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An analy ical method for the simultancous determination of trace Ge. As and Se in biological samples by
mductively coupled plasma/miass spectronetry has been investigated. The effeets ol added organic gas mto the
coolant argon gas on the analyte signal were studied o improve the deteetion limit, accuracy and precision. The
addition ol a small amount of methane (10 ml./num.) into the coolant gas channel improved the wnization ol
G, As und Sc. The analyvtical sensitivity of the proposed Ar/CHg system was superior by at least two-lold to
that ol the conventional Ar method. In the present method, the detection limits obtamed for Ge, As and Se were
0.014, 0.012 and 0.064 geg/1., respectively. The analytical reliability of the proposed method was evaluated by
analyzing the certified standard reference niaterials (SRM). Recoveries o 99.9% tor Ge, 103% for As, 96.5%
for Se were obtained Tor NIST SRM ol freeze dried unne sample. The proposed method was also applied o the

biological samples.
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Introduction

Organic compounds of germanium have been used as
antitumor agents and intestinal astringents in velerinary
medicine. And arsenic compounds were used for a long time
as pesticides in agricullurc. Such compounds arc still in-
creasingly uscd as wood and cotton prescrvatives, Sclenium
is an csscntial antioxidant mincral. We have applicd a more
sensitive ICP/MS Ge. As and Sc determination in biological
samplcs. The concentration of these analvies in scrum and
urine is important and was significanily lower than purc
walcr.

The non-spectroscopic matrix cffects in [ICP/MS typically
come [rom a biological sample malrix such as Na. K and
organic compounds.! The usc of an intcrnal standard is not
adequalc with most clements because the intetference cffects
arc not in (he same direction.' Reduction of these cflects can
be achicved by a carcful sciting of the instrumental para-
meters. Other methods. such as hvdride gencration or clectro-
thermal vaporization. can parlially overcome these interfer-
enees.

A morc dirccel meihod of interference removal is the usc of
1. molccular and incrt gascs. 2. addition into the gas. or 3.
replacing onc of the three gas Mows of the ICP. Charac-
teristics of mixed gas plasmas have been widely studied in
inductively coupled plasma/atomic cmission spectrometry
(TCP/AES) and ICP/MS. (hough most of the litcrature has
focused on (he cifeet of nitrogen added 1o the outer argon
gas.” " Scveral rescarchers have also reported the usc of
nitrogen addition in TCP/MS. Lam and Horlick reported that
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polvatomics could be reduced and analyte signals enhanced
with the addition of nitrogen to the outer gas.'* To date. the
majority of rescarch has focused on the usc of nitrogen.
oxygen and air as additional gas. but rccently attention has
been tumned o other gases. The additions of methane and
propanc have alrcady been used in ICP atomic cmission
spectrometry (AES) and atomic fluorcscence spectrometry
(AFS).”'“‘

In (he present paper. the conditions for the removal of
signal cnhancement or suppression arc optimized with the
addition of methane to the coolant gas. The optimum operal-
ing conditions were delined and (¢ested by determining detec-
tion limits and rccoverics of clements and the analysis of
certified reference materials (CRMs) for these clements.

Experimental Section

Instrumentation. The ICP/MS instrument used was a
Perkin-Elmer SCTEX Elan 3000 (Nonwalk. Conneclicut. USA)
run at normal resolution. A cross-fow ncbulizer associated
with a doublc-pass spray chamber was used. The nass spectro-
meter was sct to sample ion intensitics (peak jumping) at the
analyte masscs m/z 70. 72, 73 and 74 for Ge™. m/z 75 As”
and m/z 77. 78 and 82 for Sc*. A perisialtic pump was uscd
for comventional sample introduction. The instrument sensi-
tivity was optimized by varving (h¢ instrumental sctting.
using aqucous standard solutions of Pb. Rh and Mg. The
imstrument adjustments included the physical positioning of
the mass spectromneter relative to the plasma. the ion lens
voltages and the adjustment of R. F. power (o (he argon
plasma. Once optinized for germanium. arsenic and sclenium.
these vanables were kept constant throughout all experi-
ments imnvolving the same clement. The acrosol carricr gas
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Table 1. Instrumental and analytival parameters for ICP/MS

Deseriptions Conditions

R.F. generator Free-running type. 40 MHz

1000 W

3-turn. 1 8in. copper. 2.6 mm id.
7 mm trom load coil. on center
15.0 Limin. (Ar). 10.0 mL min.
(Cliy)

(.85 I imin. (Ar)

0.92 1. min. (Ar)

4-channel

R.F. power

Induction coil
Sampling depth
Coolant gas tlow rate

Auxiliary gas {low rale
Nebulizer gas low rate
Mass flow controller

Sample infroduction Peristaltic pump
Sample uptake Now 1.0 mlAmin.
Nebulizer

Sprav chamber

Cross-flow tvpe

Double pass type (Scoll tvpe)
Torch Demouwntable

Nickel

Quadrupole

Interface cones
Mass analvzer

Vacuum svslem Turbo molecular pumps

Quadrupole chamber 5% 107 torr
Quantitative modc
Replicate time (ms) 300
Dwell time (ms) 100
Sweeps Reading 2
Reading/Repheate !
Number of Replicates 5
Pomts Speetral peak 3
GeMass 70.72.73.74
AsMass 735
ScMass 77.78.82
Scan mode Peak hopping
Resolution 0.9
Total Quant Mode Mass Range  67-87

flow was adjusted for each analyte until optimum signal
intensity was reached. Methane addition to the coolant gas
was achieved by using a 4-channel gas mass flow controller
(MFC). The ICP/MS setting is given in Table 1.

Materials and chemicals. Human serum and urine
samples were obtained from 30 healthy individuals living in
the Seoul region.

Five CRMs were analvzed: Freeze-Dried Urine [NIST
Standard Reference Material (SRM) No. 2670. National
Institnte of Standards and Technology. Gaithersburg. MD.
USA|. Bovine-Muscle Powder [NIST SRM No. 8414|.
Whole Egg Powder [NIST SRM No. 8415]. Whole Milk
Powder [NIST SRM No. 8433]. Durum Wheat Flour [NIST
SRM No. 84306].

Standard solutions were prepared from 10 mg/L stock
solutions of Ge. As and Se (Spex Industries Inc.. Edison.
Newlersey. USA). All standard solutions were made up in
1% HNO,. High purity reagents were used. and the water
was produced in a Millipore Super-Q apparatus (Millipore.
Milford. MA. USA). The liquid argon used was 99.999%
pure. The methane used was 99% pure.

Sample preparation. Approximately 0.5 g of each CRMs

Ayung-Sut Park et al

was digested in beakers. using a hot plate. 5 mL of nitric acid
were used for the digestion. After digestion. the solutions
were quantitatively transferred into calibrated flasks (10 mL)
and made up with distilled. de-ionized water. CRMSs were
spiked with Ge to a final concentration of 5 ug/l.. Five
replicates of each sample were prepared. The | mlL serum
and urine samples were digested with c-HNO:.

Standard solutions and calibration solutions were prepared
from the stock solutions as required.

Procedure. Experiments to assess the influence of the
instrumental operating parameters (species of added gas.
channel for methane and gas flow rate for methane) on
elements were performed. In these experiments standard
solutions of 100 g/l Ge. As and Se in 1% matrices were
analyzed to find the effect of the operating parameters on
analyte elements. These experiments were undertaken with
and without methane addition to the coolant gas. under the
following operating conditions: outer gas, 13 L/min; inter-
mediate gas, 0.85 L/min: nebulizer gas. 0.92 L/min: power,
1000 W: and CH... either absent or variable up to 100 mL/
min.

Optimizations of the operating parameters. with the addi-
tion of methane to the coolant gas. were performed to find
the optimum conditions for the reduction of interferences.
The optimal conditions defined by these simplex optinu-
zation were tested by determination of the detection limits
for Ge. As and Se. Analysis of the CRMs and real samples
was undertaken on typical operating parameters (Table 1).

Results and Discussion

Selection of mass for analyte. Noticeable interferences
were observed for Ge. As and Se. showing that below m/z
=83 the background spectrum is not free from interfering
peaks.' ™" Moreover. at m/z=70-82. interfering oxides or
argon dimer ion (*Ar'”Ar) have been reported.'*™ So the
isotope m/z=77 and 82 was chosen instead of m/z=80 for Se.
Because the nv/z 75 (*"Ar**Cl) was a possible interfering ion,
it was compensated by the m/z 77 (Ar' Cl). which was
corrected for “'Se using ““Se. “*Se was obtained by correct-
ing *Kr."'

Optimization of plasma with methane. An experiment
was carried out with methane in the argon coolant gas. For
selection of added gas. various gases were added into the
coolant gas. Figure 1 shows that the enhancement of signals
caused by methane introduction is more effective than any
other gases. The results of Figure 2 show that the coolant gas
flow channel is the most effective for enhancement of ana-
Ivtes. The intensity of analytes with the addition of methane
to the coolant gas is plotted in Figure 3. When a flow rate of
methane up to 10 mL/min was added to the coolant gas flow.
the intensity of Ge. Se was maximum. And when the flow
rate of methane up to 20 mL/min was added to the coolant
gas flow. the intensity of As was maximum. For simultane-
ous analysis. 10 mL/min methane gas flow rate was used.
The optimal conditions are defined in Table 1. Detection
limits are reported in Table 2. The result shows that the
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(c) Se

Figure I. The eltects ol the added coolant gas on the abundance ot
Gie. As and Se.

detection limit for As was effectively decreased in the Ar
CHl, plasma. From the results of Figure 4 for the effect in
some matrices, the simplex optimization of the plasma with
methane added to the coolant gas reduced the enhancement
or depletion of Ge, As and Se signal formed by 1% matrices.'

Buil Korean Chem. Soc. 2003, Vol. 24, No. 3 287

60xict- | HH "Ge
I “Ge
n Bl Ge
3 e
5 4.0x10°
8
C
O
g 2.0x10*
2
L,
nebulizer auxiliary coolant
Channel of CH, addition
(a) Ge
75
8.0x10° I As
o
&
E 6.0x10°
8
c
3+
B 400
=
2
2.0x10°
nebulizer auxiliary coolant
Channel of CH, addition
(b) As
2.0x10"
B "se
I “se
’g 1.5010" | [ *Se
c
2 o
~  1.0x10"
8
c
[}
kel
§ 5.0x10°
004
nebulizer auxiliary coolant
Channel of CH, addition
(c) Se

Figure 2. The ecffect of the channcl of CH, addition on the
abundance ot GGe. As and Se.

Determination of three metals in Korean serum and
urine. The determination of Ge. As and Se in human serum
and urine are useful to detect excess intake or exposure,
particularly concering pesticides, food or drugs. Before the
test of human serum and urine, we checked this method by
the use of CRMs (Table 3). The precision and accuracy
could not be defined directly, owing to a lack of suitable
certified reference material for Ge in serum. [t was therefore
assessed indirectly using Ge spiked NIST SRM 2670. 8414,
8415, 8435, 8436 and serum samples. The relative errors of
Ge are 0.15-0.58% and C.V.s are 0.80-1.79%. For As, the
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Figure 3. The effect of the Cl1, gas low rate on the abundance ot

Ge. As and Se.

Table 2. Detection limits of Ge. As and Se by AtCHLACP/MS.
HGACP/ALS and A ICP/MS

Detection Timit® (zgfl). C.V." (%)

A ICPIMS NGACPIALS

Element
ArCHYICP/MS
Ge 0.0138 £0.0002.0.43 0.027 1.78
As 0.0120 £ 0.0004, 2.58 0.106 1.85
Se 00642 +£0.0011, 7.09 0.886 2.69

“Mean values ohtained from ten measurements. *Cocficient of variation.
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Figure 4, Eftects of methane mixed plasma on Ge. As and Se
signal: A T1HQ, B: NTLNOs, C: NILCL D: (NELRSOL. F: NELHLPO..
1I: CLICOONT L. G (INH)2Cat1O%. 11: NaNO;. 1: KNO:.

relative errors are 2.00-20.0% and C.V.s are 1.59-8.43%.
The relative errors of Se are 1.60-9.21% and C.V.s are 1.94-
6.93%. The test method was cstablished with 5 replicate
measurements on the same sample. Figure 5 is the calib-
ration curves for “Ge, “As and "Se. The curves show good

lincarity.
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Table 3. Accuracy and precision test lor Ge, As and Se¢ i the
Lol

certified reference materials'

Relative

N K 113 N b
Malerial . Llement ot L eHified error? v
Ret. value value (“a)
(“0)
Ge 99.9 ng 015 1.06
- = 100 ng . )
Freeze SRM “Ge 99.8 ng 017 284
dried o0 PAs 0493mgL 048mel 271 594
urine 5S¢ 0dddmg L bdome I8 628
TSe  0443mgd. O MEY 371 475
“Ge 994dng 0358 1.2
_ -\ L 100 ng . s
Spiked “Ge 99.5 ng 0,52 095
serum - TAs 97.4 ng loong 237 1.59
sample 5S¢ 96.2 ng 1001 278 194
“S¢ 964ng £ 265 237
“Ge 99.7 ng 026 133
_ - = 100 ng . .
Bovinge SRM “Ge 99.7 ng = 027 072
muscle ‘34] p TAs 0010 mgkg 0.009 merkg 101 7.92
powder ¥S¢  0.069 mgikg 76 me ke 221 746
TSe 0.0T0omgke 0 ENE 780 685
“Ge 99.6 ng 041 179
- = 100 ng s .
Wholc —_— “Ge 99.7 ng = 035 123
ege DR TAs 001l mgke 0.0Imgke 100 592
88 8415 Ny RS
powder S¢ 1.3lmgke | 39 ma'ke S6l 693
Se  132mgke 77T T 540 324
“Ge 99.7 ng 028 1.13
) = 100 ng . )
Whole SR “Ge 99.7 ng = 027 101
milk .. TAs 0.0012mgke 0.001 merkg 200 843
. 8433 82 . 4 - - o
powder Se 0127 mgikg 0131 me k 305 580
- ) A3 .
Se 0,128 mg'ke ERE o8 63
e 995ng 1001 047 080
Duram o Ge  996ng MIE 36 146
wheat 5. TAs 0.036mgkg 003mgke 200 427
436 W - ;
tlour “S¢ 120mg ke 123 mek 260 329
TSe 120mgke T TETE 350 581

“Mean valucs obtained trom tive measurements. “Coctlicient of vanation.
“Dhgestion rcagent is TTNO:. “CRM is digested in beaker. at 150 °C.

Table 4. Analvtical results for Ge, As and Se in blood and urineg™”

. mgL
Sample

Ge As Se
Whole blood of human 62.7 - -
Urine ol human 219 - -

0.042-00.64 -
0.17-0.35

Urine ol human® -
~ - F
Serum of human - -

“Digestion reagent is HNOs. *Samples are digested in beaker. at 150 °C.
Gr= 0. = 30

The Ge. As and Se in the human serum and urine of 30
healthy individuals were determined. The concentration of
Se in the hmman serum was 0.17-0.35 mg/L. the concent-
ration of As in the urine was 0.042-0.64 mg/L.

The concentration of As and Se in the urine of 30 healthy
subjects (0.042-0.64 and 0.17-0.35 mg/L. respectively) are
similar to the values obtained bv F. Peter and J. H.
Watkinson ef ol "=}
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Figure 5. Calibration curves ot “'Ge. “As and "Se using ICP/MS
with methane mixed plasma.

Conclusions

This work shows that signal enhancement or depletion of
Ge. As and Se can be effectively reduced. by the addition of
methane to the outer gas.

The success of this work is demonstrated by the analysis
of CRMs. by the improved detection limits and by the
enhanced recoveries obtained. Detection limits for Ge. As
and Se generally were better with the addition of methane to
the coolant than withont the addition of methane to any of
the gas flows.

We have found that the use of [CP/MS allows the rapid
and easy determination of Ge. As and Se in serum and urine.
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