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RED=tLu Y a— T Ng LiESS) &
T 5 X EEHRGE TRz BV Tik, Ng BilTpixt
WLLT, Ng ¥RABEED REFLREN 0.20 p.p.m.
8z 5B, HbICH4 DHREABLS X SR
EhT3,Y HERFHZR-TiE, 0.05 p.p.m. LA
T#& Ng H#A@EEOKH L L, i & ok
OFH, WEEkilin Ty 5, FE Ng 77Xl oflE
HELTHREL Ty 2040, Bifi=A 7 A0
LT, Bk CEMR &R T 5 oo ko
w5, Ng 2BRigEL TR T 528411,
Griess EXRANT 7 =7 I FEE& RV, TRHIEL
HEBORSHELTERT S84, N-N U7==
WAV VRBERAVTY 5, ShALONBTAT
NORIET Y ISR &R T Do HTEOmBEE
RERBOALEAT S Griess RYPEXAALT 7 =
NMT R FREXY, BilS, BERROVTh e b YT 5
T2z RoV Y VREEHCSF RGNS
nN5bOLELLADN, FatTEEATRINE
BFidd, YOLEERBEEN ST, METS
Neg FABE, STRNE, SRR E, SUE
Filill, MTEMEOMB S XA EEL TRETS
TeHLPF L O—BL v, FRBERMIZ O~/ MBI
Bi75 Ng #RABE 0.05p.p.m. OFYER & By
LT, Ng RoRL3GPERBEITEL, MIREL
rikic L 5 @m0 RFRME & RN ML,
Ng OoR LU OMEERDTRELIZOVT, ¥
HBELZRD, FMTFEIZE S Ng 2 000 &
KL TEORRERET 5,

2. &SiTEOERBKE

2.1 RRBEESIURRHIAR

Ng 2S8URFPELKEE 0.5 olifEe, LY
GREAK) 20ml piz—gRBIIL, RERFHL+5,
WIZRHFHEIC L VRSN, Fo—BREYRD, &5
WIERTR S . REEAORIIEIX, Ng =i,
PREORERIEICE VIZIFRE S, FMFHEICHR

FRY3EIZA 200 B
* BXLR B RRFRF  LaRLBerEs
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I pREEsh o Ny i & BGIE & B+ 5B BRI &
MO EIIZ U CE R LI B SRRy R i
¢1) # Table 1 {Z553,

Table 1 Sampling volume and Ng
concentration in the air

"~ Ng concentration in the |Amount of Ng in the
standard solution | absorbant (20m!)
0,3~0.7
s13\?!3 #: o 6~14 pg
SA % 5~10
Griess i pg/10ml 10~20 pg
Ng i‘;)o':ﬁf:":;:"o“ | Sampling volume (1)
p.p.m.| (ug/l) | DPB it | SA,Griessi
0.20 1.3577 4.4~ 10.3 9.6~ 14.7
0.15 1.0183 5.9~ 13.7 9.8~ 19.6
0.10 0.6789 8.8~ 20.5 14.7~ 29.5
0.09 0.6109 9.8~ 22.8 16.4~ 32.7
0.08 0. 5431 11.0~ 25.6 18.4~ 36.8
0.07 0. 4752 12.6~ 29.4 21.0~ 42,1
0.06 0.4073 14.7~ 34,3 24.6~ 49.1
0.05 0.3394 17.6~ 41.0 29.5~ 58.9
0.04 0.2715 22.1~ 51.5 36.8~ 73.7
0.03 0. 2036 29.5~ 68.7 49.2~ 98.3
0.02 0. 1357 44.2~103.0 73.7~147.3
0.0! 0.0673 88.4~206.0 147.5~295.0
2.2 BRHHE

() P7=z=paARvoP il (DPB)

0.3~0.7pg @ Ng 28t Im! OREPATE % 10ml
DARZ7FAaZAR, Thiz 9ml o DPB ®¥EK$
i fRkks 10ml LU, 25~30°C DiHiRBIzR
FEmEy 31/ ERRE HEINEL26H
EEE 10mm ORIREMCBL, SIREN A
Piik 650mp TREMEIGE LT 155 LARIZHGEE
ZPET 5, Ng FHRk LMy TR LT FoR
HRRL Y REBERh O Ng ik, &Ly
Ng 2 @& p.p.m. L LTRbLT,

TRRBBEE




X
Ng (p.p-m.)=50 15 X5s
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*zr W

vV REEKORSIE (D
X : Bk (20ml) » HEHRLUIHAERE
& v ml tho> Ng & (), ilH v
i 1ml TH3,
6.789 : EtkEE (0°C, 760mmHg) izi3i}
% Ng 2 Iml © HE (mg)
t : FRElESERRFORKR O
(2) Griess &
5~50pg » Ng &4t 10mi o REAVEY 50m!
DARTFAARAN, 25ml OFEHHVER (T
s—nAEE 1 hickEibry o b 252 288) %
iz, 60°C oinghige ¢ 10 HRINASFEITD .
wiz 15°C ok T 5 HRSEIL, | N EHERCPmiz,
1.0ml OANTZ 72 AR E (0.60g D ANT 7=
MNERE TOml DEKICEREL, BEI%, B 20ml
#htz, 100ml IZKTHRRTZ) &z, 105 4#K
i iml OHEER a— +7F0 72 LR (0.60g D
B a— F7FATIVE Iml OBEEBREKT
100m! CHBRLZLD) BLUFRY — ¥ © 2mo
Wiz tml 2MZT, 152%IKTE2EE S0ml L3
Do FEAIIKALASGHERS 30mm O+MIH
U, $5 530mp CREMERE LT OKE & W8
L, (1) XKEFHT Ng TRBELRD S, HLRF
O v OEIZEE 10ml TH 5,
(B) AVT7r=n7IFEE (SA )
5~50pg @ Ng &t 10ml OR%BEk% Griess
HLFERIZMASRELT, 5ml o 2N HR% Nz
Bo Wiz 5ml DANZrs=ATIFRK (2.0g ©
ANT r=07 2 FE 250ml ¢ 20/80 {BIEREKIZ &
ML, KCLE 1! 233)%mx, 5HEE Im!
@ NED 3 (100mi fi N— (1-+7F0) =F 1L
YICTIvPAL Furusg KO 1g 2ELAER
BT, 1549%ILKkTEREE SOml LT3, Hfa
EHELE-EGHEmm oL VICB L, HE
550mp CAREZXMEEE LTREEEREL, (DX
#HVwT Ng ¥ABEXHHT 5. BLAPD v ©
#iEE% 10ml TH 5,
3. SiRRE
3. AHEFRRISERTIREICONT
AHEBT LD HiFcEhMBREORE L TiRicl
~%, MEFzhboNTEIcERT sREMES
RIBRELE,
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(1) Griess FEOREOLEIZ SV TIZEBIZEHR
EhtTva?, ZociRFicBako pH izl
2o SA iz ST Griess #: & R RATHED
pH HiCEEENTLT I LB LIS,

(2) DPB :icovTik DPB REDEEE, ik
t, BUERoRNE, 2z X o< GEENEL
L, XEMMEALEECRAR (1ml 2275
2 a) OBRBEIZEET LA Ng O3 REmRS g2
ETH3ZL8Bwbh3, HizkoFEOR LAY
BREATHBTHMIC L BBz ovTid, RABA
Dkde, W, BiReERICERLE,

(3) Ng OnkABONMBEREZ SvTik, &
EYIZE 3L, Ng 2740 ) ChARSFRELTERT
BF4ER, TERSRROTE T U VIBEE, InBARERD, 482
BEOREIOh, AR L 2B E VYR
RLTV D, ARRTIKIAZABE S 60°C L L, 4
FREFN3053 45 X UM0Sy TR L 7o G HE D {f1X 30501
DAL T, WEiisElriciEe, <
F U bREVEILER L2 OTHKIAUL 60°C, 40
HE L. .

DPB ¥ &idiif, ER~OM L RARE
HFE—AWAT RSB 206, R (@) i~
FeFERIETE LY,

32 RFB|ICKBIWMBIZONT

PEESCENPTEOMA® & UTorseseest 2MvT
BRUOFEBREWE+56, SHBRAK 0~100%
DOV IERT BT L 28X NPT 500k
BEDMIiAS 0.1~0.7 OFMICIEV-5 & 5 12BHERED
e, MReAOEREBET S CRBEERTY
3. BT — & ORFIREOEROREHIZ >V TF
2.

4. RE®IzkZAHRMEORN

Ng OfYRFEHRENY, o4 REE» OHEEINE
L TH LA DY, MrRfto &R St
RO IRINT HREEZA TS, HHlIRFELL
THY'% Ng I3 EIMEXTERMICFhIBs &iED
TAHAE MRS, FE2THE—REHZ SV TERE LTk
BEWEL, Ng Rizx¥ 3WEHEOZS) & EHMT
BRI L, BRROTIREORE, TR
ML,

5. NEHR

iR L ml h 0.1~0.9 pg @ Ng ZGLHILHE
TxMvT, DPB Ik D 4 L el kBE o BiEks
$% Table2 IR+, PERFE—FKEHZ VT, 2[H
JIHL, 4 BIBHELITM,

Griess ¥, SA BIZ 2V Tit, AP 10ml
1~9ug @ Ng ESTefRlpE AT, 1A 1A,
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Table 2 Spectrophotometric determination of absorbances
of standard Ng solutions by DPB method.

Variance | No .of

A
mount of Absorbance Mean s | observa-
Ng (pg) X 10° | tions
0.102 |o. 031} 0.035] 0,058 0.059 0.041] 0.045] 0.039 0.039| 0.043 o1 |
0.305 | 0.175 0.146| 0.184 0.168 0.179 0.179, 0.176 0.167) 0.172| 123

0.507 0.327| 0.354 0.399
0.714 0.611 0.579; 0.595
0.918 0.871) 0.921; 0.890

0. 399 0. 342
0. 589‘ 0.618
0.900 0.905

0.388] 0.372 0.355 0.367 | 632
0.564 0.645 0.582] 0.598 | 580
o.975% 0.940 0.916/ 0.915 894

0 00 0 0

i
|

Blank ; 0. ossj 0.032, 0.025 0. 028 0.023 0. 025{ 0.036| 0.034
Table 3 Spectrophotometric determination of absorbances
of standard Ng solutions by Griess method.
! o - ionce | No. of
4 AV 0. 0
Amount of ! Absorbance Mean arml:cc. | observa-
Neg (pg) | X 10* | tions
1.02 ‘i 0.024 0.016 0.025 0.022 0.024 0.022 53 5
3.05 | 0.070 0.055 0.073 0. 064 0.071 0.067 43 5
5.07 { 0.118 0.083 0.125 0.098 0.115 0.108 233 5
7.14 " 0.160 0.128 0. 167 0. 149 0.162 0.153 198 5
9.18 : 0. 200 0.151 | 0.214 0. 190 0. 207 0.192 491 5
Blank 0.000 | 0,013 ‘ 0.007 | ©.007 [ 0.007 l
Table 4 SFectrophotometric determination of absorbances
of standard Ng solutions by SA method.
Vari | No. of
Amount of Absorbance Mean anar;ce © observa-
Ng  (z8) X 10 ' tions
1.02 0.025 | 0.023 I 0.023 | 0.02t | 002 | 003! 2 ' s
3.05 0.070 0.069 | 0.07! 0.072 0.075 0.071 ‘ 5
5.07 0.120 | 0.116  0.132 0.123 0.124 | 0.123 28 ' 5
7.14 0. 165 0.165 | 0.176 0.171 |‘ 0.172 0.170 18 5
9.18 0.220 | 0.214 } 0.225 | 0.222 i 0.222 | 0.221 13 5
Blank | 0.010 ' 0.0t ; 0.0i2 | 0012 | 0.012 | | |
Le 5 HHEBE LRI Lz, 758 % Table 3, 4iZm7,
asf PEDF~2 %7 v o b L Ng REREORMIG
of % Fig. 1 127+,
g 6. BEHEROBR
st Fig. | 25, Ng fit L9 eie oM FAMFE A L
st L, BREEDMA 0.1~0.7 OfFENIZHS Ng 0
ol &, DPB #Git, 0.3~0.7pg/ml, SA @, Griess 3
” -
ar )
ar Guitwrthed, Fig. 1 Plots of absorbance vs.
3 L !; olj d; a:’ a; a:y I.; Ng concentration
v 0 o @
s;fm.o 12 3 4 § 6 7 8 3 1®

24

Concentration of Ng

DPB : ug/mi, SA Griess : ug/10ml
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TiX 5~9 pg/10ml TH %, LLT Table 3, 4. 5 @
F—2 0505, LROEEHOF~#i22ovT, H
RATED L TRERORE 2Rb.
B2 RBEkoilY Th 5,
B¥EE=y, Ngi=xz,

Biai=Cx1, >2); - (Zny ¥n)
B ERITR T
Y=y+b(z—2)
ZTit Y=$EREETH SRR OB
Y=, 3 e, Yn DY
T=ay. Ty, e , Tn DY
b= X (z~z)(x—3)/ L(z—x)*
b:ZHE

6 1 [EWRitiiy Table 6 i25F.

Table 6 Regression equations of absorbance
on Ng concentration.

Ng Concentration ﬁfggf}ion
¥ =0.379+1.042
DPB ;
method | 0-3~0.7 pg/1m! , (2=0.509)
=0.17140.024
ZA methed |5 ~9  pg/10ml (.1:—-';. 130)
riess
5 ~9 pg/10milY =0.151+0.021
method (z—1. 130)

6. 2 MM RRE Table 7 DRAIRK
e

Table 7 Analysis of Variance
1. DPB method

Source Degrees -
of ?umrof o Variance F (g’ %)ll)
variation |[fAVares freedom | -
Sk | 726.798 1
Se 1. 224 1. 224 2.41 | 8.02

}
Sa 728. 022, 2 |
Sw 10.677 ‘ 508 i

S ! 738. 699[ 23

2. SA method

Source | Degrees ‘ T
of Sum of of Variance F g" O.l
variation |9%3®% |freedom el ( )
Sz | 23.800 1 |
Se 28‘ 1 28 i 1.14 9.33
Sp 23.828 2
Sw 298 12 24.5
S 24.1260 14 |
L
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3. Griess method

Source o Degrecs |
Sum of . !
of of Variance. F, 12
variation |$9Y2T®S |{raedom | ° 0.01)
Sr 17.904 {
Se 21 { 21} — 19,33
Sp 17.925 2
Sw 4. 467 12 372
S 2.3 14

Sr : due to regression b T (x—x)}
SE : about regression Sg-Sg;

Sp : between groops X537 —¥)*
Sw : within groops $—Sp

S : Total 3, R(vij—y)*

6. 3 REDOFE, BRIIEMRMNEBDHoh I,

Table 6 oEMFNERMV, HEDO Ng &t X o5

WREE Y offid R, RikAOh B R0 kb,
mEfiR Y=y+i(X-x) (2
zzi Y o5k

V() =8{1/n+(X-2)*/Z(x—Z)*}
S2=8Se+Sw/de+ow
n =g
Ng BRX1Z3 5%ME Y @ 95% {ZHIRA 2 KK
Mok,
Y—t(n—2, 0.08)SECY )<pur<Y

+t(n—2, 0.05)SECY)
ar
st
sl
ul
sl
el
af
1 ] ] 1 [} 1 1 1 i
L N I T A TR T T T
SABIM 9 1 2 3 4 S 6 7 8 9 B

Concentration of Ng
DPB : ug/mi, SA, Griess : ug/10m!

Fig. 2 Standard error of prediction of absor-
bance from regression equation
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Table 8 Limits of standard errors for P=0.05 arising in the use of the
regression equation for prediction of absorbance (Y) from

standard Ng solutions (X).

DPB method SA method Griess method
X Y [t(22,0.059SE(Y) X Y |t13,0.058E(Y) X Y |t@3,0.05SEY)

0.30 | 0.1615 0.1116 5 0.1207 0.0192 5 0.1073 0.0225
0.40 | 0.2657 0.0648 6 0. 1443 0.0127 6 0.1279 0.0147
0.50 | 0.3699 0.0342 7 0. 1680 0.0030 7 0. 1484 0.0035
0.60 | 0.4740 0. 0575 8 0.1917 0.0110 8 0. 1690 0.0135
0.70 | 0.5782 0. 1029 9 0.2154 0.0173 9 0. 1896 0.0203

10 0.2391 0.0244 10 0.2101 0,0287

B % Table 8 $5 X (f Fig. 2257+, Fig. 2 226
BESuIHZLH, Ng ORCREZZ LRLR S,
7. BmiEgchn Ng BoSFrme

RERET o Ng 2047+ 388k, BRE Y 23
#L, Fig. 2 oREM{ AT, Ng ot X Z3R»
Bo POTHER () Ao E R L KkRTk
%

X=Z+(Y—-y)/b (3)

PRREE Y ASERRRAE N8 L F CHIECRE
shtcboldsl, 3) X X oMHEVE) 1k
Gtk s,

= (1.1
Vo= b Um + n

=y 1 ) )

b3 S (x—2)
ZZTY it m BOFEOFHMTH S0
B @ RXT, XOFIER Y ofsELH m T

Table ¢ Standard error arising in spectro-
photometric analysis of Ng.

Standard error (pg) SE (X)

Amount of "

N OO DRI oo
0.3 pg/m!; 0.0538 — —
0.4 ” 0.0520 — -
0.5 4 0.0519 —_ —_
0.6 4 0.0523 —_ —
0.7 ” 0.0528 - -

5 pg/10ml — 0.7656 1.0334
6 ” — 0.7122 0.9614
7 L4 - 0. 6835 0.9321
8 ” —_ 0. 7041 0. 9495
9 4 - 0. 7491 1.0115
10 ” - 0. 8225 1.1103
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b+ 5, DPB i, BEWANE 20ml 55 1mi
2R LE—REHZ DT 2 EFE#ET, 5T
m (3% 2 ChH B, SA #, Griess 25Tk /i
10ml 2HHT505 m izl TRELTV3,

7.1 BHMTEICED, BEEEEREL, Table 6
DEHERVT, Ng REEETIE0REE (4)
K& DRDI, HEFRE Table 9 iz57T,

7. 2 HENETRoR Ng BB L R, R
FREL THRDX Ng f# (X) 22 LT, kX2 H
L,

REwEREF 0
4 Ng & pg=20/‘u - X (5)
B E pg=20/v  SEX) ()

ZZizvit, DPB #%Tix 1 ml, SA i, Griess 3
T 1oml TH3B, (X), SE(X) i, Table 9 iz
L7 Ng & (X) rrhlzst+ 34 9%
SE(X) oflith s, itIisER% Table 10 iZ7+,
8. Ng HABRBOFTHMEIZDWT

Ng #2OSERIERX G) A»bRD - Ng of
FOREBCTRELTHRD 3, (1) Ko V o
% 300 LLTHEL Ng A8 L HTEELD
Blfe % Fig. 3 7+, XBESFEAILHE L ANS
Bt P=Y/., B350 0.67449 {%TC, SMFEICY 5
Ng ¥RBEOHMTEORE ERD LIgRL Fig. 4
2T,

BB EOMFHOER Xicov T, RESCEE
T 5HE1E, MEBRFRPIZBRSILYE Ng #2 oRIRER
MRz 258, 1 4H 0.5 o gET, 0.03~6
p.p-m. ® Ng ¥R 5~300 #PRITHEHICimR s
IREFE LY, FhE 100% LBk @, X SA
&% MvT NG-Ng #iih o RET 5 Ng fefE
LY, BAfkE B —B LR ENE A8Rb, &
NRYOEHENRHELDOLHEL S,

THAEGEE




Table 10 Analytical results

moum ot g €O | 00 | TN | Gk

e 0.3 pg/ml 0.0538 6 1.076
= 0.4 0.0520 8 1.040
g 0.5 » 0.0519 10 1.038
a 0.6 - 0.0523 12 1.046
Q 0.7 # 0.0528 14 ‘ 1.056

5 pg/10m! 0.7656 10 1.5312
3 6 0.7122 12 1. 4244
S 7 0, 6835 14 1.3670
E 8 » 0. 7041 16 1. 4082
b 9 0. 7491 18 1.4982

10 0.8225 20 1. 6450
- 5 pg/10ml 1.0334 | 10 2.0668
j: 6 » 0.9614 12 1.9228
g 7 s 0.9321 14 1.8642
2 8 » 0.9495 : 16 1.8990
2 9 - 1.0115 i 18 2.0230
© 0 1.1103 i 20 2. 2206

Standard error (p.p. m*)
g8 R 8 388
T

; L,

[ o [+3

[+

o [} (43 <]

Conzeatration of Ny vapor (p.p.m.)

Estimated conc. of Ng vapor (p.p.m.)

[] 1 ] J [+
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1 1 ] i ] 1 1 $
o2 B N - - W [ - - - B [ S - I
Concentrations of Ng vapor (p.p.m.)

(457)

Fig. 3 Standard error of

the

estimation of thc concentration

of Ng vapor.

#Standard error

=T.E. X1/30x 1/6. 789

T.E. : based on Table 9

DPB method : B
SA method : /ij;
Griess method : O

Fig. 4 Accuracy of the estima-
tion of the mean concentration
of Ng vapor. Probable errors
of the mean values are indicated

with dotted lines.
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9. $% &

Ng A D40, BLE DPB i, SA #:, Griess
HIZESBRAIebh TV 5, RMBREMICE 5%
S0 RiLoREET, MR o Ng fHi6~14
(g/20ml) DHMAN T, DPB #idihofiilic b~
THLNTEY, Mpg 2HL A4 SA AL
BUYCHIEERRTLOLEZBADS, BXEKROMEY T
bD,

N w780 o g o | Rt | e W

Ng vopor (by SA method), p.p.m.

(p.p.m.) ‘ (;fg/ZOml) 1([! p.m.)

0.03~0.07 | DPB 6~14 | :£0.004

0.05~0.10 | SA 10~20 | +0.005 .

0.05~0.10 | Griess 10~20 | N SN R N S B

+0. 007
I @ oz a3 4 ous s or oo o

Ng vapor (by DPB method), p.p.m.
Fig. 5 Comparison with DPB method

FAF426E 5 A 170 2 B[AIAE 8 BB HIEDWINIC, &
FETE (NG-Ng Hifrho Ne it 38%) THRIR

L789REHZ SV THF L7z Ng H2ififlto SA & b4 '3

Iz 3ERAME: DPB Hilz ki ohdk® Fig. 5 D mM, R 28, 236 (1965)

IZRT, 2) F. Feigle, “Spot Test in Organic Analysis”
#yic, EPFLIC-OVT S bt HAER 6th edn., 18, 96 (1960)

K. K. mmk%%ﬁ’ g&ﬂ:%mq,m&’ nng?k 3) B. F. Rider, M. G. Mellon, Ind. Eng.
B, EBRRNSA-METS, QOUA, HIHE Chem., Anal cdn., 18, 96 (1946)

’ 3 - -3 » @I ks, o , 1963
Fo KHIF, REWEROFA MR Ly D N8 SRR 12, 443 (1963)

5) gopsmsarrign JIS K O 115-1964
o AL TRARBSA2ERFIRRS 6) Davies, “Satistical Mcthod in Research and

THE LT Production”, (1949)
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BRI ERESOF LI ML L LT 2, 8) M, MM, MNE, THEAFK 27, 355 (1966)

Analysis of Nitroglycol Vapor in the Air
by T. Urakawa, M. Yokogawa

In the dynamite factories in Japan, the analytical method of atmospheric
concentration of Nitroglycol (Ng) from 1960 until 1963 was of the colorimetric
determination by Rider and Mellon, (Griess method). Since 1964, Diphenylben-
zidine method, (D P B method) has been used. In 1965, Sulfanilamide method
(SA method) was reported for the determination of Ng vapor from C.1.L. Canada.

Then we studied the precision of these analytical method in the concentration
range from 0.03 to 0.1 p.p.m. The regression analysis was used for studying the
precision of these analytical procedures.

The estimated errors of the mean concentration of Ng vapor in the air arising in
the use of above three different methods are as follows.

Result :
Atmospheric Analytical Ng concentration Estimated
concentration method in a test solution error
(p.p.m. Ng) Cug Ng/20 ml) (p. p. m.Ng)
0.03~0.07 DPB 6~14 + 0.004
0.05~0. 10 SA 10~20 + 0.005
0.05~0. 10 Griess 10~20 + 0.007

(Nippon Kayaku Co., Ltd. Asa Factory)
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