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Abstract- The increasing of industries and population growth are the main sources of 

contamination in the river. Wonorejo river is one of rivers in Surabaya that flow to east coast 

Surabaya. Concentration of Chromium (Cr) at estuary of Wonorejo River was 0.0325 mg/L and it 

was 2.7761 mg/L in sediment in 2007. Meanwhile, Cr at east coast of Wonorejo was 0.418 μg/L, it 

was indicating that upper than standart for biota in sea, 0.005 μg/L (KepMenLH No. 51 tahun 

2004). In this research will be measured concentration of Cr from sediment and roots of Avicennia 

marina at Wonorejo River estuary. And then, it was calculated Bio-consentration Factor (BCF) 

value of A. marina. Transect method was used to determine the sampling point of mangrove root 

A. marina and sediment at estuary of Wonorejo River. Mangrove and sediment roots were 

analyzed using the Atomic Absorption Spectrophotometer (AAS) method, previously samples of 

roots and sediments were extracted using the wet destruction method. Parameters supporting in 

this research were measured include temperature using thermometer, salinity using salinometer 

and pH using pH meter for sediment. Based on the results, the average concentration of Cr in the 

sediment in transect 1 were 47 mg/kg until to 66.5 mg/kg. The concentration of Cr in roots of A. 

marina were 28 mg/kg until to 92.25 mg/kg. The BCF value in A. marina were 0.89 to 1.35. Based 

on the BCF value, it indicated that A. marina was a hyperacumulator species for heavy metals of 

Cr. 
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1. Introduction 
Wonorejo River is one of the river that discharge into East Coast in Surabaya. This 

river also content of wastewater from industrial and household that can be polluted at 

estuary area in Surabaya (BLH, 2012).  Generally, wastewater can be categorized as 

highly toxic, if wastewater is a chemical waste (chemical compound or only in the form 

of an element or ion). Usually, toxic chemical compounds on living organisms and 

humans were chemical compounds with an active ingredient of heavy metals. The 

toxicity by the active ingredient of heavy metals was occured by an enzyme inhibiting on 

physiological or metabolical processes. In addition, toxic substances from chemical 

compounds can also accumulate in the body, resulting in the problem of chronic 

poisoning (Palar, 1994). Chromium (Cr) is one of the heavy metals in VIB class on the 

periodic table with the atomic number of 24 and the mass number of 52. Usually, Cr can 

be found in  river and coastal from electropleting waste, the textile industry, the paint, the 
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tannery, the metal coating, and battery (Ackerley et al., 2004). The accumulation of large 

amounts of Cr in the human body can lead to liver, kidney and toxic damage to 

protoplasm of living things, and also carcinogenic (cancer-causing), teratogens (inhibits 

fetal growth) and mutagen (Schiavon et al., 2008). 

Mangrove is one type of plant that can survive in high salinity area. Many 

functions of mangrove were as a habitat of fish, breakwater seawater, phytoremediation 

process due to the ability to uptake heavy metals form water and sediment. Based on 

Surabaya's Biodiversity Profile 2012, Surabaya East Coast Area (Pamurbaya) is 

designated as a conservation area within the Rencana Tata Ruang Wilayah (RTRW) of 

Surabaya City. So that the quality standard for Pamurbaya is the quality standard of sea 

water for marine biota. The concentration of Cr at estuary of  Wonorejo river reached 

0.0325 mg/L and in sediments of 2.7761 mg/L in 2007. When, the concentration of Cr at 

estuary of Wonorejo reached 0.418 μg/L, it indicating it was above water quality standard 

Sea for marine biota (KepMenLH No. 51, 2004) that is 0.005 μg/L. 

Many spesies of mangrove can grow at Wonorejo coastal area. Avicennia marina is 

one of mangrove spesies that can be found at Wonorejo coastal area. The aims of this 

research were to determine the concentration of Cr that can be uptaken by A. marina at 

Wonorejo coastal area and to determine the value of Bioconcentration Factor (BFC) on 

Cr by A. marina. 

 

2. Materials and Methods 
2.1. Sampling Location 

Transect quadrat sampling method was a sampling method of a population with a 

sample plot approach that was on a line drawn through the ecosystem (KepMen LH 201, 

2004). The dimension of one quadrant was 10m x 10m.  Figure 1 showed the sampling 

location and Tabel 1 showed types of samples for every point sampling location.  

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 1. Sampling location in quadrat A 

 

Table 1. Types of samples for every point sampling location 

No Sampling Point Code Explanation 

1 Location of A M11A Sampel of  A. marina roots 1 

2 Location of A M12A Sampel of  A. marina roots 2 

3 Location of A S11A Sample of sediment 1 

4 Location of A S12A Sample of sediment 2 

5 Location of A L11A Sample of water 1 

6 Location of A L12A Sample of water2 

7 Location of B M11B Sampel of  A. marina roots 1 

 Transects of quadrat  A 

AAaamarina 
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No Sampling Point Code Explanation 

8 Location of B M12B Sampel of  A. marina roots 2 

9 Location of B S11B Sample of sediment 1 

10 Location of B S12B Sample of sediment 2 

11 Location of B L11B Sample of water 1 

12 Location of B L12B Sample of water2 

13 Location of C M11C Sampel of  A. marina roots 1 

14 Location of C M12C Sampel of  A. marina roots 2 

15 Location of C S11C Sample of sediment 1 

16 Location of C S12C Sample of sediment 2 

17 Location of C L11C Sample of water 1 

18 Location of C L12C Sample of water2 

19 Location of D M11D Sampel of  A. marina roots 1 

20 Location of D M12D Sampel of  A. marina roots 2 

21 Location of D S11D Sample of sediment 1 

22 Location of D S12D Sample of sediment 2 

23 Location of D L11D Sample of water 1 

24 Location of D L12D Sample of water2 

25 Location of E M11E Sampel of  A. marina roots 1 

26 Location of E M12E Sampel of  A. marina roots 2 

27 Location of E S11E Sample of sediment 1 

28 Location of E S12E Sample of sediment 2 

29 Location of E L11E Sample of water 1 

30 Location of E L12E Sample of water2 

 

2.2. Procedure to take brackish water, sediment and roots of mangrove samples 

Brackish water sampling, sediment sampling and root of A. marina sampling were 

conducted at the designated sampling sites using Transect quadrat sampling method. 

Sampling was conducted when the level of sea water was not too low and not too high at 

around 07.00 am. According to Usman and Mohamed (2009), sediment sampling was 

carried out by random sampling with a depth of 0-30 cm. 

 

2.3. Extraction of sediment and roots of mangrove samples and analysis of 

chromium 

First, preparation of sediment samples and roots of mangrove plants before those 

was analyzed using Atomic Absorption Spectrophotometer (AAS). Roots of A. marina 

were dried prior to the extraction procedure. In this experiment, Cr extraction from the 

plants was performed using a modified wet digestion method (Titah et al. 2013). 

Meanwhile, the sediment extraction was conducted using EPA method 3050B (1996). 

Instrument of AAS was be used to measure the concentration of Cr in brackish 

water, sediments and roots of  A. marina. The AAS that be used was Rayleigh WFX 210 

(China) at Laboratory of Affiliation Team and Industry Consultation (TAKI) at Chemical 

Engineering Department of ITS.         

  

2.4. Calculation of Bioconcentration Factor 

Based on Bini et al. (1995), Bioconcentration Factor (BCF) or Biological 

Accumulation Coefficient (BAC) calculation calculation was used in order to gauge 

ability the of plants to uptake metal from the substrate (Idris et al. 2016). The 

determination for BAC was based on the following equation (Usman dan Muhamed, 

2009): 



 

The 3rd International Conference on Coastal and Delta Areas - PROCEEDINGS 

167       ICCDA#3     Problem, Solution and Development of Coastal and Delta Areas 
 

              
media

roots

C

C
BCF                                                          (1) 

The results of the determination of BCF were matched with categories of plants 

(Table 2) to classify which plants are hyperaccumulator plants or otherwise (Bini et al. 

1995). 

 

Table 2 Category of BCF 

Category Range 

High accumulator plants 1-10 

Moderate accumulator plants 0,1 – 1 

Low accumulator plants 0,01 – 0,1 

Non accumulator plants < 0,01 

 

3. Results and Discussion 
Results of monitoring parameter i.e temperature, salinity and pH at sediment 

showed that value of those parameters acceptable for mangrove growth. Range of 

temperature were 28-30
o
C. pH was in normal range. Range of salinity was 8- 11‰, 

indicating that salinity included in brackish water (0,5 - 30‰). 

 
3.1. Concentration of Chromium in brackish water, sediment and roots of mangrove 

Fig. 2(a) showed the concentration of Cr in brackish water every sampling point. 

Based on the graph, the range of Cr concentration at Wonorejo coastal were 0,43-0,88 

mg/L. The Cr concentration were above the seawater standard for biota (KepMenLH No. 

51, 2004) with value of 0,005 mg/L.  

Concentration of Cr in sediment were 47 mg/kg until to 66.5 mg/kg (Fig. 2(b)). 

Based on Interim sediment quality guidelines (ISQGs) (Canadian Council of Ministers of 

the Environment, 1999), Cr concentration at that location were above the standard (52,3 

mg/kg).  

Based on Fig. 2(c), the concentration of Cr in roots of A. marina were 28 mg/kg 

until to 92.25 mg/kg. It indicating that A. marina could uptake Cr and accumulate it in 

their roots. Overall, the concentrations of heavy metals were higher in plant roots as 

compared to water and sediment samples. According to Almahasheer et. al (2014), grey 

mangrove or A. Marina could absorb and accumulate higher quantities of many heavy 

metals such as Cu, Fe, Mn, Zn, B, Ni, Pb and Cd. Weeradej et al. (2017) reported that A. 

marina could uptake and accumulate of Zn, Cr, and Pb in their roots. 

 

3.2. BCF Value 

Calculation of BCF were conducted based on equation 1. Based on Fig. 3, the 

average BCF were > 1 for Cr on A. marina in the water. Meanwhile, the BCF value on A. 

marina in sediment were 0.89 to 1.35. According to Usman et al. (2013), BCF on A. 

marina for heavy metals (Cu, Cd, Ni, Pb, Zn and Cr) in the mangrove for surface 

sediments obtained values were too high (>1).   

 



 

PROCEEDINGS - The 3rd International Conference on Coastal and Delta Areas  

Problem, Solution and Development of Coastal and Delta Areas                                      ICCDA#3      168       
 

 
(a) 

 

 
(b) 

 
(c) 

 
Fig. 2 (a) Concentration of Cr in breackish water, (b) Concentration of Cr in sediment  

(c) Concentration of Cr in roots of A. marina 

 

4. Conclusion 
Based on data, the range of Cr concentration at Wonorejo coastal were 0,43-0,88 

mg/L. Theaverage concentration of Cr in the sediment in Wonorejo coastal were 47 

mg/kg until to 66.5 mg/kg. The concentration of Cr in roots of A. marina were 28 mg/kg 

until to 92.25 mg/kg. The BCF values on A. marina in sediment were 0.89 to 1.35. 

Meanwhile, all of BCF value in water showed value > 1. Based on the BCF value, it 

indicated that A. marina was a hyperacumulator species for heavy metals of Cr. 

Mangrove A. marina has potentially to be used in Cr phytoremediation at coastal area. 

 

  
Fig. 3 BCF of Cr on A. marina 

Hyperaccumulator 
Plant 

BCF > 1 
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