Journal of the Korean Society
for Marine Environmental Engineering
Vol. 4, No. 3. pp. 40~52, August. 2001

HOotof HO A 2229 MalstA X 3i(coprostanol)Oll st &2

e

HT

(1 - ‘
7 ¥ qgp?

Studies on biochemical indicator(coprostanol) of
fecal pollution at coastal waters
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Abstract

Using a biochemical indicator, the effects of fecal pollution in the estuary of the Nakdong
river and in the Chinhae Bay were investigated from summer to winter in 1997-1998.
The biochemical indicator used in this study was coprostanol (5-cholestan-3-ol) which is
a kind of fecal sterol. It is a useful tracer of fecal pollution, as it is only found in feces
of mammals including humans. Coprostanol was less affected by surrounding
environments than other indicators of fecal pollution such as fecal coliform or ammonium
and was proved to be a good indicator of fecal pollution. Therefore, long-term
observations of coprostanol and related compounds could be used as useful indicators for
the effects of feces on marine environments and ecosystems.
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of HAg AFRA ¢
o3t Al mlo gktk(McFeters et al, [1986]).
skt Aol o]} #& g FHo
A 3het A 2] & (biochemical indicator)2A 5o] 34

AV F718gHES] Abgo] AAHAA grh(Hatch-

er et al, [1977); McCalley et al., [1980); Mur-
taugh et al, [1967]). =A% A ¥

*Eﬂf"'—’ﬂ coprostanol(5 8 —cholestan-3 8 -ol) & A}
S8 IHEF THFE BT SAHY] o
woll #UsA FolA EHege] W F&%
FAAZA g ol ATHAL HFY F
I EHAZqAY #H3E A AT 9 (Kana-
zawa et al, [1978]; Pocklington et al., [1987];
Sherwin et al, [1993]) &2 HYHHE] A+
(Chalaux et al, [1995]; Teshima et al, [1978};
Jeng et al, [1996]) 242 X317} 2 estuaryol
Aol dA(Jeng et al, [1994]; Laurellard et al,
[1993]) =A)9 sewage® <9%3} dumpingel ##
3k A (Eganhouse et al., [1988]; Hatcher et al.,
[1979]; Pierce et al, [1984); Takada et al,
[1994]; Nichols et al., [1991]; Nichols et al,
[1993]; Nichols et al., [1992]) 28] ol A 9
99 &3 (Green et al, [1992]; Venkatesan et
al., [1992] Venkatesan et al, [1986]) So] ¢
Coprostanol<- Z-f%5 89 A3}7]dHA A
Aol cholesterol{cholest-5-en-38 -ol)& ¢
Aoz A FEITHTakada et al, [1994]). =
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(Fig. 1).
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A7gel Al 4507C ol
A sAzHE< B &A1 GF/F filter (110 mm)&
33 F BAA7R -20CoHA 52 B#sd
t}. Bligh and Dyer9 ®®(Bligh et al, [1959])
o] wa} chloroform /methanol 2:1(v/v) &do=Z
AR A AHE FE5F & AlE chloroform
/methanol S 7ete] 2~33] ¢ AAE
3 & FEEEE 3HTAAA Y 59
AzAA EGA7A] -70Co| B#3 %
= 2 £ v 2¢ chloroformel &34z
% silica gel(100~200 mesh, Sigma Co.) column
chromatography(25x15 cm)ell ¥ 3 chlorlform$
7ysted SAAAE et wnE T4/
o toluenes 718t 05 N KOH-MeOH-H.OE
Yo HEEsAz + cholesterolT} copros-
tanol® WxzEAE 3}o] Thin layer chroma-
tography (Merck 60G, Sigma Co)E o] &38}o]
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S8R "M sterolE F2 AASFHEG ol
2HE Bl bis- (trimethylsilyl) trifluoroa-
cetamides A7F8lal 7}¥ o] trimethyl- silyl
ethers2 & ¥ F=A8"E  2H S (trime-
thylsilyl ethers)® 35T, AA7F3lA 7ds
%3% & gas chromatography$®t gas chroma-
tography/mass spectrometry #2272 -70C
of Husldch

Trimethylsilyl ethers& hexanecl £3j4z1 t}
2 non-polar fused silica capillary column DB
-5(phenylmethyl silicone; &7 30 mx0.32 mom;
film 57 0.25 gm), flame ionization detector I
2]32  on-column injector’l #AE  Hewlett
Packard 6890 gas chromatography$} Hewlett
Packard 5970 mass spectrometry detector(MSD)
g olg3le 2HE S BNIED BAE
< LELZEE 50~100TE5TC/min)%k 100~
300C(3T/mn)Y 7 AR T2y, #AE
7] X ¥ 320Ceol ¥FS HMItaz ALE3
AHFEE 2n/min). ~HEY WERFEAER
¥ 5a (H)-cholestanes AF&3t9 Tt 28 2
22 ¥ HEFEE A (coprostanol, cholestanol,
epicoprostanol, campesterol, £ -sitosterol %)%
A 59 gas chromatograph A3tz A=
EYS vlusty gt

[ U

23 YEAT Nz U SHZE

NI MAde 2¥8E e FAE I Al
Z 180TCo)A 2A7 e AEBTE Fde A
3 & HH3) A3 AES lactose broth Hj

Durham tubed T3 44, #4& FE835zn
Aykeg Jels ARE AFHste]  MPNY
2 & oiFde 4% Brillant Green Lactose
Bile (BGNB)S A iz o] HF 3] 35TolA v
st BWA g3 de] Aol ECHIRY HE
3o 44TolA wigste 7t~ E B
TFE FAHASHIST et al, [1995)).

Aol sFAR 100meo) 1% 4 formaline
S Wy AF F Irgalan blacke 2 HA g
millipore filter( ¢ 0.2 micrometer) S o 2} %]
of A&} AlE Imo] DAPI Al¢F 01 mE 3
Ztsta 5EzF #wA F ooetn, FAFHA(X
1000022 20 field ©]% AlFstd o JHEFo =2

lo o2 wju

o oo

&, 0{@

ZF Aasg AE A M Porter et al.,, [1980)).

0
MHa

M
A

2.4 AXH wol=

LA 7 e A (particulate organic carbon) %
# 4 (particulate organic nitrogen)¥ 450Col A 5
A 7bg]t 38 A7l GEF/F filter(A7 25 n)Z A
F ZA g % 500mE s £ 1 N HClLS
7tsted CaCOsE A AT thg Adddx A%
A2HE o] -85} CHN-analyzer(Perkin

Elmer-2400)2 =7 &}l t},
25 B2 - shats g 2

T2, 9%, pHEY B84 Arve dgdx
water quality meter(PPC Co)& ol &8t} 2
i, YE BHS 93 AR 500 ME
4ol Al GF/C fillter® o] ThAA 5 R ¥

b AR Alg A =
Aa(QxdE HY), obEAr A2 (sulfanilamide
¢} N-(1-naphthyl)-ethylendiamine& o] &3}
NED®), #4t "4 (Cu-Cd columng o] &3 o}
Ak gd), A4 Q(ascorbic acid®) 2 A
TA(EYEY AY) T &F TV dYEFE
=4 3} A H(Strickland et al., [1972]).
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Fig. 2 of physical factors in the Nakdong river

estuary during study period.(S: Surface B:

Bottom)

FEEEES JENAY. zga JAAE PO
001~099 mg/ ¢ & BEZHUE ANEoA, AR
o EA o & Eyxdds vegulen i
AR (Si0n) 2] A $-oll¥= 0.26~5.15 mg/ ¢ 2 3LA 7}
ARG o 5& 7% B 9 Fig. 3).
A Frgas 2 frE L 2o R

If

)= =4
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Woggg o Fusdda #3d IAY

7leAao] AL Ao 173~365 g/ L, FA
106~706 pg/t G Pae) F7 Aihe A

o 21~41 ug/ 0, FAN 11~116 pg/ ¢ 2 Al
& FAld G- @37 dden a5 4
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Fig. 3 Distribution of Nutrients in the Nakdong
river estuary during study period.
(S! Surface B: Bottom)

B9 (Fig. 4).

R 522 (SS; Suspended Solid)el A$oll=
Azo] EZd vl ¥& AILE B¥on A
Hibe SA o B2 EXSSe 29t oA
< A AFEANFHA FFA FEe Aoz <
st EHAHEo AFFT A2 Aztdrh 19
3 YYAtE foiekd 2 frldAe EEE 22
293 R{FEATA FAS 2EGEE JeERRA
e, ol 22 Ade A AEZHaEY &
wgl daAgakat AHE gee] gl ov(Fig. 49
Fig. 5 ) E£3 C/N vl2 B o 9o 77L& A
d N3olA =2 @& HeEdx &4 AHE
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Fig. 4 Distribution of Chlorophyll-a, POC and PON
in the Nakdong river estuary during study

N2-B N3-B

period.  (S: Surface B: Bottom)
NI N2ojA w2 % B¥E Bo AF aH
off A Pate) F71Ee] Bol FYHAEE FAZ
T A (Fig. 5).

RAFFe AS A G54 &7 FHFEd
qME F ATl 93~24%10°100 mi, 28 A
o] 9~4X107100 moldon & WdTL
EZolA, EuA AT AZFola f ol £
Etn Ak A FHEy A=, &
gl 7~24x104100 me, @A d@Fol
0~15/100 M2 B¥A 3 de A A&=A
ugken FgREs GEL &7 Fusdudg
B o9A 2Esgd AeATe 100~107me

SS(ma/l)
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Fig. 5 Distribution of SS and C/N ratio in the
Nakdong river estuary during study period.
(S: Surface B: Bottom)

Wslel ol (Fig. 6) G587 Fus
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e 32357 98 Add v g 12
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ATeHHAAN TAE F

Mo

Ade G @
T FRF AN E Al 6460~7960 ng/l, A
o] 540~3263 ng/lZ EART stA A o
we Ao Bxsn Ygon A FHL
Z
2l

Aol7k gglont FAE BFE A 49

ST T T

NildlA = ¥R IZ Jehydo(Fig.
7A). @A I FRH G FH$ole shAel
680~1360 ng/l, EA ) 680~2800 ng/1Z sIAE

o SA o 2& & o] HEHRow A
WagE g otZo)] a3 A J3oM 7MY =
2 ¥% e ®grtHFig. 7B).
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Table 1 Relative composition of particulate sterols in the Nakdong river estuary waters expressed as
percentages of total particulate sterol
Sterol August 1997 ] February 1998
composition N1-S N2-S N3-S NI-B N2-B N3-B NI1-S N2-S N3-S NI-B N2-B N3-B

cholesterol 270 329 343 174 280 313 284 290 361 278 341 578
campesterol 3.6 51 6.0 3.9 2.8 54 29 45 2.7 2.4 52 79
stigmasterol 1.1 26 22 115 17 33 36 6.1 26 3.0 29 4.1

B -sitosterol 7.0 125 156 96 105 158 141 140 154 131 136 136

coprostanol 450 321 289 431 430 242 336 308 294 33 309 165
24-me
coprostanol

24-et
coprostanol

3.2 32 2.2 2.1 1.1 25 35 3.3 2.7 26 2.3 tr
126 118 108 124 129 108 139 123 111 129 110 tr

total
54 ~stanols 61 470 419 55 57 375 51.0 463 43.2 50.8 442 16.5

tr : < 1%

Table 2 Relative composition of particulate sterols in the Jinhae bay waters expressed as percentage of
total particulate sterol

Sterol August 1997 November 1997

composition  jj-§ J2-S J3-S JI-B J2-B J3-B JI-S J2-S J3-S JI-B J2-B J3-B

cholesterol 430 215 249 292 209 280 575 218 324 395 251 265
campesterlol 35 25 1.7 49 3.0 2.2 5.3 4.2 54 5.9 3.1 46
stigmasterol 13 tr 40 23 48 23 39 14 35 73 14 26
B —sitosterol 78 73 80 117 85 85 131 754 123 147 92 113

corpostanol 258 484 440 376 465 450 115 432 324 273 454 397

24-me
copostanaol 2.8 3.8 2.4 3.3 11 tr 1.8 tr 3.0 tr 27 3.3
24-et
coprostanol 106 166 140 109 1514 140 68 219 108 53 132 119

total 58 -stanols 39 68 604 518 621 59 201 64 463 326 61 55

tr @ <1%
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Fig. 6 Distribution of total bacterial number in the
(A) Nakdong river estuary and (B) }inhae
bay. (S: Surface B: Bottom)

Pxistn 2 9 HEY 53 TAYES
23 A 9l¥ campesterol, stigmasterol =L
B -sitosterol®] ¥z AR stx ok E§
2 24282 9= coprostanolA Fo] A
2 Ham Utk wEBA sterol
& HE BEE A3 e
od GBI AHwy 2L¥9E
3 FE7IH U= AS
e S FHSA
£ U3 EW coprostanol©)
242~450%2 714 Rol A&HYew 1
22  cholesterolo] ®eo]l ZAHAN(174~
34.3%). FA°lE= cholesterol(27.8~57.8%)°] 7}
Z wo] BmAEOM coprostanol(165~35.3%)
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2 37 53 AT AL N1F N2dAlA
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Zyafd L dtAofE coprostanol®] 25.8~48.4%

Fig. 7 Distribution of total lipid in (A) Nakdong
river estuary and (B) linhae bay
(S: Surface B: Bottom)

2 7b4 ol wAxE o cholesterol2 209~
ABO%Z 2 g AARIFL FANE copro-
stanol(11.5~454%)3 cholesterol(21.8~57.5%) 2
Aol FAE BEEgAs BT FPERE H
Ao A2 & AA(2Y JHERT YA ke
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t}. Moon et al, [1993]-— P
NgAre FEE AAd=d HEE
AR {719xte] WHEs o
Atk stE e Lee et al., [1994]
0427““ A8 R7lEHY FEI
Ao 2HE BE FAdPol FFH £

AEY thaFle]l Uo7 “33—0]3}"
Ath Moon et al, [1994]2 Y57 7Y
F3le YA FriER F ABEEol #7]
A YRt A EEUAY 2 2ago £33 Brown
[1984]% coprostanol®] ti¥-&ol =t} 4
Aotz B 3ot ®3 coprostanold F
FH7etx Fxe 493 F dAFn
[1993]; Venkatesan et al,
coprostanol®] B X #=2 atg %;“h‘
o] RolA 7|dE 2H4EH B
=4FE5 A, 2FA 59 T:E"ﬂ CHE‘}
2 58 A& 3} (Pierce et al, [1984]; Shigenaka
et al, [1988]; Wade et al, [1988]). @&y %
7 ETds FEelA FEE FL v&9
coprostanol( > mean 35%) X ZFAs| | u

%ﬂ%

=
T
o
pus

et al.,
Wt
=
(Sherwin et al,,
[1986]),
At

g,

Table 3 Coprostanol concentrations

BEEA F 53

A7 " cHFig. 4%
B FoEE

49y sith

bR
POC¢<}
Fig. 5). W}E}H
coprostanol/POC2] H|&=
(Venkatesan et al., [1986]).
2 ?3?3}1@1011*1 B 7 w2
gt BEIYYLE 4 72 L2919
g A Y Aol 9FthE Yde et al, [1982]
19} g eH, Abgke] st B ol B9
A AT £9%7 #o= Nichols et al,
[19931¢] B} A%ty Kogure et al., [1980)
= g E¥UF AEEZgaEe Z43 UH
g A7 Aok stgen B ARG
g ¥gle w23 F2E29 g 18x
53] Ai" AYdge wHEd rdstes
345“3}(Fig 3% Fig. 4). 281 45
o &Y A4} E geol wE itel Qi
°§ 3 we fukn iﬂ] BEP=
Kang, H, [1993]2 wre] M7 <
Tt @2 Yafo usf -rr7l€/]
WaloiA o A X ki
AT AHe vld Aol

s
T

a

% o)

ox

H
ki

iy
7

lo &

o
—

¢

(ol

.]

=1
¢4,
o=z
ol

.\.Q,FIF P 08_\',‘1

g

L
=

B oAFsidgo| A B2E coprostanol® FEE
= GEH s7do] 056~154 pg/l, A
FHRYFAA = 0.06~3.31 pe/ L olTt o9 2

< 2Rz AL FAH G FHETY 02~66

g/ 0, A7 1.20~320 pg/ ¢ F A4S =%
Bxdoern vIEZF ¢ FHSEY HE
Scheldt estuaryE v = ttHTable 3). ¥ A3

7 98 7 g
M Bge o

< coprostanol/POC¢ ®H]| &2
AgRcte $53s T

in estuaries and coastal areas impacted by sewage pollution

Location

Concentration(ug/ £ )

Reference

Ariake sea, Japan(T) 0.06~1.05 Kanazawa et al., 1978.
Scheldt estuary, Belgium(T) <0.1~0.28 Yde et al., 1982,
Galveston bay 1.0 Shigenaka et al., 1988.
Tokyo bay 0.2~6.6 Chalaux et al., 1995.
Rhine river 1.20~3.20 Quémeéneur et al.,, 1994.
Anraku river trace~0.45 Kanazawa et al., 1978.
Nakdong river 056~154 present study
Jinhae bay 0.06~3.31 present study

T : total(dissolved+particulte)

_47_



eI R

POC <ol %2 A7 AR stA At Fuisfd
Hos 4% 3t FHEFYdA o =&
coprostanol®] #7%Ho] YEZAE F3 BEwod
o] 4z} & F U

dAotaidol A UL HEY JFHE F2 WA
A, dEYol, AR i #UE §& o &
3l EA =gt 2 AFZAT JEd e
de XFEEY BFEE HHEY HYFH 7 F

NI-B M-8

NH4(mg/1)

0.50
0.45
0.40
0.35
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NINIIIINIY:
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|
N1-S N2-S N3-S Ni-B M2-B N3-B
Station

Fig. 8 Distribution of indicators of sewage pollu-
tion used in the Nakdong river estuary in
Aug. 1997.
(A) coliform number, (B) NH4-N,
(C) Aoprostanol
TC : total coliform bacteria, FC: fecal
coliform bacteria
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ox
Ny
2 ox HT o

& ut &

2 FHA diATy Aol EXIYNE BHgon
oA digde] dE AEHA &L AHNAME
coprostanole] A THFig. 9). AFHoz &
Hede] AR AEHL dv E9A4 dAdde

2 LEY 5A4EHY EA4
d3 57 wEel, EHoge HdAI AFEA
T HAre) Ao g ool A7 Ho]
ko 2 2 (McFeters et al, [1986]) dsi7t FWs)
oM vehd Z3E wds] B 9 coprostanol
ol B¥lA ulFT nmdte WL fFE3 A
o AFAHELS & ¢ U 28y g
HAE Foste] BEAHA AFTHECRZ ALE
o 3t} Coprostanole 3714 @R &
b dojuA g 7 BAHAM = F BE
7] WEol HAEAA ZF7IF ke diEHA

i oHe ok mi fo
£ o o

Bacteral No. (Log MPN/100ml)

Coprostanol{ %

45
40
35

25
20
15
10

J1-8 J2-s W3-8 N-B J2-B J3-B
Station

Fig. 9 Distribution of indicators of sewage
pollution used in the Jinhae Bay in Aug.
1997.
TC: total coliform bacteria,
FC: fecal coliform bacteria
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5ol yEwoH 1 49
S5 AeA H4RE 92 E
g Utk waEgA A A GYe] a8n x
AL G o] gl uwhel xR oF AR
Fo & 71gdol d. xd F AHEN ¢ 2
Z+zbe] 2H &9 3§ coprostanol?) H|&2 It
FAMe EHoY BEo ZAIF] FE&3
th. Sherwin et al, [1993]2 % Z®HEo| g
coprostanol®] AW el 7dE HAHE F7]1E
de E¥Ade T84S el AR A
o] Nichols et al, [1991]1& coprostanol® 3l
BB EAHor BARHE 2HE HE&
Hode dAdY FdAEd A= g
el AXE AT ot
A747% F 2HE 2 o2 2dHEo g3
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