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The purpose of this study was to evaluate the analytical
accuracy and precision of microwave oven digestion/atomi
absorption spectrophotometry (AAS) for analyzing aitborne
chromium collected on mixed cellulose ester membrane (M
filter from the work environment, and to compare the
accuracy and the precision with these of the National
institute for Occupational Safety and Health (NIOSH) Metho
#7024 hot plate digestion/AAS method, For this study, field
air sample pairs were collected from a electroplating
process, and spiked samples in a laboratory were prepared
and using these samples. Two digestion methods were compi
and evaluated in terms of recovery rate and bias as indices
of accuracy and coefficient of variation as a index of
precision, The results and conclusions are as follows, In
spiked samples, the accuracies (% mean recoveries) of he
plate/AAS and microwave oven/AAS method were 97.19
G7.19%, respectively, and the precisions (pooled respectively,

and the precisions {(pooled coefficient of variance, CVpsied)
6.93% and 3.88%. respectively, The biases of hot plate an
microwave oven methods were 456 -~ 147% and 222 - 7.
respectively,  There was no  statistically  significant
difference between hot plate and microwave oven methods
recovery rates of spiked samples (20.05). Alse, no
statistically significant difference was shown among the
concentrations of air samples determined by two methot
(p>0.05). In conclusion, microwave oven/AAS method b
excellent accuracy and precision, and advantages such as
fime-saving and simple procedure in comparison with th
classical NIOSH method. Therefore, this method can be use
widely to analyze airbome chromium collected on MCE filter
from the work environments.

Key Words . Airborme chromium, Hot plate, Microwave oven
digestion, AAS, Accuracy. Precision
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A& 4% Microwave Oven Digestion/Atomic Absorption Spectrophotometry ¢ F&% 9 LT 7} 49

L}3ka] (side-by-side) A= 3 2 - 106 &
S 209 AEE SAlOl AR sk
AEAF ARRE oFA= mixed
cellulose ester membrane (MCE) ©13}74]
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Hot plate method

Microwave oven method

- Open the cassette and filter holders
and transfer the samples and blanks to

Open the cassette and filter holders

and transfer the samples and blanks to
sample vessels.

clean beakers.

v

*Add 3 mL conc. HCI, cover with a
watchglass and heat on hot plate (140
C) until the volume is reduced to ca.
0.5 mL. Repeat two more time using
3 mL conc. HCL

* Add 1 mL conc. HNO; to the vessels.

Put the vessels into a microwave oven,
and then the samples were digested
under programmed temperature and
pressure for 40 minutes.

¥

v

~ Add 3 mL conc. HNO; cover with a
watchglass. Heat on hot plate (140 C)
until the volume is reduced to ca. 0.5
mL. Repeat two more times using 3

- After 1 hour, pick out the vessels

from microwave oven, and cool the
solution.

mL conc.
v

v

- Cool the solution and dissolve the
residues in 1 mL conc. HNOs.

- Dilute the solution to 20 mL volume

with distilled water.

v

- Transfer the solution quantitatively to
10 mL volumetric flasks.

¥

‘ - Dilute to volume with distilled water. '

Figure 1. Flow diagram of hot plate and microwave oven pretreatment methods.

S ¢8| FHAFIT o9} Zo] AAke
Z galehet 228 AZRE 7 -8 AT
AT mEA AlEE Fgsket &
QF AAAZEE 10 - 11 A3l
st Bk AlE7t 271 vlo]AE hot
platedl A THE X0 2 £71 the 48 v
7HA] W2 eE § o 7)o AAF 1 mLE 7t
st} AlEE ehds| galAth Tl
2 0] A58 10 mL volumetric flask
o &1 F w27 SHRTEA FJAA
AoER A7 AAE gEsisith

2) Microwave oveng 0|83 Al£9| M2

AHE A5 D H7h ASE Table 13
2E& Z7 slollA microwave oven
(MDS-2100, CEM Corp., US.A.)S o] 45
o] Figure 13} 22 ZAjol| w2} A2 &
a3tk

o 24 A 85 microwave oven?] vessel
o %712 1 mLY AAHE 715H33T. o)
vessel = ovenol] 4=A)71 - Table 137} 7

e

sl A AlEE 3SAA
; & 2Q5= 3spA 7

2 olsloitt 33t B $ vesseld
AT L& wizel oF X7 A& BA
FAE AUgILE 182 33k Al
o] FFTE 35t HF 95 20 mL
Z gtk

E Lol
o4
o
1o

3. EAYH

FHE BE NEx AFEEA
(flame atomic absorption spectrophotometer,
AAS, Varian AAS-300 plus, Australia)®=
A AAsel I3t FIFE T4 =
AL Table 20 Qoo i)

4, X\IZ2EM
Z Y A= dFE %

recovery) X | Bias | 2 UERAS AL o}
3L 44 oE A 12 429 2k
(Taylor, 1987; NIOSH, 1995).

Volume per vessel (ml)

: Bk
I+ ) = e X 10
...................................... (1)
Table 1. Instrument parameters of microwave digestion system for digesting filter
samples
; Stage
Parameter " 5 3
Power 70 100 100
Pressure (psig) 20 30 50
Temperature (C) 100 120 140
Run time (min) 5 15 20
Tap time (min) 3 10 15
Fan speed (m/s) 100

100 100

Table 2. Instrument parameters of flame atomic absorption spectrophotometerc

Instrument parameter Condition
Lamp current (mA) 7
Slit width (nm) 02
Slit height Normal
Wavelength 3579
Fuel gas NoO-Acetylene
Sample introduction Manual
Replicates of readings 3
Measurement time (sec) 1.0
Delay time (sec) 1
Background correction Off
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6.12 (SAS Institute Inc.)S ©]E8}o] 3
st AAE WY seE3 v A
O]+ paired t-test B t-testE ©]-8-310] 5%
o gFellA AAsklth

. 2

3 3%

FEE 3

A9 F7b 51
% (222-742%)°1t}. 1231 hot plate®
slglsto] A2 et A= Het 350
97.1 (85.3-108.5%)°1%1 2L | Bias | = B+
7.98% (4.56-14.7%)°3it}. ©]g} o] F
AA2 W BT g9go] osEA U
EJL} NIOSHOA “Q14 (acceptable)”” |5

ol 75%3} “BA (preferable)” 715 90% ©]
A} (NIOSH, 1994c)S R wE=ai9i)
FZH 3} microwave oven 3|3PHS A&

Ve FZEBA) @ I HIMEE 0|8t MA2| H bl ST AR (1999), Karlsend] H
A7 (x He olgs P U (1997),
CVipooled = H7W g oz F 7 AAE W microwave oven B3PS o] 8-38lo] 84
pOOC T 'I:
[(H=D CV\"+(N,=D) CVyi+.. +(N,-D) CV,” HE T8 A A YRS 474 Table &85 AF WET 5 (1999 172
¥ (N, =D+(N,-D+...+(N,-D 3 1—;,4 Table 494_ %H:]’ ﬂ_ _”_/\]_O}_oﬂq_
........................................... @ Table 304 BEo] WS gpte = AX o] e 855 A
CVn = A AES] Hol 7+ Z AL A9E 29 microwave oven  FEZ FIT Aol Oi‘”ﬁr (p>0.05).
N= AR o= ARYR A BT A5 91% 2 Y LS 1w A} level 3
BE 27 A4S SAS System, Release  (92.6-101.8%)°112L | Bias | = H3 428 oA gk A7} 3O (p<0.05),
Table 3. Recovery rate and bias by digestion method
Microwave oven Hot plate
. Amount of Cr  Recovery : g Amount of Cr  Recovery .
| * %
Lo Sl?}jge)d N fond g e () | %;a)s | Sl%i‘ge)d N found, e rate(%) '%I/j)s |
(Mean=SD)  (Mean®SD) (Mean£SD)  (MeanLSD)
1 2 6 2.05%0.07 101.8£3.36 2.83 2 6 2.17£0.16 108.5+8.21 8.79
2 4 6 3.94£0.08 08.2£2.07 222 4 6 4.060.23 101.6£5.57 4.56
3 8 6 7.75£0.28 96.4£3.43 4.12 8 6 6.8210.46 85.3£5.80 14.7
4 15 6 14.7£0.13 97.4£0.89 2.58 15 6 14.810.99 98.3L6.63 498
5 30 6 27.9%0.46 2.6%1.52 7.42 30 6 29.4£2.75 98.1£9.17 832
6 60 6 58.114.46 96.3£7.39 6.52 50 6 4711332 942756.63 621
7 - - - - - 70 4 64.110.84 91.6%1.20 8.44
overall = 36 - 97.11t44 428 - 40 - 97.1£94 7.98
Note : CV: Coefficient of variance; CVpooled: Pooled coefficient of variance
*The concentration of standard Cr stock solution was 1000 fg/mf.
Table 4. Analytical precision by digestion method
Microwave oven Hot plate
Level  Spiked* Amount of G oy oy Spiked* Amount of Cr oy
g N Jfomdg e @ w N b ey
(Mean=SD) (Mean=*SD)
1 2 6 2.05£0.07 3.30 2 6 2.17%0.16 7.56
2 4 6 3.94%0.08 2.11 4 6 4.02£0.22 5.40
3 8 6 7.75£0.28 3.56 3.88 8 6 6.8510.44 6.46
4 15 6 14.7%0.13 0.91 ' 15 6 14.8£0.99 6.74 6.93
5 30 6 2791046 1.64 30 6 2947£2.75 9.35
6 60 6 58.1t4.46 7.67 50 6 47.1%3.32 7.04
70 4 64.110.84 1.31
Note : CV: Coefficient of variance; CVpoolea: Pooled coefficient of variance

*The concentration of standard Cr stock solution was 1000 pg/m/
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HRH o]l 9] 3k Cr (insoluble)?] Hit 35T&
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Table 5. Comparison of analytical results of airbomne Cr samples by hot plate and by

microwave oven digestion method

Sample  Hot plate(A)  Microwave oven(B) : | Bias | Paired
No. (mg/m’) (mg/m’) B/A mitio (%) t-test
1 0.426 0.492 1.15 15.5
2 0.666 0.658 0.99 1.2
3 0.268 0.268 1.0 0
4 0.065 0.064 0.98 1.5
5 0.062 0.052 0.84 16.1 -
6 1.63 1.81 111 8 L
7 0.098 0.060 0.61 38.8 ’
8 0.043 0.038 0.88 11.6
9 0.018 0.011 0.61 389
10 0.011 0.009 0.82 182
11 0.010 0.007 0.70 30.0
Total - - 0.88%0.19 16.6
Note : B/A Ratio = Result by microwave oven method/Result by hot plate method
Result by hot plate method - Result by microwave oven method
| Bias | = X100

Result by hot plate method

A% vlwgh A7 Table 59 Zrh
AA AEF 21 AR B Astie
BF g o =%F (1998)9
American Conference of Governmental
Industrial Hygienist (ACGIH, 2000)7} 717
S}al 9l Threshold Limit Value (TLV)
0.5 mgm' °lsl3lon 67} AF S&7E
0.05 mgm BT} =& Ag5E 7 A%
T HRoE B AESE 1] (mic-
rowave oven "$Hol elst Zhhot plate T
Hell g3t he Hf 0.88 (0.61 - 1.15)0]
21 | Bias | = Bt 16.6% (0 - 38.9%)

Z YRS Hot plate W02 A2
97} th B3O TEE (0,05 mg/m!
oSl AlBeNE F 3t Hl7F AY 1
o 7Vl T el % AEEE 2ol
E o)zt gk 28 & £ 99tk o
22 el WE 2Rk Aojeirz
paired t-test® 7 A4 Az} Fofsh
kol §LSTh (>0.05).

T AxE Yoz A%d R
WAE T =Z= el Figure 29} 7

}

& % 908 Ao} g RO B

X - 0.017

Result by microwave oven methoa)(mg/m

, p<0.001,Y =

microwave oven, X = hot plate

Regression line

o

Result by hot plate method (mg/m

1 2

3)

Figure 2. Relationship between results by hot plate method and microwave oven

method for airborne Cr samples
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1. Microwave oven 3] 3} Bl ol 9]l 3]
457} hot plate 33} ol ot Ht
3582 BF 97.1%%2 ZTh Micro-
wave oven "] | Bias | & H1 4.28%
(222-742%)% hot plate WH (FH
7.98%, B 4.56 - 14.7%) 2.0} Z3ktt. ©]
9} -2 ZA3ZE Ko} microwave oven U
H2 A& (accuracy)’t $55 U
& T Utk

2. Microwave oven WS wHolAlS
(CVoou)= 388%Z hot plate M
693%)kEt 22 e Hol AUR

Table 6. Advantages & disadvantages of hot plate and microwave oven digestion methods for air samples.

Pretreatment .
iathiad Advantage Disadvantage
- Suitable for simultaneous analysis of heavy — metals."” - Pretreatment time is long.*” (over 10 hours)
Hot plate - Equipment price is inexpensive.” - Possible sample loss at high temperature.”
p - Reference method.” * Many cautions is necessary in pretreatment.

(authorized method by NIOSH)

- Pretreatment time is short.*”

(about 40 minutes)

Microvae: OVeL, . Sample loss is smal

+ Accuracy and precision is acceptable.*"”

1 ae)

. . . . e)
- Equipment price is expensive. p
3 = L€
- Adequate pre expemnbents IS necessary.

)

- No reference method.

(not recommended by NIOSH)

P =e )
LY

‘Sulcek and Povonda (1989); "This study

78S (1999); "NIOSH (1994a); “1-&74 5 (1996); WAE 5 (1995)
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(precision)”} H T} -3kt

3. TaadolA ysts] AF (side-by-
side sampling)$t EGAI R (field samples)
g FTHos BA% g vud 23
T H Alolell= 12 gk Afol7t gle A
02 YERITH (p>0.05).

4, ol¥e Az F WL B Ag
=9} AUEsE $aH oL, microwave
oven B9 AUErt o g5d Jlo%
Uersttt. 1222 dA ﬂ(ﬂ 73 3E
AEEAs 8 dd NIOSH
Method # 70242] hot plate 8|3} 9] %
2 of-tofA] A|QFt microwave oven &3}
HE A48 4 9lon, E3] 249 HY
A& AR AME A 9E3AE ¢

T BT 83 Wylos @

1__01__

53] 2] 1997;7(1):113-131
ShEd 9 B3RS =F
7% w5 R 1A A 97655,

278834 1994:4(1):96-102
B3, Determination of Toxic Elements in
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