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Distribution of sewage-derived organic matter
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Min-Kyu Choi, Hyo-Bang Moon, Sang-Soo Kim and Yoon Lee’
Marine Environment Management Team, National Fisheries Research and
Development Institute(NFRDY), Busan 619-902, Korea
"Marine Harmful Organisms Research Team, National Fisheries Research and
Development Institute(NFRDY), Busan 619-902, Korea
(Manuscript received 9 March, 2005 accepted 26 May, 2005)

Surface sediments and seawater were sampled at Masan and Haengam Bays of Korea, to evaluate contamination
by sewage-derived organic matter using fecal sterols. Six stream-water samples into Masan and Haengam Bays were
also sampled. Total concentrations of eight sterols (coprostanol, epichloestanol, epicoprostanol, cholesterol, cholestanol,
brassicasterol, stigmasterol and B-sitosterol) were in the range of 1,274 ~4,768 ug/g dry weight in suspended parti-
culate from the stream-water, 292 ~2,244 yg/g dry weight in suspended particulate from the seawater and 4.5~
272 uglg dry weight in the sediments. Although sterol compositions in sediments, seawater and stream-water were
different, cholesterol was the predominant sterol in all samples. The proportion and concentration of coprostanol,
a sewage tracer, in stream-water was much higher than those in sediment and seawater. The sterol levels including
coprostanol in the sediments and seawater were higher at inner basin than at the outer bay. Some molecular indices
and multivariate statistical analysis were used to assess the origin of these sterols and sewage contamination in
the study area. The sterol composition patterns in stream-water were mainly assoctated with contamination by
sewage-derived organic matters and those of seawater were associated with the activities of marine-originated
organisms. Sterol levels in the sediments were both from the sewage input through stream-water and the marine-
originated organisms. This survey suggests that the main source/route of sewage-derived organic matters in Masan

Bay is the input of stream-water into the bay.
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= coprostanol®t & fecal sterolsZ %o] of&3k
t}. Coprostanol (5B(H)-chlolestan-38-ol)2 2.3
fecal sterolg W=, 17to] vi& 3l fecal sterols
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2 89} B2 coprostanol S &3 829 sterols

(cholesterol, cholestanol, epicholestanol, epicopro-
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Fig. 1. Map showing the sampling stations of seawater
and surface sediments from Masan and Haengam
Bays. Rl: Hoywon stream, R2: Sanhosamho
stream, R3: Changwon stream, R4: Nam stream,
R5: Gueedong stream and R6: Shinee stream.
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Coprostanole &5 e QNN EHHOZ A
AHE Aoz L&A 7] o, npakute A &
ZH?S}L coprostanol®] FHIEHUE F2 AIHA &
& ZAEFEolY, o] g C*lﬁ}f\r 2 7 SHE

ia‘_?:}?} o3 AZE AA g
18 vhibutel A a3 & E%—Qx—i%
345 coprostanols E &3 8F 9
A Aol

3:FF FQ sterole coprostanol, cholesterol,
stigmasterol® & sterols® ¢ 74%E A&
Coprostanol 67§ 3ldolA 194~2292 ug/g dry
weight (2,030-23088 ng/L)5E HYES ngoed,
o] TE& vAEH EASTI MR oF K
232 guas Ao 7 FAE 4 9t} (Table 1).
AR B0 emﬂs‘ 200330] whatgh 2wz
A sFEA RFELS JEA 63%, vHA 80%

%%EP Table
e R F9
sterols®] &

4 FYUA BRE OP‘“: uxgd g7t A g

T3 YR FEHT ok T uhibk 79) 3t
HoA A coprostanol EEE L AE#H Ao} Devlins
Creek water 32 ng/L"® 2 9¥9 Tawoz §9
&= Tamagawa River 400~4,000 ng/LY 5o} =&
FEE BYgom Zaka olFol Ao] 77t 30%9
40%7} 2R 9= Seine River 500~56,800 ng/L'"
o FAEE 2L BT §H, dR9 ﬂ—’FﬂﬁV‘*
9% 89,000-204,000 ng/LRTHE e B
< EYT (Table 2).

Cholesterol =% 422~2453 ug/g dry weight®
coprostanol® FAMS FEFES BT (ANOVA,
p>0.05). Cholesterol® EAsh8 ozl T -
AEEZHIEL TE B2
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o] AFoAl cholesterole EAFHFY A A ]’°]
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718 fecal sterol® EF
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Sterol®] AUl ZA|
sterol®} 719& +
7189 A
2}\@4“6.1417 30)' O] Aji Z—|‘g‘
AulE (a) 5B/(5B+5a), (b) 5B/(5a+cholesterol),
coprostanol/cholesterol ]t} (Table 1).

o] ¢l A BB/(5B+5a) 2R A 0.70 2g
3 9] st A E 0.83~0.859] 0 (Table 1). 58
/(ba+cholesterol)# coprostanol/cholesterol®] A
Bl= Zt2t 0.36~1.26% 043~168% "i$- Eich 5
B/(6B+oa) FAH] 0700132 TAETE A 29

Ao g® g3 5B/(5a+cholesterol) FEH7} 0.06

3o 22 g2 Ay € 5FT MEASE
oA fEH sk g3 29E NGgoegE d#A
At®. Toulon, Morlaix 2 Brest 3t 8oz 8
B #lZ9 815 (raw sewage)?] U2 5 coprostanol/
cholesterol Z=4Hl& 1 o]gejen, ujZ FEA
o] X ME 4:02%, Spain®} Galindo 343
g3 2gAdAE 157 mud v g =4
S A dolzl 2P EL UXE EAISFE A

ki O

r
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mL), T-N 11 mg/L, T-P 0.9 mg/L,

OD 28 mg/Lo2 QL HE AN

JF+E A% #35Y TR A
Bag yv 9t}

o fo 2.
o o2 o
fob 1t {d

18,000 ton/day, Zd 39,793+ 10,383 ton/day, Z]"?_
A 20607+ 7,993 ton/day, FDaH 10476+ 377
ton/day, TolEH 5275+ 2257 ton/day, /\101
4497+ 1575 ton/dayelith Atz B, 34
HAE o2 3Hd vE v =& FI3}E 249
(ANOVA, p<0.05). ©] %S |83 coprostanol|
F-3tEke Aatstd, A3 438 g/day, FEH
476 g/day, #¥ JL‘”?E 116 g/day, 23 81 g/day,
Tol%H 65 g/day, AloH 42 g/dayel itk 2tZ A4}
THE F2 LHEY @RI YE AT Ho=
Uebydth =3, f“?lﬂ = E%HH o] $- e gk
TAER7Y gl FAHEHAT
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Table 1. Fecal sterols concentrations in suspended particulates of stream-water, seawater, and sediments from
Masan Bay and Haengam Bay

cop/ 58/ 56/ cop/  SS

Site  Cop Epichst Epicop Chst Chsta Bras Stig Sito Zsterols Ssterols (5B+50) (5B+chst) chst (mg/L)

Stream-water (ug/g dry weight) ,
R1 362 106 19 422 69 9 152 134 1274 028 0.84 0.74 0.86 30.6

R2 1573 460 91 936 318 28 672 21 4399 036 0.83 1.26 1.68 69
R3 687 201 2 780 117 57 1056 25 3148 022 0.85 0.77 083 336

R4 194 94 6 48 & 3 586 902 190 010 0.70 0.36 043 105
R5 2,292 670 113 2453 468 78 2163 780 9015 025 0.83 0.78 0.93 54
R6 1,007 294 19 1,223 190 47 1526 462 4,768 021 0.84 0.71 0.82 9.3

Mean 1,019 304 47 1,044 208 42 1026 404 4094 024 0.82 0.77 094 160
Stdev 794 225 43 754 156 24 725 231 2763  0.09 0.06 0.28 041 126

Seawater (pg/g dry weight)

SWi 10 27 8 84 58 406 57 62 148 001 0.15 0.01 0.01 52
SwW2 156 47 16 1337 87 377 72 152 2244 007 0.64 0.11 012 6.8
SW3 20 8 2 311 27 145 31 49 592 003 042 0.06 0.06 9.6
SW4 19 7 1 172 17 104 23 40 383 005 0.53 0.10 011 86
SW5 4 <LOD <LOD 18 19 154 34 46 43 001 0.16 0.02 0.02 51
SW6 <LOD <LOD <LOD 426 24 259 54 63 80 0.00 0.08 0.00 0.01 36
SW7 5 <LOD <LOD 592 31 40 61 8 1220 000 0.15 0.01 0.01 3.0
SW8 <LOD <LOD <LOD 246 20 271 43 54 637 000 0.10 0.01 0.01 4.0
SW9 10 3 1 49 20 120 37 12 673 001 0.33 0.02 0.02 75
SWI10 16 5 21361 52 3716 105 145 2063 001 0.24 0.01 0.01 25
SW11 S 2 <LOD 469 22 189 4 61 793 0.00 0.18 0.01 0.01 52

SWi2 <LOD <LOD <LOD 183 16 104 24 31 358 0.00 0.03 0.00 0.00 9.5
SWI3 <LOD <LOD <LOD 170 13 100 23 30 337 000 0.0z 0.00 0.00 6.7
SW14 <LOD <LOD <LOD 136 11 99 19 26 292 0.00 0.02 0.00 0.00 84
SWI15 <LOD <LOD <LOD 144 11 104 19 27 305 000 0.02 0.00 0.00 7.8

Mean 17 7 2 470 29 216 43 59 844 001 0.20 0.02 0.03 6.0
Stdev 39 13 4 409 21 127 24 41 632 0.02 0.19 0.04 0.04 21
Sediment (ug/g dry weight)

S1 1.19 1.36 109 780 445 344 325 202 246 005 0.21 0.10 0.15

S2 3.9 0.80 054 1016 346 338 267 217 272 015 053 0.29 0.39

S3 097 0.20 016 812 141 152 135 119 149 007 0.41 0.10 0.12

S4 053 0.11 013 538 170 097 107 122 111 005 0.24 0.08 0.10

S5 0.96 0.20 021 392 243 158 153 201 128 007 0.28 0.15 0.24

S6 1.36 0.28 027 1037 315 227 183 223 218 006 0.30 0.10 0.13

S7 0.56 0.12 013 177 139 075 086 115 6.7 0.08 0.29 0.18 0.32

S8 1.11 0.23 015 410 145 114 095 121 103 011 0.43 0.20 0.27

S9 1.38 0.28 033 469 260 149 126 221 142 010 0.35 0.19 0.29

S10 0.67 0.14 018 376 215 136 119 181 113 006 0.24 0.11 0.18
Si1 017 0.04 006 178 079 051 048 0.71 45 004 0.18 0.07 0.10
S12 0.17 0.04 006 302 071 064 046 056 56 003 0.19 0.04 0.06
S13 0.21 0.04 007 376 077 112 056 060 71 003 0.21 0.05 0.06
S14 0.16 0.03 006 407 074 103 051 078 74 002 0.17 0.03 0.04
S15 0.13 0.03 005 226 041 063 039 060 45 003 0.24 0.05 0.04

Mean 0.90 0.26 232 500 184 146 122 137 123 006 0.28 0.12 0.17
Stdev 096 0.36 271 282 118 091 083 065 72 003 0.10 0.07 0.11

Cop: coprostanol, Epichst: epicholestanol, Epicop: epicoprostanol, Chst: cholesterol, Chsta: cholestanol, Bras:
brassicasterol, Stig: stigmasterol, Sito: B-sitosterol, 5a: cholestanol, 58: coprostanol, SS: suspended solid, Rl:
Hoywon stream, R2: Sanhosamho stream, R3: Changwon stream, R4: Nam stream, R5. Gueedong stream, R6:
Shinee stream, <LOD: below detection of limit.
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Table 2. Comparison of coprostanol concentration (ng/L) in stream water into Masan and Haengam Bay with

those values reported in other countries

Location n* Concentration range
Surface water Streams into Masan and Haengam Bay 6 2,030~23,088
Tamagawa River, Japanm 2 400~4,000
Devlins Creek water, Australia™ 3 32
Sein River, France'® 19 500 ~56,300
Wastewater STP Influent, Japan'® _ 2 89,000 ~204,000
Penrith STP effluent, Australia”® 3 737,000
n® : sample numbers, STP : sewage treatment plant.
ojglon olEL X sterols® 81%EF AAFETt. B3], AA 2004 coprostanold] =T St
Cholesterol2 0.14-1.36 pg/g dry weight®] Heo] Alg sE4FoZ Wl§ & 2 E% yebdo
Qo & sterols®E ¢ %R 7Y 2 7|oJ &S (Table 1). Leeming and Nichols®= Australian
B9t} (Table 1). AEZHAE A 7]¥38l= bras- and New Zealand Environment and Conservation

sicasterol2 0.10~044 pg/g dry weight®] He9}
ok 28%9 719&E BT deF Cholesterolf’%
brassicasterol®] ®5+= sd$LRT thA

o2 o] sterols®] dMYFolAM HFF *3**Q—E 7A4

[CpRu=w

o]

oo g}, 7} sterold] FEEC] FFFEY EFEH
AR 38 (3% FFAPFES B 44 2
E A A, #ol A cholesterol coprostanol® £+

2% AHBAE BolA AR (p>0.05), brassica-
sterol@E= F9% ARBAE Bt (r=0679, p<
0.05). B3k cholesterol/brassicasterol®] H¥ H]&2
21+ 092 "9 ¥ @& B weA T
cholesteroli= 3td 49} €8] 5 - AEEHIAELR
e A 7QE Aoz Azt

843 coprostanol®] ¥ E¥E <LOD-156 ug/g dry

Council (ANZECC)9] sl E®ANET 7lol=
2}¢] (primary and secondary recreation contact
limit)el ™-23= coprostanol FEE A¢kdk uh gl
t} (Table 3). AA 2= 1,064 ng/LE 400 ng/L
(secondary recreation contact limit) Bt} ¥& 5
olglow AA 3 4, 9 74~19 ng/LE 60 ng/L
(pnmary recreation contact limits)E.t} &L
& Ho] & GHAM E¥A uFdel o
= oAU
Fol A E EA

=2 FE
3 249

b FYAE-e BAEETIU
F7189 7|2 FHE A5t sterols® 2AHE
ZA}SA T (Table 1). =l A ZAJH|= 5B/(5B+5
a) 0.02~0.64, 58/(5a+cholesterol) ~0.11, @ copro-
stanol/cholesterol ~0.129] BHE R} BE =

oz

2~

I

L.
=

weight (~1,064 ng/L)¥$ 019, & sterolsT 719  AHES A 2, 3 494 & Ho2 F2 vpiigt
&5 ~7/i UH° vo FFEE BT FF co-  UFAA EASFR A 29o] 4% Hez U
prostanol FET TUSA =& T & Byon,  Eyd 53 AHE 2¢ 7 =2 coprostanold] F
gEorn #ZFE FxZA FEHIGY (Fig. 2). of ZAHE AHAZY w2 2¥o] dd=HAUTH
200 6
Masan Bay Haengam Bay

Seawater (ug/g suspended solid)

—o— Seaw ater
—o~— Sediment

Sediment (ug/g dry weight)

Fig. 2. Coprostanol concentrations in seawater and sediments from Masan and Haengam Bays.
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Table 3. Australian and New Zealand Environment and Conservation Council (ANZECC) guidelines for marine
environment™”
Enterococci Faecal coliforms coprostanol’
(cfu/100mL) (cfu/100mL) (ng/L)
Primary recreation contact limit 35 150 60
Secondary recreation contact limit 230 1,000 400

a. Leeming and Nichols suggested that the coprostanol concentrations correspond to currently defined primary

and secondary contact limits for bacteria® .
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33. §4E% fecal sterol
HAZY & sterols® sterols9] 7193&-2 chole-
sterol 42%, cholestanol 15%, brassicasterol 12%

9 B-sitosterol 12% 2 4% sterolso] BHEF F8&
sterols©] 9tk Bl A E A cholesterol &€ 1.77~

1037 pg/g dry weight (B 500 ug/g dry weight)
oltd, % sterols® 26~55%<] WHZ T 3
Zo A9} o] 71 &L 7lod&S R HAE
o] 4 cholesterol coprostanol (r=0.727, p<0.056) %
brassicasterol (r=0.834, p<0.05)% =% F9% 4
ABRAZ B9 cholesterolo] A9 HIABE
o] 4Fge FAd w1 YL & F Uk AR,
cholestrol/brassicasterol®] ¥ #H] &2 36+ 1002
<=9} A Ee Zhe B cholesterolo] & - A8
ZPaEF 22 HIHEY 9FE FdHoE ¢
Wol Wi AL FHYE & UUTH
29 tE #golA HaE cholesterol® F&
A HEEn 090 ue/g dry weight (0.23~
400 pe/g dry weight)? 2 #738F 097 ue/g dry
weight (0.31-3.10 pg/g dry weight)''=, vpatste)
cholesterol BHF 57} & 5| ojAlolu} =& &
2 w4t (ANOVA, p<0.001). 53t brassicasterol
T 2T HAEL 181 ng/g dry weight (0.07~
0.78 pg/g dry weight) ¥ 37381+ 048 ug/g dry
weight (0.23~1.26 pg/g dry weight)E®.t}h vopibgto]
A ook 3~10uAEY B FFES HAY (ANOVA,
p<0.00D). whatere o2 el Hd 2 HFf
=3} S49 FHoZHE| S B JYSF
Q) FFoR Qg AEEHAE IHr} F4
Bag v Jo*® wela wpauke) H3
HAno AR 93 QFe] A
At

E| & &% coprostanol 9] 0.13~396 ug/g
dry weight®] $91E B %ot Hatcher and McGilli-
vary"& #%E A2 coporstanolsE 0.01 pg/gol
e 3t 04 Aol e ddez BHug v 9l
t}. o] dTFoA coprostanol?] HAFEE 0.13 e
/g dry weight®2 FAAHE AGelA =AY

-

4,

]
9
Al

[e]
=

o st
o 1-T

486

=
wro}x]
&ttt (Fig. 2). CoprostanoldE =7} 1.00
weighto] 402 & 552 BS
goileny, A 2 A5 ¥ AdErE B
T, ZAMAA 1, 2, 98 dF SAoERE e
S5t sdgolny, =AY 8L HEstrAed
HAu S Q2o o] FAAAEL v&d A
B 9FE T FHIolqirh

ol¥ AT M coprostanolFE=E 20013 T
ol ®% 003~386 ug/g dry weight™, @7sF
0.24~3.10 pg/g dry weight™, &AMt 014~826 g
/g dry weight?gh FA18 £&& RATH (ANOVA,
p>0.05). =As} vlad) HH, vt FEE
u) 2] Upper Mississippi River (0.10~7.53 pg/g dry
weight)® o]g#]e}e] Venice lagoon (0.04~441 ug
/g dry weigh)'”, 28] San Vicente Bay (ND-
730 ug/g dry weight)'”, B2+ 2] Capibaribe River
879 (052~7.32 pe/g dry weight)™, 232} Sou-
theastern water (0.38~4.80 pg/g dry weight)®' ¢}
SAMeE 3otk 2 HEHYF LR o
2250 e e 2¥ 99 Bilbao Estuary (2.2~
2030 ug/g dry weight)'®, 243571 A4 43t
+ Kaoping RiverZFE 4 &S ¥+ Southwestern
Taiwan (ND-353 pg/g dry weight® 281 844
2 (sewage spillage)d] ZAHHS J&FE o= X
2 =7e] Ria Formosa (0.1~418 ug/g dry weight)””
AP ER @E 54 o 3x 107 kg/day’t AH F
st He}A" 9] Guanabara Bay (0.33~40.00 pg/g dry
weight)® Bt} we FFo|th wata opituke
TABIER Q1% o gL FuU9fe odd AdEH
g AT, 54 wWEde APAY
v s B FEE 24t
22 gterolsd ZFAvE 5B/(5B+5a) 017~
053, 58/(5a+cholesterol) 0.03~0.29, coprostanol/
cholesterol 0.03~0.39 ¥HE Yeldth HHE0A
sterol7te] ZAH]E coprostanol FE9 A HA

1

= 2=
L

=
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upibgte] a7l #71E fecal sterol®] #¥

2, 8 994 =& S HY, o] AFEC] BA S 34. =AEE7I9) F71E WS 2 GEHY
2 93k 3"301 A Aer gAY (Fig. 3). 3l4, 3¢, H§HEF sterolsS FE L EFAA
3 A 2% e HAEANAN M 2L 5= 433 2 AREL BAFAG. o] dFA 4
ZA8E 04 HIAAE N&H o7 TANFFrE  WHE B24E o] &3t sterolsé] BXo| E wiE
FHste AR AT 5 Qrh 4 FFHAE FASAT P 42 sterolsﬁ}
A, HHENA 53 At e o FEE o3 QHulEd T E RAFEEY 2
29 AW 8L #l5s 2a HL coprostanol  UE BHrbe] o] o] g o] frpPlNAIH o) o
FE9 ¥ &S Ut Fecal sterolsS F& A FolAe ABES HE F U884 (correspondence
F71 85 @Eo] gl7] W&o wjEAl HAE #  analysis)S #ststh
27 ¥"= 240 nmnd v d®® ey U$E2845, FE4 dg 7 F9 A&
35712 f7180] AYE B B WEA AF  91%E oo, A 15 89%E FEAY YRR
gHZzo07 AY FUFH et 93 F < A9t 87 sterolEL oo Zo] 2709
A 299 Aoz AztH aFe® BHHAYt (Fig. 4(a); i) coprostanol,
0.8
—e— 5R/(5B+5a)
—¥—5@/(5a+chst)
06 |
—&— copichst
A
&6 04 | /\ /\
.\
- / A &%
00 L W .
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