
Table IV. Effect of High Concentrations of Trace
Elements on Co Recovery

Ug of Element in digest

Fe Cu Zn Mn Recovery, %

1526 102 405 1215 115.7
836 52 205 615 113.0
146 2 205 615 111.9

73 1 202 608 117.2
73 1 2 608 119.6

376 17 65 195 111.1
146 7 25 75 94.6
836 52 5 15 100.5

73 1 202 8 105.8

cal flask for 15-20 min. Duplicate recoveries of 102.2 and
105.7% were obtained when this was done in the presence
of the highest levels of trace elements listed in Table IV. A
disadvantage of this modification was that the slow libera-
tion of O2 which occurred after about 1% hr, if a precipitate
was present, might be a safety hazard. Replacement of
H2O2 with ascorbic acid (16) might be a satisfactory way of
avoiding this hazard.

None of the macro elements interfered seriously with the
proposed procedure. Recoveries ranging from 101.3 to
106.7% were obtained when Ca (0-25000 Mg) and Mg (0-
4000 Mg) were added together in various proportions to 0.5
g of wheat. The recovery was 100.2% when 50000 Mg of K
and 10000 Mg of P were added to 1 g of wheat straw.

CONCLUSION
The greater sensitivity of the furnace has allowed the de-

velopment of a faster, simpler procedure for measuring Co
in plant material than either flame atomic absorption or

colorimetry because it needs only 0.5-g samples. At the
same time, there has been no loss in accuracy or precision
when compared with these other methods. While the heat-

ed graphite atomizer has been used for the development of
this method, the new procedure, or a modification of it,
should be applicable to other alternative furnaces.

In a study of cobalt distribution in plants, Wilson and
Hallsworth (17) were unable to measure the Co in various
plant parts because their analytical technique did not have
sufficient sensitivity. The proposed procedure should allow
such experiments to be carried out since only a small
amount of plant material is needed for analysis.
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Simultaneous Multielement Determination of Trace Metals by
Microwave Induced Plasma Coupled to Vidicon Detector:
Carbon Cup Sample Introduction

Fred L. Fricke
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Oliver Rose, Jr., and Joseph A. Caruso1

Department of Chemistry, University of Cincinnati, Cincinnati, Ohio 45221

In numerous laboratories, there is a need for simulta-
neous multielement analysis, because the time and cost of
single element analyses are prohibitive. It has been shown
that inductively coupled plasma-optical emission specto-
graphic systems are useful for simultaneous multielement
analysis (1, 2). The use of low power microwave induced
argon plasma for spectral excitation of the elements also
has been well documented (3-17). When coupled to a mul-
tichannel spectrometer, the microwave induced plasma has
potential for multielement trace analysis.

1 Author to whom correspondence should be addressed.

Morrison and coworkers (18) developed a multielement
flame emission system using a vidicon tube detector and an

optical multichannel analyzer (OMA). They provide an ex-
cellent description of this particular instrument. Nixon et
al. (19) have developed a tantalum strip sampling introduc-
tion device for use with an inductively coupled plasma.

This paper describes the combination of a microwave in-
duced plasma with a carbon cup sampling device. A com-

parison is made between this apparatus and a tantalum
strip sampling device coupled to a microwave induced plas-
ma. In addition, a preliminary study of the potential appli-

2018 · ANALYTICAL CHEMISTRY, VOL. 47, NO. 12, OCTOBER 1975

D
ow

nl
oa

de
d 

vi
a 

C
E

N
T

E
R

S 
D

IS
E

A
SE

 C
O

N
T

R
O

L
 &

 P
R

V
N

T
N

 o
n 

N
ov

em
be

r 
30

, 2
02

0 
at

 1
9:

54
:0

0 
(U

T
C

).
Se

e 
ht

tp
s:

//p
ub

s.
ac

s.
or

g/
sh

ar
in

gg
ui

de
lin

es
 f

or
 o

pt
io

ns
 o

n 
ho

w
 to

 le
gi

tim
at

el
y 

sh
ar

e 
pu

bl
is

he
d 

ar
tic

le
s.



cability of the microwave induced plasma coupled to a vid-
icon detector for simultaneous multielement trace metal
analysis is presented.

EXPERIMENTAL
Apparatus. The instrumentation utilized is listed in Table I.

The tantalum strip vaporization device is similar in design to the
device described by Nixon et al. (19). The carbon cup vaporization
device also is similar except the tantalum strip assembly was re-

placed with a carbon cup assembly consisting of a carbon cup, sup-
port electrodes (Varían Techtron), and two fixed support blocks.
The fixed support blocks, similar to those furnished with a Varían
Techtron carbon rod atomizer (20), were constructed with the fol-
lowing modifications: electrical connecting shafts, 25 mm long,
were placed on the bottom of each block; the knurled knobs were

replaced with Phillips head screws; and a water circulating system
was installed to pass cooling water through the entire block. The
top half of the carbon cup was removed to allow more rapid heat-
ing.

Reagents. Stock solutions were prepared from Fisher atomic
absorption standards or, alternatively, by dissolving pure metals or

reagent grade salts in acid diluted with deionized water.
Procedure. After the argon flow rate was set at 900 ml/min, the

plasma was initiated with a Tesla coil and the microwave power
was set at 45 watts. Five microliters of a solution containing ele-
ments of interest were pipetted (Autopette 5-µ1 pipet) into the car-
bon cup or onto the tantalum strip, and a low current was passed
through the cup/strip for three minutes to resistively heat (drying
temperature ~70 °C) and vaporize the water without extinguish-
ing the plasma. Then, the cup/strip was rapidly heated using a

large current vaporizing the elements into the argon plasma.
For the single element analysis, the vaporization temperature

was optimized for each element. Radiation from an appropriate
hollow cathode lamp was reflected into the monochromator using a
removable mirror to optimize the analytical line. The emission was
detected and the amplified signal was recorded on a strip chart re-
corder. The peak heights were measured to determine detection
limits.

For the simultaneous multielement determination, the carbon
cup was the sample introduction device with a compromise ele-
ment vaporization temperature of approximately 2000 °C. The
vidicon/OMA unit was used to measure the emission signals in a
700-Á window as provided by the polychromator. The resulting
emission signals of the elements as they passed through the plasma
were accumulated for 4.1 seconds (125 machine cycles with no

delay cycles) and stored in memory A of the OMA. The back-
ground signal (signal for a blank firing of the carbon cup) was ac-
cumulated for 4.1 seconds and stored in memory B. The memory B
was then subtracted from memory A and the 700-Á emission spec-
trum was displayed on the monitor and recorded. Finally, the peak
height of each analytical line vs. concentration was plotted to give
the analytical curve.

RESULTS AND DISCUSSION
A comparison of detection limits (signal-to-noise ratio of

two) for several elements using the carbon cup and tanta-
lum strip vaporization systems coupled to the microwave
plasma in the single wavelength mode is shown in Table II.
These values were determined by measuring the signal-to-
noise ratio with a sample size of approximately ten times
the detection limit and calculating the sample size which
would have generated a signal-to-noise ratio of two. The
lower detection limits for the carbon cup system are due in
part to the analyte being restricted to the small area of the
carbon cup (i.d.—3 mm) compared to the larger area
caused by the solution spreading across the tantalum strip
(length—33 mm). This restriction to the smaller area ap-
parently provides a greater analytical throughput per unit
time of analyte to the plasma and subsequently a greater
emission signal. Other advantages of the carbon cup over
the tantalum strip include: the carbon cup has a higher
temperature capability allowing determination of less vola-
tile elements; the carbon does not oxidize as readily as the
tantalum does; elements such as cobalt and nickel which
react with the tantalum surface (22) can be determined;
and spectral interference from tantalum emission is elimi-

Table I. Experimental Instrumentation
Excitation system

2450-MHz microwave
generator

Microwave coupling
cavity No. 5

Quartz tube

Opthos Instrument Co.

NBS Report (21), Opthos
Instrument Co.

1.3-mm i. d.

Vaporization system

Tantalum strip as-

sembly
Carbon cup assembly
Power supply

Barnes Engineering Co.

Described in text
Laboratory constructed

Dispersive optics and detection
for single wavelength determination

Monochromator

Entrance slit

Detector

Electronics

Jarrell-Ash, 0.5-m Ebert with
1180 g/mm grating blazed
for 3000 A. Reciprocal lin-
ear dispersion 16 A/mm in
the first order

Fixed slit, 100-µ wide,
straight edge

IP28 photomultiplier tube
mounted at the 150-µ exit
slit

Jarrell-Ash MVAA 82500
Atomic Absorption Spec-
trometer used in the emis-
sion mode

Readout Hewlett-Packard Model 7101B
Recorder

Dispersive optics and detection
for multielement determination

Polychromator

Entrance slit

Detector

Optical Multichannel
Analyzer

Oscilloscope Monitor
Recorder

Princeton Applied Research
Model 1208, 0.3-m Ebert
with 590 g/mm grating
blazed at 3000 A. Recipro-
cal linear dispersion 55 A/
mm in the first order

Fixed slit, 25-µ wide,
straight edge

Princeton Applied Research
Model 1205D Intensified
vidicon detector head. Type
B plastic UV-scintillator,
0.1-mm thick

Princeton Applied Research
Model 1205A

Tektronix Model 604
Hewlett-Packard Model

7101B

nated. A disadvantage of the carbon cup may be the forma-
tion of relatively non-volatile carbides at high tempera-
tures.

An illustration of the precision obtained with the carbon
cup in the single wavelength mode is shown in Figure 1.
This figure represents the recorder tracings for 10 replicate
determinations of Bi at 10 times the detection limit. The
relative standard deviation is 4.0%.

A microwave induced plasma coupled to a vidicon detec-
tor with carbon cup sample introduction has potential for
simultaneous multielement trace analysis. Typical analyti-
cal curves obtained using this system are shown in Figure 2.
Each point on the curve is an average of five determina-
tions. The elements, Se, As, Zn, Sb, Bi, Sn, and Cd were de-
termined in the 1900- to 2600-Á window and Mn, Cu, and
Sn in the 2750- to 3450-Á window. A typical spectrum for
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Table II. Absolute Detection Limits

Element Wavelength, A Carbon cup, nga

Tantalum strip,
ng  

As 1936.96 0.2 0.6
Se 1960.26 0.1 0.6
Cd 2288.02 0.004 0.02
Zn 2138.56 0.005 0.02
Pb 4057.83 0.08 0.3
Sb 2311.47 0.2 0.5
Sn 2863.33 0.3 1.1
Bi 2230.61 0.1 0.2
Be 2348.61 0.1
Co 2407.25 0.07
Ni 2320.03 0.1

° 5-µ1 sample volume.

m

Figure 1. Recorder tracing of the emission signals for 1 ng Bi illus-
trating reproducibility of the carbon cup/microwave induced plasma
system

Figure 2. Typical analytical curves for the carbon cup/microwave in-
duced plasma/vidicon system

the 1900- to 2600-Á window is shown in Figure 3. Arsenic
and cadmium could not be determined simultaneously in
this window because of the spectral overlap at the 2288.0-Á
line. The background signal interfered with the 1937.0-Á
As line. The 3093.4-Á Ar line saturated the vidicon prohib-
iting the determination of Mo at the 3132.6-Á line. Total
correction for the background signal could not be accom-

plished because the start of the signal accumulation by the
OMA was not synchronized with the firing of the carbon
cup and because there was a random noise component
present in the signals. The former problem could be readily
alleviated, thereby improving precision, by using appropri-
ate logic circuitry to permit the OMA to control the carbon
cup firing mechanism.

This preliminary study indicates that a microwave in-
duced plasma coupled to a vidicon detector has potential

Figure 3. Multielement emission spectrum from 1900 to 2600 Á

for simultaneous multielement analysis. Future work will
focus on optimization and application to samples with com-

plex matrices.
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