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A new matrix solid-phase for heavy metal ion

extraction and residual testing

GUO Ming, WU Xiao-peng, SUN Dong-hai, ZHOU Jian-zhong, ZHANG Hua
(School of Sciences, Zhejiang A & F University, Lin’an 311300, Zhejiang, China)

Abstract: Chemical modification of chitosan combined with characteristic bentonite was used to prepare new
matrix adsorption and functional materials with a subsequent columnar extraction tube being designed and pro-
duced. Then, the new matrix solid-phase dispersion column was packed and prepared. With an orthogonal ex-
perimental design, metallic ions, used as prior indicators in Carya cathayensis leaves, were analyzed. Sepa-
ration efficiency of the new matrix solid-phase dispersion column and relevance of the heavy metal ion residual
content between leaves and fruit were determined using atomic absorption spectrophotometry. Results of the
atomic absorption spectrophotometry showed that compared with classical methods, the new matrix solid-phase
extraction column separated heavy metal ions in pecans showing a dependent relationship in leaves for heavy
metal ions of Ni** (91.1%) and Cu** (77.8%) and in fruit of Ni** (89.1%) and Cu** (76.9% ). These results
could provide a reference for studying solid-phase extraction technology and residual relevance of heavy metals.
[Ch, 2 fig. 7 tab. 22 ref.]
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Table 1 Factors and levels of orthogonal experiment

K
A SRR LL/ (gig) B YL 9 1/ (mol - L) C BRI it /mL
1 1:3 0.1 30
2 1:4 0.2 40
3 1:5 0.4 60

mL AREM T 100.0 mL 25, @4, SRR TR O RE T WO e 2 il 5 4 8 s - vk i —
WO EE AR E M2 . B 1.2.4 rhodr 28U 5 0T [ R A5 UM 43 B8 I U BV A 100.0 mL A i, A, % Lk
T W e WO B, IR A d AT TR AT, AR A R T R A O B A T A
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Dy iR TGE T Ee DA 56 T0F T 76 35 J5 [ R A BORE 9 58 R BT AR

2 R 54t

21 EERBTRAEHLKIERKEXRESW

TC ) FCAS [ J5 e 9 32 P e v 8 1 (NG2) P 8 1 (Cu ) VAU, ME WO BE, DL RE ik B2 D B AL
WG MPALAR, AR ER L A& 1 B, PRk I 5 #5175k 2,

M1 K2 i AARMEM LT R Lotk RAF, Al b v il 2 05 R e M B R g 1 (NG>) A 2 1
(Cu™) 41 B Joi e e 2
2.2 HBYE BB HE 35 BUAE UR B 300 2R B ik B S SR il ik

BB T (NP R 5 1 (Cu) A AR HETR 5 ¥ W LA E G A, Al TR VA WL DR M = Wi it ¥, SR T AAS
TIEMEWOLRE , HAAH I G R B A h, FET R R RCR R R, AR 3,

0.0351  1=0.06091x+0.002 64 0.05 7 3=0.08737x+0.002 32
0.030 SD=0.000 36299 SD=0.000470 16
_ ' r=0.999 59 _ 0.04 - r=0.99967
~ 0.025 n=6 = n=6
P<<0.000 1 = | P<<0.0001
5 0.020 & 0
R R
'3‘ 0.015 = 0.02
0.010
0.01
0.005
! 1 1 1 1 ] L | | | | |
0 01 02 03 04 05 0 01 02 03 04 05
NI WKL p /(mg-L ™) Cu™ ¥ I K & p /(mg- L")
B #ET (Ni*) AR & T (Co®) Bk An ok w2k
Figure 1  Standard curve of Ni* and Cu* heavy metal ions solution
®2 RET(NP)MEETF (Cu»)irfERiR&MERIRTTE
Table 2 Linear regression equation of Ni* and Cu* standard solution
TR PRUE L/ (mg-L™) [l )5 75 LEESEi4
Ni% 0.100 0~0.500 0 A,=0.060 91C,+0.002 64 0.999 6

Cu* 0.100 0~0.500 0 A=0.087 37C+0.002 12 0.999 6
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Table 3 Absorption and elution rate of the new matrix solid-phase extraction column for Ni** and Cu* solution

HERET WA W/mg BRI KIS R A /mg S PRYEME /mg e B % R % Ve AR %
Ni% 0.012 00 0.001 10 0.009 30 90.830 0 77.500 0
Cu* 0.012 00 0.000 73 0.009 10 93.920 0 75.800 0

13 3 AT IR B 5 (Ni>) A B8 5 (Cu®) 780 W 2080 L Rk T [ R 28 JRORE i | 4 I I B 3 8 R
0%, ZERHPRFWVENL, 2 FE G Jm B TPl R Wik 3] 70% LA L,y kg nl 455 24 0 By 5 J5t 2 RE A4 R XS T
PR T (NP, 7 (Cu®)SF B RIFA WM RCR , SEBRBART 8, @ E | e T a1k R4,
23 HMBEEREHAERHRERNEEEETHNERIBER

R ISORHAC L | SR IR) M B S U DR R R R D ER s AAS I 7 R 28 U R A IBORE B M A e
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Table 4 Lo(3*) orthogonal table of Ni ion experiment and analysis results

Jrs SR L (g 2 g) VEML A E/ (mol - 1) DML 4 /mlL A% B A AR 5 (Ni*) /mg

1 1:3 0.1 30 0.003 010

2 1:3 0.2 40 0.003 310

3 1:3 0.4 60 0.005 564

4 1:4 0.1 40 0.003 114

5 1:4 0.2 60 0.007 936

6 1:4 0.4 30 0.010 020

7 1:5 0.1 60 0.005 770

8 1:5 0.2 30 0.011 650

9 1:5 0.4 40 0.015 440

K, 0.011 880 0.011 890 0.024 680

K, 0.021 070 0.022 900 0.021 870

K; 0.032 870 0.031 020 0.019 270

ky 0.003 961 0.003 963 0.008 227 0.007 312 = 0.004 333
k> 0.007 023 0.007 633 0.007 289

ks 0.010 960 0.010 340 0.006 423

R 0.006 999 0.006 377 0.001 803

MNE 4RI B Oks>k>k; Qks>k>k; @k >k, >ks, WL, kR E S EEE T
(NP, & ERAAE T 2400 ABCy, BIFRMEC He=1:5; VeI EE=0.4 mol - L7 e FH #=30.0
ml, 2250 AT A BRI, 3 R 2R e R i I Ay SR R B > o8 58 ) e B > e 500 )

WS HTUE . Oks>k, >k Qks>k, >k Ok >k>k,, HIL, (NN E LR E T
(Cu™ )28, BHERAET 2K ABC,, VR =1:5; PRI E=0.4 mol - L™ ¥R FH#=30.0
ml, W22 AE SRR, 3 B e i Y Ay JEOREFC BL > e 5 ) v B > e R
24 WEMRIELEETARBSEXESM

SR P 70 66 I 361 R A O O 8 e T2 A R A B I R B SR 52, T IR A 43 016 ' B I 2 I O
THRBR B (N, HE T (Co®) AR AR, W, -7 AR K SR 50 vh i 4 I B8 7 5% B OGP 4T
ZER LR 6 LK 2,
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Table 5 The Ly(3*) orthogonal table of Cu® ion experiment and analysis results

Jrs SRR (g0 g) VERE I L/ (mol - 1) YEBLH /(L) IR J o 4 7 (Cu™)/mg

1 1:3 0.1 30 0.002 587

2 1:3 0.2 40 0.004 822

3 1:3 0.4 60 0.006 858

4 1:4 0.1 40 0.004 189

5 1:4 0.2 60 0.012 690

6 1:4 0.4 30 0.009 890

7 1:5 0.1 60 0.007 347

8 1:5 0.2 30 0.016 920

9 1:5 0.4 40 0.017 880

K, 0.014 270 0.014 120 0.029 400 0.009 242 + 0.005 528
K> 0.026 770 0.034 430 0.026 890

Ks 0.042 150 0.034 630 0.026 900

ky 0.004 756 0.004 707 0.009 800

k» 0.008 923 0.011 480 0.008 963

ks 0.014 050 0.011 540 0.008 967

R 0.009 294 0.006 833 0.000 833

x6 WEMRIHDEEEREF (N>)FESEF (Cu*)WEABRERXEKEST

Table 6 Residual content of Ni**, Cu* ions in the pecan fruit and the analysis of correlation

BRET RS G Jm B/ (mg-g™) I AZ M-SR S92 T G 28 1 A S R R KL
Ni* 0.000 462 (+0.000 231) y = 5.406 73x10™ + 0.260 82 «x 0.885 6
Cu* 0.000 671(+0.000 275) y =0.003 92 + 0.222 79 x 0.845 3

HI P 2 AT ARG SR S92 B s 1 (N B o LR I PR B 1 (NP BE B 2.9% 5 IR B R 52
B 7 (Cu) B8 5 AZ Rk R 8 1 (Cu™) BB 3.7%; [WIIRE, 23 BiH I A S TR RE s Ll A Bk 1y 5 2R
STRYBRE T (NP, B B 7 (Cu) Sk B i A A S 0 i, i3 6 Jr R ml L. I RWE SR SE b B B 1 (NV™),

il B (Cu®) it 5 M TP LSS 1 (Ni>), i B
(Cu?*) H WYAH G R % r 2000 4 0.885 6 Fil
0.845 3, HMt M, BRES T (N, W T
(Cu*) W] BE B % 25 0 09 1% S 4 0k AR 52,
TER SRR R, AEAE— 2 1Y 5% B ORHK 1
25 HMEBEEREHEZEIEXA, FIEERIE

SR 2 W5 AT B 1 (N ) A 5 (Cu™)
HIBATROCEEME , 7 FRE 0300 3, 03006,
0.300 8 g M 5 0.300 1, 0.300 4, 0.300 6 g
LT AT, FEAR/INEEAS . BT
IR, W, 454G 2.3 77 R F L 3 i [
AH A2 BURE S5 A 20 45 10 D 8 2 - (N2 ) R4

Cu* (D)

[ Ni* @) 0.017 920
P | 0.015 650 Y
'?DO.OIG =
=11}
E0.012}
5 0.008
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= 0.004 \'{]/f»l) Cu™ 0
0.00046 0.000 671
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Figure 2 Relation analysis of residual content of heavy metal ion group

in Carya cathayensis leaves and fruits

BT (Cu™) SR SR, 0T HE I 8 TR 7 25 5 o [ AR 28 ORE 0 M T 8 7 T 5 B, BAREE R LR 7,
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Table 7 Comparision with content of heavy metal ion between the classic method and MSPD method

415 TomET 27 (mg- ™) I 5 8 A AS URE/ (g - 7™)
Ni>* 0.021 870 0.015 444
]
Cu* 0.026 460 0.017 880
I\ 0.000 780 0.000 460
4l
Cu* 0.001 150 0.000 670

22 7 TR HL B B il A . T R U [ A AR R JIT I A5 1 i 2 RS S A R S (N2 43l h
22 LT AR 91 1% 1 77.8% 5 A T8 Jk I [ AH A BRUHE e I 45 1) I R 2 0 2 S 21 rp ] 25 - (Ca®) 43 531k
T AR 1Y 89.1% M1 76.9% . 5 SCHRHR & [ AHZE BT ¥ T 2590 43 A1 . IR S5 A 245 5% BA A DU 45 485 L LE
B, RORESE R 1 B R I I AR A IORE 43 B T 4 S B AT AT, WA R P A S ) A
Ko A TAERIE A8 8 MSPD Ab B 4 & B T R AL 7] B8 225 & VE AL (AR B . BROAHI B, 2 22
$25), Wl REA S B RIS, X - NRERATERELEEIEN T, AR TESEIFREAR
WFoE TR,

3 it

A 388 2ok AP R S S 5T D RE A R Bk 18 (Cyg ) VI P 20 26 5 KL I BRF S I, B0t e 2oy B AR A, b
] 5 A L R o [ AR AR IBORE AR AL 1 B0 AR S B A A — S IR RO R B, LA B I S i
WE R Yy, 0 R Y R o [ A AR IURE TUAR BRI R, 2 T TR o [ R AR HORE S IUCEE 4 e 1 2 0 D bk
AE, FE TR X LA M R S T 4 J 1 1k P OCTRVERIE 5T, ) I AR P 48 e 5y ) i 28 e ot 1 A A JURE ) 4
Loy Bt SR b AT g, 7 DR (07 it - LA B B 4 R OB B T BRI &= . NP R85 RO, A
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