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Evaluation of sewage-derived organic matter using
fecal sterols in the sediments from
Ulsan Bay and adjacent areas
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Surface sediments (0~4 cm) were sampled at 40 stations from Ulsan Bay and its adjacent areas of Korea, to
evaluate the contamination by sewage-derived organic matters using fecal sterols. Some sterols were quantified
by gas chromatography coupled to mass spectrometry (GC/MS). Total concentrations of eight sterols (co-
prostanol, cholesterol, cholestanol, epicholestanol, epicoprostanol, B-sitosterol, brassicasterol, and stigmasterol) in
the sediments from Ulsan Bay and its vicinity varied from 929 to 23,444 ng/g dry weight. The most predom-
inant sterols were cholesterol and coprostanol, accounting for 33~72% of total sterols. The concentration of
coprostanol known as the indicator of human feces ranged from 141 to 8,257 ng/g dry weight. In particular, the
coprostanol concentrations in the sediments from Jansaengpo Harbor and Tachwa River exceeded the value of
1,000 ng/g dry weight, suggesting that these areas could be considered as the hot-spot zones by municipal
sewage contamination. Some molecular indices and multivariate data analysis were used to assess the origin of

these sterols in the sediments. Results showed that the major routes of sewage contamination in Ulsan Bay and
its vicinity were the input through Jansaengpo Harbor and Taehwa River.
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37 o) 5ol & 2o coprostanol 22
Z(molecular markers)e] o] &% 2t} Copros-
tanol(5B8(H)-chlolestan-3B-o)& {17t 2 71&= 2
2 2479 A(intestine)| A bacterial hydrogen-
ation®] 93 cholesterol 238 AAH B2z 7t
o] Wi dZ WY ol s A B3 B2 F
T2 ZAQste B4 2o TA sy BEA o4
A A ZHfecal indicator)Z ¥4 3tk Coprostanol
o agy 9@ 444 (hydrophobic)S ZHi §lo]
Aoz FYA dFolle Frgez &3
U 43 718 e dA §Ese HAE HA
HoP® wa, A74H coprostanole 714 sHU%H
AEslolAe A2EHon BV o8 e
2 2dAd Ay’ ol d 5S4 wio] we i
A B A EY coprostanol& ©|&3te] s+ d I
o mUHsn Qo »
TAES §Ye AR v Qe 7, 3, &
Ak 2 oS ) Ao B fecal sterol® o] -85t E

% 40449 23HHE0~4 cmE UL
~U16), Bi3HTI~T7), FAEF(1~]5), 3%
(W1~W4) 2 2239H01~08) 2248 AFsHrt
(Fig. 1).

o B3 A E

NFANE 7t
o FAEF  FHLE 4

83 - 4738 59

5} 5+ 2 o
=0 T

T,
=
1
fru
3 i
=
3 ol of
z2 of fl Mo ol
il o2 X oex
o
2 m
2
r'O
N
N
o
fu
=
b

o,

o oAbT R W Pgo] AP glov, dE
2 uEA T A0 - AFR - 2 5 F3Y 2
49 3% 5 5000 A9 71QA ek

eola B eA: FHe AYVXE NHITE

[ W )

22. NEAF B BY
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A2 28 2R YEEBSIT B4 A
o 5 g HAES 50% methylene chloride-chloro-
form 20 mLE 6087 A9 F&3 § 3000 rpme
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Fig. 1. Map showing the sampling stations of surface
sediments from Ulsan Bay and its adjacent areas.

2 1687 gAREsg e, oA 23] Wi
At} AJE3E 49 surrogate standard?! 1-nonad-
ecanole FYstH o, FEALE Turbo Vap LVE
o] 838l 3% 3 hexanel @ SR #EAh 5
25 22N 1 mL)S 10 g florisil 2 & o] &3}
of ARt olm 409 hexane-chloroform 60 mL
2 u)2FA AL AAS F 20% methanol-chlo-
roform 40 mLZ A A sterolsE 3 F3AcH &
ZHQ =EF  aeetonelE LM AEEI, internal
standard$l 5-a-cholestane 93ttt £ sterol
o] #E2A&= A8 99:1 bis(trimethylsilyl) trifluo-
roacetamide(BSTFA)-trimethylchlorosilane(TMCS)
(Aldrich) 100 ILE FY3¥ . 25 £+ Merck
A AFEHEARES AMEEAT. Sterols gas
chromatograph-mass selective detector(Agilent 6890/
5973N)2 EA st on, g A2 Table
19 Agstgct 7 38 g AeH o] 2EL
thea 2t} coprostanol(BB-cholestan-38-ol) m/z
355, 370, 257; epicholesterol m/z 460, 355, 370; ep-
icoprostanol(5B-cholestan-3a-ol) m/z 455, 370, 355;
chlolesterol(cholest-5-en-3B-ol) m/z 329, 368, 458;
cholestanol(5a-cholestan-38-ol) m/z 445, 460, 215;
brassicasterol(24-methylcholesta-5,22(E)-dien-3p-
ol) m/z 255, 380, 341; stigmasterol(24-ethylcho-
lesta~5,22-dien-3B-ol) m/z 255, 394, 484; B-sito-
sterol(24-Ethylcholesterol) m/z 357, 39, 486, 1-
nonadecanol m/z 341, 342, 343; 5-a-cholestane m/z
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Table 1. The analytical conditions of GC/MSD

GC/MSD HP6980-MSD5973N

HP-5MS capillary column

Colurmn 5% diphenyl & 9%
dimethypolysiloxane
30 mx0.25 mmx0.25 gm

Injection volume 1L

Carrier gas Helium 1.2 mlL/min

Aux temp. 280°C

Injector temp. 280°C

85C for 3 min, 10C/min to 130T,
3C/min to 310 T for 7 min

230C/150°C

Temp. program

Ton Source temp./
Quadrupole temp.

Detection Selective ion monitoring

217, 218, 372. 92 #qL o] &E 2] Hl9} retention
timeo 2 #1349tk ZF sterol & A (limit of
detection): 4 ng/g dry weight(cholesterol)~14
ng/g dry weight(epicholestanol) ¥ $ 4t} Blankt:
A A8 seasand(Fisheries Scientific)E o] &3t Al
29 934 2Asgon, 8589 sterolsEE B
F AEEA otz BEAAAF sterol® Yol
AeS AT £ AT AFE2 AT sea-
sand 5 gl 24t =7 tE 39A9 standard&
spikingdte] A2} U AAHHAARE AY &
AAsLSE T 7 sterol 2 4L v Ztkn-
12); coprostanol 77+4%, cholesterol 81+12%, chole-
stanol 78+8 9, epicholestanol 75+9%, epicopro-
stanol 80+5%, brassicasterol 81+4%, stigmasterol
85+6%, B-sitosterol 87+9%. & AA A 2ol A sur-

)

23t FuY 948 4719 4718 97

rogate standard$! l-nonadecanold #4&S 99+
15%% 4338 =&o0|t}. 7] et (organic carbon,
OC)= CHN analyzer(Thermo Finnigan EA 1112)
2 BMEgoen EE particle size analyzer
(Sympatec Windox4)& HA3lgth v RS
Multivariate Statistic Package 3.0(Kovach Com-
puting Services)s ©]&3t9 FIFHAUT.

3. 4% o £9
22 sterold FIHH BXE
A 7 FdAAAN A Y sterol, OC

o o]l
= H -

5 Table 290 Jeblich gAkgka £
9 OC ¥EE 05%T1)~512%(J2)9 H=
65%4t OCEE B2 A9 ZFAxE
o2 Hit 2%oldold §HH, est
e HE 1%AFE 3 g e

E9} A (<63um) 3o
Aok HERE A

37 Aeje) AEst UAFEE HF S0%0] ol
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fifo

L= 2aret
~T4A g A Eo] 50%oldoldtt. % sterol
EE 929~23444 ng/g B, SAAGTY &

=
[s)
TET AAXY > A > 24> A > 9%
70

=& OCsEE B9 A 244 290 1
U % sterol¥ OCel A##AAE FAgFH LR #2
3 AAE HolA Foeni(r=008, p>0.05), &4 ste-
rolE3dE 94 fod 4BAAAE Holx Zdtp
>005). OC% sterol®] F& 4aAe AwH” Ria
Formos Lagoon, Portugal® % Macao Estuary,
Southern China”ol M= R u¥glth. T3 Khim et

Table 2. Results on sterols (ng/g dry weight),organic carbon (OC, %) and particle size (<63 ¢m, %) in sediments

from Ulsan Bay and adjacent areas

Taehwa River Jangsaengpo Ulsan Bay Woihang River Onsan Bay
(n=7) Harbor (n=5) (n=16) (n=4) (n=8)

Mean  Range Mean  Range Mean Range Mean  Range Mean Range
Cholesterol 1108 320-2,002 1111 560-3,037 441  233-875 355  258-501 1759 291-4,002
Cholestanol 476 86-1,016 1432 239-4985 178  74-441 237 138-368 261 80-455
Coprostanol 908 173-2479 2237 425-8257 278 141-561 194  156-248 246  144-368
Epicholestanol 139 35-497 436 45-1,708 46  36-76 47 39-56 56  37-88
Epicoprostanol 140 34-320 287  62-922 60  35-125 45 35-61 64  40-88
brassicasterol 199  69-279 279 116-777 119 74-167 135 94-215 254  81-502
Stigmasterol 308  85-488 457 144-1475 178  116-389 175 106-290 172 111-251
B-sitosterol 613 192-488 695 187-2,283 301 154-915 322 183-597 255 130-390
Total sterols 3890 993-7.878 6934 1818-23,444 1600 929-2,214 1510 1,088-2,272 3068 947-6,100
QC (%) 110 059-1.57 251 157-512 1.33 1.01-1.59 1.30 0.93-1.52 200 1.42-254
< 63 m (%) 47 6-85 83 29-100 93  84-99 92  84-98 81 17-99
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al¥e gl A HAES ANAY 2 ABA(-
pophilic pollutants)$! PCBs, organochlorine pesti-
cides ¥ PAHs® =F-H<Ql ooz <3 OCY
e ARdE Rastyh uEtq B ATolA sterol
3 0CY we A2 F OCF steold] m$ #&
71 &=(0.004~0.1019%)%} sterolE9 ZH-H2 9.9

ToR Algd,

Cholesterol FEF 233~4,002 ng/g 8@ U= & ste-
rofel gt 71od &8 13~66%E gt} Cholesterol
9] 719 &L LTS AT 374 N AelA 87
sterols 7HY =qth vty o g HAHEFo] &)
3t sterol2 AY, S L A9 HEdsan
B 7193, £3], cholesterold thkdt siokAE
(FAE Z4aE~uitgd) 8o ohe st
28} o] thekg WEIELS ) wEo s
STl A Ragm gudBiaL oy
¥ cholesterols T 24 ZALE  03(4,002
ng/g)lx AEHN LW, 053,753 ng/g)s 042,729
ng/g)lAE = Bt ZAHQAL) o] ZAIHES
WA AEE ¥, 24U nES e do
2 AHA HHEo] HAHO {718 3]
A AGEot). B3 ANYZ NAFEFG dE
7Zb e Ex $71ELY AANE Lumbrineris
longifolia 2 Euchone sp.7} $381 9 4o
2 5asa Ao B dFdA o] 2AHES 3
T OCEEE 204% %2 & X vl &2 #7)

TS B aga AMAE S AR
o] &8 £ 9l cholesterol/B-sitosterol8] HA|
o] ZAHA 66~1158 W$ L 78 Ho A
FHo AR A4S F2T F U E=5 4
SEYIEST 7EFY BFEUE sterol?! brass-
icasterol® ©] A ¥4 340~502 ng/g(HT 334
ng/g)CE M =& 52 udy. gl 229
& FEFHA met B INE] MAse
Agog FHHEY,

Coprostanol %=t 141~8257 ng/g ¥ =
sterolell thek 7]194-82 5~35%2 cholesterol TH&

i A

=
o

22 7lqd=Er} & steroio] Rtk 544D E copro-
stanol¥ BAsEe FYEI > B3t > LA >

ST > g ¢oz g vl e FA G A co-
prostanol& OJ2H 0 & zeroFESE HolR WP A
Az 2o wel gd&3Aolsly 328 B
9. Hatcher and McGillivaryel wew sjors
HEUW coporstanol¥ =7} 10 ng/golstold &4L
ddge] gl Agenf®, B AFME RE A
A 141 ng/ge)el coprostanole] & E o &
/3t Z AR Ho] BEAGFRE 2 FH o
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ALY ZAA J1~]2, &4 2AA UL, Uss
Nichols §%¢] A8 EAQd 4317129 500 ng/g
& zdstqit. 53] FAAEE A J2% coprostanol
F5 8257 ng/gE M BL FLEE gyt o
= AR {4 FA/EE YR ge
S5 e AMHoE v dr £A4E
o ¥ hot-spotA G YL AAekT ek 24
oz 445t suel Fe 003 AAE of
bt 45x10%number/100 mL), T-N 17 mg/L,
T-P 04 mg/L, COD 26 mg/L 2@ BOD 11 mg/L
o2 WS odso) gom® mAss 2L A
o B 489 alkylphenols(nonylphenol, octyl-
phenol ¥ bisphenol A) 9A] & 52 12 350]
gt @ FAEY o EAFFE 09

%M fo Mo

O

Hedel 2AgHE 4FE D134, 3FE ODF5
AHo g 3Fe $AFEE 20039 dFF W
% 47x10%(number/100 mL), T-N 34 mg/L, T-P

0.2 mg/L, COD 5 mg/L. 2 BOD 3 mg/L& &4
3o T ogYer o¢dyo gleg HY
ATH?. o]5 AYRRE LAute] TajssE
FAzEH geigor fUgdn B 5 9
e S 1~1046
AAERE g3l7to] &
o o & 719& 3l e A
o5 HAXth S HHE i3 coprostanol®
Abe Je ) @7 s wd) Rusa o
(Table 3). o] ZAte] 2w st HH 5 co-
prostanol & &+ 30~3,860 ng/g(n=27) HYE A =
Aol A AEHJ o, @ dEE 2H9 2
N BHE coredll A 240~3,100 ng/g7t AEH YT
2 dFdA Fygd 2abns Ad2X99 copro-
stanol s = olERT UAk BU])E dgoy A%
Homy 98 AolE Holx] RYTHANOVA, p >
0.05). 94=59 Hus] BwW(Table 3), &4HeH
M9 %+ Upper Mississippi River, U.S.(100~
7530 ng/g)®, Venice lagoon, Italy(40~4,406
ng/e)'’,  San Vicente Bay, Chile(ND~7,300
ng/g)™, 2 Southeastern water of Hong Kong(38
0~4800 ng/g) "3 FAV FEolArh 223 A
g o2RE W&o 3FS ¥ Bilbao Es-
tuary, Spain(2,200~293,000 ng/g)®”, 457t &
sk Kaoping RiverZH#E J&& W South-
western Taiwan(ND~35300 ng/g)® 28ja &%
fr&(sewage spillage)® AFHAY G3FS P& Ria
Formosa, Portugal(100~41,800 ng/g)® =t} vt
U ZEAR AT A2A g AL S
X ALAFS] coprostanol FEE hREEQ 29 9F
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Table 3. Comparison of coprostanol concentration (ng/g dry weight) in sediments from Ulsan Bay and adjacent

areas with the other countries

Location n® Concentration range
Ulsan Bay, Korea 40 141-8 257
Jinhae Bay, Korea'” 27 30-3,860
Han River Estuary, Korea™ 16 240~3,100
Tokyo Bay, Japan™ 12 48-243
Upper Mississippi River, U.S.* 26 100-7,530
Southwestern Taiwan™ 29 ND’-35,300
Venice lagoon, Italy'’ 6 40~-4,406
Ria Formosa, Portugal™ 15 100~41,800
Bilbao Estuary, Spain™ 20 2,200-293,000
Southeastern water of Hong Kong™' 12 390-4,300
San Vicente Bay, Chile" 16 ND"-7,300
Macao Estuary, China® 46 ND-919

n® sample numbers; ND” not detected.

A 4 2 ﬁ}fr )9 APEA dgs ¢ °‘X}‘”ﬂ°ﬂ E3% coprostanole] AR HjEA] 2.
T AY9RgE 32 FEolg & £ it A ZAHY HAEHEA WEA FHse B4l
Fig. 25 #4743 7A/8t3 2 whol] 0@ q&zApg m}f Aog Budm YN ojud AL A
oziE wREAIAAY AdE F osterols o) 2AE s H4% ZAANE w1
coprostanol®] s EW3HE UElA Aolth Copro-  glon’” B A7 44 egdgow HoldsE
stanoli= 77/84 3 M%i-ﬁra o}%i A5E 5E FAY FERLE Busn Jghh?
a7t FEEA oY Far AEE o4dd & F2 S EE(terrestrial vascular plants)ol A
ATl maE} F{FA A 7* ZEAch g PEHo] ol &9 Yi JAdEE Hristed ol &FH
AMe Z2AE U6S 713ez2 w27t §438 2448 = B-sitosterol9 stigmasterols= & sterolo]
7 A4E FEE FAs A8 UeEin. ot 9-a%udel slojge debwon, g ¢
Taehwa River Ulsan Bay Jansaengpo Harbor
g 9000 g 3000 g 28000
% —o— sterols % 'g
; —e—Cop ; 221000 {
g 6000 g 2000 'g,
% g 2 14000 |
2 3000 | 2 1000 s
% A_—% : P /\
§ 0 § 0 M § o 2
T T2 B TA TS T6 T7 58335885332:-32208 s 2 B U J5
Woihang River Onsan Bay
22400 27500
21800 : 36000 I
2 2 4500
£ 1200 g
8 § 3000 |
£ e £
g g 1500 |
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Fig. 2. Horizontal distribution of coprostanol (black circles) and total sterols (white circles) in the sediments from
Ulsan Bay and adjacent areas according to the distances from terrestrial sources.
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H 4% FZEF HEZF9 F sterold! brass-
icasterol2 % sterolsoll s} 10% niste] 71 &2

e %)

3.2. Sterol Bld] 93t T odE Fr)

EAS g f9lel die ¥ % HIHA, sterols F
E dae H3E9 OC, 4= 5% 2 2dgd
A QQAtEo] o A WA = Uvh gl
Hod A#AXY odE v 2 297149 #HAE 9
3} sterol7te] FEHZF Bod {83 Aoz 4

12.13232831)
= . Table 4= &

ArolA Agd %

sterol®] wlo] digt A& Jelfz ich
3.2.1. Coprostanol/total sterols
Coprostanol/total sterols &%=4]+= 0.05~0.354

A=, LGS fstto] F 02 o|FoE ws-
=9}tk Hatcher and McGillivary™ & 0.330)%8 8}
Z8A] e @xHow FEE ¢ AWILI =
AR J2% 0330148 el =3 8 2414
T2 2 ZFATE A4 J1& 0.301*‘«1 2 Hgs
YEl T ¢9, 2 2AEAE RY AsH 24
® A%l New York Bight™= 010~0.15, Venice'”
039 ¥gs ®adt 9ok Quemeneur$t Marty
8t Hl&<F(raw sewage effluent)oll Al 0.37~
038< BustacH?. mebA o] 0“1 R A S
eist7ke] AR AL A Y] FRAL 2 FGA S E A
g HAF3 v

5B/(oB+ba) 2 5P/(5a+cholesterol)
58/(5B+5a)E =H] = 0.37~0.73 B =Z, H3

o [‘ll‘

|

/lg_gi_fs]- ) O}‘\_]_-U]-O ,Lﬂ-T—;L 0.6 x«]b‘ ,Q.)\]-U]—jq_ 9,];5(}70}
£ 0543z o OlﬂE v l"“:‘ﬂa YEF
22 dFAEL 5b/(65B+5a)ul 7t (.70} el H E/‘]

TR

SO A
34 29X g 04~06 oW ZFoFAHoR,
0.3¢]8to]H Bledxdog BEzm g}qsnme
of wlol ofstd BEF EAY T1J+ ’I‘27} 5
0.70] 4 2. = E"]O]'—r S’.Oﬂ;‘] oz 2EIW 7|g
A 22949 F59T 2o ¥ co-

prostanol ¥ =& °1 Zy‘giﬁ“’ o9z e F5x
& el $98, 58/(5a+cholesterol) HEB &
0.07~1.03 B2 AAEFo] 1 247ho] g
L2 %Eul—t— AT =2AE J1(1.03)0]
o 1‘:} g3l A TH0.82)% o)
Writer 52 5[3/(5a+cholesterol ) Hl7F 006K w0
125 R 11%“% strAeEd B2 54T JFSANS Aol
A 29 5 8 dFS Bes wusgo®,
AT E ZE ZAECAAM 006049 sEH
Belogy o5 oddd 98] 29 &
& £ QIth @4, Choi et al.o] B iLE X]ﬁﬂ"}
&% 5B/(56+5a) % 5B/(5a+cholesterol) W= zt
011~063 % 002~04124 ¥ zAsg9x
2 e EoHg el do?

FEHE

g

N ﬂ o wfn rjz

3.2.2. Coprostanol/epicoprostanol

Coprostanol/epicoprostanol X8|+ 357~8.95
HA2 FAxes g5 g 6olA, &4kvta
94@7010 4o])d- LAk 4015}8 UEelyt) Epi-
coprostancl e 217+e] B E Fofl:= o} n|gow &
AR F7 A PANA A IFs
25 “‘8 o] ZAstE Aoz deid Yoi’®,
w2} coprostanol/epicoprostanol ¥ E¥] & 8l
HAYAEE H71g ¢ ok £ dFdA 2AE 5
EH]E Santa Monica Basin®¢] 15~28 2 Taiwan
9] Koashiung Harbour'? 16~6018t} tha E9kt}
weba] Ak A2A FelE AA FIHEY A

94 e 47t 95T A AoR $4F 4

Table 4. Sterol ratios in sediments from Ulsan Bay and its adjacent areas

Taehwa River Jangsaengpo Ulsan Bay Woihang River Onsan Bay
(n=7) Harbor (n=5) (n=16) {n=4) (n=8)
Mean Range Mean Range Mean Range Mean Range Mean Range
%’%’,‘;ZJ;%‘Z{ 0.21 012-031 026 0.19-035 017 0.09-0.23 013 011-0.15 010 0.05-0.16
(Tﬁfs—a) 065 055-0.73 060 055-064 061 0.48-0.68 047 037-054 052 0.42-0.64
W—%%h?ﬁ 054 035-0.82 062 043-1.03 045 0.30-0.66 046 031-080 022 0.07-047
c tanol -
ﬁ% 6.17 513-776 647 528-895 450 3.62-6.00 432 409-441 381 357-4.18
ﬁ‘brc‘}fs—tf"d 075 045-124 144 062-272 067 0.18-1.12 056 048-064 025 0.08-0.53

5a: cholestanol, 5B: coprostanol, chst: cholesterol.
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3.2.3. Coprostanol/cholesterol

Cholesterol2 coprostanol® 37| 3}<rel| &3}
T F8 sterolo} AW H YA E M E BT
og §d4F %53 sterol2 oYtk wEbA co-
prostanol/cholesterol Bl T2 AME7]99 &4
o 71dHEE Arlets Ao AHE F 5 Qute)
Coprostanol/cholesterol =H]+= 0.08~2.72 B =ZE
ALY > H57 > A > 9 > 24k Fo
2 &9t} Toulon, Morlaix ¥ Brest st g3 o
22E w28 d(aw sewage)d UA = co-
prostanol/cholesterol FEH|E 1 o]Ato]gom!?
New York City®] €2A"e|4E 4202, Spaind
Galindo 3tA Ao SejR o)A 1500, &
ATl e FAXEE ZAME 13 J27h 20189 F
EuE BYjon O vFoz T A T23
A 2ALY U2~US7F 101449 =0 & YEhd
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Fig. 3. Loading plot by correspondence analysis of the sterol compositions in the sediments from Ulsan Bay and
its vicinity, Korea. Circles in the plot were grouped by three sterol origins such as terrestrial, biomass
and sewage. Cop: coprostanol, Chsta: cholestanol, Epicop: epicoprostanol, Epichst: epicholestanol, Brass:
brassicasterol, Chst: cholesterol, Sito: B-sitosterol, Stig: stigmasterol.
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