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PREFACE 

The Hazard _. Evaluations· and Technical Assistance· Branch of NIOSH conducts field 
 
in~estigations of possible~health hazards in the workplace. These · 
 
inves.tigati"ons. are conducted· under the author-ity of Section 20(a)(6) of the 
 
Occupationa-l -Safety and Health Act of 1970, 29 ·U.S.C. 669(a)(6) which 
 
authorizes the· Secretary of· Health· -and.. Human Services, following a written 
 
reouest. fr.om.· any employer· or· ·authorized represen~ative. of employees, to 
 
determine- whetlier any· sub·stance normally found in the place of employment has 
 
potentially .toxic· effects· in such concentrations .as used or found • 
 

•i- • • • : • • • • • ~ • 
. . ..

The Hazard Evaluations and· Technicar Assistance Branch also · provides, upon : 

reouesf, medi'cal, nurs·ing, and·· indu·strial hygiene technical and consultative ' 

. assistance, (TA). ' to. ·Federal, s.tate, and local agencies; labor;· industry and 
other· groups: or. individuals- to control occupat.iona l hea1th hazards. and to 
prevent related . trauma· and disease.• 

Mention of company· names. Or .products does not constitute· endorsement by the 
Natiqnal Institute for· Occupationa·l Safety and Health. 
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•, . ~E.TA 81 -21T-984 ~IOSH Investigators:
October· 19.81 . Pi e r re L•. Be l a nge r ,. I • H•. . · · 
u.·s.P.H •.S-. Hospfta.l · · · Me 1v i n T ~ 0k a·wa , I • H• _ 
San·· F. 'ranci sco, · Ca·l i·f o·r·n··i:a '. . · 

.,~, .-: . I. 
SUMMARY 

In Marc~ 1981 ~. the:J ht:ional Institute for Oc.cu.patio.na.1' Safety 
and· He:a.lth {.NIOSH) received .a req·uest for · techn·fcal assistance 
from:··the U.S •.. Public Health·· Se·rvice Hosp.-ft:al,' San: Franc·i-s.co, · 

· Ca.ltf·or nfa- · c.onc er n;.ng: t he ·Pot.ent i a 1 he a1t h.. haz·a rd t o . emp l oye es 
workfng in <the k-fdn_ey dfalys:i:s. unit (kJdney wash area-) • . - The
r:-equ.es·t ·or wa-5,:· c.on·c.e.rned. th at the . vent:, a.l ti on• -s·yst em .rec·ent l y 

. -: inst"a·lled:- wa.s....' not a·dequate: tb· prevent· ~cc·upational exposures to­

. 	 ~'. .fo .rf!!a.1 d.ehyd.e. .~apor.s .•,._.- · · · 
. . -. ...'.~ · - . 

. .	PHOSH" -conducte~f:.an:- int-~faJ environmen·tal survey· on March 16 and 
20·,.. 1.98.t •..Ten; personal . breathing zone a_nd. general area air . 

. . , 
·:, . s·amp.les . (time:. we:ighted average) -w·ere collected from the dialysis · I• 

· room,, isolat-i.on·. room: a.nd the. ki-dney. wash . area. F'ormaldeh·yde . 1 ' 

. vapor . concentrations ~angerl from be.low the limit of de.tection · to 
-·0·.9· p·pm· (parts of a vapor ·or· _ga·s.. per million par~s- of a.ir). A 
-f-o·l low-up .e-nv-;:ronme·ntal survey: was c·onducted Ju .ly 13, 1"981 to 
determ l ne .when peak. formaldehyde vapor concent.ration·s occu.r • 

.s·e.ve.n pers.ona) breath fng. zone- a-i r.·· s-am-p.1es were co.llec.ted during·: 
~.ent'.r.·a-l s·ys t-em··'. p·urg fi,·g and: ki'd ney flushing. · No f orm·a 1de hyd e 
vap.o·r.s· we·re· detected·· as a resurt~- of· the· new·ly i·n.1.tiated kidney 

· w-as.h.;.out· procedur·es·•.- -· The ..Feder-al. .Cc.cu.pat ion a1 Sa.f ety a.nd.. Heal th 
 

( 
. A'dmi'n·i'st·ration · s·tand·ard for· forma:ld·ehyde· is 3 ppm and NIOSH


.... · recQmmends .i'n· it·s current Int.e·ll 1·ge·nce Bulleti ,n No. 34 {Apr·il 
 
. 1-981), .t .o rim.it exposur.e to lowe·st- feas·iole 1imit -because of 
 
carci·noge~ i·c p.otent i al. 
 

Non-ditectivi medical questionnatres· were administ~red to the 
dfa--lysis· unit".·employees • . The· wo·rke.rs· most· fre ·quent complaints 
were of eye,· a·n·d nose · irritati.on d·ur·i·ng_kidney rinsing. Workers.• 
1r ·r-1.tant s·ymptoms were·· reported to disappear , once: they 1eft-·the 
k.idney wa,sh area •..· . 

.. W.orker·s, at. the d,ia·l_.ys:is- u.nit . rep_o.rted symptom·s· {eye, nose, and · 
··throat .irritation,. cough a.nd . head·ache) which are ·consistent with 
:fci·rma ldehyde=·v-apor . expos.ure even though -'-envi ro·nmenta 1 air 

"· ... c.onc.en·trat,ion.s· were·.- be.low. the Fede.ral · S.ta.ndard. Based on the 
· . new· ·work procedur·e·s and the environment.al data collected du.ring 

. ·.. .-. the. f 'ol .l'ow--·u.p. survey,., it . is. b·e-lie·ved· tha-t" the· wo·rkers• previous 

.··. ·.symptoms·. should not recur •. Reco·mmendations· are. incorporated in 
·sec.t ·i on · Vrr to: p.re.-vent worker . exposure to forma 1dehyde vapors • 

. . 
KE·YWOR.OS: SIC 8081- (O.U.TPATIEN:T· CARE FACILITY) •. Dialysis Unit,. 

· F~rma~dehyde, Artificial kidney sterili~~tion 

·-i, ~ ··. . 
\;" .. .. ,, 	 ,' .

! 

,.. . 

­
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I l. INTRODUCTI'ON­

A request for techni'cal assista·nce w.as_ submitted to the . •••, •• ' /

Natfonal Institu.te for Occupational Safe.ty and Health 
(NIOSl:I) by - th·e· Chief of Environmental Health · a·t · the U• .s·•. 
Publi.c, Health.. Servi'ce Hospital at Sa.n Franc.isc.o, Cal .i'fornia. 

·Tha · requestor was . concerned that the v~ntilation syste~- · 
re-cently - installed in the Re.nal Unit (kidney wash area) was 
no.t adequate to remove formaldehyde vapors . 

. ,;. 
. . . 

NlOS'H· cond·uct.ed· an · initial envi.ronmental survey on Marc.h -16 
a.nd: ·20,, 1981 -, and a .follow-up environmental survey on· July · 
13, . l:98-i:... ·.A..n·on-:..direc.ted medfca-1 questionnajre was admin­

. fs·t .ered',· to emp·l oyees·. working, in the tre.a tment room , and the 

. 
• 

· .. 
• • 

kid
,. 

'
J 
ney . was.h ·. are.a •._ 

• i
t . 

· TIT. BACKGRO.UND~. 
. ~ 

Ttie: USPHs· H·ospita.1· dia.lysjs. unit h-as._been operational since. 
19·6.8'. The · dia·lysis unit c.ons·ists of · a tre·atment room, an 
i s·ol:a-ti'on: room and . a· ki'dney wash -area....· Te.n emp.1oyee~ ( 3 
te:.chn,fc·i·an:s and t ·nurses) st·aff' the two shift. (5:30am · - 2pm,
2:. :00pm.,.· - . T0;::3-0pm): operation.• Two·. technicians. and four·· nurses· 
work· d'ay· shi·f't:,, (-Monday· thr.ou.gh· Saturday,) and·. 1 technician 
and· 3· nu:r .ses.· work the sw.ing shift:- (Mon·day through Friday). 
Approxima-t.e.ly..·21 pa·t .ients are treate.d.. at the unit w-ith 
haa-vi'e.st j:>a-ti.ent.. load.,ing being,, Monda,y, Wednes·day and Friday. 9 
Th.e· t :rea.tmen.t -room has six c·onsole-s· an·d two portable units 
a,nd· t ·he· is·ola-tio·n room has one ·portable· unit. 

P-atients are connected' to the. dialys·is console for three . to 
t ·i've· hours depending on the· p:atients' diet,., the· c.ondition of 
the a-rt.ifi'c_i.a.l kidney being us.ed and other· med'ical factors. 
Once- the·· p-atien·t . is: discon·nectedfr<;>m·. the artificial kidney, 

-the'. technicia-n and: occasionarly- the nurse take the artific.ial 
· kidney to the· wash area.• The k.idney- is ·purge.d wi:th water · 

and· tested to determine wh~ther or not the kidney · can be . r _eus-ed. 
rf · t.t. f.s reusable·, it is . purged·· (15-20 · seconds) and s·tored w.ith 
a 6 percent-'· forma.l.in solution, unt.i 1 the· pati e.nt returns for · 
their next treatment •. Prior to reusing a... . kidney, the formalin 
so.lu,tfon:· i.s·· dra·ined. and . two lite-rs: of· a. ·. heoarinized saline 
so:lutfon a·re>.purg.ed ~hro.ugh -th.e di a.lysa.te compartment f 'or 30 
minutes. A· drain lin& is con~ect~d from the kidney to the · 
sink dra·rn·. a.nd wa:ter· i's run to dilu.te the. formalin so.lu-.tion·•. 

, 

At . the. end o-f: ·-swing sh f:'ft or af te.r the 1as·t ~ pa.ti en·t . of the 
day·,. the: central syst·em·.dilutes a. 37 pe.r.cent formalfn solution 
·to - 1•.S· pe:rcent to s·terilfze. the con·sole units·. The formal in:. 
solu.tfon .remains fn the lines overnight. At the. beg·inning 
of' th·e, ne.xt. sh·i'-f't, the· central system i's purg·e-d with purified · 
wa·te.r for· about 45 minute.s. During this _time·, _the technician 
pr.ep.a·re-s.. the. a.rt.ific.ial -kidneys for the morning shift .pat.ie.nts..o 

http:a.lysa.te
http:forma.l.in
http:haa-vi'e.st
http:Approxima-t.e.ly
http:thr.ou.gh
http:cond�uct.ed
http:Institu.te
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http:a.lysa.te
http:a�re>.purg.ed
http:forma.l.in
http:haa-vi'e.st
http:Approxima-t.e.ly
http:thr.ou.gh
http:cond�uct.ed
http:Institu.te


page 3 - HETA 8'1-211 

Formalin s·cilutions_·- u.sed to ste,rilize the kidneys are 
 
~r~pared by· the t~chnicians--about once per mont~. The 
 
technician·s pour th~ 37 percent formalin sol~tion from 
 
the ,5, gallon· carboy into _a graduated cylinder.. The 
 

. .· t ec hnf c i an s ·we ar r ubbe r gl ov--es w-hene ve r hand1 i ng t he ca r - · 
 
bo_y -of formalin. 
 

. . . 

I.V/•. ·.. HAZ-ARD EVAtUA·TlQN - DES I GN 
- - - ' • . ! ..

. A-~-.·· E-VALUAT ION: CRITERIA 
. 	 

AND ' 
' 

HEAL TH EFFE.CTS 
. 	 - -.. . 

. ·. . :··Occu.:pati'o·nal . e·x_posure c-ri .ter·ia have been · de·ve·lop.ed to 
. e.vaJua~e.· wo·rker.1 s. e.xpo·s·ure ·to chemical substanc·e.s. · Two · 
. · s:ource·s,, of. cr.·i·te·rfa were u.se.d. t .o assess the workroom 

.· :. __ c.o.nce,ntra.t-.fons·: (T) N.IOSH Current Int.elligence . Bu.11.et.in 
 
· · _.: ·No,;. 34-,.:.- and: (2) · Fede:ra,l · 0-ccuaptional Safety and Health : 
 
:_· · A'dm.inis.tra.t:·ion (OSHA} Standards;. These v.alues represe-nt:. 
 

-::-	 ·. c:onceri.t .r-at.ions to - which it is be .lieved that near·ly a·ll 
.. · 	 wo.r.kers may be expos.ed. for up to. an 8· hour· d_ay, , 

,40· hou.r ·w.ork..week throughout a. working lifetime without · 
... expe r ·f e nc i ng .. adver ·s e he a.1th eff ec t s . The- NI Os H Cr i t er i a 

Ooc.umen·t ( 77--T2.6l- rec.o·mme-nded .a criteria of O. 5 p.pm 
based.on-tts irritative- e.ffects·;· ho-weve·r ·, the NIOSH 
C.urrent lnte.lli-gence ·solletin _No:. 34. (Aprfl l981) 
recommends . that. occupational e·xposu.re· be control led to 
Towest_· f~a.s.ible limit based on its carcfnogenic potential. 

· PERM,I'SSIBLE EXPOSURE LIMIT CEILING . 
SUBSTANCE 8 HOUR T;IME-WEIGHTED AVERAGE. VALUE 

Lowe s t Fe a s i - · 
Formaldehyde (NIOSH} ble Limit 
Formaldehyde (Federal ·) · 3 ppm 10 ppm 

(30 min/8 . hrs) · 

: ppm. -· pa.rts Qf- a. v-apor or ga~ pe.r million - parts ·of air •. 

. s·~ . TOXICOlOGICAL EFFECTS: 

Fo}".ma-1·iehyde· -is best· known for its ~se by em~almers 
· ·an~ mo~tici·ans. tQ pres·arva dead bod1es · and tissues. 
 

It hai a sharp · odor which can be smelled at· very 
 
low: levels (le's.s- ttran 1 ppm). At conce.ntrations 
 

. 	 ra·ng·-i.n:g fro·m O. L:..to s· porn, formaldehyde m~ke~ th~ 
eye~ burn~ te~rin·g _maY occur and general 1rr1tat1on 
of "the·· upper r·espira..to.ry passage-s •. Low levels. of 0.3 -· 

· 2~7 ppm nave: a.lso· b·een. found _40 d1st_u.rb . sleep - and t~ 
be- irr;-tati'ng.·. to a. smaller number of peop~e (3): H1~he _r 

. expos·ures· (10-. - 20' ppm·) may produce' c:ough1ng,. t1:ghten­
··.·;rrg, · in the:. che.-s.t.,,. pal pi ta-ti on of- the heart.• 

I 
f •• 

... 
. "
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F"ormalde.hy°de _ha·s · induced · a rare form of na.sal 
··. c.a.ncer in· .two te·st anima ·l s ·as. ·reported - by the 

. Chemical Industry Institute . of -Toxtcology. · .. 1 

· F"or.ma.ldehyde.. has. ai.so: been sh.own t .o- be .a mu.tacten 
· 	 in se.ve.ra 1 test. ~ . 	 ~ 	 . ·: . 

systems
.

·. 	 · 

. ·. 	 Ba:sed.. orf these- · fi rids,~; .Nl0SH .- recomm_end s that for ma 1dehyde 
be · handled , in.-_the workpl~ce as a potential occupat.ional 

· ·.." c-ar.c-in9gen·•.-and: _tha't .·w.ork p·r·actfce·s be employed to con­
-· . t :roJ. occup·a.tional · exposur·es ·to ·the: lowest feasible l"imit. 

• ~' 	 ,· ~ • ~ ''.' ' • 	 '• ;1 I 

c~ 		 · MAT°ER IAL·..AND;·ME-THO'os·, 

...·... 	 >: ·_.. ·: /~--~~~-r/n·:~-i' ·.·and.': a·r·~·a ~·;:; ,·:· ; a~p i i~g for f O rma l de hyde wa S 
 

· · ·__ c.ollected.. from·, the, k:fdney wash area:·,. isolation room and 
 
·...:: -~.he: :trea·tment~oom:a~. · The. a:i r · s amp 1es. were·· co·l le.c ted 
 

·· u:si'n,g. an . ~DA .<J!; .va."cuu.m p_u.mp·· and a specially impregnated 
 
· ch·ar·coal tube.. through w:hich·. a-. known volume . of air was 
 

.~ra-w-n-. ·. Th.e:· char·c.oal ·t .ubes, .were analyzed via ion chroma:­

tog.raphy usi'ng· N,IOSH··_phy..s,.ic.al chemical and analytical 
 
.method ·· JJ8. W·fth · m-inor· va·rfations· in the preparation and 
a·n·a:.l y s.i..s :· of .. s·a_mp·le s~ (.1 

·.' ·.: 	 
J "': · · . . . . .... . ·.. .. :_ 

- No-n.-direc:tt_ve med·ic~r-( qi.JestJonna'-ires were administered 
·: to. :, . 	 n-i-ne···of·. the,· ten-- di'a lys

. . ' 
·; s ·st-a-ff. 

~-	 · RESULTS . ANrr :·orscussroN ' 

Ten personal breathin~ zone and · general· area air . samples . 
were· co:Tle.cted: from· the kidney wash are·a,. the isolati.on. room 
and. the treatment. room on March. 1 6- and 20, l 9_8 l ( TA-BLE I). 
Ba·sed o.n· the .quantJty of· forma.. lin used and the w·ork procedures, 
it was deci-ded ·.' to. collect high - volume low flow ·-air sarrip·les 
(17'-45 li-te-rs)\ . . · F'ormaldehyde concentrations .. r·anged from below 
the lfm.it. o.f _d.etectfon (less· tha-rr a · micrograms) to 0.90 ·ppm. 
Thesa contentrations were· below Federal OSHA ~andard ci-ted 
i'n lab l e·-, A•. ..... .· . .. ... 

..· A·. noniire~.tive-· m.edfc.a·l questi.onnaire· was administered to nine 
·· 	 o.f - te·m·employee:s~ . Workers symp·toms. inclu.ded ey'e,. nose and 

throa.t ,. i.r.·r .itat.ion ·, · cough, and headache; however, the m:ost · 
fr·e.quent: comp'.l:ai'nts· we .re of period.ic eye· and nose· irritation.. 

· du.ring. kid.ne-y·. rins .ing·•. Wo·rkers. ir·rita.nt. sympto'ms were re­
. port.e·d.· . to · d.i .sa.ppear o.nc.e. they left. the wash area • . ' 

A,· fo ·l ·l~w-up··· envi.ro~menta;f ·-survey was ·con.ducted July 13, 1981 
 
·.. t .o:-. de·termine·, when· peak forma·ld.ehyde air concentrations_ occur • 
 

. 	 ~even - person~t air samples wer~ collected d.uring . purging of 
the cen.tral sy.st:em· .and: while f1ushing the artificial k-idneys. 
b·efore· and _.aft.er . pati"ent dialysis. I.twas lear·ned that 

· th·e.. ki d11ey.· r.in~:~:/proc·_edu-re had changed subs.equent ·to· NIOSH' s 

.J)
r ' . 

http:ir�rita.nt
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http:N,IOSH�_phy..s,.ic
http:se.ve.ra
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fff initial survey. The procedure ~equired that ~ater be con­
,. . tinually rurf while flushing t .he· kidney with for.malin . No 

' · : f orma 1de hyd·e vapors were dete.cted du-ring· the day shift. The. 
change in kidney rinse procedures ap~ears to have eliminated 
formal_dehyd~ exposures previous.ly deticted. 

. 	 . . 
A·genaral room exhaust f~n-· was recently installed in the 
ki dney' wa s h area .an d conn_e-cted. to a 1 i gh.t s wi t c h to a s s ure 
it· wou.ld· be. ·opera-t.in·g-' whenever · anyone ;s·. i'n. the· room. _The
fan was ins.talle.d. to .control formaldehyd·e vapors released 
d·uring· ki.dney rins.i.ng.: ..This type of exhaust v~nti.la·tion 
syst~m is ·;nadequa.te. for· preve·nting· o_ccupatio.nal exposures 
to formaldehyde vapors _ based ~n air measurements · conducted 
during the in.i';tfa:T s.urvey- (Table I). Local exhaust ventila
t :ion is. the oillf engineer·ing control desi'gn·ed to control ·i 

source expos~res. Based on the follow-up environmental air 
sampling· res·uTts;... the new rinsing procedure·s appear to . be· 
effective. in t~ntr_oll.ing: formaldehyde vapors. 

VI.. 	 CONCLUSION 

Wo.rk-.e-rs- at the·. d·ta.l ys-.i .s. dep-a ~tmen t reported pe·ri od i c-. symptoms 
-(eye, nose arrd thr?at irritation, cough and he~dache) ~hich . 
are: cons·istent. with formald.ehyd·e. e·xposures during. kidne.y rins­

u l ing. _ Bas·ed· on the new -.kid.ne.y rinsing procedure initiated sub­
\ \ seque.nt to the init.ial surv.ey,. no -formaldehyde air concen­

trations.. were. _detected· on · the- fol low-.up survey-. It fs . beTiev-ed 
tha·t the- wo.rkers· pr·evtously reported irritant symptoms should · 
not r,ecur. 

vrr ., RECOMMENDATIONS 

· l~. 	 Nurses who occasionally flush the artifi~ial kidneys 
shou.ld be. aware of new kidney fl ushi.ng proc.edures. 

Z. 	 Employee~ sho~ld wear proper -protective equipment whenever 
harrdlin~ carboys of formalin or whan preparing dilute . 
·formalin· s·o.lut.ions·.• P-rotecti·ve e.q·uip.ment should include ,: 
r ·u:bbe.r glo·ves.~. protective. apron,. and eye and face pro­
t~c-t1'on -.t .cr prevent s·ki n con~act o 

3·•. 	 The: porta.b.le- d:ia.lys.is uni-ts. sh.ould be. sterilized at the 
·end. o-f · the.-: day whe·n the ce·ntral su.pp .ly sys.tern is being· 
sterilized..... 

4 .· 	 The. lines. ·.conne:ct.ing-" t ·he-· portable. and console un·its to the 
drain ltne should be air tight to prevent formaldehyde 
~apor~ fro~ ascaping into the treatment room. 

! 
 

­

­
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5 • 	 The ma i n d r a. i n · ·trap 1ocated i n the i so l at i on room sho u l d 
be co.nneG.ted to prevent forma 1dehyde vapors from escaping ~ 
du.ring ~e.ntra 1 system. purging.• :.Viii 

' 
6. Periodf-c mo_n.itori·ng,­ _should be c.onducted for formaldehyde 

vapors to·. a_ssure· the new.. p,rocedures a.re working pro·perly •. 
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 IX. D.ISTR.IBUTION ANO AVA! LAB I L.ITY· 
• 

Co~ies of this report are curr~~t1y · avai ·iable upon reQuest from 
N10SH, Divis-ion of s·tanda_rds D.ev·elop·ment· ·an'd _Technology 
Transfer·,. Informatfon· Resources·· and· Di ssemi nation Sect:i on,. 467'6 
Columbia Parkway,. Cinc.innati., Ohio 452.26. Afte-r ·go days th.e 
report will _b.e avaj_l.able thro~gh· the · Nation·al · Technfcal · · 
Information Service · {'NTIS)", sp·ringfield·,. Virginia 22216 • 

. c9·p-ies of· this· report. have bee·n -sent: to: 

1;. · u.-s., Public· Healt.h· S'ervi'c.e Hospi·ta-1, San Fr·_a._ncisco ·~---­
Ca-1 i fa rn.i-a · 

2• . u·.s.•. Department· of" La-bor./O_SHA· - ··Region: IX' 
3• NIO.SH Reg i on I X · · 

. . . 

For .the p·urpos·e, of.. informing · the aff·ected employees, a copy o·f . 
this report sh·a1r ·be 'po.sted in a prominent place· acc-ess·ib1e t ·o 
the . employees f~r a p•riod .of 30 calendar days. · · · 
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TABLE- I. 

Personal and Area Air Samples

Collected for Formaldehyde 


.U.S.P.H.S. Hospital

San Francisco, .CA 


. Mar_ch 16 and 20, 1.981 

TA 8l-21l 


JOB DEStRIPTION Type. 
or LOCATION Samble 

Chief Dialysis Tech. p2 
Central System Machine A3 
Kidney Wash Area -A 
Hallway outside Rm. 6309 A; 
Nurses Station 

Sampling
PERIOD VOLUME {LITERS} 

0855-1355 35.9 
0855-1455 18.5 
0900-1450 . 17 .1. 
0915-1450 37 .1 

Concentrations{

0. 42 
0. 904 
N.D. 
0'.29' 

QQm}l 

{l)i al ys is Rm • )' A 
kidney Wash Area A-
Isolation Rm. .A 

1205-1455 20.2 
0655-1330 20.2 
0700-1300 39 .1 

0.58 
0.62 
0.45 

Dialysis Tethnicfan P·· 
Nurses Station-· 

0700-1335 18.6 o. 63 

~ia1ys is Rm • ) · ·A 
ialysis Nurse,_ p 

(1) ppm, - parts-of a. vapor· or gas 

0700=-1330. 45.7 
0700-1330 46.6 

per million parts of air. 

0. 29 
0.27 

, ..~ 

·:J 
(2) -P -· Persona.1. sample, 

(3) A - Area .S-ampl e ·. 

(4) ND - None. detected. 
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