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Table 1 The 2" ~* partially-folded fractional factorial
design of ten pollutants adsorbed onto the

sediments simultaneously
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2 01 -1 =1 1 -1 -1 -1 -1 L -1 1
301 1 1 -1 1 -1 -1 1 -1 1 1
4 1 1 I -1 -1 -1 1 1 1 -1 -1
501 1 -1 1 -1 -1 1 1 -1 L
6 1 -1 1 1 1 -1 -1 1 1 1 -1
700 1 1 -1 1 1 -1 -1 1 -1 -1
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9 1 -1 -1 1 1 -1 1 -1 -1 1 1
10 1 -1 1 -1 1 -1 1 -1 1 -1 1
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Table 2 The measured and predicted values of

cadmium adsorption capacity of the validation set

AE SeEef/(mg - g7') FIME/ (mg - g7') HAXHRZE/ %

1 0.782 26 0. 738 86 5.55
2 0. 867 12 0. 818 55 5. 60
3 0.681 4 0. 681 4 0.00
4 2.331 98 2.1375 8.34
5 2.010 76 1. 996 36 0.72
6 2.575 64 2.547 25 1.10
7 1.184 4 1.091 0 7.89
8 1.807 2 1.663 4 7.96
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B M/ (mg - g”') B/ (mg - g™") MIXFRZE/%

9 2.263 49 2.215 41 2.12
10 1. 039 06 0.991 55 4.57
11 1.117 6 1.099 3 1. 64
12 1.771 94 1.784 33 0.70
13 0.978 72 0. 952 56 2.67
14 1.308 5 1.2339 5.70
15 2.828 6 2.828 6 0. 00
16 2.442 8 2.388 7 2.21
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Fig.2  Relativity between experimental and predicted values

in of cadmium adsorption capacity of the validation set
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Table 3 The predicted results of partial fold-over design

80 Bk TR (mg - 1)

k4

| 1 FH{E
1 1.2518 1.246 2 1.249 0
2 0.880 2 0.861 7 0.871 0
3 1.636 9 1.632 7 1.634 8
4 1.430 1 1.4251 1.427 6
5 0.308 7 0.309 4 0.309 1
6 0.540 0 0.540 0 0.540 0
7 2.0222 2.018 5 2.020 4
8 2.3320 2.3278 2.3299
9 1.016 4 1.0217 1.019 1

A A B (mg - ')

A i I T
10 1.8959 1.893 1 1.894 5
11 1.144 4 1.147 1 1.145 8
12 2.350 5 2.352'1 2.3513
13 0.736 8 0.738 6 0.737 7
14 1.092 4 1.087 7 1.090 1
15 0.7212 0.718 6 0.719 9
16 0.769 2 0.774 2 0.771 7
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Table 4 Analysis of variance of the main effect and the
second-order effect of the pollutant facts concentrations af-
fecting cadmium in the sorption of heavy metals and pesti-

cide system

3 A SeqSS AdjMS F P

F RO 10 26.6263 2.5684  39.31  0.000
TR EZN 30 12.0220 0.4007  6.13  0.000
B 2ER 2 54 3.5280  0.065 3
AL 6 3.2190 0.5365 83.34  0.000
ali R 2% 48 0.3090  0.006 4
it 95 45.626 3
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Fig. 3 The fit test of the model of ten pollutants

adsorbed onto the sediments simultaneously

M 4 W7 Z 0 A G R o , RO 5 &2
GNP EHR R E K- 0. 05 ZRIRZ Uil
ARSI ol DR 5 J8E 000 A [ 52 FL A
PR EXRAETIRRY) W M B 5 e Ah,
FEIB N 37 B SC 5 T, 73 B IV 114 73 38 1R 51
Liab e W AOL INRIERERTE S A Db e Ry V|
e BT, gk 4 Hp, BEE KPR T 0. 005
(1 9 S AN ) 24 G5 F ——FF x ES R = i x
AR IR VB > BTRERE I = SR > BRI A x B =
BATRFRLHE x CHRLBR R | ¥ x B8 = EAUBLRE x AR AR

RS BITRYETFIREXTR M E R DH
FRER M ZERR G ITHE
Table 5 The estimates of the main effect and the second-or-
der effect of the pollutant facts concentrations affecting cad-
mium in the sorption of heavy metals and pesticide system

EN 4 B B

TR e GEm) me
W 1.759 8 0.868 5 0.03195 0.000
X4 -0.100 9 -0.1009  0.03195 0.003

il 0.0662  0.033 1 -0.0122  0.03195 0.305

b 0.1059  0.0529 0.009 1 0.031 95 0.103

i -0.2445 -0.1223 -0.0033  0.03195 0.000

f 1.2079  0.603 9 0.003 9 0.03195 0.000

fa 0.1361  0.068 1 -0.0003  0.03195 0.038

BIRERIEE 0.1112  0.0556 0.014 2 0.03195 0.088
DR -0.1632 -0.0816 0.085 4 0.031 95 0.013
B 0.0137  0.0068 -0.0111 0.03195 0.831
SRR 0.0522 0.0261 -0.0768  0.03195 0.418
R 0.1018  0.0509 0.014 1 0.03195 0.117

i x BF -0.1604 -0.0802 -3.960 6 x10~> 0.03195 0.005

Hlx® 0.1391  0.0695 3.4335x10°°  0.03195 0.015

Ml xHE 0.2573  0.1286  6.3527x10°°  0.03195 0.000
#0072 0.0386 1.9055x10°° 0.027 67 0.169

Bl x BRI 0.0404  0.0202 5979 1x107°  0.027 67 0.469
Bl x DHIEEEE 0.0314  0.0157  4.6535x107°  0.03195 0.625
Hil x $hEEH 0.0792  0.0396 0.000 1 0.027 67 0.158

B x R -0.0534 -0.0267 -7.9082x107° 0.027 67 0.339
B xR 0.0880  0.044 0 0.000 1 0.03195 0.174
BExBY 0.1467  0.0734  3.6233x107°  0.02767 0.010
BExHE -0.1307 -0.0654 -3.2277x107° 0.03195 0.046
BExH 0.0588 0.0294 1.4516x107° 0.027 67 0.293
BEx BRI 00354 0.0177  5.2509x107°  0.027 67 0.525
BEx DR -0.308 6 -0.1543 -4.5715x10~° 0.031 95 0.000
BEx MBS 0.0526  0.0263  7.797 8x107°  0.027 67 0.346
BixHE o -0.1842 -0.0921 -4.5479x107° 0.03195 0.006
Brx B -0.0561 -0.0280 -1.3850x10~> 0.027 67 0.315
By x PIREREEE -0.133 6 -0.0668 —-1.979 0 x10~* 0.027 67 0.019

i x LRETHE 0.1088  0.054 4 0. 000 2 0.031 95 0.095
i x 0.2109  0.1054 5.2064x107> 0.03195 0.002
B x PERIE 0.2749  0.137 5 0. 000 4 0.031 95 0.000

B x DhiBi#E -0.2065 -0.1032 -3.0592x10~> 0.03195 0.002
M x MR -0.1615 -0.0808 -2.393 1x1073 0.03195 0.014
B xR 0.3721 0 0.186 1 0.000 6 0.031 95 0.000
BxHHEA -0.0665 -0.0332 -9.8470x10~> 0.03195 0.303
Bx DRI pE -0.2194 -0.1097 -3.249 7 x10~* 0.03195 0.001
BT R X
DB
HRL BRI x
FhEE
TR x
IS S
LB x
FRER

T IR 2 KPR T 0. 005 £ A5 58— B 38 HLALI

-0.2608 -0.1304 -0.002 3 0.03195 0.000

0.1073  0.0536 0.001 0 0.031 95 0.099

0.1973  0.098 6 0.001 8 0.031 95 0.003

-0.0686 -0.0343 -6.0973x10~* 0.03195 0.288
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66. 44% FEARE 57. 49% , i B4 W& i i A
T RN N B S8 L AN BT R 33, 56% 1 i 5]
42.51% 5 FLyk vk B 35508 A B R4 B2 kR f
29. 24% REARZE 23. 60% , 156 B JEL AT DR S 5635 111
24 3t R 43 i e A RN A T PR 4 DR DA R A
PUVEFT s B 5 ELARONE (45 BT VR o s B /e )
FL 8l 73. 27 % ¥E 2 81. 25% , 397 70% LA L7k
S 1 B X 4 R R E DA A P S S PR
YERR B 15 400 — B S8 B . BLAh, il B
1R A0 N 5 = 8 e A R N D s g s R 2 =
THRLER IS I B T2 R000 S 2 511 B 28 B R
BAETURR A R B 1 5 P TR R e 8. 97% K
W30 2 22. 67% , L WA PRS2 86 B30 & R 115
8 F A PR DR X R E DR L R B A
b, FR AT DA WT IR BT D B B ) A7 T X 1 AT
BB T — A E A

F6 JMRENRY ERRME R ZEH A EFRigE
Table 6 The contribution rates of the facts with
a significant impact to cadmium adsorption
onto the sediments
e k%
B GEhEFESERE) [ GBS IER)

e WitE B R B g
WM M
At -0.244 55 5.92% 4.78%
i 1.207 89  29.24% 23.60%
L] 0.136 12 3.30% 2.66%
R -0.163 25 3.95% 3.19%
i) x B -0.160 10 3. 88% 3.13%
i x g% 0.138 81 3.36% 2.71%
il x 58 0.256 00 6.20% 5.00%
B x it 0. 146 37 3.54% 2.86%
(23 -0.132 19 3.20% 2.58%
S x QR TR -0.308 54 — 6.03%
e x kg -0.184 23 4. 46% 3.60%
B x PRI -0.133 28 3.23% 2.60%
I X%% 0.21164 5.12% 4.13%
55 x Bl 0.275 39 6.67% 5.38%
5 x SR i -0.207 30 5.02% 4. 05%
‘%?]XTF#‘—{% -0.161 32 3.91% 3.15%
xR RR 0.372 09 9.01% 7.27%
8 x DR RS -0.219 80 — 4.29%
T
SH -0.261 60 — 5.11%
B
2 0.198 75 — 3.88%
E'TI" 5.11922  66.44% 33.56% 57.49% 42.51%
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Characristic of Competitive Adsorption between Cadmium and a Variety of
Pollutants Based on Fractional Factorial Design ( Resolution IV)

MA Duan-chao', Gao Zi-ting”, CHENG Bing-chuan’, ZHAO Wen-jin'*, WANG Meng’, LI Yu’

(College of Environment and Resources, Jilin University' , Changchun 130012, P. R. China;
Resources and Environmental Research Academy, North China Electric Power University? , Beijing 102206, P. R. China;

Division of Laboratory and Equipment, Jilin University’ , Changchun 130012, P. R. China)

[ Abstract] In order to reveal the characteristic of composite contamination by heavy metals ( copper, zinc,
lead, cadmium, nickel) and pesticides (atrazine, malathion, prometryn, dimethoate, metalaxyl) absorbed onto
the surficial sediments, a partially fold-over design predicted by BP neural network and block design assisted reso-
lution TV of 2'° 7 fractional factorial design is used to identify the main effects and interactions of these ten pollution
factors in levels. The study found that the aliases of second-order interaction effects related to objective pollutant
cadmium can be distinguished effectively after the resolution IV of 2'°~ fractional factorial design was partially-fol-
ded. The main effects of factor cadmium and factor nickel, as well as the second-order interaction effects of cadmi-
um X dimethoate, cadmium X atrazine, copper x cadmium, cadmium X nickel, malathion x dimethoate, zinc x lead
and copper X lead, have significant synergistic effect (o0 =0. 05) to cadmium adsorption on the sediment ; while the
main effects of factor lead and factor malathion, as well as the second-order interaction effects of zinc X malathion
atrazine X malathion, nickel x malathion, cadmium x malathion, lead X cadmium, cadmium X prometryn, copper x
zinc, lead X atrazine and zinc X cadmium, have significant antagonistic effect to cadmium adsorption on the sedi-
ment. The main effect of cadmium in levels has a contribution rate of 23. 60% for synergistic effect to cadmium ad-
sorption on the sediment, while the main effect and the second-order interaction effects of malathion in levels have
a contribution rate of 22. 67% for antagonistic effect to cadmium adsorption on the sediment. Moreover, compared
to the original design without low-level partially fold-over, the contribution rate of synergistic effect to the objective
pollutant adsorption on the sediment decreases from 66. 44% to 57. 49% , while the contribution rate of antagonistic
effect increases from 33. 56% to 42. 51% , showing the significance of second-order interaction effects without alias
structure in the composite contamination.

[ Key words] cadmium heavy metals pesticide surficial sediments composite contamination

fractional factorial design



