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B OE mas b g (WAL ) PRI Pb(NO,), Al KoCrO, B 32 75 Y + 8, 2 I WF 58 T
Pb(NO,), Al K,Cr,0, X 7% F 5 fE W] (Eisenia fetida) & N B E ALY ( superoxide dismutase, SOD) . it %
fLHfl ( peroxidase, POD ) Filid % (L& ( catalase, CAT ) 1A R K R 1 7% M 1a %o 4 398 v 4% Fn s iy
A IR R, L3 Pb(NOs), Fl K,CryO; ¥ B 15 i sl 8] 24 5 iz 451442 4 Pb A1 Cr & & 7= A B i
S, FREE 7T AR 21 dJE, SRASHA N Pb & R b 3 Pb(NO,), B A3 RS N S & P Pb 5 4E &
BI/NF 1, Ui IR T BRI g ) Po SR WL, TR EAEMER; SRS Cr B AEREIE R
F 1, UL T 2 RIS S5 iy Cr B AR TR MY & S AE . Mo X Cr 1Y & B B KT Pb, X1
T | 6 AS ) B 4 A B AR RE T RN Y, R I 4 A A B — 8 MR R A TR B Y
N (Pb(NO3),: 0—1000 mgkg”, K,Cr,O;: 0—90 mg-kg™) , +IE Pb(NO;), Fl KyCryOq X 7 T3 i 15|
KP4 SOD. POD Fll CAT {& PEH 77 A4 T RE R, 2% 1dJ5, Pb(NOs), WF i M5l P 3 e 48 (b i
PRI, B8R 21d)E, MIARN POD FI CAT i 144 it + 3 i Pb(NO3), Fil K,Cr,0, ¥ (14
MR BRIz b, 3 Fhpr B M U s IR i 3l S AN [ R B 0 s sl Akl A, SRR
IG5 38 h Pb(NO3), T K,Cr,O; W i3] 5500 56 B R 8. 35

KR MY, %, WdbEEE, SRTEMEE, EEE, BEAYEF SOD, HEAYEF POD, RS
fiff CAT.

Toxic effects of lead and chromium(\/]) on the earthworm
(Eisenia fetida) in Hebei soils

ZHANG Cong' ™ WANG Zhixin' LIU Xinhui® YUAN Xiaojuan'
(1. China Offshore Environmental Services Co. Ltd., Tianjin, 300452, China; 2. School of Environment,
Beijing Normal University, Beijing, 100875, China)

Abstract Effects of Pb(NO;), and K,Cr,05 on activities of three antioxidative enzymes, superoxide
dismutase (SOD), peroxidase(POD) and catalase (CAT) in the earthworm, Eisenia fetida, were
investigated with Hebei soils by adding Pb(NO;), and K,Cr,0,;. The effects of earthworm
accumulation of lead (Pb) and chromium (Cr) were also studied. The results showed that the heavy
metal level in the soil and the exposure time both influenced the contents of Pb and Cr in the
earthworm. The Pb level in the earthworm increased with increasing Pb(NO3), concentration in the
soil after 7-days and 21-days exposure. The bioconcentration factors of Pb in the earthworms were all
lower than 1, which indicated that earthworms could only absorb part of Pb rather than accumulate

them. The bioconcentration factors of Cr in the earthworms were all higher than 1 after 7-days and
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21-days exposure, which indicated that earthworms had strong chromium accumulation ability. The
accumulation of Cr was much higher than that of Pb, suggesting that Cr could be taken up more
easily by earthworms than Pb and earthworms are selective about the accumulation of heavy metals.
Pb(NOs), and K,Cr,0; both caused significant effects (activation or inhibition) on activities of three
antioxidative enzymes. Pb(NOs), induced the activities of the three antioxidant enzymes in
earthworms after 1-day exposure, and the POD and CAT activities decreased with the increase of
Pb(NOs), and K,Cr,0; concentrations in the soils after 21-day exposure. Besides, the unpredictable
trends of SOD, POD and CAT activities indicating that there was no significant dose-response
relationship between the activities and the concentrations of Pb(NOs3), and K,Cr,05 in the soils.
Keywords lead, chromium(VI), Hebei soils, Eisenia fetida, bioaccumulation, superoxide
dismutase (SOD), peroxidase (POD), catalase (CAT).

ARG, — RN T AT 20 T B0 4 8 BRI R 5 78 i F - S8R5 v, FOG) i A= Al 4 i v e
PRSIV C 25 AT 12 Q1. By ik A B35, nl ge X B3R = A — R AN B HRLN, 4N
TS AT B AT O VA, BRI AR K, R SR BTG 4 S 4 DNA S0

WIS A S B K B WS —, ZER A S RGP RS T EEA S Y AR T
A Y 80%, X 3 AR IS AR e i fa R AIAE ) e O TR A L Be A, e | e 55 P X6 A
B2 (ASTM) | &3 A 1E S5 &R LU (OECD) LUK [F Frfr AL 241 41 (1SO) 7 M i A= A= 25 R G b 1 27
PRI A A A .

H A, 45 5¢ Pb Fl Cr % 5 & J& X i ] i AR S FE B M Ao > 50 2, (H BRI N T 14, HE
ARVEAT 25 815 Y I AE 3 A B ALVE R SR T % 2 Bl ER 4 G 7 PRI B3t B T S B O ) S A
i, AR SCHF9E 1 T AL B4 v A RN AR X R T B 5] ( Eisenia fetida) BTEMERN K AR i 5144 Y 11 5 4.

1 MBS e (Materials and methods)

1.1 554k

Pb(NO;), (4314l ) Al K,CryO7 (4 A4l 1 1 1 245 45 F Ak A0 A BR A D 4l KT 98%.
1.2 356 A H iz 5]

TG T FH i 5] kg o o D 3k A 0 A Pk 1, W b st bl R A s S T e | L TR A
A= ZERNTE R A Rt B A MR 1R, 7EE IR 20—25 C, Wi IR 510 2 80%—85% 1 H ARG I &%
T KR R AT B 00k F LA AR IR | R TR ZY 300—600 mg HLAT by i BR A fgoH: pig i) 3
65 A4 e 51 75 5 3 PR B A [R) A 25 1 R 9IS 1 o
1.3 5+

RIS - HEORAE B O WL A Fh ) T X BRI R . R RS B ISR, BT 20 C
VKFE TP ORAF 25 . A - 9 0 SEA BRI 1.

&1 AU BAL P

Table 1 The physical and chemical properties of soils for experiments

Pb/(mg-kg ™) Cr/(mg-kg ™) pH 77K 3 /% Moisture content

135 6.408 11.327 8.09 2.681

TR IE T MV VR UK AR IO A 3ERE S OIF R R, FE SR A T T, SR A 3k DU AR AR R, FES,
117 (<2 mm).
1.4 5%k

HRAE Pb(NO5), Fll K,CryO5 X 25 T2 Ik 51 (1) 21 d 2Pk PRl s 5, 7 b2 ml BB E T 6 4>
e I 4 (Pb(NO3), ¥ BE 431 & 0. 200, 400, 600, 800, 1000 mg-kg™) Fl 4 4>k B £ (K,Cr,O- %k 43 5]
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290,30, 60, 90 me-kg™) HEFTRET IS, T AR ILA 1 L 9 BEHBERT, LAURHIIEE 11, 285 46
AN EHARZ M 1 mm /L TR XUFE A

FIL T B0 - 0, JHEIE Rt PONOS), il KoCryO, LA GlL ik B4R 1) AL SO mL /K UL, 1A
500 g BRI HER, FEOMIRALR, FEFIAR K1 SN LA 15 2 35%, 685 28 o I L T b, 44 v i
ALUE 3 ATAT. BT B TR AR LT 1 d.

HEGH B ol 800 Ix. L A (20+£1) °C L JE N 79%—82% 1 414 F 85 3%, 43 9 Tk 558 1. 3. 7. 14,
21 K i ke 51 4% P 40 AL ) 88 (superoxide dismutase, SOD) . it %8 fk & i (peroxidase, POD) Flit % fk
A (catalase, CAT) (36 PE; I+ T8 55 7. 21 d M2 i 514 P9 Pb AN Cr (9 35 . MR IR I RIS IR £
1.5 VR4 4 H R it 1% 2 )

B 51 50 5 9% vl (R 1 48 FHOT 43 22— B 43 B KT R = F B S H 46t (Tris ) : 6.0570 g, B 0
f (DDT) : 0.15425 g, 20 — iU Z, 12 (EDTA) : 0.29225 g, I KH: 85.570 g, Il A i HF 28 18 /K %5 it (24
900 mL), 2R )5 P R U85 4 pH 7.8, E A ZE 1 L. & T 15 2% wh i 4% 20 43 ¥ i« Tris: 50 mmol L™,
DTT: 1 mmol-L™', EDTA: 1 mmol-L™", BEHH: 250 mmol-L™". [ 11 =5 U5 {1 ik 2% 1% , i 45 R AR Y 7
4 °C M AT

TSR L 1—2 S5 5, FHZE IR K ohgk T3, B4R T 2R K4 )5, AR, AR5 DU 0K i 45] 5
e, A 9 A5 51 G2 v (VIw=9) , FELL LR EE AU il B 10% ALHZU5 0K K 519 W% A 2 mL 9 500
B, R URESG 10 min(4000 rmin', 4 °C), BCEVEW, 7038 T 1.5 mL B9 B8, 7E-80 °C AYABARIR UK
R PR LA S LTS

it 3% 0 S I, BB RE S 7 4 °C S5 E R iR SOD. POD il CAT 3 LA K 2K 1 5 2 1 10 0 52
Ay e BT A K ) i e s AR W TR AR Y T ) e U B A5 2R 4T . SOD i POD il 1 M L 4 22 v B 11 T
i+, CAT B %L D)4 5 2 1
1.6 el A N H 4 I

BV BE 2L B 2 5 il FH 2848 K ph e 5 A 50 mL BEAR ke 3 d(PREERE S 1, FLFL ), SR
Je FHZERR/K e 1, THEAE TP 2455 (105 °C) . BUR S IFE, H TIE 4R &5,

FRECE B i A i 351, A 50 mL /VBERR R, Tl 20 mL W AR 75 L85 IR Lt 7. SR A s &
M2 5 mL, 7638 XUBE Hinpm A, B2 E R RS U, Q0 SR A S A AR, V2 S BRI R VR A R
FlE SRR, R, B RNE RS M 1. ARG 50 mL 285, 2%, F ICP-MS Hll5E Pb. Cr 1y .
1.7 Hds st 5 b

B 45 R F V-2 {8 45 HE R 2% (mean+S.D.) B N FR7R, A SPSS20.0 F {4 v ity B[R 2 5 22 43 #r
(one-way ANOVA )X X} B ZH RS 20 47 il 2 M 22 S 4 . b, P<0.05 il P>0.05 435l 3 7 %t BRZH F1
R 2z W HA B AT B EMEER. 2 P<0.01, WERPIH 2 EA B EEER.

2 ZER5THE (Results and discussion)

2.1 Pb(NOs), Fil KyCr,O5 Rt it ] il 175 M4 14 5% v
2.1.1  Pb(NOs), X e 15| fiff 1% P 1) 52 1)

HEA R AR, X BR AL AN 4 2 R s B 451 FE T B 4. [ 1 RN TR] Pb(NOs), #R BEAE T ke 5]
AN SOD. POD Hl CAD 1 11 5 4%

&1 AT, BRAS VR BE AL AR, U564 SOD i 1 5 % FE A AH Lo SR AR (b A AN B . R ERSE 1 R,
B 85K P9 SOD ¥ MEAE ARV 2 F (200 mg-kg ™) b 2 T+ 55 (P<0.05), 5% FRZAH L& T 65.8%. % 58 5
3 K, M5l N SOD 1 14 Fifi £33 Pb(NO,), ¥ BE 1 T i S W T B 35, Mk BE 1000 mg kg ™" 20 iz 5
& Py SOD 1 P ik 25 B 1L (P<0.05) , 5 X% B2 AH L FEAIK T 45.9%. 2 E& 55 7 KT, #5155 41 M 1] 44 1y
SOD {if PEE 1- 458 Pb(NOs), W& BE 1) T e 52 6 T i J B AT R 8, i 000 o AR o 88 i v ok B 410 il
%, MEFREIERK E 14 d M 21 d i, 255080 410 1514 9 SOD 3 1 5 6 BB 40 AH He G i Mk 22 7
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(P>0.05).

B 1 1 AT, [A] SOD —A4F, 28855 1 K, M l{A iy POD 1& PEFEAR MR FE T (200 mg-kg™) & 3 F 5
(P<0.05), 55X FEALAH LU T4 T 37.5%. 88505 3 KNGS 7 K, wr w5144 P POD {6 4 341 5 Tt i I BRI,
FEPH AR T R e R BB SR. B R 14 K, AR 41 POD IS tE 5 R4 C B E £ F
(P>0.05). M A& FEEH 21 d, %K 41 POD I 14 5 X HE 41 AH L 5 35 B AR (P<0.05) , FEAR I REAR T
20%—30%.

AT AT, REEAS 1K, MESI RN CAT W Rl + 3 tp Pb(NOs), W BE 1) T =1 1M 12 4 1151, Pb(NO3),
He B 4 800 mg-kg ' Fl 1000 mg-kg ' ol 50 21 & & & F X BE 4 (P<0.05) , 5 X BE 2 A8 L 43 5l T T
55.0% 1 68.6%. B4 3 K, Mriil AP CAT 151 il - 58 Pb(NO5), ¥k B Y T = 1 8 35 R A1 (P<0.05)
A1 20 56 REZE A LU AR BIREAR T 50.0%. ZRER 5 7 KAEE 14 K, X5 4 M 151 (R 9 CAT 15 P 5%t if
AT B P22 5 (P>0.05) . 24 ZR @R B A SE 4G & 21 d B, 253000 2 M 514K I CAT 3514 5 % R4 AH kb
W 2 AR (P<0.01), FEAFEAL T 50.0%.

nt ? b
28} *s “r
12F
24t
~ T0F %
= 20F E
s * =) N
S 16} 1 N Sl
8 \ S \
2 n N AN
N N&
A\ N
N N

Exposure time/d Exposure time/d

0mgkg™!
200 mg-kg™!
B 400 mg-kg ™!
E= 600 mg-kg!
([T 800 mg-kg ™!
EEH 1000 mg-kg!

Exposure time/d
1 Pb(NOs), X154 N SOD. POD #1 CAT I 1 iy 5% i
Fig.1 The effects of Pb(NO3), on SOD. POD and CAT activity of earthworms

2.1.2 K,CryO X b 15| i 1% 1 %) 52 g

K 2 S AN [\ KyCryO e FE AR R M1/ 7y SOD., POD H1 CAT i PR 2 45 5. &1 2 w41, iz
1 RAEE 3 KRS, #5055 41 SOD 1 14 5 X B4 AH Eb TG 5 38 1 25 57 (P>0.05) . ZR #5208 7 K, e dis| {4 Py
CAT TEPE ST J5 FEAIG, 2B (IRVR B R R VR B Tkl i B 4. R ER S 14 R, MR Y CAT 1%
4 Fiti 1 338 h K, Cr, O, Y BE 1) T 18 1117 38 W7 P AIG 5 KoCrpO5 M8 9 30 mg-kg™ 1 90 mg kg™ i 5 2H 5 %F I
FH G B 3 AR (P<0.05), 43 B S FE T 34.5% H1 33.9%. 24 5% 52 ] 8] 26 K 3 21 d i), a8 Ay CAT 1 1
B + 48 K,Cr, O, ¥R B 19 T 2 L Tk #4, Hirp K,CrO, ¥ B8 30 mg-kg ' X 56 41 2 35 /= F X B4
(P<0.05), 55X FBAA A LT T 51.5%.

P 2 AT, RERAE 1 KA, w45 (R P9 POD 145 1 fifi + 35 b K,Cr, O, #& B B FF e B0 i Je R AR S T
. RERHE 3 KRS 7 RET, #5041 M 45K 9 POD T P 5 % HRZH AR LE T b 3514 22 7 (P>0.05).
MBRFFIERK A 14 d F 21 d B, fcfsl A Py POD 376 14 Fifi 1= 38 v K,CryO; R FE A9 T 1 1 48 7 B AT 5 s vk B
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IRI0 20 5 % FE A AR HE f2 35 AR (P<0.05), 43 51 R T 39.6% Al 36.8%.

o 2 T, R ER S 1 ORI, Ml AR Py CAT I 4 Bl + 3 b KoCryO; ¥R B2 1Y T 8 17 38 3 T i
K,Cr,0; W B4 90 mg-kg ™' ik 541 POD {43k B K, 55X FALAH LU I3 T 72.6%; 2 88 55 3 KT, i
5] 4 N CAT T 14 B + 38 b K,Cr,O; ¥ B2 19 T 55 1M 38 7 B AIK, K,CrO, ¥R h 60 mg kg™ i 46 41
POD i 1 i Z REAIK (P<0.05), 5 %F FRZHAH HLIRAR T 46.5%. F 8250 7 KAIEE 14 K, K50 4] CAT itk
55 BEZHAH T 35 1 25 57 (P>0.05) . 4 B2 R A A ZE K B 55 21 KRR, M| iR N CAT 1% M BE 13
K,Cr,O ¥R B 1 15 1117 128 BT B AIG, e K, Crp O ¥R BE A 60 mg-kg ™' Fil 90 mg-kg ™' i K4 POD i 14 i 3%
FEAIK (P<0.05), 5%F FRZELAH L 23 B FEAIR T 64.8% Fi1 52.3%.

ur , 14 b
21 * 12
18f § .
T:“ o %.3.32 Téb
S Lh 7 %§ é
2 NN 5 g
S 9t g & g§ e §
i %
NN \
SINENE N \
1 3 7 14 21 1 3 7 14 21
Exposure time/d Exposure time/d
160
140+
120 F
%0 100 0 mg-kg!
= Y 30 merke™!
2 i BB 60 mg-kg™!
© 60 E= 90 mg-kg!
40
20
0 N

Exposure time/d
B2 K,Cr,0; X HFE{A& N SOD, POD #1 CAT i 1 it 5% 1
Fig.2 The effects of K,Cr,0; on SOD., POD and CAT activity of earthworms

2.2 BRE|X} Pb Fl Cr (45 4E
221 MEEXF Pb 4

3 JEAN[A] Pb(NO;), ¥ BEAE FH T e il {4 P9 P &5 510 5 25 5. el 14 3 T, £ 48 rh PH(NO3),
R P11 5% 55 ) 24 X6 i 4 K P P 5 77 A A S S0 SR P P ) A A () — IS ) S [ e 2 T S8 i 1
$3E v Pb(NO;), #e BE R34 i 384 . ZEAR M BE T (200 mg-kg™), 22 5% 21 d J5 i dlA N Po (&5 7d 3
AR —F, #2380 mg-kg . SRTMTE & MR (200—1000 mg-kg ™), 5% 21 d J5 1A N Pb SR T 74
N A e, 100 U 5 % 5 N R] 9 B K, 5K 1 P 2 B R TR . X S i N O RIFSR 4 R — B, R
R A 5 25 SR I, P A B 4 M v i | 1A Y P 5 B 2 85 35 B BN T T v AR /N B A (R AR A
SEILRW, M50 -3 4 R Pb 9 A I B A A TR B i 4 o

MR PN Pb F i 5 e Pb R B Y [ UH 43 AT L2 2. P24 3 Pb(NO,), ¥ A 200 mg-kg!
B, Sl X Pb (W A 0 mg-kg !, PRIMLASOG) =5 v B T e s 4 Y Pb 7 i 5 - 48 Pb MR B A7 [
VS50, FR 2 2 AT, FE Ik B S L Y (Pb ¥R Ol 248.7—621.8 mg-kg ™), M B4R P Pb & 5 1 1
Hi Pb V5 YLk FE ¢ R AT LU — e A 5 R, B3 Z A BB A IEAE R R, MR (KT
0.950(P<0.05). iX 51T A MR FE 45 RARFF— 3L, Zhang 551 BB 58 45 R W], 1A N P w42 5 L1
1 Pb 5 B I IE A OGO R (R>0.62) . TR 7E 230 = i 2 A SC PR B0, M s R 9 1) 2 42 )
SE T R R — sl Sy 2 pe
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Fig.3 Accumulation of lead in earthworm body

Fz 2 MBI Pb F s L Pb ¥R BIH AT (n=4)

Table 2 Regressing analysis of the lead concentration between soils and earthworms

Reig KA (=15 5 P LIPS K
Exposure time Regressing equation Correlation coefficient Significant level
7d Y=0.069X-16.152 0.988 <0.05
21d Y=0.1956X-38.171 0.951 <0.05

Ui 45144 Y Pb & dt 5 - HE Pb Wk B U B FR Ol 4R R A, nT DA ke ) Wi i ) X6 e - 1 v
Pb [ EHERE S BERBORT 1 SR T2 Xt P A &4, /NTF 1 6T H U — il i, A 5]
B EMVER. AR Pb i IG 2 M & ) P & 4 R B 3. th 3% 3 v BREE 7 d M 21 d U5, B3t
R P A& £ R FY/NT 1, UL R T2 T Pb (A . AR AT 45 R, AT
JEaE %k 3 At - A 1 kR ER R AR D Ph (0 B4R R AN T 1, BT M5 X Pb B B AEAE
F, RO B

x3 AR Pb w4 R

Table 3 Bioconcentration factors of different lead treatments

BFE K Hud Pb/(mg kg™
Exposure time 124.4 248.7 373.1 497.4 621.8
7 0.0000 0.0025 0.0303 0.0319 0.0446
21 0.0067 0.0742 0.0768 0.0958 0.1499

222 WG A AR

Kl 4 JZ AR KyCrpO; W BEAVEFH T i lis| i N Cr & & 25 5. R 18] 4 W0, s g5l Py Cr & 2 i
TR Cr & i, U AR 2 M R iy Cr AR 0 & EAE M. 2 K,CrO, AUVER B
1 i Bof B) 2560 e W51 4 Y Cr & 4 & 7= AR B B g . R RS 7 KT, s SR P Cr 1Y & 4 1 bl
K,Cr,0, ¥ FE 8 0 £ B Je T e PR A a3, K, Cr, O, W EZE 90 mg-kg ™! iR Y0 2 i 151K Y Cr i &
R T AL T X IR AL, T RESE N R SR B K, Cr,O7 288 T, Mt 497 232 2] 7 7™ 3 B30 i, 5 250k 15] %)
HERILFAE L. RN, FREEINF] 21 d I, seislA N Cr 1Y & 5 b 158 K,CryO, W BE A 1S I iy 3
Jin, AT BE 2 R M Bl 25 2 B R TR) A9 SE K, i 48] % K,Cr,O4 B9 R 7= A T 3@ Wk, BT AT Cr i & 4 8 B
i 1|1 -

FR/INER SECT [ B 5T 4 SRR I, o i | WA ) B 4 R Ak T e ] ) 2 AZ Y R, ) g rh o S i R 4
JE 2 R EE E ], X A A N6 M P A2 520 . Morgan Al Marinussen 5515 B BF 5T 3 BH, BE AR A 1E
B B IR, (HR Y YR R R T R R BR AL, ARWFR R A, Cr [RIFE & 7E 1R AR B R,
{ER A3l 5 4 Cr, 2068 B 051 A i 308 P 7 A S )
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1200
—a—7d
~ 1000 21d
£ lag
o <
S & -
£2 800
g g
25 600F
Sz
==
Q
8 4001
2001
1 1 1 | J
0 30 60 90

K,Cr,0; concentrations/(mg-kg™")

B4 SEREIXT Cr s 4

Fig.4 Accumulation of chromium in earthworm body
WAA DY Cr & 55 R Cr R BERY [R1H 43 Hr DL 3% 4.l 35 4 mR1, 7R3 B2 5 BN (Cr VR EE Ry
10.6—31.8 mg-kg '), 25 7d A1 21 d Ji, Medsl AN Cr & 55 Lk Crin ek B2 2 ] A — & f A ¢
P, (HAH G R B0 A 8 3] 8 35 1 KT (P>0.05), 1T B2 i Tl g ik B i /0 S 801

R4 RN Cr E RS R Crk 2R B 23 B (n=3)

Table 4 Regressing analysis of the chromium concentration between soils and earthworms

RRERAE (815 A HHIFEL K
Exposure time Regressing equation Correlation coefficient Significant level
7d Y=—12.675X+676.38 0.960 >0.05
21d ¥=22.038X+106.89 0.988 >0.05

AT Crik g A M AR N Cr & RBLE 5. 2 5 oM, 2&E 7df21d 5, lEHAN Cr §4E 4
B R T 1, TR 2RI Cr AR 4L bE

®5 ARAEA M Cr 54 R AL

Table 5 Bioconcentration factors of different chromium treatments

BETH Cr/(mg-kg™")
Exposure time /d 10.6 212 31.8
7 49.0 214 7.9
21 34.1 25.1 26.1

3 %518 (Conclusions)

(1) 75 ke ] 1) i 32 e B B P, B3 Pb(NOs), W B 5 8 B (1] 34 o) i 51 44 P P 5 ot )™ £ W] i
SR, R 7 d M 21 d ), BEEEA Y Pb & BE 15 b Pb(NOs), 3RS 3G i s fin. SR, IR IE T, IR
T B3I Pb FEATEA W, 1T AE S PN R PSR o] GEHEBR AT I 4 8, s R ARk
N Pb 53R A HUTRE ELAE IR AE T Pb A9 sk i 351k P9 P & 4R R BN T 1, B
TR k51 % 3 Y P AU W, T & SRR

(2) £ 5 K,CryOf 1A 3 2% i B [B) 259 60 Mie W51 AR Py Cr & 4R = A B ), 68 7 d f1 21 d
J&i, MEMSI R Y Cr & 4E RECERZ R T 1, LB IR T2 M) 3 b i Cr BAT AR 38 0% & 22 1E A FH i 451 4%
HELE CrisYeny A —@ i H A E.

(3) e W1 X} Cr 9 5 it ZE A K T P, 33 U B R 2 Bk 05 X6 AN ) 2 4 I 1) 5 4R BB 0 2 AN [) iy, B
X 4 IR ) AR B — B BRI

(4) T3 rh Pb(NO;), Fil KyCryO; X 252 LM {A ) SOD. POD Fll CAT & PR3 7 A= 1 I 25 (1Y 5% 1,
55 1 dJ5, Pb(NOs), XF e 5| {4 Ny 3 Fh e 420 AL i 7% P 22 B0 305 /E ), 22 88 21 d J&, S 514K )y POD Al

|
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CAT I P2l - 5 Pb(NO3), il KoCryO, ¥ BE B4 1 I B AR s BRI 2 A, 3 Fhre S P i 1 ) Lt 5
IR A 3 2l S B[R] R B A 9 sl o £ P, 3R AR P 5 3 Pb(NOs), 1 K, CryO; ¥ JE 1571 4 -
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