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Abstract: Sediments were collected from cight stations in Jinhac Bay and heavy metals were
fractionated into the adsorbed, reducible, oxidizable and residual fractions. Cd, Cu, Pb and Zn in
each fraction were determined by atomic absorption spectrophotometry.

Cd was shown to be mainly in the adsorbed form, Cu in the oxidizable and residual fractions,
and Pb and Zn mainly in the reducible fractions, The total concentrations of Cu, Ph and Zn in
sediments decreased gradually with increasing distance {rom the ead of the bav, and the relation-

ship of linear regression was obtained.

INTRODUCTION

Once heavy metals are introduced into the
marine environment by the various transporting
agents, the surrounding water, suspended matter
including living biota and bottom sediments
serve as their principal reservoirs (Brewer and
Spencer 1975, Katz and Kaplan 1981). And
coastal marine sediments are good indicators of
geochemical and environmental changes inclu-
ding transport of pollutants, especially heavy
metals, through river inputs (Goldberg 1978).

Since the Masan-Changwon area is the loca-
tion of near-sea industrial complexes, its indus-

trial and domestic wastewaters flow into Jinhae

Bay. The presence, however, of narrow channels
restricts flushing of the bay water, thus causing
serious pollution problems and damages to aqua-
culture and fishing in the bay (Lee et al. 1981).

In the present study, partitioning of heavy me-
tals was determined in sediments of Jinhae Bay
and was related to man’s activities in the Korean

coastal environment.

MATERIALS AND METHODS

Sampling stations in Jinhac Bay are shown
in Fig. 1. Samples were collected at eight sta-
tions with a Ekman snapper in August, 1980,
put into plastic bags, frozen, freeze-dried and

ground with a mortar.
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For analysis of heavy metals in sediments,
four grams of cach sample were taken and an-
alyzed using modified sequential leaching techni-
ques of Gibbs (1973) and Burrows and Hulbert
(1975). This technique involves a series of ex-
tractions of heavy metals in scdiments with
distilled water (adsorbed fraction) with hydro-
xylamine hydrochloride in acetic acid (reducible
fraction), with hydrogen peroxide (oxidizable
fraction), and finally with hydrofluoric acidnitric
acid (residual fraction).

The concentrations of heavy metals, cadmium
(Cd), copper(Cu), lead(Pb) and zinc(Zn), were
determined by flame atomic absorption spectro-

photometry with an Instrumentation Laboratory
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Fig. 1. Sampling stations in Jinhae Bay.

Model 251 with deuterium background correction.

RESULTS AND DISCUSSION

The results of a four-stage analysis of sedi-
ments are shown in Tables 1-4 for Cd, Cu, Pb
and Zn, respectively, The labile adsorbed fra-
ction is readily removed by washing with disti-
lled water. The reducible fraction is dissolved
with hydroxylamine hydrochloride and consists
of carbonates and iron-mangancse oxides. Hydro-
gen peroxide dissolves oxidizable species of sulfi-
des and organic complexes. And finally the resi-
dual fraction, environmentally inert, of primarily

silicates is extracted with a hydrofluoric acid-
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nitric acid mixture (Burrows and Hulbert 1975).

Most of Cd, 55 to 88% (mean, 71%) of the
total Cd, in sediments was concentrated in the
whereas 10 to 33%
259) of the total Cd was coprecipitated
with oxides (Table 1). The oxidizable fraction
accounted for 2 to 18% (mean, 4%) of the total
Cd and no Cd remained in the residual fraction.
Burrows and Hulbert (1975) reported that Cd

was only in the oxidizable fraction prior to

labile adsorbed fraction,
(mean,

weathering and in the residual fraction after
weathering.

The total Cd was variable from station to
station and lowest at St. 4 and highest at St.
7 without showing any gradual change from the
head of the bay. The mean total Cd, 0.24 pug/g
dry wt. in sediments of Jinhae Bay from this
study was lower than that of Lee and Lee
(1983), or that of Israeli coast (Roth and Hor-
nung 1977), but similar to the mean Cd repor-
ted by Bowen (1979).

Partitioning of Cu in sediments of Jinhae Bay
(Table 2) showed a different distribution from
that of Cd (Table 1). Very little Cu was found
in the adsorbed form, whereas 3] to 79% (mean,
559%) of the total Cu was associated with the
oxidizable fraction. The residual fraction accoun-
ted for 15 to 589% (mean, 299%) of the total

Table 1. Partitioning of Cd in sediments of Jinhae
Bay (ug/g dry wt.).

Fraction . . 1
m ‘Aiflestfr Rel;il:a (Z):‘;(lié Residualj Total
1 0.03 | 0.03 [ 001 o | oo
2 0.22 | 005 | 0,03 | 0 | 030
3 0.09 | 005 | 002 | 0 | 015
a 0.03 | 0.02 | 0.01 0 | 0.06
5 0.23 | 0.13 | 0.01 0o | 037
6 0.27 | 0.03 | 0.01 0o | 031
7 0.30 | 0.10 | 0.01 0o | o
8 |15 |00 00 o | o2
“Mean | 0.17 ! 006 | oot | o | o2
% Mean | 70.8 | 25.0 | 42 | 0 |1000

Table 2. Partitioning of Cu in sediments of Jinhae
Bay (pg/g dry wt.).

Fraction .
Sm{ Al?i?f Reg;lgl gzﬁé Residual{ Total
1 o013 |36 | 1o | 3609
2 0.1 | 0.7 | 4.0 | 10.4 | 522
3 01 | 182 | 563 | 123 | 93.9
4 l 0.3 | 99| 7.7 | 67 | 246
5 | 05| 04 1.3 70| 192
6 ; 0.1 0.7 | 80 | 77| 165
7 02z | Lo | 49 | 7.5 | 136
0.2 | 08| 41| 68| 119
Mean | 02 | 5.4 | 184 | 9.7 1 33.6
o Mean{ 0.5 | 16.0 ‘ 54.7 | 28.8 1 100.0

Cu and 1 to 40% (mean,

the reducible fraction.

16%) was found in
These results suggest
that most of Cu in scdiments of Jinhae Bay was
in the non-labile form and binding with organic
complexes may be one of the major mechanisms
restricting Cu mobility in Jinhae Bay.

The total Cu was highest at St. 3(94 pg/g),
where the Masan industrial and domestic was-
tewaters enter the bay, and lowest at St. 8§ (12
1g/e),
is similar to that of Lee and Lee (1983). The
mean levels of total Cu in the present study

farthest to the open ocean. This result

(33.6 pg/g dry wt.) were nearly the same as
the mean Cu concentration for marine sediments
reported by Bowen(1979).

Distribution of Pb in Jinhae Bay sediments
showed that most Pb, 52 to 85% of the total
Pb/mean, 80%), was deposited in the reducible
fraction, whereas 1 to 429 of the total Pb(mean,
129%) was in the oxidizable fraction with 2 to
202 in the residual(Table 3).

Less than 42 of the total Pb was located in
the adsorbed fraction, as it was reported with
polluted sediments (Burrows and Hulbert 1975),
but Pb in other fractions did not agree between
two studies. The results suggest that copreci-
pitation with Fe-Mn oxides immobilizes most

of available Rb in sediments of Jinhae Bay.
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Table 3. Partitioning of Pb in sediments of Jinhae
Bay (/tg/g dry wt. )

N X Fraction|

Redum Ox1d1 .
Adsor- Residual| Total
Station ™\ | bed bleﬁ zable 1
1 0.3 44.2 5.1 3.6 53.2

0.2 13.7 10.9 1.1 25.9
3 0.2 37.6 3.9 0.8 42.5
4 0.1 25.0 2.7 1.4 29.2
5 0.4 17.5 2.5 0.7 21.1
6 0.8 13.7 0.6 3.6 18.7
7 0.6 12.8 0.2 2.8 16. 4
8 0.2 13.7 0.8 1.4 16.1

19 | 27.9

% Mean 1 1 4 { 799’ 11 8 | 6 9 1 1000

The range and mean contents of the total Pb
of the bay were 16 to 53 pg/g and 28 pg/g dry
wt. respectively. The total Pb was highest at
St. 1 (53 pg/g) and, then, St. 3 and lowest at
St. 8 (16 pg/g). The mean of the total Pb in
sediments of this study (28 pg/g) was higher
than the mean level for marine sediments (19
pg/g) reported by Bowen(1979) but lower than
that by Lee and Lee(1983).

Out of the total Zn, 30 to 70% (mean, 56%)
was associated with the reducible fraction(Table
4). The oxidizable and the residual fractions
accounted for similarly 10 to 30% (mean 21%)
of the total Zn. Less than 5% was found in the
adsorbed, as was the case of polluted sediments
reported by Burrows and Hulbert (1975). As
was the case with Pb, Zn in sediments was
mainly coprecipitated with Fe-Mn oxides in
Jinhae Bay and very little was in available form.

The total Zn in sediments was highest at St.
3 (111 pg/g) and lowest at St. 8 (45pg/g dry
wt.), as was the case with Cu and Pb. The
mean level of the total Zn in this study (76
pg/g dry wt.) was lower than that for marine
sediments reported by Bowen (1979) or that of
Lee and Lee(1983) for sediments in Jinhae Bay.
Pb and Zn,
except Cd, were highest at the head of Jinhae

Concentrations of the total Cu,

Table 4. Partitioning of Zn in scdiments of Jinhae
ay (#g/g dry wt. )

\ Fraction Adsor» Reduc1- 1d1 R;sﬁidi ]{ T .1
Station~| bed ble zable ual Tota
1 0.1 | 745 | 181 | 133 | 1060
2 0.2 | 373 | 160 | 167 | 70.2
3 L9 | 769 | 158 | 16.1 | 110.7
1 0.6 | 59.6 | 14.6 | 133 | 881
5 1.0 | 427 | 25.7 | 146 | 840
6 0.6 | 17.8 | 16.4 | 22.4 | s7.2
7 Lo | 183 | 1200 | 161 | 48.3
8 1.9 | 16.4 ( 124 | 146 | 5.3
Mean | 10{42.91164 1591 76.2
/Mean‘ 1.3 | 56.3 | 215 | 20.9 | 1000

Bay and decreased gradually with increasing
distance from the head of the bay. The linear
relationship between heavy metal concentration
and the distance from the head of the bay is
shcwn in Table 5, where data from St. 1, 2
and 3 are excluded because of some dredging
activities. Linear correlation coefficients were
all signifficant at the 999 level and linear re-
gression was obtained with concentration (Y)
of heavy metals on the distance (D). Similar re-
lationship was reported by Lee and Lee (1983),
although in their study the total Cd contents
showed the same trend as total Cu, Pb and Zn.
This relationthip showed that the sources of
heavy metals are inputs of domestic and indust
rial wastewaters and heavy metals are readily
distributed in sediments as various forms of
the adsorbed, reducible, oxidizable and residual
fractions.

Table 5. The relationship between heavy metal con-
centration(in pg/g dry wt) and the distance
from the head of ]mhae Bay (m Km)

Metal R ReAgffssmil_ -
Cu —0. 097** Y =25.11—0. 57D
Pb —(. 898** Y =28.18—0. 56D
Zn —0.941%*

Y =95.79—2.23D

** Significant at the 999 level.
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CONCLUSIONS

Heavy metals, Cd, Cu, Pb and Zn, in Jinhae
Bay sediments showed each a different distri-
bution in the adsorbed, reducible, oxidizable
and residual fractions.

Cd in Jinhae Bay sediments was mainly in
the adsorbed form, whereas Cu was in the oxi-
dizable and residual fractions. And both Pb and
Zn were mainly in the reducible fractions.

The total concentrations of Cu, Pb and Zn
in sediments decreased linearly with increasing
distance from the head of the bay.
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