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THHE PRELIMINARY EXPLORATION OF THE CHARACTERIS-
TICS AND MECHANISM OF MUTAGENESIS AS CADMIUM
(Cd.), CHROMIUM (Cr.), ARSENIC (As.) AND LEAD (Ph.)
ION EXISTING ALONE OR ALTOGETHER

Jin Zhiyu, Ma Songke, Yang Rudao, Yang Yungang, Liang Yabo
Yunnan Provincial Health & Anti—epidemic Center, Kunming 650022
Abstract The mutagenic activity of Cd., Cr., As. and Pb. ion existing together is less
strong than that of Cd. Cr. and As. ion existing together. The mutagenic activity of Cd.
Cr. and As. ion existing together is less strong than that of Cd. Cr. As. and Pb. existing
alone respectively. There is an antagonism in the mixing of several ions. The mechanism
of this may related with the reduction of concentration of ions. At the same time we
explorated the safety of maximum acceptable concentration of ions mentioned above in the
standard of surface water based on antigonism.

Key words ion; existing alone or together; mutagenicity

i T LAk R4 T8 2 vk, A= 30 88
o FERORI AR A H T S B K 2E A RAR
S AR K BEA AR R AT GUEAT K, T
S 2 LR RSB AENFEM B Al
HO, K B F RS AN T B
H A . A SOR AT 4 SRR A R R W
B REZK G o B YA A AL AR IR
254 FI 0 A AT S F AT X UL JE 4T
IR, VR MU 7K L d R IR
HE (¥ 22 G2 VRSB 75 Bl () WG DO

HEAE

1. BeaE g Ac

1.1 RFRFHEH IR TR H
(Cd) 0.,0.0050,0.0125,0. 1250, 1. 2500,
12. 5000m nmol/mL; 4% (Cr) 0.0. 0083.0.

0208.0. 2083.2. 0833.20. 8333m nmol/mL;
W CAs)  0.0-017.0.042.0.417.4.167.41.
667m nmol/mL; &} (Pb) 0. 0. 0250, 0.
0625.0. 6250,6.2500,62. 5000m nmol/ml.,
1.2 WA NIRRT k.
Cd 0. 0050.Cr 0. 06083, As 0. 017m nmol/
mL, £ F 0. 0303m nmol/ml.:Cd 0. 0125,
Cr 0. 0208.As 0. 042m nmol/mi., L # T 0.
0753m nmol/ml.;Cd 0.1250.Cr 0. 2083, As
0. 417m nmol/ml, $X ¥ ¥ 0. 7503m nmoi/
ml.; Cd 1. 2500, Cr 2. 0833, As 4. 167m
nmol/mL, & ¥ F 7. 5003m nmol/ml; Cd
12. 5600, Cr20. 8333, As 41. 6A7m nmol/
mL; £ F 75. 0003m nmol/mL
1.3 PO 1A B im MO 1 A
Cd 0. 0050, Cr 0. 0083, As 0. 017.Pb 0.
— 5 —



0250m nmol/mL, £ & F 0..0553m nmol/
mL;Cd 0. 0125.Cr 0. 0208.As 0. 042,Pb 0.
0625m nmol/mL, & F 0. 1378m nmol/
mL;Cd 0. 1250,.Cr 0. 2083, As 0. 417.Pb 0.
6250m nmol/mL, £ & F 1. 3753m nmol/
mL ;Cd 1. 2500.Cr 2. 0833.As 4. 167.Pb 6.
2500m nmol/mL, & & F 13. 7503m nmol/
mL ;Cd 12. 5000.Cr 20. 8333.As 41. 667.Pb
62. 5000m nmol/mL, & B F 137. 5003m
nmol/mL,
2. WG

FRBETY BT etk AR R AL A

R B OGRPHEFT. 51070 it 4 fd
M(EBFREEGK 6 FME, fHRHER
8 2000 A W] U140 M, 4% PO AT 4
¥,

3. BEMhHEHBFRIEMES®

3.1 Cd X Pb JTFBRWBSICICH B

3.2 Cr BB 66

3.3 AsDDC—Ag 4HGXHEE8:

% R
1. Cd.Cr.As.Pb - F IV EAEH
Gk D

Tab. 1 Mutagenic elfects at the time ol single existence of 4 kinds of ion

Cd Ce

As Pb

Dose® The frequency**
with MN cells (Xc)

Dose The frequency

with MN cells (Xc)

Dose The frequency Dose

with MN cells(Xg)

The frequency
with MN cells(Xg)

0 2.82 0 2. 82
0. 0050 9. 95 0. 0083 6. 87
0. 0125 17. 66 0. 0208 14. 34
0.1250 20. 92 0. 2033 18. 47
1. 2500 32. 81 2. 0833 30. 61
12. 5000 7.79 20. 8333 8. 80
re=0. 8252 r=0. 8635

tr=2.530 r=2. 965

P<<0. 05 P<0. 05

0 2.82 0 2. 82
0. N7 7-37 0. 0250 9.13
0. 042 15.59 0. 0625 14.83
0. 417 15.93 0. 6250 20. 98
4. 167 33.69 6- 2500 32. 61
41. 667 6. 67 62. 5000 5.50
r=0. 9062 r=0. 8510

tr=3.712 tr=2. 807

P<0.05 P<0. 05

# . A unit of dose; m nmol/ml., #» #. The frequency with micronucleated cells (%), MN=Micronucleus

The units in Table 2 and Tahle 3 are the same as the units in Tablel

2 17R,Cd 178 4 0-1. 2500m nmol/
mL P, B MR T, B WA R —
BN X#&. Cr (i fit{L 0-2. 0833m nmol/
mL 4, AR TH, S B HfRt—
BENXE. As I % 0-4. 167m nmol/ml.
WL RO BB THS BRI B Al Rt ——— BN
X % .Pb (5 B 4F 0-6. 2500m nmol/ml. 14,
PSR S M T, RUWT S 0 A hE—— B X
. BCAAMUTEE 12. 5000m nmol/ml..

— 6 —

Cr AT & 20. 833m nmol/mL, As (¥ 7]
FHAFE 41. 667m nmol/mLL . Pb ¥y F T+ &
62. 5000m nmol/mL It} , §54% AU FRE, $
IRTEYEN T AL EE,
2. Cd.Cr.As3 BFILHFINER AT (K 2)
L 2RIHFHRARD, ORFHREA
0-0. 7563m nmol/mL N, 8% 4 M & 7+,
Y BMAMAt— RN R, Y0 FRIE
Tt & 7. 5003m nmol/mL K LA b, % il
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Tab. 2 Mutagenic effects at the time of existence together with 3 kinds of ion

The ion concentrations in mixed liquid

The frequency with

Ccd Cr As total amount of the ion MN cells (Xc)

0 0 (4] ] 2. 82

0. 0050 0.0083 0. 0170 0.0303 S. 54

0. 0125 0.0208 0. 0425 0.0753 10. 32
0.1250 0. 2083 0. 4170 0. 7503 17. 39

1. 2500 2. 0833 4.1670 7.5003 —

12. 5000 20. 8333 41. 6670 75. 0003 —

r=0. 9128 tr=3.161 P<0. 08

3. Cd.Cr.As.Pb4 B FIFHAFLER

(FEIPD
BITRABTFREWP, AR FREL

0-13. 7503m nmol/mL B, MIENE E A F,

EHNBNHAR—RENXR. Y08 FRE
F+ E 137. 5003m nmol/mL &, $¥ 4% 40 M K
TR EBRGFHERTHETH.

Tab. 3 Mutagenic effects at the time of existence together with 4 kinds of ion

The ion concentrations in mixed liquid

he frequency with

Cd (o As Pb total amount of the ion MN cells (Xo)
[} 0 0 0 2.82
0. 0050 0. 0083 0.0170 0. 0553 3. 62
0. 0250

0.0125 0. 0208 0. 0420 0.1378 5. 94
0. 0625

0.1250 0. 2083 0. 4170 1. 3753 6.24
0. 6250

1. 2500 2.0833 4.1670 13. 7503 11. 87
62. 5000

12. 5000 20- 8333 4]. 6670 137. 5003 4N

r=0. 9333 tr=4. 502 P<0.05

4. Cd.Cr.As.Pb HF_FSRFNFEEE
A BTELERGEGE O
RARIIBFEABPEHEFHMA
HREFHAERM 1. 21-5. 80 0, HiBEAHE
FB O 5 R S A T AR AT IG YR 61. 8-
81.5%. s BHIFRABP LA FMA AR
HFFA BN 2. 20-10. 94 £5M, FHIFEAT AN
WAL EFHEEEHEN 23 4-27.
8% .4 BTRABPLHFHRANIHF
R 1. 79 503, RBEAHEHAEER R 3

BT REGHBELRERERN 29.7%.

5 BRAWPHEFURHME. NEEALHE
BB 5

HSRIBFRAMP . EHFHEE
ERGE LR A K B FREY
MR IF MR ERI HAEFREN
MBI K FRiIFHXiR%E. « BFREAE P,
FEHFHEHESRHE LB HITRK,
HMAHR2EH KT IR R AR 25, 82
AREWPRERTFHREMFERTEN.



Tab. 4 The comparison of mutagenic activity at the time of existing alone

and together of ion

Factor proportion

Dose proportion

Activity proportion

3 kind of ion; single ion
3 kind of ion, single ion
4 kind of ion, 3 kind of ion

1. 21-5. 80:1 0.618-0.815:1
2. 20-10. 941 0.234-0. 278:1
1.79:1 0. 297.1

Tab. 5 results of ion concentration determined in mixed liquid

Compounded sulue

Determined value

Ions (m nmol/ml.) (m nmol,/mL) Relative Allowable
error( %) relative error (%)
R X R X
Mixed liquid in 3 kind of ion
Cd 0.0050-12.5000 2.779 0-0. 833 0. 363 -87.0 20
Cr 0.0083-20.8333 4.631 0.008-13.333 3.108 -32.9 15
As  0.C170-41.667C 9.262 0.017-40.867 9.0S6 -1.8 15
Mixed liquid in 4 kind of ion
Cd 0.0050-12.5000 2.779 0-1.090 0. 231 -91.7 20
Cr  0.0083-20.8333 4.631 0.007-9. 900  2.321 -50.0 15
As 0.0170-41. 6670 9.262 0.017-20.900 4.645 -50.0 15
Pb  0.0250-62. 5000 13.893 0.005-42.500 8.513 -38.7 20
it i B F IO O e R AN R A T vy 0
I Cd.Cr.As.Pb BFBAFLICHEALN /N TF A DA AT V1 0 WL G ).

Jjifik 2

MR ERCGE 1.2. D LT H,Cd.
Cr.As.Pb & F K BT 5 ILLr 0, 3 %
SRR RN . ILEEEAIMEE
R MAFN BN KF Cd.Cr.As3
FILHER BT ENF A F Cd.Cr,As . Pbyq
BFILEM I EEN M. 3 AFILLFE A
FHMUKTF 4 BFILArM A TEE.
2. BTN ERE VLTI

KRR L IR EY, B IAEKR
PEMAER R, S AN
2 SRR R IR 1
B35 W SE T A0I NG R N7 1 EAR SRV I8
Cd.Cr.As B§F 15 Cd.Cr.As.Pb B F ¥ 4%
G EEE RIS BUEN Ik 3 % F R4

g —

LU A 5 M O b e B F IR BRI
X3 BFRAW P, Cd HFRUEMKAL 87
0%.Cr RETE 32. 9% 4 B FIRAWP.CA &
FHBREM 91. 7% Cr. As B F I % 1%
50.0%,Pb B F WA IF MK 38. 796 (K 5). 1E
TR WA e IR, 4 BFRA
1 CdCr . As BFHIM T AT 3BF
A RO RN B T 0 I, e
& IRRMHOGAEE R YE KD B
R, b2 Yt b SRS BOAE Ry DL R AL
), MATVFZ BT RABFIE .
3. ik} Cd.Cr.As Pb I & i B &
L¥ER 8

M E R W ,Cd.Cr.As.Pb 7K ]!
AR, 24 Cd B Cr (3 KSR iy 7V



B Cd 0. Olpg/mL A 2% F 0. 0050m nmol/
mL,Cr 0. 05pug/ml. #124-F 0. 0083m nmol/
mL.As 0. 05pg/mL H12% F 0. 017m nmol/
mL 8% 83 S AT BL 0. 04pg/mL . Pb O.
05ug/mL #24F 0. 0250m nmol/mL KT fik
BRVEIRE 0. lug/mL B, -G WS4 I 6%
BEBRAEIS AN MHaEL LB EREE
ﬁ (X.(Z:d-l. ol 1XZ}-1-70 ’thl-z- 04 ’Xlz’b-ﬂ. JSP ﬁj )0‘
05, XM LEMMmAKPIMEN LR 4 TEM
BRAFRENFREER MR REN. X4
F5R 4 CRMERE R T RSV 1.5 4%
fif (Cd 0. 025pg/mL 424 F 0. 0125m nmol/
mL ,Cr0. 125pg/mL H124F 0. 0208m nmol/
mL,As 0.125ug/mL #34-F 0. 042m nmol/
mL, Pb 0. 125pg/mL M 24 “F 0. 0625m

nmol/mL, M & AR RAMBHEEBESRT
X‘jﬁaﬁ X&—IO.BG’ X(231—1. 84 1Xi--a.94 ,Xlz’b-& 25 P
$9€0. 05), P 4= AR , B sL L U R ERT B
fITHEA K 4, LUBl 1k 3 T K oo 2 3 4 B
AL A R0 J R A VPR BE

£ERW
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