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ABSTRAC T

Urea—formaldehyde-type adhesives have the inherent characte:istic of
giving of f free formaldehyde under some condit ions of use. The vapor
can bu ild up to concentrations wh ich can be a nuisance , uncomfortable ,
or an actual health hazard. The Kformald ehyde probletn~~is reviewed ,
from litera ture sources , in five respects : Origins, Analytical ,
Control and Removal, Toxicology , and Odor and (general methods of)
Odor Control. Correlation between the citations in each section ,
and between the sections, is provided by appropriate annotation .
The report is current to January 1977.
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THE FORMALDEHYDE PROBLEM IN
WOOD—BASED PRODUCTS--

AN ANNOTATED BIBLIOGRAPHY
By

F. H. MAX NESTLER , Research Chemi st

Forest Products Laboratory~ Forest Service

U.S. Department of Agriculture

INTRODUCTION

This Laboratory is increasingly involved with toe development
of adhesive—bonded , wood-based f i b e r  and par t ic le—panel
materials.2 Questions frequently arise with respect to
the liberation of formaldehyde from such materials. Condensation
polymers of formaldehyde are used as industrial woodworking
adh esives. One of the more commonly used resins of this
type is urea—formaldeh yde (UF) , which f i nds  extensive use
in the production of particleboard and hardwood p lywood .
Unfo r tuna te ly,  these adhesives have the innerent ch a r a c t e ri s t ic
of giving o f f  f ree  formaldehyde (FiCHO) dur ing  the i r  use
in th e producing plant , and during storage or use of the
resulting glued—wood products . The extensive utilization
of such panel board products for interior construction
of habi tab le  space nas led to what is called the “formaldehyde
problem ”——a bu i ldup  of the vapor to con cent ra t ions  t h a t
are a nuisance , uncomfor table , or an actual hcalt ;i hazard .

h1a intain~ d at Madison , Wisconsin , in coopera t ion  w i t h  t t ie
Univers ity of Wisconsin.

American Soc iety for Testing and -lateria ls. l~~74. St~bidard
definitions of terms relating to wood—base fiber and particle—panel
materials. MTi’l Desig. D 1554—ó7. ASTM , P4dladelphia , Pa. 
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Ear l ier  reviews (A18 , A20 , A25 ) of th e for ina ldeoy do probl em
are no longer avai lable, mid tu a t  ~Jil iC. I s t i l l  is (Al ~~) included
l i t e r a t u r e  to about 1963—1969. The present  review is an
extension and updating w i L ~ broadened coverage . It  is diviced
into five topical sections: A. origins , L . Ana lytIcal ,
C. Control and Removal , b. Toxicology, and E. Odor and odor Control .
Cor respond ing 1iteratur~ citations , serialLy numbered , bog in
on page 7 of th is report. Tic published iterature ~~~
reviewed pr inc ipall y throug h Chemical A~ st r a L t s  f o r  La o

period beg innin~ vi Lii i ssue do . 1, J anu a r y  lb o i , t o iccue
do.  ~~~~ Janua ry  24 , 1977. Supp lement ary  use was noi d o of

• Fores t ry  Ab s t r a c t s , and of h Toxline l T D  icc Sect ion ~) . Toxico logy .
An addi t ional  and in l p o r t a n L  s o u r c e  ci i L o c m aL i Of l  ha ~ ) t  en

released by Nat ional  i n s t i t u t e  fo r  0 0 0t i d a t i ou a i  Saie t~ and
: l e a l t h .

T h e  annotations accompanying each ciLat ion are not \‘~~r : d t L a

copy of the  published aostract; rather , an a t temp t has been
-iade to give a concise and descript ive summary f r o m  t i c
a b s t r a c t . In many cases , the  or i g inal repor t  was
and read , permitting the nota t ion s to be s pec i fi c  and/ o r
allowing the author to ina~ e correlating commentary :tw c c i i
citations and the general sections. It is doped that tho
result is a rap id ly  readable  a na l y t i c al  su~ n i r y of t o o  u r a a l d o : y c e
problem as it has been presented in pub l i shed  l i t e r a i a i r o .

For the m a j o r i ty  of r e f e rences  o - r e in , L I I  c i tat ion fli

Chemical A b s t r a c t s  iiis boon m c i  ude i , oiLtng i t puss Lob
fo r  the  reader to consult  t u e  o r i c i n n i  ~i > stract .

During editing, several very r ecent , pertinenL roports were
found . These new c it at i o n s  appear it tal c  neg ilu l ing of tce
b ib l iograph y of td te  a p p r o p r i a t e  top ical  s e c t i on s .

American Chemical  Soc ie ty .  C u r r o n t .  Chemical  A b s t r a c t s .  L’ uu l.
weekly,  two volumes per y e ar .  Am. Chicu . so c . ,  C~iori . Abs .  Ser v . ,
Columbus , Ohio.

‘~ Commonwealth Fo res t ry  Bureau .  Cur ren t . F l 1 i s l r y  A h s t L h o t ’ .
monthly, Oxford , Eng land . Commonwealth Agric . Bureau , Farna am Rov.il ,
Sloug hi , SL2 3BN , U.K.

~ National Library of ~‘!edicine . Current. “Toxline .” Remote—access
Retrieval Service , ~‘JLN , Bethesda , Nd. A computer stored i n f o rm a t i o n
system for toxicological information .

U.S. Department of lhealtii , Ed ucat ion , and Welfare , d i t  1011 ,1 L

Institute for Occupational Safety and Health. 197u . ‘rit i r i a for a
Recommended S tandard  Occupa t iona l  Exposure  to  Formaldc ivdc .
HEW Publ ica t ion  N o.  (N 10511) 7 7 — 1 2 b . U . S . 1)cpt . HEW , Pubi Ic lo u t i t
Service, Center for Disease Con trol , NIOSiI , Rockvillu , Id.



DISC U SSION

Sac Lion A. Origins oh Porno ldeiiv ic l rcaita~

t i c  l i t e r a t u r e  is r ep l et e  w i t h  (I i cuss  i on s  oh and so hi t  ions I or t i i
odor of fo rma lde , iy d e  (RI ) ) r c l & w U  I rot d i r t  i.e 1 e L i c c r ~~. A broad
p r e so nt at  ion of t U e  -ci j i c t  was d i v u l l  b Y C i l l t .~~p i c  (\1 ) . Earl [iF ,

Neusser and Z e n t n e r  ( A _ ~i) pub i i n ’ ud .h c n p r i I ; L 1 l ~; I V I  L - n -u s sj on t~ t , i h i i ~ c i

a l l  p hase ; of t o  p r o~~l o m .  And ‘ t a t ; (~~2 i )  I o p o r t i u  .1 50110 0 _ c p t  I —
— m e n t a l  in v e s t  i d i t  i c o  o h  t l i e  p~lrc1 l~ t ~ - : ‘  o h  p ar  lid  e o u i ~ l F l u l u l  a d tu r e

as did i i o f f a o l  ( U 5 )  and h I s i _’ ( . \ o )  o h . - r i _ i - i l L  l v .  T i e  proolem i.s on-
facc J  a lso by  t i e  L c ~~t l ie  industry in [i- -- L - l o p i a ~ 

( r i _ t c o — r u s j s t o i l L  c io t . i .
Inasmuc h  as the c h em i s t r y  of I o r - ~ i 1 J i i vc - - — t v ; o  i io i ~~l i i i i ~ r._-sins is at
t i c  root Of t he probL’tn , too rev i w by  c c l i v  ( A 1 7 )  is po t i h i e i i L  . l i e
a c c e l u r i t ~~d— ~ig ing  s t u di e s  liv ro i n L o l i  ( A d ) c o n t r i b u t e  l u r t i e r  to
u n d e r s t an d  tug t i e  c i - m i n t r v  of  to i~- L v p i _  ~ i r on  in n in d e r  i n s o f a r  as
t h u  omission of FI CII () can c o n t i n u e  f r o m  t i e  f in i s i i ed  p r o d u c t s .

U n f o r t u u t a t e l y f o r  an easy solut ion , t h e  pro ol enu Is in t r in s i c  w i t h ;  too
product. And t h e solutions proposed are often more suitable for app lication
during manufacture than to t h e product aft er manufacture, in other
words , the  ultimate user is not likel y t o  10 able t o  e l i m i n a t e  t i e
odor as readi ly or convenient ly  an is the  m a n u f a c t u r e r .

Sec t ion B. Analyt ica l  ~et iiods

A f ac to r  which  may loom larga in t i le  anal y s i s  f o r  f o r m a l d o l i v u e  Is v ioL icr
more s t r i ngen t  exposure  cond i t ions  w i l l  he  inundated  by future O c c u p a t i o n a l
S a f e t y  and h e a l t h  A d m i n i s t r a t i o n  (O St IA) r e g u l a t i o n s .  Lii . - e n s o ul j o l ly
ub iqu i tous  exposure of t he  p u b l i c  to foruiald .- iy .le , and t i e  i n c ro i sing
recogni t ion of i t s  t o x i c i t y  (Sec t ion  )) w i l l  r e q u i re  g r i _ -uto r ina lvt to il
sen s i t i v i t y  w i t h  accompany ing accura cy  and pr oc  i s i on .  ido s i t u a t i o n
h a s  been recognized a l r e a d y  b y industry to t h e extent in one CJi- ~e (~~J d )
tha t  the  p lan t  l i m i t  was e st a b l i s he d  at  an a i r  c o n c e n t r i t  ion lower
than t i e  o f f  ft ially ( 1)22 )  r ocogu ized  t h r i - s ; u old  level  v a l u e .

Few of t u e  me th ods  rev iewed are p a r t i c u l a r ly s u it a b i  c t o r  r a p i d  process
cont ro l  or f o r  onsi te  t es t s  iii  con junc t ion  w i t h  a h r  p o l l u t i o n  of u i a b i t a h i e
space. In the l a t t e r  case , l i t t l e  use appears  t o  h ave l eon n u d e  of
commerc ia l ly a v a i l a b l e  d e t e c t o r  tube  sys tems;  s o n si t i v i ty  may p o s s i b l y
be too poor , cons ider ing  the  very low level at  wh ica  f o r m a l d e u t y d e r u n
be a h uman irritant. (See  i i  i-t o B43.  ) F’urthor app i j o l t  ion o h  t i e  pu rpa ld
color tes t  (~~l9)  in the  t e s t i n g  of p ar t i c l eb o ar d  fo r  po t en t  i~i l r e j o i c e
of II C ILL ) has not been t ound in t h e  l i t e r a t u r e .

— .3—



The rapidly increasing use of particleboard materials in domestic
applications (e.g., residential housing) may well force tile issue in
two respects: Better analytical methods to protect the production
worker (OSHA regulations) and more stringent control of manufacturing
parameters to avoid postproduction liberation of formaldehyde into
habitable space such as was the case in Danish (A3) and other European
housing 

~~~~~~~~~~~

Section C. Control and Removal of Formaldehyde

The control and removal of formaldehyde may be regarded conveniently
in two respects: (1) During manufacture and (2) afterwards.

The annotations for each reference are also classified in terms of
the type of control method represented : Adhesive ; Adsorbent;
Coat ing ; and Ven t i l a t ion . Thus , adhesive  c o n t r o l  w i l l  be a
parameter largely under control of the manufac tu re r .  On the other
hand, coatings and ventilation methods could be used by either user
or manufacturer. Adsorbents could be largely a way fo r  th e  user to
deal with the odor. Actually, elimination of the formaldehyde odor
is not readily accomplished conveniently. llany qualitat ive solutions
have been proposed , but  there is a notable lack of quantitative information
that permits an effective solution at “the end of the line”—— i.e.,
after the material has been installed and found to be actively emitting
formaldehyde at unacceptable rates .

This section deals with published methods specificall y developed for
appl ication to formaldehyde. General methods for odor control are
collected in Section E.

The application of ultraviolet radiation for the purpose of genera ting
ozone whereb y formaldehyde is oxidized to less harmful  or annoy ing
materials has been utilized industrially on a large scale (E15) . But
no citat ions were found where the procedure was applied on a small
scale with low—intensity UV lamps. There is, however , some confusion
in the literature with  respect to the  e f f e c t i v e n e s s  of ozone in e l im i nat in g
odors in general (E6 , E7), while its hazard for human exposure is recogti i~ u-d
clear ly  (D 22 , E6 , E l O ) .  Because of t h e  lack , t h e r e f o r e , of  expe r imental
da ta  f o r  such small—scale app l i ca t ion s the use of ozone in th i s  f a sh ion
for  combat ing formaldehyde odor cannot be r u e -  u~ tided , even t h i o u g i t
t u e  s t a t e m e n t  is made ( E 7 )  th a t  ozone is -tel , icing——i.e., t h e concent rat ion
at wh icn  it is immed iately noticeable by its OQot is below h a r m f u l
levels. Unfor tunately, this statement has a hiui lt— in h azard , namel y,
the well recognized potential for human odor sensation to b~ doseiisitized ,
hence possibl y mask ing h armful substances.

-4-
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Section D. Toxicology of Formaldehyde

The potential——if not actual—toxic effects of formaldehyde on the
human body are clearly pointed out in general (D4), and in more specific
(D5) terms. And earlier , in a very practical approach to evaluating
formaldehyde as an industrial hazard , Freeman and Grendon (B32) presented
experimental data to illustrate a probable cause—and—effect relation
in its effect upon human performance. They recommended lower environmental
levels for plant employees . At present the official limit is 3 parts
per million (ppm) (D22). But the NIOSH6 recommended standard defines
“occupational exposure” as a concentration of HCHO in air in excess
of 0.5 opm for a 30—minute sampling period , with maximum exposure to
1 ppm for any 30—minute period .

One of the most significant aspects of chemical toxicity is that related
to human health effects , and, more particularly , environmental chemicals
as potential hazard s to reproduction. This subject is especially well
presented in Chapter 10 of D4. The seriousness of chemical hazards
is emphasized by a list of 13 events and processes that are directly
involved in reproduction .

A newly born infant may be unusually susceptible to chemicals as for
example if its immature metabolic systems are unable to cope with foreign
substances (at concentration levels which have been established for
a full—grown human adult7). Further, all of the 13 reproductive processes
(D4) have been demonstrated in experimental animals to be altered by
exposure to certain environmental agents , each process having its own
level (concentration) of susceptibility to abnormality . The reproductive
process is most vulnerable to mutagenesis  and teratogenesis;  aldehydes
have been implicated in the former already (D4).

The significance of possible detrimental effects from exposure to formaldehyde
on the broad scale that appears now to be true should not be dismissed,
especially as regards the increased use of adhesive—bonded and reconstituted
wood—base materials . The use of such in home construction could result
in exposure to people of all ages . The situtation has been more clearly
defined with the release of the NIOSI-i criteria document~ on occupational
exposure to formaldehyde. And with the responsibility of EPA for air
quality within and outside the home , this Federal agency may be expected
to be interested in the problem in large degree.

This author ’s added comment.

R Studies referred to, P4 and P5 , were requested and fund ed by the
Environmental Protection Agency .

—5—



Section F. Odor and Odor Control

Frequently, it is convenient to iave access to information on a broad

as well as specif ic  basis . This section provides sources fo r  t.~e forme r,
and ones whi ic~i are generally considered a u th o r i t a t ive in industrial

pract ice .  Sources from b o th ;  t u e  American Society for iieating , i-:nfri~~ rating,

and Aircondi t ioning Eng ineers (ASiIRAE ) (di , e . g . )  and tu e  American
Society for Testing and taterials (AST~l) (E8) are updated yearly or

periodically as necessary. An extensive bibliography iS Included wit~
ASH RA E chap ters , permitting access to th e original publisoed literature.

Recent references added during the publication process are included

at the beginning of each appropriate section , and are identified
with a doub le-letter system rather than with the  letter-number sys-

tern.

—b —
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FORMALDEHYDE BIBLIOGRAPHY

section A. Origins of Formald eh yde Problem

A u . Kell y ,  i-l~-~ o i  W.
1c j 77 . C r i t i c a l  li tu atu o revicw nL ~~- h a t i o r ~s i u i p s  b e L w u i - u ~

p rocess ing  p a r a m et e r s  an d p h y s i c a l  p r on e  Otios ~‘ t
p ar t i c  leboard  . P SDA PS G en e r a l  T e c h n i c - i l  R L - l ) o i t  F P L — h  h .
F o r e s t  P r o d u c t s  L a b o r a t n o y ,  Mad i son , W i s .

A ~a~~or very a~ tl y described by its t i t h e  The a u t h o t
includes strength and mjistuie and d imensional propeities.
Among the parameters reviewed are rosin of tic iency.
t ype , an d leve l , f u r n i s h , and pressing conditions , The
release of formaldehyde is i - flu eiced , oweve r , by many
f act o r s , wl t h  no s i n g  I c  z a a u i uf a c  tun ing pa r an ie t er  ro spon -
s i ble  or c o n t r o l l i n g .  A p a r t i c u l ar  need f o r  e f f e c t i v e
stud y of the f o r m a l d e h y de p i ob lem is a q u a n t i t a t i v e
a n a l y t i c a l  p r o c e d u r e  f o r  the low c - on e nt r a t i o n s  of
f o r m a l d e h y de en cou n te r ed (See B 32 , 1333).

Coin ineuit:  The d i s c u s s i o n  of ICHI ) r e l e a~~o is su ch  as  to
b~ of more interest to the  m a o u t a c t u r e i  u u h / o r  L lue
p a r t i c l e bo a r d  r e s e a r c h e r . The d i s c u ~-s ion  is an ex t e n s i o n
of th e a u t h o r ’ s p revious p u b 1i c a L i o -~ ( A l l )  on the  s u b j ect ,
at wh ich  time t h e  c h e m i s t r y  was  p r e s en t e d  in do t i l l .

Ab.  R o f fe e l , E.
19Th. E f f e c t  of fo rma ld eu iy de conten t  on tu e  r e ac t i v i t y  u~

u r e a — f o r m a l d e h y de resins and formaldeh yde r e l ea s e  f r u n u ;
UF— ~ onded p a r t i c l e b o a r d . hl o lz  Roi l— W er k s t .  3 ( l O ) : 3 S 5 - 3 ~~~.

Tiu is  la tes t  r epo r t  c i t ed  luc re  c o n f i r m s  tue  i o l a t i o n s u u i p
bet~ een t h e  r a t i o  of  f o r m a l d eh yde and urea i i i  d e l i r n i n i n C
t h e  re lease  of II C II O f rom h F— b onded  par t . i cl ebo ar ~h .  I i i
add i t~ oi~ , f o r ma l d eny d e  content  above a c e rt a i n  ran~~e
appea r s  to  i n f l u e n c e  s t r e n g t h ;  p r o p e r t i e s  n - p l t  i v c lv . See
a l s o  A9 , Al7 , 1332 .

Al.  R o f t u e l , E .
l )7 o .  h u e  i m p o rt a n c e  of components  of h i r ~ f o r  t : u ~ i r  use in

p a r t  iclebo ard . P a r t  I .  E f f e c t  of c o m p o n e n t s  on t h e  f o r —
ni; 1 ~h o h yde rd ease o f  h a r u .  b o a r d s .  h o  1 , . t  or s c i iu n g  Ju ( 1) : _ — 1 4
Ch ern. Abs .  54 :  I~~u )20 (C~-r . )
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Using pine , spruce , and beech ; ba rb. to make pa r t i c leboaru , L a o

author observed a species effect insofar as t~ae amount of
formaldehyde (LICHO) released ày each; board was concerned .
Furthermore , extract ives  f rom spruce bark  were more reac t ive
to HCIIO than were those from pine and ceech bari~s. The results
were compared wi th  board made f rom pine wood ch ips .

Comment : In the use of whole wood to make pa r t i c l e’uoard ,
oak was found to l iberate more formaldeh yde t i tan spruce
(A13) ; but oak and p ine behaved s imilarly to eacu other  (C2) .

A2. (a) Takahashi , T . ,  ~‘l. Kitazawa, and T. Anazawa
1975. E f f e c t s  of manufactur ing conditions on formaldehyde
liberation from particleboards. Rinsan Shikenjo Geppo
(8):9—l3. Chem . Abs. 84:61579 (Jap.).

(b) 1975. Formaldehyde liberation from particleboards. Rinsan
Shikenjo Geppo (283):9—13. Cli~ ni. Abs. 84:bl581 (Ja .).

Manufacturing parameters——particle moisture content ,
pressing temperature and time , and storage time (aging
of the board)——affected tile release of formaldehyde.
The use of urea and/or melamine acted as formaldehyde
scavengers without affecting mechanical properties.

Comment : This and tile c i t a t ions  (24 , CS appear to  be
a coordinated study of ti le means for  reducing th i e
liberation of formaldehyde f rom par t icleboard t a r o u g u &
control  of experimental  parameters during manufacture .
The same or similar approaches have been used by oth ers;
see A7 , A13 , Al6 , A17 , A24.

A3. Andersen , Ib , Gunnar R. Lund qvist , and Lars Moliu ave
1975. Indoor air pollution due to chu i pboard used as a con-

s t ruc t ion  mater ia l . Atmos. Environ . 9(12) :1121—1127.
Chem . Abs . 84:l2ol56.

A condensation , in Eng lish , of the  three Danish language
publicat ions (A4 , AS , A’a) b y the sam e au th ors .

Comments: See also Bi, B30 in wtl ic . i  measurements  also
showed that  increased ambient t empera tu re  and board
moisture content raised the  level of evolved formaldeh yde.

A4. Andersen , Ib , Gunnar  R . Lund qvist , and Lars loihave
1974. Formaldehyde in the  a tmosph ere  in Danish  h omes.
Ugeskr . Laeg. 136(35):2133—2l3). C iem . Ahs. 52—34tu72
(Dan.).

—8—
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One hundred  m e a s u r e m e n t s  of E i u O  1 ormna lde .;de c o nt e n t
in 25 rooms in 23 one—family .;ouses (mostly new or r~~ccl L)

showed an indoor average of - J .o2  mg/n ;3 ai r , ~ i t  a ranpe

of 0.08 to 2 . 2 4  mg/rn 3 (1. 2 mg/ n ;3 
= 1 p a r t  ?L r  mi l l ion , ppm ) .

In 17 rooms, tile value was : i g i u e r  tuan th a t  d e s i r a b l e  f o r

lung—term exposure (0.40 mg/rn
3) .  In t iese c i r cums tances ,

the authors  presume t iua t  the inh ab i tan t s  wi l l  experience
upper resp iratory t ract  e f f e c t s  such as lowered mucociliary
rate of transport , lowered threshold for sense of smell,
increased airway resistance , and irritation of the mucosa
in the nose and conjunc t iva .

Comment:  This is the only repor t  found to deal d i r ec t ly
with tne problem of formaldehy de odor ar is ing in ex i s t i ng
dwellings from use of particleboard. Tile physiolog ical
effects are not uncommon. See also All and Section 0.

AS. Andersen, Ib, Gunnar R. Lund qvist , and La rs Mo lhav e
1974. Liberation of formaldehyde f r om par ticleboard

under controlled conditions in a climate chamber.
lJ geskr . Laeg. 133(3 8) :2 l40— 2 l45 .  Chem . Abs.  82:2 125)
( D a n . ) .

Experimental work relevant to reference A4. Further
conf i rma t ion is given of the f ac t  that  tile evolut ion
of formaldehyde increases wi th  bo th  hi gher  tempera ture
and h u m i d i t y .

A6 . Andersen , Ib , Gunnar  R. Lund q v i st , and Lar s  ‘lo lh ;av c
1974. Liberation of formaldehyde from particleaoard:
Mathematical model . Ugeskr . Laeg . 13o(38) :2145—2150.
Chem . Abs. 82:21263 (Dan.).

A matuernat ica l  model was derived based on e x p e r im e n t a l
measurements in a climate chamber. By introducing a
cor rec t ion  f a c t o r  t i l e  model was adapted  to a c t u a l
dwellings , permitting estimation of am; antic ipated
value for the equilibrium concentration of formaldeny de
fo r  a given room.

A7. Peterson , H., W . i’~.euth;er , W. i-~isele , amid 0. Wittmann —

1974. Formaldehyde liberation du r imup part icleboard
production with urea—formaldehyde adhesives. P ct I l l .
4 f f e c t  of ha rdener  type , amount  of ; ;r d c n cr , and
formaldehyde b inding agents. Holz Rob— ~er~.st .
32(10):402—4lJ. Chemn . Abs. 52:126805 (her.).
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A number of aimnonium and metal salts were tried as
hardeners  for  taeir e f f e c t  upon formalde ;;y de l ib e r a t i o n
during manufacture. Increasing amounts of tue ammoniurn
salts reduced t~ue liberation , :J5,Cl being most effective.4

Several nitrogen-containing compounds , as well as

and urea, were tested for tucir scavenging action on
formaldehyde. Tne type and amount of hardener are also
decisive factors , in addition to pressing conditions , ~n
the liberation of formaldehyde during manufacture and
storage .

Coninient : See also references Al3 and Aib for prev2ous
publicat ions , and references A9 , A24, and B5 for similar
investigations of the relationship of manufacturing parameters
to formaldehyde liberation .

A8. Kravchenko , T. I., K. I. Stanhevich , ‘ . F. ~alvg ina , and
T. G. Zakharova
1974. Migration of formaldehyde from wood sh;Ccts . Gig. San t .

(5):l9—22. Chem . Abs. 81:123227 (huss.).

The evolution of formaldehyde from construct ior .—type
particleboard is approximately ten times greater ~f t u O
board is made from sawdust than from wood m i ps. The
rate of evolution was considerabl y less after o mont s ’
storage. See also reference AZu w i th  respect to ground—
wood use.

A9. (a) 1-Ise , C. Y.
1974. Character is t ics  of u rea—formaldehy de resins as r c la t . e~

to glue bonc çuality of southern pine particleboard .
iho ku za i  G ak k a i s hj  2 G ( l J ) : 4 8 3 — 4 - h i . Ciienm . Abs. 82:4i434.

(b) l 74.  React ion pH of urea—formaldehyde resins as related to
strength; properties of southern p:ne particleboard.
ihoh~uzai Gakk:aishi 2j(l3) :491—4)3. Ci eri . Abs . d2 :45435 .

(c)  1974. aeact ion catalys ts  of u r e a — f o r m a l d e h y d e  re sin , as ryl~;tn

to s t re ng t n  proper t ies  of southern  p ine particic oard .
Mokuzai Gakkaishui 20(ll):538—540, Chem . Abs. h2:bu2~ i.

Together , these t uree papers present  L . a  relations:i p b e t ,~-~~- ’ m
th e  p a r a m e t e r s  of res in (ur e a— 1ICH O) f o r m u lat i o n  anu L .~
s t r e n g th  p r o p e r t i e s  of pa r t i c leboard  made f r o m  L . a .
pa r t i cu l a r  i n ter e s t  here is tu a t  f r e e  f o r m a l d e a y dc c o t  e m i t
(of  the resins)  was l i n e a r l y  and p~ s i th v c 1v  correl,uLee . 1 t -
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tile four measured strength propert l o s :  In t er n a l  nou d , screw
wi thdrawal , modulus of elasticita , and modulus of rupture.

The f ree  formaldeh yde c o n t en t  was s i gu i t  icantl y i acrt-ase 1 ;

the 11(2110/urea ratio in t .  ;e rim ;.. of 1 .7 t o  1. ~~~, a f a c t o r o f
importance in t i e  odor p r o ) I e I I t .  h~~~ a u t h o r ’s ,Lyp ot ;esls
is t h a t  free HCHO promotes ilberut ~ Ofl 0 1  a c 2 d  f ron t  t u e  react  ion
ca talyst during c u re , L i u u s p r n n u t i : . : polymerizatio n additionally.
Under conditions of low iree fun r r .,ilheiuy de , cure rate is lo~
and poor bond ing results.

Comment : Tue taree papers art, in h i u g l i s h.

AlO. Grigoreva, ~1. N .,and ~~. C. Shplet
1974. Use of a urea plastic foam sealant in enclosing structures.
Tr. Leningr. Sanit.—Cig. .led . Inst. (105):l77—l78 . Chem. Ab s.
84:140033. (Russ.).

The use of foamed resin (e.g., urea—formaldehyde) building panels
poses a potential odor problem. The authors recommend a test
for possible evolution of HCHO before use.

All. Matsumoto, T.
1974. Concentration of formaldehyde released from plywood in an
environmental test room. Ringyo Shikenjo Kenkyu Hokok u
(262) :41—58. Chem . Abs. 82:60159. (Jap.).

The information presented supplements t .at reviewed earlier
(A4 , AS, A6). Confirmation is given to t u e fact tuat
temperature and humidity hot;; affect iIC;1O odor level (AS).

A12. Temkina , R. Z . ,  :u .  i’1. Sv i tk ina , and a. U . Yu d na
1974. Standard for  resin K S— 6 8.  Darevoo br ab . P roms t .

(9) :3—5. Chiem . Abs. . 82:74039 ( R u s s . ) .

Standards are recommended for three grades of ; urea—
formaldeh yde b inder used in the manufacture of par t icle—
board and pl ywood . The t ree formaldehy de  c o n c e n t r a t i o n
is se t at < 3.3 to 1.0 p e r c e n t .

Al3. Peterson , H., W. Reutiter , W. Eisele , and 0. K i t t n i an n
1973. Further investigations on tlu e formaldeavde 1 iaeral ion

during par tic leboard prod uc t ion w i t h ;  u r ea  f o r m a l d e hy d e
adhesives. Par t  I I .  E f f e c t  of r e s in  q u a n t i ty , p r e s s i n g
time , and temperature. Holz h o . ;— W er k s t .  31(12) : 4 m 3 — 4 u .
Chem. Abs. 80:1471d3 (her.).

—11—



The parameter..,  in t u e  t i t l e  n ave  a dec i s ive  ‘e f f ec t  on
tue liberation of formaldehyde during production ~i i d

storage of particleboard. More formalde.;yde is liberated
from oa~ part icles than from spruce. loisture content
is also a parameter affecting t,,e evolution of f o rm a l d e h yde .

Comment: Time paper deals primarily with triese parameters
insofar as they are controllable during manufacture .
However , t u e  applicat ion of part ic leboard in consumer
s i t u a t i o n s  is e ff e c t i v e ly similar to s torage , especial ly
if tue  particleboard is put into use too soon after manu-
facture. See also A28.

AlA. Winkle r , Han s Dieter , and Klaus Welzel
1972. Formaldehyde emissions from pressboard production .
Wasser, Luft B et r .  6(7) :2 13—215 .  Chem . A b s .  77:143548
(Ger.).

The source of , testing for , and the possibilities of n i n im i zi nd
the emission of formaldehyde are discussed in respect to
various phases of t i le  i ndus t r i a l  process ing p l a n t .

A.15. Gillespie, K . H.
1 72.  That panel odor— — wm en it mn ’~ o c cur——w h at  you ca ;i

do about  ft • ~o.  72— 015. U . S .  i) ep artn ;ent  @ 1 .\ hr  l eu l t u r e , i c i ~
Service , Forest Products Laboratory , ka~~ison , ~~~ 7 u~•
The edited version of a 1969 n u b l i c a t i o n  A.~ , )
i l av ing  the  same t i t l e .  The au thor  discusses cone iselv
sources of  t h e  probl em, the quest ion of W~je tile r fe ; :.; t h e  - v~.e
is a :;calth ;;azard , toe roles of t i ;~ adu es ive  m ona ;- tur t’r ,
tee panel  m a n u f a c t u r e r , and t i c  whole - .; k r  and i i  i .. 1mm
controlling tue parameters giving rise ~o for;- ;aicc.~vde
e v o l u t i o n . i - i n a l lv  , t :w end—us c l oca t i on , u n:s- i y i-. i t  1; t o~
homeowner and businessman , is d i s cussed  p r inc i pal lv i t

respect to what can be done to  a l l e v i a t e  ; - - h i  n t  ion
w ; e r c  in t u e  odor of fo r m a lde;;yde is ob ject  ic ;,;i ’ 1-.

Comment : Thoug h based on two older  l i t e r a t u re  ~,i; rat - v:.
( A 2 ( J  and A25) , t h e  in format ion p rov ided  c c c i i i l lS

v o l  in .  R e f e r e n c e s  c i ted  have not been
superseded a l t o g e t h e r  by more recent  p ub l i ca t i o n s  c i t t u
in the  present  survey .

A16 . Pet orson , II .  W. R eutt ie r  , W . Else 1 e , nub 0. ;~
1972. I n v e s t i ga t ion s  on t u e  f o r r n a l d e h ’.-ui 1 ~u~.r -~t j O t ;

du r ing  t h e  m a n u l  a c t u r e  ot  p a rt  ic l e h o a r d  w i t ; u r e a
formaldehyde  adhes ives .  k I o lz  E o n —  t~~ .- i - . -~~t . 3 1 ( 1 1 )
4 2 9 — 4 3 n .  Cliem . Abs .  78:~~ t) 3. ( c e r .)

— 1 2 —



T h e  f i r s t  in a series of three papers (see d.7 and .~i3)
having the  same main t i t l e  and a u th o r s .  i h i g h t  m a j o r  :,ctors
are l isted as i n f l u e n c i n g  t 1ie l i b e r a t i o n  of f o r r i a l d e i ;yu c -
during manufac tu re  and s torage :
(1) Ure a— form a lde i iy de  molar r a t i o  of the adhes ive .
(2) Free formaldehv -j e content  in Lie adh esive .
(3) Mois ture  content  of the  glued wood cu i ps .
(4) Amount of hardener .
(5) Type of hardener ( I . e .,  composit ion of m i x t u r e ) .
(6) Amount of resin app l ied .
(7) Compression tempera ture .
(8) Compression t ime .

Tile paper reports data  with respect to i tems (1) , (2) , and (3)
above. Thus, particleboard pressed from chips containing
higher moisture content (e.g., 15 to 16 pct) liberated more
(about 50 pct)  formaldehyde than if the moisture content  was
low (10 pct) . T h e  same general re la t ionsh ip  applied dur ing
storage (pos tmanufac tu re  l iberat ion) as well .  A method was
developed for  measuring formaldehyde liberated dur ing  and
a f t e r  pressing. Analysis for HCHO was by toe sodium s u l f i t e
method (A29, B33).

A17. Kel ly ,  N . V.
1970. Formaldehyde odor and release in particleboard.

Proc.  4th WSU Par t ic leboard  Symp .
Wasu. State Univ., Pullman , Wash. p. 137—149.

Three aspects of t u e  f o r m a l d e h y d e  problem are discussed :
(1) Ch emis t ry  of adhesives and t i l e  cu r ing  process ;
( 2 )  Causes of fo rmaldehy de release;  and
(3) Formaldeh yde anal ysis (see sect ion 5 ——

fo r  examp le , Bl) and 1133).
The d c g r . i . 1 ,m t  ion of m e t i t y lol end groups , which are not
comp l e t e l y r e a c t e d  du r ing  the  cur ing process in toe hot
pr ess , i s  bel Loved to  be t h e  p r i m a r y  source of f o r c a l d e i ty de
re l e , i s e ,h  f r o m  u r e a — f o r m a l d e h yde—type  adhes ives .  A mor e
i i : n : ; e d i - i t e  source  d u r i n g  m a n u f a c t u r e  and fo r  a per iou
t h e r e - i t  t a r , is t h e  f r e e  f o r m a l d ehy d e  added to e n . i a u c e
t u e  c u r l i g  r i t e .  A d e q u a t e  con t ro l  of t i e  many e , i m i u—
t i c t u r i ng  processes  and pa rame te r s  can a l l e v i a t e  t i c
r ~u

A id . ~orCs t Products 1. i :;or :utorv
1 ) ;  . L l i m i m i ~~t ing odor from urea—ri ’s i n — b o n d e d  p lywood

and p art ic  l eb o i r  I :  Glues and E l  l i t ’ ,! P r o d u c t s  P r o j e c t .
i .S .D.- . Forest Service , Forest Products .ibor .;torv ,
had iso :i , l~is.  15 p . ,  3) refs.
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An a b s t r a c t  b i o l i o gr ap i ;y  c on t a i n i n g  re cr’euccs up -

Comment : Toe present survey is an -:xt cue ion o t  L is older

one , b u t  now a r r an ~:cd on t n .  ;,is Ii ~ of LOf ICS (t .tVe) . 1 1 : 0

in curono log ical order  eeg m u  f I l m ’  ~ .‘ to t oe  eos L reci - 1 t

citation in each g r o u p .  1- c  nh ovm is n o f u n - - e r  ~ ve r i o n
for distribution from the Fc ’rcit Prod uct:; ; . : i e o r a t o r t ’ .

Al9 . Canadian Depar t nnen t  of Fis :ci ics l i l t  F o r e s t  r’;
1969 . Re scurc  hews.  12(2 ~arc — Ap r L 1 )  k .  ~ u u .  - p t .

Fisheries  and F o r e s t r y,  Ot L a in ; , )n t .

A concise di sc u ssion of toe f o , - :::. ; i , ,~ - . - : d e — ; : u r t  ~cle ; r ’~;r u
problem prepared  [or pu i ic rc  L e t  ~Oli s ~~U l f O - 0 S . -~~ ‘e l  i i

typ ical uses for part Ic  i n b o , i r u  ar c : u : ’ - l  ei~i .15

because the  ma te r i a l  is used w i t  o u t  1 0  n e a l  inc of t i e

su r f ace  to reduce l i ber a t i oo  c ;  . r :lt ,~l d e l v d c .

Comment: This u r i t e r  d i s~1g r L .- i - . im i t  - ~;tc -t a~ e; ~ ::t I ni t

[formaldehydel  is not p o i s o n ou s .  ,;t nov he .~~ L u  L i e

sense of not  being denu I~’ , a; t he U - - I. o n i ry  n c h  ~ui t u on
of a poison inc ludes  t e e  p o s s i b i k  tv  ci  : ‘r ou - ;e  

~~~~ 
an

injurious effect :15 well. u- i t  :rl-:~~1uc i ”uc Ifl cc
inj urious to the  unun bord - in  ~~- ‘t . l l l c u  In - - I l e t ;  I , .

A20 . Gillespie , b . Li .
1 ) o • That p a n e l  odor — — wun t you c- ia no - iou;

U .S .i ) .A .  , Fores t  S e r v i ce , fo r e st  P r o d u c t s  , ; e r a t  eu-
-hadison , \J is. In p . ,  17 r e i s .

Comn ;cu:L : Se~ i i :  acova  f o r  ed ~t cmi v -r s  m on

A2 1. T rou gn to n , U . E .
1) od . A c c e l e r a L e d  ag ing of g lum —wood bonds .  hoot ,  Sc i
1(3) :1 72 — 17u  . c :,me: . . ‘;J S .  7,i : i i

:-h ild a d o  cond i t i on s  were  u s e U  to a c c e l e r a t e  t ee
c,-u r o ly s i .s ci  g lue—wood ‘ond s , t ee  course  ol I . e

r e n t  ~o ;s  be i ng fo l lowed  :;y Lim’ torm .ildeuvd e li ’ .-r~;t~- ;;
(a color icu. .’L r i c  ;n . L i i o d  ci  o n . i i  v : ;i s  or o r u u u , l l u e : v d c  e ; s
used) . l O~ 1 IVe’S c,uic u i ; t e i  I O U  t i m  ici&I —~;v dim u iv: -. is
ru~m ct hum ; pro’~’ ide~! an in~,ex  ( t  cc c s 1 .  h a i L  h e n  - -

bond du r a o  1 I t y )  t a i n t  was  h i :  l OOt!  I t ’ l L  - i m i l t  ‘~~i t i ;
l i fe .  Lie  u r e . i — L o r m . i l d ~-i iy de iV ~~e , O j  t h oee - ..L  d u r o t i  ~L v

i L I L ~~~.
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Coimnent : The research; very  d e f i n i t e ly  p i e p o i u u t s  U sou r ce

of fo rmaldehy de l iberated f r o m  p a r t i c f e o c o i d .  n -,’ei u i f  ii I
f ree  formaldehyde , added to enh ance  th e  cu r e  of
the adhesive, could be removed , tl cr . r em a i n s  a t e n  1111

number of unreacted met h y lol end groups (see Al]) C u e :
are subject to acid hydrol ysis. Furthermore , su ch  re1e.u— ~c
of formaldehyde from cured urea—formaldehyde resins is
increased by heat and moisture. ,-,s will be seen in
Section C, any procedure which reduces Lu;e absorptIon of
moisture by particleboard will tend to reduce t i e rate ot
tuis  hydrolysis action.

A22 .  Pushkina , I. K.
1969. Industrial hyg iene in the production of woodciuip
particleboards. Gig. Vop. Proizvod . Primen. Polim . Mater.
38—46 . Chem. Abs. 75: 143692 ( R u s s . ) .

A discussion of the h ea l th  hazards  associated wi th ;  va r ious
stages of par ticleboard production. Remedies are proposed
for reducing formaldehyde in the plant atmosphere as well
as its release from the finished products. Unsafe working
conditions were recognized by the fact that tue concentra-
t ion of formaldehyde was three to four times ti le permitted
maximum.

A23. Neusser , H . ,  and 11. Zent i te r
1968. Causes and the  control  of fo rma ldehy de odor f rom

wood—based building mater ia l s , especial ly porticleboards .
H o l z f o r s c L i .  Ho lzve rwer t .  20 (5 )  :131—112 . (h em . Abs . 7ul :5.i~ h5
(Ger.).

The formaldehyde problem is covered in almost oi l its aspects ,
as shown by the following list of section subtitles:
(1) The odor of fo rma ldehy de  arid its effect upon peopi e .
(2) The importance of ventilat ion in o r o om.
(3) Odor and irritation thresholds for l o r una l d e ;v t i t - In
room air .
(4 )  Free and releasable fo rma ldehy de  I ron u rea  t e s  in s .
(5) Formaldeh yde emi t ted  d u r i n g  t h e  h i o t  p r e s s i ng  01
part icleb oards.
(6) i i i e  f o rma ldehyde  content  of p ar t i c l e b o a r d s  c l  l o w i n g
press ing .
(7)  Emission over extended per iods  of t ime .
(5)  Studies  on i n d u s t r i a l l y  u : ; an u i f a c t u r e d  part Ic leitoards.
(9)  Cases of compla in ts  and t h e i r  e l i m i n a t i o n .
( 15)  Summary .
(11) B ibl iog rap h y——37 c i t a t i o n s .
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Much quantitative infornu t ion is given in some sections ;
two , (2 )  and (3) above , are p a r t i c u l a r l y  importan t to t h i C
practi cal probl em of alleviat ing t a u e  odor from installed
bo ards. A footnote in section (4) gives definitions for
four “ki nds ” of formaldehyde , based on t h e  t ine at w h i c h
the formaldeh yde Is determined during the course of m a n u f a c t u r e .
Section (7) compares t h e  emission of {ormalde uyde f r om board
surfaces versus from the  edges.

A24. (a) Pla th , L.
1968. Tes ts on formaldeh yde libera tion from partic leboards.
VI. Test series on formaldeh yde l ibera t ion f rom i n d u s t r i a l
particleboards. Holz Rob— Werks t. 26(ll):409—4l3 (Ger.).

(b) 1968. Tests on formaldehyde l ibera t ion  f rom p a r t i c l e bL a r u s .
V. The inf luence of curing acceleration ;u;u ogiug p e r i o d
on formaldehyde liberat ion . Holz Rob— he’ r h s t . . b u ( t ) : 1 _ — 1 2 5 .
Chem . Abs. 69:88118 ( G e r . ) .

(c) 1967. Tests on formaldehyde liberation from partic 1~ bu ;n~i~~.
IV. E f f e c t  of mois ture  conten t  in ch ip  mat  c i  I o r n i I d ~ - 

-,

l iberation. I-lolz R o n — W e rk s t .  2 5 ( o) :~~3 l — 2 i S  ( o c r .) .

(d) 1967. Tests on formaldehyde libcr ,~t ion f r o m  p a r t i c l e b o a r u s .
I I I .  E f f e c t  of ha rdeners  on formaldeh yde lib era l ion . i h c l z
Rob— W e r k s t .  2 5(5) : l69— l73 .  Clien ;. Abs.  o7: hhhhf l (Ut-r .).

(e) 1967. Tests on formaldeh yde l iberat ion f rom p a r t i cl e b o~i r d s .
I I .  The influence of pressing time and t e m p er a t u r e  on
formaldehyde l iberation . lholz R o it— W e r k s t .  2 5 ( 2 )  : u 3 — c S .
Chem . Abs. 67:23052 ( G e r . ) .

A series of six papers dealing wi th ;  p a rw i c t ers  re levant
to the indus t r ia l  product ion of p ar t i c lehoa rd .  (See
B4 1, the f i r s t  paper in the series , fo r  d e t a i l s  of Pl.;to ’s
anal y t i ca l  procedure  fo r  de t e rmin ing  the fo rma ldehy de
liberated f rom p a r t i c l e b o a r d . )  As t h e main title implies ,
the amount of formaldehyde emit ted was the princi pal
concern as a function of the experimental parameters. In
paper (e) , the  author  f i n d s  tha t  formaldehyde  l i b e r a t i o n  is
largely dependent upon the composi t ion md amount ci u ; a r u e i i e r .
And because board quali ty is very sensi tive to h a r dene r
comp osi t ion , the possibility of reducing formal dt-uydd lib-
eration is limited ,

Coimnen t: in S er t i o n  C. (, iil r ol M c t h i o d ~~, more recent efforts
are being direc ted towards altering t i l e  compos i t i on  ci t i e
adhesive , the add i t ion  of m a t e r i a l s  c a p ab l e  0 1 b i n d i n g  t h e
formaldeh yde i r r e v e r s i b l y ,  and t h e  development  m i t  coati ngs
which slow the release of f o r m a l d e h y d e .
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A 2 J .  h . S . D . A .  Forest Service, Forest Products Laborator~:, l ibrary
lb )e8 . L i t e r a t u r e  on th e  problem o f formaldehyde odor

from urea resins. Unpublished bibliograp ;iy . ~ibrary
U.S.D.A. Forest Service , Forest Products Lacoratory,
Madison, Wis. April . 3 p.

A bibl iography by t i t l e  and source only. It covers the
period 1953— 1968 (a single reference  is dated 1942), with
the major ity in the 1960’s. Included are citations to
textiles because of the relationship of urea formaldeayde
resins in the production of wrinkle— , or crease—proof
fabrics.  (See p. 94 of the  section “Use ” in A27 . )

A26. Sukovatov, V. I., T. Galitsina, A. I. Isaev, and V. V. Kharcluenko
1968. Evolution of phenol and formaldeityce from articles
made of molded wood chips. Tr. Nauchno-Issled . Inst.
Stroit. Ugol. Gornorud. Predpr. No. 5 , 311—320. Cliem .
Abs. 74:130082 (Russ.).

Ground wood was used wi th  a pn enolic—type b inder which
liberated both phenol and formaldehyde.  During t u e  f i r s t
6 months a f t e r  manufac tu re , both  compounds were present
at concentrations which exceeded permissible limits.

Comment : See also A8 where par ticle size was reported
to affect the evolution of formaldehyde.

A27. Walker , J. F.
1963. Formaldehyde. Kirk— Othm er  Encyclopedia of Chemical
Technology . 2d ed., v. 10, p. 77. Int erscience Publ .,
John Wiley and Sons, hi .Y.

A summary of the  chemical and p hys ical proper t ies  of all
forms of form aldenyde (gas , solut ion , and pol ymeric) ,
including major  reactions and der iva t ives .  h~a n u f a c t u r e ,
analysis, health and safety factors , and use are covered .

Comment: Considerably more information is to be found
in the book by Walker (A29), but th e above may be
consid ered a very convenient and useful refresher. This
author believes , however, tha t , in the section “hjealt;;
and Safe ty Factors,” permissible concentrations in air
for all human exposures are seriously outdated . ‘fiiis will
ic apprecia ted from the citations g i v e n  in Sect ion D . ]~~:1 cu - logy .

—17—
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A28. Deppe , II. J., and K. Ernst
1965. On reducing compacting time in chipboard manufac tu re .
Holz Rob— Werks t .  23(ll) :44 1—445. ( G e r . ) .

Pressing time (and temperature) were investi gated
experiment ally from the standpoint of economic commercial
production of par ticleboard . it is obvious , however , that.
any tendency to produce undercured part icleboard will
resul t in a product that will probably exhibit high
evolution of formaldehyde in use.

Comm en t :  These conclusions were later confirmed by
Peterson et al . (A1 3) ,  who s ta te  tha t tue p o s t m an u fa c t u re
l ibera t ion  of formaldeh yde d iminishes  w i t h  c i tu e r  an
increase in pressing t ime , or an increase in pressing
temperature .

A2~). Walker , J. F.
1964 . Formaldehy de .  3d ed. ,  Ai ; .  Chie m . Soc.

Monogr.  5cr • ~~o. 159. Re i tu ie ld  Poo l isuing  Cc. , Stam i crc , Cuflfl

Product  ion , monomeric  I orma l i-u:i v J~’, aqueous for m a l d e hy d e ,
d i s t i l l a t i o n, pol ymers , chemical p r o p er t i  , reactio ;ie
with inorganic  reagen t s , r e ac t  ions w i t h  lb types 01 organi c
compounds , q u a n t i t a t i v e  a n a ly s i s , uses c f  f o rn a l d euy d e .

Comment : This edition was reprinted in 197 by R o b t .  u.

Krieger  Pub l i sh ing  Co . ,  h un t ington , ~.1.

—18— 
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Section B. Analy t ica l  Meth ods

Ba . Snyder , A. D., F. N.  Hodgson , I-i . A. Kemmer , and J. K . hcKendree

1976. Utility of solid sorbents for sampling organic emissions
from stationary sources. :IRC—DA-.567 , EPA/600/2—76/2U1.
Monsanto Research Corp., Day ton , Ohio.

The solid sorbents, porous polymers , were tested at two
industrial sites as the means f or sampling and concentrating
trace organic compounds. A detailed discussion is given
of the problems therein.

Comment : Other solids (e .g . ,  activated carbo n or charcoal ,
silica gel) have been used in similar fashion (B2, B3 , Bl4 ,
B 21) ; the above report is concerned onl y with  the use of
porous polymers. See also 316 , 329 .

Bb . Bitterli , W., and J. M. Sir e
11976. Detection of trace amounts of formaldehyde in aqueous
solutions——comparison of two spectral colorimetric methods
f or the quantitative determination of formaldehyde in textiles.
Textilveredlung ll(8):345—348 . Chem Abs. 85:144533.

The reaction of formaldehyde with 3— meth yl-~2—benzothiazoloni e
hydrazone is more sensitive than the spectropnotometric
method using acetylacetone (Blo , 324). See also 88.

Bc. Krikunov, N. I., T. V. Kozhukhova, E. K. Bovkun , and M. 1. Bukovskii
1976. Modified method of determining formaldehyde in the air

us ing phenyl—hydrazine. Metody Anal. Kontrolya Proizvod.
Khim. Promsti. 2(1976):32—33. Chem. Abs. 85:98632 .

Formaldehyde reacts wi th  sodium s u l f i t e — s t a b ilized
phenylhydrazine and HC1 in the presence of an oxidizing
agent. The stabilized reagent remains unchanged for 10 days.
The color intensi ty  is measured optically or visually.
The sensitivi ty is 1 microgram in 4 mi l l i l i t e r s  of solution .

Bi. Clermont, L. P.,and M. N. Carroll
1976. Improved chtromotropic acid de te rmina t ion  of formaldeh yde 

—evolution from wood composites . For. Prod . J. 2b (8)  :35—37 .
Chem. Abs. 85:162220.

The authors describe a simple procedure for  de termining the
amount of “evaporable” formaldehyde (A23 , 833) evolved f r om
particleboard which is ground first in a Wiley mill. The
amount of formaldehyde (log scale) released is a linear
funct ion  of the  tempera ture  to  which  the sample is heated .

—19-. 
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The limit of de t ec t i on  is near  0 .5 mg/rn 3 (0 .4 ppm) or
1 microgram of fo rma ldehy de.

Comment: T h e  p r e p a r a t o r y  procedures  (g r i n d i n g  arid condiliomm iug
for  MC) would be expected to have some e f f e c t  upon t~ e accuracy
of the resu l t s .  Thus , depending upon Lue in i t ia l  1h c-i toe
sample , condi t ioning at 50 percent  RH fo r  2 day s  mar or oay not
enhance los s of FWh-IO . Gr in d ing  in a Wiley  mi l l , unless speu i-fl
cooling is provided , tends to  raise toe  t empera ture  of tu e
material , increasing the ra te  of hI C fl O loss us SOOWfl u~~

au thors ’ data for the effect of temperature . It sas I-cOO
shown by o thers  (see Section A) tha t  the l i n cr at i o~i of
formaldehyde is enhanced by an increase in imumidi ty  an d/or
temperature.  A similar procedure was repor ted  by Ch r i s tensen
(B30) .

32 . Levadie , B.,  and S. 1-1 . Macaskill
1976. Analysis of organic solvent s taken on charcoal tube

samplers by a simplified technique . Anal . Chem. 4 8( l ) : 76 .
Chem . Abs. 84:64737.

The technique of using a charcoal tube sampler plus gas
chromatograpu f or analysis (qualitative and quantitative) is
described in its applicat ion to monitoring thie workplace
where paint and lacquer solvent s were used . Formaldeh yde
was not covered in this  work , but  o the r  oxygenated compounds
were .

Comment: This report  and others similar to it (L - .r . ,  1114 ,
815 , 1320) are included in this  rc .‘iew to o r i n g  to  ~e r ea dc r s ’
a t t e n t i o n  t ime  i ncr eas in g  impor tance  of s ur v e i l l a n ce  m e t h o d s
which  will be requi red  in order to  ~Ofli ~ l’~’ ~- i t ii OSHA s ta n d ar d s .
The charcoal  sampler tube—carbon  d i s m i l f  ide d e s or p t  ion—gas
ch i romatograp hi sys tem has a l rc a e v  been ac c e p t e d  b y  h S l IA  is a
method for compliance investiga t ions ( i320) .  ic a o r b c n t  [ L i c e
method  of collecting low—level  a tmospher ic  p o l l u t an t s  is
ga in ing  f a v o r ;  th e  sorbent  f i l l i n g  need not  be limited to
activated carbon (charcoal )  as may be no ted  in c i t a t i o n s
fol lowing.

B3 .  Fl ick , K.
1975. Deter mination of for maldehy de concent r a t ion  a t t i e  fac tory

in ti m e production of ch l pbo a r d s .  Z e n t r a l b i .  A r b e i t  smed.
Arbe i t s sc h i u tz  2 5 ( 9 ) : 2 5 7 — 2 b 3 .  Chiem . Abs.  84 : l 1 J 7 4 9 .  (G er . ) .

— 20—



- - - - __ _. -- _ . - V~~~~~~~
_-_ - - . _ ~ -.Z.,2 

— - -

Water  wab used to desorb form aldehyde  collected by sorpt ion on
silica gel. The aqueous solution was analyzed by the
pararosaniline method (i343) . In the  range of 0 . O b —  to 0.12—mg
for maldehyde, the relative standard deviation was —3.3 to
—6.7 percent .

Comment : I t  is presumed ( thoug h no description is given in t i m e
abs t rac t )  th a t  the sample was collected by tile sorbent—tube
me thod (82) , silica gel being a d r y,  granular solid . The
advantages of such a sampl ing technique will be recognized
from later  ci tat ions and f rom the fac t  tha t  i t  can be made
very simple and portable for localized , personnel workplace
sampling. See also B3d and 343.

B4. ~iohl, H. R.
• 1975. A nondestruct ive rap id test for  determining formaldehyde

liberation from particleboards without overlays. Holz—
Zentralbl .  101(67) :869 ,871. (Ger . ) .
A suction appara tus is used suitable for production control ,
investigation of complaints, and research.

Comment : Being nondestruc t ive to the specimen material,
t h e  method obviates the  l imitat ions and cr i t icisms of
the method (81) described earlier .

35. Roffael , E.
1975. Measur ing formaldeh yde release. A practice—related

method of determining the fo rma ldehyde release of urea
resin bonded particleboard construction panels.
l)tsch. Holz—Ztg. (101) :1403—1404 (Ger.)

Formaldehyde released from small samples of the panel under
test is absorbed in w a t e r ;  the amount of h i Chl O is de te rmined
quant i ta t ive ly  using the  iodometric method (A2 9 , 1333) . I h e
water and samp les are contained in a t i gh t l y  sealed b o t t l e ,
w ii ic im is placed in a cons tan t  tempera ture  enclosure . ‘ Li e
author  repor ts  data  fo r  the  e f f e c t  of the  fo l lowing  paramete rs
on the release of iiciio From par t ic leh oard : (1) molar  r a t i c  of
urea to HCH O , (2)  s to rage  time , (3)  press t ime , (4) cu r i ng
agent , (5) phenol— versus urea—formaldehyde resins ,
(6) temperature of board in use , ( 7 )  type of raw m a t e r i a l — — i .e. .
wood versus bark , wh ich i  had a h i g h i pheno l i e  components
c o n t e n t .

BO . Ch i r a s t i l , J . , aud J. T. W ilson
1973. Sensi t ive  c o l o r i met r i c  method for t ornuilde.iyde. Anal.
Biochem. 6 3 ( l ) : 2 0 2 — 2 u 7 .  Chem. Abs. 52:)4959.
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A colorimetric procedure which is sensitive to formaldehyde
at the nanomole level (1 n mole of HCHO = ,O3O pg).
A violet color is obtained when formaldehyde reacts with
tryptophan in the presence of H

2
S0
4 
and Fe, Ni , or Co. The

reaction is very specific . See following citation, B7.

B7. Becker, K. H., V. Schurath, and T. Tatarczyk
1975. Fluorescence determination of low formaldehyde
concentrations in air by dye laser excitation. Appi.
Opt. 14(2):3l0—313. Chem. Abs. 82:144410.

A technique for  measuring formaldehyde in air (at atmospheric
pressure) in the subparts per million range. The technique
is capable of a considerable increase in sensitivity permit—
ting concentrations of formaldehyde in air to be determined
in the parts per billion range. The present limit is 5 ppm.

B8. Ohtomi, M., T. Ohno, and S. Akabori
1975. Determination of formaldehyde in water with 3—mnetnyl—

2—benzothiazolone hydrazone. Kogyo Yosui (202):2l—24 . Chem .
Abs. 84:126595. (Jap.).

A colorimetric method suitable for the determination of
formaldehyde at low concentrations in water . The reaction of
HCHO with 3—methyl—2—benzothiazolone hydrazone, sulfamic
acid , and FeC1

3 
produced a color stable for 17 hours in

the range 30 parts per billion to 1.5 ppm.

B9. Technical Association of the Pulp and Paper Industry
1976. Anaijsis of formaldehyde in aqueous solutions and of
free formaldehyde in resins. TAPPI Official Standard
T600os—76. TAPPI , Atlanta, Ga.

A standardized sodium sulfite (B33) procedure suitable for
analysis of aqueous solutions of formaldehyde gas. The
method has been found to be adaptable to determination of
free or unreacted HCH O in urea—formaldehyde resins (833).

810. Kojima, S., and T. Oba
1975. Analyses of harmful chemicals in household necessities.
I. Determination of free formald~~ yde in underwear. Bunseki
Kagaku 24(5):294-298. Chem. Abs. 83:116643. (Jap.).

Aqueous solutions of formaldehyde are analyzed photometrically
by the acetylacetone method , the Hantzsch reaction (A29) between
HCHO, acetylacetone, and an ammonium salt to give a yellow
derivative. The quantities of HCHO in the various items of
clothing ranged from 0 to over 600 ppm .

—22—
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Comment : See Sect ion 0. T o x i c o l o g y , in which the allergenic

properties of formaldehyde appear to be of considerable
importance from the standpoint of both inhalation and
skin contact .

811. Viccaro , J. P., and E. L. Ambye
1975. Determination of glycolic acid . U.S .  Patent No. 3 ,915 ,638.

Chem . Abs. 84:38441.

The reaction of formaldehyde with 2—naphthol in H 2S0 4
solution produces a yellow—green colored product which can
be quantitated photometrically. The detection limit was
0.08 microgram HCHO.

812. Sawicki, E., and C. R. Sawicki
1975. Aldeh ydes :  Photometric Anal ys is .  Volumes I and II.
Academic Press Inc., New York. Chem. Abs. 84:53638.

The two volumes are concerned with aldehydes and their precursors.
Many of the reactions could be useful in other fields : mass
spectrometry, gas chromatography,  high—pressure liquid chrom-
atography , and others. The analytical methods are concerned
only with liquid solutions, however, and hence , the  wet
chemistry. The volumes contain analytical data and procedures
for 66 aldeimydes. The authors believe that the information
provided allows for  development of many more c . ia ract e r izat ions
and assay methods than they have provided . Formaldehyde is
covered in Vol. 1, Gb. 23 , p. 200—246 .

Bl3 . Gosink , T. A.
1975. GC in environmental analysis.  Environ . Sci. Technol .

9(7) :630—634.  Chem . Abs. 83 :136427.

A review of the capab ilities and applicabil i ty of the gas
chromotographic technique. The versa t i l i ty  and extreme
sensitivity of which it is capable make it a tool which has
been applied to every aspect of analytical chemistry.

Comment: This citation , like the previous one, is included for
guidance. The author presents a particularly clear and concise
discussion of the topics; he does not gloss over shortcomings
and limitations of the technique. Several applied examples are
of interest , expecially with respec t to trace metals analysis.
These could be germane to tile wood—using industries inasmuch
as trees are capable of selectively concen t r a t ing  meta ls
depending upon soil conditions, ari d some metals find
application as wood preservatives.

—23—
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1314. Pellizzari , E. 0., J. E. Bunc~~, h . 1 . -~ar~ e~ ter , and l- . Sav-ic~ I
1973. Collection and analysis of tcace organic vapor ~oiiaLau ts

in ambient  a tmospheres . Tech2i que  fo r  e v a l ua t ii g  coi~ccat ra—
t ion  of vapors  b y sorbent  media . dnviron . dci . Tecia’.ol.
9 ( 6 ) : 5 5 2 — 5 5 5 .  Chem. Abs .  $ d : o ~ b42 .

Polymer beads (jib , 1329), activated carbons (~ dJ , ~d1) , aad  gas
chromatographic—type packings (li~ ui-i phases coate d  o. to
solid suppor t s )  were tested w i t h  three  sy n t h e t i c  :L:~t u re s
of toxic vapors .  (Formaldeh yde was not one of the
components . )  The objec t ive  of tile work was to evaluate
collection e f f i c i e n c y  f rom amb ient atmosphere at t~ e

nanograi.l per cubic meter  level (1 ng = 1 x 10 g

1 x l0~~ mg). iost of the sorbents t e s t ed  dad col lect ion
efficiencies of -iO percent or better for tile three test
mixtures .  A flame ionization detector was used as th e
monitoring device . Problems and precautions in using su~ d
collection systems are discussed . IThe re is an extens ive
bibliography of collection and concentration methods
reported in tile literature.

Comment: While this paper , and the related one following ,
do not deal with formaldehyde as bl ch , the technique s and
principles investigated are impor tan t  in view of the t rend
in industrial health and safety (1320 , B 32) embodied
by t be  Occupational S a f e t y  and lhealth Act (OSHA).

BlS . Pellizzar i, E. D., J. E . Bunch , B. II. ~ irpenter , and C. ~awici~i
1975. Collection and analysis of trace organic vapor pollutants

in amb ient atmospheres. Thermal descrption of organic vapors
from -;orbent media . Environ . Sc Tec ’a .o l. a ( u )  :
Chem . Abs.  84:8440.

Svn t jict jc air pollutant mixtur~~s, concen t r a t ed  by ad so r p t ~~on
on tubes of sorb ent media , were desorbed and analyzed b
g as —l iq u id  chromatograph y (GLC) . Because of l imi ted
sens i t i v i t y  vita available detectors , the objective
of thme work was to determin e time effic iency with wi ic i tie
e n t i r e  amount of sorbed vapors could ~-~e t r a n s f e r r e d  to t h e
analytical system.

Comment:  See previous r e fe rence .  In add i t ion , tn e  present
work is app l icable to ana ly t i ca l  d e t e c t i o n  systems oti ier
than CLC, but where a so r b e n t — t y p e  concen t r a t ing  procedure
has been used to increase s e n s i t i v i t y .

L~~~~~~ 
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Blô . B er t s c I~, W . ,  I - . Anderson , and C . i h - l z e r
1975. Trace analysis o~ organic volatiles in water by gas

chromatograp h y—mass s pe c t r o r i c t r v  ci ta  glass capi l lary
columns. J. Chromatogr .  1J2 , 70 1—718 . C - tern .  Abs. 84 : l2 o 5Y 8 .

Gas phase s t r ipp ing of trace amounts of volatile organic
compounds in water is used to transfer such to a porous
polymer. Heat desorption from the latter sorbent is used
to transfer tile volatiles to a gas caromatograplty column
f or analysis. See 1329 also.

Bl7. Energy Resources Co., Inc.
1975. A review of concentration techniques for trace chemicals

in the environment . Energy Resources Co., Inc., Cambridge , :-iass.
boy . 489 p.

Tu e forma t of the report  g ives a general desc r ip t ion  of
the numerous methods of concentrat ing t race  chemicals from
water , air, and solids (principally soil and plant material) .
Eacii section includes two types of tables: (a) by method of
concentration and (b) by materials concentrated . Each is
accompanied by the per t inent  l i t e r a tu r e  re fe rences .
Formaldehyde is not one of the  specific compounds covered ;
there is, however , a heading for aldehydes in general .

BIS. i)bl ivin , A. b.,and G. N . Afarias ’ev
1973. Determinatioi of lormaldenydu and met ianol evolved in

the polycondensation of resins under cl:ipboard hot forming
conditions. Izv. Vyssh . chcbn . Pave ., Lesu. Zh. 1 8 ( 2 ) : 1 0 4 — 1 0 8 .
C ier~. Ab s. 1i4:l8l5U. (Russ.).

hd ,me sives  of t i IC  type used in mak ing p a r t i c b e b o a r d  were
decomposed at known temperature and pressure. F;ie

a p p a r a t u s  used p-~rmit Lu ana1vsi~~, by gas c.i ren~ategrap iiy ,
of small f r a c t i o n s  of t i l e  vola t iles  formed , i n c l u din g
forma lde :iy

B 19. ila rkin , John 1 ., John ~~ . Obst , and W i l l i a m  (- . Le.imann
1974.  Visual method  f o r  measuring ornialdehyde release

from resin—bonded boards. For . Prod . J. .~4 ( l ) : 2 7 — 3 U .
Chem. Abs. 80:110110 .

l~~o t e s t  procedures  are  d e scr i b e d  : One pc r  t i l t s  t o t  ~u r t m e n  I
of t i e  f o r m a l d e h y de released to t h e  a i r  I ron a o a t h  s t a p l e ;
f e  o th e r  is a n o n d e s t r u c t i v e  spot t e st  w i  ic i ’  d i i  c r e n t  h a t e s
between boards  cap a b l e  of r e l eas ing  f o r m a l i i e . v d e  ( p u r p l e

— 2 ) —  
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spot) and tho se that show little or no liberation (dull
brown spot )  . The reagent  (pur~ ald) is su f f i c i e n L i \
sensitive t~iat formaldeh yde ~oncentrations ~eiow I. e t h re s t o i d
of human detection , l.u tn g/ rn~ ( 3 . d H  pp m ) , can be
de tec ted . Several model a?plications are cescrijed . biic
of these demonstrates how formaldehyde release varies sit ,

degree of cure, and illustrates aow tie spot test is
applicable to routine control use or onsite testing of
complaints. Accurate assay of ilChlO ‘.-;ltit purpald requires
that t i le test  be carried out  under standardized  cond i t ions .

Comment:  The “a i r f l ow  procedure ” avoids t i le  need to
collect t i t e  a i r bo rne  formaldehyd e in any type 0f liquid
or solid reagen t .  See 1320 and 821.

1320. liueller , F. ~ ., and J. A. h ib i er
1974. Determination of organic vapors in industrial at :osji.cr s.

Am. Lab. a(3):49—50,~~2,54,56,58—ól .
Clieji . A ds .  8l:l403~~~.

~ o dat a  are g iven fo r  f o r m a l d eh yde.  Vapor co n can t r a t i on
mcasurer.ients are made by a comb ina t ion of me th ods ;  f o u r
examples demonstrate application of t c ~ e. Liaitat~ oas
are discusse~ .

Comment: Taa paper i l l u s t r a t e s  .io~c cue ~n d ust r ~~al cci- t p . t m ;
u t i l i zed  0S~e\ s tandard  m e t h o d s  fo r  comp i iunc ltivtst i g a t  lot s ,
in combinat ion w~ td exis t  j u g  baaoratorv inst rut~cntjt on ( i ; (- )

to ti otiltor Inhiouse situations . hac p ruccut r u

(e.g. , 131-3) w i l l  ec i lpc-rtan t to Doaru uianufactur- :rs ii
exper ience  repor ted  by Freeman and hr i u u t i  ( i 3 2 )  a r e
indicative o~ 1:10 trend in safsty pre e.ilt oas. si lcI —
t i on  as regards  fo rma ldeh yu e w i l l  cc sp~ Jied out more
c lear ly  W LOfl the P10S ~ crit eria docum-~u t  c i  fcrt~- i1 d u iyd-c
is publ i sh ed  (see also D l ) .

B21. Burnett , R. 0. , P h i l i p  Dianio :id , . .  P .  A r u e r s o c  , . i t t d - .  L .  a~~ c ar t
1974. E v a l uat i on  of ch a rcoa l  sampl ing  Lijaus . p. 34 - , i i , —/4. — 1 3 .

USAF Environmental he ti lt a Lab , ; c Clellar  1 b , Cal. i~ . S e pt  -

See B2 , 1320 , h 4 .  E x p e r i m e n t a l  tubes  ~s e r e

compare ’J w i t h  commerc ia l  charcoa l t i iu e s  -

Comment :  Wh ile ci arcoal  Loses  ar e  a c o a v cn L c iL mesas  or
co l l ec t ing  solvent vapors , the re  ar e  l im i t a t i o n s . Lee ( L)
P o i n t -i O u t  t h a t  t i e capacity of act i v a tuj  c . u r i o a  or
fo rma ldeh yde va r i e s  d i r e c t l y w i t . i  r e l a tiv e  ;iiui;iiditv .
Thus , var h u b  I c  r e s u l t s  would t O  ob t  ,i i i t e h  ii . 1 1 t h  h i t  v
c h i a u g e . i  d u r i n g  a samp ling pe r iod . See IiI ~~.
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B22. Chand , R.
1974. Apparatus and process for ebectrochemical gas determination.
Ger. Offen. 2 ,354 ,149. Chem Abs. 81:114221 (her.).

An electrocliemical sensor for formaldehyde in air. (See
1327 and 1334.) The sensors could be used for determining
other gases and vapors.

1323. Paronyan , R. V.,and V. K. Sarkisyan
1974. Determination of formaldeh yde by gas—liquid chromatograpaiy

in a mixture of primary aldeiivdes , alcohols and acids. Ph.
Anal. Khum . 29(3):604—606 . Ciieun. Abs. 81:9495 (Russ.).

The procedure described ..~1bows separation of a m i x t u r e
of C

1—C4 
aldehydes , alco:iols , and ac ids using a

column packing composed of 5 percent TWEEN—60 +
2 percent azelaic acid on Pol ychrome— l .

Comment : See also B35 . Po lychrome is a f l u o r p l a s t
of limited thermal stabil ity; Polysorb is recommended
~~~~~~~~~

. U n f o r t u n a t e l y ,  ti le d i rec t  measurement b y CC of
hazardous compounds in air at the low ppm
range (e.g., <10, the limit of Paronyan ’s paper) is
difficult with-tout preconcentration . And in the parts—
per—billion range, it is virtually impossible without
a system for concentrating trace vapors . (See
B7 , Bl4, and B20.)

1324. llonma , S.,and M. Kitayama
1974. Formaldehyde contents in clothing. llakka idoritsu
Eisei Kenkyusho hlo (24):128-131. Cliem. \bs . 83:116646.
( J a p . ) .

Two photomet r ic  procedures  are descr ibed , b a sed on th e
react ion of formaldehyde w i th  (a) acety lace tone  (A2~~,
BlO , 1325) and (b)  ph i l o ro g lucinol  (A29 )  . by lon c l o t h i n g
was found to contain from 0 to 1,336 ppm of hiCilO .

Comment : The reactions of formaldehyde w it h p~t1orog1ucinol
as descr ibed  by Walker  (A2 9)  led to w a t e r — i s o l u b i c  r e s i n s .
The use , t h e r e f o r e , of t h i s  r eagen t  in a p hioto nie t r Lc

analys is  is q u e s t i o n a b l e , h ased at least  on t i c  .m~~l 1
amoun t of i n f o r m a t i o n  in the  pub l i shed  a b s t r a c t .

B25. Yoshihara , T .,  C. Okumoto , K. Terashmma , and o t he r s
1974. Tes t ing  method fo r  household a r t i c l e s  c o n t a i n in g

poisonous chemical  substances .  11. D e t e r m i n a t i o n  o f

formaldehyd e in commercial  unde rwe ar  f o r  . 0  ic ’ s and
in f an t s .  Tok yo Torit su  I - i se i  K e u i k y i i s i i o  h. i t k yu  sempo
( 2 ) ) :  1 0 3 — 1 1 0 .  Chem . Abs.  83:11)43. clap ) -

- -  -
~~~~~~
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A water  e x t r a c t  of a c lo th  samp le was analyzed u s i n g
th e  ace ty l a c e t o n e — f o r m a l d e i i y de reaction (A2 9 , BIG , h 2 4 ) .

B26 .  Kurata , D . ,  and S. T a k a h a s h i
1974. Assay of formaldehyde gas concentration in tue

s i lkworm r e a r in g  room sp r a y e d  w~~t .i f orr s a li n  so lu t ion.
:;ipp on Sansh igaku Zassiii 4J(3):2.a j~ 2. . Chi em . ,ar,s.
82:32472. (Jap.).

An aqueous so lu t ion  of 2 — b y d r a z i n o b e n z o — t i u i a z o l e  w a s
found  to  be a h e l t e r  absorben t fo r  f o r m a l i e i i v d c  gas
t t i an  w a t e r  alone. See also 1317.

327 .  ya r c - o t e , R . V . ,  h .  Chand , and T. H .  J ohn s t o n
1973. Development and evaluation of a po r t ab l e  a id ehy d es

analyzer. Anal. Instrum .(ll~:31—4c. cm . ~tbs . 79:u b~~2.

An elect  roch emical  analyzer f o r  1 t r e c  t aea s iu r e m en t  of
f o r m a l d e hy d e  at the ppm conc er~t r a t i o n  l e ve l  in ,i insient
air  and p r oc e s s  gases.  (See and ~ 1h f o r  o t .i e r
sensitc~.:e i n s t r um an t a l  m e r s o d s . )

B28 . -hinei suru , ., and ii . Faa-,iii ash i 1
1973. A n a l v~; ~s o~ dilu te forms hue yuc sob.it ions cv gas

c ,r o r i a t o :~r - l p .l~’ . - i n s a n  Sb F i~~ C Geppo ( 12 ) :  i — h . cclii.

Abs .  b J : h - + 3 i8 ~Jap.).

i :ih. s is ipp.ir ent iv not a t r ice— t ev el procedure , as
aq usc c- so hat ions of f o risc Os - i~~~ k e > t i  ppm)
m e r e  , i I l a ~~~ Z c L a . F e  : n r r ~ i l dc . i cie ,~as r euced t i r s t
to r,c~~, i t , j  h r  th e te a i , t v s i s , t i t u s  c :cmtt ig

~ - i r  a u t . i o ic - . to JSe i c -  - cry  - h i - h i S  i t  ye 1 , lti

ion :cit~ on d e t e c t o r  w a l e s  ~. t i n t  sei~Shtlve to
1i r p i a F d e ~~v~~c i t s e l f .

( on: -o f :  \ t  c a t s  a li t rat ions  ~ y c t i  enoug i to . t l l o w
1 c ut ; c of t ; i s  t a - t a i l  csii h u c t  i V : t v  0-  t i c t a m , t ,src

is i~~t t ie  va lue  mi t:ic ecti ’c i n  h o i t  o f t a i l  r n a h ~ 1~ . u ’ d e  L a

ilis t ia lot , is ‘ o u m t l , h c :vhe  m i d  S i t  or can
ov sev e r t i  of 1;i e  scsi i l , i b l c  porous p o l y m e r  ~~. i C 5 i i h i .

Por ; l : ia ,L icr .l~ ro l l - I , see h e i t s c u , . \ n , l er son  , h o  i s - i  ( 1 - i

i - r i o - e l , L . ; .,  P . L. i-, , i ll i ,c , t i c  ot s r - ,
l b 7 2  . s~ ec t i v _ - r e t e n t  ion ~~~ porous -to i vt - sr i s or - c i t . ..

- P l ~ I m it :00 to  a a r i : , i  b - t i - d c  iii . I -  r :.~ c i t  sil .  . . ,  i 
c,4(  1 4 )  :2 4  d — 2 — a .,2 . C a can. : u) S .  ~: 1~- 3 - .

_ _  
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The c i i r o m at r o p i c  as i net  -sd i~ sup pl emen ted  b y t o  use
of a r u d e  of a p o r c h - c  po l vt: ic r  t i d s o r b en t  to remove p o l lu t a n t s
W I  i n t e r f e re  w it  t e  Y o r m a l d e : iv d e  ~d t e r m in at i o n .  a.
sensitivity of an or ~r lower tSau -~ ppm f o r i s a l d e t ty d e  in
ai r is claimed t b c l r c d \ . The amount of pol yme r used is
too small to affect tie  quantitative measurement of
f o r m a l d eh yde .  See r e fe r e n c e  B I b .

B30. Christ ensen , P . L .

19/2. Test t o r  measuring formaldehyde emission from
formaldeh yde r e s i n  bonded par t i c l eboa rds  and piywood.
For. Prod. J. 22(4):17—2cJ . Chem . Abs. 77:7567.

The objective was to oe able to pred ict tile extent of
tormaldehiyde liberation from particleboard and which
factors were influent ial. To th i s  end , an analytical
procedure  was devised wh ereby f r e e  forma ldea iy de was
de te rmined  l a y  h e a t i n g  a sample of ground board in vacuum
ai -id collecting the formaldehyde in ice water . The latter
aqueous solution was titrated ~y t h e sodium s u l f i t e  method

Corr!nent:  The procedure may ne suitabl y charac te r ized  as
an accelerated test for total evaporable formaldeiiyde (see
definitions in A23 , 1333) . On t i c  o ther  hand , t h e  purpald
spo t test (1119) is in;lantaneous , nondestructive , and th ere—
f o re , capable of be toe use I as a quality—contro l test for
f i i i i s l i ed  boa rds .  For r s a s o n —  st S t  ed prev ious ly  ( 131) ,
this atititor questions t i l e  preparatory procedure of g r i n d i n g
and conditioning samples.

B3l. Smith , R. C., 1~. J. Rryau , P. Feldstein , and others
1972. Tentative m e t h o d  of  an a ly s i s  f o r  l ow— m o le cu l a r—we ig t t

aliphat ic i l d e t i v d e s  in Lie  atmosphere . h e a l t h  Lab . Sd •

) ( l ) : 7 5 — 7 8 .  Chi ei.i . 1-b s .  76 :133382 .

A colnl) iuat iOU of mc t h i o d s  is  u t l i  ized to d e t e r m i n e  f o r m a l a l eh y d e
(chiromotrop ic ac id) , acrolc in  ( :I gCl ~—i :cx v l  r oso rc ino l  p rocedure )

and C ,—C 5 
a ldehydes  (gas c ir o n t a t o g r a p iv ) . A samp le o f  t hese

air pollutants is collected with 1 percent sodium t isu ltite
solution in mid get imp in s e r t -c .

Comment : O t h e r  proce chures have been usc- it to  co l lec t
f ormaldehyde for analysis; for exanple , see 13 , ~~~ ~~~~~~~~~

- ~~— - .-~~~~
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B32. Freeman , H. G.,and W . C. Crendon
1971. Formaldehyde detection and control in t i l e  wood industry.
For. Prod . J. 21(9):54—57. Chem. Abs. 7 à : 5 0 4 3 .

Their procedure for using the c’nromotropic acid test for
formaldehyde allowed concentrations to be measured in ta.C
range 0.04 to 8.0 ppm . The procedure was adapted
to checking various adhesives for formaldehyde evolution properties
bef ore the adhesive was used in their indust r ia l  p lan t .  Impetus
for the work was twofold : Increasing instances of accidents
and indications by employees that they believed ti-se odor of
formaldehyde was a contr ibut ing cause. Experience showed t ;ta t
workers objected when the formaldehyde odor exceeded 1 ppm.
As a result , a ceil ing value of 2 ppm , ra the r  than the usual
5 ppm , is their recommendation . (See also Sgibnev , D28, w i o
investigated the physiological effec ts on man of low concert—
t ra t ions of f o rma ldehyde . )  Of the variables eva lua ted——
plan t temperature and humidity, glue type , product being
made——only glue type was sig n i f i c a n t .

B33. Schwarz , F. E .
1971. Advances in detecting formaldehyde release. Proc . Fthi

Particleboard Symp . p. 31—44 . Wash . State Univ., Pullman .

The author reviews the analysis for formald ehyde w i t t i
respect to the chemical aspects of resin formulation and
the wood—resin aspects of board production . Both areas
are dependent upon good analytical  procedures for
formaldehyde . Topics discussed are: formaldehyde detection
(nine procedures), collection , release apparatus , and release
parameters. He gives recommendations for correcting and
controlling the formaldehyde—r elease problem . Significantl y ,
he recognizes initially that it is a toxic chemical , and one
which , because of its low levels of init ial odor and
discomfor t  detection by man , make it one of the  more
i r r i t a t i n g  gases fo r  humans. It pa r t i cu la r ly  a f f e c t s  t u e
mucous membranes of the  eyes and nose . See also Section  0
and 832 . He recognizes the d e f i n i t i o n s  of
Neusser and Zentner  (A23) of f o u r  types of fo rmaldeh yde:
F r e e — — t i t r a t a b l e  in resin;  Releasable——released
dur ing  hea t ing ;  Expel lab le——expel led  dur ing  press ing;
Evaporable——emit ted  fol lowing pressing.

B 34 •  Johnston , T. U . ,  R . V. Marcote , and R. Cit and
1971. Developmen t of a formaldehyde anal yzer for motor

vehicle exhaust  emissions.  F ina l  rep.  N o .  171.
Dynasciences C o r p . ,  I n s t r .  Systems Div . , W t i i t t ; i h e r
Corp . ,  Los Angeles , C a l i f .  Aug. (sponsored by EPA) .

—30—
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See B22 for the analyzer as patented . An important
section of the present report is the authors ’ description
of a reliable formaldehyde standard in t i e  1 ppm
range . The standard source is based on the permeation tube
princ iple.

B35 . Ustinovakaya , I. A., V. N. Chirkova, L. Ya. Gavrillina, and others
1971. Analysis of some oxygen—containing substances by

gas chromatography on Polysorb with a liquid phase.
Izv . Sib . Otd. Akad . Nauk SSSR, Ser. Khim. ~1auk
(6) :l31—4 . Chem . Abs. 77: 121895 ( R u s s . ) .

See 823. A mixture of water , methanol , and low molecular weight
aldehydes (including formaldeh yde) is separated comp letely
by gas chromatography. Column packing is 15 percent TWEEN—
80 on Polysorb .

B36 . Masek , Vaclav
1971. Determination of acrolein and formaldehyde in air .
Gesundh.—Ing. 92(8):245—246. Chen. Abs. 75:154689 (Cer . ) .

Three colorimetric methods were investigated fo r  the
analysis of mixtures  of acrolein and formaldehyde.  The
interferences  by each comp ound upon the other in each
of the methods is detailed .

Comment : Acroleiri would not be present in
formaldehyde evolved from particleboard. The paper should
be of interest , however , for its informational value in
respect to formaldehyde analysis by colorimetric methods.

B37. Nelson , C. 0.
1971. Controlled test atmospheres——principles and techniques.

Am. Arbor. Sci. Publ. Ann Arbor , Mich. 256 p.
Chem . Ab s. 75:40062.

Provides both theoret ical  and pract ical  guidance in
preparing standard gas mixtures. Contents are:
(1) In t roduc t ion  and general princip les
(2) Air p u r i f i c a t i o n
(3) Flow ra te and volume measurements
(4) Static systems for producing gas mixtures
(5) Dynamic systems for producing gas mixtures
(b)  Speci l ized systems .
Because of the  requ i rements  of i n s t r u m e n t a l  method s f o r  c a l i b r a t i o n
gases , the book should be of particular use to analysts employing
such methods .

—31—
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B 3 - ~ . - i s aac , P . C . ,  iiici V . A . P i r u ~~~a~~ova
l9of ~ . Pse of la r ch  ~ r c i t i ’i l a te~ ap so r , c - t l t  S . -r  t i e t i~ ~~ tg  U I

-b t m o s~~ic r : e  ~;at np l es .  c i g.  :Pit~~t. ~ - , ( - ))  : ~7—9u . ~~ieui. A b s .
7 l : l l o d  I (P u s s .) .

G t e  a u t i a r - c  r osoimnend t e  use ot s i l  i~-a ~~ I is 0 ~ch or I c - a t
f o r  a c r a a l e  ~n and lo r ma ld e h iv e e  in ta~~inf  I t  ro - eric s a na p i  ~~~
See ~ L ss d l4 , 315 , B2 0 , 321 , P 2’) . ;ee -~ f o r  a ~~ t -~~i ~r
appi cat [c i t  of s i l i c a  gel  as L i e  b a s i s  or a v1 ;u~ h.
c o l o r i n i e t r i c  i n d i c a t o r  of c o n c e n t r a t i on .

B39 . :-lat sunioto , Tsuneo
1968 . Fr ee  f o r m a l d eh y d e  de t e rmina t ion  Ln -a rea r s  ~n a dh e s iv e s

d v  the annnon iun Cu icr ide met : iod .  B u l l .  Gov t .  For .  Pxp t .  ~ta .

~, T oP v o)  2 1 . l 7 h — ~ 85 ( b l i r c t i )  ~~i i p .) . Client . Ab s .  u~

A r e c o r d ing  au t o t i t r a t o r  is used to de t e rmine  ree
thus eliminating t i t e  e r ror  due to the  v isual  dromoth nto i i lu e
end point .

840. La ltrnann , E. , and K .  lander
1968. For m aldeh yde d e t e r m i n a t ion  in urban atmosp here . -h - c sund im . —

Ing.  89(1) :18—21. Chem. Abs.  b — : c G 4 6 9 6 .  (‘ e r . ) .

A s p e ct r ot l o t o n u tr i c  method d ised on the colo r developed dv
HCHO in so lu t ion  wits schism tetraciilor-siercurate , so d i u m
s u l f i t e , pa ra rosan il i ne , and t i C !  . W i t h  i I — h o - a r samp l ing  ~ t Y l O u ,

2 ~ g/m 3 of h l C i t O  can be d et e c t e d . I d e  au t  a r c  r epor t  a l s o  t a t
t i m e  absorp t ion  of HCH () in d i s t i l  ~ed 11 )0 is >913 percent cr1 i s  l e nt

at a f low ra te  of 150 l i t e r s / h o u r  in t i e  conceri t ration ranec - el

2 to 50 j i g/ rn3 .

B41 . Plath , L.
1966. D e t e r m i n a t i o n  of formaldeh yde l ibe ra t ion  f rom p ar t i c l e
boards by microdiffusion . Holz Roh— Werkst. 24(7) :312—318.
Chemn . Abs. 70:48817 (Cer.). Chem. Abs. 65:18830 ( G er . ) .

A micrornethod in which d i f f u s i o n  of fo rmaldehy de f rom a
board samp le is measured semiquant i tat ive ly  b y the  chiromo —
trop ic acid color reaction . The techni que was used to

— 32— 
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determine that the liberation of formaldehyde was greater
from the middle layer of the board (even t h o u gh  t h er o  was
less resin in that  layer) than f rom ~he sur f a c e l ay e r .
Because of the  small size of sample used , representative -
sampling could dij s  t i e  r e su l t s .

B42. ~-tonsanto Corp.
1964—65. determination of formaldehyde evolution rate f~~r

cure-i amino—plast resin(s) : L30— —t tli ns; 135——in wood
p a r t i c l e  p roduc t s .  Las .  est  Gethod 133 , ~33.
i’ion santo C o r p . ,  Eugene , Dr eg .  

-

An a c c et o r a t ed  m e t . i o h  :or measur ing  toe evolution rate from
loose or consolida t i - -i wood particles anal , p r i m a r i l y ,  u rea —
t~ormai de i tyae  inn t se i - int n e--fomm ald euy dc  resins . i’iic CVOiVe

formaldeh yde is absorbed in an aqueous solut ion of i v dr o x v l am i i t e  -

FIC 1 , and then --ac~. titrated . 
—

843. hug hes , E. E ., and S. P . b i as
1960. D e tac t i on  and e s t imat ion  of  low concentrations of

alded yde in air . Anal. Coem . 3 2 ( 5 ) : 7 ) 1 — 7 0 8 .
Chem. Abs. 5-4 :L-~m5 lb . -

Aldehyde is absorbed irom the  air  dv silica gel (83 , ~~~c o n t a t - t o d  in a ~liss tuae . A develop i n g  so l u t i o n  is
added to t: t i e  t u b e , and the result  in g  color compared with -

st a n d a r d s .  i o r m a 1 d ei o ,-~~e in air  at  a concen t r a t i on  oi i i  -

mole pe rcen t  ( t t i e  s t a t ed  towe r l i m i t  fo r  t h e  m e t h o d )  i s  -

equ iva len t  to  1.3 m g / r n 3 or approx i i- i t  c l v  1 p pm. -

Comment : Indicator tuies , based on t t e  same pr inc ip le ,
are available now conniier ciall y .

—33... 
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Sec tion C. Cont ro l  and Removal of Formaldehyde

Items are c l ass i f i ed  by the type of control method each represents:
A d h i e s i v e ; A d s o r b e n t ;  Coat ing ; or V e n t i l a t i o n .

Cl. Minoj i , A., T. Koma,and 0. Onoura
1976. Formaldehyde odor—free coating compositions. Jprt. t<okai
76 20,225, Feb. 18, 1976, 7 p. Cimem . Ab s. 85:7355.

Coating : A varnish was prepared such that tile coating itself
was free of formaldehyde odor by virtue of containing an acid
amide polymer which acted as a scavenger f or ECHO . Tue content
of scavenging polymer was variable.

Comment : A coating as described should be p a r t i c u l a r l y  e f f e c t i v e
for  various wood—base f ibe r  and par t i c le—pane l  mater ia l s  found  to
be evolv ing formaldehyde after installation . Not only would t ie
board surface (and edges also) be sealed against
exposure to atmospheric humidity, but the emission of UC IIO to
the air would be reduced twofo ld  by  the  scavenging a c t i o n  of
th e  polymer and reduced d i f f u s i o n  t h r o u g h  tim e varnish c o a t i n g .
As seem from Section A , humidity is an important parameter in
the ra te  of formaldeh yde release f r o m  such wood—panel  products
bonded w i t h  formaldeh yde—based adh es ives .

C2. R o f f a e l , E . , W . Rauch , and C. Von Bismarch
1975. Formaldehyde liberation and strengtn development during

the gluing of oak chips wit ti urea—formaldeh yde resins . lIolz
Roh— Werks t .  3 3 ( 7 ) : 2 7 l— 2 7 3 .  Cuem . Abs.  83:207198.  (C c c . ) .

Adhesive: Addition of a hardener , NH4
C1 + NH

4
OH + n r a , ,  to

urea— formaldeh yde resin adhesive resul ted  ~a a s u b s t a n t i a l
decrease in the  l iberat ion of II CL- l O f ron t  ~a r t i cl eboar d s  made
from pine and oak. In the case of the oak noard , Jic
mechanical proper ties were affected negatively. Omil t iiig
NU

4
CI from t ime hardener overcame t h i s  d e f i c i e n c y  w i l d o ut

nega t ing  the  o ther  advantage . The m ardene r  reduced ICH )

emission d u r i n g  b o t h  p r e s s ing  and s to rage .

Comment : Both urea and anmwnium sa l t s  have been used in
various ot her ways to reduce formaldehy de odor. (See , e .g . ,
C4 , C5 , C8 , C9 , C I I ) .

C i .  Einemu ra , E. , S. Imura , S. h i m - a L a , and at  i r s .
1975. Effects of reinforcing materi als on p r o p er t i e s  of g l ue

and p lywood . Rinsan Sb i~ enjo Geppo 1)75 (2i4) : _ aj ~

Chiem . Abs. 84:12 3bd ~ i . ( J ap . )
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I

Adhesive: The emission of formalde1ly~ 2 from plywood was reduced
by time addition of melamine or potato protein + urea to t~ie
adhesive formula ; the moisture content of the veneer used should
also be low . See also A2 .

C4. (a) Minemura , N . ,  S. Hirata , and H.  Takahashi
1975. E f f e c t s  of chemicals on free formaldehyde emission

from treated plywood. Rinsan Shikenj o Geppo ( l ) : 13— l6 .
Chem. Abs. 83:30193. (Jap.).

(b) Sasaki , T.
1974. Formalin odor free plywoods. Jpn . Kokai 74 125,504.
Dec. 2, 1974. Chem. Abs. 83:12652. (Jap.).

Coating : Plywood was immersed in aqueous solutions of
various amumonium salts, e.g., ammonium thiosulfate and
—sulfite (C4a) , or —acetate  (C4b), and then dried . The
evolution of HCHO decreased as pH increased of the
mixtures (C4a).

Cotmuent : This appears to be a drastic , if not unnecessary,
procedur e. Similar results have been achieved by (spray)
coat ing wood—board products with ammonium salt solutions
(C9) or other nitrogen-containing compounds sucil as urea
(C5, dl ) or other arnides (C14).

C5. (a) Suematsu, A.,and I-I . Yamada
1975. Odorless plywood . Jpn. Kokai 75 24,404, March 15, 1975.

5 p. Chem. Abs. 83:99536.

(b) Kunij, Y.,and Nisbiyama , Y.
1975. Plywood . Jpn . Kokai 75 24,413, March 15, 1975. 5 p.
Chem. Abs. 83:99537.

(c)  K i t akado , Y.
1974. Odorless plywood . Jpn . Kokai 74 66,808, June 28 , 1974.

5 p. Cheat . Abs. 82:5530. ( J ap . ).

(d) Kitakado , V .
197 3 . Formaldehyde odor—free plywood . Jpn . Kokal 73 72 ,308 ,
Sep. 29, 1973. 5 p. Cheni. Abs. 80:49540.

Coat ing : In plywood m a n u f a c t u r e , be fo re  press ing,  the
seve ral  inner and/or  out er veneers were precoa ted wi t h an
aq ueous solution of urea in each of these four citations.

- -
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Comment:  The use of N — c o n t a i n i n g  (amino)  comp ounds , urea in
pa r t i cu l a r , is widespread  both  in the fashion described h ere ,
and as a c o a t i n g  app lied only to the face  su r faces  of f i n i shed
plywood (d l) in var ious ways .  The amino compounds act as
scavengers  f o r  f r ee  fo rma lde imyde  ( d l ) .

C6 . Dasnkovskaya , Z. F. , T. C. Zakharov , T. L. Kravcb enko , and otuers
1975 . Diminish ing the evolution of formaldehyde from products

conta in ing  wood par t ic les  and carbamide resins . u . S . S . R .  4~ d ,555 ,
Aug.  15, 1975. Chem. Abs.  83:166118 . ( R u s s ) .

Adhesive : Mineral oil (spindle oil) containing sodium silicate
was added to red uce the evol ution of HCHO f rom a par tic leboard
prod uct.

C7. Labzova , L. V . ,  1. V. Parmonova , C. Andreeva , and o t h e r s
1975. Purification of gaseous emissions during manufacture of

clm i pboard . Plast. Massy (5):23—24. them. Abs. 83:l3o443. (Russ.).

Adsorbent :  Waste  gases c o n t a i n i n g  Nil
3 -and ICNO produced during

t i-m e hot pressing of chi pboard were passed throug~t ca ta lys t  beds
at 400 0 C. Total oxidation of formaldehyde and decomposition of
ammonia took place on the  two most effective catalysts: Al—Pt and
Pd. Each  c a t a l y s t  was still active after 4 0 - )  hours  o p e r a t i o n .
See also Cl8 , C19 , C30. -

CS. Kawahara , N. ,  and K. Takashima
1975. Removal of f r e e  fo rma ldeh yde fr o m  p a r t i c l e b o a r d s .  1 pm .
Kokai 73 43 ,181 , Apr i l  19 , 1975 , 4 p. them. Abs. 83 :90a~+~~.
( Jap . )

Coa t ing :  The mat of wood ch ips  was spray ed w i th  aqueous  urea
solut ion pr ior  to p ress ing .  The c o n c e n t r a t i o n  of
f o r m a l d e h y de in the air around th e press was reduced
by approx imate ly  thr e e f o l d .

Comment : See CS and Cll f o r  s imilar  processes.

C9. Ohno , K., and R. Furudera
1974. Deodor iz ing  formaldeh y de odor f r o m  resin—treated

l umber .  Jpn  . Kokai 74 43, 1 2H , Nec . 19 , 1 97h , 2 p. Chi n . Abs .
82:141844.

C o a t i n g : Four aqueous ammonium salt so lu t ions  are described
as s u i t a b l e  fo r  L em oving f o r m a l d e h y d e  odor f rom p lywood .
They were : (1) NI1 4 C1 + N a h I ( h )  ( 2 )  N II 4

OAc + NaU hl ;

(3) (Ni l
4
) 2 CO

3 
+ Ca (O i I )  2’  (4)  NII

4 C1 + Nti ) 50 3 .

— 3 °—
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Comment : There is no reason , as subsequen t c i t a t ions
w ill show , wh y any one of these should not be equally
sui table  fo r  pa r t i c leboard .

Cib . Shirai, K.,and H.  Okamura
1974. Adsorbe i~t f o r  ga~ eous p o l l u t a n t s .  Jpn . Koka i 74 109 ,277 ,

Oct .  17 , l~J - 4 , 4 p .  (h i em .  Abs. 82:174861 . ( J a p . ) .

Ad sor : en t :  A 1:1 m i x t ~~re of inorganic porous materials  (activated
carbon was used he re , h o w e v e r ) , plus powdered leather was used
to adsorb fo r n a l d e l m vai e f rom aqueous solution in a desiccator
experiment .

Comment : If i u ic l i  of t i i e  two solids is reall y the most effective
constituent is debatable perhaps. Lee (El2)  po in t s  out that
the capaci ty  of ac t iva ted  carbon varies directly with the relat ive
h um i d i t y .  On the  o the r  h and , fo rmald ehyde rea ct s ac tivel y with
prote ins  to cause hardening  and tanning as in toe leather i n d u s t r y .  —

Numerous other references will be cited in which protein—containing
materials  are u t i l i z ed  for  their  apparent scavenging ac t ion  fo r
formaldeh yde .

Cli.  (a) Kawait ara , N . , and K .  Takashima
1974. Plywood manufacture. Jpn . Kokai i m  108 ,211 ,

Oct .  15, 1974 , 4 pp.  Chem. Abs.  82:172907.  them. Abs.
82:172907.  ( .Jap . ) .

(b)  Hoj o , Z.
1974. Removal of formaldeh yd e odor f r om p lywood. Jp n .

i(oka i 74 75 , 709 , July 22 , 1974, 2 p. Cliem . Ab s.
S2 : 3 2 7 04 .  ( J a p . ) .

(c) Ki takado , Y.
1i73 .  Formaldeh y de—odor less  plywood . Jpn . Koka i 73

58 , 109 , August 15 , -1973 , -
~ 

p. Cheat. Abs.  80:4563. (. l a p . ) .

b o a t i n g :  In plywood m a n u f a c t u r e , b o t i t  sides were sp ray—
tre itca w i th  aqueous  urea so lu t ions  b e f o r e  and a f t e r  hot
p r ess ing  to g ive a product  w i th  reduced f ree  fo rmaldeh yde
content .

do:miicmit : Tie r are  numerous re fe rences  to tL m e use of
l i o n  tn simil ar fashion when a urea— foima h d e i m y d e — t  \ p i
i-es in is us ed in t :m e m a b i e s  ive • In some cases , tu e

veneer  l ivers I r e  each p re sp i -  myed b e f o r e
- mp ~~ ~a 1 L  io~ of i i l l e S l V O  ;nid press ing ( C S ) .
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Cl2 .  Tashiro , F . ,  T . Tanno , and T. Sando
1974. Phenolic res in—neoprene rubber  blend adhesives f r ee  of

formaldeh yde odor.  Jpn . Kokai 74 101,418, Sep. 23 , 1974 , 4 p.
Chem. Abs. 82:141030. ( J a p . ) .

Adhes ive : Tit e rmose t t ing  phenolic resins , variously modified ,
were blended w i t h  neoprene rubber  to give adaesives f ree  of
formaldehyde  odor. Sail cloth was bonded to stainless steel
wi th  the resu l t ing  adhesive .

Cl3. Ki takado , Y .
1974. Odorless ply-woods. Jpn . Kokai 74 80,210, aug. 2, 1974,

5 p.  them . Abs. 82:45525. ( J a p . ) .

Adhesive : Arm organic amino compound (urea in this case) was added
to a urea—formaldehyde resin and acid treated to pH ~-ó .  Flour
(uns~ ecified) and soybean flour were also constituents of th e
adht s ive .

Comment:  While var ious f lours , with or w i th o u t  aditesive proper-
ties , are added as fillers and/or extenders , they may function
also as scavengers for formaldehyde due to their protein content .
See also C3 , d O , C15.

Cl4. Kobayashi, K.
1974. Mildew—resis tan t  decorative plywood b oards  ~ i t i  low levels

of formaldehyde odor. Jpn . Kokai 74 71 ,103 , Ju ly  10 , 1,74 , 4 p.
Chem. Abs. 82:45451. ( Jap . ) .

Coating : Plywood , laminated wi th  thin decorat ive  paper , was
coated on the  o the r  side wi th  a 30 percent aqueous solution
of an amide while  s t i l l  tot  and piled up .  Using the des icca tor
method , there  was an 80—fold  decrease in free  f o r m a l d e h y d e — — i . e . ,
f rom 16 ppm ( u n t r e a t e d )  to  0 .2  ppm ( t r e a t e d )  in time boards .

C15. Kawashima , ~.

1974. Plywood boards free of formaldehyde odor . Jpn .  iio h a 74
71,118 , July ~~ ) , 1974 , 2 o . Chem. Abs. 82 :4545u .  ( J a p . ) .

Adhesive : Calcium lignosulfonate was added to urea and/or
melamine resin adhesive t o give a formaldeh yd e — f r e e  adimcsiv-
for  making plywood. Wheat flour was added also (see Cli).
Time board had ‘-0 .3 ppm F ICI L O (des icca tor  me thod)
compared wi th  20 to 3u ppm f o r  the bo ard  w i t h o ut  the
addi tive .

—38—
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Cl6. Inui, K., Y. Kamitaki, and T. [izuka
1974. Plywood with low levels of formaldehyde odor. Jpn . i—o ka i

74 44 ,060 , Apri l  25 , 1974 , 3 p. Chem . Abs. 81:107678. (Jap.).

Adhesive:  Enzymes p lus wheat f l ou r  (Cl3) were added to a urea—
formaldeh yde res in  to give an adhesive with low free—HCHO content.
T u e  reduced emission of HCH O f r o m f in ished plywood was attributed
to t h e  enzyme .

Cl7. (a) Minoj i , A . ,  T. Koma , and 0. Onodera
1974. decorative boards top coating composi t ion.  Jpn . Koka i
74 38,927, April 11, 1974, 4 p. Cliern. Abs.  81:107551. ( Jap . ) .

(b) 1974. Decorative board top coating composition . Jpn . Kokai 74 —

33,925, Apr il 11, 1974, 5 p. Clmem . Abs. 81:1-37552. (Jap.).

(c) N iwa , T., and I. Ocii ia i
1974. Amino—ali;yd resin coating compositions with low -:

formaldehyde lib eration . Jpn. Kokai 74 25,018 ,
:-iarch 6, 1974, 3 p. (d iem. Abs. 81:79503. (Jap.).

(d) Nalygina, E. F.
1974. Eff ect of plating and additional heat treatment on

th e emission of noxious substances from particleboards
manufactured trom urea resins . Gig. Saiu it. (3):95—97.
(diem. Abs. 31:153945. (kuss .).

Coat ing : Varnish — t y p e  top coa t ing  composi t ions  were
prepared us ing amino or v inyl  a 1.kv u r~ si i ms to which wer e
added var ious  compounds (scavengers)  r eac t ive  to  i o r r n a l d c iy d i .
The l ih cr a t i on  of fr e e  E CH O f rom pl ywood so coated was
less tha n  5 ppm (Cl7a , C17b) , or neg l i g ib le  (C17c)
S im p l y  c o at i i -ig particleboard w i t h  lacquer  made it
suitable for use as flooring in prefabricated houses after
3 month s  f r o m  da t e  of m a n u f a c t u r e  ( C l7 d) .  See also Cl , i 2 2 .

Clu . 1~obav u ~awa , T ., and V. N ahzm m a
974.  P u r i f i c a t i o n  of i or m a l d e t uy d e — c o u t a i n i n g  w a s t e  gas. Jpn .

Ko~-.ai 74 72 , 179 , Ju ly  L2 , 1974 , 3 p.  (diem . Abs.  8 2 : 4 7 3 7 7 .  (h i p . ) .

Ailso ri , ;mL : d as t e  gas c ont a i n i n g  f o r m a l d e h y de was p u ss ea , at
ro oF t e m p e r a t u r e , t ir o ug h ~ :inu 2 —c u o mixed c it  al ys t  bed .

~- c y l in de r  (2u x 2b J  in ) c on t a i n i n g  77 grams of L- a t a lv s t
in tab i ~~~~ f o r m  o p e r a t e d  f o r  12 hours w i t iou t  b r e a kt i r o u t ~~i i ol
!Clh () (r um a i r  con t o  i u i i m s ~ 3 to 40 ppm ot 11d b and

f • owl mi~~ at  3 . r n / s . c .  T u e  cat a l y s t  c u t  ho r eg ene ra ted .

— 
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Comment : The catal ys t  d c s c r i b o u  would :-e  id ea l  a~ t oe  f i l l i n c
for one of tOe self—contained , portable ode: contro anu s
m a n u f a c t u r e d  fo r  us e w i to  a c t i v a t e d  c a rb o n  (Pa). toe  O j ii i L V

to be effective at room t emp e r a t u r e  ov er c om e s  toe c is a d v an t ag e
of hi gh—tempera tu re  opera t ion r e qu i r e d  fo r  a nob le  metal  ty p e
catal ys t  ( C 7 ) .  See also Cl9 , C24 , C28 , C29 .

Cl9 . Ohe , T ., and K. Ikeda
1374. Formaldehyde scavengers. .Jpn. tlokai 74 P5 ,891,

Jan . 19, 1974, 3 p. (diem. Abs . (31:153947. (Jap.).

Adsorbent: Formaldehyde reactive compounds (e.g., an aqueous
solut ion of d icyandiamide)  were impregnated  in to  porous  volcanic
roc~z. The scaveng ing effect was greater than t int  of a c t i v a t e d
carbon.

Couiument : The active sorbent described could Oc app lied in a
f a sh i o n  s imilar  to tua t  suggested fo r  the room t e m p e r a t u r e
catalyst reviewed above (Cl8). Similar active sorbents are
tu e alumina—permanganate material described by lanna anu
Rich ardson ( E l l ) ,  and th e  impregnated a c t i v a t e d  c .a r c oa l  of
Lee (bid) . See also C28, C29.

C20. Kotan i, V., and N. Kageyama
1974. Pl ywood f ree  of fo rma ldeh y de odor .  Jpru . Zo ai i 74

35 ,511 , A p r i l  2 , 1974 , 4 p.  Ch ew . Abs. 81:1U7o77. (hap.).

C o a t i n g :  Pl ywood , bonded w i t : a urea—forniil de.iv d e resin ,
was treated before or after lamina t ion with ~eto deriv i ives ,
wit h or wit out a small amoun t of bas ic  m a t e r i a l , t o  ci P j O l t
t i e  od or of ECHO. in t i e examp le ci ted , t ore was a ia—i old
r e d u c t i o n  in hibdi ) measured by ti m e desiccator method.

C2l. ( a )  ~ii d i a i lova , A. A. , !- . L. L i f s u u i t s , L . T. Ivan . -::~~~, and otoers
1974. improvement  in the  s a u i t u i v — i i v g i e a l c  p r o p cr t  ics ci

wood ti tl ed u r e a — I  o rm a l d ehu y de pane ls .  G i g .  b ait  i t .  ( 7 )  : i — d b .
Ch eat. Abs. 51:1403-il. (Russ.).

(b )  Yosim imitsu , T., Y. Kawash ima , and H. P:itsu~ o
1971 . Deodorizing plywood . .Jpn . Poka i 73 l33 ,7u ,

)o cet -mber  26, 1973 , 3 p. C i 1 - m .  Ab s. $ i : 14 7 l  1~~. ( h i p .  I

(c) ( , o t o ,
1973. ici - rot iv~- plvuood s free from form ,m in odor  . Jpn

K o a a i  7 3  97 , 9 7 -a , c c.  13. 1~~73 , u p. (P i ~~m.  A ’ - . (Pi :12-i - ,1.
( t i p . )

( d) di v u r t -
~~~~~~~~~~, 

- - . P . ,  C.  P . temki n m , moo d . ~.. bv  t~
[972. 3~ i u m i u - t  m u  of fo ui -: u h i c  n e  evo l ’it iou row part ic l ct ,o, iri s .

i c c -  c m  . I’ roinst  . 21 ( ) : 3— . (P e n  • u- ~ . 7 7 : o  in 73 .  ( Rus s
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____ — - -~~ - a



- ~ -~~~~~~.v t r~~~~~~~ - - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -

V e n t i l a t i o n :  Pl ywood , particleboard and wood—filled plastic
panels were t reated dur ing  or a f t e r  manufac tu re  wi th  gaseous
armnonia~ the reduct ion i n  evolved HCH O was s i gn i f icant ,
if  not comple te .  Thus , the p lastic panels were suitable
tor use in houses a f t e r  t r ea tmen t  w i t h  Nil

plywood was passed through a d ry ing  machine (at  800 C) in to
which a i r  and NH 3 were b lown ( C ?t h )  p lywood , a f t e r  passage

through NH 3 atmosphere , was wrapped  in h e a t — s h r i n k a b l e

plas t ic  fi1ms~ res idual  H(110 a f t e r  1—w . ek sr o ra g  was
0. 08 ppm (C2lc) : oarticleboard was treated with hot air and
with NH 3 (c2ld).

Comment :  Neusser and Zentner CA2 3)  p o i n t e d  out  tha t
“fumi gation” wi th  anmuonia gas was used in Norway and
Aust r ia  to eliminate formaldehyde odor lib~-r a t e d fr o m
part ic lehoard used in house construction . \s a ventilation
procedure , the treatment appears to  be very e f f e c t i v e  in
solving onsite problems .

C22. (a) Miwa, T., and H.  Tomokawa
1974. Prevention c f formaldehyde odor from aininoplast—coated

wood substrates . Jpn. Kokal 74 42,737, Apr il 22, 1974, 4 p.
Chem. Abs.  81:1377 16 . (J a p . ) .

(b) 1974. Prevention of formaldehyde odor from aminop las t—c o a ted
wood subs t r a t e s . Jpn . Kokai. 74 42 ,736 , Apri l  2~~, 1974 , 4 in .

Chem. Abs .  81:137717 . ( J a p . ) .

(c) 1974. Prevention of formaldehyde odor from aminoplast—coated
wood substrates . Jpn. Kokal 74 42 ,735. April 22 , 1974, 4 p.
(diem. Abs.  81:137718.

C o a tin g :  A series of coa t ing  mate r ia l s  was formula ted
using an amino a lk d resin as the  base plus various
additives (which  ac t  as scavengers for  formaldehyde)  so
tha t  the c o a t i ng  i t s e l f  released l i t tl e  UCH O du r ing
appl icat ion . Sp e c i f i c  a d d i t i v e s  were urea or th i o—ure a
(C22a) , ethyl  carbamate (C22b) , and acetamide or formam i de
( C d P c ) . .\ curin g agent was includ ed in the three .
Ap p l i c a t i o n  of the coatings to h ir c hw ood  (C22a , C 2 2 b)
board resulte d in a 12— to 16—fold r educ t ion  in t h e  amo un t
of II CI -lO l iberated from board so t r e a ted .  See also c_i and
f’~ 17.
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C23. (a) Miwa , T .
1974. Removal of formaldehyde from plywood . Jpn. Koka i 74

66 ,804 , Jun e 28 , 1974 , 3 p. Chem. Abs. 82:32698. (Jap.).

(b) 1974. Removal of free formaldeh yde from plywood . Jpn . Koka i
74 66,806 , Jun e 28 , 1974 , 3 p. Chem . Abs. s2 :32699 . ( J a p . ) .

Coat ing : Plywood board was t reated wi th  aqueous solutions
of NaHSO

3 
(C23a) or a mixture of Na 2 SO 3, wi th  urea , thio—urea ,

and/or their derivatives (C23b) to remove formaldehyde. The
amount of HCH O (desiccator method) was reduced , respectively,
b y fac tors of 150 and 60 for the two coat ings.

Comment: The reaction of formaldehyde with NaSO
3 

is time

basis of a quant i ta t ive analysis method (P.29 , B33’i .

C24. (a) i4iwa , T., and H. Tomokawa
1974. Removal of formaldehyde f rom plywood . Jpn . Ko~ai
74 124,203, Nov. 28, 1974, 3 p. Chem. Abs. 83:12585. (Jap.).

(b) 1974. Removal of formaldeh yde from plywood . Jpn . Koka i 74
124 ,207 , Nov . 28 , 1974. 3 p. Chem. Abs. 82:12586. (Jap.).

Adsorben t: Papers containing compounds reactive to
formaldehyde were used to wrap plywood for perio ds up
to 10 days as a means fo r  decreasing t i e  f r ee  formaldeh yde
evolution almost 10—fold . In one case (C24a) , urea ~as
incorporated into the paper during prepara t ion of the latter.
In another (C2 4 b ) ,  paper was impregnated wi th  an aqueous
solut ion of aimnonium sulf ama te .

Comment: Inasmuch as the paper acts onl y as a “ suppor t ”
for ti&e active compounds, it should be possible to
impregna te various other porous solids (see C18, Cl9 , Cdii ,
C29) with t ime same mater ia ls, and u t i l i z e  such as a d s o r b en t s
in the fash ion  suggested in re fe rence  C18.

C25. Miwa , T., and I .  Ochia l
1974. Plywood free of for maldehyde odor. Jpn . Koka i 74

25 , 108 , March 6 , 1974 , 3 p.  (d iem.  Abs.  8l:7H905. (Jap.).

Adhesive: Plywood prepared wit hi urea—formalde iyde containing
inorganic  peroxide  (11202 ) m d  no odor .

—42—
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C26. Ohhara, O. , and T. Maeno
1974. Formaldehyde capture agents for formaldehyde thermosetting

resin adhesives . Jpn . Kok.ai 74 131,243 , Dec. 16 , 1974 , 8 p.
Chem. Abs. 83:44217. (Jap.).

Adhesive : A formaldehyde capture agent polyme r (ammonium and /or
amine) salt was added to a commercial urea resin in preparing a
plywood adhesive. The reduction in formaldehyde evolved from
the board was 10—fold compare m ~th the control containing no
capture agent.

C27. Tendrov skaya , V. A.
1973. Use of the mathematical planning of an exper iment during

sanitary—chemical studies . Gi g. Sanit . ( 12) :77—79 .  Chem .
Abs. 80:112057 . (Russ . ) .

Ventilation : A regression equation is given for calculating
the amount of formaldeh yde evolved for various conditions of
chl pboards. Parameters included were: storage time , air
temp erature , ratio of air/board area , and board resin content .
Experimental and calculated values differed by less than
± 12 percent .

C28. Suzuki , S., an d H. Honjo
1973. Cleaning agent for air . Jpn . Koka i 73 102 , 078 ,

Dec . 21 , 1973 , 3 p. Chem . Abs. 81:16333. ( J a p . ) .

Adsorbent : Clay ( e . g . ,  bentonite) , sta rch , or carboxymethyl
cellulose are mixed with an aqueous solution of alkali or alkaline
ea rth metal sulfaminate , and shaped and dried . One—hundred grams
of sorbent prepared L i on  sodium sulfaminate and bentonite
adsorbed 1,000 ppm of HCH O from 60 liters air/hour for
210 hours; 72 .5  percent of the sulfaminate was used . See C29 also.

C29. Yosh ina , T.
1973. Adsorbent for removing formaldehyde from air . Jpn . Kokai

73 93 , 580 , Dec. 4 , 1973 , 3 p. Chem . Abs. 80:9 9785 . ( J a p . ) .

Adsorbent : Granulated activated white clay, a lumina ,
diato maceous earth , porous ion—exchange resin , or activate d
ca rb on we r e soaked wi th an aqueous solution of hydraz inium
(hydrazine) sulfate , or chloride , and dried . The adsorption
capacity was 30 mg HCHO per gram of adsorben t (white clay +

30 pct hydraz in ium su l f a t e )  for  a i r  conta in ing  2 ,000 ppm HC1IO

passing through 70 cm 3 of adsorbent at 42 l i t e r /hour .

- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ --~~~~~~~~~ 
~~
__

~~~~~~~~--~~~~~~~~~~~~~~



~~~~fl7rv~~w— - - -  - -~~~ —~~~~~~~ --

Comment : Both  t h i s  and the previous  adsor~~cn t  (C28)  sh ou ld  cc
equally app l icable  in a f a sh i o n  suggested p r e v i o u s l y  ( Cl 8) .
One should note , however , t h a t  all iy d r az i niu m  sal ts  ar c
poisonous , 9 and may also form poten t iall y explosive compounds
wit h formaldeh yde 

~~~~~~~~~
.

C30. Eguchi , T .,  T. Tau r a , and S. limura
1973. Catalyst  for  removing carbon monoxide and f ormalde m m yde f r om

air . Jpn. Kokai 73 75 ,489 , Oc t .  11, 1973 , 9 p. Ctiem . Abs.
80:40716. ( J a p . ) .

Adsorbent : One or more of the noble metal elements Ru , ibm , Pd ,
and Pt were used as ox ida t ion  ca t a lys t s  at room tempera tu re
(20° C) and high humidity (e.g., 80 pct RH). The carrier was a
yarn , thread , or fabr ic , made from protein fiber , or a i~~bcr
impregnated with proteins . A protein f iber containing 1 perc ent
Pd removed 10 ppm of ECh O from air. In tae form used , time
catalyst  has low pressure drop.

Comment : See also C18. inasmucu as prote ins  themselves have
high a f f i n i t y  (A29) fo r  II ChIO ( s c a v en g ing action) , their use ,
as here , would appea r to be timat of effectively increasing
the “su r f ace  area ” available f o r  sorp t ion  of II C IIO .  be
e f f i c i e n c y  of time ca ta lys t  element is t i i c r e n v  g r e a t ly  increased ,
permitting removal of UCIIO at relatively low concentrations.
A cata lyst  form such as ti i ls would be p a r t i c u l a r ly  im~ n m h le to
des ign as a compact , po r t ab l e  r acyc le  v e n t i l a t i o n  u n i t  for use
in removing HCI1O odor f rom occup ied spaces .

C3l . (a) Ginz el , 14.
1973. Hydrolys is  in u r e a — r e s i n — b o n d e d  p a r t i c l e b o a r d .  1 oh. ~

goh— Werks t .  31(1) :18— 24 .  Chem . Abs .  7b :1129 31. ( ; L - I .)

(b )  R o f f a e l , li.
1973. Reducing the amount o~ (o rriml de iyde g iven  of I

pa r tic leboa rds . h l o 1z — Z e n t r ~u 1 i J .  ) 9 ( 5 7 ) : i i 4 5— 84 7 .  ((er.).

(c) K u b i t z k y ,  C .
1973. Adh es ive  a d m i xiu r e s .  Ce r .  O f f e n .  2 ,2 ) o , b Yb , .( m p.

(diem. Abs.  80 :37848. ( G e r . ) .

(d) Sakarada , S . , 1. Ii yazai~i, and T. N a k a i
1973. Ad ie s i ve s .  Jpa . K ok a l  73 5l ,~)32 , Ju 1~ 1~~, 1~~’3. ~ p .

Chem . Abs. ~~ : 3 7 82 8 .  ( J ap . ) .

The l k r c k  In d e x  ot  C h m e m i c i l s  and dr u g s . l i m u . 7 t c  - L  iii re m - , and
Company, tnt - ., Ra liway, N. 1.

-- _ .— .—- —--—-—— — --_- -— - —  - -  ~~~~ - - - _
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(e) Kawahara , N.,and K. Takaslmima
1973. O d o r l e s s  p lywood . Jpn.  Koka i 73 72 ,3P 9 , Sep. 29 , 1973 ,

4 p. Chi em . Abs.  80:61329. ( J a p . ) .

? dh c s i v o : Si g n i f i c a n t  r educ t ion  in the  release of fo rma ldeh yde
from plywood and par ticle panel materials has been obtained
dur ing  rnanufactcrc b y ad d i n g  v a r i i - u s  m~ i L er i a i s  to t i le  adhesive
binder. These additives are usu~ l1y reactive to HCHO and act ,
therefore , as sea a ngers. f h us , ‘ inzel (C31~~) added ammonia
and ‘ i r c a ;  Ro f ~ m e l  (C31b) Inc l i l e d  a p :cnol ic resin or a phienolic
res in  p lus su1f i ~~e li quor ;  Ku a i t :~Lv ( C 3 1 c )  added a va r i e ty  of
cor~pL ciui s , thoug h t h e  p r inc i pal ones were an aliphatic amide ,
t h i n — m i s t , imij i c , or amine. One or lore of these , plus bide
glue .mnt i  s v e r a l  other N — c o n t a i n i n g  substances were used to
p r c p mre a stock - ,lut ion , a portion of w h i c h  was th en added
to the  adhes ive  r e s i n ;  ~akar ada  (~l3ld)  t rea ted  the r e s in—flour
( f i l l e r )  pas te  w i t h  hII ~~~ ; i , aimnonium carbona te , sodium

sulfite and hardener ; and Kawaliara (C3le) added urea and
f l o u r  ( f i l l e r ) .

C32. N i s i m i n o , S., ari d H .  :~~i i k a ta
1972 . Deodorant for formaldehyde of resin products. Jpn . KoKal

73 ~)2 ,Yml , Nov . 3d , 1973 , 3 p. Chem . Abs . 80:14b717. (Jap.).

Coating : be amount of formali l i  s I t  rd eased f r o m  b u i l d i n g
board was reduced lb percent  dv s p r i v i n g  ~.itb an aqueous solution
of a g u m  ih irs- der ira t ivc (arn inogu ar t  id m e— t iC 1)

C33 . (a) Teodorescu , L., and C .  P et r e
197. 1 . ~e l e a s e  o f  t a r i m  1 d cimv d e 1 m r m C t e com~dens.m t ion of u r e a —

f o r m a l d e h y d e  r e s i n s  used in wood g i  wing. I .  Fac to r s  w m i c t i
af fect time release of for r r s lde lm vd e . h o d . L e m n u lu i  21(1) :
~ l — 2 7 .  Ch ern . Abs .  7 3 : 2 6 7 ’ -4 . ( k o m . ) .

(b) 1)70. Release of f o r n i l d e i m y de d u r in g  condens at ion  of urea—
f o r m a l d & b m y d e  res i n s  used in wood g l u e  ing.  m d .  Lemnului
2 1 ( 2 ) :  5— 5. Liem. Ad s. 7 3 : 7 7 ~)SO . (Horn.).

Adhes ive : The e f f e c t s  of both hardener and additives were
invest I ~ - i t  m d .  In t i le  r ise of t i m e  I o rrner  , UC caused the
re lease  of more  IICH I.) than did ~4 Ii

4
C1 ; urea m d  no effect.

Sod ium metabis mil fite as an additive was effective , but
t s i e  resulting ;mdaes i ve  bond was not  w a t e r  r e s i s t a n t .  T~iIs
fa ult was obviated by adding resorcinol or vegetable tanning
agents as w e l l .

.45-
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C34. Braswell , 3. R., D. R. Spiner , and R. K. H o f f m a n
1970. Adsorption of formaldehyde by various surfaces during gaseous

decontamination . Appi. Microbiol. 20(5):765—769. Chem . Abs.
74:20729 .

Venti lat ion:  Time adsorption of formaldehyde on var ious
surfaces was shown to be a funct ion of atmospheric RH , a
peak in the amount adsorbed occurring at 83 percent RH.
Formaldehyde was more s t rongly  adsorbed at all RH ’s by cotton
cloth than be ei ther  glass or stainless steel.

Comment: These data point to the need for low RH and hi gh
temperature if HCHO is to be removed readil y by ven tilation
methods of the type cited earlier. See also ES , E9 .

~
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Sect ion  D. T o x i c o l o g y  of F o r m a l d e h y de

Da. Kitchens , 3. F., R. E. Casner , C. S. Edwards , 14. E. ilarward , I I I ,
and B. J. ~1acri.
1976. Invest igat ions of selected po ten t i a l  environmental

contaminants :  Formaldehyde. EPA/560/2—76/009. Atlantic
Richfield Corp., Alexandr ia , Va. Aug. 217 p.

A broad review of formaldehyde as an air pollutant , with
discussion of sources (automobile exhaust  emissions ,
specifically ) ,  anal ys is, toxicity, and metabolism. According
to existing data , it is not mutagenic or carcinogenic in
mammals , but is mutagenic for lower animals (bacteria ,
e . g . ) .  I t  is an al lergen (014 , D18 , 025) and is h igh l y t ox i c
at low concentrations (028) , causing eye and lung damage ,
and affecting the central nervous systeni (012 , 023 , 024 ) .

Comment : As will be seen from subsequent references , there
is no concensus as to whether formaldehyde is mutagenic or
carcinogenic in the human . The ~iIO SH criteria document 5

also is notabl y lad ing in guideline information .

Dh.  Pa t t e r son , R . ‘1., M. I . Borns te in , and K .  Garshick
19Th. :\ssessmneri t of f o rma ldeh yd e as a potential air pollution

problem. Vol. V I I I . G C A — T R — 7 5 — 3 2 — G ( 8 ) . CCA Techno logy
Div ision , GC~. Corp. , Bedf ord , Mass . 29 p .

A broad review , b u t  less comprehensive than  the  p rev ious
repor t .  The au tho r s  s t a t e , however , t ha t  aerosols have a
synerg istic e f f e c t on human response to f ormaldeh yde.
Table 2 in the repor t gives the acute sensory response of man
to f ormaldeh yde vapors. Thus , exposure results in:

eye irrita t ion threshold 0.01 ppm 5 minutes
odor threshold 0.05 “

th roat i r r i ta t ion  0 .5 “

detectable by nearl y al l people 1.0 “

in tolerable to most peop le 4.0—5.0 10—30 minutes

Comment: The sorption of HCHO onto particulate matter
(aer osols , dusts)  increases i ts haza rd potential , as pointed
out in 1)16 .

Dl. Heal th  E f f e c t s  Res earch Laboratory
1976. Scientific and technical data base for criteria and

ha zardous po llutants—— 1975 ERC/RTP review . EPA/ (00/1—7~~/023.
1.1.5. D ept .  HEW , Envi ronmental Protect ion Agency. h ea l t h
E f f e c t s  Res . Lab . ,  Res. Tr iang le Park , N .C. lay. 4o4 p.

— 4 7 —
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Time f i r s t  iii a ser ~~c~ o t  annua l  rcviem, s of t h c  r L  - ~~s : c . m  it5ul Ls
of th e  Eu i v i romummemi t a l  Kesearc C o t t e r .  s mllo t ; m
is not covered in t i m  i s ;  r s  p o r t , asm evaluation ~~~ t s  ,

o thers , h y d r o c a r b o n s  and suspended part i~ t ; L a~~e5  1~~;ee . m a c
e f f e c t  of these p o l l u t a n t s  on imealt a , vt-getIL ios , CI i ;;m t. ,
v i s i b i l i t y ,  and materials is ;  assessed ; and iss 1 orma t~~o;; on

analysis and control is included .

02. Van Atta , F. A.
197o. Developing occupational ;iaalth standards. L ; am i . locI misoi .

6 ( l ) :  28 -29 .

A brief review of how OSHA sets up s tandards  and t i m e
relationship between NIOSU and OSIIA.

D3. Christensen , H. E., E. J. Fairchild , B. S. Carroll , and R. J.
Lewis , Sr.
1976. Registry of toxic effects of chemical substances . C.S.

D e p t .  HEW , P u b l i c  H e a l t h  S e r v i c c , Ce n t e r  f o r  D i s e a s e  C o n t r o l ,
NIOSH , R o c k v i l l e , lid .

In this latest edition ( former l y t i t led : “Toxic  Su b sta nc es
List ” ) ,  the threshold level value ( t ime—wei ght eu  ave rage )  f o r
formaldehyde exposure is still  3 ppm (022) W i t h  a c e i l i n g
concentrat ion of 5 ppm . A peak concentra t ion of lu pp m f o r  iii
minu tes is perm itted in an 8’-miour work period .

04. National  Academy of Sciences
1975. Princ iples for  evaluat ing  chemicals in t i m e  e o v i r o . m s ; e m m L .

Na tional Acad emy of Sciences, Vash ., i).C. 454 p.

A compr etm ensive  review and evaluation of t ;e state ci  th e  a r t
and science of s a f e t y  assessments .  T h e  m t -p o r t  1s5 ( l i m O s  1~ u 10
n o th  government agencies and in d u s t r i e s .  1lmo r c arc L. major
p a r t s :
(1) I n t r o d u c t i o n
(2)  Gene ral considera t ions
(3) Human hea l th  e f f e c t s
(4)  Nonhuman biolog ical e f f e c t s
(5) Inanimate systems
(o)  A n a l ys is  and m o n i t o r i ng
Seven app endices g ive supp lementar y sa i l  c r isiI to  s.- i c  L i d
ch apt e rs. The importance accorded Part 3 , “mimmm;mami m c i i  t s
effects ,” is shown b y g rea te r  amount of space i ’ i v c n  to ( i t s
topic . In general , thic report deals Wit  ii  c h r i s  cids on a
compound —type  basis  except fo r  some of t se lid 01 Oflt - —— Cs rcury

and lead , fo r examp le. Alde l ty des ( hi2b) a rt  no ted  as; m a r s s m ~
of sub stances (Ch 10: ‘‘ E n v i r o n men t a l  c h u m  i cal  s is p ut t  i t  ~ i 1

—4 8—

_ __ _ __ _ __ _ __ _ __ _ __ _ _  - ---- k- ~4



- —4- - ‘~~~ t5Z~~~~~ —~~---- -- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - - _ r  - -s- ~~~~~~~~~~ —- ~~~~~~~~~~~~~~~~

I

hazards  to reproduct ion——known and possible mutage r i s . ” p .  1 3 )
capable of c~temicall y in terac t ing  wi th  DNA (iJd , 021) . (See
also Jb , 07.)  Time “ E f f e c t s  on behavior ” (Cii 11, P a r t  3)
of fo rmaldehyde  on human per formance  were  observed by
Freem an and Grendon (B 3 2 ) .

05. National  Research Council
1975. Vapor—phase organic pollutants——volatile hydrocarbons and

oxidat ion products .  i4a t l .  Res. Counc . ,  W a s h . ,  d .C .  Oc t .
672 p.

A comprehensive and critical report on vapor—phase substances
which may become of concern to heal th  and we l l—be ing .  V i r t u a l l y
all aspects pe r t inen t  to a po l lu tan t  arc covered as outl ined in
refe rence  04 . Special attention is given to oxidized compounds ,
formaldeh yu e , -~zone , an .! benzen e.  Because of i ts  hi gh water
so lub i l i t y ,  HCII O is r ead i ly  absorbed in t im e  ( uppe r )  r e s p i r a t o r y
t r a c t  t issue. And because of t i m e  la rge amount of exposure
of the l a t t e r  t i ssues  to any vapor p hase p o l l u t a n t s , t sme e f f e c t s
of exposure to  f o r ma ld e i i ~aic arc rap id ly  a p p a r e n t .  The t o x i co l c ;~ ic ,
pathoph ysiolog ic , and ep idemiologic in l ormat ion fo r  II CHO are  we l
covered and documented wit~; literature references.

06 . Cowan , 14. 1)., J. Hoggan , and J. E. Smi t i m
1975. In t roduc t ion  of resp iratory—deficient mutants in brewery

yeas t .  Tech . Q., >iaster  Brew . Assoc . Aiim . l2 ( 1) : l —2 I~.
Chem . Abs.  83 :4 l45b .

Formaldehyde acted as a mutagen , p roduc ing  s t r a in s  w i m i c h i  had
cha rac te r i s t i c s  d i f t e r e n t  than the p a r e n t  s t r a i n  of y e a s t .

07. (a)  Sanotsk i i , I .  V . ,  V. N .  Fomenko , C. A. Simeveleva , and oth ers
1976. Study on t ime e f f e c t  of pregnancy on the sensitivity of

an imals to chemical agents.  Gi g. Tr.  P r o f .  Zabol . ( l ) : . 5 — 2 b .
Chem. Abs. 84~ 10O452. (Russ.).

(b ) Shumilina , A. V.
1975. M ens t rua l  and c h i l d — b e a r i n g  f u n c t i o n s  of female werkers

occupa t iona ll y exposed to t i le  e f f e c t s  of  f o r m a lde h y d e .
Gi g. Tr .  P r o f .  Zabol ( l 2 ) : l 8 —2 1 .  Cisem . Abs .  d 4 : i 4 u I I i 3 .
(Ru s s . ) .

Women (07b)  who were exposed to c o n c e n t r at i on s  01 f o r m a l d e l t y d e
LU t i le a tmosphere  of work  a reas  produc  lug u r e a — i  o r m al d eh y de
res ins  s u f f e r e d  m e n s t r u a l  and p r e g n a m m c v  d i s o r d e r s .  I h c  I r e qu e i s cv
of t i t e  d i s o r d e r s  was ap p r o x i m a t e l y 2 . 5 t tr ie s as often i t s b r
cont rols. See also 114. An imal s tud ie s  (07 a) , on t i e  u l i m c r
hand , s1mow e~h t h e  f m n m c  t ioua 1 at  i t  i 01 p r e g n a n t  r at  s t o  se
less a f f ee  ted by UCHO tItan nonpregnmlnt O1~m S .

—49-.
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Pa. (a) Vologodskii , A., and t . P . Fr an i~—~ amen e t sk i i
1975. Theoret ica l  s t u d y  of J~~S\ unwinding  u ; sd c r  t o  a ct i o n

of formaldehyde. J. Timeor . Bid . 55(l):1j3—lu u . Ctiomu .
Abs. 84:39840 .

(b) Traganos , F. , Z. Darzynkiewiez , T. Sliarpleiss , and ot i m ors
1975. Denaturat ion of deoxyribonucleic  acid in situ effect

of formaldehyde.  J. h {is toc lmem . Cytociiem . 23(6):43l—438 .
Cimem. Abs. 83:55522.

Theoretical studies (Dba) permitted calculation of denaturatiomi
(i.e., modification of protein) maps for DNA due to time action
of formaldehyde . Den aturat ion (08b) of DNA (thermal or dv acid)
was markedly influenced b y m-ICHO , two mechanisms being dist  inguisisod .

D9 . Kulle , T. J.,and C. P. Cooper
1975. E f f e c t s  of formaldehyde and ozon e on t ime t r igeminal nasal

sensory system . Arch.  Environ . Heal th  30(5) :237—243.  Csmem .
Abs.  83:1783.

Animal studies showed tha t exposure to formaldeh yde vapor
resulted in a decr ease in nasal sensory response wi~ich
varied d i rec t ly wi th  time mI CRO concentrat ion . Exposure  t o

pur e air for  an equ al period of t ime resulted in only partial
recovery of nasal sensi t ivi ty. See also D24 .

Comment:  These r e su l t s  con f i rm  human response to formal deim yshe— —
namely ,  t h a t  some workers  develop a physical  to le rance  to
repeated exposure of low concentrations of hlCilO (iJlu) .

1)10. U. S. Depar tment  of . I ea l t hm , Educa t ion  and W e l  f a r e , ~h a t  ional  i n s t i t u t e
f o r  Occupa t iona l  S a f e t y  and I l e a l t h .

1 7 . W o r k i n g  w i t h i  fo rma ld emmyd e . C . S. be pt . miEC , l’ ; m I s i  IC I m e ~~1 t-
Serv ice. Center  for  Disease Con t ro l , N ! i ) S i i , Rockv l i le , .‘~o .

~\ b roca;m rc prepared for public distribution . V i i  h i  no
q u a n t  j i l t  IVC data - i r e  g iven , t i e  lmi -miace u sed is s t rong! ’ .
cau t  i o m i , m r v .  Toxicolog ical e f f e c t s  ol f o r m a l d e h y d e  m i r e
s i t  scussed w i t h  respect  to  i n ha l a t i o n  of t ic I ’ m ; ; , in g e s t  cm ; 0!
iii ‘iquco us s o l u t i o n , sk in c o n t a c t , and r eac t  in s i s  i - v  i t m d i v i h 5 ; .  i
who have aim a l l e r g i c  s o m i s i t  i v  i t v . See also C+ , c . .~~m , 1 2 ;

DII .  (a)  U.  ie ’ p . l l  t d c i i i  at u t - i i t  hi , E d m z c , i  t ion , am i d Vt ’ i i  s i r e ’ , h h m  t s l i d

Ins t  i t  u t e  or O c cu p a t i o n a l  S ; i i  e t  V m i n i  i c - l i t i
197  . P a r t  I I .  l’ox i c  su i st s t m ’m c e s  l i s t .  F e d .  -V 1’i s t  .

( 12 i , Jun e 23 ) : 2 b 4 4  ) — 2 n 4 n b .
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(~ ) ~-a , -, • :..
137 . .‘a i g e r OU s  i p e r t ie s  of  iniJic-~t r  Lal  a l t e r  t~~ls. C .  77~~— 7 1 u .

V a a  ~ost rand -he i nhm o ld , how

A i i  si ( 1  i.t .t 0: c iemica l  compounds , developed ,is  a 5 s ; S c
f r , s; Ibu ‘‘ h o a h u  S ; i ; s ~ a m m c e ~ Li ;- t ” t, 03) , w i m i c h i  5 t i V ~ ne em s
r e p o r t e d  i:’m t i e  I t t e r a i  urc to ave produce e  an ob served
or su sp t - c t e L I c a r e  is ;o~ crmic respon se  in a . i i o a i s .  i’ ;is
l i sL  ind uces a e e n t s c ;mu simig b o t i m  benign and m a l i e s ant
tumors .  ho da ta  are C h v e r i , nor l i t e r a t u r e  r e f e r e n c e s .
f’o r m m a  L d e ; m y i c is inc luded in th i s  l ist  of “Suspected
Carc inugens . ” ( ‘dcc  also 02 1.) Ti t is  l a tes t  ed i t i on  of
of t i e  st an d a r d  r e fe rence  text  (Dill) ) floW ca r r i e s  t ime
p recau t lo :; , under “Toxic i ty ” of f o r m al d eP y de , “a suspected
carci smogo ; 1 of t i e  lung . ”

012. (a) Kuzmenk i , N .  M . ,  A. I. Buslenki , S. I. . Kataeva , and o~ h i e r s
1975. Sensitizing effect of formaldeh yde d u r i n g  p r o d u c t i o n

of plastics. Vracii . i)elo (6):l3l—l34. Chem. Abs. 84:2163o.
( R u s s .) .

(b)  Os tapovic im , I .  K .
1975. Fea tu res  of t i’me s en s i t i z i ng  a c t i o n  of s u l f u r  d iox ide

and fo rn ma ldehm y de in va r ious  reg imens of th e i r  i n ima la t i on .
Gi g. S am i i t .  ( 2 ) :~~— l 3 .  Cli em . Abs . 83:1659. ( R u s s . ) .

(c) Basmadzliieva , K . ,  T. Burkova , M . Ar g i r o v a , and others
1974. Biological e f f e c t  of t h r e s h o l d  c o n c e n t r a t i o n s  0!

hydrochloric acid and formaldehyde inhaled iimto the
organism. 1<hmi g. Zdraveopaz. 17(5):480—48~~. Cues. Abs.
83:72901 . (dul g.).

(d)  Koie snik ov , P. A.
1974.  A c t i o n  of f o r m a l d e h y d e  on the  course and ou tcome  01

a c u t e  rad ia t ion  s ickness .  Kadiobiolog iva 1 4( 3 )  :77 ~~— 7 d l .
Chem . Abs. 82:81352. (R u s s . ) .

(e) V i m m o gr a d o v  , C .  I .  , I .  A.  C i i e r n i c h m e n k o  , and E . ~~~ . 1-likarenko
13 74 .  A l l er g en i c  a c t i v i t y  of mo to r  t r a f f i c  ex i m a u s t  gas .

Gi g. S a s i t .  (8) : 10— 13.  Ci i e m . Ab s .  82 : 7 6 6 4 9 .  ( R u s s . ) .

( )  Volkova , / .  A . ,  and F . A. Sidorova
1971. Formaldehyde conten t in th e blood of persons  w o r k i n g

in c o n tac t  W l t , m u r e i — u o m m , t l d & ’ , ; v d e  r i ’ ,s j f l S.  G~~~ ’ . J r .  I’ t’ t i
15(a) :44—4m . C i t ’m ui . Ah i-, . 1 5 :  1 )lOUu . ( R m m ~~ -’ .) .

(g)  - - h r it o c ivi l , I
iv i i i .  m m z m m ’, :~ C,Um’~~’J - V I ; s i : s i . i i 5 I e . ; v h t ’ l i a e r , l t e d  1 1 S f ; ;

, i m t i e - m e m s c  t e x t i l e  f i m ; . shm . P r i  . . 2 3 ( 1 9 ) : ~1 4 — t 7 5 .
i; , mc i ~m. .b.4. ,‘ 7 : i 7 2 8 5 .  ( l s ’s ’ h . )  .

—
“I I



_ _ __ _ __ _ _ _  - ~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
-
~~ 

-- - -
~~~~~~~

( i i )  i’ r i nk l e r , H.
l9b13 . Working wi th  fo rmna ld eh iyd e .  ~~~~ L a o .  2~~( L 2 ) : h e 3 — - a -i u .

Chem . Abs. 70:104703 . ( Cu r . ) .

In addi t ion  to t ime toxic  h i e a l th i  e f f e c t s  no ted  ea r l i e r , o tu e r
changes in time normal , imea l t im y  fun c t i o n in g  of ;oav organs
and systems have been reported . In the production of
plas t ics  (Dl2a) , t ile release of forma idei iy de even at

concentrat ions below t ime  pe rmiss ib le  n ax in mum u:  ( u .S  ta g/ rn 3)
caused over t and latent sensitization of skin , lungs ,
stomach , anti intest ines.  Animal s tudies  showed t i ;a t  (i3l2~~)

- 3 ‘ -at 2 to 15 mg/rn there were cm ~anges in t e  blood dine iim t u e

neura l  response of muscle t issue ; at 2 to 7 mg/rn 3 tucre s- .dS

also a sensi t iz ing act ion . Inhalat ion ( r a t s )  of i ; C iLO a t

0 .35 mg/rn3 fo r  3 hours per day fo r  a mont is r e su l t ed  in
tissue changes in time liver , indicat ing f a u l t y  nutrition
(D l2c ) .  The normal func t ion ing  of bo th  th e  l iver  and blood
system of mice was al tered by t ime in lca latLor ~ of fo rm a ld eumy d e
(D1 2d) .  Ari d guinea pi gs , w i i i c h m  in im aled  I1CEO at a 1ev-a l of

0.011 to .38 mg/rn 3 fo r  8 :iours per day dur ing  3 weeks , also
exh mibi ted  damaged blood system f un c t i o n  (012e) . \\‘ora~ers and
sales persons exposed to urea—formaldehyde  resin were f o u n d
to imave formaldehyde in t imeir  blood at var ious conc er it r ;m t i ons ;
t oe  HCIIO r eac imed the blood stream by inh a l a t ion  or t i t m o ; m C ;
t ime skin (D l 2 f )  . Personnel exposed to f o r ma l h c ;y 5 ;o \ : m ~n r
as a result  of i roning new c lothes  ( t r e at e d  fo r  a n t i c r e i s e
proper t ies  w i t i m  a urea— ilCilO res in)  s u f f e r e d  f r o m  i : i f i : i : ~~:amtion
of the eyel ids  and time nose and th r o a t  iaemhran es s , altu
exhib i ted  long—term b ronch i t i s  ~~~~~~ Ind i v i d u a l s  u s i n g
formaldehyde  (presumabl y a formalin  so lu t ion )  as an
his to log ical f i x a t i v e  e x i m i b i t e d  eczema ;u ;d inii;n;ii’ ;;t ion ti

the b ronchia l  t r ac t  (Dl 2 1m) .

Dl3 . Weiss , I . J .
1974. A new r e f e r e n c e  a p p r o a c h m  to  c im em i c a l s  found  in con -;l er

produc t s .  Con sum . Prod . Saf. Comm., lJur. Biom mied. ‘dci.
W a s h . ,  D . C .  I)ec. 81. p.

Describes a project d e s i gn e d  to p rov ide  ~n m o rm n , mt  i on
about  selected c i ; cnm i t a i l s  used in co n su mi m er  p r o d u c t s  ot ; ; t e r e s t
to CPSC . Comp l e te  i n f o r mat i o n  on i n gr e d  icu tin has a p1 ,s~m u c  j~
requi red  (by C P S C ) — — e . g .  , chemical  s t r u c t u r e , n-a t .io .m c l o g ~

- ,
toxicity, carcinogenicity, nutagenicitv , and tcr ,ILo) -~ im 1 I i  Y .

Comment : It will be recogn ized tin at ;m borne - i i i  I- a m m g  :.m ~ e- r i , i l ,
such as par t ic leboard macic w i t  I i  a ure a— I orm m Id c i ;  v i le  I v;~e
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;mdae sivc , amid ~ h : i e ; m  avolves  f o r m a l d e h y d e , co uld be su oj ec t
to con t ro l  by CPSC. Fu r t h e r m o r e , b~~cuu s e  th e  I C iR ) would
c o n s t i t u t e  arm env i ronu ien ta l  air  p o l l m i t ;m n t  ( j im t u e  ;mom u , (or
instance) , CPA would  be concerned ; and , i t  t i e  po m t  ci

manu f ;i c  t o r e , \ .‘ i e  m e  an occu p a t i o n a l  i m I z s m  i d  coulu  c x i i  L , US iA

ru les  would p r e vu i l .  See also 01—95 , 910 , di Ia.

014. Scn o r r , V .  F ., E. Reran , and E. P’ ot ka
1974. Form im a l d ehi y de a l l e rgy .  Arch .  ) ) e r r n a t o l .  l L U ( 1) : ] 3 — 7 o .

Chem. Abs.  82 :26691 .

Q u a n t i t a t i v e  anal ysis of 112 samples of  women ’ s f a b r i c  sanmples
showed none to be comp letely f r e e  of f o r m a L d e h y d e ;  t i m e  range
was f r o m  1 to over 3 ,500 ppm. The a u t h o r s  have
seen ( in  clin ical  p rac t i ce )  pa t i en t s  w i t h  ext reme h i C l h ( )  a l l e r gy
and cor re spond ing intractable clothing dermatitis .

Comment : Time cimern ical  n a t u r e  of IICI1 O is su ct m t h a t  it is
s t rong ly sorbed by many m a t e r i a l s , ari d h i g h l y soluble in water.
Th in s , c l o t h i n g  exposed to a i rbo rne  11CHO vapor wou ld  become
c o n t a m i nat e d , t ime level of wh ich  would inc rease w i t h :  i l m c r e a s i m m g
RH as wa te r  also is a s t r o n g l y sorbed s u b s t a n c e .  ‘ J u t ’  f l i t

result would be to incr edin c time possible level of ’ i r r i ta t  i on to
s N i ; m  of a sens it  Ly e in d iv i d u a l .  P r i m a r y  i r r i t a t  ion  of t h e  eyes ,
t ipp er resp i r : it o rv  t r a c t  and i - k i n  is Ont-  o t  t i me most cii i  rac t i r  i ~ t ic

f l e e t s om aldeii y des , esp e ci - ’i h l v  of  t t ; e  l owes t  m o l e c u l a r  w i g u i t
ones; I o r i’i ;u I Ich i v5 - 15 is t i n t ’  mos t  c r i t i c i l  in these  r e s p e c t . in ( I i ,
p .  2 7 )  . Newer t in  t i  m d  i ~i I c  i n o S l i -  j oss i hI  ~‘ ab sorpt 1011 ot vapors
b y ; d - i n , w i t h sort ’ w a t e r so lub le  ; b ’ t , m n c c s ;  such  ,is h E h i m )  1 i k i l y
t i  p e ne tr a t e  ~~~ p. 269) . -

i l  5.  1 ik i , iro -.’ , ‘ - ‘ . T.
1 m : c . Comb I icC m e t  ion of  s i x  - m i  r poll ut aut in on t mit’ human u iv.

( b i g .  San it. ( s) : 1 9 1 ) — I n C . ( l ien .  Abs .  (~[ : I 101-154. ( R u s s .

S i - ;  a i r  p o l l u t a n t s  ( m t a - t  is R id , ,i t ’ct  ic a n h m y d r i d u ’ , ~~i’t o i i& ’ ,
I i r u i: i l i e um ’’;ie , p l i-nol , intl hydrochloric m t -id) were .iddit ivi’ in

i c i r  i t  ccl  on t i m e  n ose  and ( m m t h e i r  c l c c tr o e n c cp hma l o gm m 1 ) i i j t ’
a c t  mcm i  i t  t h e  : m r ; ) u t f t s  w e r e  expressed as f ractions ii i  t i n ’

t i r es ; ;o ld  v i i  m m c s

in . Con t e , C . ,  and ( . 1ev m l  ol r;Incl’sco

197 1.  C h o i c e  a t  p i m m n ; e t  c m i  I or ( l i t ’  e s t i m a t i o n  ot  h a z a r d  i i m d u s t y
mci k erm v ir o m m n m c m ;  I • ‘ l i i i  . 1st . S i m p e r  • Can ~ a 9 ( Spt’t - . Number  1)
F ,  I— 1 -- h O . C :iom n . A b s .  ~ b : 4 7 o 2 1  . (i t al •)

(din t ’— , as i a  v m C o r ;  I ixe l (adsorbed) on t i m e  su r t  mu - u cI (or  •ihi-i o~ h u ’d
hub ) d u s t  p a r t i c l e s  cou ld  add t o  t i m e  t o x i c  i t y  o f dust exposur e .

—
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Forma ldehyde , wh ich usually limits its action to t o e  upper
resp i ra tory  t rac t  (D5 , 014) reaches  t i l t  l ungs  ii t ixcd on
resp irable dust  pa r t i c l e s .

Comment: In addi t ion to t ime above m e c i m a n u s i  - ,  j m m i ’ c  i- I  h i m  ul

polluted dust  par t ic les, or t ime swal lowing of i r ; i ; e , i m l  p u i l e g i m
containing such pa r t i c l e s , can r e su l t  in diract g,istro—
intest inal  exposure (95 ) to II CII O . Forim i alde ii~ Ue i~— a s t r o i l g l  Y
sorbed subs tance;  see Section C and t i L l . And Is p o in t e a  out
(D4 , p. 137) , the  introduction of parti culates w i t , ;  a
tumorigenic agent appears to increase t i m e  l i k e l j i a ot
a positive outcome ; formaldeh y de is i i~ t~ d ( i ll I a) as a
suspected carcinogen of time lung (D l lb ) .

— 
Dl7 . Pavlenko , S. M.,and V. A. Guseva

1973. Dynamics of time development of adaptiv e reactions unuer
the long—term effect of industrial poisons entering an
organism by diff erent means. ltog l :4auki Tek im ., Farnmat ~ol .,
Khimioter .  Sredstva , Toksikol .,  Probl .  Toksilcol . 5: 110— 119.
Chm em . Abs. 83 :109347. ( R u s s . ) .

During long term poisoning witi m formaldeh yde——for exaumpl e ,
by inh a la t ion——adapta t ion  reactions occurred ea r l i e r  than  f o r
poisoning by oral admin i s t ra t ion .  Poison ing b y combined
inhalation and ingestion resulted in time ear l ies t  reac t ions .
The ac t iv i ty  of the central nervous system was observed to
occur in cycles of several months ’ dura t ion .

D18. (a) Baer , H. L ., D. L. Ramsey , and E. Biondi
1973. The most common contact allergens : 1968—1970. ‘ r e;.

Dermatol . l08(l):74—78.

(b) E ps tein , E., W . Rees , and H. Maibac hi
1968. Recent experience w i t i m  rou t ine  p a t c h ;  Les t  s c r c c s : i m m g .

Arch .  Dermatol.  98(l) :l8—22.

(c) Baer , R. L., G. Li pkin , N. B. Kan of , and 1-: . Bioimdi
1964. Chang ing patterns of sensitivit y to coi nim mo um cont ac t

allerg ens. Arch. Dermatol. Sb) (l):63—68.

(d) Rostenb crg , A., Jr., and :1. B. Sul zhue rger
1937. Some r e su l t s  of pa tch  t e s t s .  A r c h .  f lern iato l . I , : ’~

These four p apers represent change s which l ive t , l : , e : ;  p i n e  i i i
t Ime population index of sen si t iv~ ty to dii f crent cos t i c t
allergens. Thus , in time period 19 3 7 to 1961 / I - ) n C , t i m e  I m l i x
of s e n s i t i v i t y  to  f o r m a l d ehy d e  increased  2110 p crc t ’nt  ( 0 1 ~c)
And sore recent Iv (918a) , I ( C0O was l i s t e d  as ‘ne ci I. i c i i
most common contact allergens.
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1) 19. Ivanova , ‘1’. P . ,  N .  K .  S t a t s e k , A. I .  B u s l enk o , and o t . ie r s
L i  71 .  Se n s i t i z i i mg  act  ion of {ormaldeuydc . F arnmako l .  Toksikol .

( K i e v )  ( 8 ) : l b l — l ó i .  Chem. Ab s. 80:116846. ( R u s s . ) .

A n u a m l s  smm owe d an a l lergenic  reac t ion  to f o r m a l d c h ’d t -  app lied to
time skin. In humans , lucre were symptoms of a sen s i t i z i n g  ac t ion
wimic ~m r esu l ted  in changes in t i me blood sys tem.  See also 012 .

i)20 .  (a)  Technology Review
1973. 1-lore than one h azard in smoke . Tecimnol .  Rev. 76 ( 2 )  :bb.

(b) Zikria , Basimir A.
1973. Smoke poisoning in f i r e s .  166th Nat ional  Am . C im em . Soc .
Meeting, Ch icago, Ill. August , 1973. Division of i’ol yme r
Chemistry Abstract: Poly 58., ACS , Washington , D.C.

(c) Zikr ia , Bash ir A.
1972. In im a l a t i o n  i n ju r i e s  in f i r es .  Appraisal l i alogenate d

Fire l-xti nmgui sii ing A gen ts , Proc. Symp . p. 42—52. ~at . Acad .
Sci., Vasimin gton , D.C. d iem. Abs. 78:93 3 11.

In a s t s m l v  of  t o x i c i t y  at  srmtoke I ronm f i r e s  ( i n c l u d i n g
ci gar e t t e s )  , t i m e  a m m t  m a r ( l )2 0a )  b e l i e v e s  a ld emiydes  m o m v  b e
t ime cause of fatal it ics not due to CO . F u rt i e r i n o r e , t i m e
ci  ft ’~ ts  o f ~i l d e h m y t i e s  on t i e  cells ire cumulative for long
or repea ted  exposures. ic p o s t u l a t e s  (Dl~~u , DiSc)  th a t  t ime
short chain a l i c iyj c s  r eac t  w i ta  L i e  a m i n o  sic ids m m md
itNi\ of r e s p i r a t o r y  t i s s u e  c e l l s  caus ing  d en a t u r a t i o n  01
cell p ro te ins  and consequent  darmage to pulmonary cell
tissue .

921. Rosenhranz , El . C .
1972. Formaldehy d e as a possib le carc mn o g e n .  H u l l .  En vi  ron .

Contam. ‘hoxicol. 8(4) :242—244 . Cu es. Ans. 78 :n- m bln .

In a d d i t i o n  to  th e  t a c t  t h a t  f o r m a l d e h y d e  h a s  been i~mmo wu , I r oss ;
i i t e r a t m i r e  c i  t a t  ions , to be a mutag eim , time aut imo r n t u w  b e l i e v e s
i t  to be a p o t e n t i a l  c i m r c i n o g e n .  l i i  l ug  a m i c r o b i a l  , m a s . m v
m e t h o d , lie : m a ,n  shown i t  to  be im av e s im i  I a r l v  t o  o t h e r  known
care iimo getm s. I-;xpo sum re to low commce n t r um I ions f or  l ong  periods
at  t i s su e  Ii a -h t u ;mt  ion w ; ij c  p i — o b a h i  v j n c r i ’m s t ’ s  t i n t -  (‘,m ,m n t ’e
in c a r e  L f l i ) ) b ’ i l t ’s Is .

2 2 .  .5. i) i ’p u m i ’ t ; i e ; m t  01 Labor , ‘) ccupa t  lona l  S u i t  O ( v  and lea I t i
Aiim - ;istrat iam u

j - 1 7  1. Su a p a r t  C——Ocr ‘p at ion,il ~e,tl t a and envirm u immenta l rout n i l
~i l . ’)i Ai r  cam;; L , ms- s ; m l , m s m 1 s  (gii- .es , vapor s, t is sues , l ; m i - - t , and r ; u - ~t ’-~)
Fed. Rem ~st . lu ( l o S , Cmv 2 1 )  : l b h l l i — l 1 ) S ) 4 .

— , ) —
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Time o f f i c i a l  Federal (OSIIA) not  i f ic a l io n  t u at  o:’~p o n u r c  to

forma ld elmy de (by int ialat  ion , ingest iom m , sus in m h s o r p t  ion , am -

contact) shall be limited to a muaxim ;uumms iL\’ = 3 ppou
(8—hi  t ime-wei ghted average) . ‘-h ove  t i n  ctuscr -nt c i t  ion ,
exposure shall be avoided , or protective e C i i i pi m ;ei lL p r o v i d ed  and
used. See 03, 023.

1)23. Feldman , Y. G.,and T. I. Bonash evsk aya
1971. Action of low concentrations of formaldehyde aim t~mc jodv.

Gig. Sanit. 36(5):6—11. Cimem . Abs . 75:33273. (Cuss.).

Soviet norms for formaldehyde in this atmosphere of im m isio~~ted

places had been previously set at: (a) sin g le time nmaxi nmwmm =

0.035 mg/rn
3 
(0.33 ppm) ; (b) constant exposure

maximum 0.012 mg/rn3 (3.01 pp m). It was
recommended t imat  these not be cimanged . ‘1’h~ imax inmuem for

indus trial areas was set at 0.1 mg /nm
3
, but rats exposed to

this  level of HCH O shmowed cimanges in t i m e  t immme r e q u i r e d  t a r
nerv e ac t iv i ty  and t issue s t r u c t u re .  See C13 , ~J22.

D24 . Dalhamm , T., and A. Rosengren
1971. Eff ect of different aldeh ydes omi t r a c i m e n i  mucosa . h i t ’ .

Oto laryrmgol .  93(5) :49o— 500 .

A s tudy  of tracheal t i s sue  showed I ma t  {o r n i a h d e i vtL e a p p ear e d
to be time most cil i o tox i c , fol lowed b y acot ,ml d t ’i;” dc , i ; m C
acrole in .  Their exper iments  large ly cou f ( r u i n  t it,s rcs-u ,ml t s
of o ther  a u th o r s .  D a t a  f o r  II C 1IO indicated t s u i t  c i i  L o t  ‘ s i c  L Y

increased rap id ly  for  snmall increases  in L i i ’  c o l o n I s t  r , : L  h~~ t;
of  vapor .

025. Sclm orr , Wm. F.
1970 . Allerg ic skin r eac t  ions fro im i  cosi;ie t i c  pi - est’ i v u  t i v o n .

Am. P e r f u m . Cosmet .  85(3) :39—4 l , 4 5 — 4 7 .  (diem . Acs. 2 0 : l , ’ - 7 .

Time a l lergenic  p r o p e r t i es  of c o s met i c  p r e s e r v a t i ve’s ( L i t - i ~~~~i s ; ’ ,
HC }I0 ) arc reviewed . ‘l i me ex t  t ’f ls iV e use oh  o r n m ;m I  Ic i v i C  i l l

various products and proce sst ’s nma rkt’u I v  in c  r t ’ s m s i s
exposure and produces grt ui tt ’ r rL sk (~~l5c )

Comment : C c r t a i i m  a spec t s  a t  o r s s t ; m l d e : s v d ~ ’ m l  l i i ; ’ . ’ an  r - ; ’ ,m m i

t i le pu hml  ic on the w h o l e  appear  i s : ;p or t a u t  t o  t i e  ‘‘ — m sal d~’ , ‘‘Ct ’

prob l us t ’’ i ii par  t ic  Icho ard  m i n e , h it ’ inc  r u m  Si’;; 0:-S p ‘ -~ m m -
incidenc e c u m r r  i es  w i t h  i t  t i e  p r c u s i ; t l t ’  di ’; n t - s i n - i  t u i l u - r , m n c ’
as more  peop le his comp i ’ s e m u s i t  iz;’d 1)15 ) . SLl’in IsiS i m p p u’i m t ’ i
already w i t m  mercury compounds ( s m u t i l ’ i i - t ’ r i m l  agi -im b n) ,
is S c i m o r r p o i n t  Ii Oi l



-‘7’i~~~~~~~~~~- - ~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ .,—~ —-—————- ~ -~~~~-‘-—-——-i’-- —‘ ,‘—-‘- rv’- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ — ~~~~ -

D2~~. Akabane , 3.
1970. \ ide imy des and related compounds.  l n t .  En c y c l .  Pm ia r im ma co l .

T L m e r .  20 (AIc.  Den y . ,  v2 ) :523 — 56 3 .  Cimeimm . Ads. 7 o : l U 8 7 tj .

A review of th e  metabol ism , t o x i c i t y ,  and p l iarmocolog ica l
e f f e c t s  of lower a l i pt i a t i c  aldei mydes , especially forrnaldeuiy dc
and ace ta lde hmy de.  190 l i t e r a t u r e  r e f e r ences .

Comment : W i t h  respect  to t L me increas ingly  stringent
requi rements  of OSHA and time r e s u l t s  of more recent  r e sea r i ’ s m
on time t ox ic i ty  of fo rmaldeh yde , some of t i m e da ta  in Ahi abane ’ s
paper are out of data. The report is, h owever , wei gh ted more
(about  2—1 / 2  t imes) in favor  of acet a lde imyde  trumn of
formaldeh yde.

027 .  Ceiedov , Y.  C ., V . P.  Savina , N .  L. Sokolov , and otm iers
1969 . C o n t a m i n a n t s  in t i le  a i r  exhaled Dv alan . Cosm. D i i .  Ot tI .

3(5):7l—77. Cimem. Abs. 73:1u1783 ( R u s s . ) .

Iloth fo rmaldeh yde and ace t a ld e h m y d e  wer e f ou n d iii 1 s t ; ’ a i r
exlmaled by imealt iv peop ie iim the age range of 25 to 3~ ve,ii
;imd na i t- m m - ga m d r’ d as f l O i s s l . l  I. n m c t u h u I i t ~ - s  i n  u i _ i ; s i u s ; i i s  h i _ h i m .

028. Sg ibnev , A.  K .
19bh. El fe e t  of low m orrim aud emm yde funs,s concentrat ions on Rm Iu,i m mn.

Gi g. Tr .  P r o f .  Zabol .  12 (7 )  :2 U — 2 5 .  C i i i ’s: ;. Abs .  7u:  ‘~2 lS  (Eu-c - , . )

The bas ic  p hy s i o l o g ical  f u i m c t ions  of i u m t : ; ; m i l s  were  e X u i n i  i m~~’J
e x p er i m e n t a l l y s i t  s eve ra l  cuncent r a t  1005 of  t o r m m i a l d r ’ ; i v ; h , g i s .

At 1.u m g/r n
3 
(0.83 ppm) all subjects si mf ered in

o r i e n t a t i o n  reaction , o l f a c t o ry  s e m i s i L  ion , and in i c
most s’ms cept ible ind ividuals an irritation ci t i m e  u p p e r

res p i r a t o r y  t r a c t .  At 1 .3 to ( J • 4 nmg/m
3 
(mppr os’: i ss ;ltel v U. 3

t i _ s m a j o r i t y  of su ii t t- c ts c x h i i h i t e d  aim o r i i - t m t , m t i o n  n e i c t  in n ,
and h a l f  o f t h e m an o l f a c t o r y  s e i l s i t  i on  it icr i ’xpa I m n ; - tar

is) nmiimu tes it I mg / n m 3 , L i m e  m aj o r  i t v  sh m o w e t i  , i c ce l i - r , m t e d

b rem i t in 1’  and is Icc troenc epim al m’gram chi ;m n pt’s; i t ii . 3 m a in . 4 m u g / r n
3

t ; i t ’ r r’ Wer e  110 s ;im h ’ si ; iim t j u l  e m a m i p t ’ s  in r i - co rd ed  I i m u m e t  ia n ,mi
( r i d  li - i to r s

Commemi t : best’ obsi’i ’,’ mt iomis l i l t - is w i t h  t h s ’ s t ’  i t t  l - m  i ’ i ’ s s s ~ i i ;  - i l l S

(;rt’imdon (11 12) w cr1’ IICIID ,mt 1 ppm ( 1 . 2  m g / n 1 ) m i s  I ( t h u d
o bj e c t  t on a bl e , and t i e  s m i bj e c  I ivu ’ is I I ec t  a t  t ~~ ‘ ‘ I i  upon
i_isp lovee pert ornm m nc e u~’ , i —  n o t  i’d . s i t ’ e t  f t c  o h  I o m i - , i l  di ’ i i , e
011 ,i 11151 iil (), m V s  L i ’ l  t t g V  1,154 tu t ui suI T nmul ri zI_ ’th earl c i  i ii I: ;-
t o l l o w i m u g  e j t , i t  i o n s :  I t / h , on , 1 1- a , L O O m , i i O s  , ii1. ’ ’., al..; ,
‘ I S , 1) 18 1) 25.
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Sec t ion  h .  Odo r l i i i !  i ) ~j a r  Control

El .  Jonas , C . A. ,  and .1. -~ . E sd a w
197-, . i:mr ve ’,’ of ne w sor t ; ;  s t t s  t a r  app 1 i c s i t ioi i  to prtutc ction

~;~‘V l c C S .  Dept. of ( h u i s  A r m y , l . i j u s e n ; t a c l  ,- \ i n e i l i l  , AbnrJ~-ea

P r o v i n g  Cro tm ;;is , hi. ‘hu irc h i. 2a p.

.\dsorbt-nt : A e o o p er a t i v c  studs ’  I _ i t _ s e t - t i  t is , i ij t e i i  St a t e s  and
L i;- L u i i t e d  K ing dom in t h e  app i i c ;i t l on  01 sorhents to protect i ’ ;

am md a i r — n i o n i t o n i n g  devic es. h
_

ic p r o t e c t ion d e v ic e s  si re  t : u t -  t ” p c
Lh : i t use s o r s u e n t  s for a i r  pu n t m a t  ion . ( s i c  s ur v t ’y i n c l u de d  a
compre menm s i i ’ e  su rvey  of t o  Ii t i ,rrsiture .

1,2 • Hunt , ii. ~‘1 ., and Ii . N . B u m ’ca
1975 . Air m t  i i t ra t i o n  m e a s u r em e n t s  in a fat mr— iu; ’,,roossi t o w : s u a ;m s e

us in  sulfur hexafluoride as a tracer gum s . -C .s. ,h-psii t m n o n t  01

Commerce , Cimtl. Bur. of Stumu iu. hj~~h s. , i).C. , le p.

Ventilation : A four—bedroom house W I S  c o r . ta iu mt’u iii sin ;‘nv iitsI—

menta l  c lm amub e r  w i th  con t ro l  over  b o t h  t i e  inside moo aim I s ,Id c
t e m p e r a t u r e  w i l l s  e s s e n t ia l l y no wind  v i s i o n  i t v . iAn  SF’

0 
tracer

gas nlcsisure: ;lent s  were cotmmpared sci L u ;  air t ’x c i r a i m g e  r i t e s  l ; 5 ~~ c-’i - i  -

on t in e  l ion s ;’ by means of a h a n . Also li yt’5t 1 1 ’s i l n ,j  m,i.~ L i ;

e f f e c t  of s e s m l i n g  doo rs m i , d d u c t s .

Comment : Data obtained sim on Id he c ‘sItp L~eit- i m L,l fl’ I ’  t - it c it i’d
e a r l i e r  (A . 3 , A2 3)  . A c c u r a t e  v e n t  i l at  ion rates fu ’F u c e t i p  i t ’d
s t r u c t u res  ( see  A , K-fl , p lus  . l c c ; m m s m t e  val u e s  I t  I r u t ; -  i l l
emi ssi ;’mi of to r hi..m1dehiv ~,e t rain v m r i a ; m s  type s  a t  m l  a ; ’ n m v ~ - — ’ t t ;~ - ,l
wootl—pa mlel materials , w o u l d  p e r u _ s i I a v ;’ i m t  i l a t  i o n  e t m i h u l ; ;  cniuug,

e v a l u a t i o n  oh  t i m e  h m a b i t a b i l  liv o h  .m f t ’ n i s s , m i d e ; v d e — c o t u t  i i t s i t  n
space • Corrt’c Live mesm stm res c;’;ild b~- s l u r ; s u m  i t. i Lii V hi - ‘ .5 1 5 1 it ’J

for tIme severity at Lin e pr as i sm . Se_ s a l s o  -

E3. Wor th y ,  Ward
1975. I ITRI  work focuses oil c i m e m i s t  rv  a t  s_ sc . C i i .

News 53(5) : 1 9 —2 ; .

Odor: I lIRE is t I m e  I l l i n o i s  h i t - u t i t u t c  ‘1 L e c u i n o l a p ’ . hi si m c i
I n s t i t u t e .  t i m e ’  ma jo r  t ’ i lo r t  , mt  t i m ; ’ t h i s  - ui h i l t’ - u i t e m  i s  i i i

develop ing ‘ i t i t s i i , i  I signature s’’ ,mSs ~a ju t ;,i w i t ~ ‘ m i  s- .

human sense of smell c sin Dci  ;‘c t in li ii I e a -~ i i . I ~ ;‘s :; i t  a in
of some compounds , but ti m - t ’s :i~ 1 u s  v a r y  w i t  1 li mO iv m m m i I

Four ‘‘s;’iisarv d imens ions ’’ arc  c a l m s  i;I;’rc;i ii, us i ;- i l ’IU’ I n -
odo rs :  d & ’ t e c L a h i l  i t y  ( t h e  onl y ant ’ , ~ ; l i i , I - - _ s s ; 1, l t ~ - ih
by sI attite) , intensity , c :s,ir ,mi ’tcr , anti i s s ; ’ i u -da n l ’  U a - s u n  , . ‘ -

t i l t ’  p l; - m s . i n t  i ; u S S  or m ì O t  o l  in ~ l o m  • Oul or  t h ’ t ; - ~ - t  j a i l  j~ I i i  g l i  I v
s t i l j e t - i  i v u - . _ s ; ’ ;  a l s o  E8 .

A

~ 4
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E 4.  Kyle, B . C., and N. D. ~ckh of f
1974. Odor remova l f r om air b y adsorption on charcoal .

EPA /650/2—74/084. Kansas State Univ., ~anhattan , Kan .
Sept. 109 p.

Adsorben t :  F ix e d — b e d  adsorpt ion  s tudies  w e r e  carried out for
two organic vapors : ethylmercaptan and acetaldehyde. Time
l a t te r  could be ~ 8 percent  removed f rom a i r  c on t a i n in g  t b _ s
vapor in time 10-to 35-ppm range .

Comment: Because of the  d i f f e r e n c e  in  boiling points l)otween
acet a ldehyde  (21° C) and formaldehyde (—19.5° C, a gas at
room tempera tu re ) , r i le l a t t e r  would be less e f f i c i e n t l y  r em ov ed
(ES , n. 33.4~ see. also Sect ion C ) .  In fact , Lee (E 12) shc~~ed
that the capacity of s t ra igh t a c t i v a t e d  cimarcoal  varied w i t h
RH. See ElO for infonimation and data from measurements
made at concentrations of 1 to 15 ppm.

ES. American Society of Heating, Refrigerating, and Air—conditioning
Eng ineers , Inc.  -L

1973. Odor Con trol. Handbook and Product Directory :
1973 Sys tems . Ch. 33 , p. 33—1 to 33—12. ASE {RAE , New York.

Odor Cont rol: Time two principal sections discuss: (a) Odor
control methods and (b) costs . Time former is subdivided into
the fol lowing topics :
Removal by ven t i l a t i on
Removal by washing and scrubb ing
Control  by adsorption
Control  by chemical reaction
Con t rol by combus t ion
Odor masking and counte rac tion
Control by masking
Control by counteraction
Portable units.
See also E 13 , and E15 in pa r t i cu la r .

E6. American Society of Heating, Refri geratinc’,, and Air—co n ditionin g
Eng inee r s , I n c .

1972. Odors . Handbook of F undamentals . Ch .  ii , p. 157.
A SII RAE , New York.

Odor: \ t e c h nic a l  discussion of odors and odor technology .
Th e. section on odor remova l i~ br i e f , h u t s  informativ e . Timt•
top ic s are more fully covered in ES .

_ _ _  _ _ _
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E7. Diaper , E.W.J.
1972. Oz o n e — — p r a c t i c a i  aspects  of  i t s  g e n e r a t i o n  and use:  1 ,

Genera t ion .  C 1mem. Technol . 2 ( 6 ) : 3 b h ~i — 3 7 5 ;  11 , Lse . lA s t ’ ; ; ; .
Technol. 2(8) :498—jh94 .

Odor Control : A review of ozone ainmeti at i ndu s t r i a l  usage .
in a brief discussion of odors (Part I I ) ,  ozone at 1 to 2 ppm
is said to be effective against organic odors , wit ;
contact time of a few seconds to ialf a minute.

Comment:  TIme v iewpoint  in Kb is t h a t  ozone ’s otL eet is
to reduce sensitivity (see [16) of time sense of in st i l
rather th an the odor concent ra t ion .  Fu r th e rmore , tie
amount of ozone required for air deodorization would be too
high for human occupancy. The official t;irnshm old l i u s s i L  —

value has been set (022) at 0.1 ppm . See mAi d for an
extensive discussion of toe use of ozone (or  odor c o n t r o l
by means of ultraviolet radiation (lamps). ‘I’able 55 ( L i e ’ )
de tails the biolog ical, effects of ozone.

E8. American Society for Testing and Materials
1971. Standard method for measurement of odor in a t m o s p h e re s

(dilution mnetimod). ASTM Standard Desi1’. if 1 3 9 1 — 5 7 .
ASTM , Phi lade lphia , Pa.

Odor: A standarized procedure intended to establi ssi a
q u a n t i t a t i v e  concept ot ~ odor wh e r e b y  ti lO relative qusmnt it ~~;‘ -~

of odor from one or more sources can he com p a r e d .  is t ;  u t

depends upon time human olfactory sense for uIt.u ’, a r e s - s t - s i t
hence is hi gh ly  s u b j e c t i v e . T Im e t h r e sh o l d  at J o t  se t  itm
is determined b y utilizing progressive dilution at I st
odor source witim odor— Iree air .

E9. Ame rican Society of Heating , Ret ri gera t ing , smnd ,\ir— cot id it iu u lm ing

Eng ineers , Inc .
1970. Ventilation of time imutiustrial environment. Guide and s), t t, m

Book: Sys tems .  Ci i .  19 , p.  287 .  , \S1 IuJ \ i - L , New V u _ s i ’ .

V e n t i l a t i o n : A coompre imens ive  l i s t  at  t i m e  r e q u i r e s ; . e n t s  f i r
control of t i e  industrial environment, t I e  sct’t ion “ u - i t t  r ;’ I a
env i ronmenta l  guises and vapors , dus t s-i , and I limlhr ’ s ’ n it  ,i  h i s  ca l  —

culations for design of dilution (ventilation) s y s t e i s u ~~. S i c
El3 also.

—a m) —
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ElO . Stakavich , A. J.
1969. The capaci ty of ac tivated charcoal under dynamic condit ions

for selec ted atmosp heric contaminants in time low parts—per—
million range. Pm. Soc. Heat. Refrig. Air—cond . Eng., Inc.
Symposium : “Odors and odorants: The eng ineer ’s view , ” p.  49. 

— -

[Chicago, Ill. Jan. 27—30 , 1969] ASI1RAE , New York.

Adsorben t: Data are reported for dynamic adsorption of
formaldeh yde in ti m e concen tra t ion range of 1 to 15 ppm.
From this and da ta for  other organic so lven t s, the
au thor found the actual usable capacity of charcoal for  odor
removal was very dependent upon odor threshold and odor cimar - -

ac teristic (see E8). Published capacity data are more often
ba sed on im i gher concentration levels than those tolerated by
or safe for human occupants. In addition , capac i ty is dependent
upon temperature and relative humidity (E12).

Ell. Hanna, G. F., and J. Ricimardson
1969. A solution for industry odor problems . Am. Soc. Heat.

Refri g. Air—c ond . Eng., Inc. Symposium : “Odors and odorants :
The eng ineer ’s view .” p. 57. [Chicago, I l l .  Jan . 2 7 — 3 0 , l’)u9~
AShRAE , New York.

Adsorbent :  A discussion of the a lumina—permangan a t e  a i r
p u r i f i c a t i o n  system with examples , including formaldeh yde .
The ac tive solid is alumina which h as been impregnated wit h a
soluble permanganate solution (e.g., potassium perimialmg,mnate )
and dried (E14). Time autimors cite as an examp le , i t e~u t i l e
mill room where the aim point for IICII() wums 0.2, ppmi ;
or less in order to a c h i e v e  freedom from irr ltar i o n .

Comment:  A solid r e a ct i v e  ch emical as described , ,icti v ,mted
carbon , or other adsorbent type material s (see Sect iamm L )
would he suitable for use in port ;ui h c su i t  — c a n t  a i m m e d  u n i t s
discussed li m r e f e r e n c e  [5.

E12. Lee, Lu . R.
19b5 . ~Lsing inpregntmtetl activated carbon. J. Am. Assoc .  t a r

Con tumm inumtio n Control 4 (Dec):l8 ,19,21.

A d s o rb e n t :  St r u m ig h t  a c t iva ted  cha rcoal  has u i ~~h i  - i or p t  ivi’
cap ac i ts ’ or  many d i f  f e r e n t  a i r  c o n t am i n a n t s .  1 t ~‘ i r  ies ,
however , In its ability to retain I o i -m a l d e i m y d e , ti nt ’
p r i n c i p a l ly  to v a r i sm t ions  in rels it Lye h umidit y , c ap.m t it s ’  be ing
very low at low relative h umid I Lv . No data are g i v e n .
use of mn impr i-gm-iui ted charcoal ci iminati’s nm ucm i a t  t i e  i t  t oct
of RH in r em o v in g  IICII() t ron a i r .

— b 1—
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E13. Viessnan , W.
1964. Ventilation control of odor. Ann. ‘lA Y.  Aead. Sci. llo(2):

63 0—637.

Ventilation : Odor control by ventilation is limited , but is
usually time simplest method. Details are given for calculating
air excimange requirements commensurate with various sItuations.
See also ES, E9.

Hanna , G. F . ,  R.  L. Kuehn er , J . I) . Karnes , and o the r s
1964 . -‘, chemical nmetnod for odor control . Acm. ~ .Y.  Acuid .

Sci.ll6(2):663—675. Chem . Abs.  61:11640.

Ad sorbent: The alumina—permanganate absorber pellet ([11) is
described in technical detail . 1)esign factors for -ia air
p u r i f y i n g  system are discussed and i l lus t ra ted. Fac tors
determining time life of time deodorant system are tListsusse ti.

El5. Summer , W .
1963. 1-lothods of air deodorization . :‘tmericau Elsevier , New Yors~.
p. 308.

Odor Control: A comprehensive review of air deodorizatiots .
In add ition to the eng ineering fundamen ta l s  needed to combat
air pol lut ion , the psycimop h ysiological aspects  of odors and
the sense of smell are presented .

El6. Elonka, S.
1961. Five ways to keep indoor—air odor—free. Power I Jd (2) :

178— 179.

Odor control : The five meth od s discussed (briefl y) ~ir~’:
(1) A ct i v a t e d  carbon , (2) air sterilizatiu.u (using u 1 L u a v i o h ~ ’L— z i
lamps), (3) ozone , (4) washuing filtered air , (d) dilution iu~

ins ide air. The author ’s view of ozomm e I- ; f iat it s,ia ,s s OtOit -
because of its pungent smell similar to c i i l o r i , m t ’ ( lA ’~ .
of t h e  low t o x i c  level fo r  humans  (~ m 2 2 )  , L i e  - m s i t f t u _ s i t s L ’i, 5

l i m i t i n g  concen t ra t ions  to 0.01 to s f .U d  ppm. iaw t- vcs ,
ozone is not too e f f e c t i v e  as e i t h e r  ,m m n , m s h ~ i mmg or  s t i r  i i  ia ing
agent at these low concentrations . See su lso i-L a , [7.

—62- - 
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A P P E N D I X :  A B B R E V I A T I O N S

ASHRAE American Society for Heating, ~I~’frinerarion ,‘mnd Air
C o m i d i t i n n i n g  Engineers , I n c .

ASTN Amen can So~ ietv For T est  i s~~ ami d ‘l a ti n  m u i l s
Buig .  Bu lg a r ian
Chem . ,-\J ~. C!mer~i ca 1  A b st r a c t s
Czech . Cu’ ichosleva kian
Ban . Fluma ish

Esic’,1t~ b
EPA Env-ironmental Protection Ac’,encv

Gram
(‘er. L e rman
CC ;;as chr omato-~r aphy
(‘,LC G a s — l i q u i d  chromatograp h y
IICHO Formaldehyde
It a l .  I t a l i an
Jap . Japanese

in:  m
3 

Meter: cubic meter
ing Milligram——one thousandtlm of a gram
MOE Modulus of elasticity
MOR ‘- h oN tu l u s  of  r u p t u r e

‘
~~ ii ocular  wel a l t

NTO S } 1 N a t i o n a l  I ns t  i t u t e  for Occupa t iona l  S a f e ty  amid h e a l t h
)SIIA ~ccunat ion- ;i Safety and Health Act .

pct  Percent
PF Pheno l— Forma ldehy de

p - u r N ;  per million
RH R e l a t i v e  h u m i d i t y
Rom . Romanian
Russ . Russ ian
TLV Threshold level value
UF Urea — formaldehy de

U l t r a v i o l e t
Sec. Second

Microgram—— on e mi llionth of a grain

~ Q v L . N M L N 1 P~~u N T I N G O F P I C C  ~ 7~ - 7~~O2743 
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