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1t'¡0 QUALITY ASSURANCE UNIT (TOXCICOLOCY)

P.0. BoX 360, 3200 AJ ZEIST, the t{etherl.ands

t

STATETIE}IT OF GLP COMPLTANCE

0n : subchronle lnhela¿lon toxlelty study rrlth lormalctehycle ln rats:
8-hour contlnuous yersus B-hour fntepElttent exposures

Report no.: V 86.361/250283

Date : October, 1986

The study nas carrled out under condltlons of goocl laÞoratory praetlce.
llithln reason there have been no clrcuDstances thet Blght have affectect the
quallty ar¡d lntegrlty of the results obÈalneel.

Date and number

of lnspections:

June'1 6, 1986 (3)

Oetober 29, 1986

FlnaJ. report audlt:

OctoÞer 30, 1986

fe.

Drs S. van Stre¡en
QuaIlty Assurance l{anager

Octoben 31, 1986

date : ,¿.õrrt^r.{CL tl , lÍ Bé
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SUI{MART

l. ¡1 subchronlc (13-yeek) lnhaleÈ1on tortcl¡y study vlth foroaltlchyclc uas

carrled out ln Eal,e rats. the aln of the study yas to flncl out rhether

ercurslons of the êxposure eoncentratlon by I factor 2, under condlttons

of concentratfon x tloe (C x T) ls constant. vfstbly sffcc¿ the

cytotoxlc actlon of forEaldchyde on thc nasal 
"plthelluE-

Fonr groups of raLs (lnltlal nuober: 25 ger group) rere eontlnuously

cxposed !o 1 or 2 Ppo foroaldehyde (E ho¡¡rs a ctay), or lnterruptedly to

2 or ll ppn (8 suceesslve I h pertocls e day, cach consfsttng of 30 ¡ln of

crposure and 30 nln of non-exPosure)r 5 cleyc a Íeek for 13 veeks. Â

control group yas exposed to frcsh elr only. At the cnd of the l3:vcek

èxperfEen¿al perlod, 10 anloals ol Gach Sroup vcre lnJectecl vlth

[tH]thyEldtne to stucly the cel] turnover ln the nasal eplthell¡¡¡. In

actctlÈlon' 5 satelllte groups of 5 rats each (5 per control group ancl 5

per Gach lest group) ¡rere klllecl afÈer a treatEent pcrlod of 3 .layg ancl

yere used to study the cell turnover ln the naltal GplLhellu¡.

Exposure to lorEaldehyde dld not lnfluence the behavlour 8nd appeerance

of the anlEalg.

Âs coopared to the conÈrols no dlfferences ln body relghts eeFe observed

ln the test groups.

No lncrease fn the nL@ber of [rn]¡nynldlne lebeled cells of the nasal
t

rêspiratorÍ eplthellutr yas found ln rats exposed io fot¡alclehycle on 3

consecutlye ctays. At the encl of the 13-reek exposure perlod, the ceIl

turnover rate ¡ras hfgher ln the group lnterruptedly Gxposed to ll ppo

foroalclehyde than fn conLrols.

Grogs exanfnatlon aÈ eutopsy cllct not reveal treatBent-related petho-

loglcal changes.

Treatoent-reta¿ed hlstopaLhologlcal changes vere only found fn the nose

ol anlnals fn¡erruptedly cxposed to ll Ppn loroaldehy<le. they cooprlsed:

2.

3.

lt.

t

6.
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(a) fncrease ln degree and lncldence of drsarranged re.¡prratory
eplÈhellun llnlng the sep¿uo and the nesoturblnates

(b) lnereased lncrdence of squaoous uetaplasla of the rcsprretory
cplt,herfuE frcquen¿ry eceorDpanfed by besal cerl hypêrplasta ¡ncr
oecaslonally by keratlnlsatlon.

9. Tuo ppo loroaldehyde vas a non-toxfc effect level ln the present etudy.

10. rt vas concluded that under the condltlons used ln the present study
(subcytotoxtc and oargfnally cytotoxle cxposure levels anct e reratlvely
long treaÈtoent-perlocl) the exposure eoncentretlon rather than the ¿ot,al
dole ls prfoarlly rcsponsfble for the adverse effecÈs of foroalclehycte on
the nasaÌ eplthellun..



-E-

E.HOUR CONÎINUOUS VERSUS 8-HOUR I¡¡TERHITTENT EXPOSURES

I . I}¡IRODUCTION

srenberg et ar. (1983) have shovn that the ctegree of cerl prorlferaÈron rn
the nasal respiratory eplthertuE depends on the expos¡,^e concentratlon
rather than on the totar dose of fornalctehyde. Therr experrnent,s vere
carrled out vlt'h several Sroups of rats eeeh recefvlng the setre cu'uratlve
dose of J6 ppn'h fornalctehycle by lnhalatlon but after exposure to clfferent

- eoncentratrons and for crlfferenÈ perrods or tlne (3 ppm r 12 h, 6 ppm x 6 rr
ancl:2 ppm x 3 h). Hlloer e¿ el. (1986) cerrlect out a tt-yeek lnhaletion
stucly ln Dale ra¿s vhlch ¡rere exposed to O, 5 or 10 ppn foroalctehycle
contrnuously (8 hours a day) or to 1o or 20 pptr fo.traldehyde fn¿erruptedly
(8 successrve t h perrods a dey, each consrstrng of 30 nrn of exposure anct
30 ntn of non-exposure). They founcr that arso unden these experrrDentel
eoncrltl.ns (concentratron x Èf'e ls constant and repeated exposures cturfng rr

¡reeks), ¿he exposure concentratlon rather than the total dose ls declslve of
therseverrty of the cytotoxlc effect of for'erdehyde on the nasel
epitheltun. Hovever, ln thls I-yeek study relatlvel.y hfgh, cÌearl.y cytotoxtc
fornalclehyde concenlratlons vere usect. The questlon erose yhether the afore-
Eentloned concluslon ls also valld yhen loner exposure levels (oarglnally
cybotoxlc for the nasar Ducoga of nats) and a longer expogure perrod are
used. lhecefore, a rJ-reek rat study srmlrar rn desfgn and conctuc¿ to the
prevlous l{-veek sÈudy but usfng exposure concen¿ratrons of r, 2 ancr rr ppm
fornalcrehyde Hes carrled out. Thls lJ-reek stucty ls descrlbec! ln the pnesent
report.

2. }IATERIALS AI{D HETHODS

2.1 Haterlalg

Parafornaldehyde vas purchased froo Janssen Chlnlca, Beerse, BetBluD.
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Iuetnyl-rx]thynldlne (speclltc actlvlty:

^Derghan 
Internatlonal, Bucklnghe¡¡shlre,

2.2 @r:

t.tl8 TBq/mol) vas oÞlalned fron
EngIand.

One hundred and flfty DaIe alblno SPF tltster rats (Cpb: llu, TtsÈer randon)

vere obtatned from 1N0 Central Instltute for the Breeding of LaboraÈory

Ânfi¡als, Zelst, the lletherlands.0n arriyal the ratr yere ll veeks oi ege and

velghecl l¡0 ¿o 60 g. The reÈs Here checked for overt sfgns of 111 health and

anonalles. lhe anlmals vere agslgned by conputer randonlzatlon to 5 Broups

of 25 oales eech anct to 5 gatelllte gnoups of 5 nales each to be used ln a

3-day cell prolfferetlon study.

2.3 Exposure chambers

The anfu¡aÌs ¡rere exposecl Èo the ¿est subsLance 1n horlzontally pl,aced glass

cyllnders (0.90 x 0.15 n) Hith saírpllng ports ât the lnlet, and the outlet
part of the cyl.lncler. Each cyllnder Has flttecl ¡rlth an lngerlor of
perforatecl stalnfe¡s s¿eel plage for lnCllylclual houslng ol the ¡nluals. The

total eln flou through each cyllncler vas 20 l/nln. The cyl.lnders vere kept

at e teEperature of about 20 oC.

2.ll l{al ntenanee

Durlng the exposure periods and the 3o-ninute lntervals the test and control
anlr¡als Hene housed ln the glass cylfnders. After each exposure day the

anlnals vere housed, 5 to a eage, ln suspended stalnless steel eages fltted
Hl¿h nlremesh floor and front ln an anlnal. roo¡¡ kept et a tetrperature oî 22

t'loC and e relatlye hunldlty of ¡10-60 f. n l2 h llght/12 h clark cycle vas

oalntalned.
llelther food nor yater vas pres-ent ln the lnhalatlon cy),lnclers durlng the

experlmental perlods. Durlng the non-exposr.re penlocls the anlnals rere
provlclecl ¡rtth bottled tap vater end the Instltuters s¿ock dlet tor rats, the

cooposl¿lon of nhlch ls Blven ln annex 1. ÂcLuâl fevels of conùatrlnants ln
stock dlet (batches prepered ,.n the perfod Sepienber-DeceoÞer, 1985) ånd ln
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drlnklng vater (cteternlned ln the sa6e perlod) together rlth thelr tcntåtlve

Earlna ere glven fn thc annexes 2 an<l 3.

2.5 Cene!'atlon of the test atDosÞhere

llrc forralctehyde gas Ía! 8Êncrated froo parafor"nalclehyde by ther¡al

dcpolyEertzetlon aecording to a Dethod descrfÞed by Chang et al. (1981).

2.6 Analvsls of the test atnrosllì!rc

The cytlncter e¿BosPheres uere Donltored by tvo syteEs. 
^n 

eutoEatlc saapllng

rnd'analyzing sysÈeE, Eanufactrred by SKALAR 
^nalytfcel 

B.V. Ereda' the

NeLherLands, rlas used to ænltor the test etDospheres for contlnuous

erposure (1 and 2 ppm). The ¡elhocl ls based on a eolorluetrlc ætlBatlon of

fornalclehycle by oeans of ¿he Hantzsch reactlon (also callecl the aceÈyl-

ecetone Dethodi Ìlash, 1953). the SKALAR autoanalyzer Yas callbrated ¡rl¿h

gt¡ndard sanples of for6aldchyde. 
^ 

IIIRAN 1A tnfra-rcd analyzer ves used to

¡onlÈon the test atBospheres for fnternlttent exposure (2 and { ppm).

I

The settlngs of the lnfra-red enelyzer r.ere as lollovs:

MIRAN-1 A

uavelength 3.58 um
j

path length - 18.75 n

sl lt 0 .5 DI!

The I{IRAN-14 analyzer yas callbrated agatnst the acetylacetone Eethod' as

folloss. The foroalctehyde concentratlon fn the telt at,msphere ¡.as

deterElned by analyzlng a sanple, eolleeted ln a eeshfng botÈle, by the

rceiylacetone Bethod on the caltbrated SKALAR analyzer (ustng thls âpparaÈus

r¡! a rpec¿rophoÈooeter) and by readlng the absorbence of the test at6osphere

lroE the llIRAl{-tA lnfre-red analyzer. Thls nas repeated 5 to 6 ùlEes Ylth

dlfferent coneentratlons of tor@ldehyde ln the atDosphere.
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2.7 ExÞerlmen¿el deslgn

the concentratlons of the Èest subglance durlng thls I 3-veek stucly ¡,ere

r! follons:

@or¡p eolour code ÈargeL concen¿ration- ConcenÈratlon X tlEe
(ppnr) (ppn.h)

A ¡,hlte 0 0

B blue 1 (eonÈlnuously) I
C g¡een 2 (contlnuously) 1 ó

D reâ 2 (ln 3O-mfnute fntervals) E

E yellou ¡l (ln 3O-olnute lntervals) 16

2.8..Erp@,

the rats of groups B and C r,ere exposed Èo the test substance for I hor¡rs a

day contlnuously on 5 days a Heek ror a perlod of 1J ueeks. lhe râts of

groups D anct E rere placed ln the lnhalatton cyltnclers for E h a day anct

cxposed to the test'lubsÈence for I pertods of 30 ¡fn per day vlth a non-

GxposLre fnterYal of 30 nln after cech 30 nln of erposqre. Tltls cxposure

lchedule Yas rêPea¿ed each day, 5 days a veek for a perlod of 13 veeks' the

cxposure !o foroaldehyde eas started on SepLeober 19' 1985 and terÐlnated on

Deceober 19, 1985.

2.9 Observatlons, analyses and measurenents

2.9.1 Cllnical observatlons

the general læelth stetus of the ratÈ vas ¡sselsed by vlsual lnspec¿ton

trlce a day dr¡rtng eorklng days, vlz. Just before 8nd Just after the

Gxposure. Durlng the yêekeîdg the anfDals rere cra¡lned only once e day.
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2.9.? ÈodY uelght

the body r.elght of cach a¡rlmal ¡.as rccorded Just before the start of the

ffrst cxposure to the test substanee and once every veek thercaftcr.

2.9.3 Cc11 Prollferatlon

Elgtheen hours af¿er the thfrct day of exposure to forEafdehyde 5 rats of

êâeh group rere Sfven a slngle dose of [¡H]thyDldtne (7ll kBq per Sran body

uctght) Þy lp tnJectlon. 1r¿o hours leter Èhe rats vere anaesthetlzecl Yfth

llegbutal, exsangulnated by eannulatlng the abdotDlnal aorta and deeapltatecl.

The heacl ol each nat ïas sklnned and the loHer JeH eas reEoved. the nasal

cavtty of eaeh rat ¡ras flushed Hlth a neutral aqueous Phosphate-buffered ltf

fornalclehycle solutlon ancl flxecl tn the sane solutlon. After decelclflcatlon

of the nose fn nftrlc acld and godlun sulphate, 6 ctendaró saEples Here

taken (deslgnatect as leYels I to VI' see annex ¡l) and proeessed through

paraffln yax. the saûples yere orlented ln the cassegtes ln luch a ¡.ay theÈ

the polterlor surface yas sectloned. Sectlons of 5 Un thlcknesg, obtalned

fron sanples taken at eross levels II ancl III. vere procelsecl for tuto-
rattfoåraphy uslng Koclak NTB-2 emulslon. After ll veeks of exposure at -28cC

the sltctes r.ere devefoped vfth Kodak Dl9. stalned ¡.lth haeBatoxylln and

eosln and eBbedded ln DePex. To deeernlne the rate of ceII turnover ln the

resplra¿ory eptthettun of the noge, 5,000 cells (vhere posslble) ltnlng the

nasal end oaxillary turblnates, septuE end lateral ¡raII of level II uere

leored for rllver gratns over the nuclel, ln each rat of each dose group.

The percen¿age of labeled cells vas obtefned by cllvldlnB the nunber ol eells

Hl¿h lt or ære sllver gfalns over the nueleus by the totâI nuEber -of cells

eounted. Seetlons of level III vere not scored ln thls study'

At the end of the t3-yeek exposure Pertocl (for practlcal' reasons on day 89

and tlay 90), lO rsts of êach group vere slollarly treatecl HlÈh ItH]thyEtdlne.

Sectfons (at level II) of the noses of 5 rets per Sroup nere used for Èhe

de¿erolnatlon of the cell turnover; the sectlons of the other rats vere kept

tn rcserve. sectl0ns or the noses of eII rats yere used for hlsto-
gatholo8lcal era¡¡lnatlon as decrlbed ln the next Paragraph'
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2.9.lt pau'otogy

^t 
the end ol the tJ-veek test pcrlod (on ctay 91) tf¡e reoainlng r¡ts (15

per group) uere ånaestheLlzect by ether, cxsangufnated by cennuletlng the
ebdoElnal eorLâ end exâ¡olned grossly for pathol.oglcal. changes. The nose of
ceeh rat ¡ras llxed ln a neutral aqueous phosphaLe-buffened If for¡alctehyde
sorutlon. The nose vas decal,clfled uslng nitrlc ac!.cl and lodluE lulphate.
Slx standard senples of the nose yere laken (see annex lt). processect through
paraffln rax, sectioned a¿ 5 uE, ctalnecl Hlth haenatoxylln anct eosln, and
exafilned nlcroscoplcally.

2. 10 Statlstlcal analysis

staÈistlcal an"ryst" ir body vetghts yas carrted out uslng analysls of
covarlance folroved by the Dunnett test. For htstopethol.ogtcar changes,
Flsherrs exact probabillty test ¡.as used. lhe data of the cell prollferatfon
study uere evaluated by Stuclent's t-test.

2.'l I Contrlbutors

HaJor contrlbut,lons to thfs study rere Dacle by :

I'lr F. Hendrlksma : anløal hanclllng
il" .lJ.H. van Doorn : anl!ìal l¡endlln
l,!r J.ll. VllJeer : senlor technlclan
Hs W.H. Stenhufs : hfsto¿echnlclan
l.lr 1.C.J. Dlrksen : histotechnlclan
Hr t.R. Leeoan : cell prollferatton stucly
Drs L.H. Appelnan : study dlrecÈor
Dr J.u.G.H. llfloer : cteputy study dlrec¿or
Dr R.A. llouÈersen ! pethologlst
Dr V.J. Feron : study suÞervlsor
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2.12 Devtatlons fron the Þrotoeol

lnloals eere not erPored on day 19, due to tcchnlcal DroblcDs'

the results of other subchrontc tnhalatton torlcfty ttudlcs últh rGlrtlvcl'y

lon lcvels of foroaldchyde, reeently carrled out 1n our InsÈltutc (Houtersen

et a1., 19ðll; Zxart Gt al. 1986), lndlceted Èhat lcvel lI (see rnner {) of

thenoselsDoreaPproprlatethanlevellurorltudyln8thêcytotoxlc
cflects of foroaldehyde on the ret nasal resplratory cptthellu¡'

thercfore, lt r,as decldecl to prepare seetlons both 8t level II ¡nd III of 10

(lnstead of 5) rats per group end to process thcse sectlons for 8uto-

racllography.FurlherEore,ltyasdecfdedÈodeterolnetherateofcell
turnover first at level II (lnsteacl of et level III as lndlcet'ed ln the

protocol), uslng sectlons of 5 rats per group'

3. RESULTS

?-l ExDosure levels

n" 
".rlr"f 

Eean concentratfons of foroalctehyde ¿o ¡'htch the rats ln the

dffferentgroups¡.ereexpogecldurlnstheentlPerxposurePerfod'ycre:

Group target coneentratlon
(ppn)

aciual concentraÈlont
(ppn)

A

B

c

D

E

0

I

2

2

¡t

( cont lnuousry )

( cont lnuouslY )

(ln 3O-¡fnute lntervals)
(ln 3O-olnute fntervals)

0

0.99 t 0.03

2.00 t 0.06

2.00 r 0.07

3.98 t 0.t0

¡ãan t standard clevla¿lon

lheactualueanSþ!}¡concentratlonsoffornalctehyctetoyhlchtheratsln
thettlfferentgroupsuereexpoledarelfstedlntablel.Gcncrally'ylthln
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I to 2 Efnu¿cs af¿cr the s¿art of ¡n cxposure the deslred Goneentratfon of

foroaldchyde yas rcechêd. After têrEfnatton of an cxpocurc thc conecn-

tratlon <lropped Lo zero vtthln 2 to 3 Efnutes.

3.2 Cltnlcal obscnvatlons

The bchavlour ¡nd ¡pprarance of the anfaals vere not Ylsfbly lnflucncecl by

thc cxpotrte to foroeldehyde.

3.3 Body velghts (table 2)

Body eelShts of enlnalt of ¿he tcst Sroups clld noÈ lhoH statlsÈlcauy
slgnlflcant dffferences vlth those of the controls durlng Èhe enltre

?xposure perfod.

3.lt Cell prollleratlon (table 3, ¡nnexes 5, 6 and 7)

The eell turnover rate ln caeh grouP shoved an apPPoxlDately log-gausslan

dlstrfbutton. Statfsttca lrÂYe been applle<t accordlnSly (annex 7). Âf¿er

3 days of cxposure. the nu¡bÊr of IrH]thynldlne-Iabeled nasal rcipfratory
cpfthellal cells (at lcvel II) yas reduccd to abouL 50f of thaÈ of Èhe

controlr, ln Èhe groups eontlnuourly exposed to I pPD oÊ lntcrruptedly to
2 ppn (recefvlng the saoe dally dose of E ppra.h). Hovever, ln both groups

the dtffcrenee vfùh the eontrols Yas not statlstlcally slSnlflcant.
tloreoverr thls phenoEenon Ía¡! nOL Seen after 1J neekS Of exposure. No

Itatttttcally llgntflcant dlflerGnce ves observed ln the nLEber of labelecl

cells ln any of the other têst Sroups es coDpared ¿o the conÈr'ols.

At the end of the l3-veek êxposure perlocl a s118ht lnerease tn cell turnover

rate eas observed fn.the gfoup ln¡erruptedly elposed to ll ppn fortalctehyde.

The tltfference ¡tlth the ecnLrolt ves not ttatlstfcarly afBnlfleanù' rn all
other test, groups the ccll turnoyer rãte yas cooparable to tha¡ of the

conÈrols.
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3.5 @sr

3.5.1 Gross Qranfnatlon

Grosscxaolnatlonatautopsydlclnotreveal¡nyabnoroalltythateouldbe
rcl¡tect to the lnhalatlon of the test substance'

3.5.2 Èllcroscoplc cxaDtnatlon (table I)

lreattrent-related hfstopathoJ.ogieal changes vere only foulîd ln the nose of

anloals lnterrupLedly exposed to 4 ppo fornalclehycle (totat dose l6 ppo'h)

ând coúprlsed:

a) an inereased degree and incldence of dfsarranged resplretory eplthellun

llnlng the leptun and nasoturbfnates' and

b) an lncneased lncfdence of squaEous EeLaplesta of the resplratory

cplthelfun frequently aceonpanled by basal ceIl hyperplasla and. ln 3 out

of 25 anlmals, bY keratlnlsatlon.
t.

llo lnereased lncldences of these leslons vere found ln the 2 ppa Sroup

rccelvlng Èhe sane ctally ctose of fornalclehyde (16 Ppo'h) as Èhe lt ppn Eroup

but obtalned by Deans of dally 8-hour unlnterruPLed exposures to 2 pptl'

guSggestlngthatlnthe|lpp¡¡sl.ouptheeoncentretlonraLherthanthedoge
vas responglble for the effects observed'

InercasedfnclctencesofeplthellaldlsarrangeEent,negt.llkelnfo]dsand
goblet cell hyperPlasla rere geen ln ra¿s tnÈerruptedly exposed to 2 ppo

forEaldehyde (Lable ll). Horever, these leslons are 4! ascrlbed Èo

torDeldehyde but to the hlgh tncldence of rhlnltfs observed ln thls BfouP'

because rhlnltls ls usually rcedlpanted by dlsarranteDent ¡nd hyperPlasla of

thellnlngeplthe]tL¡E.}loreover,anlncrealedlnctdenceoftheafore-
rentfoned lesfons ls not present ln the group eontlnuous)'y cxposed to 2 ppo

torEal dehYCle.

The r¡nusually hl8h lncidence ol rhlnltll tn th€ group lntcrruplêclly exposed

to 2 gpn ls no! consfdered e eoopound-related cffect because:



a)

b)

e)
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the lnclclence of rhlnitls ln the group lnterruPtedly cxposed to ll ppn

forEaldehyde vas eonslderably loYer than ln the Sroup lnterruptedly

exposed to 2 PP!D,

the lnctdenee of rhlnltls ln the group contlnuously exposecl to 2 PpD

forraÌdehyde ts conslderably lo¡rer than ln the Sroup lnterruPtêdly

axposed to 2 PPE' end

large verfetlons Þetyeen groups of rats ln lncldenees or thl! nasal

leslon are not uncoaDon ln ra¿s ol thfs sÈraln and age, rhlch ElSht be

retated to Yarlatlon 1n the coopo!ltfon of the Eleroblolo8lcal ettrosphere

fn the dlfferent exposure cyltnclers.

Ir. DrscussroN

I

Fro¡r the resul!s of the hlstopathologlcal observatlons 1t apPeaPed that

cytotoxlc effecÈs of foroaldehycle on the nasel resPlratory eplthellun only

occurre(l after lnLerrupted exposuFe of rats (8 suceesslve t h perfods a day,

each conslstlng of 30 nln of ?xposure and 30 uln of non-?xposurc) to ll ppm

foraalclehycle, on 5 days a r.eek lor 13 eee¡{s. the leslons observed ln the

lt ppo group nalnly conststed of lnereased fncfdences of dfserrangeoent of

eplthellun and squenous Eetaplasfa occaslonally acconpanlecl by

keratlnisablon. No leslons of the nasal eplthellum regarded as ooEpound-

rela¿ed vere observed ln eny of Èhe other ¿est groups. The unusually hlgh

lnetdenee of rhtnltls found ln the group lnterrup¿edly exposed to 2 ppm

forEaldehyde yas conslderect to be a ehance-effect unreleted to foroalclehyde;

¡nd noreover, ues held responslble for the hl8h lncldence gf Cplthellal

dlsarrangeoen¿ end hyperplasla ln thls group.

The results of the èeI). proltferatlon stucly nere tn good agreeDent vlth the

hfstopaÈhotoglcal ftndtngs ln the nose: af¿er 13 veeks Èhe cell tunnover

rate at level I1 of the nasal. resplrâtory cpfthellun ras alBost 3 tlnes

hlgher ln the lt,¡lpo group than ln control,s' Hhereas cell t¡¡rnover rate fn

the other tcst groups yas c,oEpafeblc to thac ln conÈrolr. surpntsfngly' ve

dlcl not ffncl any fncrease fn celt turnover ra¿e ln the ll ppn Eroup alter 3

days of exposuFe. Thls rêsulÈ ls t¡tghry unexpected' because prevlous

lnvêstlgatfons shoued a Darkecl fncrease ln the cell turnover rate after 3
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úays of G¡posurc to 3. 5 or 6 ppo forDaldehy(þ (Zvart ct ¡1., l9Eó; ltloerct el.. 1985¡ Suenberg ct ¡1., t9g3). These studfcs.lso rhoved th¡t thetnerce!ê ln cclr tunnovcr ratc dcc'rearect r.lth tlne ttcsplÈc c9ntlnurtton ofthc cxpos're to tor'ardehyde, vhrch renders the absence of ¡n rncrc¡rcd eerlÈurnover tn the rr ppo group ¡ltcr 3 days fn thê prcsênt rludy DG".G p'zzlrng,perÈlcularty ln vley of the (stfll.) rlEost 3 tlacs hlgher cGlI turnovcr |.rtern thls Sroup erlcr t3 vceks. lhe r.esults of the study by zrart ct rr.( t 986 ) shoved r Earked tncrcase rn eerr turnover ¡s cooparcct to eontrolsboth at lcvel II rnd ¡t, lcvel III, after 3 days of exposure to 3 ppnforoardehycre. tfter r3 veeks of cxposure a rrgnlflcant rncrease 
'n 

cerlt¡''novcr rete yas seen only at level rr. the cerl tr¡rnover rete yas
tlet'erornecr only fn cerrs lrnrng the septutr, v'ìlch appeerecr to be (for
unknoHn reasons) so unexpect'edly lox fn the controls that the slgnlflcanceof thê ftnc*ngs obtarned fn rats exposed to rov revels of for'ardehycte (upto 3 pp') Elght be arguable. rn vrer of the resurts obtarned at lever, rr rnthet study, hovever, the cerl !¡¡¡nover rate rn the presen' ltudy .,asdetep'lned only at tha! level rr. the nuaber of labeled eerrs ya! seored fn5000 eclls per rat' dtstrtbuted over the rcspfratory cptthcrtr¡E o1 the DasartLrÞlneter (too0 cer's), naxrlrary turbfnares (ro0o eerls) ¡nd the æptu'(3000 ecrrs). Âlthough the eell turnover rate of controls uas DoFeeooparable to tha¿ of prevtous studles, no sound explanatlon ean be glvenlor the unexpected flndfnSs ln the I ppm group after 3 ctayr of exposure.

unllke the an10a1s fntepruptedfy exposed to rr ppo fo¡Ear.dehyde, the rats ofthe 2 ppn 8Êoup recelvlng the sane clally rtose (16 ppm.h) es the r.l'als ofthe lr ppo group, dld not shoH conpound-rer,ated nasar rcslons. Thls pornts Èoùhe concentretfon rather than the dose of foroaldehycre bcrng prr'arrryrcsPonslble for the erfects on the nasal. cpfthellun. The caae concl.uslon yasdravn froo Èhe rcsulÈs of a prevlous forEal.dehyde gtudy tn rats of slofÌardesfgn end conctuct but urrng hlgher, cr'earry cytotoxlc exposuFe levels (5 upt'o 20 ppn) end a Euch shor¿er Èrea¿Eent perlod (¡t reeks) (llll¡er ct al..l9E5 and t986). Âlso Syenberg et al. (t9g3) ca¡e to the saoe concluslon lnthefr studles fn rats t lth slngl.e exposures of 3 to t2 hours (one daytrcatDent,) and ?rposure eoncentratlons of 3 to 12 ppo. Âpparcntly. theconcrusl'n that the c'nccntratl0n ts oore l'portånt than the dose for ttscytot,oxfe clfect on the nose holds ior exposurc l,eveh rânglng,roD
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¡arglnally to severely cytotoxfc anct for cxposurc perlod! Yarylng floo a ler

hourg to scveral Donths.

In the present stuCly 2 ppn fornaldehyde uas found to be ¡ non-torfc cffect

lcvel for the nasal cPlthellun. Îlfs ftndlng ts tn full sgreeoent vlth the

rcaults of prevlous fnhalaÈton gtudlet fn yhteh raÈs r.cre cxPosêd to

fomaldehy<te at levels varyfng froo 0.2 Eo 20 ppn, for 6 to 22 hours a day

rturlng t3 or 26 vceks (Rush ct a1., 1983; lJoutcrsen et el., l9Ell; Z¡'art et

el., 1986). In these studles forBalctehycle yas found to dauage the nasal

lucosa a¡ lcvels of 3 pptl and hlgher: et levels of 1 Ppu ånd loÍer nâsal

lcslons unequlvoeally atÈrfbutable to foroalClehycte vere not found. 0n the

other hand, 2 ppn fornaldehyde has been folx¡d to lnduce sqì¡etrous DeÈapJ'esla

of lhe nasal resPlratory eplthelluB after exposure perlods of l2 nonths and

longer (suenÞerg et at., 1983¡ xerns et ar'r 1983)' Thfs posltlYe flndlng

vfdn Z ppm fornalclehycle after 12 nonths end longer' ln coobtnatlon vtth our

negatlve result ylth 2 ppo after 13 veeks, Day lncllcate that ln the long run

the cytotoxfctty of foroalclehycle for the nasal uucosa tg oore dependent on

the dose than on the concentratlon. Hoveyer, another cxplar¡atfon coulcl be

that the nasal epltheÌlun of older rats ls oore sensltlve to Lhe cytotoxlc

ecÈlon of for¡al.clehyde than that ol younger ratg.

ljlth respeet to the rHaxiEuÍt Allouable Concentratlon' of forBaldehycle' Hl¡lch

has been se¿ ln the Neiherlands at 1 ppo ulth a eellÍng of 2 ppr¡ (to be

taken as 0.5 h tlme Helghted average of I ppm.h), lt leeos Justlflable to

conclude that the results of the present stucly do noL glve rlse to change

the HAC Yalue:

a celllng of 2 ppn forEaldehycle (Èo be teken es 0.5 h tloe r.el8hted

ayerage of 8 ppn.h) ls hlghly desfrable because thl.s stucly agaln

deDons¿ra¡ecl the loporlance of the exposure concentraÈfon for the

eytotoxlclty of torDâl.dehyde,-and .

the ttudy agafn underllned that 1 ppo fornaldehyde ls lo¡r Gnough to avold

cyt,otoxfi effeets on the nasal eplthe1lun. thls fs of partlcuLar

lnportance slnce l,n the case of for6eldehycle avolclfng nasal da¡ege Eeans

reducfng the rlsk of nasel cancer t,o vlrtually nought (Feron et al.' 1984)'

a)

b)
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IABLE II: SUBCHRONIC INHALAÎION ÎOXICIÎY STUDY }'ITH FORMÂLDEHYDE IJ{ RATS'

st,l,lMÀRY oF }tIsloPÂTHoLoGIcAL CHANGES IN lHE NosE AFTER 13 rEEKs¡

(CONTINUED )

Slte ancl tYPe of

changes observed2

Inclclence of leslons
HALES

BCDAr

NOSE

Res DiratorY eDl thel lurl

eu Level IL

?. Goblet cell hYPerPlasia

- local

- <llffuse

E. Rhtnltis
I

(?2) (2¡¡ ) (23) (25)(25t

2

t
r3

trl
l6

1

10

ffis given ln bracke¡s
2

I
Leslons Dost probably related to the ¿reatnent
A - fresh alr only¡ B ' 1 Ppn' I hoLrs cþntinuously;
C - 2 pprû, I hours cgntlnLþuslY; D'2 Ppnr ln lnterval's;
E - ¡¡ ppn ln lnterval'S.
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^NNEX 
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INNEX 2 : CONTAHINANIS IN
(5ooo kg brtch'

1c¡d

e rdoÍun

¡arcutT
tin
¡r¡cnic
¡clcniuo
f luorinc

orgeno-P-coar Pounds
- ¡¡lrthion

^ - pirinrifor-rcthYl
orgrno-C1-cooPound s

PCB'g

d ithioc¡rb¡m¡Ècs

-30-

lHE STOCX DIET
groduced bY Vlo Eck' Cothen, on Augutt 16' l9E5)

0.65 ¡slkt
0.06 EB/kS

0.015 ng/kg

1 ¡glkg
0.5 !s/kg
0.5 Eglks

l0 ¡g/kg

ND

0.12 og/ks
0.05 Ds/ks

t{D

T{D

0.5 ug/rg

¡fI¡toxin 81, 82, Gl' G2

ocscrogcnic ectivity (Ticcco tcst)

bcnzo(a) pyrene

bcnzo(b)fluor¡nÈhcne

indeno( I, 2, 3-c , d ) pyrenc

benzo(k) ftuorånÈhcne

fluor¡nthJne
bcnz(ghi) pcrylcne

K-ni È rrte
ll¡-nit¡Ítc

nitrosod incÈhY leníne

nitroropyrrol idine
othcr ¡itro¡¡oines

ur¿¡sc.ctivity
trypcin i¡hibitor
becrugglut ininr

ND - Dot d.t¿ct¡blc

ug /kg

ng/rg

u8 /kc

ug /ks

us /ks

apH
Dg tryp3/B rrnple

ND

v8/k8

1.4 us/kg
1.7 uSlkg

< 2.5 ut/ks
0.7 uclkg
6.4 uB/ks

2.O us/kg

60

4

2.O

2.4

ND

positivc dilution
¡cgttivc dilution

0.03

< 1.0

none

1:10

CM-ÎM), FebruerY 1986
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DRINKING tlÀIER (dGÈcr¡incd in pcriod Aug'-Ilcc' l9E5)

^NNEX 
3 : CONTAHIIIAI{TS IN lHE

lc¡d
c¡dnir¡¡¡

¡trcury
¡r¡cnic
¡clcniuro
coPPcr

chromium

zinc
cyenide

d ichloror¡c Èhane

1,2-díchloroethânc
chlorofo¡r¡
l, l, 1-trichloroethene
te Èrrch loroocthanc

trich lorocthY lene

tet rachloroe BhY lenc

bcnzo(a)pyicne
bcnzo(b)fluorenth€ne
indeno( 1, 2,3.'c, d ) PYrene

bcnzo(k)fluorenthen€
f luoranthene

bcnzo(g,h,i)PerYl:ne

CM-TNO' FcbruarY 1986

tÈt
tE

I
5

I
5

30

<l
<10
<5

tÈ
<2
<2
< 0.1

< 0. I
< 0.05

0.3

< 0. 1

DDt

<5
<5
<10
<5
<20
<10

< 0.01
E.7

< 0.01

24

15.0

28.0

L.2

0.05

¡ob

< 0.01

< 0.01

< 0.0r
< 0.01

< 0.02

< 0.02

< 0.03

< 0.03

< 0.03
< 0.05

< 0.03
< 0.06

< 0.06

< 0.1

< 0.03

< 0.15

< 0.8

< 0.1

< 0.1

< 0.1
i o.z

< 0.2

< 0.1

< 0.1
< 0.2

¡r¡¡onir¡¡o

Ditr.tc
nitritc
chloridc
¡odiun
c¡lcir¡
pota! r iun
iron

HCB

A-HCH

I indane

hcpÈrchlor

hcpt¡chl. cPoxide

. rldrin
d ield rin

q-chlord¡ne

1-chlordane
cnd rin

'PrP'-DDE

o, pt -DDT

P, P'-IDE

P, Pr -DDT

ß.HCH

ocÈhoxYchlor

PCBr¡

DDW

¡cvinfos
d irz inon

¡¡1¡thion
PlrrËhion
chl or PY rifos
rul fot:P
fcnitroÈh ion
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^NNEX 
5: sttBcHR0NIc rNHALÀTI0N TOXIcrTY STUDY ¡JITH FoRttALDEHyDE IN

MA¡.E R.ATS. RESULTS OF THE CELL PROLIFEMTION STUDY AFTER
3 DAYS: INDIVIDUAL DATA (LEVEL II)

cel.1s
n.l . l. n.1 . 1. n.1,. l.

A2
ÂJ¡

Â6
Â8
At0

A(total )

B2
B,rr

B6
BBi
81 0

8( Botal )

c2
C¡l
c6
c8
cr0

C (Èo¿al )

D2
D¡I

D6
D8
Dr0

D (tota1 )

2¡¡90 10
2{81 r g

2¡¡68 32
2\9t 9
2tt96 4

no Label.ed cells
2tt85 15
2u96 l¡

2U87 1 3
2\95 5

?\7t¿ 26
2\79 21
2\9U 6
2\87 1 3
2489 I 1

2U82 I I
2498 2
2tt 9¡t 6
2U96 ¡¡

2U95 5

¡t973 27
¡t763 37a9\2 58¡¡982 l8
{989 'l r

248q9 1 51

{9?8 22q986 r ¡{

q980 20
¡t 988 12

19932 ó8

4953 U7
¡t956 q4

4983 17
4976 24
{ 980 20

2I1 48 152

q969 
31

\995 5
!988 12
1t986 14q990 I 0

24928 72

0.54
0. ?¡t
1.16
0.3ó
0.22

0.60 t C.37

0. ¡¡¡{

0.28
0. !0
o.2\

0.3¡t t o.tO

0.91t
0.88
o' 3¡l
0.48
0. ¡¡0

0.61 r 0.28

0.62
0.r0
o.2u
0.28
0.20

0.29 * 0.20

r.08
0.50
0. l¡lr
0.22
0. 6¡t

0.58 t 0.32

24 83
2482
?\7 U

2,1¡91

2U93

17
t8
26

9

7

2'l
23
t1
11

9

7
10

7
7

2u93
2\90
2U93
2U93

2\7 9
2\77
2¡{8 g

2 t{89

2l¡ 91

2A87
2\97
2¡{ 9tt
2490
2\95

13
3
6

't0
5

p, 2\77 .23

E¡r 2U85 15
E6 2{9r 9
E8 2\95 5
E10 2\82 lE

E(total )

2469
2¡¡90
2U87
2u9U
2¡¡ 86

{9t{6
{9?5
¡t978
q989
4968

2\856

31
10
r3

6
l¡t

5¡{
25
22
ll
32

1 ¡ttt

'Data are given separately for each anir¡el. and p€r dose group.
Per cross level, t¡io 5 uD sections yere used ¿o score ¿he ceÌls.¡ n.l . - non labeled cel.ls \
¡. - labeJ.ed cell,s
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t¡lNEx 6: stBCHR0NIc rllH^¡.AT¡oN loxlcrTy sÎuDy HITH FORMALDEHYDE ü{
HA¡.E RAIS. RESI'L1S OF lHE CELL PROLIFERATIOI{ STI,'DT ÂITERt3 ¡lEEl(S: IIIDIVIDUAL DATA (¡.EVEL II)

Group' S.l.lde 2
cells
(t SD)

s11& I

n.1 . l. n.l. l. n.L. l.

A2
Ar2
Al ¡t

,2\
A42

A(to¡al )

Bâ
Bl 4

B?2
832
B!,1¡

B( ¿oÈaI )

cq
c12
c24
c3¡t I

c42

C (total. )

D2
D22
D32
D3 ¡l

D¡I4

D (roBal. )

e
E12
822
E3?
F.42

E(total )

2486 1 4
2¡¡6 9 3r
2UB2 r8
2¡¡ó8 3¡r
2tt6g 31

2473 27
2¡t93 7
2q61 39
2rró8 32
2\96 ¡¡

2U77 23
2U92 I
2492 I
2¡ró0 40
2\36 6t{

2U89 r 1

2¡tg1 g

2\tt6 5lt
€q74 26
2\78 22

2\37 ó3
2¡168 32
237t 129
2385 115
2¡r5{ 116

247t 29
2¡t89 I 1

2\18 22
2469 31
2\99 I

2495 5
2q88 12
2477 23
2486 1 6
2\7t 29

2t¡86 l ll
2466 3q
2tt89 't1

2473 27
2{1 I 82

2l5l ll9
2\70 30
2\53 47
2331 1 69
2U65 35

¡t95¡¡ {6
{gr¡5 53
4967 33
\932 68
¡t g¡¡ 3 57

2q7!3 257

¡t g¡¡q 56¡t982 l8
4939 6l
4937 63
\995 5

2tt7g7 203

\972 28
¡t980 20
4969 3l
{ 9¡l t¡ 5ó
4907 93

2\772 22ð

tt 975 25
4957 ¡t3
4935 65
49{7 53q896 t ott

24710 290

ì888 112
¡¡938 62
482¡¡ 176
{7r 6 28rt
¡t9l 9 8t

2\285 7r 5

0.92
I .06
0.66
I '30
1.1¡t

l.o3 r 0.26

1 .12
o'30
1.22
r .26
0. l0

0.81 t 0.5¡l

0.56
0. {0
0.62
r.t2
t.86

0.91 t 0.59

0.50
0.86
I .30
I .06
2.O8

1.16 t 0.59

2.2\
l .24
3.52
5.68
1.62

2.E6 t 1.80

2¡¡68
2\78
2¡t85
2\68
2\7U

32
22
t5
3q
26

'Data are glyen separately for each anloal end per close group.
Per cross level tyo 5 uD sectloru¡ yere usect to score the cclls.t n.l. - non laÞelect ceLls
l. - labelccl cells




