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FEE T T A5 K A PR 3R A7 AR 14 T 4 V5 YR K AR A S R G R B U N SRR . MRS 4 JE i R KR R
FEMEE L ( Chironomus kiiensis) A= ZSTEFE I E T HAH CA> 1 Ph> 3 6 4633 B2 ISCAL 5 3R FSPIAL A A0 S e A I 1 4% 05 4 11 1%
W5 B RO, AFSTAE R, Cd™ N Ph™ SR HE ) s AL I AP AL AR B — 4 S S A0 14 d PHP AR BRA 1 fh i A
PRSI HNN 22.229%F1 8.89% KT Cd** HIALIEH (25.56% ) FIPILAR(11.11%) , R I AR AGIDHIRON . RG2S F 1:2 F12:1
Bic L A B2 AL 0 A R PI AL R0 11.119% F1 4.44% , 5 EAR T 20— &8 & 7l R bR AP, o —F 4 )m B+ MR
BT IR BOE AR I TSR B0R R LT L vt RO AR Bk R IS AR PRSI, R A £ Vi
Erhge v st B R B ARSI EE 4 Jm B AR B 4l B 28 SO SOR TR 5 AR ER N IR R IR ARG, Horh 102 Bl luAbEE 14 d
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me/kg TR 9.52 mg/kg, 1:2 BR bt 5.85 mg/kg FTFZ 20.99 mg/kg, X EEHF5TEE H B CA> F Ph> 3f 5200 18 38 47 1 4y
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Effects of Cd** and Pb** on growth and development of Chironomus kiiensis larvae

and its enrichment effects
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Abstract: Heavy metal pollution was observed in rivers, lakes, and other aquatic environments that damaged the aquatic
ecosystem and indirectly threatened human health. To explore the ecotoxicology of heavy metal on aquatic insect Chironomus
kiiensis, the pupation rate, emergence rate, teratogenic of the mouthparts and enrichment effects of C. kiiensis were
measured under Cd* and Pb™ stresses. The results showed that both Cd** and Pb** affected pupation and emergence of
C. kiiensis larvae. The pupation rate and emergence rate of the C. kiiensis larvae treated by Pb** were 22.22% and 8.89% ,

which was lower than that of larvae treated by Cd** with 25.56% and 11.11% for 14 d stress, respectively, showing a higher
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inhibitory effect. The pupation rate and emergence rate of C. kiiensis larvae treated by 1:2 and 2:1 of Cd*" and Pb** were all
11.11% and 4.44% , respectively, which was significantly lower than those of single heavy metal stress. The treatments of
single and mixed heavy metals could lead to teratogenicity of mouthparts in C. kiiensis larvae , manifesting as the apical teeth
of mandible fracture, middle teeth, basal teeth wear and loss, mentum irregular, marginal teeth and central teeth of the
mentum wear, fracture, hyperplasia, and loss. The mouthpart teratogenicity rates of C. kiiensis larvae varied with the
treatment of different heavy metal ions and showed a positive correlation with the exposure time. Among different treatments,
the teratogenic rate of C. kiiensis larvae treated by 1:2 of Cd** and Pb*" reached 40.61%. Moreover, heavy metal ions
produced bioaccumulation effects in C. kiiensis larvae. Exposed for 7 d to 14 d, the concentration of Pb™"in C. kiiensis larvae
increased from 11.46 mg/kg to 31.32 mg/kg. The Ph™ concentration in C. kiiensis larvae treated by the different mixed ions
showed an increasing trend, and the Pb>" concentration in C. kiiensis larvae treated by 1:2 mixed ion treatment ranged from
15.48 mg/kg to 42.50 mg/kg. However, the concentration of Cd** in C. kiiensis larvae treated by the single heavy metal and
1 :1 mixed ion treatment from 7 d to 14 d had no significant difference. The Cd>* concentration in C. Eiiensis larvae treated
by 2:1 mixed ion treatment group decreased from 14.20 mg/kg to 9.52 mg/kg, whereas that in 1:2 mixed ion treatment
group increased from 5.85 mg/kg to 20.99 mg/kg. The results indicated that Cd** and Pb** could inhibit the growth and
development and produce mouthpart teratogenicity of C. kiiensis larvae, which was closely related to the accumulation of
heavy metals in C. kiiensis larvae. These results provided a theoretical basis for the multiple effects of heavy metals on the

aquatic ecosystem.

Key Words:; heavy metals; Chironomus kiiensis; growth and development; mouthpart teratogenesis; enrichment
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4 14 PEAI 2. Cd® I P> X AE BRI ( Chironomus kitensis ) $h A K & T IS0 M B 22800 1631

1 #MREFE

1.1 R S TR 4

TESRFEIL ( Chironomus kiiensis ) WIUAFIEEAUR T i B AV R B A 3 5 3 3 S0 06 %8, PRI BR S S5 d LA
Y A SkK (pH 7.58 , - 4. 6.02 mg/L, EAHE 80 mg/L, /KL (25+1) °C ) W35 TR Rt i b, H RO
ARFEME T d Bk —IR BRI 5—10 g & ikl (s =01 S mpRHEE BRA ) |

S AR P A ORI AR TL 2 S -DU R K 2R e v B 0 P Inbs T OO R A ik i A RO AL R
Bi, VURWIEC L AN :4%—5% 8y AR R (B <1 mm, pH 5.5—6.0) ;20% = 845 + (T8, @ iId A& &>
30%) ;75%—T16% A1 Jth ( A4RYD J 3, 50% LA I 50—200 uM A3 i kL) 3 A 22 8 1K, SIS Wik
I3 TR 30%—50% ; A CaCO, ¥ S ZIR AW pH = 7.0—7.5,
1.2 Cd* H Ph> 1y dshb 3

4R & TS I (GB 8978—1996 15 7K 25 & HE bR #E) F1{ GB 3838—2002 b [fif 7K Jit & b
HEY OO B R R, CdCL, (KT R B KR ABRA ) W R 0.2 mg/L, Ph(NO, ), ( KHETT R 1k
TABRAF]) WREEH 1.028 mg/L, TRA K THEIMM 57 48 h LC, AFEHEDY LI Cd™ :Ph™ G st 101,
1:2.2:1 Fe e, 8 5 PRSI0 i 3 AR &8 T IC LU AL BRAH R A 40U BEAE (32 1) |, I B 280K X B 4 Ak
PRIGEHRE TG K/ N—BURAE BRI 2 40,

x1 3MEAEFRILLAEBAPREAFRER

Table 1 The concentration of each component in the three mixed ion ratios treatment group

HL)EK TRAE T L Mixed ion ratios/ ( mg/L)

Sources of heavy metals 1:1 1:2 2:1
Cdcl, 0.108 0.14 0.158
Ph(NO,), 0.544 0.704 0.496

Cd**:Pb*" S5 [LREVEIL 1:1.1:2 201 BCLL

1.3 Cd* Fl Pb* XL IUE K& B e bn5 148 S0k

FHEERR 06K R/N—200 30 SLAEMERI 2 184 HUBA A 1 L 4R 25 fa i b, U e f o e
B, ARGHAESERESR 1.2, BMRERE S NER, FEHLER 3 A58 T W4 R
ROFR2AELEAELAIET d 14 d BNKE E 4 804 Boh BEYLICRE , T 1 25 S0 s

S AR IR R > 48 g BTRLAM IR T 120 mL 28K, 58 25 (TTCE 1
d) MRTKANA 80 ¢ =5 21,20 mL VKESHR ,20 mL 50% i 2 4 5 18 48 P 28 58 4 IR e, 17 18 0% P I HH e 4%
oF g, BT B H . WREEHTHE AZ AL R Rt 2 H /K 238, 4 FH VR FE 23 53R 20% . 40% 60% 80% 1) .
B AT R AR 1 h B RBK )G A KOH P eV 4 b, 7Eff ) 20858 (MOTIC , SMZ- 140 ) R Kr4) Ht 3k
5B AR 8 A IR — AT ST AT A FTHAA R A BB A DA IR — I 55 b 56 3% Fr , & 24 Y
JIBE R4l B R S R TR AR TE TR LS | OE S (Olympus dp71) F#EFT XA IFXF O 88 V) brAs
AT,
1.4 Cd* fil Pb* & 45 & B

e TG KD — B AE R 2 WS A A | L H 4R 25 XU R s rh AN R A 34 B
SERESIE 1.2, BNKRE 3 ANEE, BNEER 50 Sk, HLEUE T 14 d, 7R 7 d A1 14 d J5 AR BEDLIEER
30 SLERIA L, B TR B FOK R ERE 24 h TR, T30 CHEETMET 24 b, A 6 mL HNO, .2 mL HCI 1 2
mL H, O, AbBIHEAS SRS BT 125 CHERT M 2 h, KB AR IHRARE 2 2 40 mL, H 0.45 pum iHRREF4ER
PR IEAE S, I HNO, Rk, FUIBGHE & 55 B IR BT (ICP-MS) AT E 48 & i, K DURRIRE S #E 105 °C
T8 24 b SRFE UL EARIRI 7 e A T IR, 5 B KR AR E 25 28 100 mL, FTARIA] A 5 A0 B0 2
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AW -DURY) R S F (BSAF) AT FH T IEM AR Y3 9 i 4 s & SRR ME SRR ) BSAF #2003
BB=C/Cs; o B B W- DU & N5 Co PR BUAR N &8 & &2, mg/kg; Cs: I P &8 & =,
mg/kg.

1.5 $dEabES 5 Hr

FH EXCEL #4347 B B2 18] R SPSS 20.0( SPSS Inc. , USA) S8 2440 (4% 41 1] & 5 bR ik A 7
ANOVA 43#r, R Duncan J7 3/ B2l A] & 125 57 (P<0.05) . % h E BL £ B BeE i o B 4841 (1979)
Tk E S E S EAE AR

2 EREH

2.1 Cd™ 1 Ph™ X $2 8504 H AR B 28 AR A R 1) 5 M
FENES BT AL PRI 2 4 T4 9 KIF

W W, b B 14 %, S B 4L Ak G R Bk, & 1 wma
27.78%, H—TWRBATAHF clmmanms | T8
H25.56% , 5T Pb™ AL K 22.22% , Cd™ Fl Pb™ iR g s :*1’}’]
BETRMAL 11022 21 AR 13.33% ., = | 0
ILI1% M 11.11% 3 PO Z MR R e e 5 (HI e §
FART R4 m B A FA, Hop 102 A 201 FEL Y 0 N —
A T A0 I 2 A, et BR 4 19 39.999% (141 1 A T i gty
£2),
R IR T R T A AL R s 10 L OO R PR RiER0RS
Fig.1 Effects of Cd** and Pb>* on pupation rate of the
KIFMEPUL, T4 8 AL P (i il xR i) o
1—2.d, AL 14 d XTHRELPIERN 15.56% , B —FEIR  copeppz s apbere 111 12 241 ik

BF Cd™ i SRR N 11.11%, 5 T Ph™ L% 8.
89% ., ATBITALINLL 1:1,1:2 2:1 B LEFLAIPINS.56% 4.44% 4.44% ,3 FRC L2 91T 35 2% 5 (RIS T
A R B AL FL 1:2 R0 201 e LUTR A B A S P A A i ik, S v BRI 28.53% (1612 Figk 3)

£2 CA*MPY*IMETHERENSRUBRNEREES

Table 2 Significant difference in pupation rate of Chironomus kiiensis larvae under Cd>* and Pb?* Stress

AbFRZH AL FRREL Treatment time/d
Treatment group 10 11 12 13 14
CK a a a a a
cd* a a b b ab
Ph* b ab c b b
1:1 b b cd ¢ ¢
1:2 c b d ¢ ¢
2:1 b b d c ¢

AN)/INE B 3R [R] — B[] o5 S [) Ak B i) £ 22 5 38 ( P<0.05)

3 FhORTFIBC L AT & B TR BIS , Cd> F1 Ph> 7E 2 I 4 Bk A 36 B 52 AR T, % Ak 0 3 R R Ak 38 7 A
AFIFRBERTEM , 1:1 BLECA Cd™ R Ph* X0 48 B8O 8 48 19 52 B AR TR U Cd™ F Ph?" SR TR AL I < 1Y
26.10%130.02% ; 1:2 1% 2:1 B Hb A58 AR Cd™ AR F Y 34.78% Fl P> BRI 40.01% , 38 HAR
PR T 1:1 FE Ry Cd> 1 Ph* X8 BOP LA A S EAE FI R 5748, 1:2 B 2:1 E B £2 ORI B 4 10 22 LA
2 0, 38 HARAR/N (K 4) o
2.2 Cd* il Ph* b BT 47 050 11 25 S50 A4

B FNRAE AR Cd™ 1 Ph™ B 75 FHE L) H 11 2% B [ RE BE RS A0 ) BOmp i ol . 1 SR 4 1Rl 3%
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4 VRl 45 . Cd® A P> X AESRER L ( Chironomus kijensis ) %l BV K 52 B A5 K% 5 555010 1633

(I 4 40 0 IE 3 1188, 1524 LT TR S 9

%, RETESEETE, L SR TFRREAAAE ¢ um

RIS RS T, i s, E asp oK

Bk (I83) s FIRMIGHA RN, o it st 5 | 1

SHE B (1 4) Eo| oo — 1
PR G SR AT TREEIE B O 8 S O

BRI S BR, B-EARET COEM T AR 14 o

7 8 9 10 11 12 13 14
ALFRI ] Processing time/d

d SRR 5N 22.42% F1 32.42% AK T Ph* &b BHH
Wi %% 28.62% Fll 34.24% ., TEAS[A] LG (R TR 5 2 4k 3
Hrp 12 BOHTE 7 d 5 14 d BB 25051k 36.57% Fil
40.61% =5 TR —EREE M 1 ik 7d 5
14 d SR 2R3 510 14.95% F1 26.06% ,2:1 L LAY 5L
Wi 58535518 13.33%F1 23.33% , —FH LD ]GSR TP — G R e 1, #4851 Cd* F Ph 3RSy
63 PSS 3R 3 ) IR, LSO SR B A () 1 K T o A R CAT AN RS 101 B
2:1 FLLL 14 d BORPRARLE 7 d BT (P<0.05) .

B 2 Cd* Fn Pb* 33 £ 3B i 4h B 3L R MBI
Fig.2 Effects of Cd** and Pb>* on emergence rate of Chironomus

kiiensis larvae

®3 CA*H PV HETHIEDSRPUENEREEE

Table 3  Significant difference in emergence rate of Chironomus kiiensis larvae under Cd*>* and Pb?* Stress

Qb3 2H AbFER A Treatment time/d LbPEZH AP R AL Treatment time/d
Treatment group 11 12 13 14 Treatment group 11 12 13 14
CK a a a a 1:1 c be c c
Cd* ab a b b 1:2 c d c c
Ph** b ab be be 2:1 c d c c

AN /INE B 2R (] — B[] o5 S [) Ak B i) ) 22 57 38 ( P<0.05)

F£4 CA*FPYTEAREMEBEELS HUBERMPURNLTEIEAR

Table 4 Interaction of Cd>* and Pb** combined treatment on pupation and emergence rate of Chironomus kiiensis larvae

b AbFRZH Treatment group

Parameters cd* Pb>* 1:1 1:2 2:1
A L3 APupation rate/% 2.22 5.56 14.45 16.67 16.67
A PE# AEmergence rate/ % 4.45 6.67 10 11.12 11.12
ALIH R 22 H A/E ] Pupation rate interaction — — 6.67 8.89 8.89
P E A HAEH] Emergence rate interaction — — -1.12 0 0

A REH AT A P AR AN ] G 30 AR AP AR S 0 IR R 221

2.3 ERREECSUURINT Cd™ R P A E 4R

B4 JE Cd™ A Pb> DUSIR G B A0 B T AL AR N i s 4R S &l 6 s, PIFP R — 4 @ Ak
PE7 d R CA* R Ph> B AE Al 11.28 mg/kg 1 11.46 mg/kg, Ab3 14 d I Cd* HAESES 7 d LiFEE
5 (11.50 mg/kg) , 1M P> EHE& 2 8% FFH(31.32 mg/kg) . AFRBCE Cd™ Al P IRA B FALBE 7 d B, 101,
2:1 e AR BE F FRISA Y Ca™ (5 5 & i 4 5 14.32 mg/kg Fl 14.20 mg/kg, 535 5 T 1:2 FLLLAY 7 i 5.85
mg/kg, HIX AR LU Cd™ B S & T CA M /EH, Ab3 14 d RGBT 11 BCLbrf Cd™ & ik 15.12
mg/kg, 57 d LB EER, 21 B Cd™ EEEGEN9.52 mg/kg, B BE FREHEF 12 B e E54E 58
9 20.99 mg/ke, FWE LI AR, ARBHIESGE AT P EESEE 7d £ 14 d B2 ETHEE 101
Kottt P B SR H 7.74 mg/kg FTHE 16.47 mg/kg,2:1 B H Pb> & & 9.06 mg/kg | T+ & 12.88 mg/
kg, 1:2 L EE T Ph™ i 15.48 mg/kg b FHZ 42.50 mg/ kg, Horft 1:2 fic Hb A9 & 48 5 78 PR s 1] 05 34 8 3 i T
FANBIRFEL L (P<0.05) , HE T Ph> Ihsr B
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3 RET Cd™ P THEERIN AR LRSS (100X)

Fig.3 The morphological abnormalities of mandible in Chironomus kiiensis larvae exposed to Cd** and Pb**(100X)

El4 RET Cd*H Pb> FHTEBIR L4 R T ER B 2B (200X)

Fig.4 Types of mentum deformities in Chironomus kiiensis larvae exposed to Cd** and Pb**(200X)
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4 14 PEAI 2. Cd® I P> X AE BRI ( Chironomus kitensis ) $h A K & T IS0 M B 22800 1635

T4 JE Cd™ M P IR G B A R, U0

B RS R 7 R, MR- TaRE TR S 9 ARG 07 W,

# 7 d W Ph* AL IR A F T 8.31 mg/kg, WE T ; 40 T be 1

CA EAE AT 1.30 me/ke, B CA™ b BRAL & R 6,38 § %0 be T
¥ 557 14 d PO ORI CA* BB £ &80 90 7.78 me/kg ; 2y ki i
M 1.62 mg/kg, fH5 7 d ML TG B EM2Z 7. AFBCL % 10 ﬁ

) Cd™ Al PL* R A B FALER 7 d, 101 1:2 2:1 g ppb sy & o R P
FIVTR H Cd™ &4 5 &4 H1h 0.96 mg/kg 1.95 mg/ AL BB4 Treatment group

kg F10.73 mg/kg;3 FHAC L Pb™ & 45 4008 8.13 ES Cd A Ph> Bl TR 15 SR 4h s (] S B ES =

mg/kg.6.94 mg/kg 12.59 mg/kg,2:1 FCHALFRMTURY]  fig s The percentage of Chironomus kiiensis larvae mouthpart
EESEEERTHER L, 4 14 d,3 FIECE T deformities exposed to Cd** and Pb**

CA> BT A4 B 0.89 mg/kg 0.66 me/kg .0.69 mg/ ARG Il R R EALR 1022 5 54 (P<0.05)
kg, JC b EPE 2% 55 3 FC b PH> MR BE 43 5y 7.18

mg/kg 6.19 mg/kg 11.25 mg/kg,3 FPECLLARLL 7 d B2 PR, H2E 5 AR E

36 gﬂ‘a 30

gﬂgg" 30 ﬁéé 5 25 .
g e el
&KEE 24 %2 8 20
i OSE a b a
®gs I8 FES 15
&5 E BE S .
w5 E 12 S E 10 b
L5 8 mEE
#®7g wy o
8
o~ 1:1 2:1 1:2
i
ﬁ § %0 AbEEZ Treatment group
JE Eg“ 40
+ o=
2EE 5
ZEZ b AE S i /d
3 § g 20 b a a7
g b
M5 8 b m 14
wS S 10
&L
=™ 0
1:1 2:1 1:2
AL P4 Treatment group

B 6 wBEELMHERN CA>H PPHEESE
Fig.6 Concentration of Cd>* and Pb** in the Chironomus kiiensis larvae

s AR /NG P 3R ) — s 1] 5 AN [ Ak B [ ) 22 57 . 35 7 (P<0.05)

R FAFET ,Cd™ 7 d £ 14 d /Y BSAF £ TFREEHE Ph™ W& A3 H Cd™ #) BSAF 7£ 7 d
14 d¥BEHTPY(ES), AREIESE TABT 12 Bl AR 7 d Cd* Y BSAF B KT 1:1 A1
2:1FC LAY BSAF, MiACHE 14 d BEE T 1:1.2:1 Fid kb, Pb™ AY BSAF 76 3 PR A B FALFRA T H 7 d £ 14 d
PR ETHER HIEER /N (FR6) .,

%5 B—B4EMENTBEMNEY-RENSERT

Table 5 Biota-sediment accumulation factor ( BSAF) of Chironomus kiiensis treated with single heavy metal

paszilnya| AL BRZ Treatment group
Treatment time/d Cd* PH2*
7 9.09+0.90a 1.13+0.28b
14 8.09+0.25a 2.59+0.84b

BSAF ;A= ¥-i ) = 2E HF Biota-sediment accumulation factor; 2 8 N A{E AR UEIR 22 | AN/ING F8E 7 [R) — B 8] 5 S [R] A 3 21 (7]
122 57 i 35 (P<0.05)
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4
0 I "
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RA BT PPy HE AR
Pb2* concentration in mixed

7 MRBRHH CTH PV HEERE
Fig.7 Concentration of Cd** and Pb>* in sediments
# FRP—EEEET 7 d A 14 d FHEE RS BENE(P<0.05) s ARKNEG FRERER A S TA BT A ESEE T 74 14 d 5
SRR B E M (P<0.05)

*R6 BEETAERBELH Ca> 0 Pb* EY-TRWEEREF

Table 6 Biota-sediment accumulation factor ( BSAF) of Cd** and Pb** in Chironomus kiiensis treated with mixed ions

Ab 3 i) cd* Ph*
Treatment time/d 1:1 2:1 1:2 1:1 2:1 1:2
7 15.95+2.87b 21.76+2.86a 3.39+0.87c 1.31+0.27b 0.98+0.35b 2.57+0.23a
14 16.87+2.42h 15.75+5.52b 36.87+2.60a 2.89+1.47b 1.48+0.59b 6.92+1.41a

R FEE N A R ERR 22 AN F)/ING TR IR A% 8 TR — I i) 5 A ) Ak BELZH 1) F) 25 5 . 35 1 (P<0.05)

3 e

B 7 i B R 0 T AR BLOSONE  TMAR R B R RE B, FERARON B D B SR A, TR R H Ry A A
HPEIE R IR SRR AL AR RORE CEIEAR S SR IR K A A T T 4 I B A A R
SR B IE AR BT RE V5 R A A2 S A ) AR SO R A R R B — R JE B F CdY PhT RIRG BT
o3 S AR 1 A A A AP R e R B DI, PR — R m P IR T Cd™ IR BB
T T AR AP R T R — R B 7 SRR SR AR X AT RE S Cd™ F Ph> X B4
AN T 3 P R4 I 4yt 7 T4 T T3 22 DR il 2 1 TR RS DDA G2 S8 B T /N T 18 S A 0
RGP RIS AR BN AR AT BRI AR A 2% 50— 21 73 HORURE JEE B9 L BRI, 1:2 A 2: 1 JR AT BC LR Y
AR AR AP A AALH , Cd* R Ph?* Y5 i A2 AT R C L A 52 A FAR S5 17 Cd® /1 Ph X AR i < 14 252 FLAF
3 TP TR T 42 o8 7 40 SRR P9 4 0 1 28 S OR35S R A o R v R 4 i HE A OGP
B P38 T R ey T g SR R SRk S R R R R AR TR B R M A RO A IORE
BRI A /K R B MCETBE T, SR B SR W B A AR 2R | T R4 425 A5 1) 2 DI BE | BB T 5 BUAL A AR P AL R 1)
BEAR, H AR EOm 4 5 5 G Jm R AIC LLAFE B DGR B —EG 8 Ph* A BEAN Pb™ A9 1:2 i HeAL B4
B m THE A, CAPCIESERE L) 0 8800 5 2408 Y AR AT A DI R SRR 2
LRIG U O A AT TE PER B RIAT LT BEH] PP XE BRI R Y O A A TR PRSI AT RE LL Cd™ B,
PEEUR R,

http ; //www.ecologica.cn



4 1 P 4. CA R P> W AE ML ( Chironomus kijensis ) #1 HUAE K & B B0 K & B2 4500 1637

4 R HLA Bt K IH M RUR Tt | R G o H B P SRR 3R IR R ARk B, B S IR
R ESBBASTER RN ESE, W HIE TSR K (Spodoptera exigua ) BUETENIN P™ FAALS , 76 H
R 2 KA P> P Ph™ it AL B R AR I s B P R AR AR SO AR A R R CdT R PhY Ak
7 d RN EES R ELES A 14 d i CAWRIES 7 d TCRFAE 1 PhY R N B E TH e X il
22 5 A RESE AL FE B4l Bt P> AR S AR 0 IR R 1 AR SR B 45 51 R Iy LA PR R Y b T
& JBICE (U1 Co Mn ,Cu F1 Zn) (URETT H & 4 & BARFFFE R KT, ik = Xt Ph 4R b T 42 )8 JC KA 15 8
H P EEAEH T ARG, TYE AR MBS 2R AL AT, M Cd® 5 A i ik B Y
S S, R A0 AN 2 41, RGBSR e S i P HL P> X A6 B e 4 B ) R B s ] B cd®
K VR R RN FE RST8] A4 A 1) LA B Y A M 2 v — i 2 o e Ll 28 A i 4 o s SR Y IR A
B PR R L AR AR [R] i) 7= A B ) R A5 A A P B2 S5 R, b 380 T AR 9% AN ] LR A B - b 1
By Cd™ f b B GRS —E AR S T —AFEZER, 101 f12:1 BLHbAREE 7 d B Cd™ b 5, 1 1:2
Be kb Ph™ (5 35 45 R cd™ £ 5 F B R T Pb> £5 F AV 117 14 d B P> & 425 R AYHE
XoF B ARG 25 R, T R TR A B A AR FH X 45 400 7= A 1 A i s o] AR

OB 8 4 B 1 ) KA B0 2 B R 5K SCH BT R 25 9 06 sh 30 DA SR B 3 A ek
AR N AR A R EESCURY b PhY R 35 B R [ 2 kK - DU AL pH (&
YIERTH 78 pH=7.0 MHF R, DUBUY) p 5 4 Ji BRI AR X AR L AR 9 v K ik - OB B i 44 pHL ()
FUETE 7.0—7.5, UL E 48 P 20 o B RHAR B 15 UE A BRI TH 1L R G FIE I R G0 T8 & SR
HER YD E S F (BSAF) SV 48 1 & 4268 71 2 IEAHSE, CA* FEAN R AL FEZE 7 d % 14 d
[ BSAF 1551 Ph™, R L PR IO Cd™ 1Y & AR RE Tt PH™ T8, X — 25 SR 5 X B A 45 I BiF o 45 S —
P AN IR A B FAET 14 d YUB T Cd¥ R P B AR i I 7 d AR 33X AT BE SRR IS4 A W RN
PSR ZEA X IRABE A 7 d i 1:2 LI DL AL 14 d (9 3 RIS LA BRZE b PO B AE SRS T
Cd™ i HEEREAMET cd™ XAl e SE B0 Ph> Al Cd™ B4 A S0 IR AE 11 DL S 4 B A R A
5, Cd™ & A ik B w4 (B 2 2R P9 VR TS FERIN, P> IR/ AN 3 2 30 Ph™ & 4R O AR A 5|
AR B ARSI I, P> & AR B AR AR B TR ™ 4 il S K FR 4l U & T DT R
O BELAR Fsf ] R 30 050 ) T ORI R RO, | B SR /K R 0 AR 2508 3R | T 8 ISP R K IR B B i i 2, HA:
Wy B AR AL R P 4 1 B SR S A KB AR S R G T BRI, AR S Rl KA S RS
WA 22l 22 1) A B AR AR EIE SR, R NI T IR A EE 4 S T K A A 45 A B BR (1 R i LA R 5 3
H4a R Y S 22
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