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— Abstract—
Pretreatment Effect on the Analysis of Insoluble Hexavalent Chromium

Eun Jung Lee, Jae Hoon Reh, Jong Uk Won, Mi Ryoung Chun,
Myung Hwa Cho, Chi Nyon Kim

Institute for Occupational Health, Yonsei University Coolege of Medicine

Hexavalent chromium{Cr*) compounds are considered to be particularly hazardous, primarily
because of the associated risk of allergic reaction and cancer.

The analytic method of hexavalent chromium such as the s-diphenylcarba- zide(DPC) method and
all other previously used methods are often made uncertain due to significant interferences from
organic components.

This report can provide a technique for the more rapid and simple determination of total hexava-
lent chromium. than other currently using methods.

The s-diphenylcarbazide method proposed by the U.S. National Institute for Occupational Safety
and Health has low recovery rate(15.67 - 48.20%) due to interference, iron chloride and nickel chlo-
ride. A microwave oven technique has high recovery rate(about 70%) of insoluble hexavalent
chromium.

For the difference of ionic charges of Cri-ethylenediamine tetraacetic acid(EDTA) chelate and
CrO4?, we could detect them simultaneously by ion exchanged high performance liquid chromatogra-
phy. The confirmation of Cr® and Cr* were checked by fraction collector and flameless atomic
absorption spectrometer, We observed that the small amount of hexavalent chromium is converted to
trivalent chromium due to enhancement of chromium reduction by Fe”* or Ni*?. As a result of this
study, on the analysis of insoluble hexavalent chromium with microwave oven was used for, it may
be better and more precise analysis after pretreatment by 2% NaOH-3% Na,CO, and then analysis
UV-spectrophotometer. It should be done for various studies on insoluble hexavalent chromium on
the basis work environmental monitoring so called welding, painting etc.

Key words : Insoluble hexavalent chromium, Microwave oven, High performance liquid chromatog-
raphy, UV-spectrophotometer, Flameless atomic absorption spectrometer
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I AP 0B

g Ex IAEIIFEELS IAEHF, IEEF,
2HQH 20 847 A4, =8 § 24 137
I EARE, AY F A A EoklA AHgEHn
dem olyF AF IFESS £, F 5 2]
o8 ez Fi=o] ZEAEAA AZFHAY ¥
4= AN E LA Aok AN 318t
B9 B3y, 7189 sy, Gt o
g3 {7129 Asle] d] AMSET o]e} 2o
2] EofdllA Z&9 F2E AHA F7H HAG
(WHO, 1986).

IEL AsPdH S 84 Ee B8R o
2} A it FrEize] A =28 53] 98
ygte] =BRdMEe E84 671 2837 A3} o}
4 (zinc chromate) < &Y &2 (A), FIAEL
Zr4 (calcium chromate) ¥ $3EA F(lead
chromate) & T9d FHED(AY)E FH32
on (=B, 1991), P AAAAAEIL o3
(American Conference of Governmental
Industrial Hygienists, °l3t ACGIH)®IM€ <
44 o7t 38x 298 EF(A)E s o
(ACGIH, 1994). ZE3FE2 APl et =
dol A t2r FEAPS B 671 EFo]
37t EFEY EAo] Ao ZEA 3o
(Mathur %, 1977; Suzuki %, 1984), 3719} 6
7b 289 H&71ES 44 dE2A 0.5mg/m'H
0.05mg/m’22 stz JH(=FHF, 1991). 53
ACGIHAA e B84 67F 289 A&
0.0lmg/m’22 73X 7 o™ (ACGIH, 1994), &
44 ZEFES TPY EFE HEstn o
(National Institute for Occupational Safety
and Health, 1975).

a2y @A fEivete] A% el Edd
(1994) ol o3t 432t 2F (CrOy el 10270 AA
oA 1,126€, $3Z84 F(PbCrOyel 2178 4Al
oA 2088 ZE]x IE3L ofd (ZnCrO) 2 107K
JANA 1908 A= AHEsta ok Exdts §l
ot a3y old & AYPA ] dF vieto] IF
=7 ZAQAATE AR o]FoA 3 3 V| =8
2 e, =7, 83FY SoA 2AER e

E84d 382 ETHT IAEINPEES oz A
Blol m& FE mhoto] Aol AFEF FeHn &
T 3l

T84 2 B84 671 g Ui AR¥A2A
Algel EMA] dut{oz AM8Em glE NIOSH
7600 *}'H (s-diphenylcarbazide) & &4 67} =2
o €38902E (.5N H,S0, E84 671 =
B9 gF8Yo2E 2% NaOH - 3% Na,CO,=
o] &3t &&3la ©|E s-diphenylcarbazideZ
Bt AN BEdY EFFEA (UV-
Spectrophotometer) 2 %43t " (NIOSH,
1984; Abell®} Carlberg, 1974)°]t}. &3] 284
67} 282 hot plate® 30&A 4583t 71Ast=
ol ol2g WY AA 8HEF 59 ABEHA F,
U4, 38 9 J3FE wol i3} Y Fgo] U
oy AFF £4o] o|FARA ¥e A$Ut Ut
(Thomson¥} Stern, 1979). Morton % (1983) il
o3l 84 67} =& (soluble chromate)2 &
Z Ao 2 1% Na,COs 89S AHsla B84 6
7} 382 2% NaOH$} 3% Na,COsg Algste
Aol &FFEgo] Frix Hrista Ut

£ AFdAe B84 67F 28 AXe=
s-diphenylcarbazide (NIOSH 7600) *lA )
Alsta 9JE hot plate & ©]&3hk= " (013} hot
plate )3 HZ FF& AAe ] Bel AHEsin
& microwave ovene °©]&(°]3l microwave
W) 3t 67F 289 HAHS 289E A3,
3¢eS Hla Hrisky, 4 dAAeE] dyEE 7y
B9 EAA R }E IFS ettt

EZ Syty 5(1988)F :=AE 5(1994) <] At
& olem¥ 34T AAIA=vtEa S (lonex-
changed high performance liquid chromato-
graphy) & ¥ 8% HUAFLF =4 (Flameless
atomic absoption spectrometer) & ©]-£3t 37}
&3 67F 28 B4, BFEs B84 =8
o] AR FHEA il FY=E AE
o] Absh-greink-g-g FEABI )

I. dady
1. A7 A Al

s-Diphenylcarbazide (NIOSH 7600) <] 67}
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AEEM L UV-spectrophotometerE A&
o #3889 FEE Spectra AA-300(spetra
Flame) € AH83i5icl. =8 671 289 9 &
al3t7] S3tkg A2 837 (fraction collector) 7}
23 ojg 3 A AzolE a8 (Gilson) & At
S35 m Be@e 2ol uf ICI-524A (4.6mm
10cm, Shodex) AL AHE3YTh H&71= UV
Detector (Gilson) & AHE-8t2m Alge] AN=E
W2 microwave ovend hot plate® °©]-83}5i}.

B A¥dA A EF EdL PAHE 57 A
g oz AHEsth 24T dAIZelEas
He| ©}F385 (mobile phase}& A& 7128 F
JA7IAA &5 A g o] & W 71 T
AL FLz3Ech

2, oY Uy
1) 67} 3§ HA2| =7zt I 2o} o2 3

T2 H|1

584 671 289 EF 99100 Cro%ue/ =) &
potassium dichromate(K;Cr,0) & FFF2 §
Al AzsPen 284 671 289 BFE 99
{100 Cre m)2 lead chromate{PbCrQ)3E
2% NaOH% Na,C0,22 3|43ld A=z}t

#3o| ggvld AHEr) A8k 05N 3t
{H.SO,, 2% NaOH - 3% NazCO, 2ol 53
FRTE o185 A4S vn WY, 4
-84 671 289 EF 99& Fe) PVC
filterel 30, 50, 10044 el Holm=zd F &
oA 24712 B¢t LASHAR hot plateZ FA2
= WA microwave ovend ©]§3 A3 W
Hez HAMg F AAFFAE=AS UV-gpec-
trophotometer® <1839l #3283 671 28
Ztzt EEgt,

Microwave g 93¢ 42 (1000W) & £
3l 108 <t 11002 &55 23 +3 208 §
¢ 4AT 2E(1100)E FAAA FHE A4
A|BE AAeshe el

2 dxjaigiol o 671 282 BiE] mjot

A AR F3F 671 I8l R 88 &
< #A37] fstd AREAH7IL H3E 28T oA
Aazdle g o8 2AAYn ¥4 220

< Table 13 2t} A&7 BH4F A2t F
718 o] 83l A|ER 1IAT 1% F< ERIsie] @
of Bl EE¥ f¥AFF2=A (Flameless atomic
absorption spectrometer) & Table 29 22 &
A zFez JYIFHUH(NIOSH, 1989; :=AFE
=, 1994).

3) UMSE =X ofRo] 2 6:4 aEe
- alEf it

#4442 Agshe IMEEA 371 é(Fe“), 27k
YA (Ni7) 5ol 49 ©e 671 28 2gee] ds
g 2ol A3l flsg 2L 2N Heed
Bt ol emd JAI=olE e uigE ¢
AFPEEAR 67 7 IEE FA AP BFE
A3, FAF el 48 67 2| Aole
T-test (T-23) & 413t #A3A.

0.4 2
1. #Xe| saiz0] 23

Microwave oven2 A3 ngdd Ad 4 e
Uy E7lel Yur 2L29E oLl 3L, Y
A dAZE gke] AA] £ e ARl

Table 1. Ion exchanged high performance liquid chro-

matography operating condition
Description Condition
Column ICI 524A(4.6mm x 10cm)
Mobile phase 3.5mM Na,CO, : 0.25mM NaOH
Flow rate _ 0.7ml/min
Detection UV detector, 240nm
Injection Vol. 204

Table 2. Flameless atomic spectrometer operation con-

dition
Description Time(sec) Condition -
Lamp Wavelength(nm) ' 357.9nm
Slit Width(nm) 0.2nm
Lamp Current(mA) TmA
Pry Temp 20 120
Ashing Temp 7 1000¢
Atomize Temp 5.2 2500C
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Tomm e

o] o|&% A5 A= PHL A= Eey
& 3387 918 X8 BA=E 0¥ F=F A
A7t e €FdEd9L 0.5N F4
(H,S0), #AMENO,), 2% NaOH-3% Nz,C0,
< didez Asg €3% 2H, +84 67 2§
(potassium chromate)< 0.5N %4, 2%
NaOH-3% Na,COsl 85-90%°14 ©3siz B4
4 67} 28 (lead chromate}2 ¥} 0, 5N FH4t
o 2j3l] 37} AFo2 FLH] AFEL 1%°l3
oigith, ou] Ay B} 444 &1 8L 0.5N

A, B84 67 282 2% NaOH—M Nazco,”

o] 71t AR .
2, ¥xa| Yol IE -‘%‘—8—‘5‘ &7t 384 ﬁl-’u"-%

484 7} A& e, S, 10ws] 2342 3
7 PVC ¥EE 0.5N HS0,8 ol 83l g3t
3. microwave Wi hot plate ¥Wiog HAX
£ t=27 8o} UV-spectrometer® ¥4 % 43}
microwave PgolMe 2t 432 2 85(95.00%)

Table 3. Comparison of recovery amount of soluble
Cr** by microwave method and hot plate

method(N=20) unit; g
Dosage Microwave Hot plate P-value
2.85+£0.14* 2761018

3 - 0.1093
“® (95.00 (92.00)

5 4.72+0.20 4.65+0.27 0.3766
(94.40) (93.00)

104z 9.73+0.25 9.854:0.34 0.2206
(97.30) (98.51)

A; mean + Standard Deviation, B; Recovery rate(%)

Table 4. Comparison of recovery amount of insoluble
Cr* by microwave method and hot plate

method(N=20) unit;pg

Dosage Microwave Hot plate P-value

I 1.90£0.144 1.58+0.27 0.0000
(63.33)® (52.67)

S 350035 2.77+0.51 0.0001
(70.00) (55.40)

10ug 7.63+=0.80 6.38+0.63 0.0001
(76.30) (63.80)

A; mean + Standard Deviation, B; Recovery rate(%)

E )

w, 4.72(94.40%)m, 9.73 (97.30%)u, hot
plate YoM E 2.76(92. 00%) e, 4.65(93.00%)
w, 9.85(98.51%)um°lAvt(Table 3). 3m, i,
102 438 AT Wyl B Aol ARG 2
I AA2] W, & microwave 83 hot plate
Wsle] apolye FAHHom foldA Fu
(p)O 05).

3, HAal ‘éﬂﬁoﬂ e #8d 67t a%—-l ;g

84 67} 2EL 3w, Sus, 10 7%%‘55 3
3l 2% NaOH-3% Na,CO,& 2a89e= AMg-

‘8= microwave Wi hot plate WEoz AN

g3y UV-spectrophotometer® 4 IH
microwave W¥< 1,90(63.33%)uz, 3.50
(70.00%) 1z, 7.63(76.30%) w°12 hot plate 1Y
< 1.58(52.67%)w=, 2.77 (55.40%)uz=, 6.38
(63.80%) o] 9} (Table 4). A=) whge] uja
Ao E FFH B microwave B hot plate
oA B3] wE Aol7t FARALR d%
2|8t A FFHAL(p<0.01). S microwave WE2
2 AAET 671 &) 2sEo] hot plate *H2
2 AANR Heeug w340

4 Txejdo) I S o

7 Microwave 2

z} 439 3w, 5w, 10} 2 843 671 Z&5
FdA2 FEste BHEAY FeCli(Fe),
NiCLINI% & F7lst ¥4 A 98 3%
Rt 4 FHEEE DHEAS] EA 4%
= £ BALC] 671 289 AL ¥ F
A 2 ¢ 5 UNen, =% l3E - THE
el vlof e} F2(1:33.3, 1:20, 1:10)F 2
A EF L] ulgol AESE 712 HTEL T
7k 2AE ¢ & U} (Table 5).

2) Hot plate 4

z} g2 (ug, S, 10m) 2 B84 671 38%
FgA42 Fgde AYEAQA FeCli(Fe)
NiCL(Ni? & 37l ol g €44 671 28
o] 932 At olF 4 pyEAE= 04
E49 EA o3| e &34 67 gy A&
< ﬁ’ﬂ?‘l‘ A% e &4 ¥t 67 2F
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o & ®AP Aolg HUeH, 67 IF -

FHEAY vE2 AF(1:33.3, 1:20, 1:10)% A
# HAEAY w7t ZF25F 67 289 5L

7tk A& ¢ 5 YA Table 6).

6. 67t 2{2| BHME WO}

284 671 23S IRAFFI=AR BHE 34
€& microwave #EoA%E 90.98-95.72%, hot
plate WM& 87.00-89.45%2 UV-spec-
trophotometer2 4% 671 289 3583 B
£ Aol& Uehle] olg #slnA} olend YA
AZETAF o|43l 671 F 37} AFL B
& F B2 gl HEE dAETEEAR
o] E F¥ FHsth

1) ol2mE A3 =oleT2luE 0|85t 671 U
37t 28 22l
ol2nd AAIAtETATE o] &3 7L 6
7t 2&, 37} A3 27} YA o|&& Table 13} 2
& oz e A3 Fig. 29 ¥ AEnET

L A%k Fig 19 (AYs B+ 371 2 <l
271 Vdoj &g gl AzvlE 1ol Zhzke o
FE AT (retention time) S 5483 10.580]
fen, O« 37t 227 671 28L £Ed A=
BLEIPo 2 37t IE ©] 22 6.5%, 67} LBl
2 11.2822 A&HY). L2 AL I
ol2-& 1, 88|tk

2) Hzje| 4ol o2 67} X #AUE 3| 3B}
225

0.1iz8l 884 671 2% (lead chromate) &
microwave Wi hot plate Wioz @itele]
ol 2@ 2F JA22uteaHz FREa A
BEEA7IE £7 0.TmlE ¥H35S viER 9AF
A=A BT 243

Fig. 20Msl 3ol 37} 28H 67 ZE o2
ol2m¥ 1T AAAZetEIYA A 22 o
75 AXt(retention time}elrd FZEEHGeH, 671
AE9] 442 microwave® AAAF ARME
0.065s22, hot plate dolAel 0.04LigHT}t

microwave Wie] &7

Table 5. Results of recovery amount of insoluble Cr* analysis by microwave  ZAZHUh
method after added different interferences (N=20) unit; pg W, 34ER) e 67
Dosage No addition NiClz ~  P-value FeCls P-value 382 37} AZcw 4
: X
. 190+0.14% 1882026 .. 188014 ..o el hot *iate e
(63.33) (62.67) ) (62.67) ) = 37} 289] 0.058u,
. A
5 g 3.50+0.35 3454049 4.0 328%054 ...,  microwave ¥HAME
(70.00) (69.00) : (65.60) 0.041ue2 2 hot plate W
10 ux 7.63+0.80 7.60+0.34 0.0931 - 7.52515({):'.83 0.7545 Wo] 37} 2o © Bo
(76.30) (79.80) (75.50) ady AL g &= g
A; mean + Standard Deviation, B; Recovery rate(%) A},
Table 6. Results of recovery amount of insoluble Cr** analysis by hot plate method 3) ZIMEEe EX of
after added different interferences(N=20) unit; ug Ho| g 67F 3B
Dosage No addition NiClz P-value FeCl3 P-value o #iME]|
» 1.58+027A  047+064 093£040 (00 Table 5% Table 61
(52.67)B (15.67) (31.00) ' A el HgEEY =
Sue 2.77+0.51 0814076 oo 166+0T1 (o0 A o we AN
(55.40) (16.20) (33.20) WY 67} ZSe} B4reke)
6.38 0.63 1.94+1.84 482+1.63 =
10 0.0003 B2 AolE Ho o|F
He (63.80) (19.40) (48.20) #elg Aeld 2o <13

gt A EZ (Fe®,

A; mean 3 Standard Deviation, B; Recovery rate(%)

Ni?) & A7ls 2 AH
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g EE AXEd F oleud AqHI=ZriED
gz Bsta AZRFHVIZ B35t uEE 9
AFFBEAZR FFEAEI}. Fig. 32 micro-
wave W hot plate WHo=Z HAF 671 =
£ ZHHEA A e e IFS Yl A
o2H HHERE I 67F 289 ¥ micro-
wave°ll A 0.029-0.038u, hot plate ¥HeolA=
0.019-0.029ug o2 JEbsith 3R] &2 67t
g2 7t ZE2o= Y] microwave el
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Fig. 1. Chromatogram of Cr*-EDTA, Cr*, Ni*-EDTA
and Fe®-EDTA by ion-exchanged high perfor-
mance liquid chromatography seperation
A; Fe* is chelated by EDTA,

B; Ni*? is chelated by EDTA,
C; Cr*chelated by EDTA and Cr*®

A& 0.040-0.056ue>= YEFSEIL, hot plate ¥
A& 0.059-0.081lug 22 microwave HHET} 3
7b 389 %ol Bel HEHUH

g
=

V.

Il

67F 28] 4 izt ATl B2 B4 Wy
o] A=A ed AA FAJ¥E FF RoklME s
diphenylcarbazide ¥'H (NIOSH method 7600) =}
ATEHE7|E o] &3 o] 2IAZEIY B Z FA 3}
+ W (NIOSH method 7604)°] 73 gitde =
AMEE T Qloh E=RE 3719} 67F 28-S BAl B S
71 $18lA, (+)-trans-1,2- diaminecyclohexane-
N, N, N’,N’-tetraaectic acid¢} 67} Z5& &3}
3tAY, 2-(2- thienylazo) -5-diethylaminophenol
I 7t ZES FAESSIY JF QA IZ=2vtE T
(reversed phase liquid chromatography) 2 £4
£ 319927 (Shaopu 5, 1992; Valle &, 1992) 3
E31A1F Sodium diethyldithiocarbamate
(NaDDTC) ¢ Ethylene- diamine tetraaceti-
cacid-disodium salt(EDTA)E ®lug JdT= Sl
AT =AE 5, 1994).

50 { cr*

o
=)

w
=)

Chromium (ng)

10 11 12 13 14 15

Fraction (min)

(ISR AR SRR G Sy [ g 9

Fig. 2. Results of insoluble Cr**-EDTA and Cr*anaylsis
by ion-exchanged high performance liquid chro-
matography with fractional collector and flame-
less atomic absorption spectrometer.

a and b are only spiked 0.1ug Cr* but c is spiked
0.1ug Cr*® and 0.1ug Cr*®

a,pretreatment with microwave method;
b,pretreatment with hot plate method;

c,Non pretreatment
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{A} Microwave meihod
50

“} s
E & <
-~ 10 }

g , cr

g Crc -EDTA

[}

[X]

£

(4]

4+ 5 & 1 8 9!0![]2I3III5
Fraction{min)

{8) NIOSH 7600 method

50
M r

kL

cr'’-EDTA
10

DAY

13 4 5 & T B %00 11 11 13 td 45
Fraction{min}

Fig. 3. Results of insoluble Cr* analysis by types of
pretreatment and interference by ion-exchanged
high performance liquid chromatography with
fractional collector and flameless atomic absorp-
tion spectrometer.
a,added as FeCl; ;
b,added as NiCl,,
¢,0.1u of only insoluble Cr®

Chromium (ng)

a3y ol BAYES B4 Aol 2 £4
WA T Eg A%S Holn dildez #4844 =2
Eo 3] @3oA] 3o ou] o ARE B
24z 42 B84 671 28 #T AR AA
e AP A AR HEr|de ol e
Aot} B Ao 84 £ B84 671 2
E9 asim A3-3wgo] FA doivte AA
2 W E A8 $8e hot plate? FAX B
AT A2 FFE AATA B2l AHEHI (e
microwave oveng AMESl] o] F Hlm EAER
t}. Hot plate® Al7te] o] Azm w239
ZAo] ojgdrhe B4-E Zw dojA AR AWA

2 HEg 236 ol 2L AgdxdE #Ax: 9
+& FA9 AMdeltt. 1¥Y microwaves acid
2 A% 1A 53 Avx ded, &
3] 3 slAe] F52 FFASE W7
z 23E b st A¥Y 4 3¢
2 4AE $ grhe EAS 2t microwave
9] A% 1A ETe} JEY rlolaRgeln =34
A2 Agstd okdsls BE4F e A8ANYE
g 4 gk :

=3 67 289 £44] e 2golE HF
87} $13l9) Thomson¥ Stern (1979& €3E
d& 0.5N H,80, ¥°l& FHS, sodium
acetate buffer &9 o2 T3l Hegs dln
¢ 29 +84 671 33 7 &g mat 95
-100%9) A$+e&S ¥, BEY 671 ZEL
0.5N H,80,Ax = T4%, sodium acetate
buffer &3 @ol2 FHTE GHEYoE A%
Fe W HAFEL 10%E e £ AN
e aed 2 284 671 289 2F8de=
0.5N H,80, 2°l& 7%, 2% NaOH-3%
Na,COs% HNO; 2.2 dou] 438 23 7249 6
7} 2EL 91.0-98.5%2 JERto €44 671
24 AL 2% NaOH-3% Na,CO,o = &3
£ wel 63.33-76.30% % Jegten, 0.5N
H80, ®el® %4t HNOZ AHede v
Brge 1% 3= Uit ol £ d¥s 2
Fedovy =24 67} 2EL 0.5N HS0, 2
24 671 282 A= 2% NaOH-3% Na,CO.F
AH-E

%= Thomson? Stern (1979) 3 Zatka (1985)
£ IHEA (Fe,0, Mg9el 244 284 671 2
£9] FFEL va PriEiged HERC] A4
# 7% hot plate AAMWPHNAHE 671 2E
4go] Zashe ALE Bt B Q7=
AHEA=E Fell, NiCLE #718M s-diphenyl-
carbazide W84 hot plate® AT 671 2
g9 #HFee i FFE vERen
microwave WHo® AF 671 2] HIe
£ #H37t gtk 671 28L& {HdgelA HCrO,
P2 233 YT AsAe 9EE A, 671
AFL H71EIT NOx® SO/7F 454 374
Fgoz fgsn] e dAEdN 371 ZEL
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Fe®, MnO, 283 &3l9 0,9 2L g & &
A= 67} 2ELE d¥7} AstEy pHYL 2255
37t 289 Asle #ZAaFdod(Ararst Pfaff,
1991).

2 Apoxe 84 67 289 B4 I5E
o] 52.67-76.30%=2 H¥ln® WA vehy 4333
Z 37} agoz PHE AL IIstaA =AFE
5(1994) ol 23 B4 whHo g olewd udT o
AazrleavE AMSstY 37 28 671 28
< BEYslgn ¥EE IAFIIEAZ FFIHA
t}h olend AT AAIA=riEad= 37t 2
23 671 2L £ & e A THER
2 83} Fe*-EDTA, Ni*-EDTA:E #&d &
At 22 Fig. 29 I2rtEa3lcx el o)
RAEA FEole HFEF At (retention
time) o] zol7t A<l glo] ¢dd] R A= &k
ot wEA olen¥ wAT A IAZrtEIY YR
= e 7t 2 671 28] FFEA 0l Bt
o EH77F #FE 34T JAI2REaHY=R
EZH3 F o] ¥EE AAFHATAZ BA% 2
I A8 A F 67 ZES] dFUF 7t AFe=
gdE Ag FAT F U

£ dydAe 67F 289 44 microwaves
ol-g3te] MAshe o] IHEAY U= A1
385 hot plate FAE] WHEY #A4 et
67} 2E BAA At BN @& HFE F
dch. a2y ol2m¥ 1T JAIA=rLET
o2 BN 7PN EZE 371, 671 IEF A B
JT  AAd Aol PEF Hol AlRE e
2 o]Z BT F e B4 wWyo] A7 4
N&rt AE718 B9 F BV It 9
BAARZ AF A ¥ HE7|2 AE 37h 671
2 T3 oo 335 BAR FOl olFolA A
A Bololl A &g PaAo| Ut AZArt

B AFoMe dA AMEE3 3le s-diphenyl-
carbazide 3 NIOSH 7604 o2 &40
27159 899 7t 288 3F, B4 #HLe €
& 9o, BAld HHEFS EA) X e 37t
2 grlase FLE Qs olE HEZ
ZAA BAAFRE Bdstn FrtE § gle WS
AT F ANk

AA 2 deelde 44 671 23] sl

€ dieos I % 42 stz oy B84
67 F dF 58 2 F49] el vERE A
Folpg £ A7 e Y =0T 7122 ¢
o2 83, =% 39 €84 67F 289 2 Jbe
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