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Abstract

Water and sediment qualities were investigated in the Oncheon Stream and at the Wondong bridge of the Suyoung River,
during the summer rainy season, 2019. Dissolved oxygen (DO) showed the lowest levels at 4.7 and 5.0 m/L, and biogeochemical
oxygen demand (BOD) showed the highest at 5.3 mg/L downstream where the tributary flows into the main river. Chemical
oxygen demand (COD) increased from 2.0 to 5.9 mg/L on average as it flowed downstream, The COD/BOD ratio decreased
gradually as it flowed downstream, reaching 1.0. However, COD/BOD ratio at the Wondong bridge was 5.8-22.2, indicating that
easily biodegradable and non-biodegradable organic matter flows into the Oncheon Stream and Suyoung River, respectively.
Total nitrogen (T-N) / total phosphorus (T-P) ratio tended to decrease from 72 to 21 as it flowed downstream, measuring 71 to 86
at the Wondong bridge. The water quality index (WQI) generally improved better than grade IV after heavy rainfalls. However,
DO and T-P were the parameters that deteriorated the WQI. Ignition loss (IL), COD, T-N, and T-P of sediments had distribution
of 1.44 £ 1.01%, 0.35 £ 0.16%, 43 + 63 mg/kg, and 10.9 + 21.9 mg/kg, respectively. These were several times lower than the
annual averages of IL, T-N, and T-P in 2017 before the dredging project was conducted in the first half of 2018.

Key words : Oncheon Stream, Water quality, Sediment, Water quality index

Grimm et al., 2008). T4 3PS A} X|H9TlE A}
o]o] AAE AlFsls B2 7IsEs 7KW webA, &
o gio]m 44753t 270l thet 877} STk Miller et
al., 2006).

22 APARI Al P o=, FAke] 7 4lelA

| A ISt GRS g A o e
ZAHSHO| 7|05z vl F-85HA] Q1A
o] ¢iti(Baschak and Brown, 1995; Gariner, 1997;

Received 27 May, 2020; Revised 15 June, 2020;

Accepted 22 June, 2020

"Corresponding author: : Suk-Hyun Kim, Marine Environmental
Research Center, Korea Institute of Ocean Science & Technology,
Busan 49111, Korea

Phone : +82-51-664-3170

E-mail : shkim@kiost.ac.kr

The Korean Environmental Sciences Society. All rights reserved.
) This is an Open-Access article distributed under the terms of the
Creative Commons Attribution Non-Commercial License (http://
creativecommons.org/licenses/by-nc/3.0) which permits unrestricted
non-commercial use, distribution, and reproduction in any medium,
provided the original work is properly cited.



Siat

660 o|dE - =T -
Hrlsto] 78t Eelit 2 AL 86WHE Q17 A
T Eaks WEdhe =AW 14.13 km, FoHA]
56.28 km?, Z 30~90 m2] 31 0 & Ftalo] s=ofuto.
T THEE 9 7FE 2 AlFeltHBMC, 2020a).
LHHL 1994 0] Akl o] BOD7} 78.7 mg/L
B SR QYR dEo] AR Hohs 52 51 &
S Hel v Qle} FRI9) AEao] ol W
o} 4o A gFdoll gt 7|, of7hEste] W, 29
Z8/00 thgt 1AHSE 502 1995 233 A7)
5= 7R sk sl AARde] EAA o= AlA)
| oh 237 1998 ARE 2A%Isk shd 2770
RS AEA 02 FA ko, 20021 2343 A
7] kA ZWE £l 2005 E W HeE
21 FAEE WL, 200749 2303 AHAKY
o= 5oto] oAz FARS taEAldl A ES RS
o= Zp2k QItHBMC, 2020b).

T, 2L TN olEsl A w5 A
O] Axd o] LERaL glow, o= dnEA HAES
o] H A AT S St gt
Y= 714> AL &8] WAdske Zlos dexl
2R ZE Cryptomonad®] F1/dof o3t Zloz 2Rolw
v} It Nishimura, 1990; Novarino and Lucas, 1993;
Lee et al., 2014; Kim et al., 2018). E3, 2L 3}47]
of] Mol = B 9] HAF @] REEEAL glom,
o= PRAA ) E9o] Birjeige] 05712 &
ool kel WA RA SRS B 54
ePgom AYEE 047t it oW odEE W B4t
- 5o) ujH 0B 3 spHow 9-lEo] uhayl
7o 3olx]11 QItKKIAD, 2017; Busan.com, 2019;
KINP, 2019). S = 244 Ea7] Hixjet st
of, £ SN BRA SlBRBAE 20259
ol 2022 A71A] 3 ©Eslo] 27|of YhEstal, 23
A B L HAAE S 27|33 EaL7] HAF TPEA]
9] 27gHIE Foto] B ofs =5 SEshke
Agls xZedohs SRS ISt vh IcKBMC,
2019).

2L EAAYEBR 0 & QI 8611 F719) o7}
S5} pristo] ) Fask Aol Wby 2|47H
e S AR gtk 2 e B9 HiAt
o] Y= skA f710ll 2343 frelollM o] =4

A EHEHE0] & TESS AR 23439 ALstt

e NAG &

= (o]
2 27 FESE ofslivaL, e ALkt we
Lk

=
52 AFskckFig. 1). LHAL] AR 9131
ST-1:8 H5742149] Fo] o] R HF25w 4
o
o]
l
ol

=

A, ST2% Ao} A0] egaiel Ht 47, ST-3
A} A Alo]e] $a3 P, T4 203
A%, ST-5= 3ejod Q1 Ay A, S

Fig. 1. Map showing sampling stations for water and sediment
in the Oncheon Stream and the Suyoung River.
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Fig. 2. Daily precipitation in Busan during the period of
summer rainy season, 2019 (from Meteorological data
open portal of Korea Meteorological Administration).
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Table 1. Environmental variables in water summarized as the mean, standard deviation and range for each sampling station

Parameter ST-1 ST-2 ST-3 ST-4 ST-5 ST-6 ST-7
Zrar:;r 255+ 1.1 26.6+0.8 305+ 1.1 30.841.9 314426 323+2.1 299+ 1.4
CC)  24.6~267 25.8~27.4 294~315 288~32.5  28.9~34.1 30.1~34.2 28.7~31.4
8.0+0.1 8202 79403 79403 7.7£0.1 75402 7.8+0.1
P 8.0~8.1 8.0~83 7.7~82 7.6~8.1 7.7~78 74~77 7.7~79
DO 7.7+£0.2 7.6+0.2 63+1.2 6.1+1.3 6.3+0.4 6.3+0.2 55+0.7
(mg/L)  7.6~7.9 7.5~78 5.0~7.1 47~72 59~6.7 6.1~6.5 49~62
BOD 03+02 05+0.1 1.1£0.7 23+27 1.9+ 1.6 20+1.1 14403
(mg/L)  02~0.5 04~0.6 0.5~1.8 04~53 0.7~3.7 1~3.1 12~17
COD 20402 47+08 50405 48403 44506 59433 16.2+9.1
(mg/L)  1.8~22 40~56 45~55 45~50 3.7~49 35~96 9.9~26.6
ss 07403 25+12 20+0.7 23+13 65472 57427 158452
(mg/L)  04~1.0 14~38 1.6~2.8 12~38 22~148 38~8.8 10.0~20.0
TN  043+0.14 1474023 1.74+0.35 2574103 2.70+0.62 2354030 517+2.16
(mgll)  03~0.6 12~17 1.4~2.1 1.5~3.5 2.1~33 2.1~27 33~75
TP 0.027£0.009 0.068+0.017 0.089+0.025  0.160+0.122 0.189+0.121  0.193+0.089  0.144+0.046
(mg/L)  0.02~0.04 0.05~0.09 0.07~0.12 0.07~030  0.12~0.33 0.10~0.27 0.10~0.19

NH4-N  0.007+0.003  0.013+0.006  0.013+0.013 0.067+0.095 0.066+0.085  0.057+0.033  0.244+0.187
(mg/L)  0.005~0.010  0.007~0.018  0.006~0.028 0.007~0.176  0.012~0.164  0.035~0.095  0.045~0.416
NO;-N 0.10£0.04 0.50+0.22 0.55+0.26 1.05+0.50 0.85+£0.40 0.97+0.46 1.42+0.05
(mg/L) 0.06~0.14 0.36~0.75 0.34~0.84 0.52~1.52 0.39~1.13 0.44~1.29 1.37~1.47
Chl-a  0.63 £0.21 6.67 £10.77 1.63 £1.72 1.63 +1.91 0.77 +0.51 697 +£10.70 223 +1.21
(ug/L) 040 ~0.80 040 ~19.10 040 ~3.60 020 ~3.80 020 ~1.20 020 ~1930 130 ~3.60
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Fig. 3. Temporal-spatial distributions of environmental variables for water at the Oncheon Stream and the Suyoung River in

summer rainy season, 2019.
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oxygen demand and biological oxygen demand (COD/BOD) in the Oncheon Stream and the Suyoung River water in

summer rainy season, 2019.
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mg/Lof| vsto] E vl 7R =S HIrKTable 1).
TP dEa FHET-Nol= 2APRE S
0.045~0.416 mg/LZ 23122] t}2 A S0 n|s}e

E2 S Bl A7|A 0 2= 8Y 5Uo 7 =k
. AE230 FHST-DoA 2AP]
b5 0.10+£0.04 mg/Lof|A] 172 245 Hx} F7}
a0, 7 2 ghS Bl AHS 97k esa
AZ(ST-7)0l|A] 1.42+0.05 mg/LTK Table 1, Fig. 3).
A7 7P =2 g 8 5Y 2 Hd
(ST-4)°A] 1.515 mg/LYT}. T-Noj|A] NH4-N AJHo]
AR HEEE RAPIRE Fol RE FRA
2.0£1.8%, NO;-N7} ZpAJ5H= Hl&-& 35.7420.9% =,
T-NojlA 824 f7]8dof Aa o] W2 Hi 2
ge]o] Q= A0 R FAE|SITE NO3-N2F NH,-NOJ H]
&2 A AR oNA Bt 46.5£54% & G2 T
/ol A= NOs-N7F NH,-Nooj| H]s}e] ufj-9- o} 23
HoA9] sFa7] 24717 5 A2 3714 Aol 9l
U= 24 UEhjo] ok

Chl-a2] 79, 12} ZARA|7]0] 74 4Uojl= P2 &
L ZGRST-1)ollA 2379 AH(ST-4)7k4] 0.5~0.9
ugL= 1 yg/L a)qk, Mg AH-(ST-5)0ll4] Yl 4
AST-T)olA = 1.2~1.8 yg/Lo] E-2E W ek 23} 2
ARA71Q1 7TE 29 Yoll= YEal ZR(ST-7)ollA] 1.3 g/l
oz 71} E=gron, 71 9] S 0.2~0.4 yg/L
O] w2 Chl-a k2 RStk 32} 2AMA|71Q1 89 5Uoll=
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Table 2. Environmental variables in sediment summarized as the mean, standard deviation and range per dry weight for each

sampling station

Parameter ST-1 ST-2 ST-3 ST-4 ST-5 ST-6 ST-7
IL 1.2+04 1.6+0.4 1.0+0.3 0.8+0.1 1.6+0.5 27424 1.2+0.7
(%) 08~1.6 1.1~1.9 08~14 0.7~0.9 1.2~2.1 1.3~54 0.7~2.0
COD 0.46 +£0.06 0.34+0.17 0.14+0.14 0.25+0.08 0.39+0.08 0.52+0.19 0.32+0.08
(%) 0.42~0.53 0.15~0.46 0.04~0.30 0.17~0.32 0.32~0.47 0.36~0.73 0.24~0.39
TOC 0.30+0.15 0.56+0.09 0.37+0.03 0.15+0.02 0.44+0.09 0.76 +0.40 0.68+0.30
(%) 0.21~0.47 0.51~0.67 0.35~0.41 0.13~0.17 0.35~0.53 0.31~1.05 0.36 ~0.95
T-N 17.4+13.6 17.3+£5.7 222+6.5 31.9+17.9 31.3+13.7 135.9+140.1 41.4+55.1
(mg/kg) 8.9~33.1 11.6~22.9 17.1~29.6 15.3~50.9 17.5~449 37.5~296.3 9.3~105.0
T-P 2.29+0.57 435+0.25 5.74+1.44 6.76 +1.50 8.32+£0.58  42.70+54.5 6.47+4.90
(mg/kg) 1.85~2.93 4.11~4.62 4.46~7.31 5.79~8.48 7.89~8.98 9.66~105.6  2.27~11.85
T-Chl 1.63+£0.81 4.07+0.55 2.13+£0.90 3.03+1.66 3.57+0.68 3.10+1.23 3.57+1.68
(mg/kg) 0.90 ~2.50 3.70~4.70 1.10~2.70 1.50~4.80 2.80~4.10 1.70 ~4.00 2.50~5.50

BpdAtdIE ARST-2) ofdal HR(ST-6)14]
19.13%} 19.39] w9 3 Chl-a glo] YERIL, 71 9] 7
Tl AF(ST-3), 2374 BAST-4) 2 L A7
(ST-7)0l|4] 3.6~3.8 yg/L & 5= HEZE H T Table
1, Fig. 3). 92U} shlojxe= AR 7ee=A
Chl-a7} Z5E|o] QA A[FE TasolA] A 7]=
w2}, 8 SUO| B QI AR(ST-2) 2} o ida 4
ZU(ST-6)0l142] Chl-a2] 2 14~20 g/l 77131 K5
(D) Sl s A 2AF 7REs<t e S
oflXe] F== 5 ug/L ofske] wieEE(la) 1ol s
Fok

3.2, +EX|SEI}

S90Skl BellH SR BAIS 32 ot
Lotk 1960\t o]% shHoA FAJEE B8]
3t =2 A $22%]43(WQI: Water Quality Index)S
S ARg31o] ghci(Sutadian et al., 2016). SRR G 4=
15 7hst e = FShe 2kdo] gls m=A, A
F 50 SRS AR FEIR 19654 5129 4
RS golslr] ffste] Ak Ml It Horton,
1965). Gl ojujojA 428 Ee]2, sfeh, AEsH4]
A7 HF= 252 4= o, Zh B o] s
£ EF3IcHSwamee and Tyagee, 2007). £ A7LoflA]
=S| SR Al Az Tl EE, 37
oA 8% sk o] ey Ve e 5 SAE

o

A g

=0 318} PSS o m 23H Y] S wiet
3] 9IS Hga Roleh 4RSS B
She WS st thsAl TiEE o] fot, o714
= Bascarén(1979)7} 7igbst v ARg5}9IT) o] vF
HhE Al()elAeh o] el BREE] 2% Gike g
o AleiEl PEE] 71EAE L grow maEr
o3t A e A Hrlel de] ARgE o] £
o, ZrlE AR o] ARES = 31T Debels et al.,
2005; Abrahao et al.,, 2007; Sanchez et al., 2007;
Kocer and Sevgili, 2014)

n

2 GF
WQI=-"—— (1)
27
i=1
01714 WQI= ZAIE 24, n FAO) ARG 5
o] o, Cis Zh = Ayl gl P IS5 A
2 7pRgAloltt. ARG Aplollis Aol uhet Z4=
= PO o} ol gt 7RIS = o]
tjeFsHA 7lekE]o] ghck(Sutadian et al., 2016). ¢J7]4]
£ = sgriEelA st shde] e 71E 5
Fo| EEle] Y= FEE F 7o) o]F0|% pH, DO,
BOD, COD, SS, T-P2] 67| 328 AFg5}9.om, oS
2 o) B - 315k AElE melsp] fle FEER
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Table 3. Water quality indices (WQIs) in the sampling stations of Oncheon stream during summer rainy season, 2019

Station 2019-07-04 2019-07-29 2019-08-05
WQI Grade WQI Grade WQI Grade

ST-1 100 Excellent (Ia) 97 Good (Ib) 100 Excellent (Ia)
ST-2 93 Good (Ib) 93 Good (Ib) 92 Good (Ib)

ST-3 90 Good (Ib) 83 Fair (I) 90 Good (Ib)

ST-4 78 Medium (III) 72 Medium (III) 94 Good (Ib)

ST-5 82 Fair (II) 75 Medium (III) 94 Good (Ib)

ST-6 85 Fair (1) 78 Medium (III) 80 Fair (1)

ST-7 65 Medium (I1I) 77 Medium (III) 76 Medium (I1I)

o] ik QI HH(ST-2)2} F3in FH(ST-3)0l4] 90~93 02

2} el thet ek 2 mihea(la)= 100,

T URE(VIYS: 002 T12]3, E8(Ib)S 90, oS
(IDZ 80, HF(ID)E 60, FTHFE(IV)E 40, LHE(V)
520 o= sl = Al 7RSS LsH
TR A(D)E 285t Dhke =APgREENAY A
7|9 4= 2)4== Table 37} Fig. 50| LFeRigict

100 —

80

60

wal
T

40

T

20

|

T

I 04 July
I 25 Juy
[ ] 05 August

ST-1 ST-2 ST-3 ST-4 ST-5 ST-6 ST-7

Fig. 5. Water quality indices (WQIs) in the sampling stations
of the Oncheon Streams during summer rainy season,
2019.

SRHAA 67he] RS o A 5
AAWQDZEE T8 4] ZAH 78~100 H912 4%
255 HHST-1)OIA 10002 B 9E8(1a), BFRAR]

F2(Ib), 23 HR(ST-4)0ll4] 78 = H-5(IID), Al
L ZGH(ST-5)3 oA dal A F(ST-6)ll 4] 82~85= F7H
S, Y7 s FRST-7)0lA 652 H-5(110)
O] AR Bas Hlt) sefHo] flule A9
1R Blrol| SIA|FE 2378 H(ST-4)ollA 2= |4
£ A= HEo g2 DO T-PEZ DOE= 5.0
mg/L 1] SE7RE(IV), T-P+= 0.1 mg/L Et} =11
0.2 mg/Lofske] HE(IIl) Sa- 2o, ol 23t ¢l
A oA 0] FUEAY] FUT} -BEA: AsE FAoll
gt AE29] HUE R a1 A7)
9Igt thdllo] Badt Ao ARy 7 Y 4
Z(ST-7)0l| 4= DO7} SEFE(11I), COD7} 12 mg/L
E2 (VD) S Hol Aol e o
of| FF221 TA] A tffao] eItk

79 299 ZAfo A= A2l HR(ST-1)ollA F
AL FRST-3)7H = 8 AG7F97~83 0 & ot =5
S(I0) o9 F23t 8 veiglon], 23474 4
A(ST-4)o A= ®He}f 22 72, HEIDQ SRS
LERRIEE 53], Fed 50 A3 ofefioll fiAlgt 23
e HR(ST-4)0ll4= BODL} T-P7} 5 SRR
(IV)2) 5338 mol EAlsieo] E3E 7184 9
AR G AL Bhels] 91t o] Wag
o2 giThE,
84 5 AlolA= 25 FHEST-1)ollA Al
BA(ST-5) 7H4] 100~90 ®I9Je| AR 25
How, o= e (la)tt F5(1b)] -8R &
woll i, o] Al7jollz 2 ZAfA 2345 2] 71
Skl $1AIRE oL HH(ST-6) A= =2 A15=71 80

»

El
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Table 4. Comparison of annual distribution for Ignition loss (IL), chemical oxygen demand (COD), total nitrogen (T-N) and
total phosphorus (T-P) in the sediment of Oncheon and Suyoung Stream in summer rainy season, 2019

IL COD T-N T-P
Station Year Remarks
(%) (%) (mg/kg) (mg/kg)
2016 1.72 0.48 1,874 958 BIHE (2017)
Wondong bridge 2017 10.29 - 3,135 1,132 BIHE (2018)
(Suyoung River) 2018 2.55 - 2,261 1,478 BIHE (2019)
2019 1.20 0.32 41 7 This study
2016 4.38 1.63 1,101 904 BIHE (2017)
Iseop bridge 2017 6.38 - 4247 1,309 BIHE (2018)
(Oncheon Stream) 2018 1.40 - 1,551 751 BIHE (2019)
2019 2.70 0.50 136 43 This study
6 1.0 1.5
——+ 04 July [ ——+ 04 July
6= 29 July [ =X 29 July
0.8~ e—s—e 05 August 1.2~  e—e—s 05 August
~ 06 ~ 09
£ £
o ©
0 o]
© o4 Fos
0.2} 0.3}
0 | ] | 1 | I | 0.0 | I | | 1 | 0.0 | I |
ST-1 §T-2 ST-3 ST4 ST-5 ST-6 ST-7 ST-1 ST-2 ST-3 ST-4 ST-5 ST-6 ST-7 ST-1 ST-2 ST-3 ST4 ST-5 ST-6 ST-7
400 120 10
+——+ 04 July +——+ 04 July +—— 04 July
350 - e 29 July 00 %29 July ek 29 July
= +—+— 05 August +—+— 05 August 8 +—+— 05 August
250 . )
il Ej 2s
o
B, 2w z
£ 1500 : g4
40 ¢
100 —
20 &
sn i
ol— : 1 1 1 | y 0. ! 1 1 0 |
§T-1 ST-2 ST-3 ST4 ST-5 ST-6 ST-7 §T-1 ST-2 ST-3 ST4 ST-5 ST-6 ST-7 ST-1 ST-2 ST-3 ST4 ST-5 ST-6 ST-7

Fig. 6. Temporal-spatial distributions of environmental variables for sediment at the Oncheon Stream and the Suyoung
River in summer rainy season, 2019.

O ORIFN P Bk et G BEL (V) SH Btk 9% B AelHE 33
HASTNOIME 7602 HES] sigel 524 24 COD7FRIE LEE(V)OI TSRV S5
52 Hgt| 5], COD7} 174 mgL2 ojSLps  wo] 23} ge) Sigolle] 5718 2] Azt
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A= ZAMGIE

33. ENE &5 2x EY

E|ZEo|| A% IL, COD, TOC, T-N, T-P2} T-Chlo||
tfgto] =2lut nRZ IR 2 FUgh Al7]of ZFE EdE
oflA] EAlSIATE ZAIE AR ZF ol titt &
= F3Z= Table 20, A7 HE0lA19] 4
B w32 R Fig. 60 YERHSICE

L2 32|9] AR At AAA 0.7~
5.4%9] F2r5 Helom, 33} 2AFA]7]Q1 84 5YUof| &
AL 71 sloll f1AIgE 71 oA AR(ST-6)0l]
A 7P Eqkor, 11 o) FRlEolA = 33 o AP IRE
of] 5 2.1% olsle] 55 HITKFig. 6). o= F4t
FAA] Baaghd AqtdolA v st 114 221 =
Aol EldE L HE 2ARIA YRt 20179 23
7 odi 9 =7} rsaollA ] k2t B?l 6.38%,
10.29%(BIHE, 2018)0]| H]5}o] mj-o- Lo 7kS H gl o
™, 2018 Aol 4] 2] 22|30l x] 2] Fatghel 1.40%,
2.55%(BIHE, 2019)&} ull-9- ]38t 5 temtae]| s
TH(Table 4). 20179 o] 273747} F7F Laal F7
oflx¢] ElFE ZFariRko] EAeHA Wobdl A 2018
| 7ol A 23153 =7l ] s AL
ABMC, 2018) o= A B4 FFEH| A
= AAE A A Ech

E452] COD+= 32H|9] AP |7Tol|A] A el
A2 0.04~0.73, 0.35+0.16%2] x5 HYc) A
=9 COD= 23HolM= 7Y Ae2ew 44
(ST-1)3} R AHF(ST-3)7 1 olAl= oh ko s
sy, o] % o ul AF(ST-6)7H] ThAl S7kek=
FAIE HFig. 6). 2 A7rol|A] 2137k =47 ¢
=19] E|2Eo||A] AR CODE= 7 =S4 =4l
A ATF 22| AR AL Q= Rttt =Pl Alolo] i
1 975 Aol 2] 20154 2018714 2] 4
7N FoF AL 3.35+1.47%0(ME, 2020) v]sto] oF
17108} 7% w=2- ghof) sk

TOC 5% ZAP|71 0.13~1.05, 0.47+0.27%2]
e BAE Btk 2349 Aol $AIg g2l
AZ(ST-1)OIA] 0.21~0.47%2] FEHzl a2z U
H7PAX BFFA QIHST-2)0llA] tha S718h7t &
A BHAST-4)7H] sk 415 HATk(Fig. 6).

WAk} AUST-4r2 Akel] 283 3ol sl
oL FH(ST-6) 7M1 ThA] Z715He 418 1

S0 rle

T-N &%= 32} 2AR71S] 8 5Yef] 271749 5}
ol sz oAl A4F(ST-6) 4] 296 mg/kg o=
3219 AR ohE 719] 8.9~105 mg/kgol| Bl
FEHAA 2 5= BTk 12} 2AR7]] 7Y 4
Aof| 29| AFollA skR= 7HHA Hert ST sk
s Helon, 97 hsul FAR(ST-7)ollA 24
A Ho e FeE HYr) o 7 2997 89 449
A= 97 Pl AR(ST-7)oll-e] T-N 5=
7h-224% B2 oA i HR(ST-6)0ll4 9] kit
Utk 24712120194 sHA|S] El&= 5 T-N 5 w32
= RS 9758l 2015~2018
| 7]7-52F 3,406 +1,389 mg/kgol| HIste] 410
1 7450 st

T-P 5%+ T-N skt &7 4348, A7EE 5
S| 2247H9] Aol SRR 7HEA HAF S7Iske
BEE Hom, 8¢ 4 230 sk o) g Fd
(ST-6)°llA 106 mg/kg o= 71 #qtom, 71 9] A4
E2 3x]g|9] ZAJA] 1.85~12.8 mg/kgd] BZE W
At

T-Chl 5= 7] S5k Wk 54 §lo] 0.9~
5.5, 3.0+1.3 mg/kg © EEE HILh ERE 5
TOC:T-Chl H]:=271~3,800 O & tfj$ =11 5.2
S Hrk Rk o) dAcksidol4el TOC:
T-Chl 8|7} 27~67¢] Zof| H]glo] 244 U 4=
oAz A H = =2 Fholl st Riemann et al,
1989). ol:= =710l 2% U] EX=2] f7|ekart
e AEYEYTAE B FARRERE 7|93 A=
7} uf-g- mefsith= 2 hAlght

My

d o

4 2 E

2019 sFA| 9=p7]ol] 320l AA A 22473} =
7 reae] vlaL ol = W ElA 5| ofgk At
£ AABIGIT =29] ¢, DO AL 7|7l FeEid
5 aspo] f=l= A2 o 270 Q1 3,
AH1(ST-4,ST-5)04 71 W& 4.7~5.0 mg/LE &
%k BOD= 22} 2AK]7]Q1 79 29 Yof| 2517 5%
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(ST-4)olA 5.3 mg/L=E 7P =2 7k Helow o]¢
Skr= 7hAA At RoRRle ARE EeltE e,
COD+= A9 HE23w AH(ST-1)o|4 2.0+0.2
mg/L= 7 Werom, o]% SR 7PHA A5 Bt
kol 4.4~5.9 mg/L2 Z HSKE Ho|X] ¢igit}. T1eLt,
7% e FFR(ST-7)olA= 16.249.1 mg/LE &
o] vlste] H vl 352 COD ZES LERfACE

COD:BOD Hl= 79 2212 ZRAIIA 72| 82
2, BRdAR QI FRA(ST-1, ST-2)0fl4 11.0 A==
7P w=8kom o skRE ZHrhHA Al 7astod
L3 319 ol FRUST-6)0llAk= 1.0 Fw=e g
= Helck ey, 970 dEal AR(ST-7)0l49
COD:BOD H|:=5.8~22.28 2344 Hr} uf$- =0} 4=
P 2HH R [lE= FIEY S el
= 2& Hol ok 247H9] 7 e w7t 4
&= EAElY] FRkE, 9] = A FAEE]
O] ARgo| theh el 7719 Gk IRl
T-N:T-P Hji= 2339 A5ollA shR= 7hHA] 72
ol 21 2 thA| 2 Ttk RS HAlrk e,
7 Q5 FR(ST-7)oll A= 71 ~86 0= QIS o4l w
ARAST-6)0] Hgte] & vl =30tk ol= A4 LYAY
& 2= 27 A= Q1] AT f-4do] HaL, =9
Zdolli= AR SRRl 2] At 7o) {4
& AAt

24 EH7RE flste] 671e] AR ES tid
O = ARFE EAEWQD= 240 mm O] 52 7 ©
T4

O.

an

i

o

A~
.
3 4900] ZuE 79 49 AN 2HR FHSIN
78(H-E:11T) ~100(T- 922 Ta), 427+ 309.6 mme] 7+
71 9k 4] 500 ARSI ol 7.3 mm oF 2
£ BalA] 2900] kel Al 27 2A711 74 29
ol 72(8F: T)~97(FE: Tb), 272k ZAM]7] o]
7o) A7) 745 BolA] gk 33 2Afel
89 5oll= B0(FZF 8 I~ 100( 953+ la) 2

ik LHHE AH O 947 FEBET G
O1F Y] UL HE() ol Y FE £UL
HYTE SN FUASE A PO
DO} T-PHom, 53] Felidlo] G 47 A7
FolA vepetck 2ARAE §UE 1] =As
% 50 PPt a7 £ BEW FYST)
oA 37N ZAleIA BE BE(IN A0S

fl

ol « BAS - )5

Hglon], 44 sfefe] 744 2 7]eli= CODS 5o
2 UeR} $7olas ARt g 7120
YRR SI3t WEH2 7hAI2} ciRlo] oI,
7] EJ&=oll4 4% IL, COD, T-N, T-P= 7}
7} 0.7~5.4(1.44+1.01)%, 0.04~0.73(0.35+0.16) %,
8.9~296(43+63) mgkg, 23 1.8~105.6
(10.9+21.9) mg/kg ©] EEE Bc}. o= 2018'd A
Hi7]ol] AAPE EAEREA Y] FEAdo] o]FolR]7]
Q1 2017d9] A+t IL, T-N, T-P =0 H|gl] 3
o =50 19 3=z gho|inh FE Ha
©IL, COD, TOC 7} AHka 0 & Hay H7(ST-3)
2 2318 AH(ST-4)ol4 7Hd Wol o5 A Yo &
0] FaFo| A vepteh 1214, sH| AEsrt &
FEAL oF25:¢0] b 84 5o A EjF=lA
= 2339 sl afdEE olidul FRST-6)A
IL, COD, T-N, T-P7} 71 o] 232 A% ZAIA]7]
Hr}h AA8] w9rom, ol FA(ST-6) R} Aol
AR A= st S71E Fh H o= 9
7] o}F 23134 slFAIHolle B o2 E f90E
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