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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 macrocopa, 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 test for Pb and Cd. As a result, the ECsp for immobilization of Moina
macrocopa were Pb and Cd were 1.6749 and 0.4683, respectively. The values of reproductive impairment to
Moina macrocopa for Pb and Cd were 9.5938 and 8.3264 in ECs

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 GGPDH activity of
Moina macrocopa can be used as an indicative parameter in aquatic toxicity tests for heavy metals.
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AdY F4E 24T + A 58] Fae B4
54 ABRAAE U1 EPAAN 28T Qe
B2l Daphnia magnag ol A14-3t1 Qled,
A WMo EWEL A=)t 2, ufjofel
A3 A o, 22 WA S o
g 97g WA 5o Aoz b A W FF
5L A7 eFAER 29 7|3HERL o4
= o] A ¢kv} (Leblanc, 1982) 23\} Daphnia magna
2o FUA AT ATeIA 7139 o e
g EReHeze AZHA go} Il A4
s Qe Aoz wusel ok, 2003). FdE
oA ST SR slelNE APz AR
gebe SAARNE A Gge B4 gen
Food Websh Ba5olal shte] 4 Wiboz
& SHAYR ot T Ael] Arlskz Y
22 olgake 7o) Mty @ Aol

2 AFINE FT4 w23t Bt A o
Pollais BAE xhe] YHEE TP 4
ALNAZE B7) Aste] Selubet el me
A Als= EW SS9l Moina macrocopa® ©]-43F
o} 7l=8, F=Ael| i8] Moina macrocopa®) =1
=g detrr] f8 FAFA 2F AP
OECDEZFA| ol (1982)& W33l FAH49A
AR HAAHAHEE SR FFE 7
3 7h=gel 93 ECso & $Evie}t 2i5e] 54
A2 3, Ft=g doll 23t WAHE
Az gAAEe] HgE vrelr]zto 24 GSSG—
GSHel] 223 NADHE AAsl7] £13t glucose—
6—phosphate dehydrogenase®] A xg HA{go
2A $Evet $ACA 240 FA=E 43
Ftega el Hd JEHAS Frlshed ud
3} 7)|zA8 g AlFstzal o

Mz 3y

Culture

Zdedgmel A 1] Aokl & B2 F
(Moina macrocopay & %ol 2 i3 A§HANA 1]
B74AX EZFAS4 (EPA medium; Anonymous,
1985)% w35l AT Aol s o)A
35t ALE SRS (Table 1). AH§42) pH 8.0
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Table 1. Composition of artificial fresh water for Moina
macrocopa culture

Composition Concentration (mg//)
NaHCO3 192.0
CaS04 120.0
MgSO; 120.0
KCl 8.0

a3z AHFAY 2EE 22+1°CE A3
5% 45umol photon - m™? - s7'2 1247} light,
12417} dark®] =731& fA)8k} W Fed & 7]
Moz st om wAEoh} Yo m3)
7 ZA5e] BHSe] fdFe FAY el
HAH== 48hve A2 23 F2 v A5
€ ARSI, Hole AESE 2d ¥ duin
Chlorella vulgaris 4x 10°cells - ml"'& AF&4 11
F 7Y 10mla FHF339o

Heavy Metal Toxicity Test

F(Pb(NOs))3# 7128 (CdCL)-2- ANAPEX (F)
ApllA] sl ¥z A8z IAMslgch
dutf oz FASAAAANME L4EE =324
7H& 24,48, 96A17k o2 FEI T Qe B AlY
F 7| M= Cde} Pbol] o & ECs02} NOEC ¥ glu-
cose—6-phosphatase 2] A x W32 X3l ov]
AgE 5t BEd] g {7 ogEA =2
AZHE 2, 4, 6, 842 A3} (Bailieul, 1997). o
2A9 EAAEZA AAFsE W fodx e 52
A-8-5193 v} (Wim, 1997; Wiwattanapatapee, 2002).

£ x}5] 7 A (Immobilization Test)& 37 st
o Cd¢} Pb:= 7}7} 0, 0.01, 0.1 Y 0.5 mg/ie} O,
0.1, 1,2mg/l9] =& AAsigdd. &3 7l=F
& pepEE 30 FEE 100ml §E] 6] o)A el
Y2 5 AR 50mlg jsket 7 wlolAHe 5
A Ao} EviSE Y2 5 2.4,6,8Y0] At F
o A5 BRI KA APLTE
HAAE] &2 (50rpm) 1527ke] Ajzgte=s #A s}
Atk AFFA 2L FAA AT Hol & AFsn
ARz T FAXA FHoH, A
o] A, Fol| A|gA3} Hx72 pHE FA3 T
qealesy Fagel o% pHHsE ZAe
ok Ao AL s SAEAvR 33 FY
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ARe ANsgen, 1 BEN2A AoE e
Asieh

W A 28] 71 A (Reproduction Impairment Test)-8-
sked FAH AN BCx ke 11005 %
& HAAzE2 shod, CdE 5,109 0pglz, Fe
10, 100 B 200pg/l= FA38F 100 ml 8] o] Aol wjjoF
BE ol 5 A F 2447 o 9] o] BN
£ 7 ulel Al SAAY Y& & 12URE 2494
7HA1 9] w]ol AW EW S AE 2 WA E #
Al AlzE Aol wE EwFe WA &
2 SGR (Specific Growth Rate)& 3l F #H=
Qo P BHHe 42 120 F ulzsss
(SGR =InN2~InN/T2-T1 T: A]Z}, N: B E). vl
FAe a8A7ulet @) FHeH Hol: AHE
247 Y5l TFHASG AFAAE AP A
AYer Fads B AASE 4842
shet )ssige Aste) AA4E 99 5 A
& 33 wase 7 AFA2A BAANE 42
skt

Enzyme assay

G6PDH (Glucose—6-phosphate dehydrogenase,
EC 1.1.1.49) 84 == Berg Meyer (1974)2] vl
Ayl AHgsee. 12413 241705 334 7}
=g x24)7] EW¥= 0.5gS 2ml homogeniza-
tion buffer (80 mM Tris, 6 mM EDTA, 6 mM MgCl,,
100 mM KCl)ol] 225 Teflon potterE ©o]-8-3}o]
A3} & 3 11,000mpmeil A 108 Sk QA8
gl A5l 100 ul& #3led reaction mixture
(50 mM 800 pl Tris—HCI pH 8.0, 7.4 mM 12 ul Glu-
cose—6-phosphate, 0.07 mM 16 ul NADP, 7.4 mM
67 ul MgCh)¢} &3 ¥, 340nme] £} =% 33
ulE- =215}l c). absorbance kol 23 A= F
Abe ehest e

AA340/min

Units/mg =
H57me 6.22 X mg protein/ml reaction

4 =

1. A

33} FleBeol =29 Moina macrocopa % 3

A= (immobilization Test)

25 ¢

20

No. of immobil.

0 ,/gém
2 day 4 day 6 day 8 day

Days after Pb treatment

Fig. 1. Changes in immobilized numbers of water flea,
Moina macrocopa, for immobilization test with time
courses under various concentrations of lead (Pb)
treatment to media (O -0, @ -0.1, ¢-1.0, -2.0
mg/l) Bars indicate S.D.
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Fig. 2. Changes in immobilized numbers of water flea,
Moina macrocopa, for immobilization test with time
courses under various concentrations of Cadmium
(Cd) treatment to media (0-0, @-0.01, ¢-0.1,
&-0.5mg/l) Bars indicate S.D.

T4 527} pobdes g o] 2okt
(Figs. 1 and 2). 'gell 9]8F 6 day-ECsp-> 1.68 mg/!
(95% confidence limit = 1.37-2.15mg/l) 18)3 7}
=Fe) 93 6 day-ECs0> 0.28 mg/l (95% confi-
dence limit=0.19-0.43 mg/l)2. M. macrocopa®] -§-
JAslel] 3 AL Pb Rrl= CdoflAM o #17t
A AAAEgl e o] A3V Daphnia magnas
PYAroz 3 HAMEF T (Warnick, 1969) R 519}
ST
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2. HAXsl HHE
(Reproduction Impairment Test)

woll =58 F =¥ JWhASss 122 &
o3t z}o]E Mo (ANOVA, 129 ¥ F=123.35,
p<0.001; 249 & F=379.19, p<0.001), Fo] o] &
A Al w3 ofsk2 il (Fig. 3). AME
ARE B3k Ag F 1299 FF AN
2T @A) 10 ug/t )T (4270 A) kel = &
2)3 z}o]E Moo}z ror}(Duncan’s Multiple
Range Test, 0 =0.05), 24ell= §-2]3 zlo]E B
o 10ug/le] =t F7ld HAAMS AN} 79
& Aoz Jepgol & FAE 12~24U719) W
Al 28§ (specific reduction rate) = -§-2J8F x}o]&
RBY=d (F=16.9, p<0.001), 100 pg/lS xjejst 7

200
180 |
160
140
120
100
80
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40
20 ¢

0 e ——

12 day 24 day

No. of water flea

Days after Pb treatment

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
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Bt 0.15/day 2 7} ol 27]9] el ZA]
FrAIRE F7)ol o] F43t gk e Aoz
G} o] x2E F s JWNAS
IEZ F93 FFo]l2 He| (ANOVA, 129 &
F=87.1, p<0.001; 249 & F=185.49, p<0.001),
Ft=go] o] WAA sl ulA JeF FIE
o} (Fig. 4). 23} AFAHA S B3t A= £ 12
A3} 24U 2] FF ARGl A =72} 5pg/l 2=
Foll e F2g 2polE Bo|x| gfo} He] A4

T AblE Bom Jh=gAY 12~24907ke) W
AANEE 20uglE AYtae KT Aele
Ho)A] okgke}(Table 2). Fell 2] 24 day-ECso-2
9.59 ug/l (95% 21247 7.10~12.61 ug/h), 7k=
Foll 938 24 day-ECso2 8.33 ug/l (95% A3 -2+

o g b
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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, & -10, -
20 ug/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) DAT"12 DAT24 Cd (ng/h) DATI2 DAT24
0 3.85+0.10 5.09+0.02 0 3.97+0.09 5.02+0.07
10 3.74+0.06 4.9840.05 5 3.8410.14 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* 2.42+0.13% 20 1.96£0.31* 2.59+0.11*

UDAT =Days after metal treatment.
D% =p<0.05
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Enzyme activity (IU)
[
W

48h 9%h

O Pb(mg/) 0
B Pb(mg) 1
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B Pb(mg/l) 1.5

Fig. 5. Changes in glucose-6-phosphate dehydrogenase
activity of water flea, Moina macrocopa after 48 h
and 96 h exposure of various concentrations of lead
(Pb).

£ 3.00~11.3 pg/old+

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

S5l A% AN A==2A G6PDHE ROS
—dependant damageel] 2]} pentose phosphate path-
way 27 Ao At ase] FUAH S AT
FE mieA BHEE ol4a 34T Fag
X E7} H3 9} (De Coen, 2001). Fol] 0.5 mg/i9)
252 x23% Moina macrocopad| M= 487} o]
Rl e e AeA ke Az A ¥)
ho] GOPDHS| WA= Z715)e} (Fig. 5), 54
soi7) 2ol W7 WSk Aoe e sl
Foll =23 A st 48h#-2] 7 G6PDH
A=} 96h 39 BAE FEER v|wd
L BT 898 zjo]s Moo, 03mg/ld) =%
oM 7P 2 Aelg By ¥ G6PDHE| H¢
B=e =3 Fo Fxod v sk, F3A3
o $AT A% BT 4 Ak o Az
EWFo] F43 sl=fel AT geir]ztoz A
glutathioneo] el 3d}n), AF3}=l glutathione2 341
317 $1ste] G6PDHe| $4=7} Foliles 2
4= ek ¥bE 0.2mg/le] Fh=Fo] xZF A

Enzyme activity (IU)
i

0
48h 96 h
O cd(mg/ 0 7 Cdamg/ty 0.1
Bl cdmg/y 0.2 W Cdimg/1y 0.3

Fig. 6. Changes in glucose-6-phosphate dehydrogenase
activity of water flea, Moina macrocopa after 48 h
and 96 h exposure of various concentrations of cad-
mium (Cd)

AE 48holl= ol Hlmslel QiR oz =gk
WS HolX & gskA|ut 238 96ho: 0.3
mg/le] TE A9 2e BHEE Bel o=
9] FxoME t=Hel W Weirlzte] v &
Wit e & 4 = (Fig. 6). GGPDHE: A4
W 2E Azl EAS, o m4e) Y T
7)%5-& NADPZXE] NADPHE )4 Ado)] THoda}
of Abs}El glutathioneg P oz HIAAFRE
2 sk AZEAl A2 Pl E APsA A2
Hel Faae LY PIVLEE FRATE
EXEA) 93 X222 G6PDHe A =7} w
o] o]&= v} (Michael Kaplan, 2002). o)}z 23}
2 F54 5717 & M. macrocopaz} ‘FRO=
FleRol| 213k Hlol7jzlo 2 glutathioned] Y=
o] o ot 7oz g 4 gl

n &

SEuel Ao de] MAE R e EWEgl
Moina macrocopad |43, SAAYPE 33}
ot gubd oz ECs 24~48ho g AFEE|0]X]
v, 2 AFeAM e AEsEAY] V248 E ¢
8td ECsos dayz Jepdoh fdxs) A
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(Immobilization Test) A3} Fol] 28 6 day-ECso
2 1.67 mg/l (95% confidence limit = 1.37~2.15
mg/l) 223 Ft=He] 23k 6 day-ECso-> 0.28
mg/l (95% confidence 1imit=0.19~0.43 mg/h)=2. M.
macrocopa®] fodA sl HE =AL Pb B
CdollA v 917}stA] AR = A=d, FWAA Daph-
nia magnag A 53 SAAAHAE I3 gt
24, 2000). &8 WA A3 A (Reproduction
Impairment Test) A3} do| 23t 24 day-ECsp-2
9.59 ug/l (95% A1 F7+E& 7.10~ 12.6 pg/l), 78
o 23} 24 day-ECso-2 8.34 ug/l (95% 21877+
3.00~11.3 pg/hel e} M. macrocopad] & 100
pg/lz >3 F 12~24U7F HA A& (specific
reduction rate)2-, 12Yo|= & 8kg- ubx] ¢lgkzju}
24l Eo] {43 P& Uskeh B wF
B A 1295 2499 GF MA oM Az}
Sug/l A F7dell e ot 2ol & Bo|x] glo} F
9] 7o Aolg Byow st=gA 12~24
A7) WAA s &= 20pug/lE A 9sta Fo5t
ZpelE Mo|A] At} it FF&dl wzE A
A& 24 Glucose-6-Phosphate dehydrogenase
(G6PD)E =3l &4 A EE SA3IA. o
A9 714 23 7% NADP=XEE NADPH
2 Ao Bedsle] Als}E glutathioneS 393
22 AFAAFER ALA M EEA 0 5 v
£ 7= s1E&5H(WHO Working Group. 1989). 3
ol 0.5mg/1®] 528 xZ3% Moina macrocopadl| A
T BAZ oM FE A A g d=T
9] /Aol ¥]wsle] G6PDHE] B =7t Z715 e,
A whel7] 2t 23hE] ubgshe Aoz AwdEd.

Moina macrocopaZ Aoz 3 B Al af
A2 AEFALE 19 -z d1E
7] S5t FASA #3 AFA=E] 7
8YA = EAEA] x&7|7to] g Aoz A}
b=231=4
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