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ABSTRACT

A rapid, inexpensive enzymatic method is proposed for indirect water quality testing in terms of heavy metal

toxicity. The activity of glucose-6-phosphate dehydrogenase was applied for heavy metal toxicity test as an

effective criterion in water quality. The toxicity of Pb (lead) and Cd (cadmium) for water flea, Moina macro-

copa, were evaluated for 2~ 8 days with variables of mobilization ability. And the reproduction impairment of

Moina macrocopa were investigated as the parameter of chronic toxicity twst for Pb and Cd. As a result, the

ECs for immobilization of Moina macrocopa were Pb and Cd were 1.6749 and 0.4683

, respectively. The

values of reproducive impairment to Moina macrocopa for Pb and Cd were 9.5938 and 8.3264 in ECso. A

significant alteration of G6PDH (Glucose-6-phosphate dehydrogenase) activity of Moina macrocopa was
observed when Cd and Pb were treated in media. The results obtained indicate that G6PDH activity of Moina

macrocopa can be used as an indicative parameter in aquatic toxicity tests for heavy metals.
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2 23 77k =9t o]&-x| o] 4k} (Leblanc, 1982).
a8} Daphnia magnaZ~2- oA Aeljeh <
Tl 7155 v} Qo ERSPHoRE HEEA]
ool Flloll = MABIR] S Ae= BauEe| g
oH(H, 2003). T Foll 2t EAZAA A Sl =
Y2} AR} ek B4Rl 2 3
2 77 $hor} Food Webzh Baslolal shisl 4
AT Hios & AU Yoie 2 Aol
AABET Sl 28 ol5he Aol wiska Aol

2 AFlNE FE4 w27 Aol A W
Wol7latsh BE HAS) WHEE TFsk] A
AL =g 37] skl Sehtel Ao 2
AMAVE= B E-9) Moina macrocopaZ ©|-£-3}93 )
78, FEA| W8] Moina macrocopa?] ©17}%=
5 ootrr] 3] =AM HFAPH OECD
EFAY (1982)8 w33l FAAFIA N LHA
HAANA S P sldct 542 39 7l=Fl
olgt ECso %5 FEviet 2f52] 54 A=s &<l
S}l Fh=R T ol ofdted WM E = Az W B4
AbAsel] o3t "le]7)2to 7 A GSSG —>GSHe| HQ
3t NADHE AA3l7] £3F glucose-6-phosphate
dehydrogenase®] A =& RAFto =2 9z}
TANM &40 BAEE FE3 Jl=F2 gl
Q3 AEAAE Hrlsted WS 7|xAsE
Al -8t A} gt
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1. Culture

7rE st wol| A FoF vhe BW S (Moina macro-
copa)® U.S. EPA medium (Anonymous, 1985)%&
sl 248 AFgEgel & &2 oAt &85k
AREsL T ARSALS] e 224+ 1°CE #-A|31S
3, 3% 45umol photon - m™ - s~' 2 1247} light,

Table 1. Composition of artificial fresh water for Moina-
macrocopa culture

Composition Concentration (mg/L)

NaHCO; 192.0
CaS0y 120.0
MgSO, 120.0
KCl 8.0
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2. Heavy metal toxicity test

F(PO(NOs3)2) 3 7F=H(CdCl)2 ANAPEX(5)
A A FBle] FEHEHE AR FAENY o
B oz FAHAEARAAANNE L9852 =EXZ
£ 24,48,96A|17t o2 TR QleH, ® Al =
7oA = Cde} Poell 8t ECso9} NOEC ¥ glu-
cose-6-phosphate dehydrogenase®] A= WHIE
FAE ov] AEE B3t Sl W3 AA o
AEZ = A|ZRE 2,4, 6, 8UE AE}Iv}(Bailieul,
1997). hEAQ ZXAT2A HAlex W £9
A& =L AL (Wim, 1997; Wiwattana-
patapee, 2002). -°3 3l 73 A (Immobilization Test)
£ 3}7] &sFed Cde} Pb= Z+7}; 0,0.01, 0,1 alc 0.5
mg/Le} O, 0.1, I, 2mg/Le] = = AA3H
33 Jl=Ee rETEHE 14 d33 100mL
2] wlol Aol YL 5 AHg & S0mLe osgk
2t ulolAd SAAN BWFL 9 5 2,4,6,89
o) At & HYANSE RIS WA
A} (Reproduction Impairment Test) 2 $ 3}y FAI-H-
JA Al ECso gk /100 555 FHAex=2
o], Cd= 5,10 % 20 ug/LZ 32 10,100 2 200
ng/L2 248 100 mL H] o] el wefy & Y2 =
1244 5] 24dA 712 &) w]o|AH W B 52| A
£ 3 HAEE JAIH T A AR EEE
ZR3 Y7 B 59 JfAE 48X 7vt 7] 53]

At

3. Enzyme assay

G6PDH (Glucose-6-phosphate dehydrogenase, EC
1.1.1.49) Al == Berg Meyer (1974)2] vhid-& o
&3led ARE-3FTE 124]7), 24417 B 3 Th=
Hol] =2A17] 2= 0.5g-2 2mlL homogenization
buffer (80 mM Tris, 6 mM EDTA, 6 mM MgCl,, 100
mM KCD& Ahgste] HEZir|oe 4247 5
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I3} gl=Bol| &% Moina macrocopa 25 &
34 357} Follss SoAsEel 2rbakI
Joll &8t ECso2 1.68 mg/L (95% confidence limit
=0.19~0.43)3. Moina macrocopa?] -5-°3*] 3}
3t EA1L Pbrcl= CdoA o wiztslA AR H

o, o] A= Daphnia magnad HASZ Tl
2 A}8} o] F(Warnick, 1969) 32 119} 2 x]3}¢ch
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Fig. 1. Changes in immobilized numbers of water flea,
Moina macrocopa, for immobilization test with time
coursed under various concentrations of lead (Pb)
treatment to media{( ©: =0, @: —0.1, &: —1.0, &
—2.0mg/L). Bars indicate S.D.

2J8)l x}e]8 B (ANOVA, 12¢ & F=379.19, p
<0.001), go] o]& WAA s =] Fek2 F&l
sldck (Fig. 3). AFF: HAAE 53l A= ¥ 124
o} HF NAFAAM HE2FETAA)L} 10 ug/l A
2| @20 A) 7N = 28 2ol g BolA] sfe
1-«]—(Dunkan’s multiple Range Test 0.=0.05), 24 ]|
=AY xlelE Hel 10ugle] Fxi 379
HAA S a7 28 ez velgt 183
A AAE Bt AE] F 1293} 2499 HHF
AN 2T Sug/l ABF7dde 243
Zpol & Mo]x] ¢kol Feo| A4 xlolE i
H, Ft=EA 8 12~2447ke] HAAHEE 20
ug/LE A&stays 93t xlo]E HeolA] o
(Table 2). Zol] ©}&F 24day-ECso-& 9.59 pg/L (95%
A2 7+ 7.10~12.61 pg/L), Ft=HF] &3 24
day-ECs0-& 8.33 ug/L (95% A13 F-7+& 3.00~11.3
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Fig. 2. Changes in immobilized numbers of water flea, Mo-
ina macrocopa, for immobilization test with time
coursed under various concentrations of lead (Cd)
treatment to media (©: -0, ®: —0.01, ¢: ~0.1,
¢: —0.5mg/L) Bars indicate S.D.

Table 2. Specific reduction rates obtained from 12 and 24d-Reproduction Impairment Tests of Pb, Cd metals for Moina-

macrocopa
Pb (ug/L) DATV12 DAT24 Cd (ug/L) DATI12 DAT24
0 3.85+0.10 5.09+0.02 0 3.97+0.09 5.02+0.07
10 3.74+0.06 4.98+0.05 5 3.84+0.14 4.92+0.05
100 3.00+0.13% 4.74+0.09 10 2.92+0.08* 4,08+0.19%
200 1.83+0.19% 2.4240.13* 20 1.96+0.31%* 2.59+0.11%

UDAT=Days after metal treatment
S =p<0.05
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Fig. 3. Changes in individual numbers of water flea, Moina
macrocopa, for reproduction impairment test with
time courses under various concentrations of lead
treatment to media(O: -0, @: —10, ©: —100,
—200 ug/L) Bars indicate S.D.

ng) ol et

3. Glucose-6-phosphate dehydrogenase
(G6PDH) M=

o5& dE YA W X+E:=2A G6PDHE
ROS-dependant damage®l £]3}t pentose phosphate
pathway Z7| Aol A ALzt a o] FUHE AF
HFe aARA BHES o83 FAAYEY Fa
gt A =wr7t ¥z Qb (De Coen, 2001). Fo] 0.5
mg/Le] %2 &% Moina macrocopad = 48
AlZE ol ME FE TSR] ¢ =T AN
Aol vlwsled G6PDHS| A =7} Z7}E o] (Fig.
5), EAdule7)ztel] M| uk-gdl= Ao=m ol
oh7l=fol =29 S sl 4847 3o 7
T GO6PDHEA =9} 964|7F $2] R =E 5=
2 ¥l A 25 598 olE Hgon, 0.3
mg/Le] F=zoM 7}A & Aol& B g
G6PDH®| ¢ =T &3 d9 = H
gl Fed Aot FARE 232 g9 4 ol
o] ZA}NZRE EWFo] F43 Ft=Fol i vt
7]zl e 2 A] glutathionee] FoispH, AFF=E gluta-
thione& 313}7] ¢5led G6PDHS] A =7} =
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Fig. 4, Changes in individual numbers of water flea, Moina
macrocopa, for reproduction impairment test with
time courses under various concentrations of cad-
mium treatment to media (O: -0, ®: —1, O: —
10, : —0.5 ug/L) Bars indicate S.D.
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Fig. 5. Changes in glucose-6-phosphate dehydrogenase acti-
vity of water flea, Moina macrocopa after 48 h and
96 h exposure of various concentrations of lead (Pb).
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Fig. 6. Changes in glucose-6-phosphate dehydrogenase acti-
vity of water flea, Moina macrocopa after 48 h and

96 h exposure of various concentrations of cadmium
(Cd).

96A| 7kl &= 0.3 mg/Le] IF= 7499 72 ¥A
=5 B o] AxY FrdAE Ft=fo] o3t v
o}7]zte] v st AL & 4 U= (Fig. 6).
]9} e Az FF& HE7|H F M. macro-
copaZ} HEREE Fh=gel 27 Whelr|ztez glu-
tathione®] SUHe] o o oz AGH 4
ATt

LA -

Sl Al 48] MAEERL sle EREL
Moina macrocopad ©]|&3}ed, SAANHE £33}
At dubd o2 ECso2 24~48A17toz AlEE
AR, B AgdME AEFEY 7|2AEE A
8ty ECsog dayE “epfigic) fed=s) 2Ax 2
3} ol 28 6day-ECs0e 0.28 mg/L (95% confi-
dence limit=1.37~2.15 mg/L)& 7}=Ho] 23t 6
day-ECsp= 0.28 mg/L (95% confidence limit=0.19
~0.43 mg/L)E Moina macrocopa®] -5 *] 3|l
& 542 Porue CdollA o ®m17slA AL
RAE=d|, FHANA Daphnia magnaE A 852 3 =

AAFAR=E A3 (A, 2000). H HA A3
73 A (Reproduction Impairment Test) A3} ‘ol £
3t 24day-ECso-& 9.59 ug/L (95% A&7+ 7.10
~12.6 ug/L), 7t=H8l| & 24day-ECso> 8.34
ug/L (95% A FF7-& 3.00~11.3 pg/L)o]Aet. M.
macrocopa®l| BE 100ug/LE =3 F 12~24
A7t WA A 8] & (specific reduction rate)< 12 ]|
£ g3 A QT 2496) Bol FY
2¢ B ke =21 AT 1293 2499
P AAFAM Hz2Fe Spg/l A2 F2ele #
&8t zpe]E Ho|X] ¢po} o] el XolE
Byow Jl=g A 12~244718 WA A &=
20 ug/LE A &3l o3 2fe]& RolA| 4t
o} 3 g "7 AJe]R| &2 A Glucose-6-
phosphate dehydrogenase (G6PDH)E A3l &
AN =E FA3g) o] ALY 1A F88) 7)
2 NADP=XE] NADPHZ AAAe] Feddle]
Ab3lEl glutathione-d FPFPo= AIMANAHAFE=
AR} M EfAte] gt W g 7AW £
(WHO Working Group, 1989). 3ol 0.5 mg/Le] *
=2 223 Moina macrocopad) A= 48|17+ o)
e FE AR ¥ HE2TF2 A Bl
sl G6PDHE| A =7} 715 o], A Wei7]z}t
o ®17+8] wk-g3he Ao HFT. Moina ma-
crocopa® WO R 3 2 AYH w2 AE
534S ¥ Aoz dFE 37| 98
FAEA A3t Az 7171 8Y A= 54
B x=&7]7}e] WA Aoz AlgE.

g4
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