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2-1 WAKHEWHE T ¥ MIBIT B 7 VbKRFERBEDO<T AT VX

Flow HNy concentration Flow rate HNy mass flow
{mmole/l) {1/h) (mmole/h)
BXX 9.0 (512} 10 30
1BP 5.8 (3 16 93
1cu 5.8 (73 100 580
1Cx 5.0 (7) 100 500
CSw 15 {4) 20 300
18U 11.8 {(7) ) 100 1180
iCW 9.2 (9) . 100 : 920
2BW 27.7 {6) 9 249

table 3: HN,y concentrations and mass flow in WAK solutions®)

a) reprocessing of high-~burned power reactor fuel;
initial hydrazine concentration in BXX, BXS and
2 BX 0.4 mole/l

b) number of samples analyzed
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Qaq, in [HNS]aq in + Qorg. in [HNEI]org, in + ARHNB

= Qaq. out [HN3]aq. out + Qorg. out[HNs]org, out (2-1)
D HN3 T [HNB]org, out/ [HNB]aq, out (2'2)
Z 2z,
Q = {fHERE (8 /hr)
[HN,] = 7 JV{bXKFEROBE : (mol/ §)
ARy = TUVLKEBRORKESE (mol/hr)
Dyw = 7 ILAEBOASERYL e
e
in = A
out = H
ag = 7J<7FE
org = A A

T bIKEBROBEEAR,PEMFEOFHMIL, 222888 T 5, /20 TI1L
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N,H," + HNO, ------- >H"+HN,+2 H,0 (2-3)
T, TAEETHLE FT UV EWERA 4+ Y LRGP 5 b 7 VLRRIRD £

T 509,

2 NH* + NO, ™ - >HN, + 3 H,0 + N,H;' (2-4)
F2-3)E IR Q-4)TERY L7z 7 VbR R BEO—ERIL, TBPIZH H S ERAERI~
BITY Do KM BICBo 727 VLA ERRE . BENEE & RIS LN,0B L UNNN T fF
T 5,

HN, + HNO, --——--- >N,0 + N, + H,0 (2-5)
¥, TeDERET D & 2-4)TER LIZNHHNZ L » TT7 VRFERIZ, NHBL U

N~ &SR 509,

HN, +N,H,* > NH,* + 3 N, (2-6)
b K9 U VIETBPICHIE SN Wiz, FhAPurex 7 B & A DO TR IZIEEL
+HI LIRS, WEE FI U rkERE LTRSS 2B TRIZOAIFET 5o
$hbb, XE-I)BLFR-HORGEU-PuGELRES L CPuFRTE ICBVWTOA
oD, 2OMOTIZCB VT T HMUKEBRIERT 5 T i3k Vve —THMHERIL,
KRR TEMSUPHSRIES O, UBLUPUBEIEI TR FET LD, K

-3 TRBT 2 EMEEIE. EICPul B L OUAV)OFBRILKIGTSH 238Q- 1B LU
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2 Put* + 3H* + NO, ---nmmr > 2 Pu* +HNO, + H,0 2-7)

U* + NO, +H,0 -~ > U0, +HNO, + H* (2-8)
A2 FIEIFEITER N0, HMLERNIZTFETLHEEROE, T4b bR (Q2-
B L UE-§)IT Lo TERT % EREES L CHEENICIHAT 2 EHBORE., (2
T FIIUVPREICEREENT WS L 5iE, F(2-3)D KIBIZREV Il H8FP I
FETAEMBEFENVEDOT VLKERPRETHI LIk B, =K, B FTY
YOEFMESRACEET S EERE ORIt SIS L TR WEA I,
HBRICHFETA L PV 0BT 7 VILREBRPERTL Z EICh D, VLT

0D E, RER-DDT VLKERDOEERAR, X,

29)

IR NBLUHRZNZUIMEBACFES L ERRB LT FIV Y OR
Mol TH %, BEDOU-PuSELES L UPulBE TROBIELEIZBN T, &
C-NDBIVTE-NIL o THENTLHEPRORIZET, & ¥V P4 BR10 4
%éﬂfméwﬁ\ﬁ@mﬁi@@&ﬂioTE&T%@%%H?&Tﬁ@&mﬁ

BICHESNLEEZONDL, TOHRE, ARyHER %,

TedSilE & UL TE B ED T VIR FRBROERIG,. R2-49. BIUHEBRIEG, X
(2-6), i, HMEZFRADTCOEFIONVTEIETELI-FPFEELEZVWZ E, BLY
R2-DDERFIGTENZTOT VLK EBEPSERTHPAHTHSL 2 &, OEH,
LAI-FTRINLORSEZR L2V, E/o. 7 HMUKRBROFHEIS . H(2-5)
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223 T ILKFEROHERE

7 ALK EEEOTBP & O EEERIE, —&IZ.

K
HN3' w T nTBng_ free = (HN3 . nTBP)org (2-10)
ERBTER, TORIEDOERDPITOFEEEIL,
[HN, - #TBP],,,
K= 2-11
[TBEY, eo[HNs]., (-11)
270 T AKEBR DA EARED
D [HN, - nTBP]o,g 012
HN3 - [HN3]aq ( .- )

THH06. REI1DBLTE-120L 0, 7 PILKREBROS EBREIE, AP OFHE

EHBIT 7Y —TBPEEIZCLE o TERXDLHIIZEHTE L,
Dy, = K'[TBP] Gy free (2-13)

TUEAKFBRETBPL I L | 1 THH SN A Z LD L L7 o TS 728000,
BUSKE Ll TH B, APITOFHEEKIL, 25~55CIZBVWT5~10BETH D,
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Kww/Kinw = —0.0007[HNOs[?, +0.123[HNOs, ~0.487[HNOs], +1.126  (2-14)

T ZIZ, Ka/Kuald 7 VALK REROERIREL. [HNO,, [ ZKAE R OWBRIBETH 5,
DEDHERLY, 7VMUARROSEREE, UTOFHTRDSZ EHTE D,
T9. RE- 140 o KT OWBREIZR U2 7 VKR ROEERE T KD, Zh

WEOFEMER (9.00/mol) M THANTOFEELF KD 5, KIZT7 Y —TBPIE
EiERATRD B,
[TBPlyy. fee = [TBP], - Z[M]mgnM (2-15)

T ZIZ. [TBPl AR R DLTBPIREE (30%TBPIZHB W Tid#YImol/ 0) « M, l&
AR O HES#EB X Un O M~OTBPOREHTH 5, B2 IE, M
HNO, D% Any=1. MAUOLNO,), PHfn,=2¢ &b, ¥z, zik. AP O
BATNCOME LD ZLRBRT B0 BRIFIZ, ROLLPT OFHEHS LUK
(2-15) T3k 72 7 U —TBPEEZ Q- 13NIAA L, 7 I{LRFEBROSERE %Rk

Bo 2B, Kelmers HODIERTIE, SHREAREICEKELTWEA, Ka— FT
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Bd, WRUA OB T REIERE L 2V EHE L.
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TMIXSETIC L BEHHE 2T 2, IBXBLTIBSHEIFICHATA SV hov AR
FRO, FOIHHREEOEE LTHE Lz, BSXOT V{LKEBRREIX. R2-10
BWOEREH L7z HAFD Y 7 v B LUV b= AR, BB 2FAE S S
¥ P OEEES LR L TRD 2,

P70 —3— 3 FRE SO LA 70— — MEWT A5 A, COMPAS®VE |z
EH U zo 2238 THA LT — Mk, FmbSFoBOICBiT 5 7 PfbksE,. v
7Y TP EU LA RV BIUBBROKRE 2 BT 5720V 2, B2-
7IZCOMPAS EIZEHR LI EFNT T v b D70 — Y — M 2RT, MO S E

DAY =4, ERIKBEDORA P —bx ZNETNEDLT, T4, £IFT LT

HEIEFEOT A a2y TRENTVES,
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CSS
Flow [I/hr] 20.00
HNOz  [mol/T 0.10

A I

CX
HAW |~ — — 108 W TRT TTI000
< || < <= | ™" THNOa [mol |8.00E-03

[ [ HNs  [mol/] [5.00E-03
A v y :
1

CSW

HA 1¢
| L= [y
1‘| ‘L A
HAF |
Flow [ifhr] o000, ,1F =
U g | 250.00f — — | < BXS|
oS Dol 2.8 | Flow VA | 20.00
. | 1BX1 HNO3 [mol/] 0.70
1\; v HYD _[g/] 6.00
' I
IV
e N =
[ |
[ ‘l( BXX
1‘[ Tow VAT TE.00
SF B2 | UV (o 40.00
sw—TRT—T—T0700 [ HNOs fmolj | 1.50
A = HYD g/t 12.80
HNOs [molfjj  3.00 I HNs  [mol/] |9.00E-03
IV
BSX — — | |
Flow — TVm] 5.00 |
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HNa  [moll] |2.77E-02 A |
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24 WHREEER
EFNVTT Y MIBTAEZEAI) —LAOMEB LUERSREOFTEHER 2 H2-8

RS T2, TUVLAEBROBEBLFTA 7O —0FEel 5 DHIEKREEFNLS

SUYMDYVIab—Ya rERLEORKEFE2IFT,

MERREBLUY I 2L —2a VITLBFIERZRIZ, EOR M) -4 bRERRR

FEME D 50mmol/ 0 132 TidWwiwv, AOREDEWIZL AZEA M) —LATOTRT

O—-DEXHDH, ICWBLUCSWDT JbKZEBD v~ 70 —-DOEEEZZFNZ
11920mmol/h B LT300mmolh TH 1) . WHEHHEFETIE (1CS) 1BV T T I{LKEEED
%m%L#%@éﬂrw&mo—ﬁ\%ﬁEM%ﬂ%ﬂwﬂmmmBIW%mmMT
HY, BEAETEBESINTVWREWZ Eilh b, THIE, BEHRETRIZCSS H 47
ENBKEET M I T ABIUKELF M) v a7 DEAFEBRBLORSHEYI ol —
Yara—FlHARATNTVRWOTH S,

v VEE (1CU) €O 7 VbAER DM 12, FEMEHS.80mmol/ & . BN
278mmol/ 0 &, FIEEOFIMEVIEETH L, Iid. BXXB L UBXSH S OMEE

MEBOEWICLEZDDZEEZONE, TV b=y A8E (1BP) TO<A70—I
FEERMEA92mmal/hTH BDITH L, BHEHEIZ75Tmmolh& 227 D BVMEE 2o T b,
:h@ﬂﬁﬁb%ﬁﬁmﬁiw7vmxiﬁwﬁﬁ«®%ﬁﬁ%ﬁéﬂfw&w:t
PRETHLEELLONS,

ZDYIal—varERFRT LI RIZICSTT VILREVBEDPHKRE S
Npwedn e, VA4 70EE (HAX) BT A7V AZE RO 70—

1355mmolh & 2 %, KERG O 7 VILKEBRILEE DT T 595, 1 b N-aERE
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WHEVHAWIZ O ITT %0 #0720, 7T ILKRERIL) YA 70 Bl & 2o bk e
T#E (HA) 7ot R sh, BLESO A SMICiT a2 iz b, 5HE
FERIZENIE, HAWIZB 1T 5 7 VLAKFRBRDO < XA 7 17— i%186mmol/h TH V. &L
VR T VALKERAEAET 5 2 L1k b UL, BEBEEZE L R0,
72720, COMERKETICBITAEREE S L UTRHENOBITIEER ShTning
L, BIUSBRETE HA) CHEETLIEEEL OSMMBRIEFER SRTwina
b, EROTT Y MOEBBERKETRINUEDEIZZAZ L3R WERDRS,
Tl VYA 7 VEEO—EEZ -V ENAF R LAWK E R B0, Bk
Ot X (1CS) 2B 2 7 VUKERDBERVLETHLEELLND, T U{LKFE
BRAEME 7O ARICER T AW, Ka—- FIgFREOAZHAETLLD
Thb:0, TERTLIEPFTERDI o,

TR FRIBZEREO TFA T (TUVLEY) 2R T 525 Fio. &EBT7FA
FRELVEREEI TUREFS 5. REETE HA) KRy >, vib=y
LABHC BB ¢ DRBTREIFET 2720, SETFA FOERT 5 THIELE <.
7 VR EBOHAXNOBTREZEE L v, S50 & 20 b, BiEsEE TE
(1CS) 2BV BT VILKFEROBEPFLETH 5,

KR OT VALKER OB RIIBO TR, BERTEY ZF V-7V LEEE
DEREBETH L, TOLOD, BRLLZT VILKFERSSHEOREICIEEL, £2T
RESNAZTWREOBTETE RV, /2. 7 VLKEBROKEH TOBEBREIE T,
TeHFET DL ENHDER L, 2512, TONH"DSHEE S UG L TREET ¥ =7 A
PERT ST REFD S,

HN, + NyH, --—-enmemv > NH," +2N, (2-16)
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NH," + NO; =snmmnnnv > NH,NO, (2-17)
W7 =y AREHERPTHREe. 01 HOBREYIC Lo THEREINL L
BRSO MESERI LBRT 272 0KERMTH L, T02H, 7 VLK ERL
IR %R £, TeRWEE, L FI Y Vil oS & DORIBIZ DWW T HEHE %
Yialb—Yara-FOREILETHL,

v vEE (ICU) BLUTV =2y A8E (IBP) B, CORDEREEICL S
IO ALDRWED, TUVMKEROBREDRFEINL I LIRS INE, £
D, BHETOEADED T VLKEBROHEZI - FOREDILETH S,

UEDEEL Y, 41513, 7 IAEBOKER COMBBG, Bk TR TO
REEF MUY A BIUKEIEF DY YA E ORI, 7T YBLUTV =Y A DR
7Ok AR ER LFED - FORSE., 510, EROTRELZ T ¢ 52010130
L ZE L 58— FORBISULETH L. T2, 7T I{LKEKERD, BHEES
TRIEBWTRESRRVWES, VA7 VBRELCERETRES Y I VBLIUT
Wb ABE L TLE) . SO LA EET AL, BAETOLASES
WCEEE T B DI ) LD T DEKFRER EOMO S [TV T ORE
AHIBZ ENBEEPOLETH, BIERA b &L CBEERETE (1Ccs) HO,
SR ETHE (HA) B0, 79 Y85 (cu) . BLEFvb=T a8 (IBP) . @

FZAMN)—LDELILND,
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02  TIUKEROBEBLIPTvAT7O—-0HIEFRELETT IV
TS hDOYIa b —T g VEREDOLE

Al — TvIal—vavy

v AR BERE ME | YA —| BE T | <A T -
[mmol/1] |[Whr] I{mmo¥/h] [mmol/1] {[Vhr] |[mmolh)
BXX [PwETTH) 9.00 10 90.0 9.00 16 144.00
1BP [Pufdf 5.80 16 92.8 20.70 37 757.41
1ICU (U 5.80 100 580.0 278 123 340.88
1CX (Ui 5.00( 100 500.0 5.00| 120 600.00
CSW iR 1 iR il 15.00 20 300.0 1.43 20 28.59
1BU |[UBLS: (EHE) 11.80] 100 1180.0 12.40 104 1289.35
ICW [USHIH BE (CHHR4E) 920 100 920.0 15.30| 101 1552.49
BSX [PuXZ I 7 27.70 9 2493 27.70 9 249.30
AW |5 L OV EET 5.04 37 186.33
AX |4 7 VG 14.89 91 1355.25
[HSP (B defris i 12.28] 95 1168.19]
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TCW
CSS Flow [thi] 101.47
Flow VR 70.00 HNO3 [mol/] |4.66E-05
HNO3  [mol/] 0.10 HNa  [mol/] |1.53E-02
: 1CX
HAW 14 Flow  [7ht] 120.00
Flow [Wh]  [2.69E+01 [~ ~7HNOs [mol] {8.00E-03
U ghl 0.00 1CS - th [HNs  [mol] |5.00E-03
Pu g/ 0.00F "1 t i
HNO3 [mol/l) 261) 11 T ]
HNa [mol/] | 5.04E-03 ! :
1}
H A CSW 1C
Flow  Whi 19.99 1CU
HNO3 {molfj | 7.71E-02 Flow [/hr} 122.62
HAF R HN3 _ [mol/] | 1.43E-03 } U [9/ 65.60
Flow [/h) 30.000 1t 1 i [uivy g/ 0.00
U o/ 250.00| _ | ! Pu(lv) fgf 0.00
Pu o] 2.50 " | Pu(llt) [g/] 0.00
HNO3 [molfl] 3.001 ti 1 __ [HNOs [molf] |5.28E-02
! HNO2 [moiflj 0.00
HNs - [moll] [2.78E-03
wsy___ 1 | _____
HS Flow [V 70308 t s "
U [ai 77.35 1 11
u(v) g/ 0.00 183
; Pu(IV) [a/l 0.00 Flow (VK1 70.00
HSF L Pu(illy [/ 0.00] |1 BX1 HNO3 [mol] 0.70
Flow [Vhr] 10.00~ HNO3 [molf] |5.31E-02 Nz2Ha g/ 6.00
HNG3 [molfl] 3.00 HNa  [mol] [ 1.24E-02
1
:l
? "_T— ________
1 I
it
HSP BXX
Flow /A 9513 (1B X2 | [Flow [Vkij 76.00
HNO3  [mol] | 2.53E-01 u(vy g/ 40.00
HN3  [moi] | 1.23E-02 HNOz [molfl] 1.50
BSX X NaH4  [g/l] 12.80
Flow {/hn] 9.00 l 1 1} |HN3__ [molf] |9.00E-03
u(lv) foftt 1.00 !
HNO3 {molfl] 0.01 = :
HNS  [molf] |2.77E-02 1
1 1
} |
1
— ]
_ 1Bs [ __ K
| -—
1BP !
Flow [Vki] 36.59 :
U g 1.94 i
(V) (ol 0.95 ] Flow [vkd 36.83
PuiVi[gf] |7.04E-02|  «~ | HNOa [mol] 1.69
Pu(lt) [o/ 1.98 NzH4  [gh] 8.73
HNO3 [molf] 1.69 HN3  [mold] {9.60E-03
NzH4 [g/} 8.45
HNz [mcifl] {2.07E-02
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3 TIULKBEROAHAE

BOET 7Y MIBWT T VbKEDRELZEZ S VI THLEFHB, ThE
T, W DPDOIFEFREENTVE, TOHFTWAKFRE T LAND T
VALK FEBRRENEIZ AV O N FED, £V 7+ D Ain Shams kK%, Hassanb 12 L o
THEINLFEDE LUUSDOL CREFH &) DOSHA (Occupational Safety and
Health Administration) TE® b NG HE WAy b, TR, EhEnDS
EZKIK#E, Ain Shams KEEELE, OSHADL & FES,

3.1 KiKi%

COFEE, 2B THRAWAKELE TS VMO T V{LKEEEREOWE IR S
iz, RFER, R/ TVREREBFEOSRERL OBEZHETH I LIZL -
TT7 VKRB OBREZWET 5. B/7 VILRBEIE, FERMIINy A F 2 &
5 EIZX o TR T %0 HIB-1 I WMEBEOBER T Ry, £/ 7 VILEERES
L UER /1R Eéﬁ%ﬁﬁ%ﬁﬁ%ﬁ%ﬁﬂ:ﬁﬁﬁ L. pHUMIER OF 5 A ERIIpHA —F I
By 5o

F3-2t2/R & 92, pHSICBIT AIRE L BMNE L OBRIZ, 7 VbR ERIEED

2X10™*mol/ 0 BAE T, M X -58mV/conc. DEMRFMRIZH 5, BWPIILE FFTV I, &

FOFY LTI vds BT Y EST AL + VR HETLIEEG, B4 FRHIZL o

THMBE LR, BEZIT ).
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ELECTRODE SET-UP
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3.2 Ain Shams k&

Ain Shams K22 DHassan & 1. EIET7F A P LEBEErOSEREZHIT A H A

ey —FER L7, E33 10ty - OlRE LURBFER 2R T 0.1M-NaN,-

NaCIERE % #) 7ul L v OBRBELZFOBIRESNFRON T ABBEDOH

RS, FOBMEOPHEILZRINT A2 LIk o TT7 VUKRRREZWET %o
BEERICIE. 0.02umOMHITLE b DE S0.13mmd R T E L Y (Celgard 4400,

Celanese Fibers Marketingtt#) ZFEH L Tw5,

0.1M-NaN,-NaCliA B EA Tk, UTOFEIEITE 5,

H,0 + HN,,,, & HN, , & HNy (3-1)
FiB: DA R0 ER B & O BB OIS OpR T T Eh, 9.Tkcal/molB &
UA.77TH Bo WAMIRD 7 ILAE R, R 77U L YOREREZEL TRER
B s L. RE-DOFEHE B S8, 0L SEMEP OpHIELTE DT,
Z OILH AR O 7 FRERER WET S, K-t F—NERED
BEELERT, FED, THA FA4 4 VBENF10"~10 " MOFEE I BV TR

DA %R L. FOMEE 1358.5mVicone. Th b, 7z, MR, HOYWH &

0.8~1.5ug/mlTH 5%,

B, b —OBEE . BERE, MoOMmE, #ENEORE. REOYES
oW TRHEAICHERE L T b,

A, BOMEIZL 0. BP0 MEETH )., RN EET 5 BT
L LT, 7 VLB OB, BRENIEGEE, WEEEES X UBED
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WERETH L,

BEOFBEII oW TIE, KV ZFL U3k e LZEZ018mmD 7 70 VE,

9y T AEREEEE LZES0.18mm®DFE ) TAF VA v ¥ 2 B L UN0.02pum DAL

%3 0E&0.3mmAY FOEL VRO IBEEICOWTRHRET > Tdo ¥ —
DESEERE L CEEREOF -5 LR 7oLV EFROE L ZIRTH L L
WLTWV2,

HIEWE DBEBICOWTIE, BREOTEEIE (NO, . CN', SCN', CNO'. CO,*.
CH,CO0", HCOO, SO, §*. ) . ZDMDEA 4 (SO, NO,\ PO\ AsO,”
Q. Br) ., EFIVUVBIUTEFEF LTI Vb:om’(%&t.%ﬁ%:ﬁo(méo 1%
RMEOEEEL, BERELTEYT-ICADRALR, pHEE(LSE S, T, EHER,
B & ORI A 4 > ORERKE V., BT BERKEK TRET S &,
ERNEL. EREEEB L UBHMLW A A ~ i3, NO,—~NO,. SO S0}, S*—=S0 D& I I
BibEh. SNOAFVOBEFERTE 5, 2OMOBEA FViE, £ —OHE
WCEEE RIS ol Bk, TIMKREBEOFTHICBWTHENHE LA TwHL

FIUYBIUE FOQF LT IviconTsd, o — 0 IcE8E8r RITSedo
7o T2 B, BEMLAEKIC L BREIC X o TH4 OIFEWE OXFT T H0.8ugymd

E3 T“G)Ngﬁf‘iﬂﬂﬁﬂﬁ‘é’@% BT EFRENT NS,
BEEOBEIZOWTCIE, 22~2Co#E TRELfTo T\ b, 32CICBIT HWET

1322°CIZ B L CHBINEDLI~2 5B ET LTS
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Figure 1. (A, top) Configuration of the azide gas sensor and {B, bottom)
expanded view of processes taking place at senslag tip: (a} combi-
natlon pH electrode; {b] Intemnal alectrolyte {NaN, -+ NaCl) solution; (c)
polypropylene membrana; {(d) HN, gas released trom the test sclution
and (e) slectrode housing.
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Flgure 2. Potentiometric response of the azide gas sensor with (A)
Teflon, (B) polypropytens, and (C) sificone rubbar membranes.
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3.3 OSHA}%

7T v s, BECER (BIAILBTHA FERDOLOORRGELRE) &
LTIES WL RN TWE, fFE, HHEOL TNy FHOZERH & L THEAICEE
ENTWD, Fio, HHETHF A FIIPHRE LR RHEEA & LN, & HEEECBY
TOLHELBWSRTWA, OSHATIE, 2O LI &7 IMbF U A2 WK T
PPRZ BN THEERORETHET 570, ZOEERERICHEET HNaN,B &
UHN R O EIRME. £ -F103mg/m’ B X U08ppm, 2 EDH TV 5, RGHHIEIL.
THd 5\ WITHIREN ONaNB & CHNGREZ DT A DI SN DTH S,

AFEE, FEBETOLT -39y 7Y ¥ ¥ L, SRET 4V — I ENaN,
HFEWELICR, 7408 -2y 77 BB THREL. TOBETON, REE A
Ay 70T b FIT AL o THET A5DTHA, HN,F AL, NaOHE &R S ¥72
BV AT VITE UNaNGIC B L 72 RICFER R FETOM &7 0

HWER7 4 V¥ —IZid, PVC (Polyvynil chloride) 7 4 V¥ —F 72137 T A7 — Wi
Hubitd, Ny 7 7 HEICIIREF M) 24 B L UREKET ) T AORAHEDS
Hwbitd,

NaHCO,,/Na,CO,
NaN,, - >N, + Na* (3-2)

N, A F > ORIICIE. 2100mOEEE IV B, HN, ' A DONaN,~DE L,

HN,,, + NaOH ------- >NaN, + H,O

3(gas:
\\/— b=
TIT D0

RO HHFEZ BT HHAN,OF B 2 ST REHEHE X, 50 0= 7F 7 V&1 /min
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ORETHRELEE0.057~0263ppmTH %o EMWS BT 2 8L T RIZ3mDEF

WE A WIEES, 0.00347uymd F /213N, ET0.0104ugTH D, 50 DT YT
D4, 0.001ppm-HN,® % V2 130.004mg/m’-NaN } IR i § %o T, BEDITIZBIT
LR TRIZIMDBEZE A ViE4E. 0.0116ug/mdFE 72 13N, HE T0.0348ugTH 1 |
50 DT H Y TVDBE, 0.004ppm-HN,H % 1 1£0.01 Img/m’-NaN; I3 L T o
RBREOTZ A7 IVEXIZ, HHFIZF0OF TERT S,

3.4 HAREDILE

#3-112, LRIBEOSWHHEB LURERL CHVON TEgIDI 4 »iZL 5
EaRISEHE Lot (UE, ERELER) Oogbe T4 ot #
SHHE. BB, R, ATAE., BIUHEBMLRA VT4 oW OTREE
IOWTHEBL 728277, EOFFHFEDREISHLTHWEIEFRTELN, K
HIIZ oW Tid, Ain Shams KRB L UOSHAED AP FIHTE 5, AIEREIX, Tt
ERHETLLNLBRNELAETIDOD 2 0ICKHTE, #RER L UOSHAL

DEIE, KKEB & FAin Shams KEEFRETH S, o TIRIZ, BoET@ZET S

bODOFH, WREEZMET S HDIZHEL, 107*'mo/ LEETH 5,

Emﬂmwtawﬂﬁau,79ﬂmﬁﬁmn&8\m®m%KQW?%:t%%
CHODNETH B, KIKETH, RERT ¥4 MLAWICT 3 LIc Lo TIhE
FoTwvid, F/OSHAETIE, ¥V PVESIHEFETLIZEILL o TINEToT
Vo,

BEAE 7O A THI BRI, BLoBERSPEINTEY., TOREETEL

FTIEMNKRELBEE oTWh, KKETH, 14 RBICIoTH O LDTE
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B E Y W TWD, E/2An Shams KEE TIE, EHERL EOAKERER AR
IERFILL>THLPLDOBILL., TNEZRENMLABRUEEZTo Tns,

BUNEZLWETHHER. 774 YN OBEAPTETHHLEXOND, X
7z EOSHED BEMELASTEETSH 5,

Dol &b, BRE SO ARAOT VIREOFT Y I A YEBE=S ) V7%
179 3%mE1, KIKES X CAin Shams KEFEED & ) LB EZLZHET 5 FEFEHTH
Bo S50, WREL WET 5 RERES L UOSHARKIC X o TER & £ IE,
EHWERRPENB LEZX DL,
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+3-1 FIHEOLE
PEMR R KK, OSAH Ain Shams Univ,
(Ertel.D.) {Hassan et al.)
i pi | Y| KA. &AH AK4H, SAH
B | WEs 2 | BBICNy 2B EE [Nk M Fr7uv b T | 7T OLKERORBKTE S
BIZXB [ fEERLAETHAF | A THIT. KREOHE. LU 2 M
HmPH | EHE (AgAgN3) & | NaOHREBE SE/4TU R
A BEOSBEE (Ag/ | ¥ VISHUALBRSy 7 78
AgClCl) L DEWH | i (NapCO3+NaHCO3)
=i lE IR SEHESITHET S
B AL | 465nm BAirE UV-210nm > — B OpHEE
it
s 2% 10-4mol/1EL FEEE ; 0.057~ 10-4~10-1 M N3-
ik 2.63ppm {#90.001mmol/1 { 0.8mg/ml(§0.02mmol/1}F
~0.1mmol/1) THEDEOEELLIZS
- | 54 TRR 1 0.001ppm T
sl ) THAL FEERsE | 4> 7 e diMieE
AT SYPL R ) EeELL
EMH O (g et Y Al HoO74Z L BHTALEL
OB
ArFAy AT T (phifEE45) ANH )
AT
BEL W] = ) Ll
Foft | EREIC | thodirFEL#EA | FEESEFOT7 Iy M) | TH A FOSHBIRERS
IHEE | SbuEEEEAL | vABIUTIAEZENS| hiz, EB7 WA FEBEL
i N EETnh, B, 7VbF Mo AD | ST VbREEXREISY

E FZr, HAN,
FrEIIAL Y
WHFTBEE, A
AR oTD
o &= FEERIRE
THe

BRI TFAIPVC T A M T ET
WL, Ny 7 TEEILE
HE4, #0OHhON3-%il
EYT B
FUEF P TABLUT
TIEAZERR DT H 4 Fh
BELTWAY YLD
&, b= LONgFHH
Ehal0, Chb2o0
BEIFETE RV,

3, KL L7 VibkER
by H—0E GRYy7oy
L) #EAL, REOE
BHOTHEE LSS,
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4 ZOMOBWERS

7 UK RDSOMERS b 72, BLE TSV POBEREFIESRITREREELT
BT AHLENRD S, PurexZELE T T2 20 TRNICHEET 2ME RS, THEE
CHET A OB LTHHBEICHERTZ DOD2DICRESTES L, WL X
O I, BRI X o THM L. R4 RMERS T ERT 5, 70, HBEE
BEETLER 2 L DIREMIZAEL . FRICHEVWEL OBEBI P ER S NS,
AETIE, INHOMEBRTICOVTHAZITY, IRITOREZVE2-T 5,
41 FHERD IR AR
WEE. v 9¥, TV oY AR LOROREEY R EORFNEWEDORKET T
HREIND0, BIHRIZ L o THHT 5o BETRSIRIC S o TRKESRELZD,
BRI IHN, A4 2k EOFEERE, &5 ICEHRECBBIkER EORSEICE
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SODIUM AZIDE AND HYDRAZOIC ACID IN WORKPLACE ATMOSPHERES

Method Number:
Matrix;

OSHA Permissible Exposure Limits:
Final Rule Limits:

Transitional Limit:

Collection Device:

Recommended Sampling Rate:

Recommended Minimum Sampling Time:

Analytical Procedure:

Special Precautions:

Detection Limit:
Qualitative:
Quarititative:

Precision and Accuracy:
Validation Range:
CV{pooled):

Bias:
Overall Error:

Method Classification:

Chemist:

Date:

ID-211

Alr

0.3 mg/m3 as sodium azide (Ceiling)
0.1 ppm as hydrazoic acid (Ceiling)
Also Skin Designation

None

An air sample is collected using a calibrated sampling pump and a
glass tube containing impregnated silica gel (ISG). A pre-filter is
used to collect particulate azide. Wipe samples can be taken to
determine work surface contamination.

1 liter per minute (L/min)
5 minutes

The sampling medium is desorbed using an aqueous solution
which contains a mixture of 0.9 mM sodium carbonate (NayCO3)
and 0.9 mM sodium bicarbonate (NaHCO3). An aliquot of this
solution is analyzed as azide (N3-) by an ion chromatograph
equipped with 2 UV detector. :

Ship samples to the laboratory as soon as possible after collection.

Store samples under refrigeration when not in transit. Samples
stored at room temperature need to be analyzed within 10 days.

0.001 ppm as HN3 or 0.003 mg/m3 as NaN3 (5-L air sample)
0.004 ppm as HN3 or 0.011 mg/m3 as NaNj (5-L air sample)

0.057 to 2.63 ppm
0.052

-0.022

+12.6%

Validated Method
James C, Ku

September, 1992




SODIUM AZIDE AND HYDRAZOQIC ACID IN WORKPLACE ATMOSPHERES

Commercial manufacturers and products mentioned in this method are
for descriptive use only and do not constitute endorsements by

USDOL-OSHA.

Similar products from other sources can be substituted.

Branch of Inorganic Methods Development
OSHA Salt Lake Technical Center
Salt Lake City, Utah
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SODIUM AZIDE AND HYDRAZOIC ACID IN WORKPLACE ATMOSPHERES

1. Introduction

This method describes the sample collection and analysis of airborne azides [as sodium azide (NalNi) and

hydrazoic acid (HN3)]. Air samples are taken in the breathing zone of workplace personnel, and analysis is

performed by ion chromatography (IC) with a UV detector.

Note: Hydrazoic acid vapor may coexist with NaN3 in the workplace when NaN3 is handled in the presence of

moisture. This method addresses the potential exposure to both substances (NaN3/HN3), and may be
extended to include other azide compounds, provided they are soluble in the desorbing solution and
collected using the procedure described below. Wipe or bulk samples can also be collected and analyzed
using this method.

I.L.

1.2.

1.3.

History

1.1.1. Various sampling and analysis methods have been proposed in the literature (5.1, - 5.5.) for
monitoring azide exposures; however, most lack the sensitivity needed to meet the 0.3 mg/m3 (as
NaNs) or 0.1 ppm (as HN3) Ceiling PEL when using short sampling periods. Some of these
methods are subject to interferences from many compounds. The ion chromatographic method
has interferences from nitrates or bromides. The National Institute of Occupational Safety and
Health (NIOSH) had proposed a method for inorganic dzide particulates using polyvinyl chloride
(PVC) filter coll_ection followed by water extraction and IC determination using sedium
bicarbonate/sodium hydroxide eluant (5.6.). To trap any HNj3, NIOSH further recommended
using a solid sorbent tube containing chromosorb coated with sodium carbonate. The NIOSH
method is also subject to interferences and the conductivity detector used lacks sufficient
sensitivity for short-term samples.

1.1.2. The OSHA Salt Lake Technical Center (SLTC) previously used a stopgap method for NaNj (5.7.).
Samples were collected with impingers which were inconvenient to use as persenal samplers due to
possible spillage of the liquid collection solutions or breakage. Other disadvantages are similar to
those mentioned above: 1) low sensitivity due to the conductivity detector used; 2) interferences
from ions such as bromide, adipic acid, and nitrate.

1.1.3. It was desirable to develop a solid-sorbent sampling and analytical method capable of measuring
azide for OSHA compliance purposes. A method was evaluated using a base-impregnated silica
gel (ISG) as the collection media. The media is similar to that found in reference 5.5.

Principle

Particulate NaNj is collected on a PVC filter or in the glass wool plug of the sampling tube. Gaseous HN3

is collected and converted to NaN3 by the ISG sorbent within the sampling tube. The collected azide on

either media is desorbed in a weak buffer solution. The resultant anion, N3-, is analyzed by IC using a

variable wavelength UV detector at 210 nm. A gravimetric conversion is used to calculate the amount of

NaN; or HNj collected.

Advantages and Disadvantages

1.3.1. This method has adequate sensitivity to determine compliance with the OSHA Ceiling PEL azide
gxposures.

1.3.2, The method is simple, rapid, and easily automated.
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1.4,

1.3.3.

1.3.4.

1.3.5.

SODIUM AZIDE AND HYDRAZOIC ACID IN WORKPLACE ATMOSPHERES

The potentiai for sample contamination is minimal. The azide anion, N3-, is normally not detected
in sorbent blanks.
One disadvantage is sample storage stability. Samples should be refrigerated after collection to

improve stability. Samples need not be refrigerated during shipment provided they are shipped as
soon as possible.

Another disadvantage is the method does not distinguish azide compounds. If other azide

_compounds are present during sampling, and are soluble in the desorbing solution, pesitive

interferences could occur. However, most industrial operations do not mix different azide-

containing compounds in their processes.

Method Performance

A synopsis of thé method performance is presented below. Further information can be found in Section

4,

1.4.1.

1.4.2,

1.4.3.

1.4.4.

1.4.5.

1.4.6.

1.4.7.

1.4.8.

This method was validated over the concentration range of 0.057 to 0.263 ppm as HN;. An air
volume of 5 L and a flow rate of approximately 1 L/min were used.

The qualitative detection limit was 0.00347 pg/mL or 0.0104 pg (as N3-) when using a 3-mL
solution volume. This corresponds to 0.001 ppm HNj3 or 0.004 mg/m3 NalNj for a 5-L air
volume.

The quantitative detection limit was 0.0116 pg/mL or 0.0348 pg (as Nj-) when using a 3-mL
solution volume. This corresponds te 0.004 ppm HNj or 0.011 mg/m3 NaNj for a 5-L air
volume. A 50-pL sample loop and a detector setting of 0.01 absorbance unit (AU) full-scale
output were used.

The sensitivity of the analytical method, when using the instrumental parameters listed in Section
3.7., was calculated from the slope of a linear working range curve (0.1 to 1.0 pg/mL N3-). The
sensitivity was.2.1 x 107 area units per I ug/mL. A Dicnex Series 4500i ion chromatograph ﬁith
AT450 computer software was used (Dionex, Sunnyvale, CA).

The precision and accuracy results are shown below (OE = Overall Error):

Ceiling

cv 0.052
Bias -2.2%
OE || +12.6%

The collection efficiency at 2 times the PEL was 100%. Samples were collected from a generated
test atmosphere of 0.26 ppm HNj; for 5 min.

A breakthrough test was performed at a concentration of 0.9 ppm HN;. Breakthrough was not
found when using a sampling time of 30 min and an average sample flow rate of 1 L/min.

Tests indicated the recovery for samples stored at room temperature (20 to 25 °C) gradually
decreases to between 75 and 80% after 30 days. Slight losses (=6%) were observed for samples

stored 30 days in a refrigerator or freezer.
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I.5.

1.6.

SODIUM AZIDE AND HYDRAZOIC ACID IN WORKPLACE ATMOSPHERES

Interferences

1.5.1. Other azide compounds will interfere in the analysis of N3- if they are collected by the ISG, glass
wool, or on the PVC pre-filter. These compounds should normally not exist in industrial
operations which specifically use NaN; or HN3 (i.e. manufacture of air bags, analytical
laboratories, etc.).

1.5.2. Any substance that has the same retention time and absorbs UV at 210 nm, when using the ion
chromatographic operating conditions described in this method, may be an interference. If the
possibility of an interference exists, changing the separation conditions {column, eluant flow rate,
eluant concentration, analytical wavelength, etc.) may circumvent the problem.

Sources of Exposure

Note:

Because NalNy is rapidly converted to HN3 on contact with moisture, HN3 is believed to be the ultimate
toxic agent in humans exposed to NalN3 (5.8.).

1.7.

Sodium azide has been used for a wide variety of military, laboratory, medical, and commercial purposes.
While it is not explosive under normal conditions, NaNj is comrﬁon]y used in detonators and other
explosives. Sodium azide is used extensively as an intermediate in the production of lead azide. The
biological uses of azides include inhibition of respiration, differential selection procedures for bacteria,
and bacteriocidal agents in diagnostic products (5.9., 5.10.}.

Sodium azide is also the chief chemical used to inflate safety airbags in automobiles. Nitrogen gas is
produced upon NaNj detonation. After inflation, a small residue of sodium hydroxide may be left, in
addition to lubricanis such as corn starch or talc.

Physical and Chemical Properties (5.11., 5.12.}

Hydrazoic acid (CAS No. 7782-79-8) is a colorless, volatile liquid which is sotuble in water. It has a
pungent obnoxious odor,

Chemical name Hydrozoic acid
Synonym name Hydrogen azide
Chemical formula HN3

Structural formula: H-N=N=N
Formula weight 43.03

Freezing point -80 °C

Boiling point 37°C

Sodium azide (CAS No. 26628-22-8) is a colorless, hexagonal crystalline solid. It is soluble in water or
liquid ammonia, slightly scluble in alcohol, and insoluble in ether. It is highly toxic and presents a severe
explosion risk when shocked or heated. When heated to 275 to 330 °C in dry air, the solid crystals
decompose with the evolution of nitrogen gas, leaving a residue of sodinm oxide. Sodium hydroxide

forms in moist air.

Chemical name Sedium azide
Synonym name Sodium azoimide
Chemical formula NalNj

Structural formula Na-N=N=N
Formula weight 65.01
Decomposition temperature300 °C

Specific gravity 1.846 (@ 20 °C)
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1.8.

SODIUM AZIDE AND HYDRAZOIC ACID IN WORKPLACE ATMOSPHERES

Toxicology (5.13.)

Information listed within this section is a synopsis of current knowledge of the physiological effects of
NaN5 and is not intended to be used as a basis for OSHA policy.

Sodium azide/hydrazoic acid is known to produce hypotension (low blood pressure) in laboratory
animals and humans, and to form strong complexes with hemoglobin, and consequently block oxygen
transport in the blood.

Acute inhalation of HN3 vapor by humans (which forms when NalN3 contacts water) results in lowered

blood pressure, eye irritation, bronchitis, headache, weakness, and collapse. A skin designation has been
assigned to the OSHA. PEL due to the ability of NaN; to readily penetrate intact skin, and any dermal

exposure can significantly contribute to the overall exposure to azide.




SODIUM AZIDE AND HYDRAZOIC ACID IN WORKPLACE ATMOSPHERES

2. Sampling

2.1.

2.2,

2.3.

Equipment - Air Samples

2.1.1. Calibrated personal sampling pumps capable of sampling within £5% of the recommended flow
rate of 1 L/min are used.

2.1.2. Solid sorbent sampling tubes containing ISG are prepared by using clean silica gel impregnated

with a base.

The sampling tube is proprietary and is composed of a glass jacket containing a 150-mg ISG
front and 75-mg ISG backup section (Cat. No. 226-55, SKC Inc., Eighty Four, PA), The
dimensicns of the tube are 7-mm o.d., 5-mm i.d., and 70-mm long. The ISG is held in place with
glass wool and a stainless steel retainer clip. A pre-filter/cassette sampling assembly should be
used with this mbe. See Section 2.1.5. for more details regarding the pre-filter.

2.1.3. A stopwatch and bubble tube or meter are used to calibrate pumps.
2.1.4. Various lengths of polyvinyl chloride tubing are used to connect sampling tubes to pumps.
2.1.5. Anytime the workplace air being sampled is suspected of containing NaNs, use the pre-filter
/cassette assembly listed below.
a) PVC membrane filter, 37-mm, 5-um pore size, [parlt no. 625413, Mine Safety
Appliances (MSA), Pittsburgh, PA or cat. no. P-503700, Omega Specialty Instrument
Co., Chelmsford, MA]
b) Polystyrene cassette, 37-mm diameter.
c) Spacer support pad (cat. no. 225-23, SKC Inc.) (use a spacer in place of a backup pad
to hold the PVC filter securely in the cassette.) |

Assemble the pre-filter and sampling tube such that sampled air enters the cassette first. Use a

minimum amocunt of tubing to connect the samplihg tube to the cassette.
2.1.6. Optional: Desorbing sclution (0.9 mM Na,CO4 + 0.9 mM NaHCOs):

Dissolve 0.191 g Na;CO5 and 0.151 g NaHCQ; in 2.0 L deionized water.

Note: This solution is only used if a delay in sample shipment is expected.

Equipment - Wipe Samples

Note: Do not use wipe materials such as smear tabs or those composed of cellulose; preliminary tests
indicate azide is unstable on this media (recovery was about 50%). Recoveries of NaN5 spiked on
glass fiber or PVC filters were adequate.

Use either a polyviny! chloride (PVC) membrane filter, 37-mm, 5-um pore size, [part no. 625413, Mine
Safety Appliances (MSA), Pittsburgh, PA or cat. no. P-503700, Omega Specialty Instrument Co.,
Chelmsford, MA] or a glass fiber filter, 37-mm, (part no. 61715, Gelman Instrument Company, Ann
Arbor, MI). Also see the scintillation vial specification in Section 2.3.

Equipment - Bulk Samples

Scintillation vials, 20-mL (part no. 74515 or 385315, Kimble, Div. of Owens-Illinois Inc., Toledo, OH) with
peolypropylene or Teflon® cap liners. If possible, submit bulk or wipe samples in these vials. Tin or

other metal cap liners should not be used because the metal and azide may react.




2.4

2.5.

2.6.

2.7.

SODIUM AZIDE AND HYDRAZOIC ACID IN WORKPLACE ATMOSPHERES

Sampling Procedure - Air Samples

Very few industrial operations are conducted where HN3 exists and NaNj does not. The tube is used to
capture the HN3 while the filter will capture NaNj. Particulate NaN3 can be captured in the glass wool
plug of the tube; however, a pre-filter is more effective in capturing the particulate.

2.4.1. Connect the cassette/tube assembly to the calibrated sampling pump. Ensure that sampled air will
enter the tube following the direction of the arrow sign (--->) stamped on the outer glass. Place
the sampling device on the employee such that air is sampled from the breathing zone.

2.4.2. Use a flow rate of 1 L/min and a minimum sampling time of 5 min. Take additional samples as
necessary. | ‘

2.4.3. After sampling, place plastic end caps tight]y' on both ends of the tube and the filter casseite.
Apply OSHA Form 21 seals. Record the sampling conditions such as sampling time, air volume,
etc. on the OSHA 91A form. When other compounds are known or suspected to be present in
the air, record such information and transmit with the samples. See note in Section 2.7.,
regarding sample shipment.

2.4.4. Use the same lot of ISG tubes and PVC filters for blank and collected samples. Prepare and
handle the blank sorbent tube(s) and filter cassette(s) in exactly the same manner as the sample
tubes except that no air is drawn through blanks.

Sampiing Procedure - Wipe Samples for Sodium Azide Particulate

A skin designation has been assigned by OSHA to these azide-containing compounds,

2.5.1. Wear clean, impervious, disposable glove when taking each wipe sample.

2.5.2. DO NOT moisten the wipe PVC or glass fiber filters with deionized water prior to use. Use a dry
filter to wipe for surface contamination of azide compounds.

2.5.3. If possible, wipe a surface area covering 100 cm2.

2.5.4. Fold the wipe filter sample with exposed side in. See note in Section 2.7., regarding sample
shipment.

2.5.5. Transfer the wipe sample into a 20-mL scintillation vial and seal with vinyl tape. Securely wrap an
OSHA-21 seal length-wise from vial top to bottomn.

2.5.6. Prepare a blank wipe sample by placing an unused wipe filter sample in a scintillation vial. Seal
the vial as discussed in Section 2.5.5.

Sampling Procedure - Bulk Samples

2.6.1. Take a representative sample of the bulk material in the workplace. Transfer the bulk material
into a 20-mL scintillation vial and seal with vinyl or electrical tape. Securely wrap an OSHA-21
seal length-wise from vial top to botton..

2.6.2. The type of bulk sample should be stated on the OSHA 91A and cross-referenced to the
appropriate air sample(s).

Shipment

Note: If a delay in shipment is anticipated (> 2 days after taking samples), remove the PVC filters from
the cassettes and place in individual scintillation vials. Add 5.0 mL of desorbing solution (Section
2.1.6.} to each scintillation vial containing a PVC filter. Add 10 mL of desorbing solution to each
scintillation vial containing a wipe filter sample. Refrigerate any tube samples until shipment,

2.7.1. Submit at least one blank sample with each set of air or wipe samples.

A-8
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2.7.2. Send the samples to the laboratory as scon as possible with the OSHA 91A paperwork requesting

total azide analysis.

2.7.3. Bulk samples should be shipped separately from air samples. They should be accompanied by

Material Safety Data Sheets if possible. Check current shipping restrictions and ship to the

laboratory by the appropriate method.




3. Analysis
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Note: Upon receipt by the laboratory, all samples are stored under refrigeration (~4 °C) until analysis. This
includes wipe, filter, sorbent, and bulk samples. Samples inadvertently stored at room temperature need to
be analyzed within 10 days.

3.1

3.2,

Safety Precautions

3.1.1. Refer to appropriate IC instrument manuals and the Standard Operating Procedure (SOP) for
proper instrument operation (5.14.).

3.1.2. Observe laboratory safety regulations and practices.

3.1.3. Sodium azide is highly toxic and presents a severe explosion hazard if shocked or heated. Use
appropriate personal protective equipment such as safety glasses, goggles, gloves, and lab coat
when handling this chemical. Prepare solutions in an exhaust hood. Store unused solutions in a
refrigerator or dispose of properly.

Equipment

Note:  Chromatographic equipment which allows for analyte contact with metal surfaces MAY reduce
the amount of azide present. It is recommended to use equipment in which samples have
minimal or no contact with metal surfaces. Analysts should avoid using metal spatulas when
weighing azide compounds, or IC pre-column or columns contaminated with heavy metals.

3.2.1. Ion chromatograph (Model 4000i or 4500i Dionex, Sunnyvale, CA) equipped with a variable
UV detector. |

3.2.2. Automatic sampler (Dionex Model AS-1) and sample vials (0.5 mL).

3.2.3. Laboratory automation system: Ion chromatograph interfaced to a data reduction system
(Autolon 450, Dionex).

3.2.4. Separator and guard columns, anion (Model HPIC-AS9 and AG9, Dionex).
Note: The pH of the eluant must be maintained between 2-11 and hydroxide ion must not

be present in significant amounts if Dionex AS9 and AGY9 columns are used.
Trreversible damage to the columns (guard and separator column) will result.

3.2.5. Disposable syringes (1 mL).

3.2.6. Plastic or Teflon®-coated spatulas used for weighing NaNs.

3.2.7. Miscellaneous volumetric glassware: Micropipettes, 10-mL volumetric flasks, 25-mL Erlenmeyer

flasks, graduated cylinders, and beakers.

3.2.8. Scintillation vials, glass, 20-mL, with polypropylene- or Teflon®-lined caps.

3.2.9. Equipment for eluant degassing (vacuum pump, ultrasonic bath).

3.2.10. Analytical balance (0.01 mg).

3.2.11. Exhaust hood.
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3.3. Reagents - All chemicals should be at least reagent grade.

3.3.1.

3.3.2.

3.3.3.

3.3.4.

3.3.5.

Principal reagents:

CAUTION:NaN3 can be a dangerous chemical, and can cause an explosion when shocked or

heated. It is also a skin irritant and a hypotensive agent. Avoid skin contact and
handle this chemical and any solutions with care. Do not dry NaNj in a drying
oven!

Sodium carbonate (Nap;COj3)

Sodium bicarbonate (NaHCO3)

Sodium azide {NaNs)

Hydrochloric acid (HCI)

Deionized water (DI H,0) - specific conductance < 10 pS.

Eluent and desorbing solution (0.9 mM Na;CO3 + 0.9 mM NaHCO3):

Dissolve 0.191 g Nap,CQj and 0.151 g NaHCO; in 2.0 L DI HgO.‘ Sonicate this solution and
degas under vacuum for 15 min. Prepare weekly.

Azide (N3 stock standard (1,000 pg/mL):

Prepare the azide stock standard in an exhaust hood. Carefully weigh 1.5476 g of NaNj
{Aldrich Chemical Company, Inc., Milwaukee, WI). Dissolve and dilute to 1.0 L with DI H,O.
Prepare monthly.

Azide (N3-) standard solutions (100, 10, and 1 pg/mL):

Perform serial dilutions of the 1,000 wg/mL Nj- stock standard using volumetric pipets and
flasks. Dilute to the mark with eluant. Prepare every two weeks. The larger standards (100 and
10 png/mL) can be used as working standards, if necessary.

Dispose of aiide or azide solutions according to the chemical manufacturer, and local or federal
waste disposal guidelines. A method for disposal of aqueous azide solutions recommended by
the Royal Society of Chemistry (5.15.) is to dilute the solution greatly with water and then run to

waste.

CAUTION: Do not dispose of untreated azides or concentrated azide solutions by pouring
down sink drains.

3.4. Working Standard Preparation

3.4.1.

Prepare N3- working standards in the ranges specified below:

Working 5td Std Solution Aliquot Eluant Added

/mL (ug/mL) (mL) - (mL)

0.05 1.0 0.5 9.5

0.10 1.0 1.0 9.0

0.20 1.0 2.0 8.0

0.50 1.0 5.0 5.0

0.75 1.0 7.5 2.5

1.00 1.0 * *

* Already prepared in Section 3.3.4.
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iq.

3.4.2.
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To prepare 10 mL of each working standard, pipette an appropriate aliquot (Aliquot column
listed above) of the 1.0 pug/mL standard solution into a scintillation vial or Erlenmeyer flask. Add
the specified amount of eluant (Eluant Added column). As an alternative, pipet each aliquot into

a 10-mL volumetric flask and dilute to volume with eluant.

Sample Preparation - Air Samples

Note: Samples desorbed in the field (Section 2.7.} are ready for analysis (Section 3.7.).

3.5.1. Remove filter cassette and tube samples from the refrigerator and allow them to warm to room
temperature.

3.5.2. Tube Samples:

Carefully remove the end glass wool plug. The sorbent should always be removed from the glass
tube via the opposite end of collection (i.e. backup section is removed first). This will minimize
the possibility of contamination from any collected particulate.

3.5.3. Transfer each section of the ISG and glass wool plugs and place in separate 25-mL Erlenmeyer
flasks or 20-mL scintillation vials. Place the front glass wool plug and front ISG section (150
mg) in one container and place the middle and end glass wool plug in another container with the
backup ISG section (75 mg).

3.5.4. Pipette 3.0 mL of desorbing solution into each container. Cap each flask tightly and allow the
solution to sit for at least 60 min. Swirl the solution occasionally.

3.5.5. Filter Samples:

Carefully remove each filter from the cassette and place into individual 20-mL scintillation vials.
Add 5.0 mL of desorbing solution to each vial. Cap each vial tightly and allow the solution to sit

for at least 60 min. Swirl the solution occasionally.

Sample Preparation - Wipe and Bulk Samples

Note: Samples desorbed in the field (Section 2.7.) are ready for analysis (Section 3.7.).

3.6.1. Remove wipe and bulk samples from the refrigerator and allow them to warm to room
temperature.

3.6.2. Weigh out representational aliquots of bulks.

3.6.3. Carefully transfer wipe samples, and previously weighed aliquots of bulk samples to separate
labeled 20-mL scintillation vials and add 10.0 mL of desorbing solution into each vial. Cap each
vial tightly and allow the solution to sit for at least 60 min. Swirl the solution occasionally.

Sample Analysis

3.7.1. Pipette a 0.5- to 0.6-mL portion of each standard or sample solution into separate automatic
sampler vials. Place a filtercap into each vial. The large filter portion of the cap should face the
solution.

3.7.2. Load the automatic sampler with labeled samples, standards, and blanks.

3.7.3. Set up the ion chromatograph in accordance with the SOP (5.14.)

Typical operating conditions for a Dionex 4500i with a variable wavelength UV detector and an

automated sampler are listed below:
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Ion Chromatograph

Eluant: 0.9 mM Na,CO04/0,9 mM NatHCO,

Column temperature: ambient
Anion pre-column: AGY
Anijon separator column: AS9
Variable UV wave lengih: 210 nm
Variable UV ocutput range: 0.01 AU
Sample injection loop: 50 uL.
Pump

Pump pressure: =500 psi

Flow rate: 1 mL/min

Chromatogram

Run time: 12 min
Peak retention time: 8 to 9 min for N3~

3.7.4. TFollow the SOP for further instructions regarding analysis (5.14.).
3.8. Calculations _
3.8.1. Aftf;l' the analysis is completed, retrieve the peak areas or heights for the azide anion. Obtain hard
copies of chromatograms from a printer. An example chromatogram of a solid sorbent sample

collected at an hydrozoic acid concentration of approximately 2 X PEL is shown below:
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Sample Name: AZS-124 Detector: VDM-1

REPORT VOLUME DILUTION POINTS RATE START STOP AREAREIECT

External i 1 3605 5Hz 0.00 12.02 100000
Peak Retention Component Peak
No. Time (Min) Name Height Area
i 0.77 28,132 1,527,608
2 1.67 1,193,355 26,810,606
3 3.48 612,318 19,049,090
4 5.28 53,446 791,025
5 5.72 20,583 286,812
6 8.42 Azide 196,012 4,072,104
7 9.50 Nitrate 550,223 12,829,040

3.8.2. Prepar'e a concentration-response curve by plotting the peak areas or peak heights versus the
concentration of the N3- standards in pg/mL.

3.8.3.  Calculate the air concentration of NaN3 (in mg/m3) for each filter or sorbent sample:

Wa = (g/mL N3 )(SV)GFsa

W, — W
mg/m’ NaN, = LAV_B.
Where:
Wsa = Total pg of NaNj in the sample
Wp = Total 1tg of NaNs in the blank sample
ug/mL Ny = Amount found (from curve)
SV = Solution volume (ml.) from Section 3.5.3.
(GF)sa, NaNy/Ny = Gravimetric factor = 1.5476
AV = Air volume (L)

3.8.4. Calculate the total concentration of NaNjz (in pg) in each wipe or bulk sample using the

appropriate equation:

ugNaN, = Wy, - W, {Wipe Samples)
W, H 100%
NaN, %(w/w) = ———S';TF-— (Bulk Samples)

Where:

§= Sample wt, mg = Aliquot of bulk taken in Section 3.6.2,
F= 1,000 pg/mg
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3.9. Reporting Resulis
3.9.1. Add the PVC filter and sorbent results together for each sample, Report this sum result to the
industrial hygienist as mg/m3 NaNj (total).

Note: Vapor phase and particulate results should be combined to determine compliance and
to minimize confusion. Although the vapor phase is a ppm value, the OSHA regulation
stipulates "sodium azide" as sodium azide or as hydrozoic acid (5.13.). The total
exposure to both phases needs to be considered for compliance and the results need to
be reported as either total mg/m3 NaN3 or total ppm HNj; to minimize confusion. If it is
necessary to determine the ppm amount of HN3, see the Appendix.

3.9.2. Wipe sample concenirations are reported as total micrograms or milligrams of NaN3.
3.9.3. Bulk sample results are reported as approximate percent by weight sodium azide. Due to
differences in sample matrices between bulks and analytical standards, bulk results are

approximate.




4. Backup Data

4.1.
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This method has been validated for a 5-L, 5-min sample taken at a flow rate of | L/min. The method
validation was conducted near the OSHA Ceiling PEL. The sampling media used during the validation
consisted of two-section tubes packed with 150-mg of ISG for the front and also 150 mg for the backup
sections. Tubes were obtained commercially from SKC (Lot no. 782, Cat. no. 226-55, SKC Inc., Eighty
Four, PA).

Note: After the validation was completed, the manufacturer reduced the amount of sorbent in the
backup section to 75 mg, and reduced the length of the sampling tube from 110 mm to 70 mm.
This change produces a smaller, more convenient sampling train (pre-filter cassette/sampling tube)
and should not affect results.

The validation consisted of the following experiments and discussion:

I.  An analysis of 24 spiked samples was performed (8 samples each at 2 %, 1 X, and 0.5 x the Ceiling |
PEL) to evaluate desorption efficiency (DE). _

2. A sampling and analysis of 18 samples (6 samples each at 2 X, 1 X, and 0.5 x Ceiling PEL) collected
from dynamically generated test atmospheres at 50% RH. to determine bias and overall error.

3. A determination of the sampling media collection efficiency at approximately 0.26 ppm (=2 X
Ceiling PEL).

4. A determination of potential breakthrough.

5.  An evaluation of storage stability at room (20 to 25 °C), refrigerator (0 to 4 °C), and freezer (-10 to -
14 °C) temperatures for 64 collected samples.

6. A determination of any significant effects on results when sampling at different humidities.
7. A determination of the qualitative and guantitative detection limits.

8. Evaluation of a pre-filter/cassette assembly or foam for use during sampling.

9.  Determination of stability of NalN3 on wipe sampling media.

10. Summary.

A generation system was assembled, as shown in Figure 1, and used for all experiments except detection
limit determinations. All samples were analyzed by IC.  All known concentrations of generated test
atmospheres were calculated from impinger samples which contained 1.0 mM Nay,CO3/1.0 mM NaHCO;
solutions. These impinger samples were taken side-by-side with any ISG samples.

All results were calculated from concentration-response curves and statistically examined for outliefs. In
addition, the analysis (Section 4.1.) and sampling and analysis results (Section 4.2.) were tested for
homogeneity of variance. Possible outliers were determined using the Treatment of Qutliers test (5.16.).
Homogeneity of variance was determined using Bartlett's test (5.17.). Statistical evaluation was conducted
according to the Inorganic Methods Evaluation Protocol (5.18.). The overall error (OE) (5.18.) was

calculated using the equation:

OE;% = H(Ibias;l + 2CV;) x 100% (95% confidence level)
Where i is the respective sample pool being examined.

Analysis

Twenty-four samples were prepared by adding known amounts of NaNj (as N3-) stock solution to the ISG
tubes to determine desorption efficiencies (DEs) for the analytical portion of the method.

4.1.1. Procedure: Sampling tubes containing ISG were spiked using a 25-pL syringe (Hamilton

Microliter®/Gastight® Syringe, Hamilton Co., Reno, NV). Spikes were 0.5, 1.0, and 2.0 pg Ns-.
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These levels correspond approximately to 0.5, 1, and 2 times the Ceiling PEL for a 5-L air sample
at a I-L/min flow rate. '
4.1.2. Resnlts: Desorption efficiencies are presenied in Table 1. As shown, the average DE is very close
to 1.0. No DE corrections are necessary for azide collection using ISG tubes.
4.2. Sampling and Analysis
To determine the precision and accuracy of the method, known concentrations of FIN; were generated,
samples were collected and then analyzed. A block diagram of the generation system used is shown in
Figure 1.

4,2.1. Procedure:

1) Test atmospheres of HN3 were generated using a syringe pump (Model 355 syringe
pump, Sage Instruments, Cambridge, MA) and a dynamic generation system. To prepare
the atmospheric concentrations, a 1,000 pg/mlL azide solution (prepared from NaN3, EM
Science, Cherry Hill, NJ) was used. For each HNj atmosphere generated, 100 pL of
concentrated HCl was added to 10 mL of the azide solution to drive the reaction of NaN3
to HNz, The HCI/NaNy/H;0 solution was immediately loaded into a 10-mL disposable
syringe driven between 0.13 and 0.52 mL/h through 60 c¢cm of a Teflon® needle
(KF30TF needle, Hamilton Co., Reno, NV) into a glass mixing chamber. The mixing
chamber was connected to a filtered and humidified airstream.

2) Dynamic generation system
A Miller-Nelson Research Inc. flow, temperature, and humidity control system (Model
HCS-301, Monterey, CA) was used to control and condition the airstream. All generation
system fittings and connections were Teflon®. The HN3 concentrations were varied by
either adjusting the dilution airstream volume or the speed of the syringe pump delivering
the azide. The dilution airstream was adjusted using the mass flow controller of the
Mililer-Nelson system. The system was set to generate test atmospheres at 50% RH and 25

°C.
3 The total flow rate of the generation system was measured using a dry test meter.
4) Side-by-side solid-sorbent and impinger samples were taken from the sampling manifold

using constant-flow pumps. Alpha 1 pumps (E.I. Du Pont de Nemours & Co.,
Wilmington, DE) and Gilian® Gil-Air SC pumps (Gilian Instrument Corp., W. Caldwell,
NI) were used for impinger and ISG samples, respectively. For the ISG samples, pump
flow rates were approximately 1 L/min and sampling time was 5 min. For impinger
samples, a 1 L/min sampling rate for I5 min was used. Generation system concentrations
were approximately 0.5, 1, and 2 times the OSHA Ceiling PEL.

4.2.2. An independent source was used for NalN3 analytical standard preparations (Aldrich Chemical
Company, Inc., Milwaukee, WI). All samples and standards were analyzed in accordance with
Section 3 of this method.

4.2.3. Results: The results are shown in Table 2. The test atmosphere sample (Table 2) and spiked
sample (Table 1) results each passed the Bartlett's test and were pooled to determine a total CV
(CVy) for the sampling and analytical method. For the experiments, the pooled coefficients of
variation, bias, and OFE are as follows:
CV, (pocled) = 0.023; CV; (pooled) = 0.051
CVr (pooled) = 0.052;  bias =-0.022; OE = £12.6%

4.3, Collection Efficiency

Procedure: Six commercially-prepared sampling tubes were used for collection at a concentration of

approximately 2 times the OSHA Ceiling PEL for 5 min at 1 L/min (50% RH and 25 °C). The amounts of

HN3 vapor collected in the first section (150 mg of sorbent) and second section (150 mg) were determined.
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The collection efficiency (CE) was calculated by dividing the amount of HN3 collected in the first section by

the total amount of HN; collected in the first and second sections.

Results: The results in Table 3 show a CE of 100%. No HN; was found in the second sorbent section for the
CE experiment.
Breakthrough
(Note: Breakthrough is defined as >5% loss of analyte through the sampling media at 50% RH)
Procedure: The same procedure as the CE experiment (Section 4.3.) was used with two exceptions: The
generation concentration was increased to a level approximately 9 times the Ceiling PEL, and samples were
taken at 1 L/min for 30 min.

The amount of breakthrough for each sampling tube was calculated by dividing the amount collected in
the second section by the total amount of HN3 collected in the first and second sections.
Results: No breakthrough of HNj into the second section was found. Results are shown in Table 4.
Storage Stability
Procedure: Two tests were conducted to assess storage stability. The first was a preliminary study of storage
at room temperature (20 to 25 °C} after HNj collection. Twenty-four samples were taken near the QSHA
Ceiling PEL of 0.1 ppm. After collection, all samples were stored under normal laboratory conditions (20 to
25 °C) on a lab bench and were not protected from light. Six samples were initially desorbed and analyzed,
then six samples were desorbed and analyzed after various periods of storage (5, 15, and 32 days).

An additional test was conducted by generating 40 samples (4 room-temperature samples at day 15 were
discarded due to analytical problems) for a temperature-dependent storage stability test, including 4 control
samples (used for day 0). The samples were separated into 3 groups and each group consisted of 4 samples
per storage period. A group was stored at either room, refrigerated, or freezer temperature. The same
analytical procedure as the previous storage test was used. Samples were analyzed after 0, 7, 15, and 30 days.
Results: As shown in Table 5a and the graph below, the results of the first test show the mean of samples
analyzed after 32 days was only 77% of the value of day 0. Table 5b and the graph below show the resuits
of the second study at different temperatures. The recovery is only 77% of the value of day O after a 30-day
storage at room temperature. This drastic change was not noted for samples stored at refrigerated or freezer

temperatures; however, a slight decrease in sample recoveries (93 - 94%) after 30 days was apparent.

Storage Stability
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Humidity Study

Procedure: A study was conducted to determine any effect on results when samples are collected at different
humidities. Samples were taken using the generation system and procedure described in Section 4.2. Test
atmospheres were generated at 25 °C and at approximately 0.5, 1, and 2 times the OSHA Ceiling PEL.
Relative humidities of 30%, 50%, and 80% were used at each concentration level tested.

Results: Results of the humidity tests are listed in Table 6. An F test was used to determine if any significant
effect occurred when sampling at different humidities. As shown, the calculated F values are less than critical
F values (5.19.) for all the concentrations tested and no significant difference in results occurred across the
humidity ranges tested.

Qualitative and Quantitative Detection Limit Study

Procedure: Low concentration samples were prepared by spiking desorbing éolutions (Section 3.3.2.) with
aliquots of aqueous standards prepared from NaNj (Section 3.3.4.). These samples were analyzed using a
50-pL sample injection loop and a variable wavelength UV detector setting of 0.01 absorbance unit (AU).
A derivation of the International Union of Pure and Applied Chemistry (IUPAC) detection limit equation
(5.20.) was used to calculate detection limits.

Results: The results are shown in Table 7 for qualitative and quantitative detection limits, respectively. The

qualitative detection limit is 0.00347 pg/mlL as N3- at the 99.8% confidence level. The quantitative detection
limit is 0.0116 pg/ml. as N3-. Using a 5-L air volume and a 3-mL sample solution volume, the qualitative
limit is 0.001 ppm and the quantitative limit is 0.004 ppm as HNa.

Pre-filter Evaluation

Procedure: Past research regarding aerosols (5.21.) has indicated that particulate in the air sampled may
penetrate any glass wool plugs and the sorbent when using conventional sampling tubes. A pre-filter can be
used to assist in capturing particulate before entry into the sampling tube. A study was conducted to evaluate
the possibility of HNj reacting with a pre-filter/cassette or foam sampling device to capture NalNj or other
particulate. Evaluations were performed using either ISG sampling tubes with pre-filter sampling assemblies
(PVC filter/spacer support/cassette), or with polyurethane foam [foam used in the combination sampling
device for SO3 (Type II tube), OSHA Method No. ID-200] for particulate collection.

A test was conducted by taking four ISG samples without pre-filters side-by-side with four ISG samples
connected with pre-filters. This test was repeated with foam plugs instead of the pre-filters. Samples were
taken such that the test atmosphere entered the pre-filter or foam first and then entered the ISG. Short pieces
of Tygon® tubing were used fo connect the cassettes and ISG sampling tubes. All samples were taken at a
flow rate of about 0.8 L/min for 5 min. The generation system concentration was approximately 1.5 times
the Ceiling PEL.

Results: The results of the comparison of ISG samples taken, with and without pre-filter or foam, are shown
in Tables 8a and Sb, respectively. As shown, a difference in the amount of HN; collected was not noted
between the pre-filter/ISG and ISG, or foam/ISG. The PVC pre-filter/cassette or the foam does not appear to
inhibit the collection of HN3 when using the sampling conditions stated in Section 2. The PVC filter/cassette
assembly is recommended for particulate sample collection. The foam may be validated for use in the future
to develop a combination sampling device for collection of both NaN3; and HN3. The ability of the foam to
effectively capture NaN3 needs to be further examined.

Stability of NaN; on Wipe Sampling Media

Procedure: A determination of the stability of NaN3; was conducted using 37-mm glass fiber filters (Cat. no.

61715, Gelman Instrument Company, Ann Arbor, MI) and smear tabs (Lot. no. 3034, Whatman LabSales
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Inc., Hillsboro, OR). The stability of sodium azide on PVC membranes has been previously reported as
stable up to 10 days of storage (5.6.). Glass fiber filters or smear tabs were spiked using a 25-pL syringe
(Hamilton Microliter®/Gastight® Syringe, Hamiiton Co., Reno, NV). Solution spikes contained between 7
and 15 pg NaN;. Filters were allowed to dry and were stored for 3 days on a lab bench, then refrigerated
until analysis. _

Results: The precision and accuracy results for glass fiber filters and smear tabs are shown below (F/T =

Found/Theoretical recovery):

Collection Media N Mean (F/T Std Dev cv
Glass Fiber Filters 5 1.001 0.036 0.036
Smear Tabs 5 0.412 0.134 0.325

The recovery data shows that azide is unstable on cellulose media and stable on glass fiber filters.

4.10. Summary

The validation results indicate the method meets both the NIOSH and OSHA criteria for accuracy and
precision (5.17., 5.18.). Performance during collection efficiency, breakthrough, and humidity tests is
adequate. Although it appears that the recovery dramatically decreases when storing collected samples at
room temperature after 15 days, no losses were found when storing the sampling tubes after sample
collection in a refrigerator or freezer. It is recommended to analyze samples within 10 days if samples are
stored without refrigeration and within 30 days if refrigeration is used. Detection limits are adequate when
samples are taken for 5 min at 1 L/min. The method is adequate for monitoring occupational exposures to
the OSHA Ceiling PEL.
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Table 1
Azide (as N3-) Analysis - Desorption Efficiency (DE)

(OSHA-PEL)
Taken Found DE
(ng N3} (ug N3y  (FT) N Mean DE Std Dev cv
(0.5 x PEL)
0.500 0.500 1.000
0.500 0.515 1.030
0.500 0.520 1.040
0.500 0.500 1.000
0,500 0.505 1.010
0.500 0.510 1.020
0.500 0.465 0.930
0.500 0.525 1.050
8 1.010 0.037 0.037
(1 x PEL)
1.000 0.995 0.995
1.000 0.985 0.985
1.000 0.995 0.995
1.000 1.000 1.000
1.000 1.015 1.015
1.000 0.995 0.995
1.000 0.995 0.995
1.000 1.000 1.000
8 : 0.998 0.008 0.008
(2 x PEL)
2.000 1.980 0.990
2.000 1.960 0.980
2.000 2.000 1.000
2.000 1.990.  0.995
2.000: 1.975 0.988
2.000 2.010 1.005
2.000 2.035 1.018
2.000 1.970 0.985
8 0.995 0.012 0.012

F/T = Found/Taken =~ DE = Desorption Efficiency
CVy (Pooled) = 0.023 Average DE = 1.001
The average DE is very close to 1.0; therefore, a DE correction is not necessary.
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Table 2

Hydrazoic Acid Sampling and Analysis - Ceiling PEL Determination*

(25 °C and 50% RH)

(OSHA-PEL)
Taken Found Recovery N Mean Std Dev Ccv OE (+%)
{ppm HN3) (ppm HN3) (F/T)
(0.5 x PEL)
0.057 0.053  0.930
0.057 0.058 1.018
0.057 0.053 0.930
0.057 0.061 1.070
0.057 0.056 0.982
0.057 0.054 0.947
6 0.9800.056 0.057 13.4
(1 x PEL)
0.130 0.129 0.992
0.130 0.121 0.931
0.130 0.135 1.038
0.130 0.117 0.900
0.130 0.122 0.938
0.130 0.121 0.931
6 0.9550.050 0.053 15.1
(2 x PEL)
0.263 0.259 0.985
0.263 0.267 1.015
0.263 0.252 0.958
0.263 0.251 0.954
0.263 0.276  1.049
0.263 0.272 1.034
6 0.9990.040 0.040 8.01
BT = Found/Taken
Bias = -0.022
CV; (Pooled) = 0.051
CVr (Pooled) = 0.052

_Overall Error (Total)

*Samples were taken for 5 min.

+12.6%
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Table 3
Collection Efficiency
(2 x PEL, 25 °C & 50% RH)

------------------ ppm HNj —--omemmmmeemeee .

Sample No. First SectionSecond Section % Collection Efficiency

1 0.259 ND 100.0

2 0.267 ND 100.0

3 0.252 ND 100.0

4 0.251 ND 100.0

5 0.273 ND 100.0

6 0.272 ND 100.0

Notes: (a) Sampled at I L/min for 5 min.

(b) Samples desorbed using a sample solution volume of 3.0 mL
(c) ND = None detectable (<0.001 ppm HN3)
Table 4
Breakthrough Study
(25 °C and 50% RH)
--------------- ppm HNj3 Found--------------

Sample No. 1st Section 2nd Section % Breakthrough
1 0.933 ND
2 0.940 ND 0
3 0.897 ND 0
4 0.889 ND 0
5 0.938 ND 0
6 0.891 ND 0
7 0.913 ND 0
8 0.925 ND 0

Notes: (a} Sampled at 1 L/min for 30 min

(b)  Due to the large concentration generated and the analytical sensitivity, the front ISE sections of
sampling tubes were desorbed using larger sample solution volumes of 10.0 mL.
{c) ND = None detectable {<0.001 ppm HN3)
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Table 5a

Preliminary Test

Storage Stability - HN3

(1 x PEL, 25 °C, and 50% RH)

Day Air Vol Found Taken Statistical Analysig-------=rr-mmmmm
(L) {--—---ppm HNjz------ N  Mean  Std Dev CV  Recovery (%)
0 4.21 0.129 0.130
4,21 0.121 0.130
4.21 0.135 0.130
4,21 0.117 0.130
4.21 0.122 0.130
4.21 0.121 0.130
6 0.124 0.007 0.053 95.4
5 4.21 0.116 0.130
4,21 0.124 0.130
4.21 0.116 0.130
4.21 0.121 0.130
4.21 0.117 0.130
4.21 0.114 0.130
' 6 0.118  0.004 0.032 90.8
135 3.92 0.106 0.130
3.92 0.106 0.130
3.92 0.107 0.130
3.92 0.113 0.130
3.97 0.101 0.130
392 . 0.101 0.130
' 6 0.106  0.004 0.042 81.3
32 421 © 0.096 0.130
4.21 0.099 0.130
4.21 0.104 0.130
4.21 0.100 0.130
4.21 0.108 0.130
4.21 0.092 0.130
6 0.100 0.006 0.057 76.8
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Table 5b
Storage Stability - HNy
at
Room, Refrigerated and Freezer Temperatures
{Known HN3; Concentration = 0.108 ppm at 50% RH)

Temperature: Room Refrigerated ___ FPreezer

Day Air Vol Found Air Vol  Found Air Vol  Found
(L) (ppm) L) (ppm) L) (ppm)

0 3.05 0.116 ki * * ®
3.05 0.120 # Lk * ®
3.05 0.097 ® * * *
3.05 0.099 ® ® * ®
N = 4 # %
Mean = 0.108 * *
StdDev = 0.012 ® *
CV, = 0.108 * *
Recovery = 100% * *

7 3.54 0.121 3.05 0.098 3.54 0.127
3.54 0.115 3.05 0.126 3.54 0.108
3.54 0.095 3.05 0.105 3.54 0.098
3.54 0.087 3.05 0.116 3.54 0.104
N =4 4 4
Mean = 0.105 0.111 0.109
StdDev = 0.016 0.012 0.013
CV, = 0.154 0.111 0.115
Recovery = 96.8% 103% 101%

* Same as day 0 for room temperature
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Table 5b (Continued)
Storage Stability - HN3
at

Room, Refrigerated and Freezer Temperatures
(Known HN3; Concentration = 0.108 ppm at 50% RH)

Temperature: ___ Room Refrigerated __ Freezer
Day Air Vol Found Air Vol  Found Air Vol  Found
(L) (ppm) (L) {ppm) (L) {ppm)

15 + + 3.54 0.120 3.05 0.129
+ + 3.54 0.102 3.05 0.101
+ + 3.54 0.100 3.05 0.102
+ + 3.54 0.106 3.05 0.110
N = 4 4 4
Mean =+ 0.107 0.111
Std Dev =+ 0.009 0.013
CV, =+ 0.084 0.117
Recovery =+ 99.1% 102%

30 3.54 0.089 3.05 0.104 3.54 0.104
3.54 0.076 3.05 0.103 3.54 0.091
3.54 0.085 3.05 0.102 3.54 0.104
3.54 0.082 3.05 0.097 3.54 0.103
N =4 4 4
Mean = (.083 0.102 0.101
Std Dev = 0.0055 0.003 0.006
CV, = 0.066 0.031 0.063
Recovery = 76.9% 94.0% 93.1%

+Due to poor precision and analytical difficulties, data are deleted from statistical analysis and are not presented

graphicaily in Section 4.5.
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Table 6
Humidity Test - HN;
(0.5 x PEL & 25 °C)

% RH 30 30 80
ppm HNj; Taken 0.061 0.057 0.057
ppm HN; Found 0.068 0.053 0.057
0.058 0.058 0.065
0.063 0.053 0.047
0.057 0.061 0.067
0.062 0.056 0.046
0.058 0.054 0.051
0.062
0.059
N 8 6 6
Mean (ppm) 0.061 0.056 0.056
Std Dev (ppm) 0.004 0.003 0.009
Ccv 0.060 0.057 0.163
Ave Recovery 100% 98.0% 97.4%

At the 99% confidence level:
Ferit = 6.11 Feale = 0.12 (2, 17 degrees of freedom)

Ferit > Fealey therefore, no significant difference in results was noted across the humidity levels tested.
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Table 6 (Continued)
Humidity Test - HN3
(1 x PEL & 25 °C)

% RH 30 20 80
ppm HN3 Taken 0.124 0.130 0.121
ppm HN; Found 0.122 0.129 0.119
0.129 0.121 0.124
0.131 0.135 0.118
0.125 0.117 0.115
0.122 0.115
0.121 0.122
N 4 6 6
Mean (ppm) 0.127 0.124 0.119
Std Dev (ppm) 0.004 0.007 0.004
Cv 0.032 0.053 0.031
Ave Recovery 102% 95.5% 98.2%

At the 99% confidence level:
Ferit = 6.70 Fealc = 3.42 (2, 13 degrees of freedom)

Fegi > Feale; therefore, no significant difference in results was noted across the humidity levels tested.
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Table 6 (Continued)
Humidity Test - HN3
(2 x PEL & 25 °C)

% RH 30, 20 80
ppm HNj Taken 0.202 0.263 0.206
ppm HN3 Found 0.203 0.259 0.218
0.214 0.267 0.199
0.202 0.252 0.213
0.210 0.251 0.191
0.200 0.276 0.182
0.203 0.272 0.196
' 0.215 ‘
N 7 6 6
Mean (ppm) 0.207 0.263 0.200
Std Dev (ppm) 0.006 0.010 0.014
cv 0.030 0.040 0.068
Ave Recovery 102% 99.9% . 97.0%

At the 99% confidence level:
Foq = 6.23 Feale = 2.11 {2, 16 degrees of freedom)

Fepit > Feaie; therefore, no significant difference in results was noted across the humidity levels tested.
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Table 7

Qualitative and Quantitative Detection Limits (IUPAC Method)

0.02 pg/mL 0.05 pg/mL 0.10 pug/mlL
Sample No. PA PA PA_

1 5.07 15.19 42.23
2 5.31 17.03 36.72
3 4.65 14.10 40.02
4 4,78 14.87 36.29
5 4,16 12,35 39.73
6 4,42 14.41 40.21
7 5.61 13.44 38.18
N 7 7 7

Mean 4.86 14.48 39.05
Std Dev 0.507 1.468 2.108
Cv 0.104 0.101 0.054

PA. = Integrated Peak Area (N3-)/100,000
The blank and 0.01 pug/mlL integrated peak areas, and their standard deviations (Std Dev) were all equal to zero.

Using the equation: | Ciq = k(sd)/m

Where:
Cqg = the smallest reliable detectable concentration an analytical instrument can determine at a given confidence
level.
k = 3 (Qualitative Detection Limit, 99.86% Confidence)
= 10 (Quantitative Detection Limit, 99.99% Confidence)
sd = standard deviation of the reagent blank (Rbl) readings.
m = analytical sensitivity or slope as calculated by linear regression.
Cy = 3(0.507)y438.6 = 0.00347 ug/mL as Nj- for the qualitative limit.
Cy = 10(0.507)/438.6 = 0.01156 pg/mL as N3- for the quantitative limit.

Qualitative detection limit = 0.0104 pg N3- (3-mL sample volume) or
0.001 ppm HNj; (5-L air volume).

Quantitative detection limit = 0.0348 pg Ni- (3-mL sample volume) or
0.004 ppm HNj; (5-L air volume).
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Table 8a
Comparison Study - With/Without Pre-filter
(Known Concentration = 0.131 ppm HNj3)
(25°C, and 50% RH)

Sample With Pre-filter Without Pre-filter
Set
# AirvVol,L ppm HNj3 Found  Air Vol, L ppm HN; Found
1 3.41 0.124 3.38 0.141
2 3.41 0.140 3.38 0.138
3 3.41 0.134 3.38 0.131
4 3.41 0.098* 3.38 0.114
N 3 4
Mean 0.133 0.131
Std Dev 0.008 0.012
Ccv 0.061 0.092
Recovery 101% 100%
* Qutlier
Notes: (a) A 37-mm PVC filter was used as the pre-filter in a polystyrene cassette.
(b) Sampling Time = 5 min
(c) Flow Rate = 0.825 to 0.829 L/min
(d) Sample Solution Volume for Desorption = 3.0 mL

At the 99% confidence level:
terit = 992 e = -0.615 (2 degrees of freedom)

torit > tealcs therefore, no significant difference in results was noted across the two sets tested.

A-33




SODIUM AZIDE AND HYDRAZOIC ACID IN WORKPLACE ATMOSPHERES

Table 8b
Comparison Study - With/Without Foam
(Known Concentration = 0.141 ppm HN3)
(25°C, and 50% RII)

Sample With Foam Without Foam
Sa: t Air Vol, L ppm HNj3 Found Air Vol, L ppm HN3 Found

1 3.35 0.129 3.43 0.155

2 3.35 0.140 3.43 0.135

3 3.35 0.138 3.43 0.140

4 3.35 0.155 343 0.154

- N 4 4

Mean 0.141 0.146

Std Dev 0.011 0.010

cv 0.077 0.069

Recovery 100% 104%

Notes:(a) Type I containing 150 mg-ISG glass jacket was used. The dimensions of the front portion of the glass
jacket are 12-mm o.d., 10-mm i.d., and 25-mm long and is used for collecting azide particulate. The
second part of the glass tube contains ISG and is used for collecting HN3. The dimensions of the
second part are 6-mm o.d., 4-mm i.d., and 50-mm long. Both ends of the sampling tube are sealed with
plastic caps (see Method No. [ID-200 for a graphic description of the Type II glass jacket used).

(b) Foam analyzed after sampling contained 0.004 ppm as HN; (average).
(c) Sampling Time = 5 min

(d) Flow Rate = 0.627 to 0.787 L/min

(e) Sample Solution Volume for Desorption = 3.0 mL

At the 99% confidence level:

terit = 5.84

teaic = -0.0055 (3 degrees of freedom)

terit > tealc; therefore, no significant difference in results was noted across the two sets tested.
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Lab Air ir Flow-Temp-Humidity lonic Exchange Lab Water
Purifier Control System Column

Azide :: Mixing
Generator Chamber

Active Sampling
Manifold

Dry Gas
e g il

:t Syringe Pump

Figure 1 Block Diagram of the Laboratory Generation System

The system shown above was used to generate dynamic test atmospheres. The system consists of four essential elements:

1) A flow-temperature-humidity control system,
2) An HNj vapor generating system,

3) A mixing chamber, and

4) An active sampling manifold.
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Appendix

Convention for Calculating HN3 ppm values

Wya = (ugimL N3 )J(SVNGF)ya

Wy HMV

ppm AN; = 25 H MW
Where:
AV = Air volume
Wra = pg HN3
(GF)ga, HN3IN3- = Gravimetric factor = 1.0238
MV = Molar volume (L/mol) = 24.45 (25 °C and 760 mmHg)
MW = Molecular weight for HNj3 = 43.0 (g/mol)
SV = Solution volume
bglmL Ny = Sample result taken from concentration-response curve
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