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TOXICOLOGICAL DATA AVA 'LABLE IN HUMANSBUMMARY
.

The pnpor examines tho 'cangnrous toxic load'(DTL) for Two human volumeots were ci posed to different

nyorogon t'uondo. in accordanco with the pnnerplos of atmospher;; concontrations of 1ycrogon fluorico gas for

toxicolon cal a*sesamont cesenhnd in the rocent HSE up to inree minutos. In controllod expenments*, A
pubhcation Asossmahl of the Toxictry of Major Huara conenntrat:on of 32 ppm was tolerated for three minutos,
& bsta v os attBougn a f:at, sour taste and "nlid sensory Irntaten of

the eyes, nose and upper reso retory tract were
1horo are rc Quantitativo cata on me exposure

apparent Sensory irntation was moro pronounced at 61
cena:tions produ;ing sevoto toxicity in humann, f: rom

ppm anc was matkoo at t22 dom with addit'onalthe avanople animui ctudies it is suggestod that for nsk
analyses the following relatonship m umf smu' ting' of the skin

DTl a 2 400 000 com2 min Although trero cro several roparts of accidentaf hurtlan
exposure to hycrogen fluonde, as a gas, anhyorous

INTRODUCTION licuici. of m the forrn of hydrofitoric acid. none of treso
reports contains cuantitativo o ;posure data suitablo for

This paper is a review of tne avacablo toucolog: cal 0318 thtr purposes of th:s paper. Sm0le exDosures to

on hydroQUn fliinridoiln orcer to estabha.h the most h/CrogVn fluor:Co gas have produced sor'scry I'r; tat.on

approphater toxicity values for lana.uco p!anning of Inn sien, eyeti Ano resp: roto-y tract. and mf!ammation

derlicion.makir'o. It +;hould bo reno in conturction with ano con 00stion of Inn lun0s2 f, Skin contact with
tno anovn.montmod HSL: ouhke,ition which provides anhyo'ous nydrogen imorico lav:n produces severo-
tne generni frumcwork within which tom cvaluation of the paenful skin burns
tonicity of hydro (jon fluorido was performed 40

Tno toxicological proporties of hyorogen fluorido m hould
Hyorogon thondo (t(0. m utm=cphonc profisura. | e
corronivo, fum ng Iquid nt temperaturen colow 202}K.form suggest the possioihty of :hsfiguremont with ske

burns or permanynt cyn damngu. No miermation is
and a gas at hignnr temputaturusM. It chows complex avadub!o on other potentiallorg torm sequo'00 m
associal.nn bohaviour (ohgomonsation) in (no vapour , g gg
prmso lh:s bohaviour has tmon extansivoty studied but g i

'
tuero it. Al.H disar}renmont as to the numoor and typo of
the oligomeric formsM Association uo to the huxamor

TOXICOLOGICAL DATA AVAhLABLEIN ANIMALSand posrably the octamer would however. scom to be
generally acenotod'*% On release into dry air dilution
with the air would lond to a aricciatinn of the ongomer$ Tno toxicity of nydro0en fluence fo'iewing a sing a
which would bo an ondothermtc procGSS How9ver. if innslation oxocsure nat oCen 5tudied in Cevora! anirra!
water vapour was prescrit a r.trong Interaction with speciegiea% These studies am su:11mansed m Table 2
hvoroosn tivando would occur and this woutd bo a htghly Somo indicaton of soccms va "ahon in nusceptibility to
oxothormru proc 0sii. liis thornfom clear that the nature hycrogen fiuoride is Q'ven Dy 11e LCso values arid
and d aioorroon charactur,stics of any hydrogun fluondo associated exposure times in fable 1. In nodition.
rotenoc to Ino utmospnttro would be very comptex- sensory imtat:en of the skin, eres. nose anc respiratory -

tract, but no deaths, was coserved h rabbits exposed to
Somo physicochomicaiproporties of hycrogen fluonoa up to 1247 ppm hydrogon fluondra for 15 minutes. or m

I- nre shown belowitn cogs exposeo to up to 666 po n for 15 mmutes or 243

Proporfy Va!UP ppm for GO minutes (91
_

Motocular weight 20.01

Bo<hng po:nt at t.0133 x f oi Pa 292.5 K The pnncipal uttucts oeservoc fotowing a single
exposure of animals to hydtc(on huonco gas were

FrWHZing point of 1.0133 x tOS Pa 100 'K sensory irt.tation of the eyes, nose und respiratory tract.

Vapour pressura nt 290'K 6 01 x 103 Pa and patholog callesions of ttm skm 0nflammat:en). oyes
(comeal cpacity anc erosc% nasal mucosa

Density at 273"K _ hquid 0.987
(inflammation, necrosis) and Igngs (inflammation.gas 0921
oedama. congestion haomorpage.omphysemaps M

Wuter solub'hty at 273 K. infinit* .
congest on, cedeme or nectoWe in the livor, kidneys.
Tnere was also some evidence for systomic eMeets, with

10133 x 105 Pa

Convorsion factor at 273 K. 1 ppm * C.03 mg m3 heart, sploon and tnymusts.s "). Deatns, due prmopally

|- 10133 x to) Pa to tung damage, were seen trainly within 24 nours post.
' - exposure, aftnougn some occ;rred after several days.
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Derivation of a dangeroun tosic load equetion
DERIVATION OF 'OANGEROUS TOXIC LC AD-

bP08W'o to hydrogen ituoddo could occe over ar

Estimation of one set of exposure conditions CC"I'nuum of comDmations of airborno concentration and
producing the HSE Innd use planning SLOT orposure time Consteoucntly, the availab'e datni wote
(Specified Level of Toxicity) evaluated to determinn whither a rotationship exists

between (no airborne conc ntrevon of hydrogon fluondo,
fee hvoilante data on tho human rosponso to innalation
of hydrogon fiuorice arc insuficent to prov'do a balls for exposure time and c lotic iond mostant,
ostabhsnmg a ' dangerous toxic load' (DTL). Therefore it f rom the animal stu6es ch hyorogon fuondo, only ono
is nncessary to uso tno avadablo ammal data to report p'esents aoeausto < ata with which to mvestigate
estabhsh a mocol fof the retDonsn in humant this issuu. tr th!s Study r0iG w0r0 exposed to VarIOus

Although it rnight be armeipated that from the spectos
concentrations of hydrogen fluorido for penods of '

tested two responso in monkoys would be moro closuty botween 5 und 60 mmutes*, Examinalon of these cotu

rotated than that of otner specion to the rosponse in by a graphical p:ot of the LCsovokjes from each

humans. Inu data avodabio in monxeys are very limited. oxposure ported indcatos a value of approximately 2 for

in f act trem thn etermation avudable there is no cloor
the exponent n producing the trxpression .

innicanon as to which of tno animal species and strams
P

uwd is the moet roliatro model for 150 human rosponse. toxic lead * C L

in those circumNtanct's it i3 ConMdored prudent 10 Use
(no mo't! SenS4vo Dnimal Specich of those 1c5100 to in tno only other ciudy in vrhach variabf 8 excesure

reDrosont human reponovv eta to hydroQon fluoride period 3 wero U300, the mortattty data wu'e ocodyn
prosented and representoJ the combined results trom

vapourHL
two spec >cs(8' Such data are unsuitable for the
mVPst:9ation of ino toulo tnad rel0t@nship. Ds SpeCics

From in9 data ava4bie the mou'ie uppearn to Do the Variat;on will a 50 exort on gr'known dngroo el influenco
most Sunnitive of tho Species lostod. Tho Vanour. on the cerivod rotationshih between e and l'u,
studies in mico havo produced results indicating a

r
b mmuta LCsoof 6247 ppm and 00 minute LC e3 vutuos.

Thoreluto.from the availablo cata the rnest appropr.ato
rangeng from 342 ppm to 501 ppm. Thoro are no
grounds for cons'corin0 tno lind ngs of tnoso inouso toxic load ocuation for bytirogen fluorido is:

studies to ce unrollable of unsuitablo in tne context of
thin assussmont. Cont.ccuentry the most sensitive toxic load = c?! ;

rosoonso oowrvod. yiotding a 60 minuto LCso vatue of
+

- 342 ppm, has been used at. the basis for denvmg the Dangerous toxic load value for hydrogen fluollde
dange%us toxic loadi"I,

Using tho toxic load relatonship c?! and the prediction of
Ine renuits of thin mouse r,tudy cm be used to ett:mato P00 com for 60 minutes es one sat of exposure
tno Go mmuto excesuru concomtation predacmq a lovel cond,ttons oroduema tno and uso plannmg SLOT. the

of toxicity m rnico cumcaraulo to the land uso planninD . dangerous toxic toad (OTL)is.
SLOT Analysis of Ibn data using ino probit cocroachPh
gwan the vaiuns LC. 205 ppm, LCs . 230 pom. Inin" OTL a 2 400 000 pom ryn;a

study itanil, in grouos of 10 animalt no deatns wero
cocorved at 203 ppm and ono death at 278 pomt"8 Some examp!ss of exposuro conditiont, producog this
Sonsory imtation of tho skin. eyes, noso and UpDef ,

Irespiratory tract has been reporteo in anima s (and in
- - - _

'
numanst oxoosoo to hydrocon fluoride concentrat:ons in
the rangu 25425 ppm >"*U Howevut,in animal stud es g
vgns et severe texcty and oathological damage to tne
son oyos. respiratory tract and internal organs weto 3 jo 30 60 ' 120

1
reported only under exposure conditions close to of 4 , _, ,

within tno rango prodacing Icthahty Considerat on of
those factors, in con; unction with the other information concentr.sfiort 693 d 90 Etl3 200 t41
avaltable, suggests that a suttablo esumato of one not of W,
exposure cond.l|ons predicted to prodJce the land use __ _ _

_,

ottnnmg SLOT in humana is-

200 ppm for 60 mmutes.

2
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Table 1 LCsp valuus for hycrogon fluordu in unimals
.

. Durat:on .
Specons of LCso (ppm) Rotorenco

twosure
(min)

_=

Rat 5 18200 to
'

4970 0 ,

'
I f, 2689 9

30 2042 9

60 1395 11

1307 9
1276 14

966 12.13

Mouse 5 6247 10

60 501 14

45G 12.13 ,

342 11

Gnnoa pio Ib 4327 9

*

Monkey 60 1774 14-

_

F

3

*
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Observettens
[sposure I5pocles condittoes

characterist{cs
for exponte concittons productng deaths,

Groups esposed to verloss rats were observed for up te 14 eeys. At
Ret 8 concentrations of # for s6blethat evoccures the observation pertedVtstar.dertved periods of between 5 and 60
mate was up to IM days, |

minutes. *

100 It0 g . !

1he fo11 ewing LCg values were reported *

10 70 per group f
exposure port xf LC50I

'f fC - ~ APR$

!
'

5 49701

15 26895
'

30 2041'

60 1307;

The probit itnes for eetb esposure period
had steep tioces (914), and esposure-
concentrations of up .Lo| 68% of the LCg
valuca precluced no death $.

bposuras within the lethI rarlo Pruduced
irritatten of the eyes and nose, body [

wetsht less resstratory atstress and sme
deaths. Patwlogical fifdings were severe
necrosis aid inflesmation of itse nosal
turbinates. 1tver ainutotdal congestion,

teel convoluIted tubule denege,kidney prtn
and - skin inflesmetidn with altereo

structure,) However, noco))agen
elatetteffecf: were reported insubstance-r

the lungs, which is very questtenaels in
.

view of otter studies ett HF,
.

for each sposere perled, concettrations

of 8%. 11 .5% - 25X,' 50% and 685 of _ the
.

- LCg petduced concentration 4ascencent
.

irritation - of thejeye1.- none and'

respiratory tract, tE t no deaths and
little or no Indication of histo-
pathological damage. f

!

above fit - theThe (Cgg valses gijen
'

'rsistionshipt ! ,

I
n Itexts oad o e t

i

where n = 1.0. la apphuimately '2.

1

I
t
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>
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Obsetvattene ,

(*Hsure.-
'

Species
conditions'

characteristics

Rat II. I3
tiposure to 648 '576 pm im

Rats were exposid for 14 6eys, the
nortality resul ts wares.

60 minutes,
Spr ague.04=le y

eale 0#0 W OU
g g.300 g 1097 pm 3/$

1576 ppm $;5
'

4,per group

the LC39. with
85% sonfide e 1tatts, wesi

966(?lla llM) pm ,*

The signs of toxicity rep'orted were eye

and note irrt stice, lacrfutton, sorneal
coacity.- 'hin0trho#4,1 sellyttiofl.

respiretory sistreme andi skin erAhste.
Deaths accurrnd It up 16 6 deys : post.

'
entneure. .

Histopatholog cal,tuntnetton of the lungs

of survivors at 14 days ter- Im.' v4bcular

congestion. mWit(pk , arts # . of

Intrealveolar heemofthage. ,

and

imeld jbyperplasta. Nopertbronchtoint
lestone were noted in other N jor organs.-

Ratl0
Growns esposed to 11650 25

Rats were obineved fee 7 days, the
imortality resultswerei.!

600 prei for 6 minutes
Wistar
250 th a !!a40 prui 1/10

,

17616 pp$ 4 10 ,

10 per group 18580 poi 8/10

tono no ?llo
-flM0 w i 10/10

Tre LC50 witi 951Iconffdence 11m t$. was:
18200(15965.!0/ pm

Mst deaths accurred within 24 hours post.

exposure. 61though sons heaths occurred at

~34 days. Niewnerf codese end

hienorrhage were censupnly observed st
L

nectopsy. ;

I

k.itli Groups exposed to 1087 1765 Rats were observed for up to 14 days.1he
verte'.ity rt sults weer

fSpeseve *0awley pp for 60

eartved CTE minates
1067 o m 0/10

'

750-3'5 g 1108 pps 2/10 [t
1405 ppi 3/10

'

I10 one group l$6$ pan 8/10
1765 ppa 10/10

.

!

| 5
|

!

|
$
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Ot;sorvettone
(apusyre

$pegggs
conditt eescharacteristles

The LC50, wiih 951 conficance Itttts, was

1395(13h?*1495)pne;

The signs of toxicity reported were eye
and sucous meetmens tetitstion, corneal
opacity, skin erythenei and respiratory
et stress . Secretsy revealed pulmonary
enngestion and oedema, and thric,

haerhorrtage. !

sserved fh 14 days, the onlyRats were o
Ratl4

Several grovgs esposed to

atf ferent concentrations for
oats given tas an LC$3 value of 1218 ppm.

$res we Dawley
,

60 minutes.nale - .

10 pe' get.rp

Mice were observed for 14 asys. Ire
12 33 Expcswre to unspecified

nouse
concentrations for 60 ininutes, morstitty r Psults weresa

CF-1

fmale 351 ppm C/10
30350 436 m 5/10
10 per group 505 ppe 9/10 I

510 pps 6/10
613 pen 10/10

t
with 95% conficence I tint t s,the LC50,

was: |

458(4|8489) ppa

The siges of textetty reperted were eye
and nose f eritattom skin erythema and
respirator r distress. Cesths occurred at
up to 6 da es post.orposure,

t

Histopathological examination of the lungs
of survivors at.14 dayt revealed scattered
areas of intraalveolar hennerrnage, with

uisma' y con 04stico et the htgnerdiffees p r
conctntrations.

10 Groups exposed to 2430-11 010 Mice were observed for 1 days. The
house '

ICA ppn for 5 minutes. rectality resul.ts weret.

3D 35 9 2430 ppa 0/15 1
4500 ppu 5/15

15 per group
7615 pmilo'!5 |
6140 pom 6/15 i.

11010 ppo 15/15 ,

i
!

6 I

|

;
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Observations
,(xposur,
!$p,gggg

conditions
- charasteristics

The LC50' 'II'' 951 cutf triert.s limitt, mest
!

6241(47168149)prwe{
t

Most deaths cccurred withiri 24 hours poste

exposure, alt sough;tos dieths pacurred at
34 days. Pulsenery j cedspe -and

haenorthese were , etersonly obestred at

|necropsy.

i

Mice wre ebwrved for up to 14 days, f te
ll - Groups exposed tr 763 458 ppe

mort 411ty req uits weret !Mouse
f or 60 ritnutes.ICA ctortved CF-1

f ernale 763 ppu n/10
25 32 g f f 8 pre ,/10 ,

324 PP* '/10 I

10 per aroup $88 ppa U10 |
456 ppe 9/10 i

.

The LC o, with 95h confteente lletts, west$'-

34! (31! 372) ppm

the signs of tomicity , eported eere eyer

- and aucous irenairene terttation. : corneal
opacity, el,in eryttene end respiratory
distress. kocrapey eyvoaled pulfonary
congestion and haemorrhage.

I

klee were osserved for $4 days. .The only
li Several groups erposed to -

different concentrations for data given we en LC50 value of 501 ppe.Mouse

lCR I
60 minutes,

enale
i

10 per fjroup

Guirwa pigi observed for 14 days.' The
9 Groups esposed to vertousGattica pig .

concentrations for 15 minutes. LC50, with 95% i.onfidence liette, was:-
Hartley derivNi

-| ;
male 4317 (< 006-4677) poet
340 360 g' |

The probst Itneihad e steep slope of 15.5.,
10 per gecup. At esposur e leels prohucing sente coaths,

tosto stgr s weh ' trettetton of' the eyes
and nose, 41seight hse and respiratory
distroes.

Another oroup:of 10jgutnoe pigo were
e poe.d to un pr w.1,,utes. =
do.th. occurred.

| I
i

7
:

!
t
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$pecies luposure 00servattore
charetteristics conditions

._ ., .. . . . . .

Rabbit 6 This study invo)ved toth Tnts study iras not welk reported, in that
how Zealand Vhtte single and repeatec exposures, it it difficult to retake procieely the
4 5 months old the experiments of particular severity of ef fects and mortality to
1.8*3.9 LO interest involved esocsint 0r090s particulaf expowre canittlons. Mortality
and of ) rabhits plus 3 Oulnes pigs to data are prnoonted in g{sphical fans only,
Guinee pig varying concontrations of HF for and in teres of no deaths, e propertional
0.5 1.3 kg portocs of 5 mingts: to B hours, nu@er of deaths, and total deathe within

the group, with no cleaf separatten of
3 rabbits and deathe in enhbt'.s free itete in putnna
3 guinea pigs pigs. |
per group i

For each erposure paritxt ' the lomist
concentrail ses tasted dich produceo enne
deaths were:* | |

!
5 minutes O'f000 pom '

il ennutee 8-1500 p p
M minutee si2000 pp
60 minutes 9=700pim

lio minutes Si 250 pen

Concentratt in dependent ttritation of they

eyes, note and respiratory tract was
evident et- 25 pas arid- ahowel Higne,.

concentratt me, parkleularly| those
preshcieg inever$ systento tokloity and
some deathi ef ter the! shorter .esposure
periode used. prockoed corneal eraston anct

necroots of the 6esal tdebteates.

levere sysiente toute , ffects wees seene

under the exposure condittoat productno
- some deaths (lleted above), but also at
sompuhat lorer values, enacoles helng 600
pm and ebeve .for 5 st|nutes. and 54 pai
and above for 8. hour's. These i effects
consisted o" lund congeshton, hacerthage.

'

cedema, segnyeena, and thflammettan of the

trechea - erLl beenchi.- and cargretten,
cedoms and necrotts Of several other
organei livir. kidneys, wart, spleen.

'
!

8'Ratbit . 854 or 1241 p;rn for 15 minutes. Rabbits were observed for 45 days.!
-Irritation i f thd ens 'ose and !p

$ per groko resotratory tract tes etEerved, persisting -
for sev'eral haune poetMsposure. . At !!47
poe the ani ule'inopeered subdued and weak
for up to 2 dayer post-esposure he deaths

#CCCurred. I

h

i

8 i

i

|

! 4
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,

Condittoes
characteristics - i

460 or 666 ppm for 16 minutes,
Dogs were obser,ed for i+21 assys poet.

Ong er 161 or 243 ppe for 60 minutes,
exposure, lento y irtitattee of the skin.9

,comprel eyse, nose and esptfotorytractwas '

'opperent, and toughing persisted for a

f pee proup fe. o.ye po ;t . w ure u. e..ths
occurred. :

Monkeys were etserved for il d4ys. Ihs
MunkeyI4

leveral groups orposed to

06fferent concentrations for
only dets gt wiwet an LCgg'value of

~

Rhesus 1774 ppm. ,

60 minutes
males and 4 .

- f er ales
4

4 per group

t-

!

!

!

l
.

I

i

|:

>

' i

!
i
i i

i

!
i

'
-

,

>

9

t

!

!
,
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,
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