Asian Journal of Water, Environment and Pollution, Vol. 12, No. 3 (2015), pp. 23-31.

DOI 10.3233/AJW-150004

Equilibrium Partitioning Approach to Define Sediment
Quality Guideline of Some Metals in Chao Phraya
Estuary, Thailand

Thanakorn Jiwarungrueangkul!, Sirichai Dharmavanij'*,

Penjai Sompongchaiyaku

11,2

and Narumol Kornkanitnan3

"Department of Marine Science, Faculty of Science, Chulalongkorn University Phya Thai Rd., Bangkok 10330, Thailand
’Center of Excellence on Hazardous Substance Management, Chulalongkorn University Phya Thai Rd.
Bangkok 10330, Thailand
3Marine and Coastal Resources Research and Development Center (Upper Gulf of Thailand) 120/1, Village No. 6
Bangyaprak Sub-district, Mueang district, Samut Sakhon 74000, Thailand
P4 Sirichail. D@chula.ac.th

Received August 2, 2014, revised and accepted March 24, 2015

Abstract: This study aims to define numerical sediment quality guideline (SQG) based on equilibrium partitioning
approach that represents availability of metal in estuarine sediment. The labile-phase metal was used in calculating
the partition coefficient caused by remobilization of this fraction in the sediment-interstitial water system as a
result of changing physicochemical condition in sediment. In addition, the metal bound with sulphide fraction
was taken into account in calculating the SQG since this fraction is potentially available to interstitial water when
oxidation process occurs in anoxic sediment. The SQG values for Chao Phraya estuarine sediment for cadmium,
copper, lead and zinc were found in the range of 1.2-3.1, 7-105, 23-86 and 16—125 mg/kg dry weight in <63
um fraction and CaCOj, free basis, respectively. However, in order to support the calculated SQG value, toxicity
test for metal using the same sediment should be further studied.
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Introduction

The purpose of this paper is to derivate the sediment
quality guideline (SQG) for metals in estuarine sediment
by using equilibrium partitioning (EqP) approach. This
approach is a theoretically-based SQG that attempts to
account for bioavailability of chemicals in sediment
(McCauley et al., 2000; Burton, 2002). For metal, it
is essential that only metal in labile fraction that is
bioavailable metal must be considered in assessing the
sediment toxicity. Since, it can be uptaken by benthic
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organisms and can cause an adverse biological effect
(Ankley et al., 1994).

The EqP approach is based on the several assumptions
as follows: (1) the sediment toxicity is principally
contorted by chemicals in interstitial water; (2) the
sensitivity of both benthic organisms and pelagic
organisms to chemicals is similar, thus the water
quality criteria is used to define the acceptable effects
concentration of chemicals in interstitial water; and
(3) the partitioning of chemicals between sediment
and intestinal water can be expressed as the partition
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coefficient at equilibrium (Shea, 1988; Di Toro et al.,
1991). The general formula in calculating the SQG
based on EqP approach is shown in Eq. 1.

SQG = K, x WQC (M

where SQG is sediment quality guideline (mg/kg dry
wt.), K, is partition coefficient (I’kg), and WQC is water
quality criteria (mg/1).

The partition coefficient can be directly calculated
from the metal concentration in sediment divide
by the metal concentration in interstitial water. In
practical, the sediment is extracted for analysis of
the metal concentration. The difference in extraction
methods (both extractants and experimental conditions)
employed in extracting the metal in sediment will give
difference in degree of metal concentration and thus
lead to the difference in K, value.

However, in this study it was decided that the
metal concentration in sediment to be used for the K,
calculation should be the labile-phase metal because this
phase can be remobilized into the sediment-interstitial
water system by the changes in physicochemical
properties of sediment such as redox potential, pH,
salinity, etc. (Calmano et al., 1993; Filgueiras et al.,
2002). The labile-phase metal mentioned here is the
metal associated in non-residual fractions namely
exchangeable cation, Fe-Mn oxides and organic matter
(Salomons and Forstner, 1984; Chester et al., 1985; and
Salomons, 1995).

In order to extract the labile-phase metal from
sediment, the 25% (v/v) HOAc was tested in extracting
the metal from non-residual fraction against three
extractants namely 0.01 M CaCl, (Houba et al., 2000),
0.05 M EDTA (Fangueiro, 2002) and 1 M HCI (Snape
et al., 2004). It was found that the 25% (v/v) HOAc
extractant is the most effective amongst the three
in extracting the metal from non-residual fraction.
Moreover, Loring and Rantala (1992) reported that
the 25% (v/v) HOAc will extract metals in easily
exchangeable, amorphous of Fe-Mn oxides, carbonate
and metal weakly held in organic matter fractions,
without disturbing silicate lattices, resistant iron
and manganese minerals, and organic compounds.
Therefore, the 25% (v/v) HOAc extractant was used to
extract the labile-phase metal from sediment.

In addition, the calculation of SQG value in this study
does consider the metals bound with sulphide since
it can be released from sediment to interstitial water
and being available to benthic organisms, as shown in

Eq. (2). However, this formula assumed that the kinetic
of metal sulphide oxidation is rapid and completely
occurs during re-oxidation of anoxic sediment.

SQG = K, x WQC + M, )

where SQG is sediment quality guideline (mg/kg dry
wt.), K, is partition coefficient (I’kg), WQC is water
quality criteria (mg/l), and M, is metal bound with
sulphide (mg/kg dry wt.).

In general, the sulphide is usually important in
biogeochemical process of estuarine sediment due to
its supply from seawater in sulphate form. The sulphate
in seawater is classified as a major ion, which is found
at 7.7% (w/w) of total dissolved ions or 0.0282 mol/
kg of seawater (Libes, 1992). Under anoxic sediment,
the sulphide will be generated via sulphate reduction
process. Therefore, most of anoxic estuarine sediment
contains relatively high amounts of sulphide (Elderfield
and Hepworth, 1975). It is well known that sulphide
plays an important role in controlling speciation of metal
in sediment-interstitial water system (Lee et al., 2000).

In anoxic estuarine sediment, sulphide is primarily
bound with metals and also formed insoluble metal
sulphide, which results in a loss of dissolved metals
from interstitial water. However, re-oxidation processes
in sediment may occur, if anoxic sediment is exposed
and oxidized (Lin and Morse, 1991; Petersen et al.,
1997) through bioturbation, tides, storms, bottom
trawling, dredging activities, etc. These processes can
induce sediment re-suspension resulting in oxidation
of sediment, which lead to release of dissolved metals
into interstitial water. The study of Cooper and Morse
(1996) has reported that up to 90% of metals bound with
sulphide can be oxidized within one day of exposure to
oxic condition. Consequently, the re-oxidation processes
cause the transformation of insoluble metal sulphide to
dissolved metals in interstitial water.

Methods

Sampling Sites and Samples Collection

The sampling site was located at the Chao Phraya river
mouth, Samut Prakarn province, Thailand (Figure 1).
Five sediment samples were collected on March 9, 2011
by using push corer made from Plexiglas® (acrylic)
with an inner diameter of 6.4 cm and length of 70
cm. For each sediment core sample, a top 30 cm of
sediment and a 30 cm water column over the sediment
surface was collected. The top-end of the corer was
immediately sealed with plastic bag. A Superlene Nylon
6 (polyamide) plug was inserted into the bottom-end
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Figure 1: Sampling site at the Chao Phraya river mouth,
Samut Prakarn province.

of the core to hold the sediment. The sediment core
samples were stored in an ice box. The cores were held
up-right in a vertical position after sampling and during
transportation back to the laboratory. In the laboratory,
these sediment cores were stored in the dark at 4 °C
in refrigerator.

Subsampling and Interstitial Water Extraction of
Sediment from Sediment Core Samples

After storing in the dark at 4°C for 21 days until
equilibrated, the top 20-cm sediment in the core sample
was subsampled into four layers of 5 cm thickness
inside a nitrogen glove box to avoid oxidation of anoxic
sediment (Bufflap and Allen, 1995). Each sediment
subsample was measured for its redox potential (Eh)
with a Platinum Combination Redox Electrode (Thermo
Orion 290A), and was divided into two portions. The
first portion of sediment (approximate 10 g) was kept
in a sealed plastic bag and stored at 4 °C for analyzing
acid volatile sulphide (AVS) and simultaneously
extracted metals (SEMs). The remaining wet sediment
portion was placed into a 50-ml polyethylene centrifuge
bottle for extracting of interstitial water, which was
centrifuged at 3500 relative centrifugal forces (RCF)
(approx. 3900 rounds per minutes) for 30 minutes
at room temperature. The extracted interstitial water
was in-line filtered using the polypropylene syringe
through the 0.45 pm, acid-cleaned Nuclepore® filter
membrane under the oxygen-free atmosphere. The
filtered interstitial water was immediately adjusted pH to
<2 with concentrated sub-boiling distilled HNO, before
storing for further analysis. After centrifugation, the

sediment samples (solid phase) were freeze-dried until
dryness (approx. 24 hours) before storing in labelled
plastic bag for further analysis.

Laboratory Analysis

Freeze-dried sediment was analyzed for their
characteristics (i.e., grain size composition, organic
matter, and calcium carbonates) and was extracted for
the labile-phase metal. To ensure that a portion taken
for analysis represents the sediment sample, each dried
sediment sample was homogenized by using coning and
quartering technique (Gerlach et al., 1990).

Analysis of grain size composition of sediment
was performed by sieve-pipette method after pre-
treatment sample to remove organic matter and calcium
carbonate (Beuselinck et al., 1998). Determination of
organic carbon content in sediment was done using the
Walkley-Black method (Loring and Rantala, 1992).
Calcium carbonate content in sediments was analyzed
by the acid-base titration method as described by
Sompongchaiyakul (1989).

The labile-phase metal in sediment was extracted by
25% (v/v) HOAc (Loring and Rantala, 1992). Sample of
the freeze-dried sediment (0.8 g) was extracted for six
hours with 10 ml of 25% (v/v) HOAc. After six hours,
the solution and sediment was separated by centrifuging
at 3500 RCF for 30 minutes at room temperature. The
clear supernatant was poured and made up the volume
to 10 ml with Milli-Q water. The concentration of labile-
phase metal was determined by graphite furnace atomic
absorption spectrophotometry (GFAAS) for Cd, Cu and
Pb and by flame furnace atomic absorption spectrometry
(FAAS) for Zn.

The interstitial water sample was pre-concentrated
by using the Cobalt-APDC co-precipitation method
(modified from Boyle and Edmond, 1977). The
interstitial water (5 ml) volume was made up to 40
ml with Milli-Q water. High-purity NH,OH solution
was added to adjust pH ~3. The co-reagent 2.00 ml
and 2% APDC reagent 2 ml were added and shaken
for one minute and then left at room temperature for
30 minutes. After 30 minutes, sample was centrifuged
at 3500 RCF for 30 minutes at room temperature. The
precipitated colloid on bottom of centrifuge tube was
washed with 30 ml of Milli-Q water and centrifuged at
3500 RCF for 30 minutes at room temperature again.
The concentrated nitric acid 65% Suprapur® for trace
analysis (Merck) was added 300 pl to re-dissolve a
precipitate colloids and made up the volume to 5 ml
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by Milli-Q water. The pre-concentrated interstitial water
sample was kept for 24 hours before determination of
Cd, Cu, Pb and Zn by GFAAS.

The wet sediment was extracted to determinate the
AVS and SEMs by using the cold-acid purge-and-trap
method (Allen et al., 1991). Approximately 10 g of
wet sediment was extracted with 1 M HCI and purged
with nitrogen gas for one hour. The sulphide which was
trapped in 0.5 M NaOH solution (AVS) was determined
by colorimetric method. After releasing AVS, the
acidified sediment sample was filtered through GF/C
filter. The metal solubilized from the sediment in acid
condition (SEMs) was determined by GFAAS for Cd,
Cu and Pb; and by FAAS for Zn.

Results and Discussion
After subsampling of sediment core samples, redox

potential (Eh) was measured immediately. Moisture was
taken from the difference of the weight before and after

freeze dried. The characteristics of sediment include
grain size composition, organic compound content and
calcium carbonate content which are reported in Table 1.

In general, the concentration of metal in sediment
will depend on characteristics of sediment. For example,
Forstner and Wittmann (1981) reported that the metal
concentration tends to decrease with increasing grain
size in sediment. Another study, Chester and Voutsinou
(1981), reported that calcium carbonate content plays
an important role of the “dilution” affecting the metal
concentration especially in marine sediment. Therefore,
in order to reduce the sediment characteristics effect in
reporting the metal concentration in sediment and help
in better inter-comparison of results, both fine grain
sediment fraction (<63 um) and calcium carbonate
content was recommended as a primary reference for
normalization of metal in estuarine sediment (Chester
and Voutsinou, 1981; Loring, 1991; Szava-Kovats,
2008).

Table 1: Sedimentological and geochemical characteristics of core sediments collected from the
Chao Phraya River mouth on 9 March 2011

Size composition (%)

Stations Layers Eh Moisture Somd il h ocC CaCO;,
(cm) (m¥) (%) Y (%) (%0)
(>63 um)  (2-63 um) (<2 um)
1 0-5 -96.0 43 27 49 24 0.70 1.12
5-10 -108.0 32 56 27 17 0.40 1.29
10 - 15 -130.8 32 42 40 18 0.53 1.60
15-20 -151.4 31 41 37 22 0.76 2.06
2 0-5 -141.6 34 27 53 20 0.43 1.91
5-10 -188.9 37 35 44 21 0.82 1.57
10 - 15 -241.6 37 35 48 17 0.83 1.32
15-20 -255.4 31 24 51 25 1.01 1.34
3 0-5 -19.9 50 26 52 22 0.95 1.73
5-10 -88.0 45 28 68 4 1.05 2.20
10 - 15 -76.6 42 33 53 14 0.89 8.61
15-20 -96.0 43 27 50 23 1.03 3.47
4 0-5 -94.0 31 71 26 0.36 3.23
5-10 -117.3 32 8 69 23 0.58 5.25
10 - 15 -131.0 38 70 28 0.78 433
15-20 -189.3 33 2 66 32 0.97 4.39
5 0-5 -89.5 73 67 12 21 1.66 3.70
5-10 -79.2 60 56 20 24 1.27 7.76
10 - 15 -130.1 55 29 43 28 1.23 3.62
15-20 -130.3 56 23 57 20 1.44 3.28
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Calculation of Partition Coefficient for Metals

The K, for metal was calculated by dividing the metal
concentration in sediment, extracted by using 25%
(v/v) HOAc and also calculated on the basis of size
normalization (<63 pum) and carbonate-free basis, with
the metal concentrations in the interstitial water. The
metals concentration in sediment and in interstitial
water; and the K, are reported in Table 2.

From Table 2, it is found that the K|, value of each
sediment core in depth is different. In general, the
variation of the K seems to be related to the natural
variability in sediment characteristics because these
factors exert strong influence on chemicals concentration
both in sediment and interstitial water. Thus, some data
group of Ky may have orders of magnitude differences,
even for a single metal (US-EPA, 2005).

Calculation of Metals Bound with Sulphide
One of the important factors in calculating the SQG
for metal in this study is metal bound with sulphide.

The M, value was calculated from reaction of metal
sulphide from the analysis of AVS and SEMs (Eq. 3),
as modified from Allen et al. (1993).

MS + 2H* o M2 + H,S 3)

where MS is metal sulphide; 2H" is purged gas; M?" is
metal in SEMs faction; and H,S is hydrogen sulphide
(AVS).

From the AVS and SEMs analysis, the AVS is
operationally defined as sulphide that forms into
hydrogen sulphide (H,S) under the acid condition of
mixing sediment with 1 M HCI (acidification step).
Whereas, the SEM is operationally defined as metal that
bind mole to mole with sulphide (includes FeS and MS).
The metal in SEMs fraction is dissolved in acidification
step (M?") (Allen et al., 1991). The concentration of
AVS and SEMs (after normalized with fine grain size of
sediment and CaCOj free basis) in sediment subsamples
are reported in Table 3.

Table 2: Concentration of metals in sediment and interstitial water; and the partition coefficient of metals

Stations Layers CS CIW Kp
(cm) Cd Cu Pb Zn Cd Cu Pb Zn Cd Cu Pb Zn
1 0-5 55 11,260 4,832 98,506 0.122 2.51 0.67 42.57 451 4487 7202 2314
5-10 72 21,692 9,784 156,009 0.155 2.51 0.55 87.45 464 8,637 17,698 1,784
10-15 58 17,884 8,338 116,350 0.176 1.64 0.48 76.65 327 10,916 17,365 1,518
15-20 73 23,443 9,479 106,057 0.163 0.75 0.40 49.23 446 31,092 23,758 2,155
2 0-5 44 4788 2,655 48,268 0.186 2.29 0.86 75.48 237 2,091 3,104 639
5-10 70 7,485 3,875 71,745 0.134 093 1.28 37.76 524 8,091 3,035 1,900
10-15 82 8337 3,823 77,806 0.174 094 1.53 62.85 469 8,895 2,498 1,238
15-20 69 6,791 3,980 65,116 0.133 1.95 0.58 87.73 518 3,489 6,900 742
3 0-5 61 3,606 3265 34,245 0.180 3.17 130 65.15 340 1,136 2,508 526
5-10 71 3,585 4,337 30,351 0.151 0.78 0.63 68.12 468 4,611 6,831 446
10-15 69 4,035 5573 33291 0225 1.38 1.29 88.93 308 2,929 4323 374
15-20 76 3,149 5,659 27,481 0.126 246 1.02 52.66 601 1,280 5,527 522
4 0-5 68 4,413 8273 119,154 0.194 1.53 190 63.47 351 2,885 4343 1,877
5-10 79 3471 9,406 66,935 0.099 0.68 0.41 6826 797 5,095 22,953 981
10-15 66 2953 4,694 30,612 0.126 093 1.27 50.07 526 3,158 3,706 611
15-20 60 3260 5,138 27851 0.113 3.42 224 51.59 529 952 2292 540
5 0-5 68 2,884 3379 14,412 0.168 3.36 0.83 33.28 404 860 4,053 433
5-10 72 1,930 4,993 14,968 0.141 1.11 0.60 30.82 511 1,747 8378 486
10-15 96 1,751 4,993 8,871 0.337 1.20 0.69 50.51 284 1,463 7,278 176
15-20 42 1,725 5245 10292 0.107 4.12 1.13 82.13 396 419 4,654 125

Cy: Metals concentrations in sediments (ug/kg dry wt. in < 63 um fraction and free CaCO, basis)
C,y: Dissolved metals concentrations in interstitial water (ug/l)

K, Partition coefficient of metals (I/kg)
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Table 3: Concentration of acid volatile sulphide, simultaneously extracted metals and the metals
bound with sulphide values

Stations e AVS  AVS/5 SEMs Mars
(cm) cd Cu Pb ZIn Cd Cu Pb Zn

1 0-5 067  0.13 0.0007 0.51 0.12 3.82 008 85 249 87
5-10 0.66  0.13 0.0007 047 0.19 4.69 008 84 272 8.6
10-15 135 027 0.0006 030 0.13 2.96 007 172 278 177
15-20 132 026 0.0005 035 0.14 2.72 006 167 282 172

2 0-5 087  0.17 0.0003 0.07 0.04 1.05 004 11.0 79 113
5-10 1.50  0.30 0.0007 0.23 0.08 2.55 008 190 168 196
10-15 124 025 0.0009 035 0.08 2.58 0.10 157 162 162
15-20 142 028 0.0009 040 0.08 3.49 0.10 181 173 186

3 0-5 0.04  0.01 0.0007 049 0.10 1.56 008 05 18 0.6
5-10 1.74 035 0.0008 0.27 0.08 1.52 009 221 17.0 22.8
10-15 1.14 023 0.0008 021 0.11 1.88 009 146 223 150
15-20 151 030 0.0008 0.12 0.07 1.82 009 192 151 19.8

4 0-5 0.09  0.02 0.0010 026 0.15 6.20 011 1.1 35 1.1
5-10 0.67  0.13 0.0009 045 0.11 3.73 0.10 85 233 88
10-15 069 0.14 0.0007 029 0.09 1.92 008 88 182 9.1
15-20 095 0.19 0.0008 025 0.10 1.57 009 120 214 124

5 0-5 0.03  0.01 0.0011 033 0.10 143 012 04 1.1 04
5-10 221 044 0.0013 0.19 0.07 1.27 0.15 28.1 141 289
10-15 053 0.1 0.0006 021 0.08 1.12 007 67 157 69
15-20 108 022 0.0006 041 0.08 121 007 137 172 14.1

AVS: Acid volatile sulphide (mmols-S*/kg dry wt.)

SEMs: Simultaneously extracted metals (mmols/kg dry wt. in <63 pm fraction and free CaCO;)
M ,,: Metals bound with sulphide (mg/kg dry wt. in <63 pm fraction and free CaCOj)

The calculation of M, is based on the assumption
as follows: (1) oxidation kinetic of M,y in anoxic
sediment occurs rapidly and completely, and (2)
competitive ability of each metal to binding with
sulphide is equal. Therefore, amount of sulphide mole
that bond with each metal, was calculated from the
total molar of AVS divided by the number of metals
bound with sulphide which is five. Since, five metals
(Cd**, Cu?*, Ni**, Pb*" and Zn?") are common metals
that bound with sulphide in the sediment, these can be
found in SEMs fraction (Di Toro et al., 1992; Allen,
1993). Based on the above principle, the M, for Cd,
Cu, Pb and Zn is reported in Table 3.

Numerical Sediment Quality Guideline

In this study, the SQG values were calculated following
the Eq. 2 by using the K, (Table 2) and the M, (Table
3). The adopted WQC was from the Thai coastal water
quality standards for Cd (5 pg/l), Cu (8 ug/l), Pb (8.5

pug/l) and Zn (50 pg/l), published in the Thai Royal
Government Gazette Vol. 124, Part 11, dated February
1, B.E.2550 (Thai Royal Government Gazette, 2007).

The SQG values for Cd, Cu, Pb and Zn are illustrated
in Figure 2. The SQG values of Cd, Cu, Pb and Zn
were found in a range of 1.2—4.1, 7-265, 23-230 and
16-125 mg/kg dry wt. in <63 pm fraction and CaCO,
free basis, respectively. However, some of the SQG
values were clustered to the outlier and the far-outlier
of data group by using box-plot model (Figure 2). In
order to report the SQG values that represented most of
the data group, the outlier and far-outlier value of data
will not be brought into consideration. Consequently,
the SQG values for Cd, Cu, Pb and Zn for the Chao
Praya river mouth sediment after removal of the outlier
and far-outlier values were in a range of 1.2-3.1, 7-105,
23-86 and 16-125 mg/kg dry wt. in <63 pm fraction
and CaCOj free basis, respectively.



Equilibrium Partitioning Approach to Define Sediment Quality Guideline 29

307

257

207

157

3QG value for Cd
(mg kg™' dry wt. in <63um fraction and CaCQ, free basis)

107

==

300

250

-200

~150

100

(siseq eeJy S0OBO pue uojoed wrggs Ul m Alp |.By Bw)
UZ pue g4 'ng Joy enjea oS

"0

1 I
Cadmiun Copper

I 1
Lead Zinc

Figure 2: Sediment quality guideline for Cd, Cu, Pb and Zn for Chao Praya river mouth sediment showing a

box-plot comparison of median and range among metals (the horizontal line in the box means median (or 50

percentile), the upper and lower lines outside the box refer to 75™ and 25" percentiles (so-called interquartile
range; IQR), filled circle and star refer to outlier (1.5 IQR) and far-outlier (3 IQR) of data).

From the results of the SQG values, in order to
estimate adverse biological effects for benthic organism,
it is necessary to compare the maximum SQG value
with toxicity level on the benthic organism. To date,
the data of sediment toxicity on benthic organism is not
established in Thailand. Thus, in this study, the toxicity
data of amphipod (Melita plumulosa) reported by King
et al. (2006) is chosen to compare with the maximum
SQG value (Table 4). It was found that the maximum
SQG values were about 10 to 50-fold lower than the
levels that cause toxic to M. plumulosa. This may be
due to two reasons. Firstly, sediment toxicity testing
for metals were likely to be overestimated due to metal
strongly bound with sediments. This process leads to a
loss of metal toxicity (Simpson et al., 2004).

Secondly, the WQC values being used in the
calculation of SQG value may not reflect toxicity
on benthic organism. Moreover, different country
established different WQC. For example, recommended
water quality criteria of chronic toxic for seawater in
USA for Cd, Cu, Pb and Zn is 8.8, 3.1, 8.1 and 81 ug/L,
respectively (US-EPA, 2009), while in Thailand, the
water quality criteria for Cd, Cu, Pb and Zn is 5, 8, 8.5
and 50 pg/L, respectively. The WQC value that does

not reflect toxicity on benthic organism or the difference
of WQC value can lead to under or over estimation of
sediment toxicity. This may be a disadvantage of the
EqP approach in calculating the SQG value.

Conclusions

One of the important tools in assessing the contaminated
sediment that affects benthic organisms is the SQG.
The difference of SQG worldwide depends on
methodological approaches and physicochemical
properties of sediment. Thus, the SQG value should
be established specifically for local sediment. The
SQG calculation for metal should be considered only
the labile-phase metal in sediment because it will
relate with sediment toxicity. The EqP approach is a
theoretically-based SQG that attempts to account for
bioavailability of chemicals in sediment. Therefore, the
EqP approach is believed to be the most appropriate
approach in predicting potentiality for adverse effects on
benthic organisms. However, the SQG should be studied
coupled with sediment toxicity test for local sediment,
since benthic organisms in different area may adapt to
tolerant to different toxicity level.
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Table 4: Sensitivity of amphipod (Melita plumulosa) to contaminant-spiked sediments
(modified from King et al. (2006))

Life stage Metals Effect Concentration of metal in
sediment (mg/kg dry wt.)
Adult Cd Lethal concentration fifty > 260
No observable effect concentration 260
Cu Lethal concentration fifty 1,310
No observable effect concentration 520
Pb Lethal concentration fifty > 3,560
No observable effect concentration 3,560
Zn Lethal concentration fifty > 9,040
No observable effect concentration 2,290
Juvenile Cd Lethal concentration fifty 1,630
(no feeding) No observable effect concentration 620
Cu Lethal concentration fifty 790
No observable effect concentration 460
Pb Lethal concentration fifty 1,980
No observable effect concentration 580
Zn Lethal concentration fifty 1,790
No observable effect concentration < 2,290
Acknowledgement A proposed approach. Environmental Management, 18(3):

This research was funded by the 90" Anniversary of
Chulalongkorn University fund (Ratchadaphiseksomphot
Endowment Fund) from College Graduate. We thank
Department of Marine Science, Faculty of Science,
Chulalongkorn University for laboratory support; and
Marine and Coastal Resource Research Center, The
Upper Gulf of Thailand, Samut Sakhon province for
sampling support.

References

Allen, H.E. (1993). The significance of trace metal speciation
for water, sediment and soil quality criteria and standards.
The Science of the Total Environment, 134: 23-45.

Allen, H.E., Fu, G., Boothman, W., Ditoro, D.M. and I.D.
Mahony (1991). Determination of volatile sulfide (AVS)
and simultaneously extracted metals (SEMs) in sediment.
EPA-821-R-91-100. Office of Research and Development
Washington, DC.

Ankley, G.T., Thomas, N.A., Di Toro, D.M., Hansen, D.J.,
Mahony, J.D., Berry, W.J., Swartz, R.C., Hoke, R.A.,
Wayne Garrison, A., Allen, H.E. and C.S. Zarba (1994).
Assessing potential bioavailability of metals in sediments:

331-337.

Beuselinck, L., Govers, G., Poesen, J., Degraer, G. and L.
Froyen (1998). Grain-size analysis by laser diffractometry:
Comparison with the sieve-pipette method. Catena, 32:
193-208.

Boyle, E.A. and J.M. Edmond (1977). Determination of
copper, nickel, and cadmium in seawater by APDC
chelate co-precipitation and flameless atomic absorption
spectrophotometry. Analytica Chimica Acta, 9: 189-197.

Bufflap, S.E. and H.E. Allen (1995). Comparison of pore
water sampling techniques for trace metals. Water
Resource, 29(9): 2051-2054.

Burton, G.A. Jr. (2002). Sediment quality criteria in use
around the world. Limnology, 3: 65-75.

Calmano, W., Hong, J. and U. Forstner (1993). Binding and
mobilisation of heavy metals in contaminated sediments
affected by pH and redox potential. Water Science and
Technology, 28: 223-235.

Chester, R., Kudoja, W.M., Thomas, A. and J. Towner (1985).
Pollution reconnaissance in stream sediment using non-
residual traces metals. Environmental Pollution Series B,
Chemical and Physical, 10(3): 213-238.

Chester, R. and E.G. Voutsinou (1981). The initial assessment
of trace metal pollution in coastal sediments. Marine
Pollution Bulletin, 12(3): 84-91.

Cooper, D.C. and J.W. Morse (1996). The chemistry of
Offatts Bayou, Texas: A seasonally highly sulfidic basin.
Estuaries, 19: 595-611.



Equilibrium Partitioning Approach to Define Sediment Quality Guideline 31

Di Toro, D.M., Mahony, J.D. and D.J. Hansen (1992). Acid
volatile sulfide predicts the acute toxicity of cadmium
and nickel in sediments. Environmental Science and
Technology, 26: 96-101.

Di Toro, D.M., Zarba, C.S., Hansen, D.J., Berry, W.J.,
Swartz, R.C., Cowen, C.E., Pavlou, S.P., Allen, H.E.,
Thomas, N.A. and P.R. Paquin (1991). Technical basis for
establishing sediment quality criteria for nonionic organic
chemicals using equilibrium partitioning. Environmental
Toxicology and Chemistry, 10: 1541-1583.

Elderfield, H. and A. Hepworth (1975). Diagenesis metals
and pollution in estuaries. Marine Pollution Bulletin,
6(6): 85-87.

Fangueiro, D., Bermond, A., Santos, E., Carapuca, H. and
A. Duarte (2002). Heavy metal mobility assessment in
sediments based on a kinetic approach of the EDTA
extraction: Search for optimal experimental conditions.
Analytica Chimica Acta, 459: 245-256.

Filgueiras, A.V., Lavilla, 1. and C. Bendicho (2002).
Chemical sequential extraction for metal partitioning in
environmental solid samples. Journal of Environmental
Monitoring, 4: 823-857.

Forstner, U. and G.T.W. Wittmann (1981). Metal Pollution
in the Aquatic Environment. 2 ed. Springer-Verlag, New
York.

Gerlach, R.W., Dobb, D.E., Raab, G.A. and J.M. Nocerino
(1990). Sampling theory in environment studies. 1:
Assessing soil splitting protocols. Journal of Chemometrics,
16: 321-328.

Houba, V.J.G., Temminghoff, E.J.M., Gaikhorst, G.A. and
W.V. Vark (2000). Soil analysis procedure using 0.01 M
calcium chloride as extraction reagent. Communications
in Soil Science and Plant Analysis, 31(9&10): 1299-1396.

King, C.K., Gale, S.A., Hyne, R.A., Stauber, J.L., Simpson,
S.L. and C.W. Hickey (20006). Sensitivities of Australian
and New Zealand amphipods to copper and zinc in waters
and spiked sediments. Chemosphere, 63: 1466—1476.

Lee, B.G., Lee, J.S., Luoma, S.N., Choi, H.J. and C.H.
Koh (2000). Influence of acid volatile sulfide and
metal concentrations on metal bioavailability to marine
invertebrates in contaminated sediments. Environmental
Science and Technology, 34: 4517-4523.

Libes, S.M. (1992). An introduction to marine biogeochemistry.
John Wiley & Sons, Inc., New York.

Lin, S. and J.W. Morse (1991). Sulfate reduction and iron
sulfide mineral formation in Gulf of Mexico anoxic
sediments. American Journal of Science, 291: 55-89.

Loring, D.H. (1991). Normalization of heavy metal data
from estuarine and coastal sediments. Journal of Marine
Science, 48: 101-115.

Loring, D.H. and R.T.T. Rantala (1992). Manual for the
geochemical analyses of marine sediments and suspended
particulate matter. Earth Science Review, 32: 235-283.

McCauley, D.J., DeGraeve, G.M. and T.K. Linton (2000).
Sediment quality guidelines and assessment: Overview
and research needs. Environment Science and Policy, 3:
133-144.

Petersen, W., Willer, E. and C. Willamowski (1997).
Remobilization of trace elements from polluted anoxic
sediments after resuspension in oxic water. Water, Air and
Soil Pollution, 99: 515-522.

Salomons, W. and Forstner, U. (1984). Metals in the
Hydrocycle. Springer-Verlag, Tokyo.

Salomons, W. (1995). Environmental impact of metals
derived from mining activities: Processes, predictions,
prevention. Journal of Geochemical Exploration, 52: 5-23.

Shea, D. (1988). Developing national sediment quality
criteria. Environmental Science and Technology, 22(11):
1256-1261.

Snape, 1., Scouller, R.C., Stark, S.C., Stark, J., Riddle,
M.J. and D.B. Gore (2004). Characterisation of the
dilute HCI extraction method for the identification of
metal contamination in Antarctic marine sediments.
Chemosphere, 57: 491-504.

Sompongchaiyakul, P. (1989). Analysis of chemical species
for trace metals in near-shore sediment by sequential
leaching method. Master’s Thesis. Department of Marine
Science, Faculty of Science, Chulalongkorn University.

Simpson, S.L., Angel, B.M. and D.F. Jolley (2004). Metal
equilibration in laboratory contaminated (spiked)
sediments used for the development of whole-sediment
toxicity tests. Chemosphere, 54: 597-609.

Szava-Kovats, R.C. (2008). Grain-size normalization as a
tool to assess contamination in marine sediments: Is the
<63 um fraction fine enough? Marine Pollution Bulletin
56: 629-632.

Thai Royal Government Gazette (2007). Thai coastal
water quality standards Notification of the National
Environmental Board, No. 27, B.E. 2549 (A.D. 2000),
issued under the Enhancement and Conservation of
National Environmental Quality Act B.E.2535 (A.D.
1992), Royal Government Gazette, Vol. 124, Part 11d,
dated February 1, B.E.2550 (A.D. 2007).

US-EPA (2005). Partition coefficients for metals in surface
water soil and waste. EPA/600/R-05/074. United States
Environmental Protection Agency. Washington, DC.

US-EPA (2009). National recommended water quality criteria.
4304T. United States Environmental Protection Agency.
Washington, DC.



Asian Journal of Water, Environment and Pollution

Volume 12 Number 1 January — March, 2015
Contents

Editorial i

U Snapshot i

Lignin and Isotope Signatures in Pollen: A Caveat of Lignin Phenol Biomarker for Reconstructing
Paleovegetation
Shafi M. Tareq and Keiichi Ohta 1
Evaluation of Land Use Change in the Upstream of Ciliwung Watershed to Ensure
Sustainability of Water Resources
Kholil and Indarti Komala Dewi 11
Understanding of Chemical Speciation of Lead, Zinc and Copper in Vertical Profile of the
Sediments of the Brahmaputra River, Assam, India
Pallavi Das, Kali Prasad Sarma and Manish Kumar 21
Performance of Mesophilic Biofilter for the Treatment of Ethyl Benzene Polluted Air: Effect
of Process Parameters
Rajamohan Natarajan, Jamila Al-Sinani and Saravanan Viswanathan 29
A Comparative Study on the Bioaccumulation of Cr** and Cr*® by an Emergent Macrophyte
Scirpus mucronatus
Donboklang Marbaniang and S.S. Chaturvedi 37
Two-dimensional Simulation of Nitrate Transport in an Agriculture-intensive Region
Morteza Mohsenipour, Hamid Asgari, Shamsuddin Shahid, Sahar
Hadipuor and Peiman Roushenas 45
Bioaccumulation of Heavy Metals in Plants near Mining and Non-Mining Areas
Bably Prasad, Dhiraj Kumar, Priyanka Sinha, Rashmi Kumari,
Sadhna Singh and Shilpi Swati 53
Vegetational Diversity and Community Level Analysis in a Landfill Site for Solid Waste
Disposal
Seema Manwal and S.P. Joshi 61
Trends in Antimicrobial Resistance of Bacterial Isolates Circulating in Sewage Waters of
Region over a Period of 14 Years

Arshi Malik, Fatima Khan, Meher Rizvi, Indu Shukla, Sarah Afaq and Asfia Sultan 69
U Short Notes
Green Revolution in India: Environmental Degradation and Impact on Livestock
Saidur Rahman 75
BOD Approximation for Common Effluent Treatment Plant Using ANN
Monika Vyas, Bharat Modhera and Anil Sharma 81

Environment News Futures 91




