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ABSTRACT

Heavy metal concentrations in sediment collectechfDumai coastal waters have been studied
by using sequential extraction technique to deteemihe distribution and geochemical speciation
(EFLE, acid reducible, oxidisable organic and réaig) of Cd, Cu and Ni. The results showed that the
highest concentrations of total Cd was in CargotRaea and the lowest in Penyembal, whilst for Cu
and Ni the highest concentrations were in Ferry tPand the lowest in Batu Panjang. The total
concentrations of Cd, Cu and Ni ranged from 0.6%.82, 1.84 — 13.16 and 7.68 — 17.98 ug/g dry
weight, respectively. Higher metal concentratiorsrevdetected in the eastern and central parts of
Dumai city center where most of anthropogenic #@w are concentrated. However, most of the
concentrations of Cd, Cu and Ni were still belove tBRL and ERM values. Only at few stations,
especially in the eastern and central parts of Diyrslaowed Cd concentrations exceed the ERL bt stil
well below the ERM values. Metal concentrations/8126% (Cd) and 91.30% (Cu and Ni) of the
sampling stations were dominated by resistant foactndicating natural origin of these metals. Non
resistant fractions, however, were found highemthesistant fractions at Pelintung, Pertamina, Garg
Port, Penyembal and Batu Panjang for Cd; Penyenaval Batu Panjang for Cu and Pelintung and
Guntung for Ni. These findings indicated that anffgenic inputs of Cd, Cu and Ni occurred in these
stations. For all sampling site groups, Cd, Cu atidvere mostly accumulated in the resistant fractio
(55.28 — 58.31%; 65.02 — 91.84% and 50.08 — 66.88%he total concentrations respectively) which
indicated that the mobility and anthropogenic irpof these metals in Dumai coastal waters wereequit
low.
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sources such as sewage and industrial
effluents may accumulate in the suspended
particulate matter and settle on the bottom
sediment (Gomez-Parraet al, 2000).

Heavy metal contamination in coastal Studies on heavy metals in sediment in
sediment has been an increasingindonesian waters still very limited and are

ecotoxicological problem because the coastatestricted in Java Sea (Everaarts, 1989),
area often receives anthropogenic and

industrial wastes. These wastes, including
heavy metals, which are discharged from
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Jakarta Bay (Williamset al, 2000) and only can provide information on the degree
Central Java (Takariret al, 2004). of contamination, but also the actual
In sediments, heavy metals are presenenvironmental impact on metal
in different geochemical forms which bioavailability and mobility as well as their
determine their mobilization capacity and origin (Yap et al, 2002; 2003a,b; 2005;
bioavailability (Yu et al, 2001). Assessment 2006; Morillo et al, 2004; Ramirezt al,
of heavy metal contamination of the coastal2005, Acevedo-Figueroset al, 2006).
environment based on total metal is notSince heavy metal concentrations in the
sufficient for an understanding of their sediments of Dumai Sumatera has not been
environmental behaviour. This is because onlyreported in the literature, the objective of
a fraction of the total metal is available for this study was to determine the baseline
biological processes. It would also poses theconcentrations and its distribution of Cd,
problem as it does not provide information onCu and Ni in the surface sediment
which fraction is due to anthropogenic collected from the coastal area of Dumai
activities (Morillo et al, 2004; Ramirezt al, Sumatera, Indonesia, to evaluate the level
2005). of concentration in the context of similar
Dumai is one of the main entrance data reported from other geographical
gates for marine transportation in the Straits ofareas and to estimate the anthropogenic
Malacca to Sumatera and like many otherportions of the metals by comparing
developing regions in Indonesia, Dumai between resistant and nonresistant
coastal environment is subjected to negativdractions of the metals in the surface
impacts of the industrial development andsediments.
anthropogenic activities (Anonymous, 2002;
2004).In the year 2001 there were 66 metals
and chemice_ll industries, 22 various industrigsM ATERIALSAND M ETHODS
and 203 agriculture and forest based industries
in their operation in Dumai. There were also 6

major oil ports and more than 10 commercialSediment samples were collected in May
ports where more than 480 tankers and2005 from twenty three sampling stations
commercial boats and ferries loaded andglong the coastal area of Dumai, including
unloaded in Dumai port each month south and north part of Rupat Island
(Anonymous, 2002). Dumai is also likely to (Figure. 1). In order to figure out the

receive impacts from the Straits of Malaccadistribution of metal contamination in

which is one of the busiest international Dumai coastal waters, these stations were

shipping lanes in the world (Abdullagt al,  divided into five (5) site groups based on
1999; Chuaet al, 2000). Around 900 tankers the anthropogenic activities: | = East part

and commercial vessels and 11 million barrelsof Dumai (Station 1-3: newly developed

oil flows pass through the Malacca Strait's international harbour, proposed industrial
waters every day (Gunadi, 2004). According topark, busy waterway and exposed to the
The Ministry of Communication Indonesia Straits of Malacca); Il = Central Dumai
(2004), averagely 70.000 ships annually whergStation 4-11: Oil refinery, tanker berth,
29% of which are super tankers passing tthense|y popu|ated area, cargo and
straits. Beside that, the volume of cargocommercial ports and river estuary); I =

transported in both directions through thewest part of Dumai (Station 12-16:
Malacca Straits increased substantially in theagriculture area, river estuary, cement

last two decades. The increasing marine traffiGactory and fishing village ); IV = South
in the Straits poses the Straits in an increasingart of Rupat (Station 17-19: fishing

threat of marine pollution (Nontji, 2004). village, jetties and commercial ports with

Studies on the speciation and restaurants) and V = North part of Rupat
distribution of heavy metals in sediments not
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(Station 20-23: fishing village and exposed to2). Acid-reducible (fraction 2): The residue

the Malacca Straits). Samples from each
station were collected by using an Ekman
grab. The top 3 to 5 cm of each sediment
samples was placed in polyethylene plastic bag
and they were kept in an ice box. Samples
were brought back to laboratory and were3).
oven dried to a constant dry weight at 80°C
and sieved through a 63 pm stainless steel
sieve. Geochemical fractions of Zn and Pb in
the sediments were obtained by using the
modified SET  (Sequential  Extraction
Technique) as described by Badri and Aston
(1983) and Yapet al (2002). The four
fractions considered, the extraction solutions
and the conditions employed were:
1). EFLE (Fraction 1): About 10 g of sample 4).
was continuously shaken for 3 h with 50
m 1.0 M ammonium  acetate
(NH4,CHsCOO), pH 7.0 at room
temperature.

from (1) was continuously shaken for
3 h with 50 ml 0.25 M hydroxyl-
ammonium chloride (NEDH.HCI)
acidified to pH 2 with HCI, at room
temperature.

Oxidisable-organic (Fraction 3): The
residue from (2) was first oxidized
with 15 ml hydrogen peroxide (R&M
Chemicals 35%) in a water bath at 90
°C. After cooling, the metal released
from the organic complexes was
continuously shaken for 3 h with 1.0
M ammonium acetate (NJGH;COO)
acidified to pH 2.0 with HCI at room
temperature.

Resistant (Fraction 4): The residue
from (3) was digested in a combination
of concentrated nitric acid (AnalaR
grade, R&M Chemicals 65%) and
perchloric acid (AnalaR grade, R&M
Chemicals 70%).

o LUy

1% 200607 LY

1-23 = Sampling station
I = Easter part of Dumai
IT = Central past of Dusrai
I = “Western part of Durmai
IV = Southern part of Rupat
W = Notthern part of Rupat

Fig 1. Map of Dumai and the position of sampling stagion
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Table 1. Mean concentration of Cd in each geochemicaltitacof Dumai coastal
sediment (Concentration in pg/g d.w + SD; n = 3)

No. Station Lat. (N) Long.(E) EFLE Acid reducible O(’)‘;gzi}zle Resistant | Total (100%)
1 [Pelintung 01°40'23"  101°41'49"] 0.22£0.01 (15.18) [ 0.12+0.02 8.36) | 0.40+0.03 (28.15) | 0.69+0.24 (48.31) 1.43
2 |Guntung 01°38'35" 101°34'55"| 0.2310.02 (15.36) | 0.12+0.02 (8.08) | 0.23%0.05 (15.56) | 0.90+0.13 (60.99) 1.48
3 |Mundam 01°40'"12" 101°30'03"| 0.1240.04 8.71) | 0.10£0.05 (7.20) | 0.25+0.03 (18.46) | 0.90+0.16 (65.64) 1.38
4 |Pertamina 01°4110" 101°28'52"| 0.1420.06 (16.57) | 0.17£0.01 (20.68) | 0.16:0.01 (18.43) | 0.37+0.08 (44.31) 0.84
5  |Ferry port 01°41'15" 101°27'55"| 0.3310.09 (24.39) | 0.16£0.08 (11.60) | 0.15+0.07 (10.70) | 0.72+0.19 (53.31) 1.36
6 |cargo port 01°41'19" 101°27'03"| 0.380.02 (20.80) [ 0.09+0.01 (4.92) | 0.59+0.76 (32.61) | 0.76+0.19 (41.67) 1.82
7 |Sg Dumai 01°4121" 101°26'14"| 0.1910.05 (19.72) | 0.10£0.03 (10.43) | 0.1320.01 (13.23) | 0.56+0.34 (56.62) 0.98
8  |Dockyard 01°41'36"  101°25'38"| 0.2610.08 (25.54) | 0.07+0.04 (7.24) | 0.07+0.02 (6.49) | 0.61+0.30 (60.73) 1.00
9 |Fishing port 01°42'03" 101°24'43"| 0.20£0.01 (20.69) | 0.08+0.01 (8.05) | 0.13+0.02 (13.29) | 0.57%0.18 (57.97) 0.98
10 [|Purnama 01°42'34" 101°24'14"| 0.15£0.04 (18.10) | 0.03+0.00 (3.30) | 0.10+0.00 (12.21) | 0.55%0.35 (66.38) 0.83
11 |Sg Mesjid 01°43'41" 101°23'42"| 0.17£0.04 (16.96) | 0.07+0.02 (7.50) | 0.14+0.04 (14.31) | 0.60%0.11 (61.22) 0.98
12 |Bangsal Acch 01°44'40"  100°22'54" | 0.17£0.05 (24.87) | 0.04+0.02 (5.73) | 0.1240.02 (17.53) | 0.36%0.09 (51.87) 0.69
13 |Lubuk Gaung 01°45'36" 101°22'16"| 0.10£0.04 (11.49) | 0.05+0.03 (5.08) | 0.09+0.02 (9.88) | 0.67%0.42 (73.55) 0.90
14 |Penyembal 01°47'27" 101°21'43"| 0.14£0.03 (21.89) | 0.12+0.01 (18.55) | 0.16+0.02 (25.38) | 0.22+0.08 (34.18) 0.65
15 |Basilam Baru 01°51'26" 101°21'10"| 0.08£0.02 (10.25) | 0.10+0.03 (12.86) | 0.10+0.03 (13.76) | 0.48+0.21 (63.13) 0.76
16 |Penempul 01°59'51" 101°19'55"| 0.1210.01 (15.14) [ 0.12+0.04 (14.37) | 0.08+0.03 (9.43) | 0.50+0.14 (61.06) 0.82
17 |Terkul 0°141'04" 101°34'43"| 0.1520.01 (14.16) | 0.13£0.01 (12.10) | 0.1320.01 (12.18) | 0.64+0.13 (61.56) 1.05
18 |Batu Panjang 01°42'19" 101°30'41"| 0.1120.02 (16.40) [ 0.07+0.02 (10.69) | 0.160.01 (23.82) | 0.33+0.00 (49.09) 0.67
19 |Tg Kapal 0°143'12" 101°27'46"| 0.1120.01 (15.09) | 0.13£0.02 (17.69) | 0.06+0.00 (7.74) | 0.43+0.14 (59.48) 0.72
20 |Mombol 02°04'12" 101°28'32"| 0.2010.01 (18.82) | 0.14+0.02 (13.31) | 0.08+0.01 (7.13) | 0.64+0.34 (60.73) 1.06
21 |Pulau Babi 02°05'51" 101°33'26"| 0.1610.01 (17.80) | 0.13£0.03 (14.34) | 0.09+0.02 (9.50) | 0.54+0.18 (58.36) 0.92
22 |Tg. Medang luar 02°07'31" 101°39'10"| 0.2310.01 (22.26) [ 0.07+0.00 (7.06) | 0.17+0.10 (15.88) | 0.57+0.16 (54.80) 1.04
23 |Tg Medang dalam | 02006'37" 101°37'40"| 0.19£0.07 (21.27) | 0.05+0.03 (5.97) | 0.17+0.11 (19.33) | 0.47£0.05 (53.43) 0.87
Note : The values in parentheses represent thedinaa percentage (%)
Before the next fractionation was prepared from 1000-mg/I (BDH

carried out, the residue used for each fractiorSpectrosof) stock solution.

was weighed. The residue was rinsed with 20

To avoid possible contamination,

ml milli-Q water (18.22). It was then filtered all glassware and equipments used were
through a Whatm&hNo. 1 filter paper and the acid-soaked with 15 % HCI for at least 24
filtrate was stored until metal determination. hours and then rinsed with DDW. The
For each fraction of the sequential extractionquality of the method used was checked
procedure, a blank was employed using thewith a Certified Reference Material (CRM)
same procedure to ensure that the samples aridr Soll

chemicals used were free of contaminations.

After filtration,

acetylene

Spectrophotometer

flame

Atomic
(Perkin-Elmer

(International Atomic Energy
Agency, Soil-5, Vienna, Austria). The
the samples were agreement between the analytical results
determined for Cd, Cu and Ni by using an air—for the reference material and its certified
Absorption values for each metal was satisfactory with

Model the recoveries being about 98%, 96%, and

AAnalyst 800 series). The data are presented05 % for Cd, Cu and Ni respectively.

in pg/g dry weight basis.

calibration

sample

standards

concentrations

were

were

analyzed

Multiple-level During the period of metal analysis, a

toquality control sample was routinely run
generate calibration curves against whichthrough for every 5 — 10 samples.
calculated.
Standard solutions of Cd, Cu and Ni were
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REesuLTsAND DiscussioN

were found in Ferry Port and the lowest in

respectively. The

Batu PanjangThe EFLE fractions for Cd,

Cu and Ni ranged from 0.08 — 0.38 ug/g,
0.02 — 0.22 pg/g and 0.18 — 0.94 ug/g
The mean metal concentrations, theirrespectively. The ‘acid-reducible’ fractions

standard deviations and percentages of fouranged from 0.03 — 0.17 pg/g, 0.01 — 0.10
geochemical fractions for each station areyg/g and from 0.15 — 1.25 pg/g for Cu

presented imable 1, 2 and 3 for Cd, Cu and
Ni, respectively. The total Cd, Cu and Ni fractions for Cd ranged from 0.06 — 0.40
concentrations ranged from 0.65 — 1.82 pg/gyig/g and 0.42 — 2.57 ug/g and 2.04 — 8.21
1.84 — 13.16 pg/g and 7.68 — 17.98 ug/gug/g for Cu and Ni respectively. The
respectively. The mean concentrations of totakesijstant fraction for Cd ranged from 0.22
Cd was found to be the highest in Cargo Port. 0.90 pg/g, 0.83 — 11.37 pg/g for Cu and

‘oxidisable organic’

area and the lowest in Penyembal, whilst thefor Nj ranged from 5.20 — 11.42 pg/g.
highest mean concentrations for Cu and Ni

Table 2. Mean concentration of Cu in each geochemical ivastof Dumai coastal
sediment (Concentration in ug/g d.w + SD (n = 3)

No. [Station Lat.(N) Long®) | EFLE | Acd reducible O;‘igﬁile Resistane | Total (100%)
1 |Pelintung 01°4023"  101°41'49" |0.2220.13 (1.81) 10.09£0.00 (0.75)  [049£0.08 (4.03)  |11.37£3.72 (93.41) 1217
2 |Guntung 01°38'35"  101°34'55" |0.1540.02 (1.63)  10.05£0.00 (0.55)  [0.4210.02 (4.60) 84812.26 (93.23) 9.10
3 [Mundam 01°40"12"  101°30'03" |0.0320.01 (0.37) 10.05£0.00 (0.66)  {0.82+0.12 (10.09) | 7.23£1.67 (88.88) 8.13
4 |Pettamina 01°41"10"  101°28'52" |0.05£0.02 (0.71) 10.02£0.00 (0.35)  [1.04£0.09 (15.32) | 5.69£1.33 (83.62) 6.80
5 |Ferty port 01°41"15"  101°27'55" |0.1810.04 (1.37) 10.06£0.02 (0.49)  [2.17£0.04 (16.48) |10.7514.28 (81.66) 13.16
¢ |Cargo port 01°41"19"  101°27'03" |0.1420.02 (1.19) 10.10£0.02 (0.88)  [2.4410.86 (21.35) | 8.75+4.71 (76.58) 1142
7 |Sg Dumai 01°4121" 101°26'14" |0.1120.02 (1.26)  10.09£0.01 (1.02) ~ [2440.99 27.97) | 6.09£1.43 (69.75) 8.74
8  [Dockyard 01°41'36"  101°25'38" |0.1310.02 (1.66) 10.04£0.00 (047)  [1.42£0.11 (18.22) | 6.22£1.73 (79.65) 781
9 |Fishing port 01°4203"  101°24'43" |0.0740.03 (0.88) 10.03£0.00 (0.34)  [1.30£0.30 (17.31) | 6.12+0.88 (81.47) 751
10 |Putnama 01°42'34"  101°24'14" |0.0820.01 (1.34) 10.06£0.00 (0.98)  [1.17£0.13 (20.12) | 4.50£0.90 (77.56) 581
11 [Sg Mesjid 01°43'41" 101°23'42"|0.0320.00 (0.59) 10.07£0.01 (1.27)  [1.21£0.29 22.18) | 4.1320.67 (75.96) 544
12 |Bangsal Aceh 01°44'40"  100°22'54" |0.0540.02 (1.10) 10.07£0.01 (1.72)  {1.02£0.06 (23.37) | 3.22+0.98 (73.82) 4.36
13 [Lubuk Gaung 01°4536"  101°22'16" |0.04£0.00 (0.91) 10.01£0.00 (0.15) ~ [1.1320.01 27.09) | 3.01£0.66 (71.86) 419
14 |Penyembal 01°4727" 101°21'43" |0.0220.01 (0.31) 10.07£0.00 (1.37)  [257£0.04 (49.10) | 2.58+0.81 (49.23) 523
15 [Basilam Baru 01°51'26"  101°21'10" |0.0210.01 (0.48) 10.01£0.01 (0.28)  [1.4610.18 (38.83) | 2.2740.25 (60.42) 3,76
16 |Penempul 01°59'51"  101°19'55" |0.0420.01 (0.91) 10.03£0.00 (0.69)  [1.39£0.06 (28.63) | 3.38+0.44 (69.77) 4.85
17 |Tetkul 0°141'04"  101°34'43" |0.0420.01 (0.55) 10.09£0.00 (1.28)  [1.41£0.04 (19.57) | 5.68£1.15 (78.60) 723
18 [Batu Panjang 01°42'19"  101°30'41" |0.03£0.00 (1.74) 10.04£0.00 2.18)  {0.93£0.39 (50.71) | 0.83£0.03 (45.37) 1.84
19 |Tg Kapal 0°143'12"  101°27'46" |0.03£0.00 (0.54) 10.04£0.00 (0.69)  [1.2620.04 24.11) | 3.89£0.95 (74.67) 521
20 [Mombol 02°04'12" 101°28'32" |0.1240.01 (1.75) 10.03£0.00 (0.46)  [1.67£0.06 (23.59) | 525£1.15 (74.20) 707
21 |Pulau Babi 02°05'51"  101°33'26" |0.07£0.02 (1.28) 10.01£0.00 (0.12) ~ [1.74£0.02 (33.81) | 3.34£0.59 (64.79) 5.16
22 |Tg Medang luar — [02e07'31"  101°39'10" (0.07+0.00 (0.99) 10.05+0.01 (0.72)  |1.55+048 (22.56) | 5.2211.69 (75.74 6.89
23 |Tg Medang dalam ~ [02006'37" 101°37'40" [0.0610.04 (1.28) 10.06£0.02 (1.29)  |1.64£0.49 (36.16) | 2.78+1.00 (61.27) 454

Note : The values in parentheses represent thedinaa percentage (%)
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Table 3. Mean concentration of Ni in each geochemical foamst of Dumai coastal
sediment (Concentration in pg/g d.w + SD (n = 3)

No. [Station Lat. (N)  Long.(E) EFLE Acid reducible Ozg;?iile Resistant | Total (100%)
1 [Pelintung 014023 101°4149" [0.72£005 (3.98)  [0.2620.07 (147)  [8.212043 45.65) | 8.79£2.23 (4891) 17.98
2 |Guntung 013835" 101°3455" |0.79£0.13 (570)  [0.2420.04 (171)  [6.3720.14 (46.28) | 6.3826.10 (46.31) 1377
3 [Mundam 01°40'2" 1013003" [05240.11 (372) [0.2920.06 207)  [5.43£0.10 39.20) | 7.62£1.77 (55.00) 13.85
4 |Pertamina 01°41'10"  101°28'52"10.29£0.03 2.79)  {0.36£0.16 (3.52)  |3.2030.09 (30.98) | 647£1.68 (62.71) 10.31
5 [Ferry port 014115 1012755" |0.6510.08 (371)  [0.4020.01 231)  [4.99£1.47 (28.58)  [11.42 2.96 (65.40) 1746
6 |Cargo port 01°41'19"  101°2703"|0.31£0.06 2.47) {0.39£0.05 (3.08)  |4.2311.22(33.35) | 7.752.24 (61.10) 12,09
7S¢, Dumai 01°4121" 101°26'14" |0.18£003 (158)  [0.2420.03 210)  [3.3420.34 (28.65) | 7.8822.22 (67.67) 11.65
g [Dockyard 01°4136" 101°2538" |026£0.11 (L87)  [0.2620.11 (181)  [3.62£0.26 (25.65) | 9.9822.30 (70.66) 1412
9 [Fishing port 014203" 101°24143" |027£0.10 (1.86)  [0.4120.01 2.83)  [3.9820.05 (27.08) | 9.9421.62 (68.03) 1461
10 [Purnama 01°42'34" 101°24"14" [0.2130.08 2.01) 10242013 2.27)  |2.83+0.17 (27.09) | 7.18+1.46 (68.63) 10.46
11 Sg Mesjid 01°43'41" 101°23'42"10.2020.06 2.06) {0.16£0.10 (1.71)  |2.80+0.18 (29.20) | 6.42£1.56 (67.02) 9.58
12 |Bangsal Acch 01°44'40"  100°22'54"10.22£0.08 2.49)  [0.15£0.07 (1.62)  |2.1420.15 (23.84) | 6.48£2.09 (72.06) 9.00
13 |Lubuk Gaung 01°45'36" 101°2216" [0.2010.13 2.08)  10.19£0.02 2.07)  |2.09£0.03 (22.27) | 6.91+1.82 (73.57) 9.40
14 |Penyembal 01°4727" 101°21'43"0.75£0.09 (5.36)  {1.25£0.09 (8.96) ~ |4.6210.19 (33.15) | 7.32£2.88 (52.52) 13.93
15 |Basilam Baru 01°51'26"  101°21'10"|0.25£0.15 2.76)  {0.43£0.09 (4.78)  |2.2410.21 (2497) | 6.06£3.51 (67.49) 8.98
16 |Penempul 01°59'51"  101°19'55"|0.34£0.17 (3.01)  {0.35£0.04 (3.07)  |2.85+0.08 (25.16) | 7.80£1.12 (68.76) 11.35
17 |Terkul 0°141'04"  101°34'43" 10422002 (4.15)  {0.43£0.09 (4.28)  |3.4610.02 (34.56) | 5.71£2.98 (57.01) 10.02
18 |Batu Panjang 01°42'19"  101°30'41"0.28£0.01 3.59) [0.17£0.03 (217)  |2.0420.02 (26.59) | 5.20£0.15 (67.66) 7.68
19 |Tg. Kapal 0°143'12"  101°27'46"10.25£0.02 2.29) {0.37£0.02 (3.37)  |2.6610.01 (24.16) | 7.73£1.56 (70.19) 11.02
20 [Mombol (090412" 101°28'32" |094£001 (630)  [0.42£0.05 2.81)  [3.22£0.05 21.69) [10.2841.91 (69.20) 1485
21 [Pulau Babi 0290551" 101°3326" |0.63£0.11 (5.21)  [0.3420.06 278)  [28120.10 (23.26) | 830154 (68.74) 12.08
20 |Tg Medangluar — {opog731" 101°39'10" |057£0.13 (489)  [046£0.11 3.91) 4442170 38.15) | 6182155 (53.05) 11.65
23 |Tg Medangdalam  |opog37" 101°3740" |02200.01 2.68) [0.31£0.10 3.71)  [240£0.68 (28.64) | 5442175 (6497) 837

Note : The values in parentheses represent thedinaa percentage (%)

The comparison between resistant andport, Penyembal and Batu Panjang showed
nonresistant fractions of metals in the coastathat non resistant fractions were higher
sediments of Dumai is shown kigure 2a, 2b than resistant fractions for Cd. Meanwhile,
and 2c for Cd, Cu and Ni, respectively. higher percentages of non resistant
Resistant fractions ranged from 34.18% infractions when compared to resistant
Penyembal to 73.55% in Lubuk Gaung for Cd;fractions of Cu were found in Penyembal
from 45.37% in Pelintung to 93.41% in Batu and Batu Panjang, whilst for Ni was found
Panjang for Cu and from 46.31% in Guntungin Pelintung and Guntung. This indicated
to 73.57% in Lubuk Gaung for Ni. Metal that anthropogenic inputs of Cd, as
concentrations in sediments at most samplingepresented by nonresistant fraction,
stations were dominated by resistant fractionsoccurred in more stations as compared to
(Cd: 78.26%, Cu: 91.30% and Ni: 91.30%). Cu and Ni.

Only at stations Pelintung, Pertamina, Cargo
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The EFLE fraction contributed rather pose hazardous effects to the environment
higher portion for Cd but only a small (Morillo et al, 2004; Yapet al, 2002; 2005;
portion of the total Cu and Ni of sedimentsRamirezet al, 2005).
from all stations, suggesting poor Figure 3a, 3b and 3c compare the
bioavailabilities of these metals. Highestnon-resistant and resistant fractions in the
percentages of the fractions were found irsediments of all five sampling site groups.
dockyard station (25.54%), Pelintung Resistant fractions covered 55.28 — 58.31%
(1.81%) and Mombol (6.30%) and the lowestof the total Cd at all site groups; Cu covered
were detected in Mundam (8.71%),65.02% - 91.84% and Ni covered 50.08% —
Penyembal (0.31%) and Sungai Dumai66.88% of the total Pb at most site groups.
(1.58%) for Cd, Cu and Ni respectively. YapNone of the site group showed higher
et al. (2005) found that less than 10% of Cupercentage of nonresistant fraction which
in sediments from the west coast ofindicated that there was no significant
Peninsular Malaysia were in the EFLEanthropogenic input of Cd, Cu or Ni to the
fraction.Although the percentage of thisDumai coastal waters. Contribution of each
fraction was low when compared to the otheffraction considered in this study for each site
fractions, this is very important in group is shown inFigure 4a, 4b and 4c.
ecotoxicological point of view because this isOverall distribution of geochemical fractions
the fraction which is bioavailable to of Cd, Cu and Ni in the coastal sediments of
sediment-ingesting animals and therefore ca®umai is shown ifrigure 5.
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Within  the site groups, the than 10% of this fraction (Yapt al, 2005
percentage of Cd in the EFLE fraction (also and Ramirezt al, 2005).
known as the labile fraction) in the central Highest percentages of oxidisable
part of Dumai (site group Il) was found to be organic (bound to organic) Cd (20.72 %)
the highest (20.35%) suggesting that theand Ni (43.71 %) in site group | was
central part of Dumai is a potential source of probably due to organic matter inputs from
contamination for Cd. Higher percentages of the surrounding area. Other input may come
Cu in this fraction were found at the north from Pelintung River and also from the
part of Rupat Island (1.32%) as well as at thecentral part of Dumai (where human
east and central part of Dumai (1.27% andactivities are concentrated) which were
1.12%) compared to other stations (0.74 —carried out by the currents during high tide
0.94%). As for Cu, EFLE fractions for Ni and deposited in the eastern part of Dumai.
were also found to be higher in the north partHowever Cu was found to be highest in site
of Rupat Island and in the east part of Dumaigroup Il (33.40%) where two rivers
(4.77% and 4.47%, respectively). This (Sungai Mesjid and Sungai Buluhala) drain
indicated that the source of these metalstheir water to the coastal area. Moridbal
originated from the central and eastern part(2004) also found a higher percentage of
of Dumai coast as well as from the Straits of oxidisable fractions of the metal studied in
Malacca in the North part of Rupat Island.  stations close to the river mouth which

The acid reducible fraction found in might be related to the organic matter.
this study ranged from 3.30 - 20.68 and 0.12Higher percentages of metals in this
— 2.18% and 1.47 — 8.96 % for Cd, Cu andfraction, which related to the organic inputs
Ni, respectively. This finding is still from anthropogenic activities, have also
comparable to other studies who found lessbeen reported in other studies (Yapal,
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2003a; 2005; Cuong and Obbard, 2006).fraction contributed about 50% of the total
These metals might be associated withCu while Cd contributed 24 — 71%
several forms of organic materials and theynonresistant  fraction of the total
might occur in the forms of stable complexes concentration indicating anthropogenic
and metal sulphides particles (Tokaliogit  inputs of this metal into the Straits of
al., 2000; Morillo et al, 2004; Cuong and Malacca. Higher percentages of nonresistant
Obbard, 2006). than resistant fraction of Cd in sediments
The resistant fractions for Cd, Cu were also reported in other studies.
and Ni in coastal sediments of Dumai Nonresistant Cd contributed 50 — 70% of
covered more than 50% of total amount of the total in sediment from Spain (Morillo et
those metals and reflected that Dumai coastahl., 2004); 57% in sediment from Suez canal
sediments were not heavily contaminated.(Abd. EI-Azim and El-Moselhy, 2005); 50 —
The resistant fractions of these metals in70% in sediment from Singapore (Cuong
sediments were probably, according to Badriand Obbard, 2006) and 82% in sediment
and Aston (1983), due to natural sourcesfrom Yangtze estuary China (Fang and
such as chemical weathering of igneous andWang (2006). However, nonresistant
metamorphic rocks and decomposition of fraction for Cu and Ni contributed about 16
biota detritus. Anthropogenic inputs of these - <50% of the total Cu and Ni concentration
metals were considered to be less as theiand suggested that these mostly related to
fractions (as represented by non resistantatural origin (Yapet al.,2003b; Morilloet
fractions) were still lower than the resistant al., 2004; Abd. EI-Azim and El-Moselhy,
fractions or natural sources. Metals from 2005; Cuong and Obbard, 2006 and Fang
anthropogenic inputs according to Badri andand Wang (2006).
Aston (1983) and Yapt al (2002; 2003a) Among the three metals studied, the
were assumed to be trapped within silicatenonresistant fraction of Cd in sediment was
minerals and incorporated into the crystalline greater than Cu and Ni and the mobility of
lattice positions of the minerals and thereforethese metals, as represented by EFLE
the resistant fraction is low in biological fraction, decreased in the order of Cd > Ni >
availability. Cu. This also indicated that Cd is more
The nonresistant fractions of heavy available for exchange or released into the
metals found in the sediments were certainlymarine environment. The present finding
of much concern. Besides posing an impactwas in agreement with the previous study in
to the living organisms, this nonresistant Singapore (Cuong and Obbard, 2006).
fraction is most likely due to anthropogenic Concentrations of total metal
inputs rather than natural origins (Yapal.,  analyzed at each site group are shown in
2002). The levels of nonresistant fraction of (Table 4). The highest concentrations of all
Cd, Cu and Ni found in the sampling sites metals were found in samples from the East
could be mostly due to man-induced Dumai (site group ) with 1.43 ug/g, 9.80
activities such as shipping (sea based),ug/g and 15.20 pg/g for Cd, Cu and Ni
human settlement, industries and other oil-respectively. Stations at west part of Dumai
related activities (land based). In addition, (site group lll) being the lowest for Cd and
natural processes such as aerial depositiorCu (0.76 png/g and 4.48 pg/g) and south part
that brings small particles due to industrial of Rupat island (site group IV) was the
activities and forest fires, which are often lowest for Ni (9.57 pg/g). High
occurred in the surrounding Dumai area, concentrations of metals at the east and
should also to be taken into account. central part of Dumai was probably due to
However, the nonresistant fractions of Cd, the current direction in the Rupat Straits
Cu and Ni in the sediments of most of which bring the water mass from the
stations were considered low. Yagt al northwest to the south east in the Straits of
(2002; 2003b) reported that nonresistantMalacca during high tide. In Rupat Straits,
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the water flows from the north to the south Dumai, Sungai Mesjid and some sewer
direction, then turns eastward and meets theoutlets from the city center and oll
Malacca Straits waters again. During low refineries. Higher concentration of metals in
tide the current will move back in the Pelintung might also be attributed to the
opposite direction following the same path asrecent development of 3500 hectares
in high tide (Anonymous, 2002). The waters Pelintung Indistrial Park and the
in the centre of Dumai coastal area alsoconstruction of its 1000 m international
receive effluents from the anthropogenic harbour.

activities which were carried by Sungai

Table 4. Mean metal concentrations in coastal sedimenBumhai according to site

groups
- Metal concentration (1g/Q)
Site groups cd Cu Ni
| ( East Dumai) 1.43 9.80 15.20
Il (Central Dumai) 1.10 8.34 12.61
[l (West Dumai) 0.76 4.48 10.53
IV (South Rupat) 0.81 4.76 9.57
V' (North Rupat) 0.97 5.91 11.74

The total metal concentrations in (Nayar et al, 2004) and Sg. Buloh,
the present study were comparable to otherSingapore (Cuongt al, 2005).
studies reported in literatur@able 5). Cd In order to estimate possible
concentrations were still within the range environmental consequences of the analyzed
found in other studies. The present resultmetals at the studied sites, concentrations of
were higher than Java Sea (Everaarts, 1989)total Cd, Cu and Ni were compared to the
offshore west coast of Peninsular Malaysia Sediment Quality Guidelines of Effect
(Yap et al, 2003), Chile sandy beaches Range Low (ERL) and Effect Range
(Ramirezet al, 2005), Karachi coast (Qaet Median (ERM) as proposed by Lorg al
al., 2005), Hugli river estuary India (Sarkar (1995; 1997). The present results showed
et al, 2004), Kranji and P. Tekong Singapore that Cd concentrations in most of the
(Cuong and Obbard, 2006). However it still stations were still below the ERL value (1.2
much lower than Arabian Gulf (Shriadah, pg/g) and ERM (9.6 pg/g). Only at Station
1999), Coruga and Gaderu India (Rstyal, Pelintung, Guntung, Mundam, Ferry Port
2006), Coastal sediment India (Redstyal, and Cargo Port exceed the ERL but still
2004), Tees estuary (Jones and Turki, 1997)well below ERM value. However,
Concentrations of Cu were comparable orconcentrations of Cd in all stations were
even much lower that concentrations found above the background concentration of non-
in other geographical areg3able 4), but contaminated sediment (0.17 pg/g) as
higher than samples from Karachi coastsuggested by Salomon and Forstner (1984).
(Qori et al, 2005), Tg. Piai, Malaysia (Yap Concentrations of Cu and Ni in sediments at
et al, 2006). Ni concentrations in the present all stations were still below the ERL values
study were also comparable and lower than(34.0 pg/g and 20.9 pg/g) and the ERM
reported values in Table 4, but still higher values (270.0 pg/g and 51.6 pg/g) and even
than sample from Chile sandy beachesstill below the background concentration of
(Ramirez et al, 2005) and Karachi coast non-contaminated sediment (33 pg/g for Cu
(Qori et al, 2005), Tg. Piai, Malaysia (Yap and 52 pug/g for Ni) as suggested by
et al, 2006), Ponggol estuary, Singapore Salomon and Forstner (1984). Although
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most of the metal concentrations were still and the center part of Dumai waters where
below the ERM values, follow up monitoring most of anthropogenic activities are
should be continued, especially at the easterrconcentrated.

Table 5. Comparison of total metal (Cd, Cu and Ni) concaidns (ug/g) in coastal
sediments of Dumai with other locations

Location Cd Cu Ni Reference

Tg. Piai, Malaysia 0.72-1.19 3.43-3.81 10.10-11.00vapet al, 2006

Kranji and P. Tekong, Singapore 0.06-0.19 7.7047.9 17.10-26.10 Cuong and Obbard,
2006

Espinho/Mondego Cape, - 117.00-848.00 17.00-89.00  Vidinhgal,, 2006

Portugal

Guanabara Bay, Brazil - 2.00-18840.00 1.00-3515.5Baptista-Nitoet al.,
2006

Bristol Channel, UK 0.05-0.92 23.90-46.30 18.806P6. Duquesne et al.,
2006

Mandovy estuary, India - 11.50-77.50 - Alagarsag96

Estuarine lagoon, Puerto Rico 0.10-1.80 22.00-105.0 - Acevedo-Figueroa
et al, 2006

Suez Canal, Egypt 1.45-3.06 - 14.22-54.18  Abd. EhlAand
El-Moselhy, 2005

Taranto Gulf, Italy - 42.40-52.30 47.90-60.70 Blmro et al,
2006

Coruga and Gaderu, India 6.00-17.00 34.00-58.00 0-3500  Rayetal, 2006

Mangrove area, Singapore 0.18-0.27 7.06-32.00 71485  Cuonget al, 2005

Karachi coast, Pakistan 0.01-0.14 0.01-0.10 0.08-0. Qorietal, 2005

Danube, Serbia - 27.00 32.30 Relicetal, 2005

Sandy beaches, Chile 0.80-1.09 1259.00-1896.00 -E36&0  Ramirezet al, 2005

Ponggol estuary, Singapore 0.24 34.65 6.07 Nayaret al, 2004

Hugli river estuary, India 0.10-0.20 21.50-64.10 .5P644.50 Sarkaret all., 2004

Coastal sediment, India 8.57-45.85 85.17-312.87 .26021.50 Reddyet al, 2004

Semarang coast, Indonesia - 33.00-72.00 1.00-29.00akarinaet al, 2004

South west coast, Spain 0.19-2.50 41.00-336.00 0181000 Morillo et al, 2004

Gulf of Suez, Egypt 2.26-4.40 1.84-10.25 - El-Moselhy &
Gabal, 2004

Offshore west coast, Malaysia 0.10-1.42 0.25-13.80 - Yap et al, 2002
2003a

Intertidal west coast, Malaysia 0.03-1.98 0.40-805 - Yap et al, 2002
2003b

Sonora Coast, Mexico 0.50-2.51 1.50-27.00 - Garcia-Rico et al,
2003

Lami coast, Fiji - 5.00-1980.00 - Gangaiyeet al, 2001

Jakarta Bay, Indonesia - 3.00-128.00 17.80-36.10Villiams et al, 2000

Seberang Prai, Malaysia 0.27-4.68 9.99-63.44 - Ismail and Asmah,
1999

Patagonian Coast, Argentina Nd-7.50 2.40-20.10 - Gill et al, 1999

Tees Estuary, UK 0.30-9.80 18.00-262.00 21.00-80.000nes and  Turki,
1997

Victoria Harbour, Hong Kong 2.61-3.33 45.20-3790.00 - Wonget al, 1995

Bintulu coast, Malaysia 1.00-5.00 7.00-13.00 - Ismail, 1993

Java Sea, Indonesia 0.03-0.61 6.00-54.00 - Everaarts, 1989

Dumai coast, Indonesia 0.65-1.82 1.84-13.16 7.688L7 Present study
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Table 5. Comparison of total metal (Cd, Cu and ddizcentrations (ug/g) in coastal
sediments of Dumai with other locations

Location Cd Cu Ni Reference

Tg. Piai, Malaysia 0.72-1.19 3.43-3.81 10.10-11.00vapet al, 2006

Kranji and P. Tekong, Singapore 0.06-0.19 7.7047.9 17.10-26.10 Cuong and Obbard,
2006

Espinho/Mondego Cape, - 117.00-848.00 17.00-89.00  Vidinhgal,, 2006

Portugal

Guanabara Bay, Brazil - 2.00-18840.00 1.00-3515.5Baptista-Nitoet al.,
2006

Bristol Channel, UK 0.05-0.92 23.90-46.30 18.806P6. Duquesne et al,
2006

Mandovy estuary, India - 11.50-77.50 - Alagarsag96

Estuarine lagoon, Puerto Rico 0.10-1.80 22.00-105.0 - Acevedo-Figueroa
et al, 2006

Suez Canal, Egypt 1.45-3.06 - 14.22-54.18  Abd. EhlAand
El-Moselhy, 2005

Taranto Gulf, Italy - 42.40-52.30 47.90-60.70 Blmro et al,
2006

Coruga and Gaderu, India 6.00-17.00 34.00-58.00 0-3500  Rayetal, 2006

Mangrove area, Singapore 0.18-0.27 7.06-32.00 71445  Cuonget al, 2005

Karachi coast, Pakistan 0.01-0.14 0.01-0.10 0.03-0. Qorietal, 2005

Danube, Serbia - 27.00 32.30 Relicetal, 2005

Sandy beaches, Chile 0.80-1.09 1259.00-1896.00 -E6&0  Ramirezet al, 2005

Ponggol estuary, Singapore 0.24 34.65 6.07 Nayaret al, 2004

Hugli river estuary, India 0.10-0.20 21.50-64.10 .5P644.50 Sarkaret all., 2004

Coastal sediment, India 8.57-45.85 85.17-312.87 .263Q21.50 Reddyet al, 2004

Semarang coast, Indonesia - 33.00-72.00 1.00-29.00akarinaet al, 2004

South west coast, Spain 0.19-2.50 41.00-336.00 0161000  Morillo et al, 2004

Gulf of Suez, Egypt 2.26-4.40 1.84-10.25 - El-Moselhy &
Gabal,2004

Offshore west coast, Malaysia 0.10-1.42 0.25-13.80 - Yap et al, 2002;
2003a

Intertidal west coast, Malaysia 0.03-1.98 0.40-805 - Yap et al, 2002
2003b

Sonora Coast, Mexico 0.50-2.51 1.50-27.00 - Garcia-Rico et al,
2003
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Lami coast, Fiji
Jakarta Bay, Indonesia
Seberang Prai, Malaysia

Patagonian Coast, Argentina
Tees Estuary, UK

Victoria Harbour, Hong Kong
Bintulu coast, Malaysia
Java Sea, Indonesia

Dumai coast, Indonesia

0.27-4.68

Nd-7.50
0.30-9.80

2.61-3.33

1.00-5.00
0.03-0.61
0.65-1.82

5.00-1980.00
3.00-128.00
9.99-63.44

2.40-20.10
18.00-262.00

45.20-3790.00
7.00-13.00
6.00-54.00
1.84-13.16

- Gangaiyeet al, 2001
17.80-36.1@Villiams et al, 2000

- Ismail and Asmah,
1999
- Gill et al, 1999
21.00-80.00ones and  Turki,
1997
- Wonget al, 1995
- Ismail, 1993

Everaarts, 1989

7.68817 Present study

101* 15 0° BT

101 417607 BT

1°48 0 LU
B

* 2060 LU

1

Malacica Straits

1 —23 = Sampling station
I = Easter part of Dumai
IT = Central past of Dumai
111 = “Western part of Durmai
IV = Southern part of Rupat
W = Notther part of Rupat

Figure 1. Map of Dumai and the position of sampbitations
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