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The Joint Toxic Effects of Copper, Zinc and Lead to Daphnia magna
XIA Yu', XIE Qinming"?

(1. Fisheries College, Jimei University, Xiamen 361021, China; 2. Key Laboratory of Healthy Mariculture for
the East China Sea, Ministry of Agriculture and Rural Affairs, Xiamen 361021, China)

Abstract: Therefore, it is necessary to study their combined toxicity to aquatic organisms. In this paper,
Daphnia magna was used as and experimental organism to investigate the individual toxicity of Cu, Zn and
Pb, as well as their combined toxic effect. The results showed that the 96-h LC,, values for Cu, Zn and Pb in
D. magna were 0.0576 mg/L, 0.3459 mg/L and 13. 8100 mg/L, respectively. The safe concentrations
(SC) of Cu, Zn and Pb in D. magna were 0. 0006 mg /L, 0. 0035 mg/L and 0. 1381 mg/L, respectively.
The toxicity level order of these three heavy metals to D. magna was Cu > Zn > Pb. Using the non-linear
joint evaluation method, it was found that the actual 48-h lethality rates of pairwise combination of three heav-
y metals ( Cu + Zn, Cu + Pb, Zn + Pb) to D. magna were higher than the theoretical lethal rates. This inde-
cates that the toxic effect of the combination persence of these three heavy metal ions on D. magna exhibited
a synergistic effect.
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AT WL R A OB AT A U P B R Y & T - L S5 e ™) T 4 S o 1 Uk I 7™ T A IR 5
iz —U - R, 90% Lh LM KRR & 4 TR KU S5 . BF ., BARTRA D MiKAETR
Trsh RIS kAR, BEHKAE B sE, TE/KIREE b R 5 CHERUEN, B TR RSB 2%
IKIRBE I 25 5 I RE = A s 7 RANRIE KA IR sh R 3e, AT udikm .
PSR, BVEAKAE AR ) BRI IR AR R 0 2R 4, W) 12 B FH /K A 2R A KU DA
WK H R AT YL R RS s AR, P AT py L5 2 300 e W B e i A DL R e f ks
PR/

B JUAE, IR E AR — & 8 st AT T RE oY, B, TERRAY, KFEZMESE
YA, T 4 R P A7 A W A RSO0 5 B — R R A R AR R DO, BT [mVE T AR ik
At E@Eé\k$5$#ﬁéﬁ@%%%éﬁlﬂﬂ@ﬁ%%ﬁ@%{Fj“”o Biesiner ’é%mﬁjiﬁ%“ﬁﬂig;, e
A RAL A AL 2R E PRI, HE R IR S Y20 KBNS A AR FR 1 i 252, X R 4
JRAL TR RS B — & R A W TR AE ], BeAh, EWNAMEE TR T TARBEA BT, KT
SR R R IR SRR, B0, DKOKIERLE M nC60 FIHE IR Zn-Cr RGP0 R AR Ik
HEEE, B pH, WEEEH DOC ATl Cu-Cr IRAWIXT KALRM B & F AL BT, fEREKE A
PEREVERIR I A, ERJRBREEN ) X 2 A U R E S E MR 5 X, HXT Cu, Zn, Pb
X = 4 A T B 5 o DR AR e ) AR O e B AR

NZEFHAb A AR S BN FIR IR | ARSI & AR 15 e, 15 e A SEBR IR Hh If
REEFE | X2 E 48 U FIRAEAE R & 4 BV AT IR A RIS AR & AT B S 7 LY
I, AABFFELL Cu, Zn, Pb REEVEW BT, SEile H—1E R X RALEE 48 . 96 h (2 BIE it it ¥k JiE
(LCs,) Fs2mm, SRJG IR AL G BEVEDEO 7 ik, 3R 5T = 8 4 8 W1 W IC 5 X B vk i) 2 PEAE T
LS g B Jo04 T 1 DAk 7K B v 4 e s e A A KU 4R 2 5 AT

1 e s At
1.1 RIS

I HKAENE  (Daphia magna) FoRTEITH AL XAUGH, AL = ES 7= =AU LW
PR FR . RV DUEERE ( Tetradesmus obliquus) W T FEIBE2E B K A A W 58 TR K BE e | 4251
g 2RI
1.2 #itam

CuSO, - 5H,0 (AR, #HEKT 99% ). ZnSO, - TH,0 (43#ral, 26 KRT 99% ) W [ FE 24 7
2R R . 0.01 mol/L Ph(NO, ) , ARl & i R W 5 B 1 AR R A IRA W], LUBAIKAE N
A, TEE T RET 1 h FRATRCH], B9 B 2l B e i B ik

2 REAHE
2.1 WREIKHIELH

Bt CaCl, - 2H,0 11.76 g, MgSO, + 7H,0 4.93 g, NaHCO, 2.59 g, KCI 0.25 g 5% B4k E %
FPUAS 1T LA, SBL L DUFE R 25 mL F—A 8RR E 1 L, W pH, (HHARELE
7.8 £0.2'°)
2.2 KEURMIES

FAR R IE TR, BEFRIRAE N (21 £1)°C, RN 6 mg/L, SGIEEM 16 h/8 h, ik
K3, BRRIOK 2/3, R E IR AR AR
2.3 B—EMERK

1) Bds  EERSER AT, A E S R PR Y, N T B, S R
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FRBR VORI B AR R R B RS 24 b, alad BUR G K AR B R R L, SRS R
W R v S PR T R e P & 2 4 Y R VR

2) IERE AR US04 JE R VR P, BEER 6 A R (A Ry 1E S G ) Y
B, BEFURIREEE 3 A T4L, FIRHEES AXTEA, 3 M ES BN RS E L 1
FR o AREAE 90 mm FUEFRILA HEAT, BN IEFR I i AR BOK L B H Cu, Zn, Pb BRI FHHkE
VS 20 mL, FAAHAE 6 ~48 h, K/N—SEAERGE ik, Al —RRERNeEs ., BdE 4 4
AT, RIS R A SRR 20 R TIHE, BREMEAHOK ARE, B RE, T 24,
48, 72, 96 h ERTHEATURES, IR EEA A g T REE B A KRR AL
2.4 BESFSMHRARE

RETH T RBEBERI A0SR, MRS 48 h WM E 4R 5EICRMF RGN L, 28
Gao %5 HEAR ST 4 JB AN A Z0 A S e 8 v A BK A TR ME A B ST I BR A FEMETE MY ik, BRE AR
PP & B SRR . I HOA 1 51 4 Ja 70 B U ) R R B A2, 4 )m AL B K5
FrE s (k2 i) .

LC HE SR — PR e T 42 TR I MR B, 2T vk J R 3 T B — 4 J R Ay i 2 i sE T
R (X%) HEFWHE, BILEOLRERESFESENIET- R M (EhFESISETUER) THE R
HEEBAEHATRSET- R, ik A fl B WA ELSEX T RARWEE LM N, & C, WRIEM
HER A PAENEHINE C WRIEMESE B AN RS, XMREREN BRI N X% ,
C, WEEMTE 4 )8 B 7 AEMFEIE I C WRBERIPIAS, G . PIFPE & RIS BSOS EIER = A(C))
HIR + B(C, - C,) BILE = X% + (2X% - X% ) =2X%,

*1 BE—E2REHRRRERE x2 BESHARPELE AMBHNRERE
Tab.1 Toxicity test concentration of Tab.2 Concentration of heavy metals A and B
single heavy metal in mixed toxicity test
BE EEIE A wEIE B HISHIER
£& C Z Pb e [N N
iR u " i el el V%
0 0 0 1 LC,, = LC,, - LC,, 20
0.05  0.096 11.0 2 LCs = LG, -LC; 30
O. 06 0. 957 16. 5 3 chg - LC4() - chg 40
ﬁ%‘ﬁiég 0.07 2.392 22.0 4 LC,, = LCy, — LCys 50
/(mg L)
0.08 4.784  27.5 5 LC,, = LCq — LGy 60
0.09 7.176 33.0 6 LC;;5 = LC,, — LCys 70
0.10 9.568 38.5 7 LC,, = LGy, - LCy, 80
2.5 HELE

1) RENEIEIERA(%) = (N-N,) /N, Hib NCERBFELSAE, NACEIET i R AR5

2) AIRE R A AL LT SRR BOE BRI (LC,,) , I EE/E GraphPad Prism 9 4 rp it
ATALIEL o o F v B e 48 Ay o e VA B X B AR R A, AR ARNE AR R AL bR, d8 FHAEZR
PEPR%L “log (inhibitor) vs. normalized response-variable slope” FEATHIE, 153 5t e L8N (th €8 Ay
M LCy, .

PRELATN . ¥ = 100/ (1 + 10000008y e, MR R T RUE, 1g (LCy,) Rl
R BT A, S MR IBERE

3) EEREFHEREALRIET- . [(%) = 100% - A,

4) EEFEWE = LC,(96h) x0.01,
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3 REWERSLH
3.1 B—HHRE
3011 = E & R X R B R AR R
AT
[l 1a iy 96 h PN 2 58 15 AN [A) JiT 5t —E—0 mg/L

WREE 4R Zn FHITETE R I,
M Zn 1Y T BN T 2,392 mg/L
B, RALRR A7 16 R AR A I TR,
196 h NAZATIET; YTk
}90.095 68 mg/L B, KA R
24h WFFET 13.3% , ZJasiANFaE
fb, FIRELEHR (96 h) — HAEFTE
86.7% ; 4 i W M 0.956 8 mg/L
f, %196 h BFA A 20% ) K A% A7
T 5 T4 5T &t v BE 3K 3] 2.392 mg/L
B, KAIRE 96 h IWAEHRIET:; M
WERT 2.392 mg/L I, KAE 24 h
WAL AT, BIfdiZ 9. 568 mg/L
F14) o e o et vk P L BT 6. 7% BIAF
IG5, {H 48 h 7705 26 2 KN 0,
ATVE W, KRR REEE Zn TR
TR EE Y m D I HoER S Ex
MRS, BERAER — Bk, K
RUVE I A7 15 25 B 5 2 58 5[] B 365 iy
T AACTTEIRE (0.095 68 mg/L)
() Zn X KRBV A A7 IF 1A 1 ™ &
R, KRS (96 h) P&
R E ML TV T RS A AR B B
(LSAGiN

[ 1b 4 96 h [N % &% 76 A [7) JiT
WIEESE Pb T TS R O,
2 Pb BT R EA S T 22 mg/L B,
RARE 48 h 1715 F BB IR FFTE 80% LA
I, 96 h fEI% F A He % 15 3 33% LA
by TERAGFEWEA (11 mg/L),

RS 1%

—4&—0.095 68 mg/L
—0—0.956 8 mg/L

—%—2.392 mg/L

TEEE %
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Fig.1

I 8] /h
a) Zn

= —8—0 mg/L

—4&—11.0 mg/L
—0—16.5 mg/L
—%—22.0 mg/L
——27.5 mg/L
—6—33.0 mg/L
—A—38.5 mg/L

24

48 72 96
A 6] /h
b) Pb

—8—0 mg/L

m

=
1=

1]
u]

—4&—0.05 mg/L
—0—0.06 mg/L
——0.07 mg/L
——0.08 mg/L
—6—0.09 mg/L
—A—0.10 mg/L

48 72 96
i [)/h
C) Cu

AERERE Zn Pb.Cu X KB RFHENEI
Effects of exposure to different concentrations of Zn, Pb and
Cu on the survival rate of Daphnia magn

KAE 48 h AFTE R EE ik 93.3% ; X4 Pb FiEIREIRH] 27. 5 mg/L KL BB, KA 48 h f715G
RAPTNRE, (AEAERRAE 40% UL b Sm Tl (38.5 mg/L) AW KAEE 48 h FATGEFE N
13.3% , AN 22 mg/L AFEAK T 20% , AT LAE th, KRR SBEE Ph ot & v B A% 3% hn ifi s
A RS Zn ML, H TR NS, HAE96 h N, RIS E 1A B ik AR, K
BRI T, B AXT YA, BT —FEWE T, FE SRR, KEENAF

HR TR

Kl 1c 96 h A BRGETEA A BT ik B2 8 8 % Cu T RBDEMAFIE RO, 4 Cu BT E
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AL 0. 09 mg/L B, KREGEAAATE RBEE Co B vk BE A3 I /D, (H 78 e & Wk i LY,
KAEE 96 h AFTERAA 13.3% , BRZs AIXTIRALAh, BEEAER —Ew BT, K& 2 & 0 ) 9 1
T, KB IE RGBT R R, (HYS R R F] 0. 10 mg/L, KRAE 24 h fFIE KB N0, 1
VR ARAE 24 h NELE &5R%ET- .
30102 =P 4 R AL Y B — BRI AR

R E SR PR S R R R, THIEL M REL “log (inhibitor) vs. normal-
ized response-variable slope” fUAFIRREIEF R . AR (R) Fom (WE3), BIE R
HGFRE (R B 0.9 DL, BEAIHUE 5B i A R BT

x3 FEEUAEEFERMEGRY

Tab.3 Nonlinear fitting regression equation and fitting coefficient

Gy ZFRHT A /h 9 75 R
24 Y=100/|1 +10°¢ 112800 x(-6.98) ] 0. 9355
48 Y=100/{1 +10"¢ LM x (=370 ]y 0.9713
Cu
72 Y =100/{1 + 100127 x(-4219 1) 0. 9061
96 Y =100/ {1 + 101 7L - x(=420 14 0. 9406
24 Y =100/ {1 + 10107800 x (248014 0.9109
48 Y =100/ {1 +10H* 22 -1 x (19591 0. 9307
a 72 Y =100/ {1 + 100043700 x(-2.536) 74 0. 9745
926 Y'=100/ {1 + 10104611 =MD x(=1.538) ] 0. 9939
24 Y =100/ {1 + 100008 -0 x (L8914 0.9142
48 Y =100/ {1 + 100152730 x(=2.986) ]} 0. 9807
Pb 72 Y =100/ {1 + 10134121401y 0. 9447
96 Y =100/ {1 + 1001400 x (163013 0. 9841

WMk 4 R, KRAGED) LC (HIMEE Cu, Zn, Pb 5% #8 I [A] (9 3% on iy &l 25 P AR, R ERTE Cu,
Zn, Pb T 24 h i}, KAEM LC,, M54 0. 0745, 4.7710, 46.5900 mg/L; #§& 96 h if, KAl
W LCs, 394 0. 0576 . 0.3459 , 13.8100 mg/L, 524 h AR FRET 23% . 93% . 70% .,
AIOL, BEFRERET RV, A E SR T, Zn XORANR AR KIS RO B3, HOR Oy Pb, &R
N Cuo BEHT, = G X R AL I B A 1Y 5 0 g i P [ A ]

TR (e AR N AL 2% 5 TR A P S R RIS AT SIS A BAREY Y, Cu
T R 1y (48 h) fH 4 0. 0662 mg/L, 435JE T X SR A #4055 Zn FM T K ALY
LCs (48 h) {4 1.9600 mg/L, 4 5IJE F A SO 8 ¥ %; Pb S0 F KA & LC,, (48 h) hy
33.2500 mg/L, ZrAlJE T C gAMby,

XFRAEHRVBE, Cu, Zn, Pb WYL 4 EVE 4354 0. 0006, 0.0035, 0.1381 mg/L, 454 M
FREEME AT GARAE " X SR AR KRR SR KN . B > B > A, DT ER 4 e Rh S
AW, X RIENE A, AR R EEER N, 54 Rl TR I 5 ) i e
PEER .
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x4 ZHESEFMTAEEN LC,ES5RERERE
Tab.4 Nonlinear fitting regression equation and fitting coefficient

FLE R HEITE]/h LCy/(mg - L") 95% 15 X 1] LRFRWKE/ (mg - L")

24 0. 0745 0.0673 ~ 0.0816
48 0. 0662 0.0617 ~ 0.0705

Cu 0. 00058
72 0. 0621 0.0515 ~ 0.0700
96 0. 0576 0.0504 ~ 0.0631
24 4.7710 2.1600 ~ 6.8960
48 1. 9600 0.4064 ~ 3.8960

Zn 0. 00346
72 1. 1200 0.7160 ~ 1.4820
96 0. 3459 0.2540 ~ 0.4871
24 46. 5900 38.0000 ~ 78. 8800
48 33.2500 31.0400 ~ 36.2900

Pb 0. 13810
72 21. 5800 18.1200 ~ 25.1100
96 13. 8100 12.2500 ~ 15. 1800

3.2 BAaFHRAR
30201 = A T I A5 X R R Y VR

W4 R, ZREETE Cu, Zn, Pb =FEEE T, KAEE 48 h LCy, fH 414 0. 0662, 1. 9600
33.2500 mg/L, 51 R G 8 0 48 h i, KA LC,, ~ LC,y & (LCy - LCyy) ~ (LCy -
LC,) A, MRYEER 2 BB EGEMPIRS NIRRT, HTE fERR

P2 J2 R E R IR S 48 h S BEIR I ] 23 5 S92 B ) F0) R L 3 BOPE AR S MR A AH BLG AR
ATLAE Y, Cu+Zn, Cu+Pb, Zn+Pb MIRST 5 v B 1) i B it Wk BEIC G, 0 R AVl 7= A i) s M 4y
LR T HIIE 2X% LA, AW U 8 4w P P IC G ISR PR F O T W b 8 46 Jm 50— B %k 10 1 B
IR, T3 = i 5 o 79 A B0 5 o R ARk ™= £ (R B PEVE T R IR R

100 [ 100

100

& & £ 0

oo ¥ o o

E?\J g g 60

@40 - ) T A ANZE 2% 1 ¢ i :

a0 PRI, R AT 2% H 5 I ATINE 2X %

0 2‘0 4‘0 6(‘) 82) I(I)l 0 26 4‘0 6‘0 8.0 ](I)O 0 20 40 60 80 100
R /% 8] 2% /% B0 1 % /%
a) Cu+Zn b) Cu+Pb ¢) Zn+Ph

B2 =MEcEAMBESHNERMIRSEERIER
Fig.2 Comparison of theoretical and practical toxicity of pairwise combination of three heavy metals

3.2.2  BURFIEIUE AT HR A REVEAE A B2
P 3 AN [ R0 ML e 4 T S P R REVEAE T B e . T AR Y, oA o e v AR 5 )
U, X RALRE BT 7 A R A AT SR GG 2R T H BRI 2X 90 TR 38, = ol o <55 i Y PP IR 5 X DR B ek 7 11
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MEEEVERI B RIVE T, X —SR U, B mERE RTINSk IR & REVELE ATV

ek

100 100 100 .
N 80 | § 80 § 80 |
g 60 LAQJ\ 60 § 60 |
= & o
e 40 1,1]6 40 é 40
X ) = . " o 7 AN 20%

20 faT BAAINZE 2X % 20 | TRISAARINZE 2X % 20 | =

0 20 40 60 80 100 0 20 40 60 30 100 0 20 ‘ 20 ) 80 100
BRI I3 R /% TS 102 R /% PS03 /%
a) Cu+Zn b) Cu+Pb c) Zn+Pb

B3 AEFEMFNESESEELMIRSHERILE
Fig.3 Comparison of theoretical and practical toxicity of mixed heavy metals with different dose order

4 g
4.1 B—SBE&EXKEEYRIR

HEEE— B g B A, TR SRR A A P 1E B, ASRE R Bl KA F g E ORI B
SIEBGRENGEED  ESREAEIORETZ . FERER, A BB E Sk, 55
IR EYREG S, 1SUE AN, VIR S R TR EE, TS
JuosBlml . WA WS EEER, XUKRAAYIERE MR, A8 EmARE, D™
I, I R R — A AR, e, R E AR Sk e AN TR %A RRRAE ) L
HALE R MAKIET Cu, Pb, Zn, As it @y, ST RRR B 10 2h P i s T A0,
SHORELE | RIS R A B RIS BRbZ A, AR R —Fh B IR P A T
£, EATLUS KA S B AT, AR TIRE T, [RIi R 2 fifi—sb 2R BRAE AL AR bRk
AR, R KA S N A IR R Ger= A itk g™ . B R ARG IAZ S, ST
wAEedE, Mg EA VRN AR TR A — RN N, e AR N | B s | Bl A b Jk
AR, SRS B N I AE T s A T Hix Y RS R R, XY DNA B AR
Joi, PEAERRE LA IR R, 2550 DNA R R 3k, Pfohl-Leszkowicz % Y 73 th W1,
4 R BT 0T DA S M B R LR RS R A TR, AR AT DL R T A RE I 5-H SR R I
PG TE, Ak, RS SRR, SXFIER KIS B, ERERVEREE b, KAEZh Y SR 58
ARSI, DO AR S ST v B TV E R UL L 7R FAR SR, EA B MR U U R E Y,
RMEREREA, ATl TR B i 5 4R S mT O A A i — e i, I Bl B sE i TR B
M B R HALAEY, EEER AR 2SR, WmXT AN S RENEH S D ReE &
— MR, Cu, Zn, Pb —FE 4 E7E E FE MR AKE A& =550 0. 18 ~52.32 2.88 ~
10 504.00, 0.11 ~155.00 ug/L7" . FEAIREH Cu, Zn, Pb X KBIEAY 1L.C,, fe/IME S 510 57. 60
345.90, 13 810.00 pg/L, AILAEH, Cu, Zn 75 HAAKAR B BT W B, J2 DA R A i 3 ™ 5 1Y
&%, Pb 7E AR & T T ORI 24 h ZAeTRWE (138.10 wg/L), TE/KIEE
HABAERN ARSI, NS 7 DA AN DA 6l

HI T2 Rl Z 18] (4 AR BRALBEAN[H], W o i) s M A [l P ok it 22 S e, A ) RISl S A [
FERNAR R PR, X R R R 0 R A7 A ] R 22 57 3K 2R R B SR R A Ok UL,
SRR A Cu > Zn > Cd > Ph; MREISSE ) (R 77 25 W1 5 42 Ja /K SR A9 22 M HEF 4 Hg > Cu > Cd >
Ag>7Zn >Pb; K= DY Figmi A (i T R W, Xtk UL #EEHEF M Cu > Zn > Pb > Cr; 1R
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e RLAF Y (oY A I 4 X 2 IR R A B R/l Cd > Cu > Pb > Zn, X BB 4@ B X E Y
AR HIBE A2 1A Wy A S R A ] T 22 BRI A0 22 5. (R B & R AR st I R i AR 2, i
B, pH. BEREE WAL Db, HE . EEBMNAAEIEE . A IHM SR S E Y R A ESE . Meng
SRS TS R A R AR, Y2 IR R AR [T, b A A Bl 2 S AR X LCg, T 3 A
EOREEN , TEAIRE T, BR Pb Ab =i 4 8 X KALE48 h LCy, /N T 3CHk [38 -39 rhiyils:
gE D IR H 5k [38 -39] " Pb BYFEME KT Zn BIERMERY G AR, X U0 HA AR I8 BT R TR o
Cu, Zn S HUg, XS Pb BENEURE, X ATRER T 3CHk [38 -39 Hhislis BT HIAY KRB 5350l ok A
TR ERFEBERDUK AP ST RS (I0ZR) KRIEE R IRR 62D. M AEYIkk, i i iy Ik
RIS R TR TR SE KRB I, O Toci s JE 2 77 = RLL s se e it &, KRB | 1l
MU NKRBIR G REEEERKRER, Miinzinger %[40]%%%&}%, TE R — 356 S5 2 T AN TR = ) K 7Y
O ] — 4 R W RE R /NS AR RN 25 5 BT LA, W R E] AR KB B, B IR BB
RN A AN [] 1) R BT 0 o 4 J 1 B R /NS P AR R 25 5, X — 4 RS L B AR 3 T B e
S
4.2 E£EBESERNKEEYHIZIN

FEBEAREVESLYE T, Cu+Zn, Cu+Pb, Zn+Pb MBS SIS RBUNFRERH, NWESREE
TPIPALAES AR EAE R 9 7 XRBE st . HAT, PhIRVE R A e L) ol e 2 B 4
JE LR £ F O 40 AR s A v R o, AT B MERER Y . Stewatr 55 0 5 42 JE 38 T LA JEAE
R R R o A B VE AT RO, SR AN AT RN, S BUBAEIR RS, [ ESRERY)
PEA L, INE TR AR R, IR B R AR G R R B ok AR AR S R I
FEMBREER AR R, REFRYRASAC, HhmBkaEIPLRA Tt —Lue, 2859
BRE Ve A —E MR b, A TERRON AU S 15 e A O, w5 MRAEwA O 1ok,
15 Y R R 25 DG R AE— S S M AR Ty B Y e MR T PR, XK IA
15 AL HPFH B NIR & TR 0 A B HEAT SR8 0P, IR AIR 2R 5 Y Wi & VE RS2, IR HAH &
TERIPLE, oRdEH By, HA T EEAYShRE L,

5 ZEig

1) KEGEMAEIE WG = 4 i v B 55 B2 R I (R) A 3 in s B 1, R kbR Ry . R
FEAF RIS, = b A X R i R, 10 AR VR I S B R I R TS Y
LA A

2) M. BTG R AL 96 h BB LC,, 25102 0. 057 6, 0.345 9 F113.810 0 mg/L;
il BB R BN A A4 AR E (SC) 435S 0. 000 58 . 0.003 46 F10. 138 10 mg/L, 454 Wifp
B OURE, BN X S (SR, B A S (FEY), Bk C g (hEY) ., Wik, —FhE
SR X RKABNR B E RN N . B > 5 > 45,

3) Cu, Zn, Pb X RAVEM LC,, (B34 bl % % 5 B:F 8] A 3G i b 2 ReAIK, 5 4 i Fh X R BB 1)
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