 
health risk effects caused by the consumption 
of duck meat in the region.

2. Methodology

2.1 Sample collection

From January to September 2022, 36 
backyard and grazing mallard samples (18 
males and 18 females) were collected from 
farmers in sub-urban areas of Palembang 
city and Ogan Ilir region of South Sumatra, 
respectively. Feed samples were collected 
from poultry shops in the area, while water 
samples were collected from rivers, swamp 
areas, municipal drink water, and sewage 
effluents (Figure 1). The pH levels of 
the water samples were measured on the 
sampling sites using a portable pH meter 
(Hanna HI 98130) (Table 1). 

The mallard ducks (674 to 1443 g of 
live weight) were local breeds raised by 
small-scale farmers throughout the year and 
fed mostly with household wastes, corn, and 
rice brain. Commercial broiler concentrates 
are occasionally used as supplemental 
feed. For the grazing ducks, the ducks 
are allowed to graze in paddy fields in 
the non-tidal swamp areas. In addition, 
eighteen samples (9 males and 9 females) 
of whistling ducks (235 to 503 g) were 
obtained from a seller at Sungai Lumpur,

Ogan Komering Ilir district, 141 km away 
from Palembang city. The wild ducks 
are trapped with fishing nets in coastal 
swamp areas and sold at local markets and 
restaurants.

2.2 Heavy metals analysis

The pectoral muscle and liver of each 
individual duck were carefully removed 
from the carcasses,  chopped with a 
stainless knife, and preserved in plastic 
bags at -20 °C. The organ samples (± 25 g) 
were dried in an oven at 60 °C for 3 
days until no more weight loss occurred. 
A 0.5 g of the organ and feed samples were 
transferred to a digestion flask. The sample 
was digested for 30 minutes at 95 °C with 
a 5 mL solution of nitric acid, hydrochloric 
acid, and hydrogen peroxide (Merck, 
1:1:1). After cooling, the digested sample 
was transferred to a volumetric flask 
and deionized water (Millipore purifier, 
Merck) was added to 50 mL. The solution 
was then filtered before being analyzed 
using microwave plasma-atomic emission 
spectrometry (MP-AES, MP-4100, Agilent, 
Santa Clara, CA, USA) (Zhao et al. 2015; 
Qudus et al. 2021). A sample, a spike, 
a blank, and a standard were done in 
duplicate in each run. The detection limits 
(mg/kg) were 1.55, 1.77, 1.25, 0.73, 1.67, 
and 0.51 for Fe, Zn, Mn, Cu, Pb, and Cd, 
respectively. Water samples were analyzed 
according to American public health 
association (APHA 2012). About 250 mL 
of water sample was transferred to beakers, 
and 5 mL of nitric acid (Merck) was added. 
The sample was heated (85 °C) to a final 
volume of about 15 - 20 ml, transferred to 
a 25 - mL flask, and then filtered. To assure 
the quality of the chemical analysis, the 
apparatus, chemicals and standard from 
known well-company were used.

2.3 Data Analysis

The Kolmogorov-Smirnov test was used 
to determine the data’s normality. When 
the data fell below the detection limits, a 
value equal to one-third of the detection 
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Figure 1. Sampling points and satellite image of study location on South Sumatra, Indonesia 
(Google maps, Google, DigitalGlobe, 2024). 

limit was entered. Afterward, the data were 
log-transformed to meet a normal distribution 
assumption. The differences in three classed 
ducks (backyard, grazing mallards, and 
whistling ducks), sex, and organs were 
assessed using one-way analysis of variance 
and followed by the Benforini test after a 
statistical significance (P < 0.05). Geometric 
mean, minimum and maximum values are 
presented and relationships between heavy 
metal concentrations were assessed with 
Spearman correlation. Data analysis was 
carried out with Statistical Analysis Systems 
(SAS institute). The level of Pb and Cd was 
compared to the permissible limit of European 
Commission threshold in meat and liver (mg/
kg fresh weight) (EC 2014). The estimated 
daily intake (EDI) of the metals (Zn, Mn, 
Pb, and Cd) through duck meat consumption 
was estimated using the concentration of 
the elements (fresh weight), an average 
of duck meat consumption in the region 

(0.2 g/person/day) (Badan Pusat Statistik 
2018), and body weight (61.4 and 56.2 kg, 
for Indonesian male and female, respectively) 
(Worlddata.info 2024). The EDI values were 
compared with the recommended levels of 
reference dose (RfD, EFSA, 2010; Sprong 
et al., 2023; United States Environmental 
Protection Agency, 1989).

3. Results and Discussion

The means of  the heavy metals 
concentrations in feed and water are presented 
in Table 1. Feed samples had detectable 
concentrations of Fe, Zn, Mn, Cu, and Pb, 
while Cd was not detectable in all feed and 
water samples. The geometric means and 
ranges of the heavy metals concentrations 
in pectoral muscles and livers of domestic 
and wild ducks are presented in Table 2. 
For pectoral muscle, Fe concentrations were 
significantly greater in whistling ducks
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Table 1. Heavy metal concentrations (mean ± standard error) in samples of feed (mg/kg) and 
water (mg/L) in a lowland sub-urban area

than in the backyard and grazing mallards 
(P < 0.01). Zinc concentrations also varied 
among ducks (P < 0.01). Zinc concentrations 
in the backyard mallards were significantly 
higher than those in the grazing mallards 
but  did not  differ  with those in the 
whistling ducks. Moreover, Concentrations 
of Mn and Cu in the muscle samples did not 
vary among the ducks (P > 0.05), but Mn 
concentrations differed between male and 
female ducks (P < 0.05). Concentrations of 
Mn, Cu, Cd, and Pb in the liver samples 
varied among ducks (P < 0.05).

In the liver samples, the backyard ducks 
had greater concentrations of Mn, Cu, and Pb 
than the whistling ducks, while the grazing 
ducks had the greatest Cd concentrations 
(P < 0.05). For the difference between 
the organs, the concentrations of Fe, Zn, 
Mn, and Cu were higher in the livers 
than in the muscles (P < 0.01), but the 
difference in Cd and Pb concentrations 
w a s  n o t  s i g n i f i c a n t  ( Ta b l e  2 ) .
Similar to the muscle, Pb concentrations 
in  99% of  the  animals  were higher 
than the permissible limit, whereas Cd 
concentrat ions in  the whils t ing and 
backyard ducks  did  not  exceed the 
maximum standard (Table 3).

For toxic contaminants such as Cd and 
Pb, the concentrations in the muscle did 
not vary among the ducks. Meanwhile, 
the toxic element levels in the liver 
of whistling ducks were lower than in 
mallards (Table 2).  Referring to the 
permissible limit in the meat and liver 

(EC 2014), Pb concentrations in all muscle 
samples exceed the threshold (Table 3). 

The pectoral muscle samples that 
exceed the  permiss ible  l imit  of  Cd 
concentration were 6, 7, and 5 for the 
whistling ducks, grazing, and backyard 
mallards, respectively (Table 3). Previous 
study in the region (Ali et al. 2021) and 
other tropical lowlands (Bai et al. 2018) 
also reported an excess level of Cd and Pb 
in water and aquatic plants, which might 
be linked to the higher levels of Cd and Pb.

In the muscle organ, Mn concentrations 
in muscle organs showed a posit ive 
correlation with Fe, Zn, and Pb concentrations 
(P < 0.01). Lead concentrations also 
showed a positive correlation with Zn 
concentrations (P < 0.05) and a negative 
correlation with Cd concentrations (P < 0.01) 
(Table 4). Moreover, in the liver, Mn 
concentrations positively correlated with 
the concentrations of Cu, Cd, and Pb 
(P < 0.01). Iron concentrations correlated 
with Zn while Cu correlated with Cd and 
Pb concentrations (P < 0.01) (Table 5).
The positive correlations between toxic 
and essential  metals  may occur due 
to similar metabolism. In this study, 
Cd and Pb correlated with Mn and Cu 
concentrations in the livers, whilst in the 
muscle samples, Pb correlated with Zn 
and Mn concentrations. In the location of 
the present study, a positive correlation 
between Pb and Mn was also reported in 
buffalo hair (Ali et al. 2021).
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As compared to the previous studies 
(Table 7), the higher Fe concentrations in 
the muscle and liver organs in this study 
may relate to the natural conditions. To the 
best of our knowledge, this is the first study 
that revealed the potential accumulation of 
heavy metals in food produced by animals in 
Sumatra’s lowlands. Iron concentrations were 
within range of the previous study though the 
maximum values were much higher than the 
maximum values in the literatures (Table 7). 
Level of Zn, Mn, and Cu was also within the 
ranges in the previous studies. The highest 

concentrations of the minerals in the muscles 
and livers of the backyard mallards (Table 2)
may relate to the human activities where 
the ducks reared in the sub-urban regions. 
In addition, Pb levels in the muscle samples 
were within the range of the previous studies; 
The maximum value was higher than in other 
studies but comparable to the maximum value 
of a study in Austria (Plessl et al. 2017). 
The maximum value of Pb in the livers was 
also within the range but was lower than the 
maximum value reported in Chesapeake Bay, 
USA (Di Giulio and Scanlon 1984).

Table 3. Number of whilstling ducks (Dendrocygna arcuata) and domestic mallards 
(Anas platyrhynchos) exceeding European Commision threshold for cadmium and lead levels 
in meat and liver (mg/kg fresh weight)

Table 4. Spearmann correlation among heavy metals in pectoral muscles of whilstling ducks 
(Dendrocygna arcuata) and domestic mallards (Anas platyrhynchos)

Table 5. Spearmann correlation among heavy metals in livers of whilstling ducks (Dendrocygna 
arcuata) and domestic mallards (Anas platyrhynchos)
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Table 6. Maximum value of estimated daily intake of heavy metals compared to the 
recommended reference dose (µg/kg body weight/day)

The maximum EDI values of heavy metals 
(Zn, Mn, Cd, and Pb) through duck meat and 
liver consumption for male and female are 
presented in Table 6. The EDI of Zn, Mn, 
Cd, and Pb were all far below the reference 
dose. Based on a survey, the average daily 
consumption of duck meat was 0.20 g fresh 
weight/day. The value is lower than that used 
in the study of Susanti & Widiyastuti, (2022) 
and Susanti et al., (2020) in Java Indonesia 
(22.5 g/day) but in range with the level used 
in a study in Thailand (Aendo et al. 2019) 
(0.14 to 0.54 g/day). The daily intake of the 
metals depends on both the concentration of 
the metals in meat and liver and the associated 
consumption data. Moreover, body weight can 
influence the tolerance of pollutants. Although 
the EDI values in the present study were 
lower than RfD, the health risk to the local 
population could not be neglected because of 
the higher concentration of the heavy metals 
in the meat and liver.

The lowlands hold a vital role in food 
production and sustainability since they cover 
more than 20% of Indonesia’s agricultural 
land. Besides that, the lowlands have an 
important function in the ecology by serving 
as a reservoir for all streams and maintaining 
species diversity (World Bank, 2021). Human 
population growth not only increases more 
pressure on the area for food production, 
but it also causes in a greater environmental 
challenge due to increased waste production 
and the lack of waste management and 
infrastructure. Furthermore, the geological 
formation of the lowland, similar to that of 
other tropical lowland regions in South East 
Asia and Northern Australia, is characterized 
by pyrite sediments where natural organic 
acids and pollutants from pyrite oxidations 

cause a higher solubility of soil microminerals 
when pH is dropped (Fanning et al. 2017). By 
the end of the dry season, soil and water pH 
levels of 3.5 were detected while Mn, Fe and 
Pb concentration in the plants was elevated 
and above permissible limit for livestock (Ali 
et al. 2021, 2022). The higher levels of the 
micro minerals in sediment, water and aquatic 
biota were also reported in the other tropical 
wetlands (Bai et al. 2018; Man et al. 2021).

4. Conclusion 

In conclusion, Fe and Zn concentrations 
in the muscles, as well as Mn, Cu, Cd, 
and Pb concentrations in the livers varied 
between the ducks. The male ducks showed 
greater Mn concentrations than female 
ducks, while livers had higher Fe, Zn, 
Mn, and Cu concentrations than muscles. 
Higher concentrations of Fe, Cu, Cd, and 
Pb in mallards in this study compared to the 
mallards in other locations might be attributed 
to the naturally acidic environment and 
human activities. Long-term consumption 
of the duck meat and liver containing 
high Cd and Pb concentrations may incur 
health risks for consumers. Therefore, duck 
production must be monitored, as well as 
waste management and disposal facilities.

Acknowledgment

The authors are grateful to Universitas 
Sriwijaya for the financial support of this 
research (number 0118.38/UN9/SB3.LP2M.
PT/2022). We gratefully acknowledge the 
support of Ulfa Anwar, Tasya Marisca, and 
Azzahra Putri in the sample preparation and 
Purna Pirdaus in the laboratory analysis.



A. I. M. Ali et al. / EnvironmentAsia 17(3) (2024) 40-49

47

Ta
bl

e 
7.

 H
ea

vy
 m

et
al

s c
on

ce
nt

ra
tio

ns
 (m

g/
kg

, d
ry

 w
ei

gh
t) 

in
 m

us
cl

es
 a

nd
 li

ve
rs

 o
f m

al
la

rd
s (

An
as

 p
la

ty
rh

yn
ch

os
) f

ro
m

 v
ar

io
us

 lo
ca

tio
ns

 w
or

ld
w

id
e



A. I. M. Ali et al. / EnvironmentAsia 17(3) (2024) 40-49

48

References 

Aendo P, Netvichian R, Khaodhiar S, 
Thongyuan S, Songserm T, Tulayakul P. 
Pb, Cd, and Cu play a major role in health 
risk from contamination in duck meat and 
offal for food production in Thailand. 
Biological Trace Element Research 2020; 
198(1): 243–252.

Aendo P, Thongyuan S, Songserm T, 
Tulayakul P. Carcinogenic and non-
carcinogenic risk assessment of heavy 
metals contamination in duck eggs and 
meat as a warning scenario in Thailand. 
Science of The Total Environment 2019; 
689: 215–222. 

Ali AIM, Imsya A, Riswandi, Palupi 
R,  Muhakka.  Free-range poul t ry 
farming in a lowland suburban area 
increased the health risk of heavy metal 
contamination. International Journal of 
Environmental Science and Technology 
2024.

Ali AIM, Sandi S, Riswandi, Muhakka. 
S e a s o n a l  i n f l u e n c e  o n  m i n e r a l 
concentration of forages on flooded 
pastures in South Sumatra, Indonesia. 
Tropical Grasslands-Forrajes Tropicales 
2019; 7(5): 527–532.

Ali AIM, Sandi S, Riswandi R. Heavy 
metals accumulation in forages and 
buffalo hair on flooded pasture in South 
Sumatra, Indonesia. International Journal 
of Environmental Science and Technology 
2021.

Ali AIM, Sandi S, Sahara E, Rofiq MN, 
Dahlanuddin. Effects of acid drinking 
water on nutrient utilization, water 
balance, and growth of goats under 
hot-humid tropical environment. Small 
Ruminant Research 2022.

Alipour H, Solgi E, Majnouni F. Concentrations 
of Heavy Metals in tissues of the Mallard 
Anas platyrhynchos in Kanibarazan, 
northwestern Iran. Podoces 2016; 11(2): 
35-42.

APHA. Standard methods for the examination 
of water and wastewater Bridgewater 
L, Baird R, Eaton A, Rice E, editors. 
Washington, DC: American public health 
association; 2012. 

Badan Pusat Statistik. Average Weekly Per 
capita Consumption by Type of Meat 
Food, 2016 - 2018. Statistics Indonesia 
Badan Pusat Statistik. 2018 [cited 2024 
Jan 25]. Available from: https://jambi.
bps.go.id/indicator/5/1959/2/rata-rata-
konsumsi-perkapita-seminggu-menurut-
jenis-makanan-daging.html.

Bai L, Liu XL, Hu J, Li J, Wang ZL, Han G, Li 
SL, Liu CQ. Heavy Metal Accumulation 
in Common Aquatic Plants in Rivers and 
Lakes in the  Taihu Basin. International 
Journal of Environmental Research and 
Public Health. 2018; 15(12): 2857. 

Di Giulio RT, Scanlon PF. Heavy metals in 
tissues of waterfowl from the Chesapeake 
Bay, USA. Environmental Pollution 1984; 
35(1): 29–48.

EC. Commission Regulation (EU) No 
488/2014.  Amending Regula t ion 
(European Commission) No 1881/2006 
as regards maximum levels of cadmium in 
foodstuffs. 2014. Available from: https://
op.europa.eu/en/publication-detail/-/
publication/93320940-da77-11e3-8cd4-
01aa75ed71a1. 

EFSA. European Food Safety Authority 
panel on contaminants in the food chain 
(CONTAM); scientific opinion on lead in 
food. EFSA 2010;8(4):1570. Available 
from: https://www.efsa.europa.eu/en/
efsajournal/pub/1570. 

Fanning DS, Rabenhorst MC, Fitzpatrick 
RW. Historical developments in the 
understanding of acid sulfate soils. 
Geoderma 2017; 308: 191–206. 

Guerrero LA, Maas G, Hogland W. Solid 
waste management challenges for cities in 
developing countries. Waste Management 
2013; 33(1): 220–232.

Islam MA, Howlider MAR, Alam MA, 
Heyamet MA, Debnath M. Present status, 
problem and prospect of duck farming 
in rural areas of Mymensingh district, 
Bangladesh. Asian Journal of Medical and 
Biological Research 2016; 2(2): 202–212.

Kalisińska E, Salicki W, Mysłek P, Kavetska 
KM, Jackowski A. Using the Mallard to 
biomonitor heavy metal contamination of 
wetlands in north-western Poland. Science 
of The Total Environment 2004; 320(2): 
145–61.



A. I. M. Ali et al. / EnvironmentAsia 17(3) (2024) 40-49

49

Kicińska A, Pomykała R, Izquierdo-Diaz M. 
Changes in soil pH and mobility of heavy 
metals in contaminated soils. European 
Journal of Soil Science 2022; 73(1): 
e13203.

Kim J, Kim IK, Oh JM. Effect of embedded 
shot on trace element concentrations 
in livers of Anseriformes species. 
Ecotoxicology and Environmental Safety 
2016; 134: 38–42.

Kim J, Oh JM. Metal levels in livers of 
waterfowl from Korea. Ecotoxicology and 
Environmental Safety 2012; 78: 162–9.

Man YB, Chow KL, Zhang F, Lei KM, 
Leung AOW, Mo WY, Wong MH. 
Protecting water birds of wetlands: 
Using toxicological tests and ecological 
risk assessment, based on metal/loid (s) 
of water, sediment and biota samples. 
Science of The Total Environment 2021; 
778: 146317.

Mansouri B, Majnoni F. Comparison of 
the Metal Concentrations in Organs of 
Two Bird Species from Western of Iran. 
Bulletin of Environmental Contamination 
and Toxicology 2014 Apr 2; 92(4): 433–9.

Nam DH, Anan Y, Ikemoto T, Tanabe S. 
Multielemental accumulation and its 
intracellular distribution in tissues of some 
aquatic birds. Marine Pollution Bulletin 
2005; 50(11): 1347–62.

Plessl C, Jandrisits P, Krachler R, Keppler 
BK, Jirsa F. Heavy metals in the mallard 
Anas platyrhynchos from eastern Austria. 
Science of The Total Environment 2017; 
580: 670–6.

Qudus HI, Purwadi P, Holilah I, Hadi S. 
Analysis of Mercury in Skin Lightening 
Cream by Microwave Plasma Atomic 
Emission Spectroscopy (MP-AES). 
Molecules 2021; 26(11): 3130.

Rajkumar U, Rama Rao S V, Raju MVLN, 
Chatterjee RN. Backyard poultry farming 
for sustained production and enhanced 
nutritional and livelihood security with 
special reference to India: a review. 
Tropical Animal Health and Production 
2021; 53(1): 176.

Sprong RC, van den Brand AD, van 
Donkersgoed G, Blaznik U, Christodoulou 
D, Crépet A, da Graça Dias M, Hamborg 
Jensen B, Morretto A, Rauscher-
Gabernig E, Ruprich J, Sokolić D, van 
Klaveren JD, Luijten M, Mengelers MJB. 
Combined chronic dietary exposure to 
four nephrotoxic metals exceeds tolerable 
intake levels in the adult population of 
10 European countries. Food Additives 
& Contaminants 2023; 40(12): 1568–88.

Susanti R, Widiyastuti K. Heavy metal 
bioaccumulation in ducks and possible 
risks to human health. Biotropia 2022; 
29(3): 193-202

Susanti R, Widiyastuti K, Yuniastuti A, 
Fibriana F. Feed and water management 
may  in f luence  the  heavy  meta l 
contamination in domestic ducks from 
Central Java, Indonesia. Water, Air, & Soil 
Pollution 2020; 231(4): 177.

Taggart MA, Figuerola J, Green AJ, Mateo 
R, Deacon C, Osborn D, Meharg AA. 
After the Aznalcóllar mine spill: Arsenic, 
zinc, selenium, lead and copper levels 
in the livers and bones of five waterfowl 
species. Environmental Research 2006; 
100(3): 349–61.

USEPA. Support of summary information 
on the integrated risk information system 
(IRIS) 1989. Available from: https://iris.
epa.gov/AtoZ/?list_type=alpha

World Bank. Sustainable lowland agriculture 
development in Indonesia World Bank; 
2021. Available from: https://doi.
org/10.1596/36223

Worlddata.info. Average height and weight 
by country 2024 [cited 2024 Jan 12]. 
Available from: https://www.worlddata.
info/average-bodyheight.php

Zhao Y, Li Z, Ross A, Huang Z, Chang W, 
Ou-yang K, Chen Y, Wu C. Determination 
of heavy metals in leather and fur by 
microwave plasma-atomic emission 
spectrometry. Spectrochimica Acta 2015; 
112: 6–9.


