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SUMMARY

Thin papet uxamings tho ‘dangarous 1oxic load (DTL) for
hydrogun fuongde. 1N accordance with the principles of
ILECOIONCA NsUSEMant gegerhod in the rocent HSE
publicaton Ausessmant of the Toxeity of Maor Hazara
Substancus

Thero 360 10 Quantitativo Outs 00 the expusure
CONGIIONS NIOTUSING Severn 1oxieity In humans  From
the Availapic anima! olugies |t 18 sugyestod thal for nek
analysos the foliowing roiphionsiip i vsad

DTi « 2 400 000 ppm? min
INTRODUCTION

Thia DAGE? 1§ (L roview of INe avarablo 10X I0genl Catd
on Ryarogon Hnondgo. in orger 19 stablinh th mogt
Appragtiate oxiGiy valuns 10 land-ute planming

gesision makieg. 1 shouid be r@adt in conunelion wilh
1o anAve Mantianng HSL punhligAnan which proviges
e goneral rgmewark within which Ing evaiuanlion of the
wueity of hydrogun fiuondo was performog !

My@rogon Huonde (1), ul aimasphenc pressurg, s @
cotrouive. um ng liguitt t temuoratures colow 202 'K,
ANg 8 Qas ut highor wmpmmum:n'ﬂ It ghows complex
asaouialon bohaviour (ohgemarnsation) 0 (he vapour
phasn  1his hohaviour hag baon extensively stydiod but
tote s &1 disngreament as 1o the number and typu of
i oligomenc lormsi™  Associstion up 1o the huxamor
wAe PASHIDIY 1o DELHIMO! would, howeve! seem to be
goneraiy aceaptod™f! On reigase Nt dry air dilution
wilh thi it would load 10 aissocianan of the oligomers
whieh waL'd be an andothiermic process  =owaver f
WaLOr VADOU! WAS Rresehit a sirong iINterachinn with
nyaroae! Huonde would occyr an this would bo a highty
nxOlOIAL Bracess. 1118 tharaiorn cliedr thu! the nature
andt d.spursion charagiustics of any hydragun tivonde
rOIREE0S 10 111 gimoAphnTe whule be vory complex

Some pliysicochamical propuries of hycrogen flusnoe
e shown below . /!

- ——— ——

Broporty Value o
Moieeuiar wmth =4 —‘553: .
Boiling point ot 10133 x 10" Pa 2925 K
Fregozing pount a1 101332109 Py 190K
Vapour pressuro a! 280 'K 601 x10)Pa
Dansity ai 273K liquid 0.887

gas 0.821
Water solubiity at 273 X infinita

10133 x 10%Pa

Convornion factor at 273 K
10133 x 10% Pa

1 porm « 0.83 mgm?

e - - — -

TOXICOLOGICAL DATA AVANABLE IN HUMANS
Two human valuniee’s wore oxposed to diterent
aimosphier s cancontrations of hyarogen flugrida gas for
Up 10 three minutes. in controligd experiments™ A
soncaniraton of 32 ppm was tgleratsd [or throe minutes,
aiiraygn & fial. sour taste and miis mensory krritatian of
the eyes. NOSE ANd UPDBT resp|ratory tract were
apparent Sensory ritation was murg pronounced Bt &)
ponY N0 wWas MArkea at 122 gom. with additonal
smurting of the skin

Although there aro several roppris of accidental hymar
£xDOBUIC 10 hyorogen Huornde | as & Qas. anhyorous
hauigd, of 17 the torm of hydrofigoric acKi, none of these
'ROOME CONLAING QUAMAALVO LEDOSWE Sata Suitadio tor
the purposes of 1his paper. Single exposures 1o
nyorogen Huoroe gus have preduced sonsory I'riaton
of 1RO 8k, By@s ANG resPitaloty ract, ANa Inflgmmation
ang congostion of thn luags? ®  Skin contact with
anhyerous nydrogun fuoniae Iuia produces severy
pamniul skin burns

The toxicoiogical proparties o'ryoroom fiyoride i liauid
form sugQos! 1he pessidility of pighguremont with sk
puriis of parmanent eyn dgamape. No information s
avaiudble oA othor patental m@-wm sequetae in
huMmans ansing Irom a single q:poauro 10 hydroQen
Huerige

TOXICOLOGICAL DATA AVAILABLE IN ANIMALS

The toxigity 0! nydrogen fluoride foliowing a singiu
Analalion axpasure has been Bludied in severa’ anima
species 4 These studios am summansog n Table 2
Soma Adication of specas valialion in suscestdility 10
hyarogen fiuoride 18 given Dy the LCge values and
associatea exposure imes in Table 1. In adadien,
SONKOry I11aton of the skin. eyus. nose ang respiratory
ract, but no deaihs. was coserved K rabbite exposed 0
Jp 10 1247 ppm hydrogon fuoride for 18 minutes. ar "
4098 exposed 1o up 1o 886 pom for 15 minutes or 242
porn tor 60 minutes'®

The princioal whects observod loliowing a single
wxposure ol animals to hydrogen liuoriae gas were
sansory irritation o! the eyes. hose Und respiralory tract,
ang patholggical lesions of lhy skin (inflammaton), ayes
(cornedl opacily and erosion) | NasK MUCoss
(inflammation. Nacrosis and IUNgs (inflammation
pagama congestion. haomorthage. omphysema)® 1!
Tnare vas 2lso some evidange for systomic eftects. with
cangestion, ogdeme or necrogls In the liver, kdneys,
nean, gnloon ang thymusi®® ) Deatns. dus principally
10 'UNg damage. were seen muinly within 24 nours post
gxposure. althougn some osclurred aftar sevoral 0avs.




i2-12/%

14:%0

BFL CAPENWURST LWORKE TELEX DEPT

WD, Téa P04 Q12

-

DERIVATION OF ‘DANGEROUS TOXIC LCAD

Estimation of one se! of exposure conditions
producing the HEE land-use plenning SLO7
(Spocitied Levol of Toxieity)

The kvpilabie Sula on (R hUMAN FESPONRY 1O INNAIANE"
of hydragon fiuorige arc inxutlic@nt 10 provide 8 basis for
@410DIsNING B Gangerous Wi Ioud (DTL) Theratore it
{s hogessary 10 usu 1hu avalanto anmal guta to
establish & mogo! tar the resnonsn in humans

Although it might be anucipated tha! trom tho species
losled tho response In monkoys wovid be mora closuly
rolatod than that of ethyr specion O the rosponse n
hamans. 1Ne dota aveilublv 1 MONKeys are vory fimited
iy 4act fram Iho infsrmanan avaladble thore s No cloar
MACANON us 10 whigh Of IRe animal §DeCIes gng sirams
LSO 15 o Mol reliatie model for o human rosponse
i1 INUSE CEUMSIANGESs 113 connidorad prudent 1o useé
the 1nost sensilive animill specius o 1hose 1050 10
rRDIBSEN! NUMAN (RAPLASIVENLL 10 Nyrogan fiyorde
v.pwr,s.

From 1 giatd AvALuDIe the Moyt uppears 1o Do the
moat sennitive of the species tosted  The vanous
studios v mien bava produced results Indicaling a

& minute LCyo Of 6247 ppm ang 60 Minute LCyp viluts
ranging from 342 pprm 10 401 ppm. Thure are AO
grounds tor cunsgenng INe Indings of thoso mousr
S1UEI0S 10 D UArOLaIe Of unsuitabie in the context of
s assessmont, Gonsuguontly the most sonsinve
rusp0N8e Observed yiolding @ G0-minuto LTy value of
342 pam . nas been UsAd ik (he basis tor genving 1he
dangarous 1oxic loag' '

Ihe reaults of s Mouse Slu0y can ba used 10 eEliMAle
o B0 minute eXBONUTL CONLDIITAILN PIECUCNG ¥ lave!
of 1oxXIcHy 10 MIZE CUAIPArALIN 1O the [ANG-usEe DIANIING
SLOT Anulysia of thi 8013 L&IAG tho Prodit approaeh’
givet the vaiuss LC. = 208 ppi LGy = 230 pom. Inthe
study itanll in groups of 10 animals. NO geatns wero
oosurven at 263 pum and ono deuth ut 278 pomi '
Sonsory rtalion of the skin. eyad. NOSE and Unpot
roBDIFAIS?Y rAC! g DeeN thNOMEY IN ANIMAIS (ANT N
nUMAans) Oxposud 1o Nydragon fluorde congantrations in
the rangu 25-125 ppm ™ @ Howevur. 1n animal sludies
signs of severs toxicily ang pathological aamage 1o the
SKIN. OVES respiraldty fract ang internal organs wec
NOAOO anly unidor PXPOSLTE Conaitions close 18 o’
withit R0 range pregucing =ihaiity  Consigaration of
those (ACIONE, In cuAUNCtion with tha othet Infarmation
available suggests {hat a sunablo pshimatn of one 86! !
@xpOBUte condilions predietod 10 produce the land us9
planning SLOT it humang 18

200 ppm for 60 Minutes

Dorivation of a unqomu* toxic lond eaustion

Exposuro \o Pyorogen lluurn could ocou’ over 8
contauum of LomBINAtIoNs{of AIOING CONTENtrRton and
oxposuro ima  Congequettly. the avaiiabie calk wore
avalualed 10 determing whither g relalionsnip exists
betwaen the aitborna concerirason ol hyorogen Huornda,
oxposure ime and @ wxic pad constant,

from the @nmal studies o hyarogon fluorkie, only one
raport presents avequalo 351: with whigh 10 investigate
s 8SUR 10 11 SIUCY ruls were exposad (o varlous
concentrations of hydroged Huonde for perioos of
potweer § und 60 minutesl?  Examination of these cate
by & graphical piot ol the UCse vahu@s 11om each
OXDPOSUIe OO INYiCates B vaive ot upproximately 2 tor
{he X0ONONT A& Produeing|the #xpresaion

tonic ioud » ¢

in tho only other niudy In WhiCh variable expesure
ponods wete used. the mnahly oala we:re poorly
prosuntod ond representap the compInes rasulls lrom
wo spocios®  Such data aro unsuiiadle for 1he
investigation ol Ine wxic od relanonshio ns species
vatiation will a/s¢ exert anunknown dngiree o INtluenco
8 thi genvea relationshig between ¢ and 1’

Thoretorg from the avall
toxig load oquation for

0 Gala the mMOos! APPropra'o
rogen fivorido is

toxi¢ load = ¢!
Dungerous toxic load leuo for hydrogen fuatide

Using tho toxic 10ad relatprghip c3t and the preaction of
200 ppm for 60 minutes a8 one st of #xposure
condilions produeing 1he lang-uso planning SLOT. the
dangerous toxic load (OTL) 8

OTL .« 2 400 000 pom? min

Some oxamples of EXPOSTY CONAILIONS ProTuCIng 11
DTL are given below

1
itpau'n pernpd (min)

§ 19 3% 60 120
Almospheric ‘
concantration 883 490 283 200 ¢t
(pprm

- - .
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Tabie 1 LC., valuws for hydrogar fuondy in inimais ‘
' -D:;r;l:on . [ I
Snecies of LGy (pOM)  Reterence
CXPOSUIe
(min)
Rat 5 18200 10
4970 it
: 1% 2689 )
30 2047 9
60 1398 4
1307 9
1276 14
866 1213 ‘
Mouso 5 6247 10
60 501 4
ant 12.13
342 n
Guinos pig 15 4327 9
Monkey 60 1774 14 :
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spocios
cheracteristics

ln!'
vistar-derived
mele

100-100 9

10-20 per group

- — ———

Exposure
conditions

R

Duservatiens

e

Groups exposed to verious
concentrations of HF for
periogs of betweer § ang B0
ningles

For exposure Jitions producing deaths,
raty wore obsgrved for up 10 14 geys. AY
subleihe) expdsures the ocbbervation peri
was up to 150 dey3.

The following Llgy va'ues wore reported

axposure pari Llsp
| {raml
5 490
15| 7689
0 2042

(") 1307

‘net for each oxposure period
lopes (:14), and exposure
of vo to 88X of the Ly
ed "o Deatht

The probit
hed tteep
concentratt
valuon p

[xposures within the Jatha! range prusuced
irritation jof the eyes and nese, body
weight loss| respiratory gistress ang some
deaths. Pathologicel findings were sovare
neerosis agd Anflesmation of the nasal
turbinates, 1iver Ainusoide! congeation,
kidney pmhnl convoluted tubule demage,
and  skin | inflammation with a'tered
collagon stracture. However no
substance-re ) atess affacts were reported \n
the lunga, | which |8 vary quest fonapie 0
view of other studies on HF

for sach pxpossre poriod, concentrations
of B%, 138X 2%, D% and O of the
ilgg ™ conguntretion+aependant
treitatd of the | eyes, hove and
respirat tract, MUt no  oeaths #no
1ittle ne indieation of histo-
patholonida) danege.

The Llgg veleas given spove it the
relationship:

toxic Josd » e™t

whare n o 1.0, i spproxinately X
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TABE 2 SINGLE EXPOSURE INIALATION STUDILS IW AXIWALS

- o——

Species Ex) sure
charscinriptics ' conditions

MO, Pdd POD? @12

Obogrvations

T i b
|

Rat 12 13 Exposyra to BAB- 576 pom e
Sprague -Dowley 60 minuies

wale

750-300 9

5 per group

Rat!? Groups exposed to 11b80+26
Vistar 190 pem for § minutes
250275 ¢

10 per grovp

Kathh Groups expaset 1o 108741785
Sprague Dawlay pom for 80

sarvad CFE mingtes

250-3¢5 ¢

10 per group

Rats wore expospd for 14 Oeys he
mortal ity resulhe ware -

Bab o O

1087 pom MY

1576 ppm 845

The LCgp. with/88x confidemoe 1imits, was!
oo [788-)168) ppm

The signe of [toxieity reported were eye
ane nose irrifation, lacrisation, cornae!
opacity, PRI NOTIRONS | sa) fvation,
respiratory strals andl skin arytheme
Deaths eccur st w to & Jays pest-
exposure

Histopathoingluel examination of the lungt
of survivers At 14 days rev-iie vasey'ar
congestion, il are of
introalveolar haamor rhane and
poribroachiolpr lympoid nyperplesia. K
Jesions ware poted in other major Lroans.

Kits wars u#nd for 7 ays. The

mortg) ity requity ware ¢

12440 an* 110

17615 mom 0/ 10
18580 8/10
20730 1710
24800 10710

The Llgp with B5% confioence |imits, wes:
18200 (15 965+20 /48] pem

Most desths pocurred within 24 hours post-
exposure, #)RMNoUgh soma geaths ocourred at
344 daye. Wimnary osdem 800
haemorsrhage | were comemnly observed et
nNGrOpS Y

Rete wire observed for wp to 14 days. The
rorta 1y rqsuity were

1087 pop /10
1108 pon 2/10
1405 ppn 3710
1565 pop 8710
1765 pok 10/10
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Dussrvalions

e —— R AN A (—————————

The iCgp with G5 confidance imits wek
1305 (1382-1485) pom

The signe of toxi¢ity reparisd were eye
angd wutous |meabnens irritation cornes
opacity, skin erythems and retp retory
gletress Necropsy revesled puimoneTy
congestion amnd BLE . e thymic
haamor FaDe |

Severs! groups pxposed 10 Raty wore ohsarved for 14 ceys [The only
g ffgrant concentrations for oath given was an Ll value of 1278 ppm

60 minutes

Exposure to unspec' o Nice were observed for 14 sy The
coOnCentral i ons 60 moriality resuits wre

351 ppm 10
A3 pom ;
505 ppm

510 ppm

853 ppny 10710

The LCgp. | with 98X conflownce 'imita
wa

456 (416-408) ppm

The sigrs [of toxicity reporimc were oy
and noam |irritation, skin arythams #no
respiratory distress. Desths occurrec 8t
up to 6 days post-exposure

Wistonathol ugice) sxamination of the jungs
of survivors at 14 dayy revedled scatterec
areas of lintraslveolar nasmorehage, with
diffuse pdl@onary congesticon at the higher
soncentrathons

Groups exposed to 2430-11 Wice were obsarved for ) days. The
pom for & minutes rorts) tly Iresuity ware!-

2430 ‘ppm  O/1%
4500 lppm  §/15
1615 |peee 10715
8140 ipom B/15
11010 ppm 15715
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TABLE 2 SINGLE TXPOSURE INIALATION STUDLES [N ANIWALS I’
1
e S S 48 e SR 4§
Speces Exposure Ouservations
charactaristics conditions
—-—-—-.—n.—-v---o--—-. 1
The Ligp. with 95K cunfidprce 1imite, was
|
6247 (A785-8148) ppm
Most deaths cecurred within 24 hours post:
exposure, 8 Lhough some deetnd pmyrred &t
3.4 daye. | Dulwonary cedme AN
ha@mor rhage rs comon)y obsareen at
necropey.
wouse'! Groups exposad tr 261458 ppm Hice were eved (A up to 1A deys. The
16R-torived CF-| for 60 minutes morta) ity reguits were -
foma'n
2532 ¢ 263 prm 9/10
278 pom J/10
10 pur urouy 324 pom F/10
36 pom B/20
458 pon B/ 10
The Llgy with 98k confioence |imits, wi
342 (318372} pow
!
The sipns ¢f toxicity reported were eye
and  mucous prenbrane Irritation, cornes!
opacity, shin erythens and resplratory
diatemns.  |[Nacrapey  revedied pul fone ry
congestion gnd hasmorrhage .
Mouse ! ! Sovera! groups erposed to Wice were obsarved for 14 deys. The only
1CR diffarent concentrations for data given pas #n Llgp valus of 50! ppm
male 60 minutes.
10 per oroup
Guiree p1g° Groups cxposed Lo various Guines 9|o1 observed for |4 cays The
Mart)ey-uer ved concentrations for 1§ minutes g0 with [95% configance |imite, was: =
male
340360 ¢ 4377 (4006-4872) pow
10 per group The probit!)ine had & steep slope of 155

At exporurk lavels profiucing somm veaths.
toxic sigrs were irritation of the eyes

and nesk, weight Yoss and respiretory
distress,
Another of 10 guinea pigs were

expossd 19 1177 ppm for 30 minvtes. Ko
deethe rredd.

R AT TR A
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Spoeien
characteristics

Lxpowure
congitions

Ooumuu*.

" e e

-—— .

Rabpit?

New Zaslend White
A6 mornths o'
1830w

antl

Guines pig
0.5-1.3 ko

J rabbits ant

3 guines pigs
per group

Rotbit?

5 par group

This study ‘nvolvet both

single and ropeates #xposures

The experiments of particuler
interest involved oxposing Oroups
of 3 rabhits plus 3 guinve plgs te
varying concentretiony of WF for
poriogs of 5 minutes to 6 houm

854 ur 1247 pom for |5 minutes.

Thie study jwes not well reported, \n that
it am’:m to relate procisely Lhe
severity of effects ano mortality to
perticular papasure conditions. Mprtel ity
dats are prsonted 'n graphica) fom only.

and Int of no deaths, & proportions
number of the, and tola)! dmsths within
the group. W'th no ¢lear separation of
daethe in mbbi's from those In puines
plgs |

\

For @sach |exposure pariod, the lowest
concentrat ipne Wested which produced some

and  respirvatory tract was
25 pom ad abowve. Higher
", particularly those

evident

efter the shortsr exposure
. produced aornea)l mraston and
the hasal turbinates

(11sted above). but also at
r ovaluos. oxampley teing BOO
for § minutes, and 54 pin
and above |for & hours. These effects
consinted of lung congen’ion. haemorrhage,
yeuna, and Inflammation of the
traches @ bronch!, ' and congestion.

|

Rabbite obswrved for 45 days.
Irritation df the eyes, nose and
PRADITEtOrY [tFaCT wad DDBEFved, pevaiiting
for sevars)| houre post-esposure. At 124
pom the anihals sopearsd subdusd and wesk
for up to 2| days post-mzposurs. Mo deaths
ccourred |
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Opservations

Species faposure

characteristics congitions

dog? o0 or 666 pom for 18 minvtes,
congre! or 187 or 243 pin for 60 minutes
1 per group

monkey ' Several groups exposed Lo
Rhesut g1 fforent concenirations for
tales oy (0 minutes

foe et

4 per group

Dogy were obseryed for 7+2) cays posts

oxpesure.

sensory irritation of the whin

wyes, nose end ebp! tatory tract was

spperent,

ind [coughing persivied for &

few Uays poft eposurs. Ko ORRLhS

pceurred.

Morkeys ware j-wd for 14 Aays, The

only date 9

1774 pom

woy an Llgg velue of

|
|
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