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Fig. 1 Spectrum by LEP-AES

Solution : 0.1 M HNO; + 50 % methanol.
Accumulation : 20 pulses
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Fig. 2 Effect of the amount of 5-Br-PAPS as chelating reagent on intensity

Zn 4 mg L', Cul mg L', Pd 2 mg L7, cd 1 mg L', Mn 5 mg L~

1

,Pb 1 mg L ': sample volume 40 mL.

Addition of 1.6 mL of 0.5 M PS soln., addition of 0.2 mL of 0.1 M Ben soln. Enrichment factor : 100
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Fig. 3 Effect of pH on the recovery of each analytes

Zn4mgL ', CulmgL ,Pd2mgL ', Cd1lmgL "', Mn5mgL",Pb1mgL": sample volume 40 mL.
Addition of 2 mL of 0.4 % 5-Br-PAPS soln., addition of 1.6 mL of 0.5 M PS soln., addition of 0.2 mL of 0.1 M Ben

soln.  Enrichment factor : 100
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Fig. 4 Relative optical emission intensities of metal in various conditions

Condition 1 : In 0.1 M HNO;
Condition 2 : In 3 M HCI

Condition 3 : After 100-fold enrichment using liquid organic ion associate extraction, the associate was dissolved with

3 M HCI

Condition 4 : After 100-fold enrichment using liquid organic ion associate extraction, the associate was dissolved with

50 vol% methanol + 0.1 M HNOj; solution

a) Intensities of condition 2, 3 and 4 are normalized by the intensity of condition 1.

Table 1 Reproducibility
Enrichment factor : 100
Cu Mn Pd 7n Cd Pb
Concentration/mg L' 0.2 3.0 0.5 2.0 0.8 0.6
Intensity/a.u. " 1808.8 10973.8 509.3 3055.5 2538.8 1510.6
RSD/ % " 6.2 115 6.7 3.2 3.7 5.7

a) Average of five runs.

KO THLH-ORERE LTORHI R LTS,
3:2:3 HWA A LBEDBEMB/  LEP-AES I UNG
B T7 S XS D70, BROELRIZEE T
HFNTREE IS BT 5. FICHHRTHVW 222 MY
7 )= VTid%L, TEEoEnwy 2 —)LE 3 MR
D2 MFOBEMEMH Lz, WiHL b A+ v BEKRE Bk
T&7:. Fig. 412, 100 % DOEULRTHEL + v SEHEIC
sz E X LFECBEOEEAT 0.1 M MR ICHEAES
AYa (RfF1), 3 MBERERHICHETEST 256 (5
2), HBA A6 6%%2 3 MERBHRCTHRMIELL X
(51 3), AL * v BB %E XY ) — )V THM S LEP-
AES [T 2 BREEEICHET 270X A Mz 2L &
(fF4) 2R, &M 413, AREESRINC X D 5LHmE
METF T2 L FREINIA, FI—HITHEITFCRE D5
DEMIZHRTERL, $FI2Cu, MnidF L EHL.

3:3 EEHHARVKEE
100 f5 M & > T Cu, Cd, Pbid0.05~0.5 mg L™,

b) Relative standard deviation.

Mn, Pd, Zn it 0.5~5 mg L' OfiPH TR 2Bk % il
{2 EHTE72 02 mg L '"® Cu, 3.0 mg L '® Mn, 0.5
mgL ' ®Pd, 20mgL ' ® Zn, 0.8 mgL ' ® Cd, 0.6
mg L' @ Pd % 5 0370 100 i L, w7z & & oM
xHEHE(R 75 % Table 1 1SR T, &5 10 % FEEOHIGHEE -
HWRATERTELIENDNE. RET T ¥ 7 OFEHER
2D 3ER IR L L7235 Dfii% Table 212777, 67T
FIZBTHug L'~ ¥Eug L OMIBRA»E S L.
Table 2 IZH A A+ XA RMBEIC L VM LHEL
BeAi L T2 WG OMRIMBRAO LR % £ L H7-. Fig. 4
[IRL 72 A % 7 = VIRINZAE:, Cu B O° Mn O &R
1000 f5i21a B L, MU LOKESR O 2 ¥
J —)VHIT Cu, Mn OFEERBEAETIRH & LT, i
DIRFEDFIBIZ X D Cu, Mn OFEILY DA KT Sz
THEEZTWES. TOHIZOVWTIE, SHOBETH 5.

4 AKEOIH
Ak BB AT AR SEY E EnvitoMAT ¥ ) — A BEH D
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Table 2 Variation of detection limit (DL)™

DL by the present method

Element (100fold enrichment)/mg L DL without enrichment")/mg L Magnification of sensi[ivity“
Cu 0.011 13 1200
Mn 0.012 12 1000
Pd 0.009 6 700
Zn 0.17 14 80
Cd 0.006 1 200
Pb 0.015 1 70

a) Defined as three-times the standard deviation of the blank.

ment]/[DL by the present method (100-fold enrichment) |

Table 3 Analyses of waste water sample

Elemene  Certified values "/ Found/ —
mg L mg L

Cu 0.31 0.29 92.4
Mn 0.17 0.17 96.4
Pd = — —

Zn 0.33 0.31 91.8
Cd 0.10 0.10 94.3
Pb 0.24 0.25 105.6

a) EnviroMAT Certified Reference Materials - EnviroMAT
Waste Water HIGH EU-H-1.  b) Results after dilution 1 : 150.
¢) Not contained

Table 4 Recovery tests for Cu Mn Zn Cd and Pb from
waste water sample *”’

Element Added/mg L'  Found/mgL~'  Recovery/%
Cu 0 0.29 —
0.1 0.41 106
0.2 0.51 105
Mn 0 0.17 -
0.5 0.67 101
1.0 1.1 92
Zn 0 0.31 —
0.5 0.83 103
1.0 1.35 104
Cd 0 0.10 —
0.2 0.34 111
0.4 0.50 101
Pb 0 0.25 —
0.1 0.31 92
0.2 0.47 104

a) EnviroMAT Certified Reference Materials - EnviroMAT Waste
Water HIGH EU-H-1. b) Results after dilution 1 : 150

SATIZISH L7z, Table 3 1275 L7z & 912, 5l GRAEAH
DHEEWMMANTH > 72, 72 BEEHHHEAEY Y
EnviroMAT 3 V) — Z BE i 7 H W 72 %000 el 0 92 B o %
Table 4 IZ/RT. Bt L7223 XTOELBIZBWTEWE
RelGbl N TE.

b) Analytes in 0.1 M HNO;.  ¢) [DL without enrich-

5 i El
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Pd DR IX, ThFh11, 12, 9, 170, 6 KU 15
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SRR ZRTEBY, KREFHEH LI E D % Pk Ik
(Cu: 3mgL™", Mn: 10mgL™", Zn: 5mgL™", Cd:
0.lmgL ', Pb: 0.l mgL ") BLTFOGHPWHETHS
Edbhr ol —EOILETIE, BEAIRIC L - TR
e b %R ORIMA N Z Sz JEmEE 5
DOFAMBER, EAIEI 2 CHOMERR EHREATTH 5.
INEICHERED Rvaa b B gs s il T Tnwa 0T, 4
% MERERONIZAR—ZIIBITLF Y H A4 FHF
R, LYo THEM L2 A0S CcE 5.
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Liquid electrode plasma atomic emission spectrometry (LEP-AES) is a compact elemental-
analysis method, which requires no plasma gas and no high-power source, and is suitable for
on-site portable analysis. In this paper, the LEP-AES is combined with the concentration
method using liquid organic ion associate extraction, and a concentration/simultaneous deter-
mination method for trace metals (Cu, Mn, Pd, Zn, Cd and Pb) in water is developed. Metals
were converted into a complex with a chelating reagent in a 40 mL sample solution, and were
extracted into a liquid ion associate during phase formation. The volume of the ion associate
was pl-scale. The ion associate was dissolved with 400 pL of a 50 vol% methanol + 0.1 M
HNOj solution, followed by detection by LEP-AES using 40 pL of the sample. As a results, a
liquid organic ion associate extraction enabled a 100-fold enrichment of trace metals, and
improved the detection limits (3 ¢) by a few pL. L™' — sub mg L. Interestingly, for some
metal elements, the magnification of the total sensitivity combined with LEP-AES resulted in
more than 1000, which is more than the value of 100-fold for the enrichment. This method
was applied to the determinations of Cu, Mn, Zn, Cd and Pb in certified reference materials
(EnviroMAT EU-H-1 waste water). The values obtained in this method were nearly equal to
the certified values.

Keywords : liquid electrode plasma atomic emission spectrometry ; liquid organic ion associate ;
concentration ; determination of trace metals ; on-site portable analysis.



