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Abstract

Daphnia Magna Stratus has been widely accepted as useful species for estimating the toxicity of chemicals to aquatic
invertebrate and recommended as species for the testing chemicals from the international guideline as well as Korean
guideline. The study was performed for the acute toxicity test by using water flea(D. Magna) for effluents from several
wastewater treatment plants and drainage canals in GyeongBuk area. Five heavy metals, 1,4-Dioxane and Perchlorate were
tested. Most Toxicity Units(TU) of Industrial wastewater effluents were less than 1 which means effluent was not toxic to D.
Magna. However, effluents containing 1,4-Dioxane and Perchlorate were significantly toxic to D. Magna. Therefore,
facilities should reduce the 1,4-dioxane since new regulations will force them after the year of 2011.
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1991; 2} 5, 2004, = 5, 2004; SWAMP, 2007).

B APl 20110 0E hEslg|ze @ gRo
2 EE AHisAEE T, Aste] 9 2 A=
o] Algfof] -85 vk yAV | S FA=IA
7zAe A2 AT S15) SAEh ey
BdEE W 22 Ithije2o] AA| A RS e
F 2011578 Aj2o] Al ‘Aej= vi&Es87|
of Foh= o R A 9 A4S ST E3, X
= YB7tof| A 2HASE 1.4-Dioxane @ Perchlorate A}
72 A ol 0.8 1 ksl o]
o] tsjr= T2}t old 1,4-Dioxane U
Perchlorate TFF & AFGRRS thAro 2 2|7 e =
BEE S5t o5 F =4ol gk Eof A A Q1
12hE sEoITh ol HlE 2 A 5 5 ol
T+ =4o] W FhueRoe thE dA9
WFete] 34 2go ofsf o] = &30 HEo| H

A) 9 AR R FE7h o] uiolck

2.1. Daphnia Magna (D. Magna)

2 Aol ARE =85 (water flea, D. Magna)>
“Qr o et o Al Eefihot v kRt D. Magna
+ SRRl Y| O] Uetoll A A E oA
L8 FHLeHA EaEo] Qlal = TaofA
En, A% 7} 150 CaCOs.mg/L 0]4}k2] ZAofA A
5}, 8FAATE 34 mg/L AR Fe Qo n

HIAJs|H] 0] Z71akd B¥ISe] Ao 7t
SR, ol AR Z71el7] ahzolct (US.
EPA, 2002).
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EHFO] vjFHE ISO 2o wet Alxsiglom
A& 160~180 mg/L, &% 120~180 CaCOz.mg/L
E S A H L} vjoFoH-S MgSO, 12 g, NaHCO; 19.2
g, KCl0.8 g W& 71711 ¢ §eFEetado| Yall £
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B BEAA W 671 3T =20l A 2
™ 1,4-Dioxane?] 3= H7IE 95k A2
AAFR oA Teloli oliz, o, 713l 454
A F chplEds Olaold A,
Perchlorate®] {3 F71E 93+ A= F0jR| Y
LCDA| 254 4711429} 5312 9 o] Al 171420014
77} Aeloich ARAFA FAHAe) Selga
PEY S ARE-SHo] Afjst7] Hof| 2t 213 9] &= 871
£ N3t 2 head space”} YE= AJ4=3}o], XA
R L DERIERE S

AR (B35 2004)°]

H (ICPH) o= 74
2 AR
A3 B A (4, 2004)0f weEF HER
EHES 0|83t dl-of &S o]-§sto] HA gt
5 GC/MS <] SIM (Selective Ion Monitoring)& ©|-&-
slo] B4l 0w, Perchlorate~= IC (Ion Chro-
matography)E A28} EPA method 314 2] HHoj|
w2} B4 et (Hautman and Munch, 1999).
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(Perchlorate), 1237 14-Dioxane2 TS 2 D.
Magna®] J=E A¥5I3ItE Table 12 F24E2
9 ECsor HolFe Aog dojxl 42| Probit
Method SHEEAME o] 8510] okl A4l
UREES 5] 98] ThE SAES) ofs) Qoj
ECso 345 37 55131t} (Koopman -5, 1989; Hf,
1993). ECsogtell w2 54 4=+ ECs0°] 0.1 mg/L
olate] wolAl Lrehbel EAE7} “Very Highly
Toxic”, 0.1 - 1 mg/L AFo] “Highly Toxic”, 1 mg/L ©]
A} 10 mg/L m]qt “Moderate toxic”, 10 mg/L ©]A}
100 mg/L w|9F “Slightly toxic”, 100 mg/L oA+
“Practically non- toxic”’C.2 E23It} (Kamrin,
1997). flelA A9 Ta4F & o, & 20|
ECs509] 5%=7} 100 g/l o]stol| A Lehgt7] diizoll,
/o] ml9- & A 02 ARt o5 Q%I Table |
o A Hi= ueh o] (Ag) T 42(Hg™) O] B 4
3] FE FroAE ¥Rk oF 4 1AL, |t At
TEO A AHHoR w2 FEE EAfsfjopt vt
o= B Axm Fvks o o Stk FE Hs
FAof EA|7F Eal @l Perchlorate?} 1,4-Dioxane
o] Aoll= Fasiol vsh o 9 vl gAl= = A
9] oA EH 5] B AFEE7F YEhtbE A
S 54 Utk AR dESt= S RAPH
A5 dAA o= FrsAdE5dl teliAs 4dds]
A B8-S SHAITE, RS54 Ed T oA

Z
va e
gl tisiA= A3s] st Wkttt ©
o

o] glt= RO LeiA] Gk (£t £, 2004). TFeA]
2011358 Azzo] A - A
RS W G712 02 245 09
317] 1A 2 b e hat B

Table 1. Comparison of ECs value in Different Toxicity Test (Koopman et al., 1989; Park, 1993)

Item ECso (/L)
Daphnia Magna Ceriodaphnia Dubian Microtox Bgalactosidase Biosynthesis

Cu®’ 84 13 380 29

Ag' 5 - -

Hg** 6 180 65

Pb** 2200 - 970 -

cd* 121 42 27000 7

ClOy 956 -

1,4-dioxane 8600 -
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3.2, A=x|Y STHiS2o| MElSME AL

e ST S4gqitEZo] A AEA
) x= FAIEAl(acute toxicity) =S oJu|gich
Atol A= D. Magnas SAulE gt Wi
o £t 24417 BESAIZ] Fo] AAES &H
31, 100/ECso 02 Akke TURA AejEAo] 22
FAPT 1A7E Table 20f LFERYIQIT) Table 20]]
A W 3k o] AgEA S FsHs Cu, Cd, Cr,
Pb 52 HETA] &AL, Zno] - mE A Ho
A AEERTE 7]1E0] AtolA Yehd Y5l A
Fo59 HEAEE B g5 met tha xfolE
H AR T FE 0] ZF<:0] 0.004 ~0.827 ug/L2]
Q2 v 2 FEE B AF R =7 Yet
Y Pbo] A9 9.49~39.59 pgll 4520|9101}, Zn
o] 9 2 AT} vl 2291 34.76 ~214.20
1gLe] =g BTt (©], 2006). whabs], 47| A-F
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Table 2. TU Values of drainage canals in GyeongBuk Area

gt

Aite TR u B A7 FRARN A%
A 5% AER A4S SOnE Zng A2 o]
A FF4o| BUEE A0 AREG YA, £
AL Bae o] AWHt AeEAEe] A
2P0 Gl W B AE AN TS 2
255 olste] %ol dairt sk etk
£ o] Aufel ] HHHOR & HES 1l Zn
o A5 o] Ar FAYAS 9l3t A9 wF 5
o BN F2 AFHBR B Aol il H 6
A Bl Zno] Aol BE FAE sk U
PASo] EATHE AOR AR} 2 Fek 1 95
QAlo] chak A EEARS HasHA ool ekt 9]
2 B ATollA] s Sk Th, ol gT)
75 o] QRAI} oflgo] ol AgE:
A7 T AR, BFE, WA S Ropo]
Azl glo] obdle] ALgapo] WokS Ao AR
o] MR Lol whE40] Zn S BB 4

Sof ulaf 25e 4 Hth oA & HuE B
o, ShAIRE, TUZES B 1 of}e ekt Fehle
oflo] FEREAEE A9 g 2 & 4= Ugick. ol

Concentration of heavy metals for each drainage canal (/L) and TU level

Mon. It
on em Gimcheon TU Gumi TU Weakwan TU Gyungju TU Pohang TU Gumi4 TU

Cu N.D N.D N.D N.D N.D N.D
Zn 16 59 9 15 110 23

Sep. cr' N.D 0.2 ND 04 N.D 0.2 N.D 0 ND 04 ND 0
Pb N.D N.D N.D N.D N.D N.D
Cd N.D N.D N.D N.D N.D N.D
Cu N.D N.D N.D N.D N.D N.D
Zn 12 82 7 11 150 17

Oct. cr'f N.D 0 N.D 0 N.D 0 N.D 0 N.D 0 N.D 0.2
Pb N.D N.D N.D N.D N.D N.D
Cd N.D N.D N.D N.D N.D N.D
Cu N.D N.D N.D N.D N.D N.D
Zn 16 94 10 17 54 17

Nov. cr' N.D 0 ND 02 N.D 0 N.D 0 ND 02 ND 0
Pb N.D N.D N.D N.D N.D N.D
Cd N.D N.D N.D N.D N.D N.D
Cu N.D N.D N.D N.D N.D N.D
Zn 12 59 10 22 65 15

Dec cr't N.D 0 N.D 0 N.D 0.2 N.D 0 N.D 0.2 N.D 0
Pb N.D N.D N.D N.D N.D N.D
Cd N.D N.D N.D N.D N.D N.D

Detection limit for Cu: 6 pg/L, Zn : 2 ug/L, Cr: 7 ug/L, Pb : 40 pug/L, Cd : 4 pg/L



A= Zno] 73S Lgalactosidase Biosynthesis
(Koopman 5, 1989)9]| 4 2] ECs5©] 100 pg/L
1QYSHH, D. Magna®] 739~ 42 o2 =/ &
R RESS Kol AvtE AL AA| 7]E9] o
£ Aol & Aol Yehd 9] Znd &
FolA| AZRr FAdo] YEhbR] gl Alow B
|21t} (Biesinger and Christensen, 1972; Santore 5,
2002). wheba] 2 A9 o] | AEAY 671 &
thil=29] 4% e ST ao] ofyw dAY] 4
HlollAe SAEE E017] 9%t F71HAQ Aldolut
SHANES B RsHA] g& A o' AbRETh
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3.3. 1,4-Dioxanel| SMT ZA}

1,4-Dioxane-> 5, ST H, HRIE, o|ofF &
718 = AR A E = St R,
International Agency for Research on Cancerof| 4]
U7 SR A = FHEE )l (IARC, 2011).
WHO$2} U.S. EPA9| A& 1,4-Dioxane 2] H=5 4-32]
7|52 242+ 50 ppb, 30 ppb 2 UL, p-2fLftol A
20119 19 147 E = Hemo] A2 50
ppbE 283k Qltk BEAI o A= A5l Al
o] 9= < terephthlic acid 2} o 2 ¥l =]
29| S A HollddlZe|F0] 1,4-Dioxane &
2 Wyslo] BAE Guksty ek 5, 2003).
1,4-Dioxane ]| tigh A3 A= Table 3o YERH S
t}. 1,4-Dioxane®] F=7F 433] w2 TAE Hol=
A A7 Aeddz Alz7t sdeja=71 ofd

1,4-DioxaneS 2HYA] 7] = A 2] ZA| & 5=0] A

™
1 50ppb ofstAU EHFE H ATk ey A-RAAI7
T olF= 39 B s 1.4-Dioxanes
et Wl A Ao = §308 5ol
7] Wizl 1,4-Dioxane-& viEdh= A7 U535 &
o] A9 o]5 4ol thet 2|44 Q1 7hAl e}k wef 7t
B2zt Aolet, 2 AolH ZALE A2 W E ol
3t 1,4-Dioxane 2] AJe| &A= Table 394 H=
A3} Zo] TUZko] 18 A= ZA97H 434 9llem,
1,4-Dioxane 2] ECs©] 8600 ug/L Y-S u|Fo] & uj,
1,4-Dioxane®] th3t 54 2ol A3t =95 a3t
3 4= Utk TebA o) QIS 9 ATl
Q17 e FEre] 79 BeblsR Wk o2k 1]
O] v ol thet A5 A o] X2 Q1 B E F 2}
HE7t =23t A o 72 Al7 Eth 0]+ 1,4-Dioxane 2]
745 n|Fe] oAk QAU A Aol F-3lgh
e A = 7] "zl (417, 2009). E3F

Aol A ANEE AHFT A ANA HiE ==
,4-Dioxane 9] 5=} TU Ff Alo]of|=Fig. 194 &
AT} o] & ABRAT} UL o S UAT.
+= TUZEE o83} 1.4-Dioxaneo] T3t H=o| &
NS B4 Y AT E S UL Ao AR
=}l & Fig. 19] 1,4-Dioxanex} TUZ) Alo] o] At
LA | A -3 & uf|, 1,4-Dioxane 2] =%7} 15000
1g/L oS sk JA9] A9 1S 2118 gHEo]

oo o o2

g

Table 3. Result of TU for 1,4-Dioxane on discharge from different companies

. Sep. Oct. Nov. Dec.

Site Dioxane (1g/1) TU  Dioxane (4&L) TU  Dioxane (4&L) TU  Dioxane (£g/L) TU
Company A 25374 2.1 17757 1.2 23611 1.6 31792 1.5
Company B 28313 22 904 0 39142 2.8 23718 1.2
Company C 235 - 332 - 456 - 237 -
Company D 2692 - 1839 0 5932 - 1468 -
Company E 219 0 33 527 - 284 -
Company F 8604 0 14127 0.7 24714 1.8 - -
Company G 2434 0 177 - 6616 0.4 17817 -
Company H 49354 3.6 22057 22 1189 - 6195 0.2
Company | 11807 0.8 10264 0.6 2846 - 6370 0

Detection limit for 1,4-Dioxane : 10 4g/L
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Fig. 1. Relationship between 1,4-Dioxane and TU.

W3] =t} of= &S] TUGE] 15 23Rt A
9] % 1,4-Dioxane 2] ==& 15000 pg/L o|5t2 =
21 S QU RS TloF B e nfepA,
4-Dioxane®] TFAI1E $lat LU E| o] Aey= wl

—

238712 A-85td A Y] BAA HE 584
Ql &9o| 7F5& Ao 2 AlgHTE = 1,4-Dioxane
of 243 Sfat T7be] Hujeh |28 Sfat 2
240 glo|: 1ol Hro] Al 7%
% Sogpo] BARIENIO R E TUZHS 78 4= Qo] 1.
oF B8R RUEYAAS £ B 4 ek 2 AT

o] tiido] ® AAE A= =, HAAS B 9¢
1,4-Dioxane 2] =7} 49400 pg/L 2A AGs| =&
FE0I AL o= 201635 E A-8-2 FHPAA 9] 7]
2 48T 49 o dAl= L4-Dioxane?| =S
H25] 2 4 Q= ZRAAS Aol gtk of
QIRIO) TU Zhe 3.6 O Leh} SAwo] Als] 3
oS QRith= Zle & = AL o 75 Al=ef Higt
1,4-Dioxane 2] £4 ¢lo] Fig. 1] Hojg= Akt

Z B3I TUZWHC 2 1,4-Dioxane?] = E o =35
Lt o217 o158 ] ol o] A A4
RUEE 9w o tiifo] drt= dE2S WE &

¥ 0 Ay

+

3.4, Perchlorate? SNHE XA}

Perchlorate GA] Y &2 2 A MCIOs2H= 2012
F71=doltk =2 AR, B4k, AEA D AS
A, 2AZZIA] o2 A3 flal AdFH oz A
Abelf ARB-E|LL AR e B o] FAERE A
Rom 557 9i & Aokl vk mEA| 3
A AolE skl glof H e Asfisks A
2 g o US. EPAE W= 59 PdS gHst
7] $J3 1998 PerchlorateE L PEZ S H SAY=
Fof| 27| =g AR 715 A5 ¢
3f| Perchlorate 22| WA, HAZFof| 9] 3, 18]
B e o R I [ e e e e B
£ A3gste] A= AN G LR A= o] Hi=E7]
22](24.5 ppb) 2 F1 QJth(U.S. DHHS, 2008).

Perchlorate &] W& 0.2 34 &)= Ful5chof AF
A=]o] Q= LCD A=UA| 471 549 viEaet 5
S A4 170 Hao] #leda= 2 AejeE A
3l A3}b= Table 49} 7t} Table 40]4 H= A3} 2
o] Hj&4=2] Perchlorate -5 %=2} TUZS G0 Dt
Aul 2 Ajo] & 2R1E o 4 Slek. LCD A|z<1A2)
7% E AR0l4 20 uel olsle] SIS Lheb v
H Al A0 i E4= 1200 pg/L O 5 &=E Hof 60|
o o] FEAIE Hlrh olFHPANA HiEE =
Perchlorate @] =7} -8 4= QAT B L]
o] H F AEe B AT Aol & HYo =2 7F
< Perchlorate] 2|5 A= FEE 2folof A

Table 4. Result of TU for Perchlorate on discharge from different companies

Site Sep. Oct. Nov. Dec.

ClO4 (ng/L) TU ClOy4 (ng/L) TU ClOy4 (ng/L) TU ClO4 (ng/L) TU

Company 1 6.2 0 4.9 0 1.2 0 3.8 0
Company 2 6.9 0 2.1 0 11.8 0.2 N.D 0.2
Company 3 23 0 1.6 0 9.8 0.2 N.D 0.4

Company 4 19.4 0.2 9.2 0 18.3 0.4 N.D 0
Company 5-1 - - - - - - 12395.8 >16
Company 5-2 - - - - - - 1201.8 1.5

Detection limit for Cl104™ : 1.0 pg/L
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3t WA 7] &ojok & Aoz AlRE L SAES
Agol= LCD A=A 470 7oA viEsEe=
Perchlorate 9] &%=+ ECso°]| H|5f wlj-¢- Sol A=
Al o Ao 7 A7 o] Perchlorateo] 9Jst =
A2 Gl AR TokEh v Al viES (52
A=) 8] 7 - 33| =2 5= 9 Perchlorate7} B &
HE & 4 ol Al vijE=9] 5E==ECsdk 960
pgL B A Yebar, AR AgoA dojxl TU
A 150 o] Qiet. whebA] o] Al 48] Z9-TU
e 12 288 = 7, Perchlorates A|A3}7|
913t F7 A o] et g Ala e
(5-1A=) 9] Zf-olli= =B7HIES AIBTHA] 8
o] AUHA] ehelErol| = Etskal A Al ol A &+
Zo| APt} E3E Perchlorate] 7-$- 1,4-Dioxane
I TUZAE 574 JRHAIE Hol A= odth 19
L LCD A 4322] AA| AlzellA] 10 pgL o]5te] 7
F E5F 0 o] Utk wEbA, LCD A= J A 9] vljE=ell
3} Perchlorate 7FA] = ] A AEo]| TUZS &
$ohe 49, TUZHO] S5k - TUZ O o) -
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AL 4= 92 Zloltt AAAA| Q] - = Aol Al
17 GARS o= £45 shglen g 9o 22
2E5 He7lole 27t oley o] FJAIKE Aol &
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7} AR viEs ol gk 2ARERE ofuz} A=
o] AlE ‘W= viEs 871 2857 Ial
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S AHY 5 e 2ATE R Eo o A2 Al s =
A7t ot a2 or o] E A o= AbmEr]
4 AR
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2 Aol s AEAGHY 67 stale=et o
B A9 v &S RO E 2011 RE] K20 A]
Y EHES o] 83 ‘A=A MiEs e s o
e HE=Hol sl 2-gsto] =& 7]Eol et i
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2|11 1,4-Dioxane-g o2 A Ax} 7} o4t
=
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o1 A EA WEgIE 0=
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SAHETe] S RAL 817
4% 2de=dE A Aside 4 did=Eel
gt S5 HeEA4E SE0] Adsto] A8
HR7F Aths A S BRRIAA ok A=A bl
=387 @Rl A 8371 fsl 671 A<
SR AIRE R Sa5Rol ditt AH

SAE B7HE SAHCE AASGlaL 1 At HA
Ao = TUgLe] 1 ofskE UEh 20117 E =Q)F
e 5518752 WEste] 2 A9 tiide] |
FTHAA L EHEE Fo]7] I3t F7HA Q] Aot
SN glo] A9 stH|A A 2 FEsthe
22 A9t} 1,4-Dioxane?] A% IxE 2 H|EE|
= 7) AR 74, TUZO] 1 oo Yehd &
Lo At 95 V&l dS E 5= 3
- wEbA, o] & Aol gk FEA Rl HUE R}
el EE20]al A7|H e o] YAl= 1,4-Dioxne
| gk A2jAldS Hetsfjopgt 3 A o= AlmET
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