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Evaluation of Sewage Pollution by Coprostanol
in the Sediments from Jinhae Bay, Korea

Minkyu CHOI*, Hyo-Bang MOON, Sang-Soo KiMm and Jong-Soo PARK
Marine Environment Management Team,
National Fisheries Research and Development Institute, Busan 619-902, Korea

Surface sediment samples from 31 stations in Jinhae Bay were analyzed to evaluate the pollution by sewage
from the spatial distribution of the fecal sterol, coprostanol. The sums of eight sterols (coprostanol,
epicholestanol, epicoprostanol, cholesterol, cholestanol, brassicasterol, stigmasterol and B-sitosterol) were
in the range of 2,703-27,154 ng/g dry weight. The concentrations of the coprostanol in the sediments, which
is a good tracer of sewage-derived organic contamination, were in the range of 76-3,964 ng/g dry weight.
The levels of coprostanol were much higher (almost one order of magnitude) at stations close to the big
cities such as Masan and Jinhae. However, those levels were comparable to or lower than those previously
reported in other foreign locations. Some ratios of coprostanol to other sterols and multivariate analysis
could provide us with the information on the origin of the sterols being from sewage, plankton, and/or
benthos. Those showed sewage dominance at the stations near the cities Masan and Jinhae, plankton dominance
at the center of Jinhae Bay and mainly marine fauna origin at the mouth of Jinhae Bay. These results
suggest that the contents of sterols and some ratios of these components are quite powerful tracer for
the detection of the origin of the organic contaminants in the coastal environments.
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Fig. 1. Sampling stations in Jinhae Bay. The dark rectangle
(H) indicates the location of the Duckdong sewage treatment
plant.
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Table 1. The analytical conditions of GC/MSD for sterols
GC/MSD

HP6980-MSD5973N

HP-5MS capillary column

Column 5% diphenyl & 95% dimethypolysiloxane
30m x 0.25 mm x 0.25 um

Injection volume 1ul

Carrier gas Helium 1.2 mL/min

Aux temperature. 280°C

Injector temperature 280°C

85°C for 3 min, 10°G/min to 130°C,

Temperature program o e 1 310°C for 7 min

lon Source temperature/

Quadrupole temperature 220 ©/150°C

Detection Selective ion monitoring
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Table 2. Contents of total organic carbon (%), grain size of sediments (¢ ), concentrations of selected sterol species (ng/g
dry weight), and some ratios of the selected sterol species in sediments from Jinhae Bay

Stations -I;DO/O? Si(zggal(r:p) Cop Epichsta Epicop  Chst Chsta Bras Stig Sito  Zsterols Z(s:tg%ls ® 'gf éa) gﬁgi
1 1.64 6.4 1186 1363 1089 7791 4448 3443 3245 2021 24586 0.05  0.21
2 1.88 69 3964 803 541 10164 3459 3383 2667 2174 27154 015 053 (15
3 1.98 6.9 974 200 163 8124 1405 1524 1347 1189 14925 007 041 (.39
4 1.88 6.9 532 109 130 5375 1703 973 1085 1222 11109 005 024 012
5 215 7.0 956 196 209 3922 2433 1580 1531 2014 12840 0.07 028  0.10
6 2.04 6.9 1357 278 266 10373 3147 2270 1829 2233 21753 0.06 030 024
7 1.81 6.7 561 115 125 1773 1390 748 859 1148 6718  0.08 0.29 0.13
8 1.40 6.7 1107 227 150 4099 1453 1144 950 1206 10336 0.11 0.43  0.32
9 167 68 1381 283 327 4693 2599 1485 1264 2213 14244 010 035 027
10 164 6.7 667 137 179 3761 2146 1385 1190 1809 11275 0.06 024 8?2
11 1.14 6.7 172 36 60 1782 792 513 479 706 4539 004 018 g0
12 1.09 6.6 165 35 59 3024 707 641 455 559 5643 003 019 s
13 1.09 6.6 209 43 73 3755 774 1124 556 603 7137 003 021 (g
14 0.97 6.3 155 32 55 4066 742 1031 512 776 7370 002 017 (o4
15 0.89 6.2 130 27 49 2284 409 631 390 604 4505 003 024 006
16 1.14 6.5 188 39 64 3560 904 1208 766 919 7738 002 017 005
17 1.31 6.8 142 30 57 5205 978 1504 883 1096 9895 0.01 0.13 0.03
18 1.66 7.1 139 29 74 2065 1303 1091 871 1327 6898  0.02 0.10 0.07
19 1.58 7.1 155 33 76 2706 1515 1251 961 1744 8441 002 009 006
20 2.02 7.0 188 39 124 2877 1773 1047 1015 1638 8703 002 010 907
21 196 69 215 45 121 3129 1736 1545 1523 1729 10043 002  0.11 8'8;
22 1.93 6.7 255 53 137 3845 2464 2336 1690 2053 12833 002 009  g.
23 1.57 6.7 136 29 77 3673 1192 1325 973 1198 8603 0.02 040 (o5
24 1.72 7.0 179 37 86 3832 1399 1414 1135 907 8991 002 011 11
25 2.38 6.6 197 41 144 1861 1938 1814 1614 1716 9326 0.02 009  g11
26 5.00 6.9 76 16 42 715 323 402 763 365 2703 003 019  0.09
27 1.82 6.7 269 56 86 2879 118 1195 1061 1081 7812 003 018 005
28 2.25 6.8 131 28 64 2466 1442 1164 1247 1209 7752 0.02 008  0.10
29 3.49 6.8 224 47 187 2221 1923 2273 2261 1531 10666  0.02 0.10 0.06
30 3.04 6.7 204 42 107 3213 1165 1645 1653 956 8987 002 015 008
31 2.34 6.7 190 40 89 2530 1048 1384 1440 760 7480 0.03  0.15

Cop, coprostanol; Epichsta, epicholestanol; Epicop, epicoprostanol; Chst, cholesterol; Chsta, cholestanol; Bras, brassicasterol;

Stig, stigmasterol; Sito, [-sitosterol,

2sterols, the sum of sterols; 58/(55+5a), coprostanol/(coprostanol+cholestanol).
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Fig. 2. Horizontal distribution of total organic carbon (TOC,
%) and sediment grain size (¢ ) in Jinhae Bay.
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Fig. 3. Distribution of coprostanol (ng/g dry weight and
normalized to total organic carbon) in upper sediment layer.
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i) 58/(58+5¢) (Grimalt et al., 1990; Fattore et al,
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iti) coprostanol/cholesterol (Quemeneur and Marty, 1994;
Fattore et al, 1996; Mudge and Bebianno, 1997; Reeves and
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Table 3. Coprostanol concentrations (ng/g dry weight) in surface sediments from various locations of the world

1

Location n Year Coprostanol Reference

Jinhae Bay, Korea 31 2004 76 - 3,964 This study

Jinhae Bay, Korea 27 2002 30 - 3,860 Choi et al. (2002)

Han River Estuary, Korea 16 2002 240 - 3,100 Hyun et al. (2002)

Ulsan Bay, Korea 40 2003 141 - 8,257 Choi et al. (2005)

Tokyo Bay, Japan 12 1995 48 - 243 Chalaux et al. (1995)
Southwestern Taiwan 29 1996 ND? - 35,300 Jeng et al. (1996)
Southeastern water of Hong Kong 12 1998 390 - 4,800 Chan et al. (1998)

Macao Estuary, China 46 2002 ND® - 919 Peng et al. (2002)

Upper Mississippi River, U.S. 26 1995 100 - 7,530 Writer et al. (1995)

Venice lagoon, Italy 6 1996 40 - 4,406 Fattore et al. (1996)

San Vicente Bay, Chile 16 1999 ND? - 7,300 Mudge and Seguel (1999)
Capilbaibe River, Brazil 10 1999 519 - 7,315 Fernandes et al. (1999)
Guanabara Bay, Brazil 7 2004 330 - 40,000 Carreira et al. (2004)

Ria Formosa, Portugal 15 1997 100 - 41,800 Mudge and Bebianno (1997)
Bilbao Estuary, Spain 20 1998 2,200 - 293,000 Gonzalez-Orefa and Saiz-Salinas (1998)

'numbers of samples, “not detected.
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% 12 o)A Th(Fig. 4c).
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Fig. 5. (a) Loadings and (b) scores from correspondence
analysis of the sterol compositions in the sediments from
Jinhae Bay, Korea. COP: coprostanol, EPICHSTA: epi-
cholestanol, EPICOP: epicoprostanol, CHST: cholesterol,
CHSTA: cholestanol, BRAS: brassicasterol, STIG: stig-
masterol, SITO: S -sitosterol.
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Fig. 8. Contribution of the sources of sterols based on correspondence analysis.
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