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Abstract 

 
Environmental pollution around the world in the last 10 years has continued to increase with increasing 

industrial growth. Environmental pollution has reduced the availability of clean water. Clean water is the main 

thing for all living things on this earth. Therefore, environmental pollution that occurs in the clean water crisis 

must be handled as soon as possible and reduced by various effective policies. The main focus of this research is 

to analyze heavy metal pollution on the surface of the water, clean water, and sediments caused by industrial 

activities. This research is a field study by taking samples directly at the location and then analyzing them in the 

laboratory. The results of the analysis showed that the highest heavy metal Fe on the water surface was found in 

Bireuen Regency by 0.28% compared to Lhokseumawe City with 0.0029% and Aceh Utara 0.0029%. 

Meanwhile, the highest heavy metals contained in clean water were recorded in Bireuen and Lhokseumawe City 

at 0.007% and 0.0064%, respectively. The results of the heavy metal analysis in the highest sediment were found 

in North Aceh at 42.93% compared to 8.02% and 18.12% for Bireuen and Lhokseumawe. Overall, the analysis 

carried out in this study shows that the surface water, clean water, and sediments have been contaminated by 

heavy metals. Meanwhile, the quality standard for surface water is 0.3 mg/l, net ai is 1.0 mg/l, and sediment is 

20bj. 
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1. INTRODUCTION 

Water is a necessity for all living things 

that exist on this earth. Without water, all 

living things in the entire world will experience 

death. However, some regions or countries in 

the last few years often experience a lack of 

water both for the needs of humans and other 

living things (El et al., 2012; Rossi et al., 

2013). The clean water crisis can affect 

population growth in nearly a quarter of the 

world (Holden et al., 2019; Resources, 2020). 

In some areas in Indonesia, there has also been 

frequently clean water crisis, especially areas 

that have often experienced drought (CNN, 

2020). This water crisis can be influenced by 

several factors including development, 

industrial activities, waste, and other human 

activities (Tioritz, 2010). The industrial growth 

that continues to increase in recent years has 

had an impact on environmental pollution, 

especially on clean water. 

Investigations regarding clean water 

pollution throughout the world have been 

carried out by several researchers. 
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Investigations of water pollution in urban river 

basins have been studied (Zeng et al., 2020). 

The method proposed in their research is a 

multi-response surface based on integrated 

hydrodynamic water quality simulation. Where 

the simulation results are carried out that the 

reduction rate for pointed sources is 77.9%, the 

reduction rate for non-point sources is 40%. 

Research to control air pollution in China, the 

Beijing-Tianjin-Hebei region has been 

evaluated by Yi Ling et al (Yi et al., 2020). 

Where the results of their investigation 

reported that environmental performance for 

controlling air pollution in Beijing has an 

upward trend over the 2010-2016 period, and it 

is estimated that the trend could continue for 

the next five years. A policy with the 

application of two appropriate biases from 

stakeholders shows that it is very appropriate to 

reduce water pollution as reported by (Fu et al., 

2020). Evaluation of Spatio-temporal changes 

in surface water pollution in the middle Nile 

Delta uses the algae pollution index (Palmer 

Index) as reported by (Salem et al., 2017). 

Samples used in their analysis were taken from 

18 stations during winter and summer. The 

results are reported that the overall sample 

tested shows a different and increasing trend. 

However, minute trends that occur in both 

seasons and places also show a difference. 

Water resources and environmental 

sustainability in China have been contaminated 

as reported by (Shi et al., 2019). Their 

investigation aimed to identify nitrogen 

pollution and its source in the Weihe River, 

northwest of China, as well as the 

concentration of various forms of nitrogen. The 

analysis shows that forests and grasslands harm 

nitrogen concentration in surface water, with a 

total reduction effect reaching 55.8%. 

Meanwhile, some research on water pollution 

has also been discussed by several researchers 

(Cahyaningsih & Harsoyo, 2010; B. Chen et 

al., 2019; Herlambang, 2018; Liu et al., 2019; 

Lu, Wu, Zhang, & Zhang, 2020; Puspitasari, 

2009; Warlina, 2004). The results of the study 

reported that in large part due to industrial 

activity. Besides, clean water pollution is also 

caused by municipal and industrial waste. 

From a portion of the research, it is proposed 

that pollution can be carried out with the 

intervention of the government as a 

policymaker. 

Furthermore, the analysis of sediments 

in various countries in the world has been 

carried out. Sediment investigations have been 

carried out in various places with various 

cases. Investigations regarding sediment 

deformation and strain evaluation with newly 

designed and built experimental equipment 

carried out by (Wang et al., 2020). Their 

experimental results then compared for 

dissociation with methane hydrate and various 

hydrate saturations, porosity, and particle size 

of the sediment itself. Sediment geochemistry 

analyzed by evaluating the contribution of the 

Susquehanna River and shoreline erosion has 

been studied (Russ et al., 2020). Analysis of 

these sediments is carried out at the upstream 

base using sediment-original analysis. While in 

different studies where the patterns 

accumulated from sediments were determined 

through the middle girder and were found to be 

in a critical condition. Pneumatic cleaning 

systems can reduce the total sediment deposits 

contained in ballast tanks by up to 45% (Güney 

et al., 2020). The evaluation of environmental 

conditions conducted in Northern Chile 

recently aims to evaluate the levels of Cu, Zn, 

Pb, Ni, V, Cd, As, and Al and their 

correspondence (Valdés & Tapia, 2019). 

Overall results reported that bays without 

industrial activity concentrations of 

contaminant elements are much lower than 

bays with industrial activities. Meanwhile, 

evaluations of sediments in several different 

places have also been carried out (Ti, V, Cr, 

Mn, Fe, Ni, Cu, Zn, Pb, Ce, Pr, Nd, Pd, & Cd) 

(Aslam et al., 2020; Müller et al., 2019; Wang 

et al., 2020; Wu et al., 2019). From most of the 

research conducted, some of the sites analyzed 

show that it has been contaminated by 

sediment. Thus, more serious supervision is 

needed so that the contaminated area can be 

reduced and always well maintained. 

Investigations about sediments in several 

places have been carried out both individually 

and in groups. However, in recent years 

contaminated sediment has shown a significant 

increase. So we need more serious solutions to 

suppress the increase that continues to occur. 

The work in this research focuses on 

investigating heavy metals on water quality 

and sediment caused by industrial activities in 

the open environment. The analysis of 

environmental conditions was carried out by a 

survey method in several areas suspected of 

being contaminated by heavy metals against 

clean water. Also, this analysis is conducted to 

determine the level of environmental pollution 
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so that several policies can be taken to reduce 

the increasing pollution occurs. 

 

2. MATERIALS AND METHODS  
This study uses a survey method that 

aims to analyze environmental conditions, 

especially surface water contaminated by 

industrial waste. The location of the 

environmental condition analysis survey in this 

paper took a case study in the Bireuen District, 

Lhokseumawe City, and Aceh Utara District 

shown in Figure 1. This location was chosen 

because it was the most industrial development 

site in Aceh Province. Analysis through field 

surveys in research aims to investigate heavy 

metals in clean water and on the surface of the 

water caused by industrial activities. Besides 

heavy metal analysis was also carried out on 

sediments and odors in clean water. 

 

 
Figure 1. Map of location sampling  

 

 

3. RESULTS AND DISCUSSION 
The survey method used in this study 

aims to analyze the quality of the environment 

and heavy metal contamination on the surface 

of the water and clean water. Also, an analysis 

was conducted to analyze heavy metal 

pollution in sediments and odor in clean water. 

The analysis was carried out in stages that were 

adjusted to the environmental conditions of the 

study. Analysis by testing surface water 

samples is implemented to determine the level 

of heavy metal pollution caused by industrial 

activities. Water sample testing is executed at 

four locations as shown in Figure 2. 
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Figure 2. Heavy metals in the surface of the water 

for different places 
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The highest heavy metal pollution such 

as Fe and Se was found in samples taken from 

the Bireuen Regency. The highest Pb heavy 

metal was recorded in the Muara Dua area of 

Lhokseumawe City. As for the heavy metals 

and Hg show evenly at the four locations 

where the survey was conducted. Heavy metal 

pollution in the Samudra region is lower than 

in Lhokseumawe City as a whole. 

Investigations regarding heavy metals have 

also been carried out by several previous 

researchers. However, in general, previous 

research was carried out at different locations 

and places. Thus, results reported also have 

differences and the levels of heavy metals 

found are also different. 

Furthermore, an analysis was carried out 

to determine the level of heavy metal pollution 

in clean water in three different districts which 

were the study sites. The level of heavy metal 

pollution in the three regions shows that it has 

been contaminated in general. However, heavy 

metals such as the lowest Pb were found in the 

Aceh Utara region compared to Bireuen 

District and Lhokseumawe City. While heavy 

metals other than Pb show the same results for 

the three regions shown in Figure 3. Industrial 

activities that do not pay attention to the 

surrounding environment have an impact on 

pollution to the environment, especially clean 

water. Therefore, to prevent the increase in 

pollution in the future it is necessary to have 

supervision and policy from the government. 

With effective supervision, environmental 

pollution can be reduced and the availability of 

clean water sufficient. Good environmental 

conditions also greatly affect human health. 

Meanwhile, the analysis of heavy metals 

in clean water has been carried out. This can be 

caused by several factors including the lack of 

supervision and policies from the government. 

Besides, the lack of awareness from industry 

managers on environmental conditions and also 

increasing population. Increasing the 

population also increases the amount of waste. 

Waste discharged without good management 

can cause pollution thereby increasing heavy 

metals in clean water and surface water. Thus, 

to reduce environmental pollution, awareness 

is needed from various parties, especially from 

the public, industry managers, and also 

governments who are sensitive to waste 

management. Analysis of heavy metals in clean 

water has also been carried out by (R. Li et al., 

2020). Where results are reported that heavy 

metals in water are lower than sediment. While 

research conducted by (Kumar et al., 2019), 

reported that heavy metals such as Cr, Ni, As 

and Cd have a very high risk of cancer 

occurring through consumption compared to 

the dermal route. Analysis of heavy metals in 

the Shagan River conducted by (Gorlachev et 

al., 2020) it is reported that the Shagan River 

has been contaminated by high enough heavy 

metals. 
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Figure 3. Total heavy metals for different locations 
 

Environmental pollution caused by 

industrial activities has affected several needs 

of living things. In addition to heavy metals 

that are contaminated with water can also cause 

changes in the smell of water. The highest level 

of water odor found in ammonia for Bireuen 

District and followed by Lhokseumawe City 

and Aceh Utara are shown in Figure 4. Of the 

five categories analyzed, hydrogen sulfide 

showed the second-highest after ammonia. 

While for the methyl sulfide, methyl mercaptan 

and styrene categories showed the same results 

in the three regions studied. The smell of clean 

water also determines whether or not the water 

can be consumed. However, in reality in the 

last few years, clean water has been 

contaminated so that the smell of clean water 

has changed. This happens because the source 

of clean water has been damaged by people 

who seek their benefits. So to reduce this 

happening in the future there must be better 

supervision. This supervision can be done by 

providing regulations for environmental 

protection. So that environmental awareness 

can be further increased. 
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Figure 4. Total odor in the water for different districts 

 

 

Heavy metal sediment analysis was also 

carried out in this study. Sediment samples 

were taken at three different locations with the 

same regency as in the surface analysis of 

water and clean water. The highest total 

sediment heavy metals were found in Aceh 

Utara District and followed by Lhokseumawe 

City and Bireuen District. Heavy metal Cu 

which reaches 45.02% is recorded in Aceh 

Utara Regency 25% higher than Lhokseumawe 

City are shown in Figure 5. Overall sediment 

heavy metals found in Aceh Utara show higher 

compared to Lhokseumawe and Bireuen. 

This increase is very closely related to 

higher industrial activity in the Aceh Utara 

region. Industrial managers in the area do not 

consider environmental conditions. Besides 

that, the garbage thrown away by the 

surrounding community is also one of the 

problems that have not been resolved. While 

the level of sediment heavy metal pollution in 

the Bireuen Regency shows that it is still stable 

and is still at a safe point. So that the 

environmental conditions in this region must 

always be maintained and preserved. 

Analysis of heavy metals in sediments 

has been carried out at different locations and 

case studies. However, in general, the results 

reported indicate that the level of 

contamination that occurred has been at a very 

alarming level. Analysis of heavy metals such 

as Cd, Cr, As, Cu, Hg, Ni, Pb, and Zn in Taihu 

Lake sediments as carried out by (Niu et al., 

2020). The results of the analysis carried out 

that the level of pollution was found to reach 

53.6%, 34.9%, and 18.7%. Also, there are 

several studies of heavy metals in sediments 

(Dai et al., 2018; Lee et al., 2019; Xia et al., 

2018; Yan et al., 2020). Based on the results of 

several studies in general, reported that the 

location of the case studies analyzed was 

contaminated by heavy metals. However, the 

level of pollution reported indicates a different 

level. Several policies and supervision to 

reduce the level of pollution have also been 

implemented including policies made by 

stakeholders and the government. These 

policies such as prohibitions and fines to 

industrial managers. 
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Analysis by conducting a direct survey of 

spaciousness aims to determine the level of 

environmental conditions in the region. The 

analysis of this survey can be used as a 

material consideration for industrial 

development in the future. This analysis is very 

important so that when industrial development 

is truly carried out steps and supervision can be 

carried out on reducing pollution caused by 

various industrial activities. Thus, good and 

healthy environmental conditions can always 

be maintained in the future. 

 

4. CONCLUSION  
Analysis of environmental conditions by 

conducting field surveys directly has been 

completed. The highest pollution of heavy 

metals at the surface of the water by 0.28% 

was found in Bireuen District. The highest 

heavy metals such as Fe and Se, respectively 

0.28 and 0.02%. While in Lhokseumawe City 

Fe 0.0029% and Se 0.008%, and North Aceh 

Fe 0.0029% and 0.0062%. The highest heavy 

metal pollution found in clean water for 

Bireuen and Lhokseumawe is Pb and As 

respectively 0.007% and 0.0064%. Whereas 

the heavy metals found in clean water in 

northern Aceh are As and Cn respectively 

0.0064% and 0.005%. The highest sediment 

heavy metal with Cu type of 42.93% was found 

in Aceh Utara. While in Bireuen and 

Lhokseumawe they were 8.02% and 18.12%, 

respectively. Also, heavy metals such as Pb 

and Ni in North Aceh were highest at 15.87% 

and 22.13% compared to Bireuen and 

Lhokseumawe. 

 

ACKNOWLEDGMENT  
This research is supported by LPPM-

Unsyiah and Universitas Syiah Kuala, 

Research institutions, and community service 

with the contract number of 

(32/UN11.2.1/PT.01.03/PNBP/2020). 

 

CONFLICTS OF INTEREST 

The authors declare no conflict of 

interest. 

 

REFERENCES  
 

 Aslam H, Ali T, Mortula MM, Attaelmanan AG. 

2020. Evaluation of microplastics in beach 

sediments along the coast of Dubai, UAE. 

Marine Pollution Bulletin. 150(2020): 

https://doi.org/10.1016/j.marpolbul.2019.11

0739. 

 

Cahyaningsih A, Harsoyo B. 2010. Distribusi 

spasial tingkat pencemaran air di das 

citarum. Jurnal Sains & Teknologi 

Modifikasi Cuaca, 11(2):1–9. 

 

Chen B, Wang M, Duan M, Ma X, Hong J, Xie F, 

Li X. 2019. In search of key: Protecting 

human health and the ecosystem from water 

pollution in China. Journal of Cleaner 

Production. 228: 101–111. 

 

CNN. 2020. Kemarau Panjang, Krisis Air Bersih 

Meluas di Sejumlah Wilayah (Long Dry, 

Clean Water Crisis Widespread in a Number 

of Regions). Retrieved from 

https://www.cnnindonesia.com/nasional/201

90815064634-32-421471/kemarau-panjang-

krisis-air-bersih-meluas-di-sejumlah-

wilayah 

 

Dai L, Wang L, Li L, Liang T, Zhang Y, Ma C, 

Xing B. 2018. Multivariate geostatistical 

analysis and source identification of heavy 

metals in the sediment of Poyang Lake in 

China. Science of the Total Environment. 

621: 1433–1444. 

 

El Kharraz J, El-Sadek A, Ghaffour N, Mino E. 

2012. Water scarcity and drought in WANA 

countries. Procedia Engineering. 33: 14–29. 

 

Fu C, Cao Y, Tong J. 2020. Biases towards water 

pollution treatment in Chinese rural areas—

A field study in villages at Shandong 

Province of China. Sustainable Futures. 2: 

https://doi.org/10.1016/j.sftr.2019.100006 

 

Gorlachev I, Kharkin P, Dyussembayeva M, 

Lukashenko S, Gluchshenko G, Matiyenko 

L, Khlebnikov N. 2020. Comparative 

analysis of water contamination of the 

Shagan river at the Semipalatinsk test site 

with heavy metals and artificial 

radionuclides. Journal of Environmental 

Radioactivity. 213: 

https://doi.org/10.1016/j.jenvrad.2019.10611

0 

 

Güney CB, Danışman DB, Ertürk BŞN. 2020. 

Reduction of ballast tank sediment: 

Evaluating the effect of minor structural 

changes and developing a pneumatic 

cleaning system. Ocean Engineering. 203: 

https://doi.org/10.1016/j.oceaneng.2020.107

204. 

 

Herlambang A. 2018. Pencemaran air dan strategi 

penggulangannya. Jurnal Air Indonesia. 

https://doi.org/10.1016/j.marpolbul.2019.110739
https://doi.org/10.1016/j.marpolbul.2019.110739
https://doi.org/10.1016/j.sftr.2019.100006
https://doi.org/10.1016/j.jenvrad.2019.106110
https://doi.org/10.1016/j.jenvrad.2019.106110
https://doi.org/10.1016/j.oceaneng.2020.107204
https://doi.org/10.1016/j.oceaneng.2020.107204


Investigation of heavy metals on water quality and sediment: A case study Bireuen, Aceh Utara  Mahidin, et. al.  

 

 183 

 

2(1):16-

29.  https://doi.org/10.29122/jai.v2i1.2280 

 

Holden E, Doshi V. 2019. Extreme water stress 

affects a quarter of the world’s population, 

say, experts. The Guardian. Tue, 6. 

 

Kumar V, Parihar RD, Sharma A, Bakshi P, Singh 

SGP, Bali AS, Karaouzas I, Bhardwaj R, 

Thukral AK, Gyasi-Agyei Y, Rodrigo-

Comino, J. 2019. Global evaluation of heavy 

metal content in surface water bodies: A 

meta-analysis using heavy metal pollution 

indices and multivariate statistical analyses. 

Chemosphere. 236: doi: 

10.1016/j.chemosphere.2019.124364 

 

Lee, A.-S., Huang, J.-J. S., Burr, G., Kao, L. C., 

Wei, K.-Y., & Liou, S. Y. H. 2019. High-

resolution record of heavy metals from 

estuary sediments of Nankan River (Taiwan) 

assessed by rigorous multivariate statistical 

analysis. Quaternary International, 527, 44–

51. 

 

Li R, Tang X, Guo W, Lin L, Zhao L, Hu Y, Liu 

M. 2020. Spatiotemporal distribution 

dynamics of heavy metals in water, 

sediment, and zoobenthos in mainstream 

sections of the middle and lower Changjiang 

River. Science of the Total Environment. 

714: 

https://doi.org/10.1016/j.scitotenv.2020.136

779. 

 

Li Y, Huang S, Yin C, Sun G, Ge C. 2020. 

Construction and countermeasure discussion 

on government performance evaluation 

model of air pollution control: A case study 

from the Beijing-Tianjin-Hebei region. 

Journal of Cleaner Production. 254: 

https://doi.org/10.1016/j.jclepro.2020.12007

2. 

 

Liu L, Tang Z, Kong M, Chen X, Zhou C, Huang 

K, Wang Z. 2019. Tracing the potential 

pollution sources of the coastal water in 

Hong Kong with statistical models 

combining APCS-MLR. Journal of 

Environmental Management. 245: 143–150. 

https://doi.org/10.1016/j.jenvman.2019.05.0

66 

 

Lu J, Wu J, Zhang C, Zhang Y. 2020. The possible 

effect of submarine groundwater discharge 

on the pollution of coastal water: 

Occurrence, source, and risks of endocrine-

disrupting chemicals in coastal groundwater 

and adjacent seawater influenced by 

reclaimed water irrigation. Chemosphere. 

250: 

https://doi.org/10.1016/j.chemosphere.2020.

126323. 

 

Müller AK, Leser K, Kämpfer D, Riegraf C, 

Crawford SE, Smith K. Hollert H. 2019. 

Bioavailability of estrogenic compounds 

from sediment in the context of flood events 

evaluated by passive sampling. Water 

Research. 161: 540–548. 

https://doi.org/10.1016/j.watres.2019.06.020 

 

Niu Y, Jiang X, Wang K, Xia J, Jiao W, Niu Y, Yu 

H. 2020. A meta-analysis of heavy metal 

pollution and sources in surface sediments 

of Lake Taihu, China. Science of the Total 

Environment. 700: 

https://doi.org/10.1016/j.scitotenv.2019.134

509. 

 

Puspitasari DE. 2009. Dampak pencemaran air 

terhadap kesehatan lingkungan dalam 

perspektif hukum lingkungan (Studi kasus 

sungai Code di Kelurahan Wirogunan 

Kecamatan Mergangsan dan Kelurahan 

Prawirodirjan Kecamatan Gondomanan 

Yogyakarta). Mimbar Hukum-Fakultas 

Hukum Universitas Gadjah Mada. 21(1): 

23–34. 

 

Resources Institute W. 2020. 17 Countries, Home 

to One-Quarter of the World’s Population, 

Face Extremely High Water Stress. 

Retrieved from 

https://www.wri.org/blog/2019/08/17-

countries-home-one-quarter-world-

population-face-extremely-high-water-stress 

 

Rossi G, Cancelliere A. 2013. Managing drought 

risk in water supply systems in Europe: a 

review. International Journal of Water 

Resources Development. 29(2): 272–289. 

 

Russ E, Palinkas C, Cornwell J. 2020. Evaluating 

estuarine sediment provenance from 

geochemical patterns in the upper 

Chesapeake Bay. Chemical Geology. 533: 

https://doi.org/10.1016/j.chemgeo.2019.119

404. 

 

Salem Z, Ghobara M, El Nahrawy AA. 2017. 

Spatio-temporal evaluation of the surface 

water quality in the middle Nile Delta using 

Palmer’s algal pollution index. Egyptian 

Journal of Basic and Applied Sciences. 4(3): 

219–226. 

https://doi.org/10.1016/j.ejbas.2017.05.003. 

 

Shi P, Zhang Y, Song J, Li P, Wang Y, Zhang X, 

Zhu T. 2019. Response of nitrogen pollution 

https://doi.org/10.29122/jai.v2i1.2280
https://doi.org/10.1016/j.scitotenv.2020.136779
https://doi.org/10.1016/j.scitotenv.2020.136779
https://doi.org/10.1016/j.jclepro.2020.120072
https://doi.org/10.1016/j.jclepro.2020.120072
https://doi.org/10.1016/j.jenvman.2019.05.066
https://doi.org/10.1016/j.jenvman.2019.05.066
https://doi.org/10.1016/j.chemosphere.2020.126323
https://doi.org/10.1016/j.chemosphere.2020.126323
https://doi.org/10.1016/j.watres.2019.06.020
https://doi.org/10.1016/j.scitotenv.2019.134509
https://doi.org/10.1016/j.scitotenv.2019.134509
https://doi.org/10.1016/j.chemgeo.2019.119404
https://doi.org/10.1016/j.chemgeo.2019.119404
https://doi.org/10.1016/j.ejbas.2017.05.003


Jurnal Kimia Valensi, Vol. 6, No. 2, November 2020 [177-184] P-ISSN : 2460-6065, E-ISSN : 2548-3013 

184  

 

in surface water to land use and social-

economic factors in the Weihe River 

watershed, northwest China. Sustainable 

Cities and Society. 50: 

https://doi.org/10.1016/j.scs.2019.101658. 

 

Tioritz S. 2010. Kajian solusi krisis air bersih di 

Indonesia. Jurnal Teknik Elektro, 

Informatika, Mesin Dan Sipil. Media Teknik. 

4(1): 38–43. 

 

Valdés J, Tapia JS. 2019. Spatial monitoring of 

metals and As in coastal sediments of 

northern Chile: An evaluation of background 

values for the analysis of local 

environmental conditions. Marine Pollution 

Bulletin. 145: 624–640. 

https://doi.org/10.1016/j.marpolbul.2019.06.

036. 

 

Wang X, Fu R, Li H, Zhang Y, Lu M, Xiao K, 

Xiong Y. 2020. Heavy metal contamination 

in surface sediments: A comprehensive, 

large-scale evaluation for the Bohai Sea, 

China. Environmental Pollution. 260: 

https://doi.org/10.1016/j.envpol.2020.11398

6. 

 

Wang Y, Kou X, Feng JC, Li XS, Zhang Y. 2020. 

Sediment deformation and strain evaluation 

during methane hydrate dissociation in a 

novel experimental apparatus. Applied 

Energy. 262: 

https://doi.org/10.1016/j.apenergy.2019.114

397. 

 

Warlina L. 2004. Pencemaran air: sumber, dampak 

dan penanggulangannya. (Unpublised). 

Bogor (ID): Institut Pertanian Bogor. 

 

Wu Z, Wang S, Ji N. 2019. Phosphorus (P) release 

risk in lake sediment evaluated by DIFS 

model and sediment properties: A new 

sediment P release risk index (SPRRI). 

Environmental Pollution. 255: 

https://doi.org/10.1016/j.envpol.2019.11327

9. 

 

Xia F, Qu L, Wang T, Luo L, Chen H, Dahlgren 

RA, Huang H. 2018. Distribution and source 

analysis of heavy metal pollutants in 

sediments of a rapidly developing urban 

river system. Chemosphere. 207: 218–228. 

https://doi.org/10.1016/j.chemosphere.2018.

05.090.  

 

Yan Y, Han L, Yu R, Hu G, Zhang W, Cui J, 

Huang H. 2020. Background determination, 

pollution assessment, and source analysis of 

heavy metals in estuarine sediments from 

Quanzhou Bay, Southeast China. CATENA. 

187: 

https://doi.org/10.1016/j.catena.2019.104322 

 

Zeng Y, Cai Y, Tan Q, Dai C. 2020. An integrated 

modeling approach for identifying cost-

effective strategies in controlling water 

pollution of urban watersheds. Journal of 

Hydrology. 581: 

https://doi.org/10.1016/j.jhydrol.2019.12437

3. 

 

https://doi.org/10.1016/j.scs.2019.101658
https://doi.org/10.1016/j.marpolbul.2019.06.036
https://doi.org/10.1016/j.marpolbul.2019.06.036
https://doi.org/10.1016/j.envpol.2020.113986
https://doi.org/10.1016/j.envpol.2020.113986
https://doi.org/10.1016/j.apenergy.2019.114397
https://doi.org/10.1016/j.apenergy.2019.114397
https://doi.org/10.1016/j.envpol.2019.113279
https://doi.org/10.1016/j.envpol.2019.113279
https://doi.org/10.1016/j.chemosphere.2018.05.090
https://doi.org/10.1016/j.chemosphere.2018.05.090
https://doi.org/10.1016/j.catena.2019.104322
https://doi.org/10.1016/j.jhydrol.2019.124373
https://doi.org/10.1016/j.jhydrol.2019.124373

