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ABSTRACT

The purpose of this study is to analyze the correlation between ecotoxicity and water quality items using Daphnia magna
in public sewage treatment plant process and to obtain operational data to control ecotoxicity through research on
removal efficiency. The average value of ecotoxicity was 1.39 TU in the influent, 1.50 TU in the grit chamber, and 0.84
TU in the primary settling tank and it was found that most organic matters, nitrogen, and phosphorus were removed
through biological treatment in the bioreactor. Using Pearson’s correlation analysis, the positive correlation was confirmed
in the order of ecotoxicity and water quality items TOC, BOD, T-N, NHs-N, SS, EC, and Cu. As a result of conducting
a multilinear regression analysis with items representing positive correlation as independent variables, the regression model
was found to be statistically significant, and the explanatory power of the regression model was about 81.6%. TOC
was found to have a significant effect on ecotoxicity with £=0.009 (02<.001) and Cu with A=16.670 (p<.001), and since
the A sign is positive (+), an increase of 1 in TOC increases the value of ecotoxicity by 0.009 and an increase in Cu
by 1 increases the value of ecotoxicity by 16.670. TOC (8=0.789, p<.001) and Cu (8=0.209, p<.001) were found to
have a significant positive effect on ecotoxicity. TOC and Cu have a great effect on ecotoxicity in the sewage treatment
plant process, and it is judged that TOC and Cu should be considered preferentially and controlled in order to efficiently

control ecotoxicity.

Key words: Correlation analysis, Daphnia magna, Ecotoxicity, Multiple linear regression analysis, Public sewage treatment

plant
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Fig. 1. Schematic diagram of sewage treatment process used at the study site.
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Ao E SAeL ST Kok Fol M ECu(Effective  AARZIZOIA E AA W9I09~21 mgl)E F
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(Kim, 2004).
&3l ECso s FAYES 42, pH(potential of Hydrogen),
B 55 o] 83 & DO(Dissolved  Oxygen), EC(Electric Conductivity),
A=A I H| HLE AFZXAL Table 13 Zth BOD(Biochemical Oxygen Demand), COD(Chemical
(NIER, 2017). Oxygen Demandyy,), TOC(Total Organic Carbon), SS
(Suspended  Solids), T-N(Total Nitrogen), T-P(Total

A e =4 GH(Toxic Unit, TU) = 100 / ECs (A1) Phosphorus), NH;-N(Ammonia Nitrogen), Z(Fe), <+

Table 1. Ecotoxicology test conditions

Items Experiment conditions
Test organism Daphnia magna
Exposure period 24 h
Test temperature 20*2°C
No. organism per test chamber 5
Test volume per test chamber 50 mL
No. replicate chambers per concentration 4
Age of test organism less than 24 h old
End point EGso
Photo period 16 h : 8 h (light : dark)
Dilution ratio of sample 100%, 50%, 25%, 12.5%, 6.25%, control
¢ Concentration ——Upper control limit ——TLower control limit
230 Upper control limit : 2.1 mg/L
£
giﬂ 1.30 ’12 11 1
S I o0 o0 G * * o o0 o g M
Lower control limit : 0.9 mg/L

0.30
1 2 3 4 5 6 7 8 9 10 11 12

Number of tests

Fig. 2. Standard ecotoxicity test using K,Cr,O,,
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(Cu), B7HMn), oF(Zn), H(Pb), 7F=+(Cd), =L=(Cr), p-value 0.055 7|&C 2 3i¢lct th9f &% 59
HA(AS), QPEIE(SH), SRR 40T ANT WAl A48 Fause] uAE dEe Az

7)1%0]| ulzt Basheict. Kl *Pﬂmﬁﬂ%ﬁ Aol A F2lgt

EARM Q(Mulnple hnear regression analysis)< A A| 51 Th
FAGEL A=A Abole AuaAE vhetst] 8
913 SPSS(ver. 29.0)ZE2 1AL o] 3l BARAS 3 Zdn} L JEk 3
FYsIAE FAZAL FAY 2SS 5H94 S g
g S At 2xe TPste] & ol e W e 7 3.1 STE +~2EN
5 = sl 1] o] A
Ei&ﬂ%g%:i ALE 243 & M%“ﬂ 201;?4 8.9)%, iﬂj/\}x] HA2HAR, YJES R, H2HA
kA B A (Pearson’s  correlation  analysis)2  E3f| 2, W 2 67 AAAH TOC S 227 SAgEe
(Kim, 2019) A=A 7} 2285 7}o] AlahAlL Blol 2ARE At v} 2 (Table 2).
stad swstdon, o4 7k foly we
Table 2. Water quality data at the sewage treatment process
Prim Fin
T e Influent Grit chamber - tlingmty ank Bioreactor - tlingal tank Effluent
(A) (B) (9] D) (E) (F)
Ecotoxicity| TU + 0.53 + 065 | 08 =057 | 00000 | 00=000 | 00 0.00
(0.5~2.6) (1.0~3.2) (0.3~2.1) (0.0~0.0) (0.0~0.0) (0.0~0.0)
Temp o 19.1 = 4.28 19.9 £ 4.05 20.0 = 3.92 20.6 £ 3.95 20.5 £ 4.03 20.0 £ 4.33
(12.4~25.8) | (13.2~26.3) | (13.6~26.3) | (145~26.8) | (14.3~26.8) | (13.2~26.5)
+ 0415 | 7.3 % 0.12 + 0.14 + 0.35 + 0.21 + 0.25
pH i (7.3~7.8) (7.0~7.5) (7.0~7.4) (6.6~7.7) (7.0~7.5) (6.7~7.5)
DO mgl, | L5063 | 10x044 | 20070 | 15x096 | 59155 | 69 x 162
(0.5~3.1) (0.2~1.8) (0.9~3.1) (0.4~4.1) (2.2~7.7) (2.3~8.6)
EC 4S/cm 709 * 63.2 774 £ 59.7 745 * 61.7 528 * 58.6 538 *= 50.9 555 * 57.0
(554~ 793) (621~ 864) (568 ~809) (453 ~631) (454~611) (417 ~612)
ss gL, | 1629 * 4043 4155 + 105.18/177.6 = 170.75| 13.7 % 9.12 | 100 * 6.89 | 3.1 * 1.23
(42.0~206.0) | (250.0~600.0) | (60.0~590.0) | (3.2~36.0) (3.2~ 26.4) (1.2~5.2)
BOD m/l. 173.7 = 44.30 | 250.5 *= 54.89 | 178.2 £ 65.40 | 28.6 £ 9.45 16.4 = 3.80 2.0 £ 0.77
(85.8~252.0) | (162.0~366.0) | (84.0~330.0) | (13.5~48.0) (7.2~22.2) (1.3~3.6)
COoD mell. 106.6 = 34.37 | 169.0 = 34.50 | 109.5 = 58.38 | 17.1 £ 4.17 12.1 = 2.12 8.6 £ 1.42
(60.0~200.0) | (108.0~240.0) | (42.0~235.0) | (9.6~ 26.0) (8.4~16.4) (5.4~11.3)
TOC me/l. 86.3 = 28.19 | 166.2 = 39.83 | 94.8 = 60.31 10.5 + 3.32 8.2 = 2.43 6.2 = 1.21
(60.2~173.8) | (111.2~243.6) | (19.4~235.3) | (6.6~18.7) (3.8~13.6) (3.0~8.1)
NH,-N mg/l. 32.13 £ 6.769 | 37.72 £ 6.372 | 32.59 * 6.041 | 6.66 = 4.840 | 6.21 * 3.353 | 6.18 * 2.187
(15.94~40.58) | (20.26 ~45.44) | (15.39~39.30) | (0.82~16.82) | (0.72~13.11) | (3.27~10.25)
TN m/l. 36.99 = 5.755 | 45.03 = 7.959 | 37.44 £ 7.926 | 9.10 = 4.998 | 11.13 * 3.334 | 10.25 *= 2.669
(23.56~43.50) | (25.49~55.41) | (16.10~48.13) | (1.67~19.19) | (6.64~18.94) | (5.32~14.61)
TP mg/L. 3.879 £ 0.596 | 8.372 £ 2.046 | 7.886 = 1.986 | 9.839 = 5.901 | 0.493 =+ 0.238 | 0.223 = 0.062
(2.307 ~4.587) |(4.962~ 13.806) | (3.473 ~ 11.296) | (0.347 ~ 21.244) | (0.236~1.100) | (0.099 ~0.316)
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1 =HEE 0|85 ISt 2Ald SEE Mell=d S o
. Pri . Final
o o Influent Grit chamber - tli:;artzxﬂc Bioreactor settling tank Effluent
(A) (B) € (D) (E) (F)

Fe mell. 0.224 = 0.0895|0.253 = 0.1488/|0.273 = 0.1119|0.303 = 0.3703|0.108 = 0.1377|0.053 = 0.0600
(0.000~0.348) | (0.000~0.693) | (0.000~0.490) | (0.000~1.288) | (0.000~0.525) | (0.000~ 0.238)
Cu me/l. 0.020 = 0.0141|0.013 = 0.0049|0.010 = 0.0038|0.002 = 0.0033|0.002 = 0.0038|0.001 = 0.0027
(0.000~0.063) | (0.000~0.018) | (0.000~0.015) | (0.000~0.009) | (0.000~0.009) | (0.000~ 0.008)
7n me/l. 0.106 = 0.1232|0.106 = 0.1002|0.074 = 0.0411|0.064 = 0.0405|0.067 = 0.0529|0.062 = 0.0461
(0.003~0.498) | (0.003~0.366) | (0.003~0.136) | (0.000~0.156) | (0.006~0.212) | (0.010~ 0.186)
Mn me/l. 0.088 = 0.0410|0.068 = 0.0223|0.071 = 0.0219|0.072 = 0.0240|0.062 = 0.0192|0.064 = 0.0216
(0.000~0.187) | (0.000~0.091) | (0.002~0.090) | (0.000~0.106) | (0.000~0.075) | (0.000~ 0.081)

Mean + Standard Deviation

(Minimum ~Maximum concentration)

FAselA B

A A= EC 709(SD=63.2) uS/cm,
SS 162.9(SD=40.43) mg/L, BOD 173.7(SD=44.30) mg/L,
COD 106.6(SD=34.37) mg/L, TOC 86.3(SD=28.19) mg/L,

mg/L, BOD 250.5(SD=54.89) mg/L, COD 169.0(SD=34.50)
mg/L, TOC 166.2(SD=39.83) mg/L, NHs-N 37.72(SD=6.372)
mg/L TN 45.03(SD=7.959) mg/L 2! T-P 8.372(SD=2.046)

Temp(*c)

NH:-N 32.13(SD=6.769) mg/L, T-N 36.99(SD=5.755) 71E2A, A, olo] ZrlsHe m45S Wt (Fig.
mg/L 2 TP 3.879(SD=0.596) mg/L= LFebk o, Ha} 3, Fig. 4).
2|6 A EC 774(SD=59.7) pS/cm, SS 415.5(SD=105.18)
241 ) 757 suuiﬁé@
759 & . 3
# qu— ° | E 7004
201 T £ @ .
s} o] .
. o BBDD ) .
161 N 25 .
° **@# 500-]
1212 , , 001, — 11—
A B C D B C D F A BCODEF
| = el R —
500 P = y i -
s = 3004 200 =
400 § 0 . ’ 0
ol ™ 5 = S i
% % Eznn—* 5150
K @ a a .
| = o) N O 100
200 gy 81 g “ 1001 2 % ° % %
. = 50 1 .
0 Tdeel L Teee] o Fel [ bes
ABCODEF A B CODEF A BCODEF A B CODTEFTF

Fig. 3. Results of water quality by process(Temp., pH, DO, EC, SS, Ecotoxicity, BOD, COD).
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HAHd A &(Nitrate Nitrogen) S No2 HEAIA A4 £ Q& WEAA T|2A pEC] B HHE
£ AABH] YallA= ghado] SEsljoF 3Fal C/NH] 2 QEE Fla, FAARLE F7]%0 YRurgsol
(CIN ratio)7} Wo ehaglo] nsah 49 Agahd & 2abel SASLS Denitification) & o 2] £
Axkgol ks ol FolX A oot BEA R WS 1A AARo] dasis BES Rt 7
SANE % FARY $A/NEES 23T SVt o 0 AL HsH T Lury uptake) B4
T} (Eom and Kim, 2018). C/NH|7} W2 Sh=of A 4 dojuf Q19 Fr=rt Frbstdle), A=A <l AlA o
Lo
2 A7el] feiie Ao sntatls £ & B F4E seidel #7149 Leid Aug B T
2 s
[o%
o

j

sk ol A= A4 EAElg F
& o ©ad HE5S shal QoA f7|=4E
FE7F el vldl w2 2E 2EQlth
Hz2 AR | A= EC 745(SD=61.7) uS/em, SS 177.6
(SD=170.75) mg/L, BOD 178.2(SD=65.40) mg/L, COD
109.5(SD=58.38) mg/L, TOC 94.8(SD=60.31) mg/L,
NH:;-N 32.59(SD=6.041) mg/L, T-N 37.44(SD=7.926)
mg/L 2 T-P 7.886(SD=1.986) mg/LZ L}elF O, A=
U3 2 o] A= EC 528(SD=58.6) uS/em, SS 13.7(SD=9.12)
mg/L, BOD 28.6(SD=9.45) mg/L, COD 17.1(SD=4.17)
mg/L, TOC 10.5(SD=3.32) mg/L, NH5-N 6.66(SD=4.840)
mg/L, T-N 9.10(SD=4.998) mg/L 2 T-P 9.839(SD=5.901)

mg/L& et E-SR @7|2oA AESHH o

AAA]

=
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TP{mg/L)

(1]
[=1
f

K

o] 5 |
A B CDEF A B C D EF
L] -
0.061
101
3 70,044
o [=)]
E ) E
D ne “ =]
w 0.5 - o,
& Oo.oz-%
'%J# - *% ® %W .
L)
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A B CDE F A B CDEF

Fig. 4. Results of water quality by process(TOC, T-P, NH;-N, T-N, Fe, Cu, Zn,

et al., 2007; Song, 2004) the FAHA HFEHHA | A
Aol A EE Ao Pt (Fig. 4)

RAEGEN ANE LA B =
it A5SE ALt 454 egHOR
e 5 FAXYNEES AH AE R £A4
= EC 555(SD=57.0) pS/em, SS 3.1(SD=1.23) mg/L,
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Fig. 5. Variations of ecotoxicity according to water quality by process.
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58.5%, TOC 92.7%, SS 155.1%, NH3-N 17.4%, T-N
21.7%, T-P 115.9% Z7}5}4t} (Fig. 5).
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40| Fofidel wet AH=AEd £33 A AA
H AaE &2lgk :rL/\]'EﬂQ]r Zro] (Lee et al., 2013),
2 dFolA e FERREEA A& AYE Fl
Aef=ded 4 29_01 100% A|A¥ Aoz gheh
Hoh

AERhgzoll Al NH-N2 79.6%9] AlA&& Kol
e, FEolA NH-Neo| 285 %] 42 ot
(NH;)9} 9F o] &(NH,) o2 EA5tn] pH7F S71et
of wet 542 SRt dHA v (MOE, 2009).
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Fig. 6. Removal efficiencies of sewage treatment process.
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Table 3. Removal efficiencies of sewage treatment ofd AoR AT
HEAAA A= AAA &5 tH] T-P 95.0%,
. Total removal -
Items Unit | Influent | Effluent efficiency (%) Fe 76.2% A|AE o] (Fig. 6), 5= 2 A of 293l A|A=
Ecotoxicity | TU 1.4 0.0 100.0 = Ao Hebdal, = A A gk A
BOD 173.7 | 2.0 98.8 qugoﬂ T el As Ao b,
coD 1066 | 86 91.9 e vl EPgEER FHE Al7eS BOD 9
TOC 86.3 6.2 92.8 98.8%, COD 91.9%, TOC 92.8%, SS 98.1%, Cu 94.0% i
ss 1629 | 991 2 e e A B, NHeN 808% TN 2
NH;-N 392.1 6.2 80.8 72.3%, T-P 94.3%, Fe 76.2%, Zn 41.5%, Mn 26.5%2] =
TN |mgL| 370 | 102 72.3 AAES =g == AUt (Table 3).
T-P 3.879 | 0.223 94.3
Fe 36.99 | 10.25 76.2 3.3 ERI=1 MEl=duto| Mkt
cu 0.020 | 0901 el FFoRALAA YollA A=A AR
n 0.0 | 0002 o ARPAE Blely] gla) ojne) JUBARAG
Vo 0.088 | 0.004 el AAstgieh ARASE dlolElziel Aol duh
SRS E43h= AolH, A7t —lell 7h
(Loureiro et al., 2012), pH 7.95 ZZof| 4] 24h-ECso 180 T2 B(O)Z Al

7b ZFsiaL 19 74
mg/L. (MOE, 2009) A2 37F Qlem, 1544 2] 7o A)A ATA 7 Al & 4= Qo) AEEAL

Al Aol YEf= 3 olA 15.39~45.44 mg/L EC, BOD, TOC, NHy-N, SS, TN} 73t A(+)3
Fedeieh pH 7078 WAR WERE NIBN= A gajuizyh mgn pogsats R0 Auwds
HEdS dovls 58 ks ofd ACR AHE  ugon AgEAI 7 LR ATAL At
3L, ofe AAgE & NHe-No| H]F0] 67.6~98.1% = xqztssiqde} (Fig 7).
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Fig. 7. Pearson correlation coefficients between ecotoxicity and water quality.
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Fig. 8. Scatter plots between ecotoxicity and water quality.

A=A S0t 733t H(+H)H ATIAE Hol
+ A=Y AAIS= TOC(=.888, p<.001), BOD
(=839, p<.001), T-NG=806, p<.001), NH;-N(=766,
p<.001), SS(=715, p<.001), Cu(=.582, p<.001)= 0
delow, FEseAE 4U4E R A
A BAS Fo) US4 2455 S BOD, TN,
NH;-N7} A =43 B4 AEiAS elet A+
(Gwon et al. 2016)2} ¥-5-5} - H =] 2] A d o4 TOC,
BOD, SS, T-N 5] Aej=4d1 F(+H2 AJudAE

HQl A+ (Song et al. 2020), s}~ U HEfSAZE
I} Cuele] AMkakA 7} O‘-E-% ol A (Seo et al.,
2013)9} GARSE AT} 3
p<03), Zn(=321, p<.01)= o) 37}

T, Fed} Mn& A 547 ol5h AuarE 1olX
e Ao vehd,

TAE H3l EC, BOD, TOC, NHyN, TN, Cug %
W7 A5 a1, AHEHE/\-171—(TU)O EPNEPN R
of BAsIlon, BE SYHSE 34 FYgt
& S5 wAREAT 7}?@ Ao Zeul &
° 7 HAsH= T2 (Backward)H-S A st

2447 7R EAMoR Fo5 ey
O W(F=155.876, p<.001), 3]YPRFS] gy oF
81.6%(R*=0.821, . 2°=0.816)>.2 U EIS}CE Durbin-
Watson=1.5552 20| 7}7}-& 7S Hol Zxle] =3HA

7Holle wAI7E Sl Aoz Br7hEelal, &4

A|4>(Variance Inflation Factoe, VIF):= X% 10 u|qt
2 UE S3us ko] gAge® Qle) Ame)
FAL B2 5 o THETAY AL g
S 2 wdE STt (Table 4).

TOC®} Cu 5 Aej=4 gholl 5 mA= A4
Qe e wobsly] 918) EE3) Al40) AStandardized
Coefficients)S 3| v w5}l TOC (£-0.789(p<.001),
Cu (=0209(p<.001)2.2 TOC7} Cukt} Aoz
Bl e g Fb glom wuwd
(Table 4).
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Table 4. Result of multiple linear regression analysis
Unstandardized Standardized Collinearity
Dependent | Independent Coefficients Coefficients ‘ i Statistics
Variable Variable 5 Std. ; & Tolorance | vIF
Error.
Ecotoxicit TOC 0.009 0.001 0.789 13.586 <.001 0.781 1.281 3
cotoxici =
v Cu 16.670 4.633 0.209 3.598 <.001 0.781 1.281 L
F=155.876(p<.001), R=0.821, ,;R>=0.816, Durbin-Watson=1.555 3
Q.
P<.05, “p<01, "p<.001 =
TOC+ B(Unstandardized Coefficients)=0.009(p<.001) ol ol = stz =)
2 Ae=dol ot &= vAAL e Aer b
Ehom), f 337 AWAIBR TOCH L Sk )y o
AR Zhe 0098 Fopddtn & 4 Q. ¢ = T
TOC= f71& Ak AHEE]= 4t 9] & SHF O P Sz a) T
a A ;?j‘“ . K Ecomo}j B ARAA L BEA 18 H 2 SR
= A L= F85—= -
u;o fljo ot A@A]ﬁﬁ"t‘w;“ oLt e iAoz 2022 8YHE 20239 797 A
= ful or— pul - o) el
e S R e e
o= T oM = o H— ~— T = ToeE T 2 Ak L0 %] o 2 yglols] o1&} AF
L og=A SHe 9712 xmolth (B o al g1 AT w2 A JAAE getstr] 99 A
A yun ’ WHARA Y dSAFAES S T A= o
2010). BOD$} COD F419] 714 el sHAH o1 7re}
=) 1=Ra
o 5 o3 OF3 235 o 7 -
S Hebshr] ek ohFst A7 ==L (Choi A LAY AALS 94 thu] BOD 98.8%,

and Han, 2011; Jeong et al., 2016) 71 ZA¥} 2013 3%
s T4 0] &R 7)o TOC7F =g = o] W
= FA7|E TOC7L A=Yk 20209 FEf =
Il A2 ol AHEAS feis 0
e T

Cux= B=16.670(p<.001) .2 EAAOZE {ol5H
Uekstom, Cu @A B a7k YoHolEe Cull
SE7L 1 ZTkhE AEE e Ghe 1667083 S7)

she o2 Uehdth Cul 54 4712 w2
A5 Bolge] AT AR G vA e (Kim e

al,, 2011), 559 =44 Bxof w2t Zol& u
Bt AY st FF 9 FEol et thE AaE
Hol7] ol 549 w=o ue 4437t 4
23| YA|3}R|= O} (Yim et al.,, 2006) Cuof thgth
EHE9 24h FAHEA ECsodk2 0.030 mg/L, NOEC
(No Observable Effect Concentration)+= 0.010 mg/Le. 2
eI (Jeong et al.,, 2001), 48h F354 ECsit2
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o = WSt ekt 15t el eSS
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