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Abstract: Hazardous metal pollution has raised a global concern to its increasing trend in response to industrial
growth. As an emerging economy, Indonesia starts to receive a backlash of increasing anthropogenic activities
resulting in higher emission of heavy metal pollutants. Heavy metals are non-biodegradable pollutants and toxic
to humans and other living organisms. Herein, we have reviewed published investigations on the contamination
of heavy metals (Pb, Cu, Hg, Ni, Cd, Zn and As) in aquatic and terrestrial animals, attributed to anthropogenic
activities in Indonesia. Some reports found the contamination levels have surpassed the tolerable limits of
international standards. Most of the research was conducted in the industrial area, indicating that the heavy metal
released into the environment can reach the human body through the food chain. A report in a non-industrial
area suspected the contamination to be originated from the chain of anthropogenic activities (fertiliser industry—
agriculture—livestock industry).
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Introduction sediment and beach vegetation at Dasun Estuary, reveal

the heavy metal pollution from the textile industries

Indonesia suffers from heavy metal pollution owing  (Harmesa & Cordova, 2021). A major river in Jawa
to the increase in industrial activities. Studies on the  Barat, the Cimanuk River, was reported to be heavily
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polluted by Mn, Fe, Ba, Co, Zn, Cu, Pb, and Cr with
high concentrations reaching 609, 3.965, 33.1, 3.6,
469.1,21.4, 14 and 1.6 ng/L, respectively (Wulan et al.,
2020). Not only big industries, but artisanal small-scale
gold mining may also contribute to a significant amount
of heavy metal release (Gafur et al., 2018), especially
mercury (Hg) that is used in the gold extraction via
amalgamation (Veiga et al., 2009). Improper handling
of domestic waste may also contribute to the heavy
metal released from the landfill, especially in the case
of electronic waste (Pandebesie et al., 2019).

Heavy metals are non-biodegradable and
bioaccumulative, making them the most challenging
toxic and hazardous waste to handle. Their exposure
to the human body may cause a wide spectrum of
abnormalities (Rai et al., 2019). Clinical manifestations
occur differently in each heavy metal poisoning. Arsenic
(As) targets the skin and pulmonary nervous system
resulting in skin lesions and bronchiectasis (Mazumder
et al., 2005). Cadmium causes damage to the kidney,
reproductive system, and bone (Godt et al., 2006). The
carcinogenic pathway is the famous route of toxicity of
Cr, Ni, V, Co, and As in the human body by inducing
oxidative stress (Rehman et al., 2018). Additionally,
the most abundant pollutant in the environment, lead
(Pb), may cause impaired growth in children below
5 years old (Zeng et al., 2019). Heavy metals are the
contributing factors to the increase in the burden of
cancer (Qing et al., 2020) and cardiovascular disease
(Sevim et al., 2020). Recently, the intertwined between
SARS-CoV-2 infection and heavy metal exposure on the
severity of respiratory system damage has been reported
(Skalny et al., 2020).

Review literature pertaining to heavy metal
contamination in animals have scarcely reported on
this issue, especially in the context of Indonesia. A
similar review has been published for aquatic biota from
Mediterranean Sea (Yilmaz et al., 2017), giving useful
information. Review on heavy metal contamination
in milk, meat, and egg through the circulation from
domesticated animals in general settings have been
reported as well (Rajaganapathy et al., 2011). Herein,
we discussed the reports on heavy metal contamination
in aquatic and land animals, followed by the analysis
of the source of contamination.

Heavy Metal Contamination in
Aquatic Animal

Aquatic animals that have been investigated include
daily consumed shrimps, Penaeus merguiensis

(Komalasari et al., 2019) and Litopenaeusvannamei
(Syahrir et al., 2019), crabs (Scylla serrata) (Zaini et
al., 2016), clams (4dnadaragranosa, Anadaraantiquata)
(Rahayu et al., 2016), Anadara inflataa (Saragih, 2003),
and Pernaviridis (Maharani et al., 2019). Crustaceans,
such as crabs and shrimps, as well as mussels are
famous for their ability in bioaccumulating heavy metals
indicated by their high intake of heavy metal contents
(Table 1).

The concentration of Pb contamination in
Palaemonetespaludosus from the port industrial area
in Jawa Timur (Jailani & Kristiani, 2018) and that in
Penaeus merguiensis from the tin sand mining areas
(Komalasari et al., 2019) exceeded the safe limit for
food (0.5 mg/kg) (Li et al., 2020). Investigation of
green mussels (P. viridis) acquired from Semarang
(Yulianto et al., 2020) and Banten (Noviani et al.,
2020) reveal the concentrations of 2.26 and 1.02 mg/kg,
respectively, which are above the maximum threshold.
Cd contamination levels in P. viridis (Maharani et al.,
2019) and A. inflataa (Saragih, 2003) were 4.8 and 7.2
times higher than the maximum threshold (0.05 mg/kg),
obtained from different sampling locations.

Mangrove crab (S. serrata) acquired around the
coal mining area was detected to contain Cu and
Hg ranging from 12.54-22.66 and 0.69-0.72 mg/kg,
respectively. However, only Hg concentration exceeded
the maximum threshold for foods (0.5 mg/kg) (Li et al.,
2020). For fish, the conducted studies mostly collected
the samples from the area surrounded by artisanal gold
mining installations (Amqgam et al., 2020; Castilhos et
al., 2006). The main pollutant released from this activity
is mercury, due to its use in the gold separation process.
As expected, fish samples collected from that area were
contaminated with Hg with a concerning level above
the safe limit.

Heavy Metal Contamination in
Terrestrial Animal

Heavy metal contaminations were also reported in
tissues of land domestic animals, viz., duck (Susanti
et al., 2020; Widayanti & Widwiastuti, 2018), chicken
(Ismail et al., 2018; Widayanti & Widwiastuti, 2018),
and cattle (Ako et al., 2019; Widayanti & Widwiastuti,
2018). A study of duck samples in Semarang, Central
Java, revealed the Hg and Cd levels were 4.42 and
0.074 mg/kg, respectively, exceeding the maximum
threshold (Susanti et al., 2020). The maximum limit
for Hg and Cd in foods based on the international
standard are 0.5 and 0.05 mg/kg, respectively (Li et



Heavy Metal Contamination in Animals in Indonesia

(pruo))

997C
*CL'0 - uejeas (9102
VN AN VN VN —690 ¥STI aN DID41DS D]]AOS SuruTwr [g0) N Yeue]  UejuBWIIE] F:10) S (114 “Ie 30 TUIRZ)
(0zot
VN VN VN VN 0t'0 VN %201 SIPLUADULD] Ansnpur 3104 usjueg usjueg SVV 020 “[e 19 [UBIAON)
(L10T
aN VN #0000 VN VN VN #00°0 SIPLUIADUAD ] Ansnpur 3104 ejIese[ ejese[ ddI  L10T “Ie 30 1mng)
SLO0
VN VN VN VN —¢€00 VN VN vppnbyuvPYUY ereg
6%0°0 Sururu tereg e1e33ud (9102
VN VN VN VN —7200 VN VN pSOUPLIPAVPPUY P[0T [RUBSHIY Soquio| BsnN SVV 9107 “Te 30 nkeyey)
(0zoT “1e
VN 8¢l €00 VN VN 6TT  +9TT SIPLIADUID Ansnpur 3104 Suerewog  yeSuo], emef SVV  LI0T 39 OJUBIINK )
erey) (€002
VN VN %9€0 VN VN VN VN voIIfupIPLUY Ansnpur 1104 UepoN erewng SVV 6102 ‘HIDVYVS)
puels] (610T e
VN VN «20 VN VN VN VN UUI] SIPLIADULD] Sururw 180D ueleseq Sunduwre] SVV  810C 19 IUBIEUEN)
S1°0 S9  €TO0-
VN —6v0 VN VN VN —¢¢ 6€°1 12uDUUDASNIDUDAOJI] Ansnpur 3104 Suepewog
S1°0 SOS 670~
VN -—1S0 VN VN VN - 8% 1S°1 1uDUUDASNIDUIAOIT Ansnpur 110g ueguoreyod
L00 69 100~
VN —1I'0 VN VN VN —-9C 98°0  1owpuuvasnavuadojy Ansnput 3104 [eSo,
200 w8 €10 (0z0T ‘T8
VN —8I0 VN VN VN -9¢C 880  I1owwuuvasnavuadoiry Ansnpur 3104 saqorg  jereg emef  SHV-dDI  810T 10 nekepry)
Surssaooid
[93o1u pue e1e33U9] (610C
VN VN VN 9I'8T  «b0'1 VN VN 1owvuupasnapusdojry Suruny eye[oy] 1same[ng SVV  810T  “[e 10 JuyeAs)
(8107
‘TUBNSLIY
VN VN VN VN VN VN «C€'T  snsopnipdsajauowanipd Ansnpur 3104 ue[ey3ueq ~ JnwWIL], eMef SYV  810¢ 29 Tuelrer)
Sumijeg
401 eySueq eySueq (610T “T®
VN VN VN VN VN x GP «7S1 S1suaINS.1ul Shavuag — Jururw pues Ul neng uene[ndoy SVV 6107 10 LIBSe[RWOY])
Aouadau
sy uz PO IN SH n) qd yatie) 2oujA04d
(By/3ut) prow Lavapy [Py Ansnpuy uonvI0T POoYI2N ADI ENS

BISOUOPU] $SOIdE SAIpN)s wiodj payiodas sjewrue dnenbe pajeurue)uod [ejouwr AAedH :J d[qeL



(070 “Te 39 1I']) spiepuels [euoneuIdiul o[dinw oy uo paseq spooj 10J W] dJes Ay} SuIPISIXT

Pa30230( 10N = AN d[qea1ddy 10N = VN
Kdoosonoadg uorssiuy o1uoly= SV ‘BWse[d 9ABMOIIA = JIN ‘Bwse]d po[dno) Ajoanonpuj= D] ‘Adossonoadg uondiosqy orwoyy= Syvy

Khairunnash Ahmad et al.

vT6 90°0
VN VN VN VN VN —799  -S0°0 ysiq [[ews
vS'L 90°0 s9)seM [eLnsnpur (8002
VN VN VN VN VN — 1SS —+00 ysi{ Sig  pue snsawo( VN leleq emef SVV  L00T ‘[ 10 Iwefes)
«720°0
8S+°0 VN VN VN F8CC0 VN VN SIDIDSDfXDSXUDAD])
*11€°0 Sutuiw pjo3 Aeq
119°0 VN VN VN F0SE0 VN VN SnasILE snupfing [euespIy OBy ‘0qoqe],
aN VN VN VN  L600 VN VN “dssnup3ig
#£60°0
781°0 VN VN VN F$0T0 VN VN ISMIDIDSDJXSXUD.ID))
%9000 Sutuiw pjo3 Aeq oeyf eIRln  SVV pue (0zoz
S€T0 VN VN VN F8000 VN VN Snasi3 snuvfiny [euesnry  ‘wn@-wng wnEN  SHY-dIN 070T e 10 webury)
*6€°0
FYTI
- 500 Sururw pjo3 yesuo],
VN VN VN VN F500 VN VN st [euesHIY ueSupey|  uejuew[ey]
#1%°0
F 680
- 200 Sururw pjo3 eIel) (900 “Te
VN VN VN VN F€00 VN VN LR [euESHIY njare], Isome[ng SVV €007 10 soy[use))
Aouados
Sy¥ uz PO IN SH n) qd /91D 22Ul
(3y/3u) prows davapy ying Ansnpuy uoynI07 poylap  Apaf NENS

(prmo)) :1 s1qeL



(0Z0T “Te 32 1'T) Spiepue)s [euonjeuIdul S[dNW UO Paseq SPOOJ I0J JIWI] s Y} FUIPIAIXT 4
orqeardde 10N = VN
poLdd SuIzein-1edx = JDA

Heavy Metal Contamination in Animals in Indonesia

VN x£C0 VN VN VN #0¢ I9ATT]
VN 800 VN VN VN 007 JeoN
VN 900 VN VN VN 907 §9994
VN 10 VN VN VN ¢<0¢ poold (dDA S)omed
VN €00 VN VN VN 107 I9ATT
VN Y00 VN VN VN 007 JeoN
VN €00 VN VN VN €07 §9994
ueje[os (6102
VN 700 VN VN VN S0C poolg (dDA 7)omed [Typue] Tesse RN Isomeqng SVV  610C “Te 10 oY)
VN €260 VN VN VN VN I9AIT]
VN 870 VN VN VN VN OPsoN LENBILIS] VN 1omsip Sueruid
VN «£6¥'0 VN VN VN VN I9ATT] ueje[esg (810T
VN «I9¥'0 VN VN VN VN O[S LEMBIT 0] VN wisip deiprg ISomeqng SVV  810T “Te 1 [rews])
VN «F0 VN VN VN VN JeaN Png
UaxdIYD
VN *x[0 VN VN VN VN JeoN oBuey-oa1] (8102
VN 70 VN VN VN VN JeIN  Io[tog Uua¥dIyD SoruIeIa)) ‘NMISBIMPIA
VN *x[0 VN VN VN VN JeIN ome)  Ansnpuj dwoy Suefey  anwi], emef 'SVV  810T % nuekepip)
e3neles
spreAdiys  ‘ned ‘Sue[oSe|n
pue Ansnpuj ‘Sun33uewa], yesuay, (0zoz “1e
OVl «¥L0'0 900 «Cr'¥ 98°0 <900 JeIN pug IeMmOd dMdd[g ‘Suerewog emef  SHO-dOI  070C 19 nuesng)
uout AOuaday
uz PO N  SH n)  qd  -12dg sa120dg /41D 20UIA0A]
(3y/3w) (pjoy davapy ity Asnpuy uoyPIOT POy - DY oy

BISUOPU] SSO.IDE SIAPNIS Aq pajaodaa [ewiIue pue| pajeurue)uod [e)ow AABd[ :7 d[qel



6 Khairunnash Ahmad et al.

al., 2020). Concerning levels of Cd contamination were
also observed in chicken, chicken boiler, free-range
chicken, and duck reaching 0.1, 0.27, 0.1, and 0.42
mg/kg, respectively (Widayanti & Widwiastuti, 2018).
Cd contamination was found in higher concentrations
in chicken samples collected from Sulawesi Selatan
reaching up to 0.523 mg/kg (Ismail et al., 2018).
By comparing the contamination level in liver and
muscle tissue, they found that the accumulation was
higher in the liver. It is understandable since the
liver has a detoxification function by mobilizing the
toxic substances through excretion (Kar et al., 2018).
Similarly, the study conducted using cattle samples from
Sulawesi Selatan also found higher Cd levels in the
liver tissue (Ako et al., 2019). The summary of reported
studies on heavy metal contamination in terrestrial
animals in Indonesia has been presented in Table 2.

Source of Contamination

Heavy metals found in aquatic and land animals can
be contaminated either from direct or indirect sources
(Ako et al., 2019; Krupa et al., 2019). These metals can
enter the environment through surface runoff and from
natural sources (Dang et al., 2002; Krupa et al., 2019),
such as geologic weathering and atmosphere inputs, or
they can be derived via effluent discharge from multiple
anthropogenic sources, including industrial, agricultural,
mining, shrimp farming, and domestic effluents (Vareda
et al., 2019).

It has been reported that sediment can be a source
of contamination, especially for benthic animals
such as shrimp, mussel, and crab (Wu et al., 2017).
Similarly in Indonesia, the largest source of Pb and
Cu contaminations came from marine sediments
(Komalasari et al., 2019). Surface water pollution
has been suspected to be the source of Mn and Cd
contaminations in a shrimp farm, located in Jawa
Tengah (Hidayati et al., 2020). The release of heavy
metals from industrial wastewater to the river waters
has been associated with the Cd contamination in green
mussels collected from traditional markets, Medan,
Sumatra Utara (Saragih, 2003).

Sources of heavy metals are also found in food
and drinking water from the investigations on duck,
chicken, and cattle samples. In Semarang, ducks were
contaminated via water and feed consumption (Susanti
et al., 2020). Contamination via ingestion was found in
cows grazing at landfills in Malang, also coming from
their feed (Widayanti & Widwiastuti, 2018), where they
also consume organic or inorganic waste containing

heavy metals. Farms far away from the landfills have
lower contamination in their domesticated animals
(Kafiar et al., 2013).

The study conducted above were performed in
industrial or landfill areas and suspected to have high
pollution of heavy metals. Nevertheless, investigation
of different place settings also reported the Cd
contamination in chicken tissue. The research did
not state the presence of an industrial area, but they
investigated the water and feed (Ismail et al., 2018).
The study revealed that the feed was the main source of
contamination (Ismail et al., 2018), where they further
associated their findings with the use of phosphate
fertilisers to grow the feed grain (Cheraghi et al.,
2012). Phosphate fertilisers are derived from minerals
that may contain a high number of cadmium (Roberts,
2014). This suggests that the source of contamination
is transported to the distant animals via a chain of
anthropogenic activities (i.e. fertiliser industry—
agriculture—livestock industry).

Overall, the contamination in animals resulting from
the anthropogenic activities may occur in two ways:
(1) The presence of the nearby industrial activities,
domestic waste discharge, or landfill (Figure 1a); and (2)
The source of contamination enters the anthropogenic
activities chain (Figure 1b).

(a) (b)

Figure 1: Illustration of anthropogenic activities causing
heavy metal contamination (a) in nearby animals and
(b) in distant animals via anthropogenic activities chain.

Conclusion

Heavy metal contamination has been found in animal
tissues living in the surrounding environment where
intense anthropogenic activities are present. Some of the
contamination exceeded the safe level standards set by
the international bodies. The type of heavy metal can
be associated with the industrial activities found nearby.
Bioaccumulation of heavy metals by animals can be the
main route to entering the human body through the food
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chain. Interestingly, the anthropogenic activities chain
can also be the pathway for heavy metal contamination.
Taken altogether, we need the Indonesian government to
strengthen its policy in managing heavy metal pollution.
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