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Contamination of Ciujung Watershed due to Mercury : Ecological risk assessment, Sources, and Mitigation
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Monitoring of metal accumulation into aquatic biota or sediments and their toxicity is carried
out to assess surface water quality and ensure food safety, as well as for compliance with the
government regulations. Even though these activities are a very classical study, we believe that this
study is still very actual and many aspects are still to be challenging to deal with. Therefore, in the
last decade, the study of bioaccumulation or bioconcentration of organic and inorganic compounds
in the fresh water and aquatic organism and their toxicities are still conducted by many researchers in
the worldwide, particularly of heavy metal. It is used to identify the various metal contamination
from natural or anthropogenic sources and assessment of ecological and also health risk,
respectively.

Heavy metals, arsenic (As), chromium (Cr), cadmium (Cd), lead (Pb) and mercury (Hg), have a
great attraction in aquatic environment. These pollutants have potential toxicity for human and
aquatic organism due to persistent contaminants and bioaccumulate through the food chain. Several
studies have demonstrated that oxidative stress and reactive oxygen species play a key role in the
toxicity and carcinogenic of these metals in metabolism, detoxification and damage repair. In
biological systems, long-term exposure of Cd can cause some disease for instance itai-itai disease,
and kidney damage. Pb is associated with nervous system disorder and lead encephalopathy. As
can cause arsenicosis, abnormality of Mee’s line, diabetes melitus, and peripheral neuropathy; Cr can
cause skin sensitization, transient renal effects; Pb can cause encephalopathy, henolytic anemia,

hypertension, and cardiovascular disease; and Hg can cause mercurial tremor, immune dysfunction,



nervous system and gastrointestinal disturbance. Because of this fact, these five elements become a
major concern of global pollutant.

Sediments are important as heavy metal pollution indicators in aquatic ecosystem since it is the
primary sink for all metals in rivers. When the level of heavy metals concentration exceeds natural or
permission limit, it can be adverse for human health via food chain.

Banten Province, one of the neighboring provinces to Jakarta city, has one the largest river
namely Ciujung watershed. The Ciujung watershed plays an important source for sanitation and
agriculture purposes. Since Banten is new province in a decade ago, the establishment of this
province, as an effect of decentralization policy implementation, has created a new economic growth
region in Java. Without a proper water quality management and planning, the economic growth in
Banten Province is worrying to become worsened as what has happened in its neighboring city,
Jakarta. The protest from resident to local government raise every year due to the degradation of
the Ciujung water quality caused by heavy metal pollution. The improper of wastewater treatment
from industrial activities which is directly discharged into the river and flows through the subsidence,
dissolve the contaminants, and then subsequently deposit in sediments downstream is one of the root
causes in the Ciujung watershed. Based on this, it highly appreciated to evaluate the contamination
status of As, Cd, Cr, Hg and Pb in sediment of the Ciujung watershed using environmental water
pollution assessment. In order to achieve the above goal, if we break down the main objective of the
study into several Chapter.

Chapter 1 discuss about the general introduction and literature review. Chapter 2, 3 and 4 are the
main chapter which focus on ecological risk assessment of heavy metals (As, Cd, Cr, Hg and Pb) in
sediment of the Ciujung Watershed, identification of Hg sources, and method development for Hg
removal in solid sample as a part of Hg prevention or mitigation, respectively. The last chapter is
conclusion.

In the Chapter 2, sediment samples have been taken from eleventh sites from upstream to

downstream included its tributaries. The sediment sample was collected in the rainy season after 1 d



heavy rainfall.  All heavy metals were measured by using spectrometric method using Flame AAS,
HG-AAS and mercury analyzer. The mean heavy metal concentrations in the Ciujung Watershed
and its tributaries were in the order Pb > Cr > Cd > As > Hg. Cd, Cr, and Pb had the highest
concentrations (30.0, 22.0, and 23.0 mg kg, respectively), while Hg had the lowest concentration
(0.02 mg kg™). However, the levels of all heavy metals, except Hg, in the Ciujung Watershed were
below the permissible limits set by ANZECC ISHG and Hongkong ISHG. In this study, the sediment
Hg concentrations were higher than the foregoing sediment quality guidelines in nearly all streams
except S1 (upstream). To measure the contamination levels of heavy metals in the Ciujung
Watershed, “geo accumulation index (Igeo) , enrichment factor (EF) and potential ecological risk
index (PERI) and biological effect (BE)” have been utilized.

According to the geo-accumulation index, As, Cr, and Pb belong to class 0 (uncontaminated),
while Cd and Hg particularly in S5 had moderate Hg and severe Cd contamination, as its Igeo
value was >5, which indicates extreme pollution.

According to the enrichment factor, The EF values for Hg in all streams, except S1 (0.3),
exhibited moderate enrichment (5 < EF < 10). High EF values for Cd were observed for S1 (upstream) and
the tributaries (T1, T2, and B1). They were in the range of 10-25, which indicated severe enrichment.

The potential ecological risk index of As, Cr, and Pb were less than 40 at all sites. It means the
ecological risk was low in nearly all cases. High Cd PERI values were established for S1 (305), T1
(230), T2 (485), and B1 (410). These calculations suggested a high or extreme ecological risk, and
the Hg PERI values were >160 in all sediments. Hence, all sites were at considerable to very high
ecological risk. The average PERI values were in the order Hg > Cd > Pb > As > Cr. The foregoing
results indicate serious Hg and Cd contamination in the Ciujung Watershed and its tributary.

Biological effect was evaluated based on ERMQ and PELQ values. The results showed that all
heavy metals in all sediments indicated 30% warning level and 25% possible adverse toxicity to the
inhabitants. In most sediments, Hg concentrations surpassed the PEL and ERM values. Hence, the

Ciujung Watershed was polluted mainly by Hg and Cd. Therefore, Hg contamination in the



Ciujung Watershed should be investigated, in which this topic is focused deeply in Chapter 3.
Chapter 3 investigates the source of Hg contamination in the Ciujung Watershed. Author can
infer that Hg released into the river, flown through, and settling, dissolving in the water, and getting deposited
in sediments can lead to serious problems in downstream areas through the improper wastewater treatment
from AGSM activities. ASGM activities could be the source of Hg in sediment of Ciujung watershed
transported by tributaries. Due to Hg has strong correlation with dissolved organic matter (TOC, TN and
POP) based on Pearson’s correlation analysis, authors can investigate the source of Hg contamination in
the Ciujung Watershed using molar ration of both organic C and N isotope (8'°C and 8"°N values). An
analysis of the C/N ratio together with 8'°C and 8'°N in the Ciujung watershed and its tributaries can
provide information on the OM sources and identify the type of organic matter (OM). As predicted
by the C/N ratio and §'*C values, the mean & "*C values indicated that the OM derived from the soil
was abundant, where it was agrees with the soil organic properties of OM. A Bayesian mixing model
was used to estimate the proportional contribution of each OM to the sediment at each site using the
stable isotope and the three sources: S as uncontaminated upstream of the mainstream, T1 as a
contaminated tributary (the Cisimeut River), and BI+B2 as a contaminated tributary (the Ciberang
River). Based on the biplot of '*N and 8'°C, OM, which accumulates sediment downstream of the
Ciujung Watershed (mixtures S4, S5, and S6), had similar characteristics to the OM obtained from
the mixtures T2 and B3; these sites were relatively close to the source (T1 and B1+B2). The
contribution of soil OM from the Cisimeut River (T1) was found in most of the downstream
sediment in S3—S6, in which the highest was S4 (60.8%), followed by S5 (49.3%), S3 (39.0%), and
S6 (23.8%). The OM from the Ciberang River contributed to the downstream sediment in S3-S6,
with the highest contribution in S6 (47.51%), S5 (36.3%), and S4 (26.0%) . It was revealed that the
soil OM from the Ciujung and Ciberang Rivers, which contained Hg, contributed to the
accumulation of Hg in the sediment in the downstream area of the Ciujung Watershed caused by a
strong formation and complexation ionic bonds between mercury and soil organic matter affected

the sequestration of mercury to sediment. The ecological risk of Hg toxicity based on risk quotient



(RQ) at the 11 sampling sites show that the RQs of 10 sediment sampling sites in the Ciujung
Watershed included mainstream and tributaries are between 0.1 and 1, while the RQ of S1 is less
than 0.1, indicating that overall, the ecological risk level of Hg in Ciujung sediment was moderate.
Regarding this, we can infer that Hg contamination in the Ciujung watershed has potential effect to
benthic organism as a food chain in most of sampling sites except S1 even the level of Hg risk is
moderate. Future research is highly required to examine different species of fish and benthic
organism from those sampling sites in the Ciujung Watershed.

Based on Chapter 2 and 3, the Hg contamination in the Ciujung Watershed showed potential
ecological risk to the environment and aquatic organism. Thus, an attempt should be utilized to
reduce/remove Hg content in the sediment or solid sample. This work is more deeply studied in the
Chapter 4.

In the Chapter 4, authors developed a new technique for Hg removal in the Hg-contained
sediment based on acid extraction. The method accurately removed Hg in the sediment and solid
sample using hydrobromic acid (HBr) 15-48% v/v by combination of vortex agitation and ultrasonic
irradiation. The method was validated by measuring CRM ERM CC580 with high of Hg
concentration (Hg: 132 mg kg™') and CRM NMIJ 7302-a with low of Hg concentration (Hg= 0.52
mg kg ). The high efficiency of vortex and sonication time were obtained at 5 min and 6 min,
respectively with extractability 101.14%. Overall, the Hg removal in sediment can be achieved
within 21 min. This finding was faster than the other researcher by using combination of vortex and
ultrasonic irradiation. Also, the method had been successfully applied in environmental matrices for

instance sediment, soil and fish.
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