
F I N A L R E P O R T  O N  T H E  S A F E T Y  A S S E S S M E N T  O F
F O R M IC  A C I D1

F orm ic  Ac id  is  a  sim ple  organ ic acid  used  as  a  pH  ad jus tor in  cosm et ic prod-

ucts.  I t i s a  com m on m etabo l ic  in term edia te that  can  be  oxid ized  to carbon  diox-

ide . The  ava i lab le  da ta  suggest  tha t  F orm ic  Ac id  is  an  ocu lar and  skin  i rri tan t

and  can  be especia l ly  i rri tat ing to lung  ti ssue . Bo th  posi tive and  nega t ive

resu l ts  w ere no ted in  various m utagen ic ity  stud ies (ac idic  experim en ta l  cond i-

t ions w ere ind ica ted in  m ost  cases o f  pos it ive m utagen ici ty ) . In  cosm et ic form u-

lat ions, Form ic A cid  i s expec ted to  be  used  a t  low  concen tra tions and  neutra l-

ized  in to  various form ate  sal ts.  Thus,  the f ree F orm ic A cid leve l i s expected  to  be

very  low.  U s ing  da ta  from  an  inha la t ion  tox ic i ty  stud y  in  w h ich  64  p pm  w a s

found  to  be  non irri ta ting , i t was extrapola ted tha t such  a  leve l of  f ree  Form ic

Ac id in  a  cosm et ic  form ula t ion  shou ld  no t  produce  adverse  ef fects. A ccording ly,

i t w as concluded  tha t  F orm ic  Ac id  is  sa fe for  use  in  cosm etics  as a  pH  adjustor

w ith  a   l im i t  o f 64 ppm  for  the  free ac id.

F or m ic  A c id  i s  used  in  co sm etics  a s  a  pH  ad ju sto r.  T he fo llow ing  is  a

su m m ary  o f  da ta  ava i lab le  to  C o sm et ic  In g red ien t  R eview  (C I R )  co n-

ce r n in g  th e  c h em is t r y, cosm etic  use,  to x ic ity, an d  m u tag en ic i ty  o f  th i s

co m po u n d .

CHEMISTRY

Chemical and Physical Properties

F or m ic  A c id  (C A S  N o. 64- 18-6)  is an  o rganic acid  th at confo rm s to  the

fo r m u la  in  F ig ur e  1  (Wen n in g er  an d  M cE w en , 1 9 9 5 a) .

O th er  n am e s f o r  th i s  in g r ed ie n t  i n c lu d e  M e th an o ic  Acid , Am in ic

Acid , F orm y lic Ac id ,  and  H yd r o g en  C arb oxylic Ac id  (RT E CS , 1993;

S ax , 19 79) .  F orm ic A c id  h as a  m olecular  w eight  of  46 .03  and  i s a co lor-

less ,  h ig hly  cor ro siv e  l iq u id  w i th  a  pu ng ent  o d or.  I t  i s  a  s t ro n g  red u c in g

agen t.  I t  h as  a  b o i ling  po in t  of  10 0 .5°C an d  a m e lt ing  p oin t o f  8 .4°C  a n d

is  m isc ib le  w i th  w a te r,  alcoh ol ,  e the r,  an d  g ly cer in  an d  so lu b le  in  b en-

I n t e r n a t i o n a l  J o u r n a l  o f  To x i c o l o g y,  1 6:2 21 ± 2 34 ,  1997 221
C o p y r i g h t  Ó  1 9 9 7  C o sm e t i c  I n g r e d i e n t  R e v ie w

1 091 -5 81 8/97  $12 .00  +  .00

1R eview ed  by  the  C osm et ic  Ingred ien t  R ev iew  E xper t  Pane l .

T h is  rep or t  w as  p r epar ed  b y  B ind u  N air,  Scien ti ® c  A n a ly s t  an d  Wr i t e r.

A dd ress co r r espondence  to  D r.  F.  A lan  A ndersen ,  C o sm et ic I ngred ien t  R ev iew, 11 0 1

1 7 t h  S t r ee t  N W, Su i te  310 ,  Wash ing ton ,  D C  20036 ,  U SA .
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zene ,  to lu en e,  and  esp ecia lly  ace to ne  (Wa g n e r, 1980 ) .  I ts  sp eci ® c  g r av-

i ty  is  a pp r o x im ate ly  1 .2 0 .  I t  ca n  r eac t  a s  an  ac id  an d  an  a lde hy d e .  A t

t e m p e r a t u r e s  g r e a t e r  t h a n  6 9°C , v ap or  an d  liq u id  fo rm s o f  F orm ic A cid

a r e  ¯ am m able  (R T E C S , 1 9 9 3;  B ud av ar i ,  1 98 9 ;  N a t io n a l  A cadem y of

S ciences,  199 6; S ax , 19 79; Wa g n e r,  1980) .

F or m ic  A c id  w as ® r s t  ob se r v ed  in  1 6 70  b y  S .  F i sh e r  in  p r od u c ts

r esu lt in g  f r o m  th e  d i s t i l l a t io n  o f  r ed  an t s .  I t  i s  fo u n d  in  som e  u n r ip en ed

f r u i t ;  in  th e  v e n o m  o f  an t s ,  w asp s,  an d  b e es;  an d  in  m am m al ian  m u sc le

t i s su e ,  sw ea t ,  a n d  u r in e  ( N a t i o n a l  Toxicolo gy P rogram , 1 992; S m olin

a n d  Wong, 1982; Tr aco r  J itco ,  Inc . , 197 4) .  F or m ic A c id  is  p rod uced  in

f or est  ® r es  an d  is  f ou n d in  to b acco  sm o ke  ( S ak um a e t a l . ,  1 98 3 ) .

Methods of Production

F o r m ic  A c id  i s  p r od u ced  b y  h ea tin g  ca r b on  m o n o xid e  an d  so d iu m

h y d r o x id e  u n d er  p r es su r e  an d  th e n  t r e a t in g  th e  r e su l t i n g  so d iu m  f o r-

m ate  w i th  su lf ur ic ac id  (B u dav ar i ,  1 98 9 ) .  N o inf o rm atio n  i s av ai lab le

o n  im p u r i t i e s .

Analytical Methods

F or m ic  A c id  can  b e  de tec ted  b y  g as ch ro m atog r aph y  ( B ar chan  et  a l . ,

1986) .

USE

Cosmetic

F o r m ic  A c i d  i s  u se d  as  a  p H  a d ju s to r  i n  co sm e t i c  f o r m u l a t io n s

(Wen n in g er  an d  M cE w en ,  1 9 9 5 b ) .  T h e  p r o d u c t  f o r m u la t io n  d a ta  th a t

w er e  su b m i t te d  to  th e  F o o d  an d  D r u g  A dm inistr a tio n  (F D A )  in  1 99 5

in d ica t ed  th a t  F o r m ic  A c id  w as con ta in ed  in  tw o co sm et ic  pr odu c t fo r-

m u la t io n s,  a s  sh o w n  in  Table 1  (F D A , 1995) .

C o n cen t r a tio n  o f  u se  v a lu es a re  n o  lo ng er  r ep o r ted  to  th e  F D A b y  th e

co sm et ic  in d u st r y  ( F ed er a l  R eg is te r,  1 992 a) ;  h ow ever,  p r o d uc t  f o rm u la-

t io n  d a ta  su b m i t ted  to  th e  F D A in  1 9 8 4  in d ica ted  th a t  F o r m ic  A c id  w as

u sed  at  co ncen tr at ion s o f  1 %  or  l e ss  in  h ai r  con d it io n er s ,  an d  0 .1 %  or

less  in  n oncolo r in g  sh am p oos (F D A , 198 4) .

Figure 1. F or m ul a f o r  Fo r m ic  Acid .
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International

F or m ic  A c id  i s  r e st r i c ted  to  a  m ax im u m  au th or ized  co n cen t ra t io n  o f

0 .5%  f or  the  ac id  in  co sm etics  b y  th e  E ur op ean  E con om ic  Co m m u ni ty

(E E C, 1993) .

Noncosmetic

T h e  F D A h a s d ec la r ed  th a t  a  p ed icu l ic id e  d r u g  p r o d u c t  co n ta in in g

F or m ic  A cid  w o uld  no t b e gen er al ly  r ecog nized  as  sa fe  and  ef fect iv e and

w o u ld  b e  m isb r a n d ed  ( F ed er a l  R eg is te r,  1992b).

GENERAL BIOLOGY

Abosrption, Distribution, Metabolism, and Excretion

General
F or m ic  A c id  is  a  com m on  m etabo l ic  in te rm edia te .  I t  can  be  m etab ol i-

ca lly  o xid ized  to  ca rbo n d iox ide  ( E ell s et  a l . ,  19 81, 198 3; M ar tin-A m at

et  al . ,  197 8) .  F orm ic A c id  oxid ation  in  v ivo o ccur s  in  th e  l iv e r  an d  e r y-

th r o cy tes  p r im ar i ly  v ia  th e  f o la te - d ep en d e n t  p a th w ay  ( P lau t  e t  a l . ,

1 9 5 0 ;  S t ed m a n  a n d  Welsch ,  19 89; Tep h l ey, 1 9 9 1 ) .  M ice  an d  r a t s  m e tab-

o l ize  F o r m ic  A c i d  m o r e  r a p i d l y  t h a n  d o  m o n k e y s  a n d  h u m a n s

(M cM art in  e t  al . ,  1 97 7) .  T h e d i f f eren ces in  the  ra te  o f  F or m ic  A cid oxi-

d a t ion  b e tw een  sp ec ie s  seem  to  d ep en d o n  h ep a t ic  t e t r ah yd r o f o la te  co n-

cen t r a t io n s.  M ice ,  h av in g  g r ea te r  t e t r ah y d ro f o la te  co n cen t ra t io n s ( 4 2 .9

nm o l/g  l iver )  than  do  m onk eys (7 .4  n m ol/g  l ive r) ,  can  ox id ize F o rm ic

A cid  a t  a  r a te  o f  3 00  m g /kg /h  co m p ar ed  w ith  th e  m ax im u m  r a te  in  m o n-

k ey s o f  4 0  m g /k g /h  (Jo h l in  e t  a l . ,  1 9 8 7 ) .  R esea r cher s  e st im a te  hu m an

h ep a tic  t e t rah y d ro f o la te  co n cent r a tio n s to  b e  6 .5  n m ol /g  l iv e r  an d  th e

F or m ic  A c id  o xid at io n  ra te to  be  com par ab le to  th a t o f  m on k ey s.  P ig s

have the low est  lev els  of  th e fo late (3 .3  nm ol /g  l iver) . T h e F o rm ic  A cid

h al f - l if e in  b loo d  is  1 2  m in  in  ra ts  an d  g uin ea  p igs ,  67  an d  77  m in  in

Table 1. F requency  o f  u se of  f o rm ic acid

N u m ber  o f  N u m ber  o f  

f o r m u la t i o n s f o r m u la t i o n s

P r o d uc t  c a teg o r y in  ca t ego r y con ta in in g  fo r m ic  ac id

F a ce  an d  n eck  sk i n  ca r e

( exc l ud in g  sh av i ng  p r ep a r a t i on s) 2 6 1 1

F o o t  p o w d er s an d  sp r ays 3 2 1

1 9 9 5  To t a l 2

S ource .  F D A (1995).
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ca t s  an d  d o g s,  an d  5 5  m in  in  h u m an s (R estan i  an d  G a l l i ,  1 9 9 1 ) ;  h o w-

e v e r,  in  tw o  sep ar a te  cases  o f  h u m an m eth an ol  p o i so nin g  in  w h ich  0 .7  g

an d 1 .3  g  o f  m e th an o l /k g  bo d y  w e ig ht  w ere  est im a ted  to  h av e  b een

ingested ,  the  b lood  hal f - l ife of  F orm ic  A c id  d ur ing  d ia ly si s  w as calcu-

la ted  to  b e  b e tw een  1  an d  2  h  ( M cM ar tin  e t  a l . ,  1 9 8 0 ) .  S h ah an ig ian  e t

al . (1984 )  rep or ted  the  ha lf - l ife  of  F orm ic  A c id  in  cases  o f  h u m an

m eth ano l  p o i so nin g  to  b e  as  lo ng  as  2 0  h .

Rabbits
T h e ea r  ve in  of  ® f teen  m ale  N ew  Z ea lan d  r ab b it s  ( 3 0 7 0 ± 2 20  g )  w as

in jec ted  w i th  1  m L o f  a so lu t io n  co ntain ing  100  m g  F orm ic  Acid /kg  body

w eig h t.  T h e  F o rm ic  A c id  w as ad ju sted  to  p H  7 .4  w ith  a  0 .0 1  M  p h os-

p h a te  b u f f e r.  A to tal  o f  ® ve  in jec t io n s w ere  ad m in iste r ed  w i th  24  h

b e tw een  d o ses;  th e  ® f th  do se  co n ta ined  1 4C - F ro m ate .  T h r ee  co n t r o l  an i-

m a ls  w er e  in jec ted  w i th  b u ff e r  a lon e .  T h e  an im als  r ece iv ed  f eed  and

w ate r  ad  l ib itu m  an d  w er e  k il l ed  1 ,  2 ,  an d  2 0  h  a f te r  th e  l a st  d o se .

B lo o d sam p les  w er e  d r aw n  an d  ur in e  co l lec ted  f r om  the  b lad der.  I n

ad d it io n ,  o r gan s w er e  ex am in ed  b o th  fo r  r ad io ac t iv i ty  an d  ch em ica l

d e te rm ina t io n  o f  F o r m ic  A cid .  P eak  con cen tra tion s of  F o rm ic  A c id  w ere

m e asu r ed  1  h  a f te r  t h e  ® f th  dosag e in  the b lo od  (0 .7  ±0 .4  m m o l /g ) ,  h ea r t

(0.8 ±0.3) , l iver  (1.5 ±0.5) ,  k idney  (1 .7  ±0.7 ) ,  and  ur in e ( 44  ±22). A t  a l l

t im e s,  t h e  u r in e  c o n ta i n ed  th e  h ig h es t  c o n ce n t r a t i o n .  T h e  m a x im u m

co n cen tr a t io n  in  the  b r a in  ( 1 .3  ±0.6  m m o l /g )  w as reach ed  2  h  a f te r  th e

® n a l  do sin g .  A t  eac h  o f   th e  th r ee  t im es  an d  in  a l l  t e s te d  o r g an s a n d  ¯ u -

ids ,  th e  am o u n t o f  F o rm ic  A c id  d e te r m in ed  r ad io ch em ica l ly  w as l e ss

th an  th a t  f o u n d  c h em i ca l ly.  C alc iu m  dep o si t s  w ere  d e tec ted  in  a l l

ex am in ed  o r g ans  o f  th e  in jec ted  an im als  an d  w er e  n o t fo u n d  in  co n tr o l s

( L iesiv u o r i  e t  a l . ,  19 8 7 ) .  T h e  r esea r cher s  n o ted  th a t th e  m ax im u m  co n-

cen t r a t io n  d e tec ted  in  th e  o r g an s w as ro u g h ly  eq u iv a len t  to  th e  1  m m o l

K i  n eeded  for  in h ib it ion  o f  m ito ch ond r ia l  cy tochr om e  o xidase  b y  F orm ic

A cid  (see  sec tion  on  b io logic  activ i ty  of  th is repor t  for  refe rences on

m ito ch o nd r ia l  inh ib i t io n ) .

I n  a n o t h e r  s t u d y, F orm ic  A c id  (3 00  m g /k g )  w as adm in iste red  b y  g as-

t r i c  in tu b a tion  to  fo u r  m ale  N ew  Z ea lan d  r abb i ts  (b o d y w eig ht :  3 4 2 0 ±
1 4 0  g ) .  T h e  u r in a ry  p H  in  th ese  sam ples  w as  6 .8 9  ±0 .4 8  an d  d ec r eased

l in ea r ly  d u r in g  th e  3 0 - h  o b se rv a t ion  p e r io d  d esp i te  th e  fa c t  th a t  th e

bu lk  of  th e dose (7 00  ±28 8  m m ol /m ol  c rea tin ine )  w as exc re ted  7  to  1 2  h

a f te r  th e  g av ag e  (±i s  th e  s tan d a r d  d e v ia t io n ) .  U r in a r y  F o rm i c  A cid  lev-

e l s  d ec reased  to  5 6  ± 15  m m o l /m o l  cr ea t in in e  3 0  h  a f te r  ex p o sur e

(L iesiv uo r i  an d  S av ola in en ,  19 8 7) .

Humans
N in e teen  w o rk er s  ex p o sed  to  m e th an o l v apo r  an d  f o u r  w o rk er s  ex p o sed

to  F o rm ic  A cid  vapo r  (5  f em ales  an d  1 8  m ales,  3 8  ± 1 0 y ea rs of  ag e)
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w ith  ap p r o x im ate ly  8  y ea r s  in  th e i r  c u rr en t  o c cu p a t io n  to o k  p a r t  in  a

c l in ica l  s tu dy. U r in e  sam ples  w er e  co l lec ted  on  the  m or nin g  o f  th e ® f t h

d ay  of  a  w o r k  w eek  an d  an aly zed  by  g as ch r om atog r ap h y  ( L iesiv u o r i

an d  S av o la in en ,  1 9 8 7) .  T he  u n ina r y  ex c r e t io n  o f  am m on ia  dec r eased  as

u n in a r y  F o r m ic  A c id  in c r eased  ( th e  v a lu es w ere  co r rec ted  f o r  c r eat in in e

co n ce n t r a t io n ) .  T h e  m e an  u r in a r y  am m o n ia  c o n c en t r a t io n  w as  2 .4

m ol /m o l  c r ea t in in e in  the  ® v e  w o rk er s  w i th  the  lo w est  F o r m ic  A cid  con-

cen t ra t io n  ( 2 7  m m o l/m o l c r ea t in in e )  co m p ared  w i th  an  am m o n ia  co n-

cen t ra tion  of  1 .9  m o l/m o l c rea tin ine  in  th o se  ® v e  w i t h  t h e  h i g h e st

F or m ic  A c id  co ncent ra tion  ( 10 1  m m o l/m o l cr eat in in e ) .   T he  u r in ar y  ca l-

c iu m  co n cen t r a t io n  in c r eased  l in ea r ly  a s  th e  F o r m ic  A c id  con cent ra t io n

in c r ea se d .

I n  a  s i m i l a r  s t u d y,  L iesivu o r i  e t  a l .  ( 19 9 2 )  r ep or ted  th a t  th e  u r in a r y

a m m o n i a  c o n te n t  i n c r e a s e d  w i t h  p o s t e x p o su r e  t i m e .  T h e  u r i n a r y

am m o n ia  co n c en t r a t io n  in c r eased  w i t h  in c r ea sin g  u r in a r y  F o r m ic  A cid

lev e ls  in  12  m ale  fa r m ers  ex po sed  to  7 .3  ± 2 .2  m g F o rm ic  A cid /m3 for 

8  h  d u r i n g  s i l ag e  m a k i n g .  I m m e d i a t e ly  a f te r  ex p o su r e ,  th e  m e an

F or m ic  A c id  co n cen t r a tio n  w as 3 1  m m o l/m o l c r ea tin in e  w i th  an  am m o-

n ia  co ncen t ra t io n  of  1 .5  m m ol /m o l  cr ea tin in e ,  w h ich  w as s im i la r  to  th e

leve l s  in  n in e  no n ex po sed  co n t ro l s  w h o  h ad  u r in a r y  F o rm ic  A c id  an d

am m o n ia  co n cen t ra t io ns o f  2 6  an d  1 .4  m m o l/m ol  c r ea tin in e ,  r e sp ec-

t iv e ly. A t 3 0  h  p o stex p o su r e ,  th e  m ean  F o r m ic  A c id  co n cen tr a tio n  in

w o r k er s  w as  1 0 4  m m o l /m o l  c re a t in in e  an d  th e  a m m o n ia  co n c en t r a t io n

w as 2 .3  m m ol /m ol  c r ea t in in e .  N o  ch an g e  o ccu r r ed  in  u r ine  pH ,  w her eas

u r in e  ca lc ium  lev e l s  inc r eased  w i th  p r o lo n g ed  p ostex p o sur e  t im e .

Biological Activity

F or m ic  A c id  i s ident i ® ed  a s  a  p ro to p lasm ic  p o iso n , a  c la ss  th a t  pr o d u ces

i ts  e f fec t ei the r  by  f o rm in g sal t s w i th  pr o te in s  o r  by  b in d in g  o r  in-

h ib it ing  ca lc ium  or  o th e r  o rg anic  io n s necessar y  fo r  t issu e  v iab i l i ty  

and  f u nc t io n  (Ja lenk o , 1 97 4 ) .  

F or m ic  A c id  i s an  in h ib i to r  o f  th e cy to ch ro m e±o xidase co m p lex  at  th e

te r m in u s o f  th e  r e sp i ra to r y  cha in  in  m ito ch o n dr ia  ( E r ec in ’ s k a  a n d

Wilson , 1980; M oody, 1991; N ichol ls,  1976) .  T he  inh ib ito ry  act ion  of

F o r m i c  A c id  in c r eases  w i th  d ec r eas in g  p H ;  th e  a c id  i s  p e r m ea b le

th r o u g h  t h e  in n er  m i to ch o n d r ia l  m e m b r an e  o n l y  as  an  u n d i sso c ia ted

acid  ( N ich ol ls ,  19 76 ) .  T his  ac tion   can  lead  to  ac ido sis  in  m o nk ey s and

h u m an s ( M cM ar tin  e t  a l . ,  1 9 8 0;  L iesiv u o r i  an d  S avo la in en ,  1 99 1 ) .

M etab ol ic acid osi s  i s  ch a rac te r ized  b y  an  inc rease  in  the  exc r et ion  o f

ca lc iu m ,  am m o n ia ,  an d  p r o ton s ( L iesiv uo r i  an d  S av o la in en ,  1 9 9 1 ) .

M ar t in- A m at  e t  a l .  (1 9 7 8 )  d em o n st r a ted  th a t  o cu la r  to x ic ity  can  b e

in du ced  w i tho u t  o n se t  o f  ac id osi s .  M o n key s in t r av en o u sly  in f u sed  w i th

m eth an o l su ch  th a t b lo o d  f o r m ate  l ev e l s  w er e  eq u iv a len t  to  th o se  a sso-
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c ia ted  w ith  m eth ano l -p oiso nin g  d ev e lop ed  o pt ic d i sc  ed em a  d esp ite

in te r ru p tio n  o f  m e tab o l ic  ac id osi s  b y  m ain ta in in g  no r m al  b loo d  p H .

M etabo lic  ac ido sis  and  edem a  o f  th e  op tic  d i sc h ave  been  o b se r ved  in

hu m ans f o llow in g  ing est io n  o f  m e th an ol  (M cM art in  et  al . ,  19 80 )  ( for

m or e de tai l s ,  see sec t io n  on  case  r epo r t s  in  th e ª C l in ica l  A ssessm e n t  o f

S afetyº  o f  th is  repor t ) .

DNA Synthesis
S t e d m a n  a n d  We lsch  ( 19 8 9)  rep o r ted  th at  1  m M  F o r m ic  A c i d  a t t en u-

a ted  the  in h ib it ion  o f  D N A syn thesi s by  2-m etho xyace tic  acid  (2 -M A A )

in  C D -1  m ou se  em b ry os.

Metabolic Cooperation
A t co ncen tr at io ns o f  up  to  3 00  m g/m L , F o rm ic  A c id  d id  n ot af f ec t the

m etab o l ic  co o p er a t io n  b e tw een  co cu l tur ed  m u ta nt  H G P R T ± an d  w i ld

ty p e  H G P R T + C h in ese  h a m ste r  V 7 9  lu n g  ® b ro blast s  ( M alcolm  e t  a l . ,

1985) .

ANIMAL TOXICOLOGY

Short-Term

Inhalation
I n  a n  N T P stu dy (1992 ) , g ro ups of  ® v e  m a l e  an d  ® v e  f em ale  F i sch er

3 4 4/N  r a t s  an d  B 6 C 3 F 1  m ice  w er e  g iv en  F or m ic  A c id  b y  in ha la t io n

ex posure  for  6  h /day  fo r  12  day s ( ® v e d ays/w eek fo r  2  w eeks) .  T he  exp o-

sure  con cent ra tio ns w ere 31 ,  6 2 .5 ,  12 5 , 250 , o r  5 00  p pm  of  F o rm ic A cid

(95%  pure) . A ll  an im als  w ere  in d iv id u a lly  caged .  F eed  w as  av a i lab le  ad

l ib i tum  ex cep t  d ur in g  ex p o su re  p e r io d s.  O n e  f em a le  an d  th re e  m a le

ra t s of  the  50 0-p p m  ex po sure  gr ou p d ied  o n  day  1 0  of  exp osu re .  A ll  m ice

ex po sed  to  5 0 0  p p m  d ied  d u r in g  th e  ® r s t  w eek  o f  the  s tu d y ; a  fem ale

m ou se  o f  th e  25 0 -p p m  gr o up  b ecam e  m or ibu n d an d  w as k i l led  o n  day  4 .

T he  d ea th s occu r r in g  a f te r  d o sing  w er e  a t t r ib u ted  to  sw e l l in g  o f  th e

n asa l  m u co sa ,  w h ich  im p a i r ed  r e sp i r a t io n .  T h e  su r v iv in g  an im als  w er e

k il l ed  at  th e  en d  of  th e  2  w eeks an d  n ec ro p sy  w as pe r fo rm ed . N o  m ic r o-

sco pic l es ion s w ere fou nd  in  e ith e r  ra ts  o r  m ice o f  the  con tro l o r  3 1-p pm

ex p o sur e  gr o u p s,  and  n o  s ig ni ® c a n t  ® n d ing s w ere  f o un d  in  m ice  d osed

w ith  62 .5  p pm . Tab l e  2  su m m ar iz es  t h e  ® n d in g s f r o m  th e  o th e r  ex p o-

su r e  g r o u p s .

L esio n s  w e re  n o ted  in  th e  u p p er  r e sp i r a to r y  t ra c t  o f  r a t s  d o sed  a t

co n cent r a t ion s of  6 2 .5  p p m  o r  gr ea te r ;  le s io n s in  th e  r e sp ir a to ry  an d

o l f ac to r y  ep i th e l iu m  in  th e  an te r io r  an d  m id  p o r t io n  o f  th e  n asa l

m u cosa  w ere  fo u n d  a t  a i r  con cen t r a tio n s o f  1 2 5  pp m  o r  g r ea te r ;  sq u a-

m o u s m etap lasia  an d  n ec ro s is  o f  th e  re sp i ra to r y  an d  o l f ac to r y  ep i th e-
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l iu m  w er e  p r esen t  in  a ll  r a ts  b u t  w er e  m o st  sev e r e  in  th o se  o f  th e  5 0 0 -

p p m  g r o up .  A t  5 0 0  p p m , squ am o u s m etap lasia  o f  th e  l a r y nx  o cc ur r ed  in

o n e  m ale  an d  o n e  fem ale  ra t .  I n   m ice ,  l e s io ns w er e  l im i ted  to  th e  n asa l

p assages except  f o r  m ice  of  th e 5 00 -p p m  gr ou p ; th ese m ice  h ad  le sion s

in  th e  l a r y n x ,  p h ar y n x ,  an d  t r a ch e a .  A t  5 0 0  p pm ,  th e  m o st  sev e r e

lesio ns w er e  in  the  c ran ia l  sec tio n  o f  th e  no se an d  con si sted  o f  n ec r osi s

o f  th e  r e sp i r a to r y  ep i th e l iu m  an d  an  a ccu m u la t io n  o f  in ¯ a m m a t o r y

ce l l s  in  th e  m u co sa  a nd  lu m en  o f  th e  n asa l  cav i ty.

Subchronic

Inhalation
I n  a  1 3 -w k  N T P stu dy  (1 99 2) ,  g r oup s of  1 0  r at s an d  m ice  o f  each  sex

w er e ex po sed  to  F or m ic  A c id  vap or  at  t ar ge t co ncent ra tion s o f  8 ,  1 6 ,  3 2 ,

6 4 ,  and  12 8  p p m  fo r  6  h /day, 5  d ay s/w k . Ten  ad d i t i o n a l  m a le  an d  f em ale

r at s  p e r  g ro u p w er e  inc lu ded  f o r  cl in ica l p ath olo gy  stu dies ,  w h ich  w er e

p erf o rm ed o n  d ay s 3  an d  23 .  A t  th e  en d  o f  th e  s tu d y, n ec r o p sy  w as p e r-

f o rm ed  o n  a l l  an im als .

A l l  ra t s  su rv iv ed  to  th e  en d  o f  th e  s tu d y. M ale  ra ts  exp osed  to  1 6 ,  3 2 ,

an d  6 4  p p m  F o r m ic  A c id  h ad  s ign i ® c a n t ly  g rea te r  b o d y  w e ig h t  g a in s

co m p ar ed  w i th  co n tr o l  an im a ls .  N o  u n u su a l  g ro ss  l e s io n s w er e  n o ted  a t

n ec r o p sy. In  th e 12 8-p pm  exp osur e g ro up , 9  of  10  m ales  and  5  of  10

f em ales  sh ow ed  m in im al  d eg en er a tio n  of  th e  o lf ac to r y  ep i the l ium . A lso

a t  th i s  d o sag e ,  9  o f  1 0  m ale  r a t s  and  6  o f  1 0  f em ale  r a ts  h ad  m in im al  to

m i ld  sq u am o u s m eta p lasi a  o f  th e  r e sp i ra to r y  ep i th e l iu m  i n  w h ich  th e

p se u d o s t r a t i ® ed ,  c il ia ted  co lu m n ar  ce l ls  w ere  rep laced  b y  a  ¯ a t t e n e d ,

n o n c i l i a te d  e p i th e l iu m .  S p e r m  m o t i l i ty  w a s  lo w e r  i n  t h e  ex p o sed

g r o u p s,  bu t  th e  v a lu es r em ain ed  w i th in  th e  h i s to r ica l  r an g e  f o r  co n-

tr o l s .  N o  e f f ec t s o f  ex po sur e to  sp e rm  d en sity  or  t e st icu la r  or  ep id id y-

m al  w e ig h ts  and  n o  ch an g es in  th e  l en gth  o f  th e  e st ro u s cy c le  w er e

o bse r ved . O n e  m ale  an d  o n e fem ale  m o use  of  th e 12 8 -p p m  exp o sur e

g ro u p d ied  be f or e  th e  en d  o f  th e s tu dy. G ro ss  and  m ic roscopic le s ion s

w er e  l im i ted  to  m in im al d eg ener at ion  of  th e o lf actor y  ep ithe l iu m  o f  

th e  n ose in  2  o f  10  f em ale m ice  of  th e 64 -p pm  exp osur e gr ou p an d  2  

of  1 0  m ale m ice  and  5  of  10  fem ale  m ice  in  th e 128 -p pm  ex po su re 

g r o u p .

B a se d  o n  t h e  N T P f in d in g s,  th e  n o -o b se rv ed -ad ver se -e f fec t - l eve l

(N O A E L )  for  m ic ro sco pic l es ion s in  ra ts  and  m ice  w as 31  p pm  fro m  the

2 - w k stu d y  an d  6 4  p p m  f r om  th e  1 3 -w k  s tu d y.  T h e  r e se a r ch er s  p o s tu-

la ted  th a t  th e  lack  of  system ic  e f f ec ts  in  e i the r  th e  2 -w k  o r  1 3 - w k  stu d y

m ay b e  a t tr ib u ted  to  th e  ab i l i ty  o f  r o d ents  to  m e tab ol ize  F o r m ic  A cid  to

C O
2
.  N o  exp lan a t io n  w as g iven  as  to  w h y  the  13 - w k  N O A E L is  h ig h er

th an  th e  2 - w k  v a lu e .
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MUTAGENICITY

Bacteria

T h e  m utagen ic i ty  o f  F or m ic  A cid  a t  co ncen tr a tio ns b etw een  0 .00 5 0%

and  0 .00 75 %  w as te sted  in  s tr ains  B /S d- 4/1 ,3 ,4 ,5  and  B /S d-4 /3 ,4  of

E scherich ia  co li . T h e  b acte r ia w er e  exp o sed  f or  3  h ou rs  (D em erec  e t  a l . ,

1 9 5 1 ) .  T h e  r ev e r se  m u ta t io n  r a te  f o r  s t r ep to m y c in  d ep en d en ce  w as

18 .1  to  44 .0  p er  1 08 in  th e  ex p o sed  g ro u p s an d  2 .7  to  1 5 .3  m u tan ts /1 08

in  th e co nt r o l g ro u p.  T h e in cid en ce  r ate  of  m u ta tio n s w as no t  d o se

d e p e n d e n t .

I n  a n  N T P stu dy (1 992 ) ,  buf fered  so lu tion s of  F o rm ic  A c id  at  doses of

u p  to  3 .3 3  m g/p la te  w ere  fo u nd  n ot  to  be  m u tagen ic  in  S a lm o n e l l a

t y p h i m u r i u m s t r a i n s  TA 100, TA 15 35, TA 9 7 , an d  TA 9 8  b o th  w i th  an d

w ith ou t S 9  m ix  (S 9 : en zy m es and  cof ac to rs  f ro m  A ro clor  1254- induced

m ale  S p r ag u e- D aw ley  o r  S y r ian  h am s te r  l iv e r ) .

Mammalian Cell Lines

F or m ic  A c id  a t  co ncen tra t ion s of  up  to  1 00 0 m g /m L d i d  n o t  e i t h e r  t r a n s-

f o r m  o r  in i t i a te  t r an sf o r m at io n  o f  C 3 H /1 0 T
1 /2

C I  8  m o u se  em b r y o

® b ro blast  ce ll s .  A t the  5 00 - m g /m L con cent ra tion ,  70 %  o f  th e  cel ls  sur-

v iv ed  co m pared  w ith  co nt ro ls ;  a t  1 0 00  m g/m L , 2 %  su r v iv ed  ( Rag an  an d

Boreiko ,  1981) .

I n  a  S i s te r  C h r o m at i d  E x c h an g e  ( S C E )  a ssay  u sin g  C h in ese  h am s te r

V 7 9 ce ll s,  ne ithe r  1 -h  to  3 -h  no r  8-h  exp osur es  to  F or m ic  A cid  (up  to  2 .0

m M )  in d u ced  an y  s ta t is t i ca l ly  s ig n i ® c an t  e f f ec t ,  e ith e r  w i th  o r  w i th ou t

S 9 ad di t io n  (p r ep ared  f r o m  A roc lor  125 4- indu ced  m ale Wi s t a r  r a t s )

(B asler  e t  a l . ,  1 98 5) .

T he  ef f ects  o f  pH  on  th e c lastog enic ity  of  F orm ic  A c id  w as assay ed  in

C h in ese  h am ste r  o v ar y  ( C H O ) K 1  ce l l s .  T h e  d osag e  an d  co nd i t ion s a t

w h ich  c h ro m o so m al  ab e rr a t io n s o ccu r r ed  w i th  s ta t i s t i ca l  s ig n i ® c a n c e

w er e as  f o l lo w s:  a t  in i t i a l  p H  6 .1 ,  in  the  ab sen ce  o f  S 9  m ix tu re ,  1 2  m M

F or m ic  A c i d  in d u ce d  ab e r r a t io n s  su ch  as  c h r o m at id  g ap s ,  b r e ak s an d

ex ch an g es ,  an d  ch r o m o so m al  ex ch an g es in  1 5 .9 %  o f  the  113  ce ll s

sco red .  N o sign i ® c an t  e f f ec t w as n o ted  a t  10  m M . Wi th  S 9  m ix tu r e ,  1 0

m M  F o r m ic  A c id  ind uced  aberra tio ns in  2 0 .5%  o f  the  200  ce lls  sco red ,

w i th  th e  m a jo r i ty  o f  d am ag e  b e in g  ch r o m at id  b r ea k s an d  ex ch an g es .

N o e f f ec t  w as n oted  a t  8  m M  (S 9 w as d er iv ed  f r om  th e  l iv e rs  of  r at s  pr e-

t r ea ted  w i th  p h en o b ar b i ta l  an d  5 ,6 - b en z o ¯ av o n e) .  W h en  th e  m ed iu m

w as n eu tr a li zed  to  pH  6 .4  o r  7 .2  a f te r  th e ad d it ion  of  e ith e r  1 2  o r  1 4

m M  F o r m ic  A c id , n o  signi ® c an t  c la sto gen ic  e f fect s  w ere  o bse rv ed . In

ce l l s  gr o w n  in  F 1 2 m ed ium  co n tain in g  sod iu m  ca r b o n a te  a s  a  b u f fe r,  a

clastogen ic e f fec t w as ob se rved  in  10 .5 %  of  20 0  CH O -K 1 cell s a f ter

exp osu re  to  2 7 .5  m M  F o rm ic  A cid  in  the  ab sen ce of  S 9  m ix tu re .  U p on
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add i tion  o f  th at  con cent ra t io n  of  F o rm ic A cid ,  th e p H  dr op ped to  5 .7 .

U n der  th ese  co nd i t io n s,  exp o su re  to  25  m M  F o rm ic  A cid  d id  n o t hav e  a

sta t i s t i ca l ly  s ig n i ® c an t  ef fec t ( le ss  th an  0 .5 %  o f  ce ll s  had  ab erra t io ns) .

W h e n  F 1 2  m e d iu m  c o n t a in i n g  t h e  b u f f e r  H E P E S  w a s  u se d  a f t e r

ad ju stm en t to  p H  8 .5 ,  1 2 .0%  of  th e 2 00  ce l ls  scor ed  had  a co m b in a tion

o f  chr o m at id  g ap s,  b r eak s,  o r  ex ch an g es w hen  ex p o sed  to  25  m M

F or m ic  A c id  ( in it ia l  pH  up o n ac id  add i tion  w as 6 .7 ) .  T h e  nex t- g rea te r

d ose  te sted ,  20  m M , d id  no t  have  any  e f f ec t .  F o rm ic  A c id  w as n o nc las-

tog en ic ,  b ecau se  th e  e f fec t s  co u ld  b e  e l im in a ted  by  e ith e r  n eut r a li za t io n

o f  the  m ed ium  o r  enh an cem ent  of  i t s  b uf fe r in g  ab i li ty  ( M o r ita  et  a l . ,

1990) .

A 4 8 -h  t r ea tm en t  of  1 0  m M  F o r m ic  A c id  in du ced  s ign ig icant  ( P <

0 .01 )  S C E  in  cu l tur ed  h u m an ly m p h ocy tes  ( S ip i  e t  al . ,  19 92 ) .  T h e

r esea rch er s ,  in  r e fe r en ce  to  th e  M o r ita  pu b l ica t io n  ( 1 9 9 0) ,  n o ted  th a t

th e p H  of  the  m ed ia  w as i ts  low est ,  6 .53 ,  f o llow in g  addi tion  o f  th e 

1 0  m M  F o r m ic  A c id  an d  r ep resen ted  a  chan g e  of  1 .0 4  p H  u n i ts  co m-

p ared  w ith  co n t ro l  va lu es;  h o w ever,  a s  o th e r  t e s ted  a g en ts  i n d u c ed

S C E s w i t h o u t  l o w e r in g  t h e  p H , th e  r e sea r ch er s  p o s tu la te d  th a t  t h e

effect of F orm ic A c id  m ay  be  r e la ted  to  a l t e red  cu l tu r e  co n d it io n s b u t

cou ld  n ot  b e a ssig n ed  to  low er  p H  alo ne .

Other

S t u m m - Teg e th of f  (1 96 9)  te s ted  for  sex - l in ked  le th al s  in  th ree b ro od s

p ro d u ced  b y  m ale  D ro so ph i la  m e lan o ga ster a f te r  th e  m a l es  h a d  b e en

exp osed  fo r  24  h  to  0 .1%  F orm ic  A c id  v ap or.  I n  th e  3 0 4 8 ch ro m o som es

tested ,  sex - lin ked  le th a l s  w ere  f ou n d  in  1 .3 1 % ,  a  v alu e  s tat i s t ica l ly  s ig-

n i ® c an t  f r om  th e 0 .15 %  f ou nd  in  25 84  co n tro l  ch ro m o so m es.  In  a  l a rv al

feeding  ex per im ent ,  0 .1%  F o rm ic A c id  in  th e  m ed ia  in d u ce d  m u ta t io n s

in  1 .11%  o f  th e  ch rom osom es tested  v e rsus 0 .1 5%  f or  h i stor ica l co nt ro l s.

W h en th e  pH  o f  th e  m edia  w as s tab i l ized  to  7 .5 ,  ho w ev er,  the  0 .1%

F o r m ic  A c id  in d uced  m u ta tio n s in  0 .3 8%  of  the  5 4 4  ch ro m oso m es

tested ,  w h ich  w as n o t  s ig n i ® c a n t  co m p ar ed  w i th  th e  co n t r o l  m u ta t io n

r a t e .

CLINICAL ASSESSMENT OF SAFETY

In Vitro Dermal Sensitization

A total loss  of  ep id erm al s tructure w as observed  in  f rozen  sectio ns of  sk in

fr om  tw o  a to pic de rm at it is  p a tien ts  a f te r  incu ba tion  w ith  1  M  F o r m ic

A cid  (G ehring , 1990) . In  addition , the optical loss of  nuclei  w as also

g rea te r  in  the  d er m at it ic  sk in  th an  in  the  sk in  o f  1 0  hea lthy  con tr o l s .
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SUMMARY

F or m ic  A c id  i s  an  o r g an ic  ac id  tha t  w as r ep or ted  in  1 9 9 3  to  b e  u sed  as  a

p H  ad justor  in  fo u r  co sm et ic  f or m u la tion s.  I t  is  a co m m o n m etab o lic

in te r m ed ia te  an d  can  b e  f u r th e r  o x id iz ed  v ia  a  f o la te - d ep en d en t  p a th-

w ay  to  CO
2
.  H u m a n s  an d  p r im a te s  a r e  l e s s  e f ® c i en t  a t  m e tab o l iz in g

F or m ic  A c id  th an  a r e  m ic e  an d  ra t s .  F o r m ic  A c id  is  an  inh ib itor  of  m i to-

ch o n dr ia l  cy to ch r o m e  ox id ase ,  and  th i s  in h ib i t io n  m ay  lead  to  m e ta-

bolic acidosis . F orm ic A cid  a lso  m ay  be  to x ic to  the  ey es w ithou t o nset  of

ac id osi s .

L o w er ed  am m o n ia  l ev e ls  an d  in c reased  ca lc iu m  lev el s  w ere  f ou n d  in

th e  u r in e  o f  h um an s w i th  th e  h ig h es t fo r m ate  l ev e l s  a f te r  1  w k  o f  o ccu-

p a t ion a l  ex po su r e ;  h o w ev er,  u r in a r y  am m o n ia  l ev e l s  d id  in c r e ase  w i th

p r o lo n g ed  p o stex p o su r e  t im e  an d  w er e  h ig h er  in  w o r k er s  th an  in  n o n-

exp osed  con tro ls .

I n  a  2 - w k  in h a la t io n  s tu d y, one of  ® v e  f em ale and  thr ee  o f  ® v e  m a le

r a t s  a n d  a l l  ® v e m ice  ex po sed  to  500  p pm  F or m ic  A c id  vap or  d ied .

H istop a th o lo gic  l es io ns w ere  f ou n d in  ra t s  and  m ice  exp o sed  to  62 .5

p p m  o r  h ig h e r.  I n  th e  1 3 - w k  in h a la t io n  s tu d y, no  sign i ® c an t  e f fec t s

w er e  ob ser v ed  in  m ice  or  ra t s  exp osed  to  64  p pm  o r  l ess .

I n  a n  N T P s t u d y,  n o  m u ta t ion s w er e  f ou n d  in  S .  t y p h i m u r i u m  a f t e r

exp osu re  to  bu ff er ed  so lu t io ns.  F or m ic A c id  at  co ncent ra tio ns o f  u p  to

1 0 00  m g /m L d id  n o t  t r an s fo r m  o r  in i t i a te  t r an sf o r m a t io n  o f  m o u se

em br y o  ® b rob last  cel ls .  C o ncent ra tion s of  2 .0  m M  F o rm ic  A c id  d id  not

in duce S C E s in  C H O  cel ls . T he c lastogenic  ef f ec ts of  F o rm ic  A cid  on

C H O  ce l l s  an d  th e  ab il i ty  o f  F o r m ic  A c id  t o  in d u c e  m u ta t io n s in

D ro so p h i l a  w e r e  a t t e n u a t e d  b y  c o n t r o l l i n g  m e d iu m  p H ;  h o w ev e r,  

1 0  m M  F o rm ic  A cid  d id  in duce s ig ni ® c a n t  S C E s in  c u l tu r e d  h u m a n

ly m p h o cy tes .  T h e  r esea rch er s  d id  n o t  a t t r ib u te  the  e f f ec t to  ac id i ® c a-

t io n  o f  th e  m ed ia.

DISCUSSION

T h e  C I R  E xp e r t  P an e l  r eco g n ized  th a t ,  a l th o u g h  F o r m ic  A c id  m ay b e a

d e r m al  o r  o cu la r  i r r i ta n t ,  i t s  u se  a s  a  p H  ad ju sto r  in  co sm et ic  f o r m u la-

t io n s d ic ta te s  th a t  m o st  o f  th e  ac id  i s  n eu t r a l i zed  in to  v a r io u s f o r m ate

sa l t s .  F u r th e r m o r e ,  th e  co n cen t r a t io n  o f  F o r m ic  A c id  used  d ep end s o n

th e  a lk a l in e  co n ten t  o f  th e  f o rm u la t io n s.  I n  an y  c ase ,  th e  co n cen t ra t io n

of  f ree F orm ic A c id  is expected  to  be low,  an d  system ic  tox ici ty  is  n o t

exp ected  to  b e  a  r e lev an t  i ssue .  T he  saf e ty  of  F o rm ic  A c id  as  a  p H

a d j u s t o r,  the r e f o re ,  sh o u ld  n o t  b e  b ased  o n  the  co n cen t r a tio n  u se ,  bu t

o n  th e  am o u nt  o f  f r ee  F o rm ic  A c id  th a t  r em ain s a f te r  n eu t r a l i z in g  t h e

f o r m u la t io n .  T h e  P an e l  d ec id e d  th a t  a  sa f e ty  ev a lu a t io n  ca n  b e  m ad e
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w ith  th e  av a i lab le  d a ta  o n  th e  r i sks  a s so c ia ted  w i th  ex p o su r e  to  lo w

levels  of  F orm ic Acid.

I n  r ev iew in g  th e  d a ta ,  th e  P an e l e lec ted  to  l im i t  th e  co n cen t r a tio n  o f

f r ee  F o rm ic  A c id  tha t  m ay  b e  pr esen t  in  f o r m u la t io n  to  6 4  p p m  o r  l e ss .

T h is  v a lu e  w a s th e  N O A E L d e te r m in e d  b y  th e  1 3 - w k  in h a la t io n  s tu d y

co n d u c ted  b y  th e  N T P ( 1 99 2 ) .  S ev era l  co n side r a tio ns l ed  th e  P an e l to

se t  i t s  l im i t s  b ased  o n  th e  r e su l t s  o f  th i s  s tu d y. F o r em o st ,  i t  w as

a c k n o w l e d g e d  t h a t  t h e  r e sp i r a t o r y  s y s t e m  i s  m o r e  s e n s i t i v e  a n d

r esp o n s iv e  to  i r r i t an cy  a n d  to x ic i ty  th an  i s  th e  d e r m a l  sy ste m .  T h e

P an e l  w as co n ® d e n t  th a t  b ec au se  6 4  p p m  F o r m ic  A c id  d id  n ot  i r r i t a te

th e  lu n g s  o f  m ice  a n d  r a t s ,  n e i th e r  w o u ld  th a t co n cen t r a t io n  in  a  p r o d-

u c t ap p lied  d e r m al ly  ad v erse ly  a f f ect  the  sk in .  S eco nd , i t  w as n oted

th a t  th e  d esig n  o f  an  in h a la t io n  s tu d y  i s  su ch  t h a t  th e r e  i s  e x p o su r e  o f

th e  t e st  su b sta n ce  to  th e  b o d y  su r f aces  an d  to  th e  ey e ,  an d  n o  ad v e r se

e ffec ts  w ere fo und .

CONCLUSION

T h e  C I R  E x p er t  P an e l  co n c lu d es th a t  F o rm ic  A c id  i s  sa f e  w h en  used  in

co sm et ic  f o rm u la t io ns a s  a  p H  ad justo r  w i th  a  6 4 -p p m  l im i t  f o r  th e  f r ee

ac id .
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