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Abstract

We studied the distribution, seasonal change, translocation, and source of heavy metal Pb based on the sur-
face and bottom water sampling in Jiaozhou Bay in 1980 in order to know the condition of Pb before the in-
dustrial and agricultural development and to probe the distribution and translocation process of Pb. The re-
sults show that the range of Pb content in the surface in the whole bay was 0.07-2.71 ug/L, being below
Grade II of the China’s national water quality benchmark (5.00 pg/L). No Pb pollution was detected in the
inner bay, while in the outer bay and the mouth, light Pb pollution. The Pb pollution in the bay waters was
area sources. Horizontal and vertical distribution, and seasonal change indicated the translocation of Pb in
the waters. Pb entered the water body at marine surface and sank at the marine bottom. Understanding the
variable process of Pb in the bay provided the scientific clues for controlling Pb pollution from the human

activities.
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1. Introduction

Pb can transfer in seawater, sediment, solid suspension
particles, and marine bio-materials. Generally, Pb flow-
ing into seawater will be adsorbed by suspension materi-
als and subsides to the bottom of sea. In recent years,
some progresses in research into heavy metal Pb in the
bay has been [1-3].

Fast development in China resulted in growing pres-
sures. Jiaozhou Bay as a bay in the East China in the Yel-
low Sea, it witnesses fast-developing industry and aqua-
culture. With economic development also comes pollution,
especially the pollution of heavy metal. Based on the data
in 1980, this paper reports Pb pollution source and trans-
location process.

Jiaozhou Bay is located in the middle of the Yellow
Sea and the southern side of Shandong Peninsula, be-
tween 120°04" and 120°23’ E, and 35°58’ and 36°18' N,
27.8 km wide east to west, and 33.3 km long south to
north. A 3-km wide mouth opens southeastward. There-
fore, it is a partially closed bay. Main contributing rivers
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are Haibo, Licun, Baisha, Dagu, Yanghe and Loushan
rivers, all seasonal ones in hydrological features [4-5]. In
the west and north area to Jiaozhou Bay are Jimo Basin
and Jiaolai Plain, the main agriculture areas.

2. Material and Method

The data used here were recorded in June, July, September
and October in 1980 by the North China Sea Environ-
mental Monitoring Center, SOA, in nine stations: H34,
H35, H36, H37, H38, H39, H40, H41, and HS2 (Figure 1).
Four zones of A, B, C and D were added in October; to-
tally 30 stations were added. Eight stations in Zone A:
AI1-AS; five in Zone B: B1-B5; eight in zone C: C1-CS8;
and nine stations in Zone D: D1-D9. Water samples were
put into plastic bottles, and frozen at 0°C for measurement
in laboratory with flameless atomic absorption spectro-
metric method [6].

3. Results
3.1. Amount of Content

In June, July, September and October in 1980, in the
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Figure 1. Investigation H-sites in Jiaozhou Bay.
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Figure 2. Investigation A-D-sites in Jiaozhou Bay.

surface water in the whole Jiaozhou Bay, Pb content
range was 0.07-2.71 pg/L, whose seawater quality was
worse than Category I (1.00 pg/L) of the National Stan-
dard of China for Seawater Quality GB3097-1997 (in
which 4 categories 1 to 4 are classified from the best to
the worst), not worse than the Category I (5.00 ug/L).

Copyright © 2011 SciRes.

In June, the Pb content in Jiaozhou Bay surface water
was 0.26-0.88 pg/L, the water area reached Category I;
in July and September, the Pb content increased re-
markably in surface water, In July, the Pb content in the
surface water is 0.16-2.71 pg/L, at stations H82 and H35
the Pb content was 2-2.71 ug/L whose seawater quality
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was worse than Category 1. In September, the Pb content
in the surface water was 0.2-1.59 pg/L, at stations H82
and H34 the Pb content was 1.16-1.59 pg/L. whose sea-
water quality was worse than Category I. In October, the
Pb content in the surface water was 0.07-0.89 ng/L, the
whole surface water reached better water quality than
Category I (Table 1).

Except for H34, H35 and H82, Pb content in the whole
bay qualified the Category 1. Moreover, H34, H35, and
HS82 outside the bay and at the bay mouth showed that in
June, July, September, and October, the surface water
qualified Category I.

3.2. Horizontal Distribution

In June, in the surface water off the shore between estu-
aries of Haibo River and Lichun River there was a series
of semi-concentric circles with the center of H38 where
Pb content was the highest (0.76 pg/L) and decreased
generally outwards. In addition, at station H35 in the bay
mouth, Pb content reached 0.88 pg/L, higher than those
inside the bay, but not higher than standard of Category I
(1.00 pg/L). A series of semi-concentric circles with sta-
tion H35 as the center in different grades formed and Pb
content of 0.88 pg/L in the center decreased gradually
(Figure 3).

In July, an area of high Pb content at surface appeared
in the estuary of Lichun River. The high Pb content in
the center area decreases gradually from 0.88 pg/L. Be-
sides, at the bay mouth and outside of it, Pb content was
over 1.00 pg/L, which is higher than other stations inside
the bay. Therefore, from inner bay to its mouth and fur-
ther to the area outside of the bay, Pb content formed a
series of grades which increased outwards (Figure 4).

In September, an area of high-content Pb appeared in the
estuary of Haibo River. The peak content in the center at
0.69 ng/L decreased gradually. At the same time, outside
the bay, Pb content was over 1.00 pg/L, higher than other
stations inside the bay. Therefore, from inside the bay to
its mouth and outside the bay, Pb content formed a series
of grades and also increased outwards (Figure 5).

In October, there was no a high-Pb-content area in
Jiaozhou Bay at surface water. Pb content was less than
0.25 ug/L. Outside the bay, Pb content was less than 0.60
pg/L, higher than those of other stations inside it. There-
fore, from inside the bay to its mouth and outside, Pb
content formed a series of grades and increased from
0.15 pg/L to 0.60 pg/L (Figure 6).

In June, July, September and October, Pb content in
surface water in the whole Jiaozhou Bay was high in the
east and low in the west, high in outer bay and low in
inner bay.
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Figure 3. Pb distribution at surface in Jiaozhou Bay in June (pg/L).

Table 1. The surface water quality in Jiaozhou Bay in June, July, September and October.

June July September October
Pb content in seawater (ug-L™) 0.26-0.88  0.16-2.71 0.2-1.59 0.07-0.89
The National Standard of China for Seawater Quality — Category I ~ Category Iand Il =~ Categoryland Il  Category I
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Figure 4. Pb distribution at surface in Jiaozhou Bay in July (ng/L).
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Figure 5. Pb distribution at surface in Jiaozhou Bay in September (ng/L).

In June, July, September and October, Pb content at
bottom in the whole Jiaozhou Bay showed an increasing
trend from the inside to the outside (Figures (7)-(10)):
0.17-1.49 pg/L in June, 0.26-0.75 pg/L in July, 0.15-0.60
pg/L in September, and 0.07-1.60 pg/L in October.

3.3. Vertical Change

In June, at stations H34, H35, H36, H37, Pb content at

Copyright © 2011 SciRes.

surface was higher than that of the bottom, except for the
station H82 outside the bay, being opposite.

In July, at all the stations, Pb content was higher at
surface than at bottom.

In September, all the stations had higher Pb content at
surface than at bottom, except for station H36 at the bay
mouth, being opposite.

In October, Pb content at surface was higher than that
at bottom at station H34 only, and was the same at surface

JWARP



D.F. YANG ET AL. 45

L’
ﬁ_'“‘-\
36°15' DaguRiver  Jiaozhou
Loushan River
36°12"
7 Licun River
36°09' P
Qingdao
36°06"
Huaibo River
L=
36°03' &
7 Y
Jiaonan
36°00"
Yellow Sea
T T T T T T T T
120°03°  120°06°  120°09°  120°12"  120°15"  120°18'  120°21'  120°24'  120°27'
Figure 6. Pb distribution at surface in Jiaozhou Bay in October (ng/L).
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Figure 7. Pb distribution at bottom in Jiaozhou Bay in June (ng/L).

and the bottom at station H35. For the rest stations H36,
H37 and H82, Pb content was lower at surface and
higher at bottom.

Therefore, in June, July and September, Pb content at
almost all the stations at surface was higher than that at
bottom, while in October, this trend was opposite, which
showed the track of the vertical transfer of Pb.

Copyright © 2011 SciRes.

3.3. Seasonal Change at Surface

In monthly variation, Pb content at surface was low in
June in the range of 0.26-0.88 pg/L, and obviously in-
creased in July and September for 0.16-2.71 pg/L and
0.2-1.59 pg/L, respectively. In October, it decreased
sharply to 0.07-0.89 pg/L. Therefore, Pb content in-
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creased from June to July reaching a peak value, and
then fell in September and dropped to a low point in Oc-

D.F. YANG

tober, which is close to that of in June (Figure 11).

4. Discussion

4.1. Water Quality

In June, July, September and October, Pb content at sur-
face inside the bay satisfied the standard of Category I.

ET AL.

Therefore, there was almost no Pb pollution inside the
Jiaozhou Bay, except for a slight Pb pollution at its

mouth and the outside.

4.2. Pollution Sources

The horizontal distribution of Pb in the bay formed an
increasing trend from inside the bay to its mouth and the
outside. On the other hand, seawater quality satisfy
Category I inside the bay and Category II in the mouth

In July and September, only at its mouth and outside it, a n
Pb content at surface did not qualify the Category I.
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Figure 8. Pb distribution at bottom in Jiaozhou Bay in July (png/L).
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Figure 9. Pb distribution at bottom in Jiaozhou Bay in September (ug/L).
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Figure 10. Pb distribution at bottom in Jiaozhou Bay in October (ng/L).
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Figure 11. Pb seasonal variation in the surface in Jiaozhou Bay (ng/L).

the outside, indicating that Pb pollution was from outside
the bay. Shown by the vertical distribution of Pb, there
was no concentrated pollution source inside, at the mouth,
and outside the Jiaozhou Bay, and all the isolines of Pb
paralleled, unveiling that Pb pollution source was non-
point. Therefore, Pb pollution outside the Jiaozhou Bay
was originated in the nears-shore of the bay mouth or the
open sea nearby, while that of inside the bay, the pollu-
tion should be mainly from contributing rivers, and that
of the open sea, the pollution was mainly caused from
the atmosphere by precipitation.

4.3. Seasonal Change Process

In the whole Jiaozhou Bay, Pb content in June started
from a low value, increased gradually, arrived at a peak

Copyright © 2011 SciRes.

value in July. Then, it started to decrease in September
and fell to the low value in October, close to the value in
June. If Pb pollution was from the water near shore of
the bay mouth, by the Pb seasonal change and horizontal
distribution analysis, the authors believed that from the
end of raining season and start of next spring, Pb stayed
in land until next rain season in May coming when Pb
was again flushed into the bay [3]. In this way, Pb at
surface in summer was highest in one year; if Pb was
from outside the Bay, the authors believed that it was
hardly directively affected by human action because it
was far from shore. Generally the Pb in surface layer of
water was positively relevant to input of atmosphere [7].
Pb was mainly from exhaust of automobiles, and let off
first into atmosphere, and then spread over the sea with
atmosphere movement. With agglomeration of Pb parti-
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cles, its diameter increased, and with the action of grav-
ity it fell to the sea waters [8]. So, with the heavy raining
season coming, Pb content in surface water in summer
was highest in one year.

4.4. Transfer Process

Pb could be naturally absorbed, complexed, and depos-
ited with particles or organic matter and then transferred
from water to sedimentm, which resulted in the decrease
in Pb content in water [3]. In addition, most heavy metals
could be absorbed on the surface by organic colloid such
as humus to form unstable organic matter. Subsequently,
they combined with silicate or oxide of iron and manga-
nese to form stable complexes [9-10]. So, Pb content in
water decreased by being depleted with leaving gradually
from the source. Pb transfer process in water was proved
by horizontal and vertical distributions at surface and
bottom, and seasonal change.

By Pb horizontal distributions at surface and bottom in
the bay, it was found that Pb horizontal distributions at
surface and bottom has the same trend of change, which
unveiled Pb content decreased gradually and moved
downward in water. Therefore, the Pb content in water
kept decreasing.

By vertical distributions at surface and bottom, the
transfer process of Pb is shown.

In July, Pb at surface was higher than it at bottom; in
June and September, Pb at surface was higher than it at
bottom. Pb at surface was lower than it at bottom except
only one station. In July, when Pb content reached the
peak, all the Pb contents at surface were higher than
them at bottom, which indicated that Pb came into water
near shore with rivers or fell into the marine waters at
surface from atmosphere or rainfall. In October, when Pb
reached the bottom, almost all the Pb contents at surface
were lower than them at bottom, which indicated that
after transfering, Pb settled to the seafloor into the mud.

By the seasonal change of Pb in Jiaozhou Bay, the
track of Pb transfering was shown.

In the whole Jiaozhou Bay, Pb content in June started
from low value, increased gradually, arrived to the peak
in July. Then, it started to decrease in September and fell
to the low value in October, close to the value in June.
The change of Pb content above represented that Pb en-
tered the waterbody through the surface marine waters
and left the waterbody through the bottom marine waters,
which further proved the process of Pb transfer.

5. Conclusions

In June, July, September and October, in the surface wa-
ter in the whole Jiaozhou Bay, Pb content range was
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0.07-2.71 pg/L, whose seawater quality was worse than
Category I (1.00 pg/L) of the National Standard of China
for Seawater Quality GB3097-1997 (in which 4 catego-
ries 1 to 4 are classified from the best to the worst), not
worse than the Category II(5.00 pg/L). The Pb content
at surface inside the bay satisfied the standard of Cate-
gory I of sea water quality, and at its mouth and outside
it, Pb content at surface exceeded the Category I. There-
fore, there was almost no Pb pollution inside Jiaozhou
Bay. However, the Pb pollution was slight at its mouth
and outside it. If the Pb pollution in Jiaozhou Bay came
from the water near shore of the bay mouth, Pb went into
the waters near shore by the rivers; if the Pb pollution in
Jiaozhou Bay came from the open sea near the mouth
outside the bay, Pb went into the bay mouth outside by
deposit of atmosphere and rainfall. The horizontal and
vertical distribution at surface and bottom and seasonal
change of Pb in the bay waters proved the process of Pb
transfer: Pb entered the waterbody through the surface
marine waters and left the waterbody through the bottom
marine waters, which further proved the process of Pb
transfer. Therefore, the change process of Pb in Jiaozhou
Bay could provide the scientific basis for the control and
improvement of the local environment.
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