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A chitosan-based resin possessing the dithiocarbamate moiety (DTC-chitosan resin) was synthe-
sized using cross-linked chitosan as a base material. The adsorption behavior of trace metal
ions on the DTC-chitosan resin was systematically examined by packing it in a mini-column (1 ml
of the resin) and measuring the recovery by ICP-MS. The resin could adsorb almost 100% of 7
kinds of metals(Cu, Mo, Ag, Te, W, Hg and Bi) at pH ranges from acidic to neutral. However,
elution of these metals from the resin was difficult. In this study, we improved the recovery effi-
ciency by a pretreatment of the resin: the resin was added to 100 ml of a 0.1 M copper sulfate
solution, stirred for 24 h and washed sufficiently with 1 M nitric acid and water. With this pre-
treatment, metals adsorbed on 1 ml of the resin were readily eluted with 1 M nitric acid (10 ml).
This method was applied to the determination of metals in river-water samples; the RSDs (10-

fold preconcentration) were within 5%.
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Table 1 Operating conditions for ICP-MS (inductive-
ly coupled plasma mass spectrometry)

Instrument Seiko SPQ 8000H : Quadrupole type
Frequency 27 MHz

Incident power 1.1 kW

Reflected power <5 W

Plasma gas Ar 151 min "’

Carrier gas Ar 0.45 1 min '

Auxiliary gas Ar1.01min""

Sampling depth 10 mm from load coil

Sampling cone
Skimmer cone

Copper 1.1 mm orifice diameter
Copper 0.35 mm orifice diameter

2.2 B

)R, A HHERAEREROMEIZIE, 1CP-MS %
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CertiPrep Inc. ) K OV Wt 70 #r F HE 0 AR HE U v
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WML 7z, SHRIEO R E 4 O VR H 72K
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MFYOT I RE Yy THRE LTRELL. KOED
NRYZATNVTE FERY L 720, AW EFE8L, =¥
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40 ml N Z T 3WEREGE L7z, B EFEHL, =5 )
— WV ERTHMCEE L. 73 e RRET 572012
HIRT 12 W, 0.5 MIERE 1000 ml FTH < ITA L.
BONTZEREF Vv 2V F A ANNI VBELE  8
Mg DIt & LT 7.
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Scheme for the synthesis of DTC-chitosan resin
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Fig. 2 Acid-base titration curve of DTC-chitosan resin

Sample solution: DTC-chitosan resin, 1 ml; 0.1 M
hydrochloric acid, 2 ml; water, 28 ml. Titrant: 0.100
M NaOH. A: the inflection point of hydrochloric
acid; B, C: the inflection points of DTC-chitosan
resin; D, E: a half point of the each equivalent point
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Fig. 4 Adsorption behavior of trace elements at various pHs on DTC-chitosan resin

Sample volume: 10 ml; concentration of each element: 10 ng ml ™ '; resin volume: 1 ml.

Oxidation

numbers of some specific metals in a sample solution are as follows; Ti(IV), V(V), Cr(VI), Mn (1),
Ge(1V), As(IIT), Se(IV), Mo(VI), Ru(III), Rh(III), In(III), Sn(II), Sb(II), Te(IV), W(VI), Hg(II), TI(I),

Bi(III).
upper example of Cu.

Elements with small Fig.s were tested ones and each small Fig.s scale was represented by the
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Fig. 5 Recovery of elements adsorbed on DTC-chitosan resin at various pHs

The column conditions were the same as in Fig. 4.
M nitric acid; ll, 4 M nitric acid.
each elements ; @, blank level
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Table 2 Recovery of heavy metals on DTC-chitosan
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Table 4 Analytical results for trace metals in river

resin at pH 4 waters
Recovery, %" Found/pg ml "
Elements Standard Artificial river  Artificial river Element Direct by ICP-MS This method”
soln.” water (A)° water (B)? - -
Asahi Zasu Asahi Zasu
Cu 101.3 + 1.7 100.5 + 1.7 100.4 =22 River” River” River” River®
Mo 1003=15 100906  100.2=10 : — —
Ag 100.2 + 0.6 1011 % 0.5 1015+ 1.4 Cu 638 £ 41 1200 £126 660 =15 1193 = 22
Te 08.8 + 1.8 998+ 09 089+ 1.9 Mo 642 = 33 730 £ 38 648 = 11 715 €13
w 1016 = 1.1 996+ 1.1  100.4=25 Ag 8629 190=21 - 8l=2 1995
Hg 100.6 + 1.2 1006 £2.2  100.6 +13.1 Te 81=4 80=5 77E1 81:£2
Bi 100907  101.7+08 99.3 + 2.6 w n.d. nd. 101202 9.8=0.3
Hg n.d. n.d. 112 12£2
Sample solution of 100 ml was passed through the resin col- Bi 113 103 11.3+03 10.2+0.2

umn and metals collected on the resin eluted with 10 ml of 1
M HNOs. a) Mean values with = 0. b) The sample solution
contained 1 ng ml™ ' of each metal in 0.1 M nitric acid solu-
tion. c¢) The sample solution contained: each metal, 1 ng
ml '; Na, 20 ugml ' K, 10 ugml~'; Mg, 15 ug ml™'; Ca, 50
pgml™ . d) The sample solution contained: Cu, 500 pg
ml'; Mo, 500 pg ml '; Ag, 100 pg ml '; Te, 100 Pg ml W,
10 pgml™'; Hg, 10 pgml '; Bi, 10 pgml '; Na, 20 ugml " ';
K, 10 ug ml '; Mg, 15 ug ml ™ '; Ca, 50 ug ml .

Table 3 Blank values and LODs obtained by the pro-
posed method
Element Blank/pg ml ! LOD/pg ml™ o
Cu 360 10
Mo 13.3 0.6
Ag 125 0.3
Te 2.3 0.8
w 6.5 0.3
Hg 11 4
Bi 5.5 0.6

The sample solution, 100 ml; eluent (1 M HNOs), 10 ml.
a) Limit of detection, 30

MifE =% 10 f5 THET L7245 R & Table 2 1IR3, AL
K (A) WCRT I ICREFEEHERIE SN0 T, HEY
SR DO % FREOMNAKICE T NSRBI IR
WCFRHBL L CRIBROME; 24T 5 72. Table 2 ATk (B)
VRS & 91T, K Z B < 48 0 B QR AR 72 13
5% DINTH o7z, Lah->T, ARTIRINSEiRE
R DREBIIIZE AL W LDV o 7.

10 f5EHETOIF NN VEIIE N5 VRIS 5
DHLEPIZ X B ICP-MS 7E &= O 22 5B & Bt BR il %
Table 3 1IRT. SOZEREBRMEIIMOSIE & LT % &5
VB L 725 7278, BREEAKICETA F 3 LRI Y i R A
T 2-DREORNLNVTH L. KEZWIATOE
&R OERIISH L7245 % Table 4 (127”3, AiLHEZ L
D ICP-MS HHEMEIZ L B2 ERMHERL IC—HLTn5.
— S TR E RO W & Hg BRIRALLTTH Y,
RFZECRIE LV FF NI VR o g%
WLERANTH o 72, DLOFENS, ShER L

a) Mean values with = o; n.d.: not determined. b) The
sample solution, 100 ml; eluent (1 M HNOs), 10 ml. «¢)
Asahi River and Zasu River waters were sampled in Okayama
on 6 August, 2002.
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