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Abstract. Coastal region of Demak is an important area for fishermen, for mussel fishing, mainly green 

mussels (Perna viridis). However, industrial activities and household waste disposal around the waters 
affects coastal water quality. This study investigates zinc content in water, sediment, and soft tissue of P. 

viridis, as well would like to determine safe limit consumption of the mussels collected from Demak 
coastal area. All samples (water, sediment and mussels) were collected from 5 stations, and each station 

was divided into 3 substations as repeated sampling. Stations 1 to 5 are located at Sayung River, river 
mouth, right breakwaters area, offshore, and left breakwaters area, respectively. P. viridis samples were 

divided into three groups based on shell length (SL) namely, small (<4 cm SL), medium (4-6 cm SL) and 
large (>6 cm SL). Analysis of heavy metal content was performed by using AAS (Atomic Absorption 

Spechtrophotometer). The results showed that Zn content of in the water at all stations exceeding the 
threshold value of sea water quality standard. Similarly, Zn content in the soft tissue of the mussels at 

each station has exceeded the threshold which has been determined by Indonesian Government. There is 
a positive relationship between shell length and heavy metal content in soft tissue of P. viridis. The 

maximum tolerance to consume small size of P. viridis (size that mostly caught by fishermen) for people 
with an average weight of 45 kg can consume small size of mussels up to 3,980.1 g/week. While for 

those with an average weight of 60 kg can consume small size of P. viridis up to 5,306.8 g/week. 
Key Words: heavy metal Zn, pollution, threshold, bivalves, maximum consumption.  

 
 
Introduction. Natural resources and services of coastal and marine environments have 
been utilized for many activities, including household and industries, which have caused 
various problems (Williams 1996; Dahuri 1998). Generally dangerous pollutants coming 
from industrial waste, particularly involving industry in the production process as well as 

from the settlement activities (Palar 2012). Several pollutants entering the sea among 
them are nutrients, heavy metals, oil, hydrocarbon, pesticides, etc. Small amount of 
nutrient in the water will give positive impact on organisms (Ambariyanto & Hoegh-
Guldberg 1997, 1999). However, high levels of pollution will cause damage to the 
environment including organisms, as well as to the people who use them. Pollution 
impacts on organisms include the decline of natural populations towards extinction and 
declining production (Gray 1979; Ambariyanto 2017). While the impact upon the 

community, mainly result in health issues. 
Demak coastal area is located in the northern coast of eastern part of Central Java 

island. The area has been used as a location for aquaculture and fishing of marine 
organisms, including mussels. In addition, Demak is also known as location where 
industrial and human settlements exist. Several industries that occur in the area are 
paints industry, furniture, household appliances, electronic equipment’s, printing, metal, 
as well as garment industry (Maryuli et al 2012). The increasing number of human 
activities that generate heavy metal waste will also increase environmental pollution, 
including in marine areas (Islam & Tanaka 2004; Kucuksezgin et al 2006; Ambariyanto 
2011). This allows the accumulation of heavy metals in marine organisms, including 
mussels. Many marine organisms are capable of accumulating heavy metals (Mikac et al 
1985; Islam & Tanaka 2004; Handhani et al 2017; Nurjanah et al 2018; Supriyantini et al 
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2018). Pagoray (2001) reported that bivalves are capable of accumulating contaminants 
such as pesticides, hydrocarbons, heavy metals and others in the body tissues. They 
even can be used as biological indicators since they are sedentary (sessile) organisms 
and filter feeders.  

There is a growing concern on the content of Zn on marine organisms particularly 
on mussels (Perna viridis) since they have been consumed by coastal community around 
the area. Utilization of polluted mussels will be harmful to human health, according to 
Widowati et al (2008), if the Zn accumulation in the human body exceeds the specified 
tolerance limits can cause acute toxicity where symptoms can include stomach pain, 
diarrhea, nausea, and vomiting. Previous study reported that high content of Zn in water, 
oyster (Saccostrea cuccullata) and sediment of Loskala estuary due to anthropogenic 

activities, industrial activities and household discharges (Emersida et al 2014). While 
Indriana et al (2011) reported that Zn content in Isognomon ephippium and Crassostrea 
sp. from East Flores was ranged between 73.21 and 4781.02 mg kg-1 and have exceeded 
the standards quality of Indonesian government through Health Ministry Decree 
0375/B/SK/1989. Similarly, Damaianto & Masduqi (2014) states that high content of Zn 
at Tuban coastal waters is caused by human activities such as shipping, fishing port 
activities, fish markets and industries.  

The present study investigates the zinc content in water, sediment and soft tissue 
of P. viridis and also calculates the safe limit consumption of the mussels.  

  
Material and Method. The study was conducted at Demak coastal area, north eastern 
coast of Central Java Island. Sampling of water, sediment and green P. viridis were done 
at five stations. Each station was divided into 3 points (substations) as repeated 
samplings. Station 1 was located at Sayung River, a location that is close to the 

residential and industrial areas that are suspected to contain heavy metals. Station 2 was 
located in the river mouth. Station 3 was located in the area of breakwaters at right side 
of the river mouth. Station 4 is located offshore. Station 5 in the area of breakwaters at 
left side of the river mouth. Selection of the stations was based on the movement of 
currents passing through the industrial area that contained borne waste from the land as 
well as possible natural resources (Figure 1). 

 

 
Figure 1. Location of the five sampling stations at Demak coastal area, Central Java 

Province, Indonesia. 

  
Water samples were taken from surface waters at each station with three replication. The 
samples were kept into polyethylene bottles (600 mL) preserved by adding 0.5 mL of 
65% HNO3 (Lestari 2004). All filled bottles were stored in ice box and taken to laboratory. 
Sediment samples were collected using sediment Grab and the samples placed into 
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polyethylene containers. Sediment samples used were taken from the middle of the 
sediment on the grab to avoid any metal contamination. All filled containers kept in ice 
box (Rochyatun et al 2006). P. viridis samples were harvested by hand (hand sorting) 
(Annurohim et al 2006) and they were placed in labeled bags. All the bags were also 

stored in ice box. The mussels were grouped into three sizes, i.e. small (<4 cm shell 
length/SL), medium-sized (4-6 cm SL) and large (>6 cm SL) (Poutiers 1998). 

The Maximum Weekly Intake (MWI) and Maximum Tolerable Intake (MTI) were 

calculated by using the formula proposed by Azhar et al (2012) as follows: 

 

MWI (g) = Weight x PTWI 

 

MTI = MWI / Ct 
 

Where: 

Weight - body weight assumptions (for people with 45 kg or 60 kg body weight); 

PTWI - Provisional Tolerable Weekly Intake issued by related food agency (mg/kg body 

weight); 

Ct - Concentrations of heavy metals found in the soft tissues in mussel (mg/kg). 

 

Results and Discussion 
 
Zn content in water.  Zn content in water column at all 5 stations were ranged from ND 
(not detected) to 0.0687 mg/L, with the highest concentration at station 2 i.e. 0.0687 
mg/L, followed by station 4, 3 and 1 and with the lowest concentration at station 5, i.e. 

ND (Figure 2). The high concentration of Zn stations 2, 4 and 3 was probably due to the 
fact that most of the pollutant originating from artificial sources of anthropogenic, land 
based activities as well as from natural resources (Palar 2012). In addition, concentration 
of heavy metal in water is also influenced by current direction, current speed, salinity, pH 
and other factors (Moriarty 1988; Hoshika et al 1991; Halang 2007; Rahayu et al 2009).  
 

 
Figure 2. Average (+SD) Zn content in the water of each station at Demak coastal area. 
(ND= Not Detected; St. 1 = Sayung river; St. 2 = river mouth; St. 3 = right breakwater 

area; St. 4 = offshore station; St.5= left breakwater area). 
 
It is interesting to find that the concentration of zinc at station 1 and 5 were low. The 
possible explanation is the fact that at station 1 we found high water temperature i.e. 
32.9OC, the highest compare with other stations. According Rahayu et al (2009) at warm 
water conditions or high temperature, dissolved oxygen capacity is reduced. In the water 
that lack of oxygen (anoxic), heavy metals will be difficult to dissolve and they easily 
settle. This resulted in lower Zn concentration of the water at station 1 because it settles 
on the sea floor or sediment. In addition, the content of ZN at station 5 was not detected 
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by AAS (Atomic Absorption Spectrophotometer). This is possibly because of the dynamic 
movement of sea water that is influenced by several physical factors such as wind, 
currents, waves and tides, causing continuous dilution that resulted in low Zn content at 
station 5. According to Moriarty (1988) the cause of the decrease in the quantity of heavy 

metals of waters are the tidal cycle. 
The results also showed that Zn concentration at station 2, 3, and 4 were 0.0687 

mg/L, 0.0527 mg/L, and 0.058 mg/L, respectively. These values have exceeded the 
threshold value for marine water quality standards for marine life set by the Ministry of 
Environment of Republic of Indonesia No. 51/2004 which is ≤0.05 mg/L (Kepmen L H 
2004). While Zn concentration at station 1 and 5 were below the maximal admissible 
limit.  

 
Zn content in sediment. Zinc content in sediment collected from all 5 stations at Demak 
coastal area were ranged from 32.91 to 76.31 mg/kg. The highest Zn concentration was 
found at station 4 (79.31 mg/kg) and the lowest concentration was at station 1 (32.91 
mg/kg) (Figure 3). 

According to Odum (1971), the river mouth and its surrounding is an area of the 
waste and the landfill materials carried by the river flow. The high concentration of heavy 
metals in the station 4 is closely connected with the activity in the mainland areas such 
as industry, agriculture and domestic waste which are carried away by water flow of 
river. Settlement of heavy metal into sediment also depends on the water current. Heavy 
metal in the clay particles will be settled when water current is very low. In addition, the 
presence of heavy metals is influenced by the dynamic movement of water such as 
currents, tides, and wind (Suprapti 2008). 

 

 
Figure 3. Average (±SD) Zn content in sediment of each station at Demak coastal area 
St. 1 - Sayung river; St. 2 - river mouth; St. 3 - right breakwater area; St. 4 - offshore 

station; St. 5 - left breakwater area. 

 
Zn content in soft rissue of P. viridis. The value of zinc content in soft tissue of P. 
viridis varied with size and station (see Table 1). Smaller size tends to have smaller zinc 
content (mg/kg). Riget et al (1996) stated that in mussel, Mytilus edulis, there is a 
positive correlation between size and the ability to accumulate heavy metals. It is 
believed that during their growth, the ability to accumulate metals also increases. 
Interestingly, the highest average content of zinc in the present study was found in 
middle size P. viridis (1,258.85 mg/kg). This result is in accordance with the opinion of 
Amriani et al (2011) who states that the soft tissue of blood clams (Tegillarca granosa) 
have a tendency for high levels of zinc on the shells that have medium or large size. 
Annurohim et al (2006) stated that during the process of metabolism, when it reaches its 
peak, the capability to accumulate heavy metal also increased. This is what allows the 
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higher concentration of heavy metals in bivalves during the productive period (medium 
and large sizes); while the decline in the concentration of heavy metals thought to be 
caused by the process of physical depuration of heavy metals based on time. This 
process may cause the concentration of heavy metals in the soft tissue decrease Prasetya 

(2007).  
 

Table 1  
Average (±SD) value of Zn content in soft tissue of Perna viridis collected at Demak 

Coastal Area 
 

Stations 
Zn Content (mg/kg) 

Large size Middle size Small size 

1 904.6±50.54* 1261.1±19.5* 109.1±2.8* 
2 871.36±29.18* 2703.4±43.8* 58.25±1.14 
3 257.8±40.98* 842.36±22.3* 65.6±3.04 
4 1245.03±36.62* 1045.7±26.33* 53.41±1.51 
5 356.27±10.9* 441.7+6.4* 109.2±2.63* 

Average 727.01±411.80 1258.85±826.12 79.11±27.76 
The standard quality according to Decree of Health Ministry of Republic of Indonesia No.0375/B/SK/1989 for 

human consumption (100 mg/kg). 
* Exceed the standard quality. 

 
Based on the Decree of Health Ministry of Republic of Indonesia No. 0375/B/SK/1989, the 
content of Zn in soft tissue of most P. viridis collected from different stations of Demak 
coastal area exceeded the standard quality. According to this decree, the maximum 
concentration is 100 mg/kg. 

 
Shell length and Zn content relationship. The average size of the mussels collected 
from the 5 stations at Demak coastal area are relatively similar (see Table 2). The 
average value of length, width and thickness are 4.12±0.17 cm, 2.03±0.09 cm, and 
1.31±0.08 cm, respectively. The results of the regression test for the size of all mussels 
and zinc content found the equation:  Y= 4.295 + 0.001X, with the value of the 

correlation coefficient (r) = 0.396. There is a positive relationship between mussel size 
(SL) and Zn content in their soft tissue even though in low category. 
   

Table 2 
Average morphometric values of Perna viridis collected from Demak coastal area 

 

Station 
Length 

(cm) 

Width 

(cm) 

Thickness 

(cm) 

1 3.89±1.28 1.91±0.66 1.19±0.43 

2 4.27±1.66 2.09±0.76 1.40±0.60 

3 4.22±1.52 2.09±0.82 1.38±0.44 

4 4.24±1.67 2.08±0.82 1.29±0.51 

5 4.01±1.12 1.96±0.60 1.29±0.33 

 
Maximum weekly consumption. Demak coastal community understanding on the 
effect of heavy metal pollution on human health is very limited. When they intake of 
heavy metals is in a high quantity it can be harmful to their health (Manullang et al 
2014). Zn metal acute poisoning can cause disturbances in the digestive tract, stomach 
pain, diarrhea, vomiting and nausea (Widowati et al 2008). The value of Maximum 
Weekly Intake (MTI) and Maximum Tolerable Intake (MTI) varied between human body 
weight and size of the mussels (see Table 3). The results showed that MWI value for zinc 
that can be consumed by people with an average body weight of 45 and 60 kg are equal 
to 315 and 420 mg/kg, respectively. Therefore, the value of MTI for small mussels 
collected from Demak coastal area that can be consumed by person that have 45 and 60 
kg body weight are 3,980.1 and 5,306.8 g/week, respectively.  
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Table 3  
Maximum intake of Perna viridis for human consumption per week 

 

Size class Weight (Kg) MTI (g) MWI (µg) 

Large 
45 727.02 315000 
60 969.36 420000 

Middle 
45 250.22 315000 
60 333.63 420000 

Small 
45 3980.1 315000 
60 5306.8 420000 

MWI - Maximum Weekly Intake (µg for humans with average weight 45 and 60 kg); 
MTI - Maximum Tolerable Intake (g/week). 
 
Conclusions. Zinc content of the water from the 5 stations of Demak coastal area 
ranged between Not Detected (ND) and 0.0687 mg/L and in 3 stations has exceeded the 
threshold of seawater quality standard of the Indonesian government. While zinc content 
in sediment in all stations were relatively high ranged between 32.91 and 79.31 mg/kg. 
Zn content in soft tissue of Perna viridis collected from all stations varied between 

stations and size of the mussel, and the average highest zinc content was those with 
medium size mussel (4-6 cm SL). The relation between zinc content and mussel size (SL) 
showed week positive correlation. The maximum tolerance for human to consume P. 
viridis from Demak coastal area especially for small size mussel (<4 cm SL) were 
established at 5,306.8 and 3,980.1 g/week for people with an average weight of 60 and 
45 kg, respectively.  
 
Acknowledgements. The authors would like to thank local government of Demak 
District for allowing us to conduct the research. 
 
References 
 
Ambariyanto A., 2011 [Biomonitoring water pollution]. Undip Publisher, Semarang, 

Indonesia, 120 p. [In Indonesian]. 

Ambariyanto A., 2017 Conserving endangered marine organisms: causes, trends and 
challenges. IOP Conference Series: Earth and Environmental Science 55(1): 
55012002. 

Ambariyanto A., Hoegh-Guldberg O., 1997 Effect of nutrient enrichment in the field on 
the biomass, growth and calcification of the giant clam Tridacna maxima. Marine 
Biology 129(4):635-642. 

Ambariyanto A., Hoegh-Guldberg O., 1999 Influence of field-based nutrient enrichment 
on the photobiology of the giant clam Tridacna maxima. Marine Biology 
133(4):659-664. 

Amriani, Hendrarto B., Hartoko A., 2011 Bioaccumulation of lead (Pb) and zinc (Zn) in 
blood clams (Anadara granosa L.) and clams (Polymesoda bengalensis L.) in 
Kendari Bay Waters. Jurnal Ilmu Lingkungan 9(2):45-50. 

Annurohim, Radenac G., Fichet D., 2006 [Concentration of heavy metals on benthic 

macrofauna in Kangean Islands Madura]. Berkala Penelitian Hayati 12(1):79-85. [In 
Indonesian]. 

Azhar H., Widowati I., Suprijanto J., 2012 Content of Pb, Cu, Cd, Cr in simping (Amusium 
pleuronectes), water, and sediments in Wedung Waters and maximum tolerable 
intake analysis in humans. Journal of Marine Research 1(2):35-44. 

Dahuri R., 1998 [Research needs to support implementation of integrated coastal and 
marine resource management]. Jurnal Pesisir dan Lautan 1(2):61–77. [In 

Indonesian]. 
Damaianto B., Masduqi A., 2014 [North coast sea water pollution index of Tuban 

Regency concerning metal parameter]. Jurnal Teknik ITS 3(1): D1-D4. [In 
Indonesian]. 



AACL Bioflux, 2019, Volume 12, Issue 1. 207 

http://www.bioflux.com.ro/aacl 

Emersida I., Sukendi, Amin B., 2014 [Heavy metal content in water and oyster 
(Crassostrea cucullata Born) at Loskala River estuary Lhokseumawe, Aceh 
Province]. Terubuk 42(1): 69 –79. [In Indonesian]. 

Gray J. S., 1979 Pollution-induced changes in populations. Philosophical Transactions of 

the Royal Society London B, 286(1015):545-561. 
Halang B., 2007 Content of Cu and Pb on brackishwater fish (Puntius huguenini) in 

Bendungan Sungai Tabaniao, Bajuin Pelaihari, Tanah Laut. Bioscientiae 4:43-52. 
Handhani A. R., Ambariyanto A., Supriyantini E., 2017 Reduction of Pb concentration in 

seawater by seaweed Gracilaria verrucosa. AACL Bioflux 10(4):703-709. 
Hoshika A., Shiozawa T., Kawana K., Tanimoto T., 1991 Heavy metal pollution in 

sediment from the Seto Island, Japan. Marine Pollution Bulletin 23:101–105. 

Indriana L. S., Anggoro S., Widowati I., 2011 [Study of heavy metal content in several 
bivalves from coastal waters in East Flores Regency]. Jurnal Perikanan 13(1): 44-
50. [In Indonesian]. 

Islam M. S., Tanaka M., 2004 Impacts of pollution on coastal and marine ecosystems 
including coastal and marine fisheries and approach for management: a review and 
synthesis. Marine Pollution Bulletin 48(7-8):624-649. 

Kucuksezgin F., Kontas A., Altay O., Uluturhan E., Darılmaz E., 2006 Assessment of 
marine pollution in Izmir Bay: Nutrient, heavy metal and total hydrocarbon 
concentrations. Environment International 32(1):41-51. 

Lestari E., 2004 [The Impact of heavy metal pollution on sea water quality and fishery 
resources (case study of fish mass deaths in Jakarta Bay)]. Makara Sains 8(2):52-
58. [In Indonesian]. 

Manullang C. Y., Hutabarat J., Widowati I., 2014 Bioaccumulation of Cadmium (Cd) by 
white shrimp Penaeus merguiensis at different salinity in Kedungmalang Estuary, 

Jepara (East Java). Marine Research Indonesia 39(1):31–37. 
Maryuli D. C., Azizah R., Yulianto B., 2012 [Copper (Cu) content in water, sediment, and 

blood cockle at Sayung Estuary and Gonjol River, Demak District]. Journal of Marine 
Research 1(2):73-79. [In Indonesian]. 

Mikac N., Picer M., Stegnar P., Tušek-Ẑnidarić M., 1985 Mercury distribution in a polluted 

marine area, ratio of total mercury, methyl mercury and selenium in sediments, 
mussels and fish. Water Research 19(11):1387-1392. 

Moriarty F., 1988 Ecotoxicology, the study of pollutants in ecosystems. Academic Press, 
London, UK, 347 p. 

Nurjanah, Ambariyanto A., Supriharjono, Yulianto B., 2018 The environmentally sound 
aquaculture strategies based on bioaccumulation of heavy metal of Lead (Pb) on 
seaweed of Gracilaria verrucosa on aquaculture areas of Muarareja Village, Tegal 
City. In IOP Conference Series: Earth and Environmental Science 116(1):012042.  

Odum E. P., 1971 Fundamental of ecology. 3th edition, London: WB. Soundes Co., 574 p. 
Pagoray H., 2001 Kandungan Merkuri dan Kadmium Sepanjang kali Donan Kawasan 

Industri Cilacap. Jurnal Riset Iptek Kelautan 3(2):p92. 
Palar H., 2012 Pencemaran dan Toksikologi Logam Berat. PT Rineka Cipta, Jakarta, 152 

p. 
Poutiers J. M., 1998 Bivalves. In: The living marine resources of the Western Central 

Pasific. Carpenter K. E., Niem V. H. (eds), FAO UN, Rome, pp. 124-328. 
Prasetya J. D., 2007 [Bioaccumulation level of Lead (Pb) in soft tissue of Polymesoda 

erosa (Molluscs, Bivalvea)]. Thesis, DIponegoro University, Semarang Indonesia, 98 
p. [In Indonesian]. 

Rahayu S., Widodo R. H., Van Noordwijk M., Suryadi I., Verbot B., 2009 Monitoring Air di 
Daerah Aliran Sungai. World Agroforestry Centre-Southeast Asia Regional Office. 
Bogor, Indonesia, 104 p. 

Riget F., Johansen P., Asmund G., 1996 Influence of length on element concentrations in 

blue mussels (Mytilus edulis). Marine Pollution Bulletin 32:745–51. 
Rochyatun E., Kaisupy M. T., Rozak A., 2006 Heavy metal distribution in water and 

sediment in Sungau Estuary Cisadane. Jurnal Makara Sains 10(1):35-40. [In 
Indonesian]. 



AACL Bioflux, 2019, Volume 12, Issue 1. 208 

http://www.bioflux.com.ro/aacl 

Suprapti N. H., 2008 [Chromium content in water, sediment and blood cockle (Anadara 
granosa) in Sayung estuary, Demak District, Central Java]. Jurnal Penelitian FMIPA 
Undip 10(2):53-56. [In Indonesian]. 

Supriyantini E., Soenarjo N., Santosa G. W., Ridlo A., Sedjati S., Ambariyanto A., 2018 

Effectiveness and efficiency of red seaweed Gracilaria verrucosa as biofilter in 
absorption of Pb in seawater. AACL Bioflux 11(3):877-883. 

Widowati I., Suprijanto J., Susilowati I., Agustini T. W., Raharjo A. B., 2008 Small scale 
fisheries of the Asian moon scallop Amusium pleuronectes in the Brebes Coast, 
Central Java, Indonesia. ICES CM 2008/K:08, pp. 1-7. 

Williams C., 1996 Combatting marine pollution from land-based activities: Australian 
initiatives. Ocean & Coastal Management 33(1-3):87-112. 

*** Department of Health Republic of Indonesia. 1989. Decree of the Director General of 
Drug and Food Control concerning the Maximum Limit of Metal Contamination in 
Food. No.03725/SK/B/VII/89. 

*** Kepmen L. H., 2004 [Environmental Ministry Decree No 51/2004 on the Quality 
Standard of Sea Water]. Deputy Minister for the Environment: Environmental Policy 
and Institutional Sector, Jakarta, 11 p. [In Indonesian]. 

 

 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
Received: 05 July 2018. Accepted: 06 February 2019. Published online: 13 February 2019. 

Authors: 
Mohammad Faizin Afandi, Diponegoro University, Faculty of Fishery and Marine Science, Indonesia, Semarang 

50275, e-mail: faizzinaffandi@yahoo.co.id  
Ita Widowati, Diponegoro University, Faculty of Fishery and Marine Science, Indonesia, Semarang 50275; 

Diponegoro University, Integrated Laboratory, Coastal Disaster Rehabilitation and Mitigation Center, Indonesia, 
Semarang 50275, e-mail: ita.widowati@live.undip.ac.id  

Ambariyanto Ambariyanto, Diponegoro University, Faculty of Fishery and Marine Science, Indonesia, Semarang 
50275; Diponegoro University, Integrated Laboratory, Coastal Disaster Rehabilitation and Mitigation Center, 

Indonesia, Semarang 50275, e-mail: ambariyanto.undip@gmail.com  

This is an open-access article distributed under the terms of the Creative Commons Attribution License, which 

permits unrestricted use, distribution and reproduction in any medium, provided the original author and source 
are credited. 

How to cite this article: 
Afandi M. F., Widowati I., Ambariyanto A., 2019 Zinc content in water, sediment, and soft tissue of green 

mussel Perna viridis in Demak, Indonesia. AACL Bioflux 12(1):201-208. 

mailto:faizzinaffandi@yahoo.co.id
mailto:ita.widowati@live.undip.ac.id
mailto:ambariyanto.undip@gmail.com

