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-Abstract-

Analytical method for analyzing formaldehyde using 2, 4-DNPH
and gas chromatography/FID, NPD

Jee Yeon Jeongwr + Seung Hyun Park” + Gwang Yong Yi" + Se Min Oh"
Occupational Safety and Health Research Institute, Korea Occupational Safety and Hedlth Agency”

formaldehyde
measurement method using 2,4-dinitro -phenylhy-
(24-DNPH)
" chromatography, laboratory test and field test were

To develop and evaluate

drazine coated sampler and gas
conducted. Results of this study are as follows.
Limit of detection(LOD) of measurement methods,
HPLC-UVD, GC-NPD and GC-FID, is 0.008ug/m,
0.060ug/me, 0.472ug/mé respectively. Coefficiency of
measurement methods, HPLC-UVD, GC-NPD and
GC-FID, is 0008, 0009, 0020
Desorption efficiency of sep-pak xposure aldehyde

respectively.

sampler and sorbent sample tube is 1.0b(range :
099 - 1.12), 1.02(range : 0.99 - 1.06) respectively.
Samples of sorbent sample tube and sep-pak
xposure aldehyde sampler turned out to be stored
at refrigerator, according to storage test results.
Measurement methods of HPLC-UVD, GC-NFD,
GC-FID, according to results of precision for the
procedure,

combined sampling and analytical

4 120009 19159, AL 200067 49 189

became acceptable to OSHA evaluation standard.
Field test using exposure chamber met the NIOSH
overall uncertainty recommendation(less than 25%).
Overall uncertainty of Sepak-HPLC(UVD), Tube -
GC(NPD), Tube-GC(FID) is 11.0% - 17.0%.

chromatography(GC-NPD,
GC- FID) and high performance liquid chromato-
graphy(EPA  TO-11) 24-DNPH  coated

sampler for formaldehyde measurement turned out

Consequently  gas

using

to be suitable to measure personal formaldehyde

exposure at workplaces.

Key Words : 2 4-dinitrophenylhydrazine (2,4-DNPH),
Gas chromatography, High performance liquid
chromatography, Laboratory test and field test,
Limit of detection(LOD),

measurement methods,

Coefficiency  of
Precision  for the
combined sampling and analytical procedure,

Overall uncertainty
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Table 1. Measurement method of formaldehyde m air

Method Sampler  Instrument
NMAM 3500 Impinger ~ UV-VIS
NMAM 2541 Tube GC-FID
OSHA 32 Tube GC-NPD
EPA TO5 Impinger ~ HPLC-UV
EPA TOl1 cartridgge ~ HPLC-UV
APHA 115 Impinger ~ UV-VIS or GC-FID
APHA 116 Impinger ~ UV-VIS
APHA 117 Impinger  UV-VIS
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Fig. 1. Derivatization of formaldehyde with 2.4-DNPH.
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Table 2. HPLC analytical conditions for formaldehyde-24-DNPH derivative

Parameter Analytical condition

Column Nova-pak Ciz 3.9%150 mm

Mobile phase 45 55 acetonitrile/water

Flow rate 1.3 mé/min

Injection volume 20 ut

Detection UV-VIS absorbance detector

Detection A 360 nm

Table 3. GC analytical conditions for formaldehyde-2,4-DNPH derivative

Instrument Parameter Analytical condition
Column HP-1(5 m X0.83 mn X265 um)
Column temp. 140 C
Injetcor temp. 220 C
GC-FID' Carrier gas and flow rate He, 18 mé¢/min
Detector temp. 220 C
Split ratio 3:1
Injection volume 2wl
Column HP-15 m X0.83 mm*<2.65 um)
Column temp. 140 C
Injetcor temp. 220 T
GC-NPD™ Carrier gas and flow rate He, 18 m¢/min
Detector temp. 220 C
Split ratio 10 11
Injection volume 1

* GC-FID : Gas chromatograph-flame ionization detector

*x GC-NPD : Gas chromatograph-nirogen phosphorus detector.
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Fig. 3. Typical Chromatogram of formaldehyde derivative.
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Fig. 4. Top view of sampler placement in
the exposure chamber.
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Table 4. Sampler type and number according to analytical methods

Sampler type No of sampler Analytical method
Impinger 6 UV-VIS spectrometer
Sorbent sample tube 6 GC-FID

Sorbent sample tube 6 GC-NPD

Sep-pak sampler 6 HPLC-UVD

Total 24
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Table 5. Standard concentration range and r* value of formaldehyde according to analytical methods

Analytical method Concentration rangelug/mf) r* value
GC-FID 0~ 37 0.999%
GC-NPD 0~ 37 0.9998
HPLC-UVD 0~ 470 0.9999
Table 6. LOD and L.OQ of formaldehyde according to analytical methods
Analytical method LOD(yg/mé) LOQ(pg/mb)
GC-FID 0472 1572
GC-NPD 0.060 0.198
HPLC-UVD 0.008 0.026
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83 pg/nr, 1231 HPLC-UVDEA o] 54 ug/m
of fth. @A 2yt TEEUEE V| Fo]
15 mg/mol 22 o] ¥YES o] &I 37|59
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of o3 Adatdch BAUYTte HUxE Hr1E3
A EFWAFE 4HBEE  GC-FID¥H ol 0.020,
GC-NPD®o] 0009, HPLC-UVD#¥e 0.008%
Uehstth. GC-FIDY A9k e F dhrchs
o 20 AE Wol7k AA Jelgta, GC-NPDHHE s}
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Tahble 7. Precision data of GC-FID method on analyzing formaldehyde-DNPH derivatives

X target conc. 0.36X 0.72X 143X
36 pg/sample 12.92u8/sample 25.83ug/sample 51.65¢8/sample

6012 12560 26502

6003 12770 26055

5693 12168 25365

739 12215 26196

874 12181 26107

0743 1239% 26682

Mean 544.83 12381.67 26151.17
SD 139.24 24352 455,22
v 0.024 0.020 0.017
Pooled CV (.020

Table 8. Precision data of GC-NPD method on analyzing formaldehyde-DNPH derivatives

X target conc. 0.36X 0.72X 1.43X
36 pg/sample 12.92ug/sample 25.83pg/sample 51 .65¢g/sample

305158 666116 1377136

307485 639129 1378246

310243 642065 1379412

304587 651587 1374582

304798 637020 1376591

312078 651272 1378452

Mean 307391.50 646198.20 1377403

SD 5152.24 7803.10 1706.07

Cv 0.010 0012 0.001

Pooled CV 0.009
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Table 9. Precision data of HPLC-UVD method on analyzing formaldehyde-DNPH derivauve

X target conc. 0.52X 1.04X 210X
36 pg/sample 18 8ug/sample 37 6ug/sample 5144/ sample
1040048 2150683 A

1048792 2146633 4158792

1068743 2139892 4174123

1043742 2149629 4164783

1074578 2136086 4124768

1064785 2153775 4111458

Mean 1056115 2146121 4144389

SD 13280.21 6807.01 24981.41

vV 0.013 0.003 0.006

Pooled CV 0.008

3 EiEs

A8: Gt 93] AAE gRa AN e IF
des =] =E7]F 1 ppmoll M 4L HxE A8
Al FE(F 36 pg)®] 05 - 24 Afojol A A A8 .
I FEFEFAN Z sRER 679 WM
(spiked sample)& TSR oM ol & SHETALE A&

off 4 ") g $ Er’l] ot 2R EES Al ¢
& Aetdom AsRH7] FRd mE dHEE
2 3% 10, 115 {:I'E}

N

M FEgRdd AgfHd B 22Eis
%iJJr% A B ™ Sorbent sample tube2l 7% 102%

19 1 99.4% ~ 106%, THEFIAL: 0.031), Sep-
pak xposure aldehyde sampler®] %% 105%(¥9 :
99% ~ 112%, B5 E£ZH 21 0.026)2 Yepdoh A

fSAF7) S5 W2 g2age Aol HE g9l
t}, 24-DNPH thAld] 2-HMPE o] £3lo] £ 5%
Bl fEHE 8““]?4 FA5e Wyl OSHA 52
WMol A4S FFLRELS 0962 B0l Axe gt
2 0.0038% RBigo %E}- OSHA, 1990).

Table 10. Desorption efficiency data of spiked sorbent sample tube

X target conc. 0.44X 0.80X 1.78X
36 pg/sample 15.98pg/sample 31.96ug/sample 6394 pg/sample

110 9%H.0 103

Desorption 108 106 101

efficiency, 100 %95 P95

% 106 9%.5 1045

105 103 1015

107 93.0 R0

Average 106 X4 101.3
Overall average 102
Pooled CV 0.031
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Table 11. Desorption efficiency data of spiked sep-pak xposure aldehvde sampler

X target conc. 0.44X 0.89X 1.78X
36 pg/sample 15988/ sample 31.96ug/sample 63.94pg/sample
115 103 9.0
Desorption 117 104 100
efficiency, 111 106 100
% 113 104 99.0
110 102 97.0
107 101 101
Average 112 103 9.0
Overall average 106
Pooled CV 0.026
of g2 & dAtolAMe Aol vlus) vy W 2 2-HMPY, 24-DNPH 257} A48 EA 55 E
o7 gle A& & & Atk olw FEA Aokl & BN HEQL Rz BelY
Table 12. Storage test data of spiked sorbent sample tube
Storage time % Recovery
(days) refrigerated average ambient average
0 1025 100.2 1036 1012 1025 ~100.2 102.3 1012
0 R4 104.0 986 98.4 104.0 986
3 9.1 103.1 989 100.3 9.7 %0 9.0 972
6 9.0 944 979 9.1 1036 976 1025 101.2
9 B.1 1009 9.2 M4 89.7 A4 91.0 917
12 %69 991 1005 988 85 832 &9 &3
15 105.4 106.8 1009 104.0 79.0 824 82.1 81.2
26 %8 95.8 M3 %6 66.9 65.8 66.1 65.9
Table 13. Storage test data of spiked sep-pak xposure aldehyde sampler
Storage time % Recovery
{days) refrigerated average ambient average
0 0.7 984 1012 . 997 984 101.2
0 1003 w4 w7 0 1003 w4 w7 00
3 93.7 9%.2 978 976 978 983 959 973
6 o8.2 978 %4 971 9.7 97.1 93.8 %9
9 94.2 998 %.4 %.8 94.3 912 937 931
12 94.7 95.2 939 946 924 89.7 88.7 0.3
15 90.3 89.7 915 05 70.4 75.4 738 732
82.1 0.5 34.3 82.3 61.2 60.5 £5.4 62.4
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4. X% F IHstorage effect)

NaAFH71 7Y Az Bighd g AR
ohAA-E Hrely] s AAE AZad Jrhdn
T ¥ 12, 139 2,

Sorbent sample tube®] 7 §- A&EE ¥4 HAF
S A5 4 G Ax 31 gF g & Qlof Ao
7b dE ik 2ev A2 A A o 2F
ArE o 19% Az Alg&do] dAg o 264

Ao 2 &40 oF 34%7t HART} Sep-pak
xposure aldehyde sampler®] 74$ & 2 A% ¥
HIA 173% AEe AsEdo] dojxton], A&
g AS 372% AE&do]l dolktt Sorbent
sample tube 2} Sep-pak xposure aldehyde sampler
o A4S A BT s AgEA zhole HR
Aoy, WA HFAA = Sep-pak xposure aldehyde
sampleroll A %2 AliL&Hol dojydrt Sorbent
sample tube Y Sep-pak xposure adehyde sampler
o] A% & o} Ayt 24-DNPH7F 38 5o Q)
=AM ol aev F A7 FRA] F
Sorbent sample tubed] -9 YW Lgstaa 2

Z Hojglon AEfE Fode & #9E 29
fay2 “UHEA oA =5 .
18v} Sep-pak xposure aldehyde samplerel 7§
ZohaE vAR 4 BES gete FdMe Y
sh W Ado) £ B& FxAT. wekA] o] Ao
7 AEsA 141;:0]] AA A8 nH Aoy #ud
t}. NIOSHY 729 32 A= A3 Fo 4
we B2ta g HxE AN AR eRES T
o} Zo)7k 10% ol g A o] Alme BT
seba #H7FStKNIOSH, 1995). Sorbent sample
tubet} Sep-pak xposure aldehyde sampler 25 4
L RAANE HE L Aol7h 10% oY B o
olg Alnv WA Bisteiol & Aoz vwdhEn,

2

ol Aol F5g 2

e
Bl

o
>

5 Alzxfzl ¥ SMatEel MAMEYET ¥ot
(precision for the combined sampling and
analytical procedure)

AZEY P71E Y3 AAE AFAFHE A

NaRH 9 2AHY A9 FAUEE B7He3
o A (50 wE FHAETHAE FEoH, A(6)
(Mol wet 34 2 FAHA9] A4 AEEQ dA
FA4 o o] AAFH A 95% 2 FHE A
AHaledth 19 5,6, 7,8 9, 10 0] & 2 E= W
d Zlojth, OSHAAM AA &t H7b7|Fo W
A7 o W 37 csf g gHE
£0] 5% o]Atolojol dtal, AMFARFZAY A
7 ol t2B%o)stolojol HA - FAW o
A 4 vk AAstn glou, whep AoA
NEE 2HUA AAG 34 HEE gol 5%
ostZ WolAH AEE WHARBIHA HrIe s
shar QItHOSHA, 1989). 1€ 5, 7, 9o & <+ sl&=
AXY AN E Aol ZAashEA 371 EAH
B BF 75% olstE gAE S| WolAe A
Fooloh wEbd Wy BasidA 47k 93 Es
A5E ML EH R EANYY AUEE 7t
ek 1 Z3kg ®W GC-FID #4el 0065,
GC-NPD 444 el 0061, HPLC-UVD #4344
o] 00522 YR} 1 zpol7t ME Ax FRou
HPLC-UVD ®AWho] Aus} 714 & Ao
Uebth meh WA 2o By e A
A FFeae 9% AT iy £1019 ~ £
1272%% VhebLE Al B 25 OSHAS] 7171 &
33 tHOSHA, 1989). shek AlnAlld] & Wi
Haba] oka Aed Bid Z9-3= Sorbent sample
tube 9 4% 192 ool Aok, Sep-pak
xposure aldehyde sampleri= 189 oluhol| £ sjok
g Aoz yehyith

01—4

ﬂr{o ruEl

ol
-
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"~ 1 85% Confidence limit !
Estmated total standard error : ) 1af|tls l:jelov;1975%
95% Contidence fimit : + or -(1.96x 0.0662) | after oay

o 4 95% Confidence limit : + or - 12.98 |
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Fig. 5. Graphical representation of ambient storage test data(GC-FID).
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Desorption efficiency
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Desorption efticiency

»»»»»»»»»»»»»»» : 95% Confidence limit falls below 75%
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:
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7 Estimated total standard error : 0.058 on day 21.
95% Confidence limit : + or -(1.96x0.058)
95% Confidence limit: + or - 11.37
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0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30

Fig. 7. Graphical representation of ambient storage test data(GC-NPD)

4 e -+ 95% Confidence limit
Estmated total standard error : 0.061

7 95% Confidence limit: + or -(1.96x6.1)
95% Confidence limit: + or -11.96
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Storage time(days}

Fig. 8 Graphical representation of refrigerated storage test data(GC-NPD)
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------ :95% Confidence limit | .
Estimated tofal standard error : 0.068 i Desorption efficiency falls
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95% Confidence limit: + or - 13.33 “
\
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Fig. 9. Graphical representation of ambient storage test data(HPLG)
"""" =1 95% Confidence limit
Estimated total standard error : 0.052
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95% Confidence limit: + or-10.19
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Fig. 10. Graphical representation of refrigerated storage test data(HPLG)
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6. 2t 7Hfield test)Z =t

3 A4gG7 ddFd 34
Holl W& HriAs= 7 149

Amount Fond in test method - Amount Known in reference method
Amount Known in reference method

f : Overall uncertainty = [ 2(CVy) + 1Bl 1 x 100
g . Sample size.

e . Bias=

NIOSHS} A et ]Lﬂr A =EUHE o83 &2
o] A4t A4S BEst P B AaoA 7}
T+ 2 FanA &‘l*fﬂ 3% o]4g MEste] Ht
st 2 8ka QJTHNIOSH, 1995). AFd AT X&)
3o xwg MWW C A1l 1738 ppm ~

1825 ppm ©]903 A ARIES A5 0608 ~0676
ppm, B AFA9] 79 0428 ppm~0484 ppm 2
Uehdtl 28w E 29udlo d% 284 P}
2 98 AHEEtE ol AEAFHA ZF AR
o s 5719
ojt}. utatd 7)Fo) B

= 2AHa Aolg 2
Z7) AAHE 9 #9)

g f3229 §rr)

o] dAaHA =% 3] A7

dgsjof 8}7]
o 4 &%) (homogeneous) ] 5-
oA+ RY 4% F
vhold AlZ A HA9 37]
4 9tHCharron et al,, 1993). Mol AF(CV)E 45
B 23% ~ 90%E EF 125% ulvkoeR yehd
Ao Hol Hrh FA 7 ARAFHVE frEeE £
Foddmy vEe 944 dAd AR AdE
#AzHbias)d A 71EEFA Y (Impinger-UV-VIS,
NMAM 3500)3%} TAA HrkEed ST
o zto]& YERY oF ol A dato] T3
gkeltt.

Zolt. AAHA Y 7] Ho|
SR E SRR
A, 1 ghol 125% m|
70%

e Qysdy 242

A

H
“
1
T

d
#oz

Amount Found® - Amount Known”
Amount Known

Bias =

Hzal2 A E™ Seppak xposure aldehyde
sampler-HPLC(UV) o] 229 ~ 13.1%, Sorbent
sample tube-GC(NPD) W#lo] 05% 5.3%,
Sorbent sample tube-GC(FID)7} -27% ~ 18%=
viebyith A4 B84 % (overall uncert- ainty) H
Ao} WolAFZRE FAHE oz A o

Table 14. Results of field test for four formaldehyde sampling and analytical methods

Co
by Pooled
Method A B ¢ U
ehoc N Mean CV Bias' U' Mean CV Bias U Mean CV Bias U )
(ppm) (%) (%) (%) pom) (%) (%) (%) (ppm) (%) (%) (%) °
HP' 6 0676 28 112 168 6 0484 28 131 187 5 18% 67 22 166 170
GF> 6 0619 66 18 1560 6 043 55 14 124 5 1738 90 -27 27 160
GN® 6 0640 23 53 99 6 0442 32 33 97 6 17 65 05 135 110
" 5 0608 80 5 0428 71 6 1786 74
a : Sep-pak xposure aldehyde sampler-HPLC(UVD)
b Sorbent sample tube-GC(FID)
¢ © Sorbent sample tube-GC(NPD)
d : Impinger-UV-VIS
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3 gk NIOSH #7b7]0] whizd o] gho] 25%
UU’JO]OIO): Zanes qiAstal ItHNIOSH,

199,

7 Sguiickel A 2R g B 99%
~ 07%:2 o] FEE BF 5% vghog vl 3
Thefdol 37kA A RS NIOSH H7b7 138
RhEab Ao w yEehth i 158 71ESAER S
H7ARA BRETe) F4% Rk Aolrk dAE ¢
ob 7] $18 EAEA Zaolnd 1Y 11L& WY
of & AL EyE &S 19os e R

Table 15. The analysis of variance procedure

NEAAT G F 2104 B o) o) BA
o i F gto] 0.030]3, ProF(f98&)0]
09122 ety 4ol gle Aoz Jehgt &

ZRAR el o)zt gl AoR Jehdt webA
A s die 284 Frier E39r)
o ANE T8 & 1) Sep-pak xposure aldehyde
samplerE o] &3 HPLCEA{v4<l EPA TO-11%

4 ¢ LH7]H°F figls OME} *Vﬁﬁ’%‘{dtolﬁ

e ogow

olgshs AhaaRelEIRE g 94 £3
B ol e E T 2RA) Y AR
LB o R Wk,

Source DF Sum of square Mean square F value Pr>F
Method 3 0.1073 0.038 0.10 09617
Error 64 237290 0.3708
Corrected total 67 23.8363

T 30

& ® HPLC(Sep-pak sampler)

bt O GC-NPD(Sorbent tube)

° 2.5 1 ¥ GC-FID(Sorbent tube)

£ v UV-VIS({Impinger}

3

T 2.0 5 e .

E @]

5 o Sso 8o

S 1.5 1 v

<

2

g 104

<

(V]

§ e g9 g o ®

%) %71 9 5 8 e 9

0.0 . ; . . , : . , . !
0 2 4 6 8 10 12 14 16 18 20

Fig. 11. Distribution of formaldehyde concentration in field test
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f.e—a%ﬂl 3] 1=9] —%Zo-‘é:*iﬁ A}%
H(HPLC-UVD)o] 4 ?M*%okoﬂ
A 1 owel 24- DNPH7} aYe A
3 7tAagagEngs
-FID, GC-NPD)-&
I 0 24
o RE Grtsly] s APd 3 @F
A 2 A7dn 48 A8

b 1 E4ehe o (
N, ERLAAE 243 4

&
372 A
. gt 2k

Mo o

1. 24-DNPHZ °|§& 323 FEA4 ¥4
e HEdAs HPLC-UVDZE 0008 pe/n,

GC-NPD7} 0060 pg/mé¥o.m, GC-FIDY 47}
0472 pg/mE YERY B ke Q&A= Be
Aozt Atk a#y olg 9] HEFAE 2-HMPE
ol 43 EEYUBFE FEA BANH e B
Ay 2 NIOSH 2539, OSHA 52 k| R = A
AE A7 B2 Ao et

2. EA ko] A HrbAel FEwlo)AL
2 Agrd GC-FIDWHol 0020, GC-NPDHHH o]
0000, HPLC-UVD®& 00082  Yepyth
GC-FIDY AWULEE it 5 Wnde o 2ujd s
#o|7} AA Vet R, GC-NPDHH 2+ HPLC-UVD
Wl 7holl = |l zbo]7h ¢idt}. o] 24-DNPHSE ¥
zogs =9t FRASIEE] GC-FIDAA 1 ¢
wob A HoR vy wiEel Ao guyith

i

i

3. 37HA FEFEAA ARAH ) uhe dHE
& A%E Qﬂlﬂ’i Sorbent sample tube®] %%
102602191+ 99.4% ~ 106%, EREEWA 1 0.031),
£ 105%(8

L LHERR
ol 1&g ag Ao

Sep-pak xposure aldehvde sampler®] 4<%
1 09% ~ 112%, B3 FF A 0.026) 2
ok kM AR A H 7]

% A2t W Basteia] A 4
3% #7445 Sorbent sample tube°]
Az g g gl slol Aeolrt Ma gk c1eu)
Ao Bkt A9 A oFAr A 'Jr’J ok 1995, 262!
AL AAE F 3% AR Als £40] whagiv}
Sep-pak xposure aldehyde sampler®] 7% & & 4
£ 03 A 177% AR} AEi] dojygo

3R

W Ae waAE 376% AREA0) dojutth Aw
A7) 7ol ohE ofs} 2 2ol A9 7
zFo] Z Sorbent sample tube7} ‘”?ﬂ g A3

F& Fxo7] Hyow Fddnh webA Sorbent
sample tubeYt Sep-pak xposure aldehyde sampler
B WA 2gstedol & Ao dridc

LEJHA E e b B B S B R < B
GC-FID #4ol 0065, GC-NPD #41#H o]
0.061, HPLC- UVD‘%* o] 00622 Yeht o 3

o7t W2 axE ggtout HPLC-UVD Ay o]
AYErt 7P $& AoR Y

L W BaAl AT o dARHE
Ao AL FE £1019% ~ £1272%2 vrehdt
A 7HA B BF OSHAY] H7b7)ee] g 5o
2 Ueht ol #AWRE IHAUIE FHEN
OE AREE & & AU

6. wEAHE o] & FAUHY AFH7E A=
2 Son e

NEEH “ﬂ(lmpmger UV-VIS, NMAM 3500)
i Aol BrkERl SR ApolE L
U= Axbbias) el A$ Sep-pak xposure aldehyde
sampler ~-HPLC(UV) ¥{o] 2.29%~131%, Sorbent
sample tube-GC(NPD) " o] 05%~5.3%, Sorbent
sample tube-GC(FID)7}F -2.7%~18%% vhebyol
w3 A4 B84 %(overall uncertainty)®] 7%

99%~207%2 ERRAYHOE MY & =
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Appendix

I 2MHCI 8941 (& 2A%ch A8 42172l
A SRFE AME Ttk 119 S48 Az
tetdutgolnz o7t e,

2. 4-DNPH(97%) 8 g& 33] @o} 194 24|
F2MHCLL Bl H7Hg 20 ~ 25 TollA
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045 i, D5A ATAB ALgsel dnkg,
L34 of3hgl Solo] 2004 A7H 2, 4-DNPH

01:5!_\:]— 2 molar o]/&o] E;‘E’;QLH]:]C oS P A 7)15h
T 0~25 CollA A oA 30804 147 P&
WA K2, 4-DNPHE 8g AH8-8F 4% 37% X8
dos]= Gl oF 404 mi7t Q3.

A3 =eh Mol hydrazoneol AHE £o& thA
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