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Flow Injection Determination of Lead in Environmental Samples
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Owing to its widespread distribution in the environment, lead is attracting attention

because of its high toxicity. Thus, relevant biological and environmental studies need the support

of reliable procedures for the determination of lead at low concentrations.

The present review is

mainly concerned with the determination of lead in diverse environmental samples by flow injection

analysis.
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Table 1 Column packing materials used for the on-line separation and preconcentration of lead

in FI-FAAS
Materials Samples Ref.
Chelex-100 Seawater (6, 7]
Poy(aminophosphonic acid) chelating resin Seawater (8, 9]
Diatomaceous earth immobilized in silica gel =~ Water [10]
Vermicompost, humic acid Mineral water, fruit juice [11]
Acrylic acid grafted PTFED fibers Hair, tea, mussel, sediment, soil [12]
Pb-Spec? River water, seawater [13]
Amberlite XAD-4 impregnated with PAN? Seawater [14]
Amberlite XAD-2 impregnated with BTAC# Biol. ref. materials, wine (15, 16]
Chitosan modified with 8-quinolynol Mineral water, tap water, [17]
Alumina impregnated with Salen I Tap water, seawater, river water [18]
Bondapack C18 impregnated with Kelex 1009 Seawater (7]
Vinyl polymer impregnated with 8-quinolynol Seawater [7]

1) Polytetrafluoroethylene. 2) Polymer impregnated with18-crown-6 deriv. 3) 1-(2-Pyridylazo)-
2-naphthol. 4) 2-(2-Benzothiazolazo)-2-p-cresol. 5) N,N*bis(Salicylidene)-ethylenediamine. 6)

7-(4-Ethyl-1-methyloctyl)-8-quinolynol.
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0.5 mol/L HCL

20% (VIV) :
ethanei v MC
C 35 -
ULTRAPURE —
WATER =
1

b

Tig.1 (a) Field flow preconcentration system(FFPS). P,
Peristaltic pump; SV, switching valve; F, filter; MC,
minicolumn; W, Waste. (b) Flow injection manifold for
elution-determination of lead. IV, injection valve, FAAS,

flame AAS. For P, MC and W, see (a). [14]

WL THMERESET MY v 7 ZANnB55HE, &’
VT 2 M R CIARE L T FAAS TER L7Z, 18
LZ 10 [E DR E A FTHE T, MR L 0.13 pg gt
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Table 2 Chelating agents and adsorbents used for the on-line separation and preconcentration of

lead in FI-FAAS

Chelating agents Adsorbents Samples Ref.
ADTPY Cis silica, polyurethane ~ ----- [22]
form, activated carbon
ADTPV Cis silica, powdered PE? Wine [23]
Polyurethane form Mineral water, vegetables [24]
APDC? PTFE turnings Water, sediments, mussel [25]
APDC? Polyurethane form Water, mussel, fish [26]
APDC?2 PTFE knotted reactor Water, tea, herb medicine [27]
APDC? Activated carbon - [28]
NN3 Diaion HP-200 River sediment, water [29]
HMA-HMDTC? Cigsilica e [30]

1) Ammonium diethyldithiophosphate. 2) Ammonium pyrolidinedithiocarbamate. 3) 1-Nitroso-

2-naphthol. 4) Hexamethylene-dithiocarbamic acid hexamethylene ammonium salt. 5) Poly-

ethylene. 6) Polyethylene divinylbenzene copolymer.

AHAFOETERT D20, FIA VAT AW
T RRBHZEB T IE 2 0 T JBE % A YR
ML, FiR7 =0 ALRAEODOLF L— h
BtiE(Chelite P, 7 X / A F ViR AR U pia A
T AR L AN L e B R, T
fe CIaBE L C FAAS I[CE AT 5 Z EnfThivic
[31], B E B & L C FIA A7 MMZHEAT
HZEbRAELN TS, EWelElE 0.3 M iR
(IR ST 300 pl 24341 AT AIZHEA, 0.6
MPa T 1000°C LV @RI L= T v 7

Bl v BTV —Zko CHEW A DR, T 7
L—MEA LT, MHEREIX 8.5 ng gt T
L L < en(32],
KFIEMREE : SO KFE YR AEHOIT,
JRF e E A B bYC, HEEZ(33], BT
W[34], IR, MEER, VIO, RIKK, TA
[35], @k, KERKI[B6lDHHHIZHIA STV
Do TORE, A LITZKFEO T AL, N—F
—2Au v b EiZEy SN TFROAREITE
NS Eh b, @, WRTORIT

- 112 -



Pbz+ CIEET % DT, NaBHs T/K#E{LE(PbH)
AR ESE DR FIA S AT AN T & 4z
t9 5%, ZHICHO LR TV SEEANE, HNOs-
H202[33], KsFe(CN)6[34,35], (NH4)2S20s [36]
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A-26 717 A EREFEE L CEE/L L THN,
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BT PR DA E 20 S HERI L T
Do

Quartz Tube
Sample Injection Lead Hydride —>  Atomizer
Valve
¢ Mixing Coil
HCI, K;Fe(CN)g ¢
- Eﬂ*’}
Peristaltic r
Pu;
mp Ar® \
Waste

Fig.2 FI manifold for the determination of lead
using hydride generation-AAS [34]

Beilr, AKFEbénE FT-IR(1821.4 cm™) CHfllE 9
LD TORREPWEEN[37], Aoz
FIA v 27 L% Fig3 \Znd, AL, 1.0 ml
DOFREHEANTHERF 60 FIHETE 523, MHRM
25 0.28 mg 11 & HG-AAS L0 #) 44150, Lhik
HIEIRE O 2 & Teik, 18, K-, shiiahs
BEDHIISHENTWHT, FTIIR THkFHEAL
IAMECTEDLZ EEFER LCICmE RN E D
B 5,

RC : Reaction Coil
SC : Stripping Coil

PP : Peristaltic Pump
SL : Sample Loop
GLS : Gas-Liquid Separator

Waste

[
Ll
Fig.3 Schematic

injection-hydride generation-infrared
spectrophotometric determination of lead [37]

diagram of set-up for flow
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Table 3 Adsorbents used for the on-line separation and preconcentration of lead in FI-ICP-MS

Adsorbents Samples Ref.
Toyopearl AF-Chelate-650MV Seawater, cod fish otolith [47, 48]
Metalfix Chelamine? + Hyphan Cellulose(2+1 mixt.) High-purity aluminum [49]
Iminodiacetate-type chelating resin (disk) Deep sea malt, natural waters (50, 51]
PTFE (knotted reactor, serpentine reactor)? === [52]
PTFE knotted reactor loaded with PMBP# Natural waters [53]
Florisil® Seawater [54]

Alumina (nanometer-sized)

Lake water, coal fly ash, rye grass [55]

1) Iminodiacetate-type resin for affinity chromatography. 2) Tetraethylenepentamine-bound

polymer. 3) Lead-pyrrolidine dithiocarbamate complex was sorbed onto the inner wall of a PTFE

reactor. 4) 1-Phenyl-3-methyl-4-benzoylpyrazol-5-one. 5) Lead-8-quinolinol-5-sulfonate complex

was sorbed onto a Florisil column.

B, Rt Z0FE E ICP-MS (ZEATHI &

HLAFFE SN TW D, Bl ziE, fAilEE% ICP-MS
WCHEEEAT L EDERT T A4 — (direct
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IZ L DMEKRDOEEESH RSN TND, Z DO
50 pl OWFAKZEEAL, ZEEKT2MHEICAHRL T
X T TAP—IZEALTWD, 72, 4%EFE-96%
TN TTRAeBNHNLN TS, BEDE Z
AU HIZ ELR A i B2 GR 10 ppb) TE(ET 5
U 7T AXIEREICHE CEXTWAH R, oOMET
FIZTOWTIX L Y EEEZ: ICP-MS DBRFE M
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Table 4 Flow injection spectrophotometric determination of lead

Color reagents On-line separation methods Samples Remarks Ref.
BPDAPY - Human saliva (58]
Sulfarsazene Lewatit TP807-842 column River and ground waters (a) [59]
TAPP? - Water, beverage, powd. corn  (b) [60]
PARY Pb-Specd column Fly ash, river water, glaze extracts [61, 62]
Iodide + MG® Chelex-100 column Natural and waste waters @) [63]
TMPyP? MCI GEL CKO08Y® column River water, soil extracts (d) [64]
Dithizone Chitosan column River, well and drinking water [65]

1) 2-(5-Bromo-2-pyridylazo)-5-dimethylaminophenol. 2) Extraction chromatographic resin contain-
ing di(2,4-4-trimethylpentyl)phosphonic acid as active component. 3) Meso-tetra-(4-trimethyl-
ammonium phenyl)porphyrin. 4) 4-(2-Pyridylazo)resorcinol. 5) Polymer impregnated with18-crown-
6 deriv. 6) Malachite Green. 7) 5,10,15,20-tetrakis(N-methyl-pyridynium-4yl)-21 H,23 H-porphine,
tetrakis(p-toluenesulfonate). (a)Partial least-squares multivariate calibration was used. (b) The
overlapped spectra of the complexes were collected with a charge coupled device-diode array
detector and the multi-wavelength absorbance data were processed using PLS algorithm. (c) Cd2+
was separated with an anion-exchange resin, Bio-Rad AG1 X-8, in HC]l medium in advance of FIA. A

sequential injection mode was used. (d) Pb and Cd were simultaneously determined after the

on-line mutual separation by cation-exchange in malate medium.

26 TOhDOEHE

T, EBRUILFEREEE A WZFE LT, FI B
KO STEZGBA RN v TARALZ AR
— &G O TKFEEH D Pb, Cu, Cd, Zn % [F
MEELE-HRELNDH D, 1HKERTO Pb O
RAUE 2 ng 11T, SI T AT A TD Pb ORHIR
T 10 pg 11 THH7=[66], FHIZAK LIZA A
JART, 1k K% -2-2-[2-(2-8 ReF%-= |
FV)z hF vl bhFY Mep-7 > b Tk
910-VA L THWEB LIV T 7 74 M F U8R
B A RHICFIAT S &, 106—1071 mol 1'1Pb2+
OFIFAT 170 h1 OWPENFRETH H, 7ok, B
FLUT-EmIT DR &L 3 AMEMAARET, K
EIZ R.S.D.72% 0.49%, $hEEM O HATIZEH TE %
[67]., 3 FEM A 2 7= "wall-jet” .7 o —k /L &
v, K F O Zn(I), CA(ID, Pb(I), Cul),
Ni(D), Co(I), Cr(VDDI[EKE BN HRE STz,
Pb(ID D #:HIFRSAR & R.S.D.I% 4.69 x 1010 mol 11
BELOD 01834% TH Y, KiEIZX D 0HEIZ
ICP-MS Ofii & ki L7-[68],

FI L4 A4 7u~br77 4—10C)EDFEE
N2MERE S THDER, Wit FI AT A
WOHTRR Gy DA v T A RIS FIH 4T
b, DO 1HIE, 8%V ) —nAHEFOT T ALk

ZRIM LTS T A HWEHE(C, Pb, Zn, Ni, Fe)
EREMEL, RWTENRLDITHELY 2,6-8Y Py
TR R CYEEEL C IC [CEBEEA, DT E
L7z, BHIZIZ PAR Z WA A M F T L5548
LB SN, 5ml OREZFEAL T 8.27 pg
11 Pb ORI (B0) 3% HAL TV 5, ki GakH T
KIRAKTH 5[69], 2%1H1Z, Chelex-100 fiffis %
FE LTI =BT 252N LTITHAREARN
(in-valve-mini-column), = DX 7 AIZREHAK
Zi@ L CHAYEHE(Cd, Zn, Po)Z M 5, KW
T, B L7 R EREREL, W E IC OEA

Fig.4 Manifold of FI-IC combination

Pici)eristaltic pumps; Bi: ammonium acetate buffer; Be:
sodium citrate buffer; S: sample or standard soln.; E:
2.0 M HNOs; N: 2.0 M NaOH; mobile phase: mixture of
tartaric acid and oxalic acid; sample Ioop: 20 pl loop of
IC; IC column: universal cation column 100 mm X
El%}mm; D: conductivity detector (without suppressor).
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(701,
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K@ Co, Cu, Mn, Ni, Pb, Zn % [GIFf & & L 7-HF
ZENHE STV b [72],
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