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Flow injection on-line column preconcentration/atomic spectrometry for
determination of trace metals

Shizuko HIRATA

Marine environment Section, Chugoku National Industrial Research Institute,
2-2-2 Hiro-suehiro, Kure 737-0197, Japan

Recent advances in the design and application of flow injection on-line column
preconcentration/atomic spectrometry are reviewed with the objective of providing with the

figures of instrumentation and signals of analytes.

Atomic spectrometry method contained are

atomic absorption spectrometry (AAS), electrothermal AAS, inductively coupled plasma atomic

emission

spectrometry (ICP-AES), and ICP-mass spectrometry (MS).

In addition,

chemiluminescence detection (CL) suitable for onsite analysis is also contained. These methods
are sensitive and powerful for trace metal determinations in environmental, natural and

seawater.
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Table 1 Flow injection on-line column preconcentrating/atomic spectrometry

On-line column Characteristic

Preconcentrating

Element

FI-AAS Simple

Several elements

Manual operation
Application is wide
Mono element and/or

Running cost is cheap

Fe, Mn, Zn, Cu, Co, Ni, Cd,
Pb, Cr(Il), Ag, Au, Ga, In

FI-ETAAS Sensitive
Organic solvent

Several elements

Small volume of injection
Mono element and/or

Automated operation

Cd, Pb, Cu, Co, Ni, Mn, Fe,
Mo,

FI-ICP-AES Sensitive

Multi element

Bio element
Organic solvent

Operation

Resistance element

Manual and/or automated

Al Ty, Cr(II), BV, Ag, As, Ba,
Ca, Cd, Co, Cu, Dy, Fe, Ga, La,
Mn, Sc

FI-ICP-MS Sensitive

Multi element

Bio element
Organic solvent

Resistance element

Automated operation

Mn, Co, Al, V, Mo, Ni, Zn, Cu,
U, Cd, Pb

Sensitive
On site analysis
Monoelement

FI-CL

QOperation

Manual and/or automated

Mn, Co, Cu, Fe(I), Fe(IIl),
CrdID),

TWBILFERESHIECL) & DEBEITDWTHE
T B, NS DHEDRE % Table 1 ITRT .

2. Fl-online-column/FAAS

FI E#HEICIE AAS OHBEAFEE L TH
RENR, T <R ERHERTUEBRIE
DEDDOBENRBRERETHBEZENRNHIN
7o ZAUZBEL T 1982 £D Astrom ® , 1983
FD Olsen b DRI ICBE RO DB HDT
Holr. 194 FOHH D ITIZ 600 A LD D

REIND, T4 O - BRI AT A
WBIE T AR X OIE, TOHHT 200 LiEd
D, £ FI-FAAS ® 13 25H 5,

Kamson & Townshend'21d A o > 32 Ht 5 (7
IN—F4 b IRA-400 & De-accidite FR) 2 H5
WT Ca QRIZEZYET S VB EHEETF >
DBRETHER U=, Malamas 5 "3 AEH T
28 —F /0 - IWEBEELENT LAER
T Cu, Co, Cd, Ni, Pb, Zn DM EITLY, 204
/min DR &, Fang & 2IIYTIVA S
ABFEMEL, Chelex-100, 8 —F /U ) — )L &



60~ 4
50-
o
Cd
2 40- N
<
3 e
- 30—' b
g
3
v 20~
a
10- J
S
0- L]

+——Time

60-
50-
40- ¢
30-

20-

a

i

«—— Time

Fig. 1 Responses to (a) 5, (b) 10, (c) 15 and (d) 20 ml of 5 g g 1" Cd*" and 100 £ g I Pb* by the on-line
column preconcentration a.a.s. system, and of (e) 500 and (f) 10 mg by the conventional continuous

aspiration a,a.s.
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Fig. 2 Flow injection manifold for the on-line ion-
exchange pre-concentration system: P, and P ,,
pumps; C, conical column; V, injector valve; W,
waste. The flow injection instrument was
programmed for a 20-s sample loading
sequence and a 10-s elution sequence.

Fig. 3 A knotted reactor.
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Fig. 4  Flow injection manifold for on-line

preconcentration. V, Injection valve; P, and P
», peristaltic pumps with flow rate of 8.5 and 4.0
ml min", respectively; AA, atomic absorption
spectrometer.
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Sequence 1:
Dispense eluate into furnace

mi min-? —
Air 0.8
Ethanol {0.15
HO (16| wW-e—--|-

> L C
P1: On -~ w
30 rev min-1 Y
DDC * v
Sample L
P2: Stop

Fig. 5  Flow injection manifold for sorbent
extraction pre-concentration GFAAS. For
detail; peristaltic pumps; C, conical column (15
w1, packed with C,; sorbent); V, multi-functional
injector; L, eluate collector (75 .1, 0.35 mm i.d.);
W, waste: and GF, graphite furnace.
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Fig. 6 Schematic diagram of the pre-concentration
manifold.
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Fig. 7 Section of the enrichment column. 1, PTFE
tube (0.15 mm i.d.); 2, Tygon tube (1.3 mm id.,
2.0 mm od.); 3, Tygon tube (2.1 mm i.dd.); 4
PTFE; and$, resin.
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Fig. 8 Automated on-line preconcentration system.
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Fig. 9 Response of (a) 10 gL, (b) 20ugL", and (c) 504 g Ll chromium(III) and titanium standards for

40-s column load times.
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Fig. 10 Scandium emission signal as A, peak
height and B, peak width at half maximum
intensity as a function of sample flow-rate for
a 80 ng ml" Sc solution buffered to pH 8.6,
60-s sample injection and 10-s elution time
with 2 M nitric acid. Column 3.0 cm in
length and 3.5 mm 1.d..
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Fig. 12 Scandium emission signal as A, peak
height and B, width as a function of a2 3.0 mm i.d.

PI_)TC resin column, at a sample flow-rate of 2.0 ml

min™.
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Fig. 11 Scandium emission signal as A, peak

height and B, width as a function of inner
diameter of a 3.0 ¢cm long PDTC resin
column at a sample flow-rate of 2.0 ml min™.
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Fig. 13 Schematic diagrams of on-line column preconcentrating and eluting procedures.
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Fig. 14 Transient signals of Cr(Il) in the artificial seawater by the on-line column preconcentration/ICP-
MS method: A, blank; B, 0.1; C, 0.3; D, 0.5 ng ml” Cr(Il) in artificial seawater.

IC)
3
3
o
L
2
[}
e
£
®
)
o
0 0.1 0.2 03 0.4 05
Cr {ng/mi)

Fig. 15 Calibration curves of Cr(IIl) and Cr(VI)
standards in seawater: A, Cr(VI), B, Cr(Ill);
@, Cr(I1D) and 0.5 ng mi™? Cr(VI).
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