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Sterols as Indicators of Fecal Pollution in Sediments from Shellfish
Farming Areas (Yeoja Bay and Gangjin Bay) of Korea

Minkyu Choi*, In-Seok Lee, Dong-Woon Hwang, Hyung Chul Kim
Ye-Jung Kim and Sook-Yang Kim

Marine Environment Research Division, National Fisheries Research and Development Institute, Busan 619-705, Korea

Eight fecal sterols were analyzed in surface sediments collected from shellfish farming areas in Yeoja Bay and
Gangjin Bay, Korea, to evaluate sewage-derived fecal pollution. The concentrations of coprostanol, a good marker of
sewage-derived organic contamination, in sediments were in the range of 10-530 ng/g-dry in Yeoja Bay, and 10-190
ng/g-dry in Gangjin Bay. Coprostanol levels were markedly higher in the inner bay than in the outer bay. These levels
were lower than those reported in urbanized bays in Korea, however, they were comparable to levels in other shellfish
farming areas including Gamak Bay. A multivariate analysis of the ratios of other sterols suggested that the sterols
originated from sewage and plankton/benthos. Sewage was the dominant source at stations located close to the river
mouth and wastewater treatment plant (WWTP) outfalls, and plankton/benthos was the primary source in the outer
bay. These results suggest that management of point sources, e.g., WWTP as well as non-point sources, e.g., riverine
inputs is important for improving the water quality in Yeoja Bay and Gangjin Bay.

Key words; Shellfish, Fecal pollution, Sewage, Coprostanol, Wastewater treatment plant
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AR af|ot F-odoll fIA|staL 9l o, a1 ZREE o of =5k
T2 S Qe vkl Winte 2 Hitaeil2 oF 5.4 m,
dE70)= 30 km, FA 2 0] 22 kmof Egtch(Fig. 1). o9&}
T2 Jalioke] thE whEof Hlsf WA o] w2 BHA 9]sfj4=2to]
WP &k Qo] F-2 R=RE FoA] o]Fo] Xt of 2}
dko]l 3)7}FE Al HE = 46571, 7,056 hao| ], =0 PALEZ LS
o) % 7Y, ek} A aute] 31, 3ulbRo] W= 3517, 4,712 ha
2 A oFAH O 67%S 2HA] 3K Lee, 2012). Wl 72Tk
AT ] Aol P, AP A, dhatoll 28l Eeste]
e By Wete 2 H Al ok 3.6 m, FEZ o] oF 18
km, FAZ0] oF 15 kmol| G3tth(Fig. 1). AT F 16871
of| 1,028 ha®] ojgHo] a|7}=]o] Qlar, FAlol g2 T 27h ¥
2](1097, 623 ha)o] 7174 W1, 62274, 202 ha), 2254,

147 ha), Aj31K(77], 55ha)z=0] T}, 70t s 5,290 ha
= =8 A7 o) e r A E o] e Ear 9l
Ch(Park et al., 2010). oJApqka} ZHvke -2fubete] o491
GG o2 2AkskA o 2 ul9- F a3 sl Yot}
Abel ool A a7 A o =2 AN E A 9 He] o] &
ol 12jaL Ho|Eo] FHate] 2 vt 1M E F4
o g digr|o] itk At ol X7 7o
oF - 8| Slol ST e d=A ] S A S
ATk}, ZE 57 2 sk A A L0 2 Q1%
2 A4y fUF 7 7Y S A & ot
(Lipp and Rose, 1997;Shieh et al., 2003). S| ZA] | F+= A
ol Al 7]QIgt A dAlF & vlol A Fof leEE]o] AU F4
EaL, AF o ® AHA AFs A7 BarE[glek(Lees et al.,
2000; Potasman et al., 2002). €19t 3 2] A|l#sta] =2l o
FE e BHLHE2 FAA, A, FAFETE SollA LAY
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Fig. 1. Sampling locations of sediments from Yeoja Bay (left) and Gangjin Bay (right), Korea.

shol 314, 347 52 Botel sjolom FolHm, 58 4
MK BOE Qg 0QETt F7bse AR rusdlc
(Fiandrino et al., 2003; Le Saux et al., 2009; Park et al., 2010).
ufeha] shszaploigo] 1A/ clgkalelol A 5 W Akl
2 93 092 mUEstol $U5A L GFu9IES Blet
L L

S0t syl Hlt ATl
3| I+A Escherichia coli. 2} 7-& WA +4~7
Ak, =t NA= 2, G, e 22 A=

o] M7sHA Wale Ao® B EthPommepuy et al., 1992;
Burkhardt et al., 2000). 2| AFH|7]E2] 54, 44 E] 5
off ofsf gt A7 ket ol e slpA| 2 AR TS
ot B A AE|E(fecal sterols)S o] o]-&3Ith(Fattore et al,
1996; Schonning et al., 2002; Peng et al., 2005; Tyagi et al.,
2009; Choi et al., 2011; Derrien et al., 2012). EHA A HES
coprostanol o QI ZhE B2 RO v o TheF A
ghE]o] Qa1 QI7to] B &dl= ERIAIAEIES F 50-80%(F
34 g A3 & SAEE oF 5o ol 5
7| 3233tk Leeming et al., 1996). Isobe et al. (2002)2 3}~
2 295 £ A coprostanol 5=+ w53, Esch-
erichia coli)¥} M- 322 /Y& Zh=ths AS SH5HITh
Coprostanol2- -2 J‘—’uoHE(water solubility) 2! 2= (hydro-
phobic) 7HA AL Qlof sfeE o= F-AAl AAMY 7 1=l
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Foto] B2 Eoll 7=, A714d 2EstelA= e
7k ol A o= Uy X]E}(Fattore etal., 1996). Bj
oA =& 7t HSEHAR viELoA “”OV‘*
7} g st7] do] shepol A sl et st
7 gtk we =7HE2 EJAEY coprostanolS 33t
6;}-‘1“474] 2EES ol8sto] B ey E At FUHTL
Yol AL, ol A e Ak sk AQHEAME, ik,
SRk, AT 5)S FA 0 R W2 A4t7F BAlE] ItHHyun et
al., 2002; Choi et al., 2005a, 2005b, 2007, 2009, 2011; Li et
al., 2008; Lee et al., 2012). 3129k, § @27} H Q3 9| 7AY
Absf o] gt At = uln]gt A o] th(Kim et al., 2010).
H Lol A= Yafjore] EH T2 0] s ok o] 7bol of zputa) 7t
ZAntoll A EHA AEES o]8-she] 2t *“-ﬂo}é el
A A L %‘%‘E‘%M afelstglon, ofge] A &
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Table 1. Summary of concentrations (ng/g-dry) and ratios of fecal sterols in sediments from Yeoja Bay and Gangjin Bay of Korea
. Total Co Cop/ Co Co
Cop Ecop Chs Chsa Cam Stg Stga Sit sterols /totgl (Cop+8hsa) /Ecc?p /Chz
Yeoja Bay Min 10 10 243 283 123 120 98 391 1428 0.01 0.02 0.21  0.01
Max 527 63 40655 1159 3088 1695 280 7811 54656 0.09 0.39 841 035
Mean 62 28 3505 597 353 344 170 1183 6273 0.01 0.08 1.90 0.08
Stdev_ 99 12 7332 214 537 271 47 1310 9542 0.02 0.07 1.77  0.09
Gangjin Bay Min 10 1" 391 171 95 76 156 1713 0.01 0.04 0.65 0.02
Max 189 122 6306 2422 475 710 533 3500 13470 0.02 0.13 248 0.18
Mean 72 48 2278 847 199 296 233 1220 5234 0.01 0.08 1.60 0.08
Stdev__ 50 36 1566 671 112 184 142 961 3495 0.00 0.02 049 0.04

* Cop (coprostanol), Ecop (epicoprostanol), Chs (cholesterol), Chsa (cholestanol), Cam (campesterol), Stg (stigmasterol), Stga (stigmasta-

nol), and Sit (B-sitosterol).

o] polyethylene®g oll 2 o] Ao A We & AHA = 21l6ke]
o A E A Ee 52
Al (amber bottle)ol] X34+3}$ Tt

=28 AHE 2M

= =

Fecal sterols®] 42 Choi et al. (2009, 2011)2] -4+
I} A5 skt A YA RS coprostanol, epico-
prostanol, cholesterol, cholestanol, campesterol, stigmasterol,
stigmastanol, B-sitosterol ©. 2 A F T} T AAXY E|4E oF
5 g& HZE YR o] WiEEE4 1-nonadecanol 7} 5
=81 1:1 methylene chloride-chloroform& &7 Y3l 60+
7428 A &5l 2204E AA%EF Florisil 29
ol gtel WA AAS T, HAE Az 99:1 bis
(trimethylsilyl) trifluoroacetamide-trimethylchlorosilane (Al-
drichy& F¢3te] F=Agfet &, gas chromatograph-mass
selective detector (Agilent 6890/5973N)Z A =Fs|itt. o]0
= 8= MerckAHe] 25 ofit A -85 AME-5GITE. 2t ste-
role] AE3HA|(limit of detection)= 4-14 ng/g-dry©] L, A|&
o A Y254 1-nonadecanol @] 3582 84.8 + 14.7% =
Fogt ol et

74 I.I:II

EJ'_I_ 1| =t

Z sterol?} coprostanole| S7HEE

ozl A B A EY] % sterols $ == 1,428-54,656 ng/g-
dry (Bt 6,273 ng/g-dry)E H.¢lom, £HS 23t AJLst
T 2 HE ot A 2A Z-8-3 4 Sli= coprostanol©] &
= 10-527 ng/g-dry (Bt 62 ng/g-dry)S HITHTable 1).
E]&=U coprostanol =7} 10 ng/g-dry ©|3}2] 50| H Ay
35} © 99 gko] gl 3|9 (Hatcher and McCillivary, 1979),
100 ng/g-dry ol4}e] i slfelat ApAlo] S ool
(Writer et al., 1995), Z12] 1L 500 ng/g-dryo|A4+2] 5L+ 3l
PR R el oz shgiglol ol Ala 2 o
Sl kel & (Nichols et al., 1993; Gonzalez-Oreja and Saiz-
Salinas, 1998)© & ¥ 1%t} oJZ}gke L E A o) 4] 10 ng/g-
dryolito.2 Bk HA gl 2l 0.2 QIFt Qo] T 9]
52 & = k. 53] coprostanol's =7} 100 ng/g-dry o4&
AL Y2, Y4, Y50]31aL, 500 ng/g-dry o|A}o 2 =
FEE Hel FHE Y30|SthFig. 2). ol& S «HAl
£ Fsto] B EE SPHE(CIA T T3] Aol f1A]staL
Ao, ERF A s Y R ARl YR8k ik
SR E A (2009)0f) w2 H, =8k A 2] 1999 FE] 7}
SFaL QLo shpA] 2] oF 20HE o Q19H7) glem, 5)
FAAETAD) 100%= 5HFof 130,000 E2] sk
glste] FH o= ufjEskal Qlek webA o5 e o
sPpa sk g ol S F U 22 Qs skl e A=
A9] kS Wl gl A o= 4= Qlet E3 coprostanol 2]

Table 2. Comparison of coprostanol concentrations (ng/g-dry) in sediments from other areas of Korean coastal waters

Sampling area Type N Year Coprostanol Reference
Han River Esutary Urban 16 2002 200-3100 Hyun et al. (2002)
Ulsan Bay Urban 40 2003 140-8300 Choi et al.(2005a)
Masan Bay Urban 35 2004 30-5400 Li et al. (2008)
Mokpo coast Urban 23 2006 40-7900 Choi et al.(2007)
Gunsan coast Urban 10 2008 8-250 Lee et al. (2012)
Lake Shihwa Industrial 31 2008 30-2200 Choi et al. (2011)
Gamak Bay Shellfish farm 22 2005 10-600 Kim et al. (2010)
Yeoja Bay Shellfish farm 29 2012 10-530 This study
Gangjin Bay Shellfish farm 20 2012 10-190 This study
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Fig. 2. Spatial variation of coprostanol in sediments from Yeoja Bay and Gangjin Bay of Korea.

5 1k 9]2(Y22-Y29; 17+5.3 ng/g-dry)H ot Ul2(Y1-
Y21; 80+ 112 ng/g-dry)oll 22 5] Qlo] B gl 5= <3t

L.go] tiiE U5l S H A es &+ ek
737k B2 5 S sterols HE+= 1,713-13,470 ng/g-dry (3

o 5,234 ng/g-dry)E 2 %21, coprostanol-s=+ 10-189 ng/
g-dry (B+F 72 ng/g-dry)Z 2.t} Coprostanol @] =7} X5
10 ng/g-dryo |4} 0 2 ATt A = A &elF- U o2 %k 4
ol vh lE& & = Sk s = 189 ng/g-dry= 5] G3
ANA ZAFE AL, G, G2, G4, G5, G6 A A= 100 ng/g-
dryo| e s =7k A= lth(Fig. 2). o] A2 o5 A AZL
2 2 sheTE skl lEe 2Rttt G1-G6 H A2 7
R Sl A7 o= et AAH e 242 sk s
] F-dakal A k(Park et al. 2010). 3<=X=F-7(2009)] wt
2, dafsheA 2] 4-e 200195 E 7155} Qon, 514
a%mﬂ OF 14,5007 9] Q117} 9] 0.1, BH4-pA R TRA/

FA1) 91%2 3120 6,100 £ 3l=2 22| 5}o] B3 0 = uf
Zota ek $h, UL ol 7,024 THA] 1,679 0]
sl ] LA Qol(BHETAR 23%), B¥ 5 a7} b
S E3) ZHxnto 2 wj&E 754 o] uf$- 3=3tt}. Coprostanol
9] =r = uko] Y1Z(G1-G10; 98+ 55 ng/g-dry)o] &JZ(Gl11-
G20; 47 28 ng/g-dry) 2 T} 26 L} oA (t-test, P<0.05), o] =}
gkt o] Aeksl ekl RSl A FH o] AU
of Akt FXINEe] @ Hps utetsty| e muie] e A
Sl ol 4] ZAFSE coprostanol&] Ax}e} H| W5} THTable 2).
B A= Al E| 0 2 dhdw|o] AR H 4o} A BEl4=2] 59 o]
w2 3H7)slH(Hyun et al., 2002), &4MHChoi et al., 2005a),
oKL et al., 2008), A|8k5(Choi et al., 2011), ZZ ST
(Choi et al., 2007) 2t} IR Lo 4220]¢]a1, FAFIOK Lee
etal., 2012)7} 7PHHKim et al., 2010)3} F-ASE L H-2S
itk o]2|3t 2 9432 Choi et al. (2013)0] WHgn| P25

N0

0

ml
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Table 3. Selected ratios of fecal sterols for identification of contamination by sewage

Criteria_Sterol ratio

Contaminated Uncontaminated

Reference

Hatcher and McGillivary (1979)

1 coprostanol/total sterols >0.3 Fattore et al. (1996), Carreira et al. (2004)

2 coprostanol/(coprostanol+cholestanol) >0.7 <0.3 Grimalt et al. (1990), Fattore et al. (1996),

3 coprostanol/epicoprostanol >5 Schoénning et al. (2002)

4 coprostanol/cholesterol >1.0 <0.05 Fattore et al. (1996), Peng et al. (2005)
o]-g3t AR AR Bl A E ¢ A HIHAT A AFYSE tanolof] H]SH cholestanols 7t AT A O & F71ekA Hk, &
S e WAL FARARN hepikke] ARGt o] KAl Aol Al Bl& ghE0] 0.70)1 (sl Zoll Al oAl ah& &
oF Atk wjebA] ofauiat JRiml A BHe Tt 4Est ol A YA, oA A Y3olH 03 ol4e) ghe v
TR 4G H o & HgE AQtk Tt uf-g- 2 2ol Qi o —iFi@‘%‘H@‘ o7 JrEE9rh Coprostanol/epicoprostanol

o] B]-&-2 ofzhutof A 0.21-8.41, &I Wkof| A 0.65-2.480] it
Sterol2| H|E

G g FEECHS, 27 9 dgEH s
sterol B 18- Afo] 5}, S}k Eet LE I A1 HE-E copros-
tanolS 438 AR §7] w2, sterol®] £ (profile) U
coprostanol} Th sterols7+2] B] & 52 v & Y-S L ES =1
283tk B ATAEE APee] 0w W 7120 7]
¥& B571sh7] 8l Table 33 -2 B2 &4 sterol®] HlE(co-
prostanol/total sterols, coprostanol/[coprostanol+cholestanol],
coprostanol/epicoprostanol, coprostanol/cholesterol)2 ©]-&
313l Qlc}. Coprostanol/total sterols2 oJ &}k 4] 0.01-0.09,
73R A 0.01-0.020]1%1 0.1, o] ZFE2 BE 0.30]315 K
S coprostano]/(coprostan01+ch01estanol)9] H|-&-2 ofxjqt
o]l 41 0.02-0.39, 7+ %1tof 41 0.02-0.180] itk B[ 2= EA s}
= cholestanol 9] ‘== Q17H} 71=29] A& G- F= u]A)
=2 3o 2J3) E|ZEU cholesterol©] Cholestanoli gk
Zg-o] & ujj Z7}3tcH(Hatcher and McGilliary, 1979; Fattore

etal., 1996). WehA A&l 2 F oA Hoj A= copros-

(a) 3T

e ch

g\t C ® el D

8 am Stgsn \“ -~ ‘
- 2 w 2
é’ Chsa

Axis Il (18.0%)

Epicoprostanol-& ¢17k} 7}20] uj &) A n]efe) v s 1/
o| A5k, ElHEY v E L5 E= oA 2 njlE A
342 53 coprostanol©| eplcoprostanoli Agslo] w7}
Z7V3HA QE}(Fattore et al., 1996; Peng et al., 2005). wh2}A]
Algsl 2 1ol A] coprostanol/epicoprostanol 2] H|-&-
< FopA|H, L GYUA HolH4E ot E3| copros-
tanol/epicoprostanol®] H]-&o| 5014 & wf AT ER] ke
S 233 Astrol ogt e Her weH rh(Froehner
et al., 2009). kA AARE A3 Y33 Y40 A coprostanol/
epicoprostanol H|&-0] Zz} 8.4} 6.60] FAlE|o] olLof A
5t 2G99 ZAY 71 o AE i) Coprostanol/cholesterol
o] Hl&-2 ofto A 0.01-0.35, ZFAINkel A 0.02-0.180]%1
t}. Cholesterole <17} 7}29] wjd &Ml olg}l E41&
ZopnEs ANSES TEE Be AESRE 7|e w
(Carreira et al., 2002). w}2}A] coprostanol/cholesterol H]E-
EAEY o2 AE7]QD9 cholesterol 7|9 =S o|ATE 4= 01
o™, coprostanol/cholesterol©] H]&o] 1 oA Sl 33
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Fig. 3. Correspondence analysis plot for loadings and scores according to composition and concentration of fecal sterols in each station
in Yeoja Bay and Gangjin Bay. Cop (coprostanol), Ecop (epicoprostanol), Chs (cholesterol), Chsa (cholestanol), Cam (campesterol), Stg

(stigmasterol), Stga (stigmastanol), and Sit (B-sitosterol).
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o, 0.050]5} & wj sFEE7| Lol AufAQl H ez 2T
< QItH(Flattore et al., 1996; Schonning et al., 2002). & 15
of|A] Coprostanol/cholesterol 2] H]&o| L5 10]3} o] 1L, &
AFEY3, Y40l A 0.30]49] gro] 2AR=Qiet. HhH, 0.050]5}
2 ST do] & FH-S Rt oA 95(Y 14, Y15,
Y17-Y26, Y27-Y29)3} 7344t 91Z(G13-G18)ol|A] XAE]
S}, o x k) Z3zInto| A coprostanol/total sterols, copros-
tanol/(coprostanol+cholestanol), coprostanol/epicoprostanol,
coprostanol/cholesterol®] H|-&2 &7 02 of|¢- FAlGH &
E2 519 THr=0.534-0.983, P<0.05). WA, AL %1% 714
LY o2 ozt S o= HzhE T

CHAE SHZME 018 R7I27IH 8

chAEF SA 2L 0]835l9] coprostanol ¢S} sterols
FFHE T o A9
o2k} 7N AR E5E 2ARIS & of-§-E4](correspon-
dence analysis)E AA13F13L, 11 AIE Fig. 30 Ve
o}, HAAte] T 59 AEES 83%((A 15 65%2} A 25
18%)= 7 52 0|7l A7 & & Awstar qlok. oz pukat 7
Rt B A5 8% sterol:> 37l(A, B, 0)9] 152 25 %)
th(Fig. 3a): (A)7L5-2 coprostanol P2 RE 4244 F] o] Hi 3}
At dat 213 #elo] glek (B) L& epicoprostanol,
stigmastanol, cholestanol =2 A E| 111, o] &2 B4 =1 v]AY
= ol 2k #eo] 9t} Epicoprostanol- Q17H} 7152
vl A4 E-ofl == coprostanol®f| H]3}| 430 2 ZX 5L} sediment/
water interfaceol| A} 714 v|Ag=2] 292 EA=Y sE7}
Z7F8HH(Chalaux et al., 1995). Stigmastanol 7}, 53] T
A9} 5o vl dEoll A coprostanol Lt} B =& oo e 1
2 A3} FHo| Q131(Tyagi et al., 2008), ESF stanol T-2E 7}
7] stigmastanol+= sterol 229 stigmasterol7} t]A)& &3 2}
Ao A= AgE 4= ¢l Stanol % 9] cholestanol= ¥ A&
W EA5k= cholesterol®] nHE2] Ha|2 FE7t F7HE
ek wEbA (B) L& LHHO =R E e o] FstHA
A& Fall7gd-& AR 53 coprostanolol] B3l =7t St
3= w20t} (C)1a2 cholesterol, compesterol, stigmas-
terol, B-sitosterol & LA E| g0, 2} 7|9, E3|, sjFEE7]
A3} o] gtk Compesterol, stigmasterol, 2 B-sitosterol
2 11 A& (higher plants)Z-oll ThF o2 E£A5}7] ol E]
AEZU o5 EAl= $47191 7182 Tl Slrkar B
FH} Qlth(Volkman et al., 1986). FA|R, o] 52 39F2] thef
o 27t BRI E HuEo] sifET|de R 25d o 9l
TH(Volkman et al., 1998; Froehner et al., 2009). Choi et al.
(2005b)2 Aafiwt EAEW Aax(pigment)2}; stigmasterol,
B-sitosterol] w4 ATHE o]-§-3to] Zlaluk EJHEY stigmas-
terol@} B-sitosterol 7} Al =& LE T} L2 P =N A 7]
51925 3 Th Cholesterol:> Hi A ZHE4E ofu] 2} thefat 3

S [e]
:%]'%‘1:

T E T

FHEY S Tl WS 5= qlt. SHAIEE, el A copros-
tanol/cholesterol @] H|-&-0| of-9- -2 A 6 & Ho} cholesterol
o) Aol s EelA 7Rt Ao s wE BA &
| cholesterol, compesterol, stigmasterol, -sitosterolo| T2
719 - s Eol A 71 hske] (Ol 8% A
© 2 7=} o] AL Choi et al. (2005b)2] 2139t ZAo]| A
cholesterol, stigmasterol, B-sitosterol 52| S|P E7| Lo =
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