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Toxicity Assessment and Evaluation of the Applicability of
a Constructed Wetland of Bio-reeds and Bio-ceramics

Da Kyung Park, Soon-Woong Chang™® and Hanna Choi'

Department of Environmental Energy Engineering, Kyonggi University, Suwon 15442, Republic of Korea
1TaeYoung E&C, Seoul 07241, Republic of Korea

Abstract - Recently, a low-impact development (LID) technic such as a wetland has been proposed
as a Nature-friendly process for reducing pollutants caused by livestock wastewater. Therefore,
the Daphnia magna toxicity was analyzed for livestock wastewater samples, to determine if a
wetland system would also be effective in reducing this ecotoxicity. In the present study, acute
D. magna toxicity was not significantly dependent on the presence and type of reed, nor type
of media. However, when treated with construction wetlands, ecotoxicities decreased as well as
TN, TP and COD concentrations. Therefore, it is considered that a construction wetland system
with bio reeds and bio-media as well as general reeds would be effective to reduce the ecotoxicity
of livestock wastewater. To apply a wetland system as the subsequent treatment process to a
livestock waste water treatment facility, it is necessary to perform an integrated evaluation such
as treatment efficiency and the ecotoxicity test for various characteristics of livestock wastewater.

Keywords : low-impact development, Daphnia magna, acute toxicity, livestock wastewater
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71 Bt WHFHT(Sorm et al. 1996; Jeong et al. 2000;
Choi and Lee 2009). =33} Wl HBEBS =07 22 A] 49
YR FEFAJo] YAste He4gdso] HstEIL o, &
7he] RAG B R Qlete e §& ok I FUAY
o] NP FYUe R FEET|E it 53] njHE F4l
S FeAYAL A wjEe 7282 TEE 0
AL zaat Y sHo2 $UAET QYth(Lee e al. 2015). 7}
SEx A ALY URe 24 V)& 7|ERA 9G] A
3 A AYA AL T-N 400 mgL™", T-P 100 mgL™'&
TAE L YoH(KMGL 2015). BFH a9 ¢l 52 skd
7 o3t 9 540 RSt d 27 HAHOR o]0
A7) W] Aiet 9l JEO HHEaLS ¥ UFE £
A 712E HEAZ £ e B SE5AE T da
&t} (Choi er al. 2000).
SAA ] EA 1o 584 U fAHE ] §olA
el 2 43 52 $£F0 A& davt
TAEFHE = A 13k Aol LAY Al
gt Ao g HuE v 9tk (Park ef al. 2012). A4 A
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35 Aged 5 st desAes A, o, &, A
B 23l 59 4 g £79 HoksAL ol g3l
A2 Aok el shiz AgiHoR 248 AHa 4
W4 R LR o] Aule vlgo] HA s
g gl otk ER ABEAE 4 A4e 2L AHe
Qoo £10¢ Aojme ohet vPedPoR WA
L d=d Aoz Hojd Aoz A U} (Brix 1999;
Park et al. 2004; Shin et al. 2009; Kim et al. 2011; Lee et al.
2011).
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Fig. 1. Conceptual diagram of the constructed wetland (modified from Choi et al. 2015).

Table 1. Media configuration of the constructed wetland system.

Constructed wetland system (height, unit: mm)

A B C D E

Reed planting None General reed Bio-reed Bio-reed Bio-reed
Water layer 100 100 100 100 100
Vegetable soil 400 400 400 400 400
Bio-ceramic 200 200 200 0 0
Bio-block 100 100 100 100 0
Fine gravel 100 100 100 300 400
Coarse gravel 100 100 100 100 100
g n5 SUsH vhol 22t E o] gatsict

Q1 F5X]9 Z7]= 500 mm (L) X 500 mm (W) X 1,000 mm
20mm FA19] o3 AAE 5 FLAsHA AZ}

of

bl
o F Fo= o 250 Lot AFHAE 2 AA F
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A HYags SR Z2dE 2 Ao AHEE &=
L-u] u)yE (HM)S Lactobacillus Sp., Saccharomyces Sp.,
Rhodopseudomonas Sp. & EFLOZHE E|3t =¢0] 0]
A= A, a8, AL, S, AV 522 74
o] QITH(ME 2005). & AtolA AHEE gyt Zddi= 5
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2

of

2,9, /718, FFEELS St 322 sy
et das %%91 %—Eﬁﬂ 7152 7HAth (Park 2016).
HSEE malo} T2 §:27 E3sle] AL 9T 7= =
22 10~20 mm, #& XPE‘% 40~60 mm 7| & o] &35+
o 7F 2R AESAE 27] 257t X|5HeE o] gate] oF

ASLAF S (Choi et al. 2015).

-

3.0l3kt 2.4

Zt 33E F4-S &0 3l TN (B2, TP (F
Q) 283 COD (EFetaitaawhs 22 3314 245t
Aok TN 29 FF= oz ZAsigon e oy
I gk A= (50 mL)eF dEE Y AAEE 89 (10 mL)
EYstel DYFTBRIINA 120°CNA 302 5<% 7
&3 AAE stk AA R A7 45 A2 GFIC
AR Z o7 & 25mL F3Fe] SmLe FA(16+1)S ¢
o] pH 2~322 23 & F4L =4 (UV2550PC, Perkin-
Elmer)S ©]&3}lo] 220 nmol|A A3} Th(ES 04363.1a,
ME 2017). TPL ofAFZ2HIAL Sl oz BAFgon
AL Thea 2t AR (50 mL)9h THEHAIE 8O (4%
(WIV). 10mL)E E35te] 19457] BR7]o1A 120°C
A 0% F4 haRe AAE Stoch AHAT A=

4% AL GF/CAIAZ o3} F 25mL st S=Ed
AR - ofAFERIAE EFHEA 2 mLE FTbeke] AL
(20~40°C)oll A 15& FA & 10mm S Aol &A 533
A (UV2550PC, Perkin-Elmer)E ©]-83}4] 880 nmof|A]
AR THES 04362.1c , ME 2017) COD+= I3 EALE
o2 AR 20 mLe} SAHAo|=L 04 ¢, B[54 S7Y, A
£ 2mL, 0.025N 2 EAE 10mL go] 24|17 52 7}
Galich. 7hAE NBE PP T FREE olgte] 2
¥ 140mLE W& F O-WFEZUA|E §9 3922 4
2 & 0.025N A JE YR EHS ARGt ATt
(ES 04315.3b, ME2017).
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B2 3t EAGFL US-EPAY} 37 H ol A A A8t
£ 3454 B7F Al wet =345 ¢iTh(US-EPA 2002;
ES04751.1 ME 2017). Al E 22 D. magna= =Y3t
et oA £ Wton AR FE= 0%, 6.25%,
12.5%, 25%, 50%, 100%2 272 AL & 5949 &
ToA AYL ATt AE 24417 nje ofH EHE
(neonate) 5HE]E FEEE FH|E AR (50 mL)ol| =EA
At AHEGAELE T 4a9HE o2 HAASIgon Adx
AL &% 21+1°C, 427 ¥ :¢=16:8(800Lux), 5%

£ 40%=2 FA8HAT A8 A E Y3l FAEAE
F (KoCrO7)& o] &3t 5N EE I AASHAT Al
B xF 24X7F A & ZF neonated] F-GA Mt S5 T
gt o AFBEY 50%7F SEAHE o= JLE
el ECsox E=&319t ECso AH2HH A 54 FH(TU,
Toxic Unit, 100/ECs0)E 4AH&3tGT &, 100% Al&oA &
HE9] 0~10%°] FFo| & Foll= TUE 022 3faL,
EHFY 10~49% 93] & Aol 0.02x FF T2
%2 TUZS AASATHME 2017).

5. 8442

olstet RAATY o4 LLWALALA One
way ANOVA)T} t-test2 AATF o™, AFZE A o] = Tukey
post-hoc method& AHE-Fth. e 54 F3F5 L (ECs0)Sh
95% A= 7+ Trimmed Spearman-Karber Method &
o]-gsto] A&ttt e FAGA Fo+E2 0.05 °]
3} (p<0.05)F 3}t

2 o

LAR 2 F5°) BE AZas L PSP 9T

F
ATEARE A F Fd4 o] &9 5=

3744 =
vl w gt A3b, A& (Sample 1,2,3)= ZF 23 Q257 (A,
B,0)°] 24 ¥ TN, TP,COD %= 2% #43l%th(Table

2). Sample 1°0] Y42 AE§H 2 27t AA =4 &
2 QFEHA A= TN (15.4%)=TP (15.4%)~COD (12.5%)
7b fARRE HIEE A E L, durddgrr AQE J3E
2 Boll 93] TP (38.5%)>TN (19.2%)>COD (15.6%), B}
oleZdi7t AAH AFFA Coll Y3 TP (38.5%)>TN
(15.4%)>COD (9.4%) 4= 2.2 §-9l81A 7+43tA T} (Fig. 2).
Sample 27} =2 AEH A9 AFEA Ao &) TP
(19.8%)>COD (18.3%) >TN (6.9%), 21554 Bl 23|
TP (45.6%) >COD (22.1%)>TN (19.8%), 1554 Col ¢
3 TP (51.1%)>TN (24.3%)>COD (23.8%) <22 §9J3}
Al ZA3HH T (Fig. 2). Sample 32 FY-2 A4 4¢- 2
TEA Aol 93] TN (25.5%) > TP (17.9%) > COD (6.4%)
&0 2 43R, AFEA B 93 TN (58.5%)~TP
(59.3%) ~COD (53.4%)} Q1253 Cofl 23] TN (66.7%) ~
TP (66.9%) ~COD (56.5%)= {-AFgt H]%i A 75+ A
(Fig. 2). ZHE57o o2 o|3shd AHeagd TP7t 713
NS §hE ot Ao 2 UEryit

AR FY(Sample 1, 2, )3 EHE FAEA @2
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Fig. 2. Average removal efficiencies of constructed wetland systems (A, B, and C) for sample 1, 2, and 3.

Table 2. Average concentration of TN (total nitrogen), TP (total phosphorus) and COD (chemical oxygen demand) in influent, effluent from
the constructed wetland systems

Influent Effluent (mgL™")
(mgL™) A B C D E
TN 130.08 +7.46 109.86+12.52 105.03£5.15 110.06 £10.32 130.08 £4.70 130.09£6.78
Sample 1 TP 13.09+£1.00 11.09+1.24 8.04+£0.40 8.05+1.48 8.00£0.97 8.07£0.70
COD 320+£9.35 280.03 +£4.51 270.06£5.01 290.01 +8.77 310.00+ 12.54 31502+ 10.14
TN 131.59+34 122.50+3.04 105.54 +3.81 99.64+£2.61 101.14+4.83 109.02£6.39
Sample 2 TP 20.18 £2.04 13.19+£2.56 1097 £2.08 9.87£0.95 1172195 13.74£2.59
COD 381.26+17.07 311.56+11.82 297.12+7.35 29043 £5.01 333.73+£10.13 351.75+£2.57
TN 61.72+4.06 46.00 £2.65 25.59+1.76 20.57£3.55 45.07£2.65 28.59£3.67
Sample 3 TP 12.53+£1.86 10.29+£1.52 5.10+1.24 4.14+£1.22 795+1.53 549+1.23
COD 220.55+£8.39 206.39 +6.49 102.68 £5.75 95.88£2.47 190.64 +£7.63 143.25+6.09

Table 3. Toxicity unit (TU) of effluent from the constructed wetland systems

Effluent
Influent
A B C D E
Samole 1 ECs0 (%) 75.17 +13.88 NA. NA. NA. NA. 34.15+231
P TU 13402 0 0 0 0 29402
Sample 2 ECs0(%) 70.71 +0.00 70.71 +0.00 89.09 +1.25 N.A NA. N.A
ample TU 14400 14400 1.140.1 08+00 0 0
Samole 3 ECs0 (%) NA. NA. NA. NA. NA. NA.
P TU 0 0 0 0 0 0
'not available
Z+ZF TU 1.3, TU 14, TU 022 ©o]3}53 &4 A] TN, TP, A2 At BE AL EHE ST gagon 24
CODY| =71 At o2 =& Sample 13} Sample 294 Zd f5% 9 F79 RS SAEYF TU 022 BAE
EHEFAHAEAAGTF(TU> 1)o] Yebd ¥, Ajzoez o th. Sample 2= Q1FHA AZW R A §F TU 142
2 Sample 3914& EBE FA4540] gle A= Yebd A A Az ¥k gldlot dF5A B (¥R &
T} (Table 3). ghE AZet F¢ SHZ7F TU 1.1, AF5A CHolZ
ZF 3AE AFEAQFEA A, B, O A & &4 ghE AZe ¢ TU 082 SAJo] Z4stes HdFe et
o gt EHE AT S 3 2, Sample 12 1F5 Witk Sample 32] A% ZAE QgL HEdt &4 o
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Fig. 3. Average removal efficiencies of constructed wetland system (C, D, and E).

]
38.8%% TPA| A & &ipAo|glont oo wg g
L leh(Fig. 3, p=0.09). TN} CODE A2 Az} vws|
Ok 172~243% 7HAEHgG0om QFL5A] C (Ho|LEE, v}
ol Agte)7} 71 &3 o] Tk (Fig. 3, p<0.05). Sample
29] 7% TN, TP, COD AA | AFHA 7} BE a3}A 0]
dom E3] 9FH5A C= COD AgaLo] AFHA D
o} Eoll w3} 2tz oF 1.6} 3.18] &3} (Fig. 3, p<0.05).
Sample 3& Q1554 C,D 12|aL Eof] 283 ¢ TN, TP,
COD ¥%= 25 A=t 5% A7 A& TN COD|
Azl AFFA C>AFEA E>AF5A D 22, TP
3 AFEA C=20F5A E >AFHA D22 34t
(Fig. 3).

Sample 12] ¢ AF5A C (HIO| LEF, Hio] A=),
AFEA D (HO|EF)E AT & TU 02 #2A5HHARE
AFEA E(QutdAhE g & TU 298 FAFF0 U
EF5tTh. Sample 29] 7% AFHFA C (MO LEE, Hio]
Ak, 1554 D (Hlo] LE5), AF5A E(EeroA)=
AE & fFAdgEY 540 TU<1.0 vgtez 2
= ZAA TU0LE Xe A1}t U5t

}1_‘
e
_?L
3R

&2

Sample 3=

n

2 4 A Aot oA F5el whE ARag vl
oot vpole iR A7 AFEA C7h P w2 A
o2 yehgth AFEA ] hEHQ A4t 9 AA 712

g ofgh Aaksh, @Ast a8 AN AE og &
FIA 0 & (Ko et al. 2010), &4 Aol vio] Y E 4]
A JAFTSAE FLoH9S o A4 AYag&e oF 46%,
ol M ELL 21%= B1H v} Q}(ME 2005). E3F th2
Ao v TN Ha&o] =2 AR 4HA Q= AL
gHolE Foa FAH vio|eAgty e FF4&, U #7]
IES T 47 AE E a0 9l 2 RI¥ ¢
d A8, 4718 52 aFoR HFIE 4= 9lon <l
60% °14, 534 (Cd) 70% °14, +FEZ 95% °l4F AA
7h58F BZo|th(KEC 2008; Kim ef al. 2011). H o] £7}

oA E o] &3 AFFATE FAHF e HdY Ao aTH
o] B ¥ H} It} (Choi et al. 2015). B AF& o] 7
= AARskA 3R A o] S Aol B IA
B7rek7] faf 20 2 AE 2T dFSAE Azste
ZA S ARE gAoR AT A5 HHEHYFS 24

5 ]
o BHSFHEAL 24T A% vE 44 Ao 47
U EF QU EE vhoogeho] mE G GOt

(Sample 1} 2)0 T3} Q1F%7 (A B,C) A2 F 2% =
Ko] Faeloict FA40] 29 % Aol oF 10~80%7}
gmUohy A4 FHz EAs cepel gEUoblat
FAHA Y E44& I8 (Georgieva er al. 2010; Ferretti
and Calesso 2011). Loureiro er al.(2012)> NH4Cl& ©]-8-3}
o B4YFE 271Ho2 2T A3 BWR (D. magna)
o gt = obd A (NH, )Y 2447 ECso2 99.94 mg
L'o2 nufich 0 @Y A2 AL BA A7), 24 4
AE AABEA] 2 AFHA A A E A% IF

&4 B, 293 vl 2T AAT AFEA C BE TN,
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TP,COD Ao &Ho|9ict. 0|9t 2o ATpe 1=
G AR} R AT N AT H4
Aolsht At 919 FES
e ol el se sl
=4A7 Zat wae i,

uo] 227 A4y ﬂ%—a—zloﬂ gel
= voleaA)e] BE AHELIFE 25T A7, oI
FRol 9% SR Aok PO (Sample 1, AT
A E A2 WRe 24 712 ARSLLFTUS 108 o
Eh A2 Sample 13} 2)0] i3] A2 F E4o] Hast
Aok SHlEAE Sample 10 taf LdutAz)7F SAH ¢

FaA E2 A B9 fdert 540 fY8HA 7t
(TU 13914 292) st4ith. 249 AHeags E43 23
Sample 19] 3} vlol 2 Al2ela} vlo] e B 2L oAz
43 9347 C2 A7 A9 TNT COD7} 2] Azh o]
wato] oF 15.4% A7E HhR, vho] @ Alebulz vjo] o BE
o BF 7k AZE diAlE AFEA EE A7 4 #
0]2=¢} e AbstTh T3 01T 4A] ER HEH 9241 o

354 C2 AP $&58oh TNo| ¢ 21mgL™, COD7}
oF 25~25mg L ' B} Egton o] o F4X| DE AT
S0 AT} pARAt Bk AFEA oA A2

FEUto 2L EAZIIE Nslr]|= o] HT}. o]m_/\;q E=
B}Oliojlxﬁﬂ HEH AFFAEYG 2HY Hago]

< Zeg ygyton E3] sS Aagoe] 7P 3 A
2 2 vk QITH(ME 2015). #2282 B 5422
Al leZ Al D. magna SRS A8A 7= AoR &
A ATk (Carl e al. 2003). w2hA Q154 B9 S4571
AE SAH=EY 3 AR Bl 2 SSEEE ¢
et D.magna®l =/4Wr-g-9 S71d AL R o= HEgt
=4 371 HdE FEE] M= AEEEEYd EEE
Al (Toxicant Identification Evaluation) g7} 283 Z o2

e T of 10>*¥

2 =& Hpol2Z e} Hio] oA
&A= 24|49 TN, TP, COD A2 &
d o= aatAel FHo R ATE AR S
ZtEa AIAEY QAT FEA TP LR AE5t] ¢
A= ohet Y At S g e AHelagdt A
H=dAde] AAE SRBE 7R s et Aes

A IEFHOR AFTHAY 2 AAANFAQ Y
o] AF=E L Qrt. webA] B A= AW FHo] ¢
A=A Aoz apAlR] ool 7] 93 thokst 23
9] JAFHAE ARt SAtu|4 A 2E o2 e A
T 2EgAE 9 EHE 34 54 WskE B4t 2

AYEH NS 2 HF L FF, 2D oY FRe
2 g gou ATaAe) AFD A9 fdao] Hla
TN, TP, COD 5% A%} 2ol BS54 Fapo] Fast
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