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Abstract

Extracted from the metropolitan area, the Paldang Lake, which supplies approximately 8 million tons of
water, has achieved a BOD (Biochemical Oxygen Demand) of 1.1 mg/L as a result of water quality
preservation policies. However, concerning the COD (Chemical Oxygen Demand) component that encompasses
refractory organic matter, there has been an observable upward trend in concentration. The introduction of
refractory organic matter into the water source of Paldang Lake brings potential increments in BOD, generates
off—putting tastes and odors in tap water, increases THM (Trihalomethane) formation, and triggers algae
proliferation. Moreover, if residual hazardous refractory pollutants persist in aquatic environments, they may
induce endocrine disruption and phenomena such as antibiotic resistance. In this study, a monitoring campaign
was executed to discern the concentration of refractory organic matter emissions from point and non—point
sources within Paldang Lake and its upstream region, with the aim of managing refractory organic matter in
Paldang Lake. By comparing refractory organic matter emission concentrations across monitored areas, the
elimination efficiency at wastewater treatment plants was assessed. Additionally, employing the Pearson
correlation correlation analysis technique, correlations among refractory organic matter indices, antecedent wet
days, and antecedent dry days were explored. The concentrations of refractory organic matter in rivers and
Paldang Lake exhibited a similar pattern. Wastewater treatment plant effluents exhibited higher concentrations
compared to rivers and Paldang Lake. The assessment of refractory organic matter removal at wastewater
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treatment plants indicated a removal efficiency of 65.73%. However, no significant correlation emerged
between refractory organic matter emission concentration and antecedent wet days or priory antecedent dry
days. This absence of correlation is attributed to data scarcity, underscoring the need for long—term

monitoring and data accumulation.
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Table 1. Number of sampling.

Site Date Numbe.r i
sampling
. 2022-10-11 18
e = m—
STP influent (3 site) 202370313 18
STP effluent (3 site) 2023705715 18
2023-06-12 18




2739 223

‘\‘ N g i N

aPaldang lake

eRiver
+STP

Ued daE A . = wEHE g
g 01Ad, detdels Egee %‘?JFJ% T 02747
BAHolM BFo e FYdse Y 034" T Al AHS

ARSI she o, ot
Aol BUHY Btk SEANFE M 5Ae, 1
SeA, G U fARet fER

T 5 e 24 A

9% 97z HARAd. mUdae 24 108, 22
E 1249, 23 39, 234¥ 59, 234 692 F 53] A|9E
Ao 2URYL ¥ BLANE ABAI, Fig, 19] 2

7 =
)

g g4 18329 A& vetdiglen, 187t 53]
Z3)5E A= %_]X]-‘— Table 1.o] A5t}

22 Mz 24 9

B doA &2A, A 2R 9r|=EA §Eol
TOC, DOC, POC, @&34 #71&3 521 R-TOC,
R-DOC, R-POC, A&a4 #7188 F=390 L-TOC

Total Carbon (TC)

Total Organic Carbon (TOC)

Total Inorganic Carbon (TIC)

Dissolved Particulate Purgeable Non-purgeable
Organic Organic
Carbon Carbon
(POC) (NPOC)
VAN
Dissolved Particulate
TOC Measurement Method
1. TOC=TC-IC (Difference) Refractory Labile Refractory Labile

2. TOC=NPOC (Sparge) ®DOC)  (L-DOC) ®RPOC)  (L-POC)

Fig. 2. Hierarchy of carbon types and TOC measurement methods

¥

¢ Jrsns \
) / \ |
yeongancheon { ~

s

Organic C + 0: —) CO:
- Measurement
result
Sample
+

0: IC Chamber

Tnorganic carbon oxidation

‘Water trap NDIR
Debydeation €02 deection

Total Organic Carbon <(High Temperature Combustion Method))
Oxidation method Persulfate-Ultraviolet or heated-Persulfate Oxidation Method

Fig. 3. High temperature combusion method process diagram

(Labile-Total Organic Carbon), L-DOC(Labile-Dissolved
Organic Carbon), L—POC(Labi e—Particulate Organic
Carbon)Z Fig. 29] &4 Fro ®I|SH). o] F
TOC, DOC, R-TOC, R—DOC—E— Z4s5t9eH, POC,
R-POC, L-TOC, L-DOC, L-POCE =43t g EY

2 Aot AHT ARE Z2A] AFAZ Lubsho]
TOCS DOCE &A4shitt. TOC 52 & @24

TC(Total Carbon)$} & F7] &4<Ql TIC(Total Inorganic
Carbon)E &745ka TColA TIC g Alsto] AHgsklct
(Dolezal and Tomi¢, 2003). Fig. 33t o] FrgtA 4bsh
H o 2l 71.991 44 s T S A4 s o] EAjehe =k
7b o o] BREAS A% Ark 53] 7tF
g pedAsrehEs ARgSEleh §E48 frlEAad
DOCSH 44 §7]8k291 POCE 0.454m GF/C e
AMAE 7|Eor FEstH, A AR E Bt A
DOC, o3#] flof -7t 2& POC=E EFeeh whebA
DOCE Al&E 500C2 A3 AXAIZ 0.454m GF/C ¥
B of# 2] (Whatman Westchester, PA)ol| oJ¥}gt & oz}
g FHY ANeE T H71¥4E 247 (elementar/TOC
ANALYZER vario TOC cube)E ©]-§3t &4t 9

Journal of Wetlands Research, Vol. 25, No. 4, 2023



224 22l Es 4Rl HEHHY

Ultimate BOD

Consumed oxygen

BOD(mg/L)

Time(days)

v

Fig. 4. Relationship of BOD and organic matter
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Table 2. Relationship between two variables according to
Pearson correlation coefficient
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-0.7 ~ -0.3 a distinct negative linear relationship
-0.3 ~ -0.1 a weak negative linear relationship
-0.1 ~ +0.1 nearly negligible linear relationships
+0.1 ~ +0.3 a weak quantitative linear relationship
+0.3 ~ +0.7 a distinct quantitative linear relationship
+0.7 ~ +1.0 a strong quantitative linear relationship
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Table 3. Average concentrations of organic matters at the monitoring sites classified by site characteristics

TOC DOC POC R-TOC R-DOC R-POC L-TOC L-DOC L-POC

(mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)

River 5.409 4.314 1.095 4774 3.889 0.878 0.635 0.425 0.217
Paldang 4.647 3.297 1.350 3.584 2.949 0.635 1.064 0.349 0.715
STP INF 64.980 40.515 24.466 17.343 13.610 3.733 47.637 26.905 20.733
STP EFF 8.733 6.351 2.382 5.944 4.996 0.948 2.789 1.355 1.434

SREAISE H253 AH4Z, 2023



2739 225

A Y FU4(Sewage treatment plant influent), STP
EFF= sk 3% 824 (Sewage treatment plant effluent)
£ 9=tk obd AH, 292 A, steARE ot
st e AHY 71ed =0k Ul d =
T G f71=d w7t AASE HES Fig. 59l W
IS

stdel TOCx Mo 5.409mg/LolH DOCx 3
4.313mg/L, POCE 1.095mg/LE, sHo] Ak TOC
o] 80%7tgol && FHE He Zoem YEEH
R-TOCE 4.774mg/Lelw TOCS] 88.2%7F HENA
71Ed2 EQFPTE 2929 TOCE H+t 4.647mg/Lo| 1L
DOCE 3.297mg/L, POCE 1.350mg/LZ2 " 3o &A
st= TOCE 70.94%7F DOCe] ¥HZ2 A} B3
o] R-TOCE 3.584mg/L& TOCZE 77.12%7} HEa)4
ojfitt. shdy WS = TOCSH R-TOCO ko] &
< FHiz TAYTE HollAM vt e ZAh

StEAER fUdsE TOCEZ7F Hd 64.98mg/L=
DOC 40.515mg/L, POCE 24.47mg/LE o2 AHEHT
=2 L2 YET E3 TOCFE DOCIE ZHA|shH= H]
0] 62.35%=% Yl AHE F AL ¥ &= Bk st
A R-TOCE 17.343mg/L TOCF 26.69%7} F&
ez et steAdd &4+ TOC $&7t 3
o 8.73mg/Lolled, DOCx 6.35Img/L, POCE
2.382mg/L2 Yehgth R-TOCE 5.944mg/LH o™, 3}
FAEF 559 TOCE 68.064mg/L7F FESHAS A
S = ettt st sl vlsl sheA A
Fol A= AA TOCF R-TOC7t AA|sH= H|-&o]
vebgt=dl, skl fdd ARdd f712
st e Tl ofs AFgE A AIAEA] o
"ot &3t fEgolA AEE SSe= tiFEe
Sg Eoi7t §olA @2 mAEER olFolFYI
el Hs) fE49 R-TOCY] H[&o] =2 Aoz
QItH(Dignac et al., 2000)

)

iRy

0%

£

Bl
lo
u
= = =

2 & lorlo 24wy

~1
=

-3
=

Concentration(mg/L)
"R
s =

=]
=

—
=

NN

o LN
River Paldang

STPINF STPIEFF

ER-DOC(mg/l) ~“R-POC(mg/L) WL-DOC(mg/L) +L-POC(mg/L)

(a) Concentration of organic matters

3.2 sie2|FofAe] TOCT |8t ]R7122 A74E |

Fig. 6= oA &9 U9 52 & Hlasto]
TOC 71§t 47184 A& 3 AALS P2 Yepdlizlo]
k. #¢ TOC =8 4& TOC =g HustdS
TOCE 86.56%7FF AA=ALE. TOCE AL TOCS!
L-TOCi= 94.15% A|A= g eH, d=al4d TOC R-TOC
L 65.73% AA=AUE. L-TOCE L-DOCE AAEo]
94.96%, L-POCE 93.08%% L-DOCS] AAgo] ZA3s}t
A 9 &9k, Al A AHEEE vEe] AMESE
7] W A= 2L A {7188 AAZ o golsitt
= Ag g sHesith §i R-TOCE R-DOCE
63.29%. R-POCE 74.60%= R-POCS] A|AE] T &9
oh FEold f71E4E sk S0l AHE7
H, X 59 294 7|1#e s §EH FHET= dA
B ol f71Ed0] o Wol A" Ao=w wmaH

o H

AR
=
=
2

—
=]
=1

3.3 TOC 7|8t 7|23 o= 7t
AEY 219 H TOCV|Y f7184 5, 281 A9
71d4et A7 G430 FE AP|EAE otefety]
{15l Pythom®] seaborn 2to]Be{e]E Arg-ste] moj AF

.,.
L
ic|
ic|
=

100.00
90.00
80.00
70.00
60.00
50.00
40.00

Removal efficiency(%o)

30.00
20.00
10.00

0.00
~

> > > > » > >
%\) Q)V N N & Q\J @' @' Q\;
& o o o o ¢ o &

¢ E Y

Fig. 6. Removing efficiency of organic matters from STP

Paldang STPINF STPEFF
= RDOC/DOC(%) ~ RPOC/POC(%)

100

90
80
70
60
50
40
30
20
10

0

River

= RTOC/TOC(%)

Percentage (%)

(b) Percentage of the concentration of refractory organic
matters in the total concentration of organic matters

Fig. 5. Concentration of organic matters and Percentage of the concentration of refractory organic matters by monitoring site

classification

Journal of Wetlands Research, Vol. 25, No. 4, 2023



226 Torse WS 480 LY RUISY RE S4 B U 4By 24

By BHS APon 1 ARE dad wet Fejet £ AV9S, B9, F9BE, £ 49Uy 59 ws
Az @) Fig 790 Aeshdch. shAold R-TOCSH 7t @0 welshe BA0] 42 BUe e 477 Ba
A 2 ATAE Kol A E= TOC(r=0.96), DOC (r=0.91), Aoz modn

R-DOC(=0.91), POC(r=0.74), R-POC(r=0.74)&+=2 =2 1} 10
ERow], QA4 7B AR0E §24 £71249 &

7}_ .E_‘i % }B}jﬂ'}é‘% 53_0]—‘5 Z‘JEE ]%E]']X)\]—q'. Jg%ioﬂj\_‘l TOC(mglL) 047 051 027 -0.03 031 014 0. -08

DOC(mg/L) 0K 1.00 EUkI@ 065 O. 010 0.31 024 -047 0.04

R-TOCS} & 4#AIE Kol A#F+= R-DOC (r=0.83),

R-POC(=0.70), DOC(=0.65), TOC (+=0.63)© 2 U}epst Focion o [0SR o+ iR o "
t} dl=2]2l Qo= R-DOC (r=0.93), R-POC(=0.67), rocmay : 0008 0T el
DOC(r:O.48) ——/"_\—_Q_E_JE_ R_TOCE‘I_ }El__“/l_—]&ﬂ]7‘l_ % 7/'1_9_5_;:'-_ ]/‘{_ RDOC(mg/L) ). X g . N 017 -053 037 036 013 .

ehtom, seAEF GESoAe R-DOC (1=0..85), M e o I - o
DOC(r 055) TOC(r 047) )\O_—'i“_' R TOCQ‘]' }\]_ -{:}:7—'" LTOC(mg/L) [ek B 0.55‘—058 -0.53 —033

7} 2 oz tepgt BE AdelA R-TOCS A B <2 ozt o2 o 0w 01 0
I} 2 UHajy AEE R-DOCE Lpehgeh WEajd 7 > B o o mﬁ & o
E7} ofd 2 Zo|H= DOC/E R-TOCSH fhAl= 2 4 RO >+« o> ot ] ors [ <0 010 o0
4 Hol Ao eyt BEad 9712 2827 R o o35 ov2 oz o ore o1 oar o
o] A B 5 LA st Zao] o Aol 28
=29, R-TOC &4 A R-TOCE} Aol & DOCE
WA Z4ste] R-TOC 59| f4-2 ] §3ste 30| (@) River
s Aow poE

02

04

TOC(mg/L)
DOC(mglL)
POC(mg/L)

RTOC(mglL)

RDOC(mglL)

RPOC(mg/L)

LTOC(mg/L)
LDOC(mglL)
LPOC(mglL)
ADD(day)
PADD(day)

il

3.4 TOC 7|8t £7|22! =23} M3l 47|24 M.AM3H i— C B - "
TES o= o vilaT Ceo vocmgt) JEA 1.00 K Gl 010 031 024 047 004 035
47| 2h | o oos ] - (I - R |
B Ao AL TOCZ|8 BE2a)4 971247 A8y 717 RT0C(maIL) ol 011 [RESRYEREON 055 034 042 [047) 022 .
A%, A-HY A71D50ke] AL Tetstr] S8 Ho] ] Kl - [ o o+ o o o ov
& AT B 71HE 4§ Table 4 of 2UH R o+« (G o [l o o o Y o 8
Aol AWAZ|A5er H-HY A7|U5S HejstArt. RS 02 oo [0 050 o5 osso4o-o4s ots
A9 A7 A BeeESIA cABl Sro] 2 9 R <> o« o2 0 o3 03 M an o il
e A Aot B A 4947 FAG A A oo EER o7 (R N
A 799 7% A9 4714k ome Aol U8R ey - oo o 8 o R
_1:1"__5-1‘5].7] _ﬂgﬁ /]Kj./‘\jﬁg 67] ?___]z'\_%_ _‘Iil_&‘]oﬂ E?:}g]_gaq.' [FULICEWN 041 035 013 022 017 018 015 027 001 1.00 o4
13, BRI, A AY f94, AT R3S B TR
T Aol AdS sk Enh shARE ez =8 FE§ B S 908 :
A7t LSkt A-AFA7 A7t v E A HE #E (b) Paldang
FHE El A7 23 sk & AP A9e] 1y
B 2k 8 5 AT Fig 89 JnE Hd 2022 e 10 ™
| 109 119, 20234 032 139, 20234 0694 1299] 7 oo B "
22 A9 A7144-E 7L AT A g fE & oco B o
e wAT olgh Ze Ao A9 FEL e A-Aa

RTOC(mglL)

RDOC(mg/L)

Table 4. Antecedent dry day and prior antecedent dry day of

RPOC(mg/L)

monitoring date

LToc(mgit) 0. 0.64 ) 0.06 0.02 -0.09

Monitoring | Antecedent Recent Prior antecedent P 017 002 003 0.1

date dry day (day) rainfall dry day (day) R P o oo o
2022-10-11 1 2022-10-10 6 20006 M o oo ol
2022-12-05 6 2022-11-29 14 PADD(day) [ L 011 026 041 017 - 1.00
2023-03-13 1 2023-03-12 3 3 3 33 3 3 3 8 8 § 8
2023-05-15 9 2023-05-06 6 e 8 8 F g g 8 g g ¢ g
2023-06-12 1 2023-06-11 2 (c) STP Influent

SREAISE H253 AH4Z, 2023



2739 227

052 027 0.63 o8

7032 - :
-06

TOC(mg/L) 1.00 = 0.74 [ORIURNET A0S EOGY

DOC(mg/L)  0.74 1.00 [EVE:¥A 0.15 0.
POC(mg/L) [NUKIRER:Y] -0.13 -0.30 | 0.28 | 0 -0.26 -
RTOC(mg/L) [HOEES EORKN 100 085 HOEHNE 011 037
RDOC(mg/L) HUZER 0.68 EUKIN 0.85 1.00 EUSEREE -0.09 -0.22
(TR 0.05 0.15 028 040 0.14 -0.07 -0.31

LTOC(mg/L)

0.30 043 -0.38 -0.24 -0.30 WK

LDOC(mg/L) (1o -0.26 -0.11 -0.09 -0.07 [oX
¥ —032—037 022 0.31

ADD(day) [ -0.17 -0.30 /035 024 024 -

LPOC(mg/L)

[GBBICEWE 063 041 0. 0.15 -0.10 0.10

=)
=)

TOC(mg/L)
DOC(mg/L)
RTOC(mglL)
RDOC(mg/L)
RPOC(mg/L)
LTOC(mglL)
LDOC(mg/L)
LPOC(mg/L)
ADD(day)
PADD(day)

(d) STP effluent

Fig. 7. Pearson Correlation Analysis Results
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