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F O W D B Y D E  RELEASE FROM DURABLE-PRESS APPAREL TEXTILES 

FINAL PROJECT REPORT I E E  U.S. CONSUMER PRODIJC" SAFETY GOMMISSION 

T. G. Matthews, C. R. Daff ron  and E. 8. Merchant 

SUMMARY 

A sarvey  of formaldehyde (c382Q) r e l e a s e  from durable-press  appare l  

t e x t i l e s  has  been performed t o  b e t t e r  c h a r a c t e r i z e  the  c82O emission 

p r o p e r t i e s  o f  f a b r i c s  marketed i n  t h e  US. The p o t e n t i a l  f o r  adverse dermal 

exposures t o  Ca20 from c l o t h i n g  i n  d i r e c t  con tac t  w i th  s k i n  ( v i a  p e r s p i r a t i o n )  

was i n v e s t i g a t e d .  A t o t a l  of 180 f a b r i c s  among c a t e g o r i e s  of (1) top-weight 

non-knits ( f o r  s h i r t s  and b l o u s e s ) ,  (2)  bottom-weight ( f o r  p a n t s ) ,  ( 3 )  

c o t t o n / c o t t o n  blend k n i t s  ( f o r  s h i r t s  and underwear) and ( 4 )  f l a tgoods  ( f o r  

s h e e t s )  were c o l l e c t e d  i n  January  throngh June  of 1984. Supp l i e r s  t y p i c a l l y  

included t h r e e  l a r g e  domestic,  fou r  small  domestic,  and fou r  f o r e i g n  

m anuf a c t  ur e r  s . 

The survey f a b r i c s  were analyzed using a simple aqneons e x t r a c t i o n  t e s t  

t h a t  was modeled a f t e r  t h e  Japanese i n d u s t r i a l  s t anda rd  t e s t  but  modif ied t o  

more c l o s e l y  s imula te  consumer use cond i t ions .  The OWL e x t r a c t i o n  t e s t  

i n c o r p o r a t e s  (1) a r t i f i c i a l  p e r s p i r a t i o n  s o l u t i o n  f o r  l i q u i d  e x t r a c t i o n ,  (2 )  a 

pH=5 b u f f e r ,  ( 3 )  a s i x  hour e x t r a c t i o n  pe r iod  a t  35OC, and (4 )  a 

p a r a r o s a n i l i n e  a n a l y s i s  procedure a s  a more s e n s i t i v e  back-up procedure t o  the  

commonly used Nash method. An in te rcompar ison  of t h e  ORI'dL e x t r a c t i o n ,  t h e  

Japanese s t anda rd  and t h e  American Assoc ia t ion  of T e x t i l e  Chemists and 

C o l o r i s t s  (AATCC) sea l ed  j a r  methods us ing  12  f a b r i c s  s e l e c t e d  from the  

t e x t i l e  survey y i e l d e d  an  average emission r a t i o  of 0.46 2 0.16 f o r  t h e  

ORNL/AATCC methods and 1.5 2 0.5 f o r  t he  OBNL/Japanese methods. 

The average a 2 0  r e l e a s e s  from t h e  survey f a b r i c s ,  a s  measured wi th  t h e  

e x t r a c t i o n  t e s t ,  were 117 2 140, 58 2 72, 19 +, 17 and 31 t 29 ug CK2Oig 

f a b r i c  f o r  top-weight, bottom-weight, k n i t  and f l a t g o o d  c a t e g o r i e s ,  

r e s p e c t i v e l y .  Formaldehyde r e l e a s e s  of (100 ug C820/g f a b r i c  were measured 

from 86% of t h e  survey f a b r i c s .  Es t imates  of t he  Ca2O r e l e a s e s  under AATCC 
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t e s t  c o n d i t i o n s  were determined us ing  the  0 

f a b r i c s  amd the  0 LJAATCC! intermethod comparison d a t a ,  The r e s n l  t s  i n d i c a t e  

p o t e n t i a l  two t o  t h r e e f o l d  redmctions i n  average r e l e a s e  between durab le  

press  t e x t i l e s  IIIeEtSUEed i n  the e t i c a n  Textlilt:  Mamfac tu re r s  I n s t i t u t e  SUEVW 

of f a b r i c s  c o l l e c t e d  i n  1982 and t h e  8 1, snrvsy of f a b r i c s  ob ta ined  i n  1984. 

An a n a l y s i s  of t he  v a r i a t i o n  mong t h e  CHy1z0 r s l e a s e s  measnred w i t h  the 

OWNt e x t r a c t i o n  t e s t  was performed f o r  each of the foaax f a b r i c  categories f r  

t h e  t e x t i l e  smvey.  The r e s u l t s  i n d i c a t e  c o e f f i c i e n t s  of v a r i a t i o n  of 

t y p i c a l l y  6 0  t o  120% for inter-manufactnesr  varJation,  30 t o  6 

f abrlc-sample v a r i a t i o n ,  rand 4 t o  20% f o r  ccmbined in t ra - fabr ic -sample  

VaEiatiOn and memsuremment unce r t a in ty .  The length of s torage  per iod  i n  sea l ed  

p l a s t i c  bags also appeared t o  s t r o n g l y  a f f e c t  t h e  metxsnred a20 r e l e a s e s  i n  an 

unexpected manner. Three to f o u r f o l d  i n c r e a s e s  i n  a29 r e l e a s e  were observed 

w i t h  a d d i t i o n a l  seven t o  n ine  weeks of s t o r a g e  i n  a l abo ra to ry  environment 

between r epea ted  t e s t i n g  ns lng  the L e x t r a c t i o n  t e s t .  

The e f f e c t  of repea ted  washing was s t a d i e d  oa a t o t a l  of e i g h t  fabr ic :  

samples s e l e c t e d  from a l l  four  f a b r i c  categories i n  the  t e x t i l e  survey. The 

s t r o n g e s t  e m i t t i n g  f a b r i c s  w i t h  i n i t i a l  emission l e v e l s  of >125 t~ 

fabEic  e x h i b i t e d  a 7 4  "_ 11% d e c l i n e  lin m20 e i s s i o n  l e v e l s  fo l lowing  t h e  

f i r s t  washing, wi th  an a d d i t i o n a l  1 3  2 6% d e c l i n e  a f t e r  t h e  ~ ~ ~ ~ ~ e t ~ o ~  of six 

f u r t h e r  washings.  The weakest  e m i t t i n g  f a b r i c s  w i t h  i n i t i a l  m i s s i o n  l e v e l s  

of <25 ag CH2O/g f a b r i c  demonstrated bo th  i n c r e a s e s  and dec reases  in a 2 0  

emission s t r e n g t h  a f t e r  washing b a t  never enseeea?ed 11 ag @iBizO/g f 

Ibo t e s t  methods were developed t o  e s t i m a t e  the aqusons 

concen t r a t ion  in f a b r i c s  sataxrated with a r t i f i c i a l  p e r s p i r a t i o n  s o l u t i o n .  The 

L e x t r a c t i o n  t e s t  was modif ied t o  rednce t he  ex t - rac t ion  solution rol 

t h a t  r equ i r ed  t o  s a t u r a t e  t h e  t e s t  f a b r i c .  A Skein P a t r h  Tes t  S i m a l a t o r  

(SPATS) was developed t o  s imula te  t h e  occluded a p p l i c a t i o n  Q E  pessplrwtion- 

soaked f a b r i c  on s k i n  i n  pa t ch  t e s t s .  l'he reduced s o l u t i o n  vol  

comparison t o  t h e  k e x t r a c t i o n  t e s t  resulted i w  i nc reased  c9820 

concen t r a t ions  (ng  Ha01 bu t  sappressed f a b r i c  e i s s i o n s  (ug a 2 0 /  

f a b r i c ) .  Approximate oi t he  sznrvey f a b r i c s  are  prea ic taa  t o  p r o d u ~ e  

a 2 0  concen t r a t ions  <30 ug (3320JnmL H20, t he  lorvsest r epor t ed  concen t r a t ion  with 
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measured dermal response i n  s e n s i t i z e d  i n d i v i d u a l s .  With a s i n g l e  washing, 

a l l  bu t  one of t h e  survey f a b r i c s  a r e  p r e d i c t e d  t o  be <30 ug Cnrzo/mL 820. A 

30 ug C520/mL, 820 s o l u t i o n  i s  approximately two o r d e r s  of magnitude more 

d i l u t e  t han  t h e  s tandard  1% formal in  s o l u t i o n s  used f o r  patch t e s t i n g .  

Formaldehyde r e l e a s e  from durable-press  appare l  t e x t i l e s  i s  a p o t e n t i a l  

h e a l t h  concern f o r  a v a r i e t y  of i r r i t a t i v e ,  a l l e r g e n i c  and s e n s i t i z a t i o n  

r e a c t i o n s  on s k i n  ( B o r z e l l i c a ,  1980, Gibson, 1983). The widespread use  of 

formaldehyde r e s i n s  i n  75 t o  85% of apparel  t e x t i l e s  i n  the  U.S. t e x t i l e  

i n d u s t r y  t o  achieve  durable-press  c h a r a c t e r i s t i c s  a l s o  provides  f o r  broad 

p u b l i c  exposure ( B a t i j a ,  1981). The t r a n s p o r t  of formaldehyde from t h e  f a b r i c  

t o  t h e  s k i n  has  been found t o  be much s t ronge r  i n  d i r e c t  l i q u i d  c o n t a c t  wi th  

the  s k i n  (e .g . ,  through p e r s p i r a t i o n )  t h a n  i n d i r e c t l y  thraagh an a i r  l a y e r  

( H o l l i e s  e t  a l . ,  1982). A 65% t r a n s f e r  of 14C l a b e l e d  a 2 0  to s k i n  has  been 

acbieved w i t h  (E20 s o l u t i o n  occlnded wi th  a l a t e x  b a r r i e r  over  r a b b i t  sk in  

(Robbins e t  a l . ,  198l). Much lower t r a n s f e r  r a t e s  ( i . e . ,  0.89-2.61%, H o l l i e s ,  

1982) were achieved w i t h  1 4 C  t r e a t e d  c l o t h  pa tches ,  dependent on t h e  type of 

c l o t h ,  e820 r e s i n  p repa ra t ion ,  and t h e  presence or  absence of p e r s p i r a t i o n .  

The l m e r  limits of 0820 exposure wi th  measured response on t h e  s k i n  of 

s e n s i t i z e d  i n d i v i d u a l s  is a sub jec t  of cont inued r e sea rch .  Jordan  e t  a l a ,  

( 1 9 7 9 )  r e p o r t  t h re sho ld  concen t r a t ions  a s  l o w  a s  30 ppm 8820 ( d i l u t e d  f r m  

formal i n )  i n  occ lus ive  and nonocclusive t e s t s .  Malbach r e p o r t s  ( i n  Gibson, 

19833) a th re sho ld  of no response of 80 ppm i n  nonocclasive t e s t s .  By 

comparison, the  c u r r e n t  i n d u s t r i a l  g u i d e l i n e s  of L w i  S t r a u s s  a r e  500 ppm 

( i . e . ,  500 ug m20/g f a b r i c )  f o r  nnwashed f a b r i c s  a s  measured i n  the  AATCC 

Sealed J a r  t e s t  (Swi tzer ,  1983). This  gn ide l ine  has  been reduced from 2000 

ppm over t h e  p a s t  two decades. The American T e x t i l e  Manufacturers  I n s t i t u t e  

(ATMI) has  performed two surveys of Q82O r e l e a s e  from appare l  t e x t i l e s  in 1980 

and 1983. ATMI analyzed t e s t  r e s u l t s  taken i n  1975, 1980 and 1982 t h a t  were 

v o l u n t a r i l y  submit ted from "main s t ream" indtns t r ies  (Poole,  1984). llhe sea led  

j a r  t e s t  of t h e  American Assoc ia t ion  of T e x t i l e  Chemists and C o l o r i s t s  (AATCCG) 

"or equiva len t  " was used. Although the  survey has ATMI-admitted "methodology 

l i m i t a t i o n s " ,  a d e c l i n e  i n  "weighted average' '  a 2 0  r e l e a s e s  €ram 534 t o  4 9 1  t o  
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345 ug C!HzO/g f a b r i c  were determined f o r  d a t a  from 1975, 1980 and 1982, 

respe e t iveky 

The t e s t  methods fox a20 r e l e a s e  frm durable-press  apparel  t e x t i l e s  and 

the f a c t o r s  t h a t  a f f e c t  2.0 re lease  have been ex tens ive ly  s t u d i e d  and 

reviewed (Vai l  e t  a l . ,  1981, S v i t z e r ,  1.983). The AATCC s e a l e d  j a r  t e s t  

(AATW-112, 19823 i s  most commonly used in t h e  U . S .  even though i t  was 

o r i g i n a l l y  des igned  f o r  worker p r o t e c t i o n  i n  t e x t i l e  p l a n t s .  " h e  AATCC t e s t  

s ea l ed  mascrgl j a r  over a 20 Boar per iod  a t  4 9 W  as,d near-10 

humidity.  The Japanese t e s t  i s  des igned  i n  part  t o  s imnla te  p o t e n t i a l  dermal 

exposures t s  a20 f x m  f a b r i c s .  A f a b r i c  sample i s  e x t r a c t e d  i n  $20  f o r  30 

minutes a t  4 meever, t h e  l a c k  o f  pH c o n t r o l  and b r i e f  e x t r a c t i o n  period 

are  p o t e n t i a l  concerns f o r  s i  d a t i o n  of normal consumer use condi t ions .  The  

n t e s t  method, which i s  modelea a f t e r  t h e  ~apienatsse t e s t ,  i nco rpora t e s  

c o n t r o l  of pEl a t  6.0 (DPAngimo,  1982) .  2ana Cold  S u l f i t e  Method f o r  f r e e  

involves  a b r i e f  seven minute extraction i n  suBfite-El20 s o l u t i o n  

p e r s t n r e s .  n e  S h i r l e y  I n s t i t u t e  Method uses  a 20 1 nut  e 

e x t r a c t i o n  i n  8219 a t  2 5 O C  fol lowed by d i g e s t i o n  of  r e s i d u a l  r e s i n s  i n  strong 

ac id .  T h u s p  there: i s  a need t o  develop simple: e x t r a c t i o n  t e s t s  t h a t  cons ider  

many of t h e  important f a c t o r s  a f f e c t i n g  cB2o r e l e a s e  f r  durabl  e-press 

f a b r i c s  snch as temperature ,  pH and e x t r a c t i o n  pe r iod ,  and a r e  designed t o  

m.<ts"e c l o s e l y  s imnla te  cons er use cond i t ions .  Fabr ic  washing i s  an 

a d d i t i o n a l  f a c t o r  t h a t  s t rong ly  in f lnences  CR$2O r e l e a s e s  from durable-press  

t e x t i l e s  and p o t e n t i a l  a20 exposures  t o  skin. Althoagh strong decreases  i n  

a20 r e l e a s e  have been observed a f t e r  a few washings i n  moderate pH water  

(Ra inhmdt  e t  a1 I ,  1981) ,  t h e  ClEIzO r e l e a s e  ean p e r s i s t  ant redzlced l e v e l s  f o r  

more t han  25 washings (Harper e t  a l . ,  1984). 

'1'0 b e t t e r  q u a n t i f y  t h e  2 0  r e l e a s e  ~ K C X ~ I  durable-press  appare l  t e x t i l e s  

so ld  i n  the  U . S . ,  a study was i n i t i a t e d  by t he  U.S. Consumer Pxoduct Sa fe ty  

Commission (CPSSC) a t  Oak Ridge Nat iona l  Lsaboratsry (0 L). n e  otudy had f i v e  

1. development of a s imple e x t r a c t i o n  t e s t  f o r  CRzO r e l e a s e  
from durable-press  apparel  t e x t i l e s  t h a t  m5re c l o s e l y  s imula t e s  

Qk US@ Condit ions than CUX'rently ex i s tent  t e s t s ,  



2 .  smvey  of a 2 0  r e l e a s e  from durable-press  f a b r i c s  marketed 
i n  t h e  U.S. by domestic and foze ign  manuf a c t u r e r s ,  inc luding  
f l a tgood,  bottom-weight, k n i t  and top-weight c a t e g o r i e s  using t h e  
O W L  e x t r a c t i o n  method, 

3. e v a l u a t i o n  of the  e f f e c t  of repea ted  washing on s e l e c t e d  survey 
f a b r i c s  us ing  t h e  ORNL e x t r a c t i o n  method, 

4 .  comparison of r e s u l t s  from the  new OWNL e x t r a c t i o n  method t o  
t h a t  of t he  commonly used AATCC and Japanese  t e s t s ,  and 

5 .  comparison of t h e  (3320 r e l e a s e s  (ug (s20/g f a b r i c )  from 
t h e  survey f a b r i c s  measured wi th  simple e x t r a c t i o n  t e s t s  t o  aqueous 
a 2 0  concen t r a t ions  (up cB20/mL 820) genera ted  i n  
p e r s p i r a t i o n - s a t u r a t e d  f a b r i c s  under cond i t ions  s imula t ing  dermal 
exposure dur ing  s k i n  pa tch  tests.  

ORNL EXTRACTION TEST DEVELOPMENT 

A s imple a 2 0  e x t r a c t i o n  t e s t  has  been developed t o  more c l o s e l y  

s imula t e  normal consumer use cond i t ions  and p o t e n t i a l  dermal exposures t o  CR2O 

from durable-press  appare l  t e x t i l e s  t han  a v a i l a b l e  i n d u s t r i a l  methods. The 

new e x t r a c t i o n  t e s t  i s  modeled a f t e r  the: Japanese I n d u s t r i a l  s tandard  t e s t  but  

i n c o r p o r a t e s  s eve ra l  changes t h a t  a r e  de t a i l e d  i n  a n  experimental  p ro tocol  

g iven  i n  Appendix I. A r t i f i c i a l  p e r s p i r a t i o n  s o l u t i o n ,  modeled a f t e r  the  

p e r s p i r a t i o n  s o l u t i o n  used i n  t h e  AATCC t e s t  f o r  c o l o r f a s t n e s s  of t e x t i l e s  

(AATCC-15, 19791,  i s  used f o r  (820 t e x t r a c t i o n  of f a b r i c  samples. A sodium 

a c e t a t e - a c e t i c  a c i d  b u f f e r  i s  used t o  ma in ta in  t h e  pH 5 e x t r a c t i o n  s o l u t i o n  i n  

accordance w i t h  Maznr e t  a l . ,  (1979). It i s  recognized t h a t  t he  pfn of h m a n  

p e r s p i r a t i o n  v a r i e s  over  a wide range (e.g. * 4 t o  7)  and t h a t  t h i s  may have a 

s i g n i f i c a n t  impact on dermal exposwe  t o  (820 from appare l  t e x t i l e s  (Behrendt 

e t  a l . ,  1971, Rersmonn e t  a l . ,  1 9 5 5 ) .  An e x t r a c t i o n  temperature  of 35OC was 

chosen a s  a n  approximate c m p r a n i s e  between body temperature  ( i . e . ,  37OC) and 

t h e  r e s u l t s  of a l i m i t e d  sampling of c l o t h i n g  tempera tures  a t  each of t h r e e  

l o c a t i o n s  on f o u r  i n d i v i d u a l s  ( i . e . ,  3 4 0  5 l O C ) .  An e x t r a c t i o n  per iod  of s i x  

horns  was chosen t o  s imula te  consumer use w i t h i n  t h e  l i m i t s  of an e i g h t  hour 

e x t r a c t i o n  and a n a l y s i s  t e s t .  Ten gram f a b r i c  samples ( i n  100 mL e x t r a c t i o n  

s o l u t i o n )  were used i n s t e a d  of one gram samples t o  inc rease  the  s e n s i t i v i t y  of 

t h e  t e s t  and t o  reduce t h e  impact of intra-sample v a r i a t i o n  i n  (820 emissions.  

No suppress ion  i n  (820 emissions due t o  t h e  inc reased  sample s i z e  were 
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observed i n  t e s t s  o f  t h r e e  knit f a b r i c s  us ing  1, 3 ,  7 an 10 grm samples (E 

100 g ~ t r a c t i o n  v o l m e .  The p a r a r o s a n i l  i n e  (PA) c o l o r i m e t r i c  a n a l y s i s  W E B S  

adopted $5  a more ~ e n e h t i v e  back-ap method fOE t h e  commonly used Nslsh 

procedure and used when t h e  f a b r i c  emissions were  too weak t o  be 

q u a n t i f  i e d  w i t h  the Nash ~ e t h o d .  A 12-fabs ic ,  intotcomparison of e x t r a c t i o n  

SOlutPQnS analyzed with both t h e  PA and Nash methods y i e l d e d  near ly  c o n s i s t e n t  

r e s u l t s  f o r  most t e s t  f a b r i c s .  An average PAJNMBI ratio o f  1.14 9_ 0.08 was 

ined f o r  1 0  of 1 2  f a b r i c  e x t r a c t s  ( t h e  2.17 1- 8.04 rat io  determine 

t h e  remaining two f a b r i c s  may have been due t o  experimental  e r r o r ) .  These 

resalts i n d i c a t e  t h a t  t h e  PA method i s  unlikely t o  h VI: a s i g n i f i c a n t  b i a s  on 

t h e  survey resnlts i n  c o m p a ~ i s o n  to t he  Nash method. 

The sarveg of r e l e a s e  f r m  durable-press  app r e l  t e x t i l e s  markete 

i n  tho U.S,  involved t h e  sampling of 3 t o  5 small domestic,  3 l a r g e  d 

and 3 t o  5 f o r e i g n  manafactrrrezs i n  each of t h e  fo l lowing  product  c a t e g o r i e s :  

c o t t o n  and c o t t o n  blend  k n i t  ( f o r  shirts  and underwear), top  weight  (non-knit  

f o r  s h i r t s  and b l o u s e s ) ,  b o t t m  weight ( f o r  pants) and f l a t  goiods ( f o r  sheets )  

( L i t t l e ,  1983). The l a r g e  domestic manufacturers were among t h e  l a r g e s t  B . S .  

manufacturers.  The s e l e c t i o n  of t h e  wall  domestic c t n r e r s  involved a 

somewhat a r b i t r a r y  choice between n B E O ~ S  companies t h a t  were d i s t i n c t l y  

smal le r  than  t h e  l a r g e  manufacturers .  n e  f o r e i g n  m a a n f a c t w e t s  w e r e  s e l e c t e d  

independent of s a l e s  volume t o  a t t e m p t  t o  i s o l a t e  f a b r i c s  produced and CH20 

t r e a t e d  outs ide  of U.S. 

The a c q u i s i t i o n  of survey f a b r i c s  c e c l o s e  t o  o r i g i n a l  CPSC g o a l s  f o r  

5 0  f a b r i c  samples i n  each of the POUP product c a t e g o r i e s .  T h e  v a s t  majority 

of mannfactusers c o n t r i b a t e d  the  reques ted  f i v e  samples t o  e 

ca tegory  i n  which they participated. A few mannfacturexs sent more t h a n  f i v e  

samples. I n  such cases ,  a groap of f i v e  samples were rands  i y  s e w t e a  f o r  

Def i c i e n c i e s  in f a b r i c  a c q n i s i t i o n  were t y p i c a l l y  caused by 

d i f f i c u l t i e s  i n  o b t a i n i n g  s u f f i c i e n t  f a b r i c  samples f r m  f o r e i g n  manufactures.  

A t o t a l  o f  47 bot tm-weight ,  5 0  mn-kni t ,  3 9  knit, and 44 f l a t g o o d  samples 

t e s t e d ,  



The survey f a b r i c s  were acqui red  from indus t ry  dur ing  January  t o  June,  

1984. The s t o r a g e  pe r iods  p r i o r  t o  t e s t i n g  v a r i e d  from 1-5, 2-7, 8-12, and 

9-13 weeks f o r  f l a tgood ,  k n i t ,  top-weight and bottom-weight product  

c a t e g o r i e s ,  r e s p e c t i v e l y .  The pa r t i cuJ . a r ly  long s t o r a g e  per iods  f o r  t h e  top- 

weight  and bottom-weight c a t e g o r i e s  r e s u l t e d  f ram both de l ays  i n  sample 

a c q u i s i t i o n  and performance of l abora to ry  t e s t s .  

A l l  f a b r i c  samples were s t o r e d  a t  room temperature ,  s ea l ed  i n s i d e  two 

p l a s t i c  bags ( s e e  Appendix I ) .  P r i o r  t o  t e s t i n g ,  t h ree  specimens were then  

c a t  from each sample and allowed t o  cond i t ion  i n  room a i r  fog 24 hours.  

Formaldehyde e x t r a c t i o n  was perf  onned f o r  s i x  hours  i n  a r t i f i c i a l  p e r s p i r a t i o n  

s o l u t i o n  a t  pH 5 and 35OC. Each e x t r a c t i o n  s o l u t i o n  was then  f i l t e r e d ,  and 

analyzed i n  d u p l i c a t e  wi th  one of two c o l o r i m e t r i c  t e s t s .  The Nash procedure 

was used f i r s t  f o r  a l l  f a b r i c s ,  The e x t r a c t i o n  s o l u t i o n s  f o r  f a b r i c  specimens 

wi th  absorbence va lues  averaging (0.1 absorbence u n i t s  were reana lyzed  nsing 

t h e  more s e n s i t i v e  pararosana l  i ne  method. 

The average a20 r e l e a s e  (ag CE20/g f a b r i c )  €or each f a b r i c  specimen 

t e s t e d  i n  t h e  t e x t i l e  survey is  l i s t e d  i n  Tables  I t o  4 f o r  top-wejght, 

bottan-weight,  h i t s  and f l a tgood product  Categor ies ,  r e s p e c t i v e l y .  Included 

i n  these  t a b l e s  a r e  (1) t h e  manuf a c t u r e r  c l a s s i f i c a t i o n s  of domestic-small 

(DS), domestic-large (DL), and f o r e i g n  (iF) companies, and (2) an  assignment o f  

manufacturer  and sample number. The 0320 r e l e a s e  d a t a  f o r  the  sarvcy f a b r i c s  

a r e  smnmarized i n  Table  5 .  The a20 r e l e a s e  ( i . e . #  ug CX20/g f a b r i c )  of t h e  

ind iv idua l  f a b r i c  specimens a r e  averaged by manuf a c t u r e r  c l a s s i f i c a t i o n  i n  

each product  category.  The ranking between product  c a t e g o r i e s  from s t r o n g e s t  

t o  weakest e m i t t e r s  i s  top-weight, bottom-weight, f l a tgoods ,  and k n i t s  w i th  

average a 2 0  r e l e a s e s  of 117, 5 8 ,  31, and 19 ug CE20/g f a b r i c ,  r e s p e c t i v e l y .  

No c o n s i s t e n t  ranking between manufacturer  c l a s s i f i c a t i o n s  is observed i n  a l l  

product  ca t egor i e s .  The domest ic- large and domestic-small c l a s s i f i c a t i o n s  

have s t r o n g l y  over lapping  d i s t r i b u t i o n s  of c82O r e l e a s e  l e v e l s .  

bottan-weight,  knit and f l a t g o o d s ,  t h e  average QB2O r e l e a s e s  f o r  t h e  f o r e i g n  

manufac turers  a r e  a f a c t o r  of two t o  t e n  lower than  corresponding l e v e l s  for 

t h e  domestic manufacturers .  A f u r t h e r  breakdown of t h e  survey r e s u l t s  by the  

percentage  of f a b r i c  t e s t  specimens wi th  a 2 0  r e l e a s e s  l e s s  than  s e l e c t e d  

v a l u e s  i s  g iven  i n  Table  6. For example, 86% of the  f a b r i c s  had a 2 0  r e l e a s e s  
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less t h a n  approximately 100 a g  Cnr20/g f a b r i c .  Ninety and 95% of t h e  t e s t  

specimens had CfI26 r e l e a s e s  of l e s s  t h a n  approxinakcly 150 and 250 ug @rsaO/g 

f abrPc, r e s p e c t i v e l y .  

Am a n a l y s i s  of var iance  among t h e  @E120 r e l e a s e s  measwed  f o r  t h e  t e s t  

f a b r i c s  bas been performed. In t ra -sa  p l e  (i. e . ,  inter-specimen),  inter-sample 

and intar-manuf a c t u r e r  v a r i a t i o n  are compared w i t h i n  each of t h e  f our f a b r i c  

c a t e g o r i e s .  I n t r a - s m p l  e and inter-sampl e v a r i a t i o n  are es t imated  using a 

l y s i s  of v a r i a n c e  s t a t i s t i c a l  techniqae ( s e e  Appendix T I  fox 

de t a i  11 ea9 t r  e1 sat) .  The es t imate  of intra-sample v a r i a t i o n  i s  an i n ~ ~ ~ a ~ ~ b ~ e  

combination of meas m e n t  u n c e r t a i n t y  due t o  t h e  t e s t  method and i n t r a - s a  

v a r i a t i o n  i n  a820 r e l e a s e  s t r e n g t h .  The es t imate  of inter-sample v a r i a t i o n  i s  

due omly t o  v a r i a t i o n  i n  a20 r e l e a s e  s t r e n g t h  between f a b r i c  samples 

from t h e  same manufacturer (in ra given product  ca tegory) .  The inter- 

manufacturer  v a r i a t i o n  i s  es t imated  by the c o e f f i c i e n t  of v a r i a t i o m  be 

t h e  average r e s u l t s  f o r  each ~ a ~ u f ~ ~ t Q r e r  i n  an given product category.  

The: resa l t s  of t h e  a n a l y s i s  of var iance  ong t h e  r e l e a s e  dab 

i n  Tables  7-10 f o r  f a b r i c  c a t e ~ o r i e s  top-w 3. gh t  , bot  t ~ ~ - ~ s i  gh t , 
k n i t s ,  and f la tgoods,  r e s p e c t i v e l y .  The c o e f f i c i e n t s  of v a r i a t i o n  (CY) f o r  

intra-sample.  i ~ = i t e ~ - ~ ~ i ~ ~ p l  e, and combined i n t r a - s a  p l e  p l u s  inter-sample 

v a r i a t i o n  are giiven f o r  i n d i v i d u a l  m Pnafacturexs and sum 

manu€ a c t  11~1: er c l  a s s i  f i 68 ti on, 7% e in t sr-manaf BC $ ax er co e f f i c  i ent s o f  var i a t  i on 

81~8 presented  by manafactnrer  c l a s s i f  i c a t l o n .  The manaf a c t o r e r s  a r e  grouped 

simply according t o  domestic and f o r e i g n  maanfacturers  i n s t e a d  of DS, DE, and 9; 

c l a s s i f i c a t i o n s  because of t h e  s t r o n g  over lap  i n  C820 r e l e a s e  d a t a  

B: domestic firms in mos t  f a b r i c  c a t e g o r i e s .  S t a t i s t i c  

p r e s a e t e d  i n  Tables  7-10. 

The l a r g e s t  somce of v a r i a b i l i t y  mong t h e  c820 r e l e a s e s  from t h e  survey 

f a b r i c s  a s  determined from t h e  a n a l y s i s  of variance 3s inter-manafactnrer  

v a r i a t i o n .  T h e  cV* v a l a e s  range f r  ana are gen~7s t i ry  about 

e s  than t h e  W f o r  combined int ra-sample and i n t e s - s  

v a r i a t i o n .  La rge  i n t e r -  sa p l e  v a ~ i a ~ i ~ n  i s  a l s o  observed i n  a l l  fou r  produet 

c a t e g o r i e s .  The CY va lues  span from t y p i c a l l y  3W% t o  7 e n e  intra-sample 

CV values ,  which inc lude  a n c e r t a i n t y  due t o  t h e  t e s t  method and  s i t e - t o - s i t e  
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v a r i a t i o n  i n  f a b r i c  a 2 0  r e l e a s e ,  a r e  t y p i c a l l y  l e s s  t han  l@% f o r  a l l  bu t  t he  

f l a t g o o d s  da t a  s e t .  Increased  measurement u n c e r t a i n t y  i s  expected i n  t h i s  

d a t a  s e t  because some of t he  f a b r i c  samples were t e s t e d  dur ing  d i f f e r e n t  time 

per iods ;  a s i n g l e  specimen and t h e n  d u p l i c a t e  specimens were t e s t e d  a week 

apa r t .  A one-way a n a l y s i s  of va r i ance  of t h e  f l a tgoods  d a t a  s e t  w i th  the  

s i n g l e  specimen d a t a  removed r e s u l t e d  i n  a r educ t ion  i n  t h e  average CV f o r  

intra-sample v a r i a t i o n  from 209b t o  12%. bu t  only a m a l l  change I n  i n t e r -  

sample CV from 33% t o  309b. This  r e s n l t  is c o n s i s t e n t  w i th  inc reased  

measurement u n c e r t a i n t y  f o r  specimens from a g iven  sample t h a t  a r e  t e s t e d  over 

a one week pe r iod  i n s t e a d  of t he  normal pro tocol  where a l l  t h r e e  specimens a r e  

t e s t e d  on t h e  same day. The average CV of 12% f o r  t h e  f l a t g o o d s  i n  Comparison 

t o  4%. 4% and 9% f o r  top-weight, bottom-weight and k n i t  f a b r i c s  may a l s o  

i n d i c a t e  g r e a t e r  s i t e - t o - s i t e  v a r i a t i o n  i n  t h e  a p p l i c a t i o n  of (828  r e s i n s  t o  

t h e  f l a tgood  m a t e r i a l s .  Overa l l  t he  combined intra-sample v a r i a t i o n  i n  (320 

r e l e a s e s  and Uncer ta in ty  due t o  t h e  t e s t  method a r e  very small in comparison 

t o  inter-sample and inter-manufacturer  v a r i a b i l i t y .  

EFFECTS OF REPEATED WASHING 

Repeated washing has  been s h m n  t o  s t r o n g l y  reduce (3320 r e l e a s e  provided 

t h a t  t h e  r a t e r  i s  of moderate pB (e .g . ,  pE 4-9, Jaco  e t  a l . ,  1982, Reinhardt  

e t  a l . ,  1 9 8 ) .  The survey of durable-press  appare l  t e x t i l e s  provided a 

spectrnm of f a b r i c  types  and emiss ion  s t r e n g t h s  t o  t e s t  t h e  e f f e c t i v e n e s s  of 

common launder ing  f o r  reducing a 2 0  r e l e a s e s .  A s e l e c t i o n  of e i g h t  f a b r i c s .  

two each from the  bottau-weight,  top-weight, k n i t  and non-knit c a t e g o r i e s  were 

t e s t e d ,  i nc lud ing  two f o r e i g n  and s i x  domestic samples. The i n i t i a l  range of 

m 2 0  r e l e a s e s  v a r i e d  from 0 . 6  t o  1 7 8  ug CazO/g f a b r i c  a s  measured by t h e  O W L  
e x t r a c t i o n  t e s t  ( s e e  Table  11) .  The procedure f o r  washing was modeled a f t e r  

AATCC Tes t  Method 124-1982 f o r  repea ted  launder ings .  A General E l e c t r i c  

a n t m a t i c  washer ,  AATCC Standard  Detergent  124 and General E l e c t r i c  automatic  

d rye r  were used. The dry weight  of t he  t e s t  f a b r i c s  was approximately 2.6  kg. 

The temperature  and pE of t h e  wash water  were 43 +, 201: and 6 .5  +, 0 . 5 ,  

r e s p e c t i v e l y .  The temperature  of t h e  d rye r  v a s  approximately 38OC. A l l  t e s t  

f a b r i c s  were laundered a t o t a l  of seven ‘rimes. The ORNL e x t r a c t i o n  t e s t  was 

performed b e f o r e  washing and a f t e r  S ,  2 ,  3, 5 and 7 washings. Fabr i c  
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qlmantities l i m i t e d  t e s t i n g  t o  three specimens of each f a b r i c  sample p r i o r  t o  

the  f i r s t  washing and t y p i c a l l y  two  specimens a f t e r  subsequent l a m d e n i n  

The r e s u l t s  of t h e  repea ted  washin e ~ ~ e r ~ ~ ~ ~ t  shewed very d i f f e r e n t  

behavior f o r  r e l a t i v e l y  s t rong  and weak emitt ing; f a b r i c s .  F a b r i c s  w i t h  

i n i t i a l  a20 r e l e a s e s  of >I25 ug cpf20/g f a b r i c  ( % . e . ,  Sample Nos. 2,6 ,7 ,89  
sfinwed B strong d e c l i n e  a f t e r  t h e  f i r s t  washing, fol lowed by cont inued but: 

slmver d e c l i n e s  w i t h  subsequent washing ( s e e  Table 11 and Figare 1). An 

average 7 4  2. 11 p e r c e n t  d e c l i n e  was observed a f t e r  one wash. A f u x t b e r  

d e c l i n e  of 13 2 6 p e r c e n t  (from t h e  i n i t i a l  GI20 r e l e a s e s )  was observed a f t e r  

t h e  next s i x  washings. Tbe r e l a t i v e l y  we k e m i t t i n g  f a b r i c s  w i t h  i n i t i a l  Cg20 

r e l e a s e s  of 0.6 - 25 ug QA20/g f a b r i c  ( i . e e ,  S pXe Nos. 1,3, 

both inexeases  and decreases  i n  a 2 8  r e l e a s e  w i t h  washing ( s e e  Table 11 and 

P i g ~ ~ e  2 ) .  Hawever, none: of t h e  r e l a t i v e l y  weak tsmjtt ing f a b r i c s  5ver 

exceeded approximately 11 ug 2018 f a b r i c  w i t h  washing. It i s  i n t e r e s t i n g  t o  

note  that the weakest e m i t t e r s ,  f a b r i c s  n bar  5 and 1, showed t h e  l a r  

i n c r e a s e s  i n  CII20 r e l e a s e s  a f t e r  o washings. A l l  of t h i s  d a t a  exceeds t h e  

lh i t  of q u a n t i t a t i o n  f o r  t h e  PA ant i lysis  (ice., ~ ~ p ~ ~ x i ~ a ~ e l y  0.25 ag a 2 Q /  

328). 

OD COMpA%zISON OF OIWL, AATCC, AND J ESE EXTRACTION TESTS 

A intermethod corn a r i s o n  w a s  performed betwaen t h e  commonly used AATCC 

and Japanese  t e s t s  and t h e  OWL e x t r a c t i o n  method. A t o t a l  of 1 2  f a b r i c s  were 

s e l e c t e d  f r m  t h e  fou r  f a b r i c  c a t e  ories ,  emphasizing t h e  cotton and c o t t o n  

blend k n i t  f a b r i c s  because of t h e i r  r e l a t i v e l y  high r e l e a s e s  ( s e e  Table 

12). Products  from a l l  t h r e e  manufacturer c l a s s i f i c a t i o n s  ( i . e . ,  DS, DL, F )  

were included. Three specimens were t e s t e d  from each f a b r i c  sample f o r  a l l  

t e s t  methods. ' K e  average r e l e a s e s  f o r  t h e  f a b r i c  samples spanned f r m  

25 t o  1764 ag 8 s  measured by t h e  ORNL extractf lon t e s t .  The c o r r e l a t i o n  

between t h e  t h r e e  d i f f e r e n t  methods a r e  summarized as t h e  average r a t i o s  of 

t h e  t e s t  r e s u l t s  between two t e s t  methods. Intermethod, l i n e a r  r e g r e s s i o n  

ana lyses  are not used became  of t h e  s t r o n g  b i a s  t h a t  f a b r i c  nnwber 1 0  e x e r t s  

over  such a c a l c n l a t i o n .  The average r a t i o  of t h e  0 
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and Japanese/AATCC t e s t s  a r e  0.46 2 0.05. ( i . e . ,  CV=359b), 1.44, & 0 . 1 4 *  ( i . e m ,  

CV=3396), and 0.36 +_ 0.07* ( i . e . ,  CV=69%), r e s p e c t i v e l y .  The r e s u l t s  of t he  

ORNI, t e s t  a r e  approximately twofold lower than  t h e  AATCC t e s t  and 50% higher  

than  t h e  Japanese t e s t .  The CV va lues  i n d i c a t e  t h a t  t h e  r e s u l t s  of the  O m  

t e s t  a r e  more comparable t o  both the  AATCC and Japanese  t e s t s  t h a n  a n  

analogous comparison between the  r e s u l t s  of the  AATCC and Japanese  t e s t s .  

The r e s u l t s  of t he  intermethod comparison between t h e  ORNL and AATCC 
e x t r a c t i o n  t e s t s  can be used t o  q u a l i t a t i v e l y  compare the  r e s u l t s  of t h e  

supveys t aken  by ORNI, and ATMI of a 2 0  r e l e a s e  from durable-press  appa re l  

t e x t i l e s .  The average GI20 r e l e a s e s  p r e d i c t e d  f o r  the  AATCC t e s t  from the  

r e s u l t s  of t he  O W L  e x t r a c t i o n  t e s t  a r e  280 2 40*, 140 2 20*, 46 2 7* ,  and 75 

2 10*  ng c3a20/g f a b r i c  f o r  a l l  top-weight, bottan-weight,  k n i t ,  and f l a t g o o d  

f a b r i c s ,  r e s p e c t i v e l y .  If t h e  comparison i s  l i m i t e d  t o  domestic f a b r i c s  from 

t h e  ORNL survey,  t h e  p r e d i c t e d  r e s u l t s  f o r  t h e  AATCC t e s t  a r e  gene ra l ly  

solamhat h igher .  Formaldehyde r e l e a s e s  of 2&0 40*, 190 5 30*, 53 7*, and 

110  5 13* ug Car2O/g f a b r i c  a r e  p r e d i c t e d  f o r  AATCC t e s t s  of t he  top-weight, 

bottom-weight, k n i t ,  and f l a t g o o d  f a b r l c s ,  r e s p e c t i v e l y .  The mean v a l n e s  

p r e d i c t e d  from t h e  ORNL sntvey a r e  a l l  luwer than  t h e  mean r e s u l t  of 345 ug 

Car20/g f a b r i c  from the  ATMI survey f o r  1982. More q u a n t i t a t i v e  comparisons 

a r e  d i f f i c u l t  because of (1) i n t e r su rvey  v a r i a t i o n  i n  f a b r i c  s t o r a g e ,  

cond i t ion ing  and t e s t i n g  procedures ,  and (2) t h e  absence of any breakdown of 

t h e  ATItlI r e s u l t s  by product  category.  However, t he  ORNL r e s u l t s  f o r  f a b r i c s  

ob ta ined  i n  1984 i n d i c a t e  s u b s t a n t i a l  r educ t ions  i n  a 2 0  r e l e a s e s  from those 

r epor t ed  by ATMI f o r  f a b r i c s  ob ta ined  i n  1982.  

A comparison of t he  ORNL t e s t  r e s u l t s  f o r  f a b r i c s  t e s t e d  i n  t h e  survey 

and i n t e m e t h o d  comparison s t u d i e s  show sg lbs tan t ia l  changes i n  CB20 r e l e a s e  

( s e e  Table 13). Ten of 1 2  f a b r i c s  demonstrated 1.4- t o  5.2-fold i n c r e a s e s  i n  

a 2 0  r e l e a s e s ;  one f a b r i c  was unchanged and another  decreased 1.6 fo ld .  These 

f l u c t u a t i o n s  cannot be d e f i n i t i v e l y  expla ined  but  may be t h e  r e s u l t  of t he  

smet iaaes  lengthy s to rage  pe r iods  between t h e  survey and intermethod 

comparison s t u d i e s .  S i g n i f i c a n t  i n c r e a s e s  i n  (820 r e l e a s e s  have been 

p rev ious ly  observed over  t h r e e  month s t o r a g e  pe r iods  ( JacoJ  1 9 8 2 ) .  Consis ten t  

* Standard  e r r o r s  of t he  mean a r e  r epor t ed .  
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e t h o d ~  have been used $0 r e l a t e  tho c82O re lease  f r ~  angable-press 

appare l  t e x t i l e s  as me~rsuxed i n  simple e x t r a c t i o n  t e s t s  t o  t h e  p o t e n t i a l  (3320 

coneent f a  tioas i n  queorns s o l u t i o n s  t h a t  cotnld be exposed t o  skin  from 

perspiration-wet t e x t i l e s .  The f i r s t  method, c a l l e d  a. r i n g  t e s t ,  i s  modeled 

a f t e r  the: OXPESZ e x t r a c t i o n  t e s t .  It i s  designed t o  minimize the vol 

a r t i f i c i a l  pesspirat lon solution used in t h o  0 L e x t r a c t i o n  t e s t  

c l o s e l y  simulate t h e  7701 e of p e r s p i r a t i o n  s o l u t i o n  cncsant~red on t e x t i l e s  

W O T W  by i nd iv idua l s .  Fabric samples a r e  satnareted with a r t i f i c i a l  

and temperamre c h ~ s e n  i n  accordance w i t h  the p n ~ t o ~ d  for tbe 

e x t r a c t i o n  t e s t ,  An a1 i que t  of t he  CSZO-containing p e r s p i r a t i o n  solution i s  

t h e  f a b r i c  (by compressing the specimen inside a syringe1 

and analyzed nsimg e o l o r i w e t r i c  methods ( s e e  Appendix 1131 far d e t a i l s ) .  "Be 

r e s u l t s  of t h e  Wring t e s t  ( s e e  Tabla 15) show comparable precision t o  t h a t  of 

e x t r a c t i o n  t e s t .  The? f o r  i n t s a - s a ~ ~ ~ p l e  v a r i a t i o n ,  which i n c l u d e s  

the unce r t a in ty  of t h e  t e s t  method, varys f r  with tan average CY of 

ethod, c a l l e d  the skin E t c h  Test Simulator  (SPATS), Baas been 

developed t o  sininlate t h e  a p p l i c a t i o n  of w e t t e d ,  C%f20--containing f a b r i c s  on 

sk in  i n  patch t e s t s .  To simulate s k i n  sxposglxe, f a b r i c  specimens a r e  



s a t u r a t e d  w i t h  a r t i f i c i a l  p e r s p i r a t i o n  s o l u t i o n  and occluded i n  d i r e c t  l iqerid 

c o n t a c t  w i t h  a semi-permeable membrane in a 35OC oven. I n  c o n t r a s t  t o  skin,  

which r e a d i l y  sorbs  c820 i n  su r face  l a y e r s  due t o  i t s  l a r g e  water  conten t ,  t h e  

membrane r e a d i l y  t r a n s p o r t s  a 2 0  t o  an aqueous r eagen t s  stream beneath t h e  

membrane t h a t  i s  subsequent ly  analyzed f o r  t he  concen t r a t ion  of 

The SPATS c o n s i s t s  of a f l a t  aluminum p l a t e  w i th  fou r  channels  covered by 

a 0.02 mm t h i ck ,  semi-permeable, d ime thy l s i l i cone  membrane ( B u l l e t i n  General 

E l e c t r i c  Co., 1968) t h a t  i s  adhered t o  t h e  aluminum su r face  ( s e e  F igu re  1, 

Appendix 4 f o r  exploded view).  Mixed aqueous reagent  of mercuric  ch lo r ide  and 

sodium s n l f i t e  f o r  a CEA Ins t ruments  Model 555 Analyzer a r e  flawed through 

f o a r  channels  beneath t h e  membrane us ing  a n  e i g h t  channel p e r i s t a l t i c  pump, 

four  channels  each f o r  supply and dra inage  of t he  SPATS. Fabr i c  specimens a r e  

s a t u r a t e d  wi th  a r t i f i c i a l  p e r s p i r a t i o n  s o l u t i o n ,  incubated f o r  t h r e e  hours  i n  

a c losed  j a r  a t  35oC, and t h e n  sea l ed  i n  l i q u i d  con tac t  w i th  t h e  membrane f o r  

t e s t i n g .  A p o r t i o n  of t h e  (3320 r e l e a s e d  f r m  the  t e s t  f a b r i c  i s  t r anspor t ed  

through t h e  membrane t o  the  aqueous r eagen t  s o l a t i o n ,  which f laws  t o  t h e  CEA 

ins t rument  f o r  measurement (Matthews, 1982). The (E20 response of t h e  SPATS 

i s  c a l i b r a t e d  d a i l y  wi th  a weakly-emitt ing f a b r i c  specimen s a t u r a t e d  wi th  

d i l u t e  f o r m a l i n  s o l u t i o n .  R e s u l t s  f o r  a CPI2D-emitting f a b r i c  specimen from 

t y p i c a l l y  t h e  same day of t e s t i n g  a r e  then  normalized t o  t h e  response of t h e  

SPATS t o  t h e  f a b r i c  exposed t o  s t anda rd jzed  Q i 2 O  so lu t ion .  

[ a 2 0 1  (ag/mL) = CEA Response f o r  Tes t  Fabr i c  (mv) IU3203 (ug/mL) (1) 
Test  F a b r i c  CEA Response f o r  S t d  F a b r i c  (mv) S td  F a b r i c  

A summary of t h e  experimental  d a t a  and c a l c u l a t e d  r e s u l t s  f o r  t h e  SPATS 

t e s t i n g  i s  g iven  i n  Table  14. Tbc d a i l y  SPATS c a l i b r a t i o n  f a c t o r s  a r e  

determined a s  t h e  q u o t i e n t  of t he  CEA response i n  m i l l i v o l t s  d iv ided  by t h e  

c o n c e n t r a t i o n  (ug c820/mL 1820) of t h e  s tock  s o l u t i o n  app l i ed  t o  a weahly- 

emi t t i ng  ( i . e . ,  b lank)  t e s t  f a b r i c .  The e s t ima te  of c82o concen t r a t ion  

genera ted  i n  t h e  a r t i f i c i a l  p e r s p i r a t i o n  s o l u t i o n  s a t u r a t e d  on a t e s t  f a b r i c  

dur ing  a SPATS t e s t  i s  determined us jng  EQuation 1. Although t h e r e  i s  
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inadequate  d a t a  to  conc la s ive ly  mvanl~eate t h e  p r e c i s i o n  of t he  SPATS t e s t ,  the 

d u p l i c a t e  r e s n l t s  f o r  Fabr i c  10 i n d i c a t e  good p r o c i s i o n  ( i . e . #  1 

SPATS t o s  t i ng ,, 

A summary of t he  t e s u l t s  f o r  t h e  Wring and SPATS t e s t s  plus oompaxisan 

r e s u l t s  for  t h e  OlRNz e x t r a c t i o n  t e s t s  re, presen ted  i n  Table  1 5 .  Both t b e  

r i n g  and SPATS t e s t s  were performed us ing  f a b r i c  specimens c u t  from the  $ m e  

12 fhhbfPGS Pnsed in t he  intermethod oomparison of the AATCC, Japanese and 0 

e x t r a c t i o n  methods ( s e e  pr ions  s e e t i a n ) .  ' f ie  resalts a r e  p re sen ted  i n  two 

sets of a n i t s  t o  f a c i l i t a t e :  a v a r i e t y  of i n t a m a t h a d  comparisons. The anits 

1% C 3 2 O i g  fablric a r e  p re sen ted  f o r  comparisons be oen t h e  resalts of  simple 

e x t r a c t i o n  t e s t s  such BS t h a  8 L e x t r a c t i o n  and Wring t e s t s .  These a n i t s  a r e  

tnonlg used f o r  i n d u s t r i a l  t e s t s  saoh 8 s  t h e  AATCC and Japanese t e s t s .  

The u n i t s  ug c1B[2O/anE, H20 are p r i m a r i l y  used to e s t i m a t e  the a 2 8  c o a c o n t r a t i a n  

in t h e  a r t i f i c i a l  p e r s p i r a t i o n  s o l u t i o n  s a t u r a t e d  on t a s t  f a b r i c s ,  I n  t h e  

case ~f thO Wring and SPATS t e s t s  t h i s  i s  used t o  cornpara p o t e n t i a l  s k i n  

exposure t o  Ql20 from pe r sp i r a t ion -we t t ed  f a b r i c s  a d  d i l u t e  fo rma l in  

s o l a t i o n s  used i n  pa tch  t e s t s  and other d e m a t o l o g i c a l  s t u d i e s  of a z o .  

A comparison of t h e  0 e x t r a c t i o n  and Wrin t e s t a  show t h a t  tho CY28 

concen t r a t ions  (ug ClI~zo/mL 820) wexe c o n s i s t e n t l y  h igher  w i t h  t h e  reduced 

e i n  the  Wring t e s t ,  but t h a t  the a20 r e l e a s e s  (ng 

were c o n s i s t e n t l y  lmer in t h e  YB~ing t e s t  th n i n  t h e  e x t r a c t i o n  t e s t .  T h i s  

i n d i c a t e s  some suppress ion  of the  hW20 re leases  from the t e s t  f a b s l c s  w i t h  t h e  

i nc reased  c o n c e n t r a t i o n  r e s u l  t i n %  f E t h e  smaller Q O ~  

p e r s p i r a t i o n  s o l a t i o n  used i n  t h e  Wring t a s t .  The Wring t e s t  averaged 2.7 9 
0 . 8  f o l d  h i g h e r  in C2320 concen t r a t ion  in the s r t i f  i c i a l  p e r s p i r a t i o n  s o l u t i o n  

t h a n  t h e  QRNL, e x t r r e t i a n  t e s t .  I n  c o n t r a s t  t h e  Wring t e s t  averaged 4.1 2 2.7* 

* 

f o l d  lower i n  QB20 r e l e a s e  (ug 2 0 / g  f a b r i c )  than t h e  L e x t r a c t i o n  t a s t  

r e s a l t s .  The intarmetbod comparison between t h e  OBNL e x t r a c t i o n  and Wring 

t e s t s  e a a  be used t o  p r e d i c t  t h e  c820 concen t r a t ions  measmad by t h e  Wring 

t e s t  f o r  a l l  t e s t  f a b r i c s  from t h e  t e x t i l e  sarvey t h a t  were analyzed a s i n  

O W L  e x t r a c t i o n  t e s t .  

--- * Standard e r r o r s  o f  t h e  mean a r e  r epor t ed  
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(2 )  * 
f a b  2.7 5 0 . 8  Wring Tes t  = ORNL E x t r a c t i o n  , 

(ug CXl20/mL, H 2 O )  T e s t  (ug m 2 0 / g  f a b )  100 m l s  

The p r e d i c t e d  average a 2 0  concen t r a t ions  f o r  Wring t e s t  measurements a l l  

top-weight, bottan-weight,  k n i t  and f l a t g o o d  f a b r i c s  from the  t e x t i l e  survey 

(based on ORNL e x t r a c t i o n  t e s t  r e s u l t s  taken  dur ing  t h e  survey) a r e  3 2  4* , 
16 : 2*, 5 1* and 8 & 1* ng @azo/ mL H20, r e s p e c t i v e l y .  The p r e d i c t e d  

maximum a 2 0  concen t r a t ions  f o r  Wring t e s t s  of t he  s t r o n g e s t  e m i t t i n g  f a b r i c s  

(based on ORNL e x t r a c t i o n  t e s t  r e s u l t s  taken  dur ing  t h e  survey) i n  each of t he  

above f a b r i c  c a t e g o r i e s  a r e  940 2 85*, 76 5 7* ,  17 & 2*, and 33 t 3* ng 

a z O / m L  H20, r e s p e c t i v e l y .  

of 

The r e s u l t s  of an intermethod comparison between t h e  SPATS and ORNL 

e x t r a c t i o n  t e s t s  a r e  similar t o  t h e  r e s u l t s  of an intermethod comparison of 

t h e  Wring and ORNL e x t r a c t i o n  t e s t s .  The r e s l a l t s  of t he  SPATS t e s t s  of f i v e  

f a b r i c s  averaged 2.6 4 0.7* f o l d  h ighe r  t han  t h e  OWL’ e x t r a c t i o n  t e s t  i n  (820 

c o n c e n t r a t i o n  u n i t s  of ng CH20/mL H l O .  Analogous t o  Equat ion 2,  t he  

intermethod comparison between t h e  OBNL e x t r a c t i o n  and SPATS t e s t s  can a l s o  be 

used t o  p r e d i c t  t h e  CEzO concen t r a t ions  measured by t h e  SPATS t e s t  f o r  a l l  
t e s t  f a b r i c s  fram the  t e x t i l e  survey. 

SPATS Test  = ORNL E x t r a c t i o n  lo fab  2.6  5 0 . 7  * ( 3 )  (ag 
CH20/mL H2O) T e s t  (ag Ca20/g f a b )  160 EPI: 

The r e s u l t s  p r e d i c t e d  f o r  t h e  SPATS t e s t s  a r e  s l i g h t l y  lower ( i . e . ,  2.7/2.6 = 

0.96 f o l d )  t h a n  those  f o r  t h e  Wring t e s t ,  bu t  i n d i s t i n g u i s h a b l e  w i t h i n  t h e  

uncer t a i n t  i es  of t h e  i n t  erme thod compar i sons. 

The r e s u l t s  of t h e  t e x t i l e  survey of 180 f a b r i c  samples us ing  t h e  O W L  

e x t r a c t i o n  t e s t  and t h e  intermethod comparisons between t h e  ORNL e x t r a c t i o n  

t e s t  and t h e  SPATS and Wring t e s t s  i n d i c a t e  t h a t  only one f a b r i c  i s  p r e d i c t e d  

t o  exceed 100 ng (B20/mL H 2 0  i n  a r t i f i c i a l  p e r s p i r a t i o n  s o l u t i o n  when 

s a t u r a t e d  w i t h  t h e  p e r s p i r a t i o n  s o l u t i o n .  Twenty-two f a b r i c s .  approximately 

12% of t h e  survey d a t a ,  a r e  p r e d i c t e d  t o  exceed 30 ug c820/mL B20, t h e  lowest 

* Standard  e r r o r s  of t he  mean a r e  r epor t ed  
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reported concentration wi th  measured de= l respoase i n  s e n s i t i z e d  

ind iv fdna l s .  However, the  r e s n l t s  of the  repeated washing experiments 

i n d i c a t e  t h a t  only one f a b r i c  i s  pscd ic ted  t o  exceed 30 tag cBzO/mL, sf20 a f t e r  81 

s i n g l e  laundering. A 3 0  ng Ciil20/ BIZQ i s  about 120-foia Egore d i l u t e  

formalin solation cmmonXy used in s k i n  patch tastian 

American Contact Dermatl tusI 1982) ,, 
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Table 1: R e s u l t s  of apparel t e x t i l e  slurvey f o r  top-weight non-knits ( f o r  
s h i r t s  and b louses )  taken us ing  t h e  OBNL e x t r a c t i o n  t e s t  

1 
2 
3 
4 
5 
6 
7 
8 
9 
18 
11 
1 2  
13 
1 4  
1 5  
16  
17 
1 8  
1 9  
20 
21 
22 
23 
24 
25 
26 
27 
2 8  
2 9  
30  
3 1  
32 
33 
34  
35 
36 
37 
3 8  
3 9  
40 

Fabric 

0043 
0044 
0045 
0046 
0047 
0975 
0976 
0977 
0978 
0979 
1491 
1492 
1493 
1494 
1495 
2444 
2445 
2446 
2 447 
2448 
2449 
2450 
2451 
2452 
2453 
2461 
246 2 
2463 
2464 
2465 
2466 
2467 
246 8 
246 9 
247 0 
3 803 
3 804 
3805 
3 806 
3 807 

Manrrf ac t  nr er 
No, 

1 
1 
1 
1 
1 
2 
2 
2 
2 
2 
3 
3 
3 
3 
3 
4' 
4' 
4* 
4* 
4* 
4' 
4* 
4* 
4* 
4* 
5* 
5* 
5* 
5. 
5* 
5* 
5* 
5* 
5' 
5* 
6 
6 
6 
6 
6 

Class .  

DL 
DL 
DL 
DL 
DL 
DL 
DL 
DL 
DL 
DL 
DL 
DL 
DL 
DL 
DL 
DS 
DS 
DS 
DS 
DS 
F 
F 
F 
F 
F 
F 
F 
F 
F 
F 
DS 
DS 
DS 
DS 
DS 
DS 
DS 
DS 
DS 
DS 

S a m l e  

1 
2 
3 
4 
5 
1 
2 
3 
4 
5 
1 
2 
3 
4 
5 
1 
2 
3 
4 
5 
1 
2 
3 
4 
5 
1 
2 
3 
4 
5 
1 
2 
3 
4 
5 
1 
2 
3 
4 
5 

Extract ion S o l a  (ngCB2O/gFab) 
Svec.  1 

3 9.3 
7 9.7 

221.4 
43.3 
49.5 
56 .O 
50.2 
5 9.1 
41.6 
44.1 
42.4 

116.2 
150.3 

90.7 
3 8.1 
45.1 

158.9 
31.8 
43.8 
62.4 

144.8 
154.1 
218.4 
192.7 
244.9 

51 .O 
99.5 
55.8 
20.9 
37.9 

2.4 
257.3 
286.8 
836.8 
281.4 

34.7 
87.5 
67.1 
48.6 
22.5 

Svec. 2 

37.1 
7 8.6 

226.4 
44.6 
49.2 
56.2 
52.1 
60.6 
41.9 
46.9 
42.1 

11 9.1 
144.5 
87 .O 
40.2 
44.4 

161.8 
31,8 
44,7 
63.4 

152.5 
149.2 
226.8 
185.7 
256.9 

50.4 
102.1 

52.4 
20.2 
36.5 

2.3 
259.2 
285.8 
940.2 
286.4 

32.5 
84.9 
65.8 
47.2 
22.5 

s v e c .  3 

38.0 
80.6 

227.7 
44.7 
50.6 
54.2 
48.9 
60.8 
43.8 
45.7 
42.7 

110.0 
144.6 

88.2 
40.8 
45.5 

159.6 
3 1  "6 
45.9 
64.4 

145.7 
151.9 
211 .o 
191.3 
323.1 

56.6 
102.1 

56.1 
21 8 
34.9 

2.6 
253.7 
285.5 
915.4 
284.3 

33.5 
87.7 
64.5 
47.7 
22.6 

....................................................................... 
Fabric  specimens were obtained from both f o r e i g n  and domestic 
manufacturing p l a n t s  of the  same t e x t i l e  company. 

L 



Table 1: ltesnlts of apparel t e x t i l e  snrvey for top-weigbt non-knits (for 
s h i r t s  and b l o u s e s )  continued 

41 
42 
43 
44 
45 
46 
47 
48  
4 9  
90 

Fabric  

3 8 0 8  
3 80 9 
38110 
38111 
3 8 2  
8224 
8225 
8226 
82 27 
822 8 

Manaf actarer 
No. Class .  

7 DS 
7 DS 
7 I)§ 
7 DS 
7 DS 
8 DS 
8 DS 
8 DS 
8 DS 
8 DS 

Samvle 

1 
2 
3 
4 
5 
1 
2 
3 
4 
5 

Extract ion Sol n (ugmzO/gFab 1 
Suec. 1 Spec, 2 Spec. 3 

57.7 
57.5 
75 .4  
71 .8  
3 8.5 
141 a 9 
285.6 

57 .O 
49.0 

3O2,3 

55  .z 
57 .§ 
71 .8  
76.3 
3 9 . 8  
140.7 
295.8 
57.3 
47.7 

289.3 

65.3 
59.9 
73.5 
73.3 
39 .8  

143.9 
301.7 
60.1 
47.7 

2 a . 6  
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Table 2: Results of apparel t e x t i l e  survey for  bottom-weight ( for  pants) 
taken us ing  the  ORNL e x t r a c t i o n  test  

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
1 2  
13 
1 4  
1 5  
1 6  
17 
1 8  
1 9  
20 
2 1  
22 
23 
24 
25 
26 
21 
2 8  
29  
3 0  
3 1  
3 2  
33 
3 4  
35 
36 
37 
3 8  
3 9  
40 
4 1  
42 
43 
44 
45 
46 
47 

Fabric  

003 2 
003 3 
003 4 
003 5 
0036 
0737 
073 8 
0739 
07 40 
0861 
0 826 
0827 
0828 
0829 
0830 
0831 
0833 
0834 
0835 
0970 
0971 
0972 
0973 
0974 
2486 
2490 
2491 
2492 
2493 
3191-5 
3191-6 
3191-7 
3191-8 
3 1  91-9 
3 1  92 
3 1  94 
3195-3 
3971 
3972 
3973 
3974 
3975 
81 95 
81 % 
81 97 
81 98 
8199 

Mannf actnrer  
No, 

1 
1 
1 
1 
1 
2 
2 
2 
2 
2 
3 
3 
3 
3 
3 
4 
4 
4 
4 
5 
5 
5 
5 
5 
6 
6 
6 
6 
6 
7 
7 
7 
7 
7 
8 
9 

10 
11 
11 
11 
11 
11 
1 2  
1 2  
1 2  
1 2  
1 2  

Class .  

DS 
DS 
DS 
DS 
DS 
DS 
DS 
DS 
DS 
DS 
DL 
DL 
DL 
DL 
DL 
DL 
DL 
DL 
DL 
DL 
DL 
DL 
DL 
DL 
DS 
DS 
DS 
DS 
DS 
DS 
DS 
DS 
DS 
DS 
F 
F 
F 
F 
F 
F 
P 
F 
F 
F 
F 
P 
F 

Sample 

1 
2 
3 
4 
5 
1 
2 
3 
4 
5 
1 
2 
3 
4 
5 
1 
2 
3 
4 
1 
2 
3 
4 
5 
1 
2 
3 
4 
5 
1 
2 
3 
4 
5 
1 
1 
1 
1 
2 
3 
4 
5 
1 
2 
3 
4 
5 

Spec. 1 

16.3 
11.9 
23.2 

6.5 
10.9 

247.2 
95.6 

240.9 
274.2 
212.6 
149.9 

21.6 
67.6 
92 .O 

110.8 
106.6 

91.4 
83.9 
10.5 
16.3 
30.4 
22.3 
21.9 
3 8.4 
18.1 
75.9 
47.5 
56.2 
46.1 
53.4 
20.3 

149.7 
74.8 
11.2 
3.3 

56.3 
7.6 
5.7 
4.8 

12.6 
4.2 
1.2 
3.8 
4.6 
4.1 

10.4 
19.7 

Spec. 2 

16.5 
11.7 
22.9 

6.3 
10.8 

237.1 
92.9 

232.2 
273.9 
276.1 
148.0 

20.6 
70.0 
87.2 

104.9 
107.3 

91.8 
85.6 
7 .O 

16.5 
29.4 
22.4 
21.3 
37.6 
18.8 
80.3 
45.1 
54.4 
45.6 
52.8 
20 .o 

157.7 
74.4 
11 .o 

2.7 
58.8 
7 .d 
5.9 
4.3 

10.5 
4.4 
1.4 
3.6 
4.8 
3.9 

11.1 
19.9 

Spec. 3 

16.5 
111.2 
23.9 

6 .O 
10.5 

226 .Q 
94 .O 

234.7 
27 9.2 
27 8.9 
151.8 

21.7 
67.5 
88.4 

107 .Q 
103.6 

93.7 
82.4 

9.8 
15.5 
28.4 
21.4 
21.1 
37.8 
19.5 
80.5 
47.2 
54.3 
46.5 
53.3 
20.2 

152.8 
77.3 
11.4 

2.9 
55.2 

7.8 
5.9 
5.1 

10.4 
4.0 
2.3 
4.1 
4.8 
4,4 

11.2 
20 .o 
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Tabla 3 :  Bcsnl ts  of apparel t e x t i l e  survey f o r  cotton and c o t t o n  blend  knits 

8bs 

1 
z 
3 
4 
5 
6 
7 
8 
9 

10 
11 
1 2  
1 3  
1 4  
15 
16 
17 
1 8  
1 9  
20 
21 
22 
23 
24 
25 
26 
27 
28  
29 
3 8  
3 1  
32 
33 
34  
35 
36 
37 
3 8  
3 9  

( f o r  shirts  and nndemcaa) taken 

Fabr ic  

0467 
0% 8 
046 9 
047 8 
047 1 
1481 
1482 
1483 
1484 
1485 
2551 
256 2 
2963 
256 4 
255 5 
2566 
256 8 
256 9 
257 0 
257 1 
31 93 
31911 
31912 
31 9113 
31 91 4 
6 8  
6 888 
6 889 
6 890 
5 891 
$5 43 
85 44 
85 45 
85 45 
85 47 
9895 
9896 
9897 
9898 

Manuf actnrer 
N& 

1 
1 
1 
1 
1 
2 
2 
2 
2 
2 
3 
3 
3 
3 
3 
4 
4 
5 
5 
5 
5 
6 
6 
6 
6 
7 
7 
7 
7 
7 
8 
8 
8 
8 
8 
3 
9 
9 
9 

Class ,  

DL 
DL 
DL 
DL 
DE 
DS 
as 
DS 
DS 
DS 
P 
P 
F 
F 
F 
F 
F 
P 
F 
F 
F 
DS 
DS 
DS 
DS 
DL 
DL 
DL 
DL 
DL 
DS 
DS 
DS 
DS 
DS 
BL 
DL 
DL 
DL 

S m p l e  

1 
2 
3 
4 
5 
1 
2 
3 
4 
5 
1 
2 
3 
4 
5 
1 
2 
1 
2 
3 
4 
1 
2 
3 
4 
1 
2 
3 
4 
5 
1 
2 
3 
4 
5 
1 
2 
3 
4 

e x t r a c t i o n  t e s t  

Spec. 1 

2 "3  
14.0 

3.6 
3.8 

15.6 
7.3 
6.9 
3.7 
5.9 
4.9 
27.7 

7 .O 
6.1 

13.8 
8.3 
2.7 
3.9 

35.9 
2.8 
5 .1 
6.9 
4.1 
5 .o 
3 .O 
6.5 

24.2 
2s .1 
24.7 
28.1 
24.6 
36.8 
52.3 
40.2 
51.5 
38.5 
64.1 
41 " 0  
48.2 
41.5 

Ex t rac t ion  Soln ~ ~ ~ ~ 2 ~ / ~ ~ a b ~  
Spec. 2 Spec. 3 

1.9 
14.4 

3.3 
4.1 

16.5 
7.2 
6.9 
3.4 
5.3 
4,3 

23 .O 
8.0 
6.4 

12*6 
8.9 
2.8 
3.2 

35.5 
2.8 
5 .I 
7 .O 
4.0 
4.4 
3.3 
3.2 

23.5 
23.5 
26.4 
28.9 
26.1 
36.8 
52.8 
41.1 
51.2 
3 9.7 
63.4 
41 .O 
49.2 
3 9.6 

2.0 
16.4 

3.2 
4.6 

15.8 
7.3 
6.6 
3 .5 
5.5 
4.9 

25.3 
7.9 
6.3 

1 4 - 3  
9.8 
2,7 
3.3 

34.6 
3 "1 
4.4 
7.4 
9.4 
4.8 
2.7 
2.8 

23.6 
25 .k 
23.2 
28.9 
26.5 
35.4 
53.4 
3 9.1 
51 .1 
3 8.7 
62.9 
40.7 
52 .I 
40 . d  



Table 4: R e s u l t s  of apparel t e x t i l e  survey for f l a t g o o d s  ( f o r  s h e e t s )  
taken using t h e  ORNL e x t r a c t i o n  test* 

1 

2 

3 

4 

5 

6 
7 
8 
9 

10 
11 
1 2  

13 

1 4  

1 5  
16 
17 
1 8  
1 9  
20 
2 1  
22 
23 
24 
25 

26 

27 

2 8  

Manaf actnrer 
Fabric No. C l a s s .  Samvle 

0672 
0672 
07 57 
07 57 
0758 
0758 
0759 
0759 
0760 
0760 
07 43 
07 44 
07 45 
07 46 
07 47 
0822 
0 823 
0 823 
0824 
0824 
0825 
0825 
0863 
0864 
0865 
0866 
0867 
1486 
1487 
1488 
1489 
1490 
14% 
14% 
1497 
1497 
1498 
1498 
1499 
1499 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
2 
2 
2 
2 
2 
3 
3 
3 
3 
3 
3 
3 
4 
4 
4 
4 
4 
5 
5 
5 
5 
5 
6 
6 
6 
6 
6 
6 
6 
6 

F 
F 
P 
P 
P 
F 
F 
F 
F 
P 
DL 
DL 
DL 
DL 
DL 
DS 
DS 
DS 
DS 
DS 
DS 
DS 
DS 
DS 
DS 
DS 
DS 
DL 
DL 
DE 
DL 
DL 
DL 
DL 
DL 
DL 
DL 
DL 
DL 
DL 

1 
1 
2 
2 
3 
3 
4 
4 
5 
5 
1 
2 
3 
4 
5 
1 
2 
2 
3 
3 
4 
4 
1 
2 
3 
4 
5 
1 
2 
3 
4 
5 
1 
1 
2 
2 
3 
3 
4 
4 

Extrac t ion  Sol n ( w a 2 0 / g F a b )  
Spec, 1 Spec. 2 Soec.  3 

0.9 

1.4 

1.1 

0.9 

1 .o 
11.2 
20.0 
13.3 
20.5 
32.1 
17.8 
14.1 

55.7 

14.7 

59.8 
42.5 
58.2 
75.2 
41.2 
56.2 
60.9 
30.4 
78.7 
94.3 
12.8 

40.3 

23.2 

19.6 

. 

1.9 

1.8 

1.6 

1.3 

1.7 

11.6 
18.0 
13.1 
21.1 
36.2 
17.1 

25.3 

72.1 

42.2 
56.1 
54.3 
54.3 
67.7 
40.7 
64.0 
84.2 
49.6 
70.4 
90.5 

14.5 

50.5 

30.7 

20.8 

. 

1.7 

1.5 

1.3 

1.2 

1.5 

11.2 
19.3 
12.0 
21.8 
3 9.6 
23.5 

33.4 

89.4 

36 .O 
56.7 
59.4 
62.1 
89.3 
51.6 
84.5 
94.1 
47.7 
98.7 

122.3 

14.7 

49.4 

32.5 

21.8 

. 

. 

* For s m e  f a b r i c s ,  a s i n g l e  specimen and then  two specimens were t e s t e d  
about one week apart  ins tead  of the  noma1 protocol  of t e s t i n g  a l l  threo 
specimens of a given f a b r i c  sample a t  the same t i m e .  



24 

Table 4 :  B e s a l t s  of apparel t e x t i l e  survey for f l a t g o o d s  ( for  shee t s )  
Q o nt i nu@ d"" 

Qbs 

2.9 

30  

3 1  

3 2  

33 

34  

35 
36 
37 
335 
39 
48 

45 

42 

43 

44 

Fabr ic  

1588 
1 SO0 
2421 
2 42% 
2422 
2422 
2423 
2 423 
2424 
2424 
2427 
2427 
3177 
317 8 
317 9 
3180 
4801 
3234 
3234 
3235 
3235; 
3 236 
3 236 
3 237 
3 237 
3238 
3238 

MannE actnr er  
Y% 
6 
6 
3 
7 
7 
7 
7 
7 
7 
7 
7 
I 
8 
8 
8 
8 
8 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 

Class e 

DL 
DL 
F 
P 
P 
F 
F 
P 
F 
F 
P 
P 
F 
P 
F 
F 
P 
BS 
DS 
DS 
1Ds 
DS 
DS 
DS 
DS 
1x4 
D% 

$RmplS 

5 
5 
1 
1 
2 
2 
3 
3 
4 
4 
5 
5 
1 
2 
3 
4 
5 
1 
1 
2 
2 
3 
3 
4 
4 
5 
5 

26.8 

. 
1.5 

1.4 

1 .5  

1.2 

4.2 
6.4 
4 .8  
4.5 
5 . 2  
6 .§ 

1 5 . 1  

8 8 * 7  

70.5 

62,7 

7 1 " 3  

. 

. 
25 . d  

3 .O 

2.3 

4.6 

4.0 

5.6 

7.3 
5 . 8  
4 . 8  
5.6 
7.2 

14.4 

86 .B  

49.3 

46.2 

44.4 

26 .Q 
4.6 

2 .9  

4.4 

2 .1  

5 .2  

8*9 
5.5 
5; $ 9  
5 . 1  

7 .8 

1 4 * 7  

75.5 

52.7 

46 .O 

51.3 

IB Pox s m e  Esbrics, a single spaeiman and than two specimens were t e s t e d  
about one week apart  ins toad  of t h e  no a1 protocol t o  t e s t  call tbrsa  
spkrcimens of a given f a b r i c  sample a t  t h e  s 
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Table  5: Smmary of appare l  t e x t i l e  survey r e s u l t s  t aken  using t h e  ORNL 

F a b r i c  Catego= 

Top-Wei gh t 

e x t r a c t i o n  test 

B o t  toan-Weight 

Cot ton  and 
Cot ton  Blend 

Kn i t  

F la tgoods  

A l l  F a b r i c s  

Mannf a c t  ur e r  
C l a s s i f i c a t i o n  

D m  es t i c-Lar ge 
Domestic-Small 

Fore ign  

( A l l  Samples) 

Dm e s  t i c-Large 
Dome s t  i c-Smal 1 

For e i  ga 

( A l l  Samples) 

D m  es  t 3  c-Lar ge 
Domes t i c-Smal 1 

Fore ign  

( A l l  Samples) 

Domes ti c-Lar ge 
Domes ti c-Smal 1 

Fore ign  

( A l l  Samples) 

D m  es t i c-Large 
Dom e s t  i c-Smal 1 

Fore ign  

( A l l  Samples) 

Aver a e: e 

75 
13 9 
125 

117 

61 
87 
10 

58 

25 
19 
11 

19 

41 
50 
4 

31 

51 
85 
32 

59 

S t d . Dev , S t  d . E r r  . 
51 

183 
83 

140 

43 
92 
14 

72 

18 
19 
10 

17 

29 
22 
2 

29 

42 
126 
61 

92 

8 
21 
15 

11 

7 
12 
2 

6 

3 
3 
2 

2 

4 
3 
0.3 

3 

3 
9 
5 

4 

Range 

37 - 228 
2 - 940 

20 - 323 
2 - 940 

7 - 152 
6 - 280 
1 - 59 
1 - 280 

2 - 64 
3 - 53 
3 - 36 

2 - 64 

11 - 122 
14 - 89 
1 - 9  

1 - 122 

2 - 228 
2 - 940 
1 - 323 
1 - 940 



26 

Table  6: F ~ ~ q u e n c y  distribution of a 2 0  raleasas  from t e s t  fabrles  
expressed as the c aaXatIva percentage Of tesit  respnlts thslt asa 
less than given values of CH20 releasr? (ng/g f a b r i c ) .  

CH20 re leases  for s a l a c t a d  
c m u 1  B t i v  P par C B  mt 8 g: e v a1  116 s 

0 

18 

25 

50 

75 

88 

85 

90 

95 

99 

99.5 

a 00 

0 

3.6 

8.3 

36 .s 
64.5. 
7 8,7 

93.7 

149.2 

244.9  
2 9 5 . 8  

323 "1. 

840.2 

0 

10 

25 

50 

9 9  

100 

159 

200 

300 

500 

1000 

0 

25.3 

4 3 . 1  
63.7 

78.5 
86.1 

99.4 

100 



Table 7: Resu l t s  of t he  a n a l y s i s  of var iance  among (820  r e l e a s e  da ta  of tap-weight non-knits ( f o r  
s h i r t s  and b louses)  

Coef f i c i en t  of Var i a t ion  (W) 
e - c - a Mean Ca20 !?. - 

Mean Squares Release Rate No. Test I n t r a  I n t e r  d I n t e r  
Manufact. Class .  Model Er ror  tun/ p; f a b r i c )  S amp 1 e s  Sample Sample Combined- Manufact. 

- 
1 DL 1 856 2.3 2.89 87.4 5 2 90 83 

- 
2 DL 155.3 1.61 50.8 5 3 14 13 

- 
3 DL 6415.2 7.66 86.5 5 3 53 50 

- 4 DS 8160.8 0.94 69.0 5 1 76 70 
4 F 8312.7 374.71 196.6 5 10 26 26 - 

5 P 328167.8 585.74 345.3 5 7 96 89 - 
5 DS 2722.5 4.21 53.2 5 4 57 53 - 

6 DS 1963.1 1.17 SI . 3  5 2 50 45 - t 4  

7 DS 599.7 7.73 60.9 5 5 23 22 - 
4 

- 
8 DS 44287.5 24.11 167.4 5 3 73 67 

Average Domestic 
Range Domestic 

Average Foreign 
Range Foreign 

114.8 
51 - 345 
124.9 

53 - 197 

3 59 55 87 
1 - 7 14 - 96 13 - 89 - 
7 42 40 81 - 4 - 10 26 - 57 26 - 53 

Average f o r  a l l  top-weight $16.8 4 56 52 81 
Range f o r  a l l  t o r w e i g h t  51 - 345 1 - 10 14 - 96 13 89 - 

a See Eqaations 4, 5, i n  Appendix 11. 
S e e  Equation 6 i n  Appendix 11. 

I e See Equation 3 i n  Appendix 11. 
Combined intra-sample and inter-sample v a r i a t i o n ,  see Equat ion 7 i n  the  Appendix 11. 

- e Coef f i c i en t  of v a r i a t i o n  between manuf actnrer-average (E20 r e l e a s e  l e v e l s .  

2 
A 
8 
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Table  9:  R e s u l t s  of t h e  a n a l y s i s  of v a r i a n c e  among a 2 0  r e l e a s e  d a t a  of c o t t o n  and c o t t o n  b lend  k n i t s  
f o r  s h i r t s  and underwear)  

Manuf ac  t . 
C o e f f i c i e n t  of V a r i a t i o n  (96) 

C e 
Mean Squares  Re lease  Ra te  No. T e s t  I n t r a  I n t e r  d I n t e r -  

- a Mean chl20 !2 - 

Class .  Model E r r o r  lag/ R f a b r i c )  Samples Sample Sample Combined- l a n n f a c t .  

1 DL 137.14 0.425 8.1 5 8 a3 7 8  - 

2 DS 6.87 0.054 5 . 6  5 4 27 25 - 
3 F 180.39 1.437 12.4 5 10  62 5 9  - 
4 F 0.81 0.073 3.1 2 9 16 15 - 
5 F 700.94 0.177 12.6 4 3 121  110 

- 6 DS 4.18 3.463 4.4 4 42 11 43 

- 7 CL Z0.71 0 . 9 5 5  2 5 . 5  fi 4 7 8 

8 DS 172.3 9 0.483 43 . 9  5 2 17  16  - 
9 DL 346.33 1.350 48.7 4 2 22 20 - 

Average Domestic 
Range Domestic 

Average Fore ign  
Range Fore ign  

Average f o r  a l l  k n i t s  
Range f o r  a l l  k n i t s  

40.3 
4 - 4 9  

9.4 
3 - 1 3  

18.3 
3 - 4 9  

1 0  28  32 88 - 2 -42 7 - 83 8 - 7 8  

7 66 61 58  
3 - 1 0  16 - 121  15 - 110  - 

9 41 42 95 
2 - 42 7 - 121 8 - I10 - 

a See Equat ions  4 .  5 i n  Appendix 11. 
See  Equat ion  6 i n  Appendix 11. 

- c See  Equat ion  3 i n  Appendix XI. 
- d Combined in t r a - sample  and in te r -sample  v a r i a t i o n ,  s e e  Equat ion  7 i n  Appendix TI. 
- e C o e f f i c i e n t  of v a r i a t i o n  between mannf ac tn re r - ave rage  a20 r e l e a s e  l e v e l s .  



Trtble 10: R e s u l t s  of t h e  analysis of v a r i a t i o n  mong  a 2 8  r e l e a s e  data o f  flatgoods ( f o r  s h e e t s )  

Manuf ac t . 
1 

2 

3 

4 

5 

6 

7 

8 

5, 

C l a s s .  

F 

DL 

DS 

DS 

DL 

DL 

F 

F 

DS 

a - 
31ean Squares 

Model 

0.084 

287.97 

1758.91 

445.54 

1445.07 

450.96 

3.71 

4.19 

1822.86 

Average Domestic 
Range Domestic 

Average Foreign 
Range For e i  gn 

Average for a l l  flatgoods 
Pange f o r  a l l  flatgoods 

Error 

0 .112  

3.22 

1 4 9 . 5  8 

50.49 

225.87 

11 .67  

2.71 

0.439 

95.33 

Mean C320 
Release  Rate 

( u p l g  f a b r i c )  

1.4 

20.1 

3 6 . 8  

57.9 

75 .I 

27 .3  

3.2 

6 .o 

52.7 

45 .o 
20 - '65 

3.5 
1 - 6  

31.2 
I - 75 

No. Test 
Samp 1 e s  

5 

5 

4 

5 

5 

5 

5 

5 

5 

C o e f f i c i e n t  of Var ia t ion  (Yo) 
e - C b_ - 

I n t r a  In ter  - d I n t e r  
Sample Sample Combined Banufact. 

- 24 0 23 

9 48 46 - 

33 63 4 6  - 

12 20 22 

20 27 32 - 

13 44 43 - 

41 26 47 - 

11 19 21 

19 46 46 - 

18 41 43 46 

- 

- 

- 9 - 33 20 - 64 22 - 66 

25 15 3 0  65 
- 14 - 41 0 - 26 25 - 47 

20 33 38 85 
- 9 - 41 61 - 63 21 - 66 

a See  m a a t i o n s  4 ,  5 i n  Appendix 11. 
H S e e  Equation 6 in appendix 11. 
- c See  Equation 3 i n  Appendix 11. 
& Combined intra-sample and inter-sample v a r i a t i o n .  see Equation I i n  Appendix 11. 
- e C o e f f i c i e n t  of v a r i a t i o n  between manufacturer-average a20 r e l e a s e  l e v e l s .  

w 
0 

s 
8 
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Table 11: Resu l t s  of repeated washing experiment taken using the ORNL 
e x t r a c t i o n  t e s t  

Fabric Fabric lanaf  actarer  Wash 
Number Category- No. Classc  Number 

1 F1 atgood 1 F 0 
1 
2 
3 
5 
7 

2 Platgood 3 DS 

3 B o t t m -  4 DL 
Weight 

4 Top-Weight 5 F 
Weight 

5 Bottom- 6 DS 
Weight 

6 Top- We i gh t 8 DS 

(E20 Release Normalized (828  
u ~ g  f a b r i c  Re 1 eas e 

0.6 1 .OQ 
9.6 16.81 
9.4 16.61 
5.3 9.36 
2.3 4.1 9 
1.9 3.32 

176.6 1 .oo 
49.4 0.28 
40.4 0.23 
41.5 0.24 
33.6 0.1 9 
21.4 0.16 

25 .O 
9.0 

10.3 
11.3 
10.4 
7 .O 

10.1 
10.7 
9.2 
6.9 
6.4 
5 .O 

1 .oo 
0.36 
0.41 
0.46 
0.42 
0.28 

1.00 
1.07 
0.93 
0.67 
0.62 
0.49 

3.4 1 .oo 
8.8 2.63 

10.8 3.21 
6.5 1.94 
3.5 1.05 
3.1 0.92 

178.1 1 .OO 
70.3 0.3 9 
49.8 0.28 
47.3 0.26 
36.8 0.20 
32.3 0.1 8 
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7 $ a i  e 8 DS 0 135.5 1.06 
1 32.1 0.24 
2 24.4 0.18 
3 24.0 0.1 8 
5 9.3  0.09  
7 14.7 0.10 

a 8 DS 0 157 . I  1.00 
W8eight 1 21.4 0.13 

2 17.2 0.11 
3 15.3  0.10 
5 12.6 0.08 
7 10.0 0.66 
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Table 12:  R e s u l t s  of intermethod comparfsoa of O R m ,  AATCC and Japanese 
Methods 

F a b r i c  F a b r i c  
Nnmber Category 

1 Kni t  

(Average) 

2 Bot tom- 
Weight 

( Aver age 1 

3 F1 a tgood 

(Average 1 

4 Knit 

(Average 

5 F1 a tgood 

(Average ) 

6 Bottom- 
Weight 

Manaf a c t a r e r  
No. 

8 

7 

9 

3 

2 

6 

(Average 1 

7 Top-Weight 5 

(Average 1 

8 Top-Weight 4 

(Average 

9 Top-Wei gh t 3 

(Average) 

Class .  

DS 

DS 

DS 

F 

DL 

DS 

F 

F 

DL 

E x t r a c t i o n  T e s t  R e s n l t s  

Japanese 

192.2  
173 .2  
195 .1  

189  k l 4  

158.3 
157.3 
161 .O 

159  2 2 

120.7 
114.6 
11 8.4 

118  + , 3  

42 .3  
45 .I 
44.0 

44 5 2  

65 .4  
7 4 . 4  
7 3 . 8  

71 + 5  

49.3 
55 .9  
60 .3  

54 2 1 2  

50.0 
55.5 
60 .7  

55 2 5  

115 .0  
100 .9  
111 .8  

114  2 4 

94 .9  
92 .9  

101 .7  
96 5 5  

(nn cB20/1r, f a b r i c )  
AATCC ORNL, 

46 8 .0  
515 .0  
51 8.0 

500 2 2 8  

604.0  
713.5 
6 92 .O 

670 5 5 8  

219.6 
206.5 
209.3 

212 5 7  

34 .9  
51.3 
3 8.0 

41 5 9 

172.4  
163 .0  
172 .0  

1 6 9  + , 5  

150.6 
150 .8  
159.0 

154  5 5 

342.3 
347.5 
324.7 

338  2 1 1  

703 .O 
685.5 
651.5 

680 2 2 6  

27 9 .8  
249.6 
273.3 

268  2 16 

209.0 
228.9 
223.3 

218 8 

27 9.2 
270.6 
284.4 

278  5 7  

162.4 
164.5 
163 .1  

163 I -4- 1 

23 .4  
27.7 
27.5 

26 2 2  

74 .5  
7 2 . 9  
69.7 

7 2  5 2  

7 0 . 8  
64.5 
65.8 

67 2 3  

88.0 
87.2 
87.3 

88 9 1  

207.1 
203.3 
213.8 

208 5 5  

152.6 
158.8 
159.1 

157 + 4  



PabrPsr 
Nrnmnbaa 

10 

11 

12 

Tog-Weight 5 DS 

(Average 1 

F 

(Average 1 

466.5 2494.0 1'9.66 .B 
736.6 2892.0  1700.0 
736 .0 1846.1%) 

713 6 40 2828 116 1764 9 7 9  

13 9.5 767 .o 212.3 
156.8 713 .O 215.8 
150.7 821 .o 221.1 

6147 L 6  767 f 54 216 2 4 

105.3 557 .0 173.5 
104.7 585.0  188.0 
101 II 9 497.6 187 .o 

104 5 2 546 2 45 183 8 
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Table 13: Comparison of ORNL e x t r a c t i o n  tes t  r e s u l t s  taken during t h e  
t e x t i l e  survey and intermethod comparison s t u d i e s  

Fabrica Fabric  ORNL Test  R e s u l t s  (ug/g)  Delay Between Intermethod 
Number Catenorx Survey Intermethod T e s t s  (weeks) Snrv ey 

1 Kni t 53 0.6 218 2 8 31 4.1 

2 Betta- 53 4.0 278 2 7  4 5 . 2  

Weight 

3 F1 a tgood 58 5 1 1  163 2 1 39 2 . 8  

4 Knit 14 20.9 26 2 2  31 1.9 

5 Flatgood 19 21.0 72 + 2  31 3. 

6 Bottom- 46 5 0.4 67 2 3  4 1.4 

Weight 

7 Top-Weight 36 2 1.5 88 t l  6 2-4 

8 Top-Weight 152 t, 2.4 208 5 5  6 1.4 

9 Top-Weight 89  5 1.9 157 2 4 6 1.8 

10 Top-Weight 897 2 54 1764 t 7 5  7 2.0 

11 Top-Weight 219 7.9 216 2 4 7 1 .o 

12 Top-Weight 284 2 2 .5  183 + 8  6 0.6 

8 Fabric number determined from intermethod comparison, Table 12. 
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Table  1 4 :  Summary of re su l t s  for SP 

1 Kni t 75 L 5 38 2 6  0.51 2 Q,08 25 k3 4 9  210 

5 Flatgood 300 & 20 1’89 2 12 0.60 2 0.04 16 5 3  26 . + 5  

9 TOP- 306 20 I79 2 112 0.60 2 0.04 23. -+ 5 36 2” 8 
Weight 

10 Top- 500 2 33 261 5 20 0.52 9 0.04 16% 11 310 J- 3 2  
e i g h t  

10 Top- 500 k 3 3  28‘7 t 1 4  0.57 5 8.03 172 2 1 6  303. 1- 32 
Weight 



Table  1 5 :  C m p a r i s o n  of r e s u l t s  from t h e  ORNL e x t r a c t i o n .  Wring and SPATS t e s t s  f o r  f a b r i c s  
examined i n  t h e  in t e rme thod  comparison of e x t r a c t i o n  t e s t s  

F a b r i c  F a b r i c  
Number Category 

1 Kni t  

------ ___----- 

(Average)  

2 Bot tan-  
Weight 

(Aver age 1 

3 F la tgood  

(Average)  

4 Kni t  

(Aver age)  

5 F la tgood  

( Av e r  a g e ) 

6 Bottcm- 
Vei gh t 

(Aver age ) 

27 9.2 27.7 
270.6 30.3 
2 84.4 28.3 

278 + 7  2 9  51 

162.4 16.5 
164.5 16.3 
163.11 16.5 

163  + I  16.4  + 0.1 

23.4 2.4 
27.7 2.8 
27.5 2.8 

26 + 2  2.6 + 0.3 

74.5 7.6 
72.9 7.4 
6 9.7 7.0 

72 2 2  7.3 2 0.3 

70.8 6.9 
64.5 6.5 
65.8 6.5 

67 5 3  6.6 2 0.2 

119.5 89 5 3 1  16  8.1 
157.7 106.8 
16 9.2 110.7 

165 2 6  112  2 6  

107.8 47.9 
114.1 52.0 
102.0 44.5 

1 0 8  2 6  4 8  2 4  

- 13.9 5.4 
14.2 5.5 
15.5 5.6 

1 4  2 1 '  5.5 t 0.1 

32.4 2 9.4 26 2 5  
34.6 29.6 
31.3 26.8 

2 9  2 2  33 2 2  

- 32.7 17 .O 
31.2 17 .9  
30.5 16.6 

32  + 1  17.2 2 0.7 

- - ~  -_I- - a Response of SPATS t o  t e s t  f a b r i c  (ugCfI2O/mL.U20) de te rmined  f a m  a d a i l y  c a l i b r a t i o n  w i t h  
w i t h  a s t a n d a r d  f a b r i c  specimen s a t u r a t e d  w i t h  a d i l u t e  f o r m a l i n  s o l u t i o n  made with 
an  a r t i f i c i a l  p e r s p i r a t i o n  s o l u t i o n ,  

i 
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APPENDIX I: Formaldehyde e x t r a c t i o n  f rm T e x t i l e s :  ORNL Pro tocol  II  ( 5 / 8 5 )  

1. Scope 

There i s  a need t o  improve e x t r a c t i o n  methods f o r  formaldehyde ( a z o )  
r e l e a s e  f r m  durab le  p r e s s  appare l  t e x t i l e s  t o  more c l o s e l y  s imula te  dermal 

clFI20 exposure under normal consumer use condi t ions .  Current  e x t r a c t i o n  t e s t  

methodologies  measure cH20 r e l e a s e  under widely va ry ing  environmental  

cond i t ions ,  some of which a r e  i n c o n s i s t e n t  w i t h  consumer use. The Japanese 

method (1) i s  t h e  only one s p e c i f i c a l l y  designed t o  approximate dermal 

e rposu re  under consumer use condi t ions .  A new procedure i s  desc r ibed  h e r e  

t h a t  b u i l d s  upon t h e  Japanese  t e s t  i n  an  a t tempt  t o  measure (3320 r e l e a s e d  from 

appare l  t e x t i l e s  under cond i t ions  more c l o s e l y  r e l a t e d  t o  consumer use. The 

r e s u l t s  from t h i s  new procedure w i l l  be compared w i t h  those  from the  Japanese 

t e s t  and t h e  AATCC Sealed  J a r  t e s t  (2 )  which i s  widely used i o  t h e  United 

S t a t e s .  However, t h e  ORNL p ro toco l  i s  not  intended t o  r ep lace  01: modify 

contemporary q u a l i t y  c o n t r o l  methods f o r  (R20 r e l e a s e  from t e x t i l e s .  

The primary mod i f i ca t ions  t o  t h e  Japanese  t e s t  t h a t  a r e  incorpora ted  i n  

t h e  ORNL e x t r a c t i o n  procedure a r e  (1) use of p e r s p i r a t i o n  chemicals i n  t h e  

e x t r a c t i o n  s o l u t i o n ,  ( 2 )  use of a pH=5 b u f f e r  i n  t h e  e x t r a c t i o n  s o l u t i o n ,  

( 3 )  a n  e x t r a c t i o n  temperature  of 3S°C, ( 4 )  a n  e x t r a c t i o n  pe r iod  of s i x  hours ,  

( 5 )  use  of p a r a r o s a n i l i n e  c o l o r i m e t r i c  a n a l y s i s  a s  a more s e n s i t i v e  back-up 

method f o r  t h e  Nash procedure,  and (6) use  of 10 g f a b r i c  samples i n  a 100 mL 

e x t r a c t i o n  s o l u t i o n .  

The chemical composition of t h e  a r t i f i c i a l  P e r s p i r a t i o n  s o l u t i o n  i s  

modeled a f t e r  t h e  p e r s p i r a t i o n  s o l u t i o n  used i n  t h e  AATCC t e s t  f o r  

c o l o r f a s t n e s s  of t e x t i l e s  (3 ) .  A sodium a c e t a t e - a c e t i c  a c i d  b u f f e r  i s  added 

t o  ma in ta in  t h e  pH of t h e  p e r s p i r a t i o n  e x t r a c t i o n  s o l u t i o n  a t  5.0  i n  

accordance wi th  Maznr e t  a1 ( 4 ) .  It i s  recognized t h a t  t h e  pH of human 

p e r s p i r a t i o n  v a r i e s  over  a wide range ( i . e . ,  4 t o  7 )  and t h a t  t h i s  may have a 

s i g n i f i c a n t  impact on dermal exposure t o  QI20 from apparel  t e x t i l e s  ( 5 , 6 ) .  An 

e x t r a c t i o n  temperature  of 35OC was chosen a s  an  approximate compromise between 

body temperature  ( i . e . ,  3 7 O C )  and t h e  r e s u l t s  of a l i m i t e d  sampling of 
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c l o t h i n g  temperatures  on t h r e e  l o c a t i o n s  of f o u r  i n d i v i d n a l s  (i. e . ,  3 4  & l 0 C ) .  

An e x t r a c t i o n  per iod  of s i x  horns i s  designed t o  s imula te  cons e r  use w i t h i n  

its of an e i g h t  ho e x t r a c t i o n  and a n a l y s i s  t e s t .  

The g a s a r o s a n i l  i n e  (PA) c o l o r i m e t r i c  a n a l y s i s  pxovides I four - fo ld  

i n c r e a s e  i n  s e n s i t i v i t y  over t h e  Nash method, which h a s  E l i m i t  of 

q u a n t i t a t i o a  sf about 1 ag (ng = microgramr cA20/anL H2O. The PA method a l s o  

p r o v i d e s  a second c o l o r i m e t r i c  procednre wi th  a d i f f e r e n t  a b s o r p t i o n  s p e c t r  

versos  412 m for  t h e  Nash r e a g e n t )  t h a t  i s  nsefnl f o r  

testing f a b r i c s  t h a t  r e l e a s e  co lored  dye which can o p t i c a l l y  a f f e c t  the c820 

t e s t  r e s u l t .  Ten gram f a b r i c  specimens are used t o  i n c r e a s e  t h e  s e n s i t i v i t y  

of t h e  e x t r a c t i o n  t e s t  and reduce t h e  impact of intra-sample v a r i a t i o n  i n  CBz0 

emission s t r e n g t h .  

2 .  Analy t ica l  Apparatus and M a t e r i a l s  

2 .1  Absorption spectrometer ,  Spec t ronic  20,  or equiva len t .  

2.2 &enp P r e c i s i o n  S c i e n t i f i c ,  Model 28,  or  eqaivalent .  

2.3 P i p e t t e s ,  5 ml, and 1 volumetr ic  w i t h  adj a s t a b l e  capac i ty .  

2,4 Disposable  p i p e t t e  t i p s .  

2.5 Tes t  tubes,  1.2 x 10.3 cm, w i t h  screw caps. 

2 , 6  Paper c u t t e r ,  b lade  length  15 in .  

2.7 Funnels,  glass 12 cm diaaaeter x 8.5 cm long. 

an #I f i l t e r  paper,  15.0 em diameter. 

2 . 9  Brown reagent  b o t t l e ,  500 mL. 

2 - 1 0  B a l l  r e g u l a r  q u a r t  Mason j a r s  w i t h  bands and dome l i d s .  
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2.11 Erlenmeyer f l a s k s ,  250 mL. 

2.12 Sea lab le  p l a s t i c  bags. 

2.13 Volumetric f l a s k s ;  2 L, 500 mL, 100 mL. 

2.14 Graduated c y l i n d e r ,  100  mL. 

2.15 Timer, 0 t o  60 minute. 

2.16 pH meter,  Corning 610A o r  equiva len t .  

3 .  Chemical Reagents 

3.1 A r t i f i c i a l  P e r s p i r a t i o n  P r e p a r a t i o n  

3.1.1 To a 2.0 L volumetr ic  f l a s k  p a r t i a l l y  f i l l e d  wi th  d i s t i l l e d -  

de ionized  water ,  add t h e  f o l l m i n g  chemicals :  20.0 g NaC1, 

2.0 g Na2HP04 (anhydrous) ,  0.50 g h i s t i d i n e  HCl:H20, 2.46 g 

a83COONa. Shake u n t i l  s o l i d s  a r e  d isso lved .  

3.1.2 Add 1.43 mL 85% l a c t i c  a c i d  and 0 .58  mL g l a c i a l  a c e t i c  ac id .  

F i l l  t o  mark wi th  d i s t i l l e d - d e i o n i z e d  water .  

3.1.3 Check pH. Adjust  w i th  C83COONa o r  C83cooH i f  necessary t o  

achieve  a pH of 5.0. 

3.2 Nash Reagent P r e p a r a t i o n  

3.2.1 Add t o  a 500 m volumetr ic  f l a s k  75.0 g ammonium a c e t a t e ,  

1.5 mL g l a c i a l  a c e t i c  ac id ,  and 1.0 mL ace ty lace tone .  F i l l  

t o  mark w i t h  d i s t i l l e d - d e i o n i z e d  wa te r ,  

3.2.2 Trans fe r  s o l u t i o n  t o  a ground g l a s s  s toppered  brawn reagent  

b o t t l e  f o r  storage. Shelf  l i f e  of t h i s  r eagen t  i s  

approximately 7 weeks ( 2 ) .  
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3.3 Formaldehyde Stock  S o l u t i o n  P r e p a r a t i o n  

3.3,1 P i p e t t e  5 .00  inL of formal in  s o l a t i o n  [37% by we ight  

formaldehyde (Ma1linekxodt)l  into a 500 nL vu1 

m d  f i l l  t o  mark w i t h  a r t i f i c i a l  p a r s p i r a t i o n ,  (Be sure a l l  

r e s i d u a l  formalin. so ln t ion  has been r i n s e d  frm t h e  p i p e t t e  

t i p  i n t o  t h e  100 

3 . 3 . 3  Standard ize  t h i s  approximately 4000 n g / d  m20 s o l u t i o n  rasing 

the grocedare given in Appendix A. 

3.3 .% C a l e a l s t e  t h e  voP e r h ? q ~ i ~ % d  fan the preparation o f  2 . 0  L 

ug/m14 a 2 0  ( for  use w i t h  PA metbod) us ing  t h e  f a l l  

equblti0n: 

3.3.5 B i p e t t e  x ( a s  c a l c u l a t e d  in 3.3 .4)  mL of s tandard ized  

S O l P n t i O R  i n t o  iB 2.0 L V'OlUIl5tsic f l a s k  end f i l l  to m8Ek 

a r t i f  i c i a l  p e r s p i r a t i o n  s o l a t i o n .  This compdetss t h e  

p r e p a r a t i o n  of the 1 w/ stock ?3oIuiiop1 f o r  ase with 

t h e  FA method, S t o r e  i n  r e f r i g e r a t o r .  Discard wban 75 

d e p l e t e d .  

3.3.7 P i p e t t e  x '  ( a s  c a l c u l a t e d  i n  3.3.6)  of s tanaard izea  a20 

a r t i f  i c f a l  p e r s p i r a t i o n  s o l u t i o n .  This cevmpl6te3 t h e  

s o l u t i o n  i n t o  a 2.6 L volumetric f l a s k  and f i l l  t o  mark with 
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p r e p a r a t i o n  of the  4 n g / d  c82O s t o c k  s o l u t i o n  f o r  use w i t b  

the  Nash method. S t o r e  i n  r e f r i g e r a t o r .  Discard when 75% 

deple ted .  

3.4 P a r a r o s a n i l i n e  i s  obta ined  from CEA Instruments ,  Inc . ,  15 Charles  

S t r e e t ,  Westwood, W 07675. To a 5 0  mL a l i q u o t  of PA s tock ,  add 

6.2 mL of 4M HCP. Afte r  24 hours ,  add 21.2 nsL of d i s t i l l e d -  

de ion ized  r a t e r  t o  o b t a i n  t h e  f i n a l  p a r a r o s a n i l i n e  reagent .  

3.5 Sodium S u l f i t e ,  0.109b s o l u t i o n ,  i s  made by d i s s o l v i n g  0.10 g 

anhydrous sodium s u l f i t e  i n  100 mL d i s t i l l e d - d e i o n i z e d  water .  

4.  F a b r i c  P r e p a r a t i o n  

4.1 Samples of f a b r i c  a r e  s t o r e d  a t  roam temperature: (23 +, l 0 C ) ,  sea l ed  

i n s i d e  two p l a s t i c  bags. 

4.2 Three 10.0 2 .2 g specimens a r e  c a t  from random p o s i t i o n s  of each 

sample. The l eng th  and wid th  a r e  measured (t0.6 em) t o  determine 

t h e  a r e a  of each r e c t a n g u l a r  specimen. 

4.3 The specimens a r e  removed from the  p l a s t i c  bags and allowed t o  

c o n d i t i o n  i n  roan a i r  (23 5 1OC) 24 h o a t s  p r i o r  t o  t e s t i n g .  

4.4 I f  necessary,  each f a b r i c  specimen i s  cu t  i n t o  small  p i e c e s  (e.g. ,  

l e s s  t h a n  25 cm2) j u s t  p r i o r  t o  l i q u i d  e x t r a c t i o n  t o  i n s u r e  t h a t  a l l  

p i e c e s  w i l l  remain submerged i n  t h e  e x t r a c t i o n  s o l u t i o n  dur ing  t h e  

e x t r a c t i o n  per iod .  

5 .  Formaldehyde E x t r a c t i o n  

5.1 F i l l  each Mason j a r  w i th  100 mL of pH=5 a r t i f i c i a l  p e r s p i r a t i o n .  

P l ace  j a r s  i n  oven f o r  12 hours  be fp re  use t o  ensure  a 3 5 O C  

e x t r a c t i o n  s o l u t i o n .  Addit ional  j a r s  f i l l e d  wi th  100 a& pH=5 

a r t i f i c i a l  p e r s p i r a t i o n ,  t h a t  a r e  t o  be used f o r  blanks,  should a l s o  

be p l aced  i n  t h e  oven a t  t h i s  time. 
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5,2 Pat each f a b r i c  specimen. i n  a s e p a r a t e  j a r  and shake u n t i l  t h e  

specimen i s  completely wet. 

5.3 Return j a r s  t o  35OC oven f o r  6 hours. 

5 . 4  F i l t e r  each s o l u t i o n  ( i n c l u d i n g  b l a n k s )  i n t o  s e p a r a t e  250 mL 

E r l  emeyer f 1 asks 

6. Analy t ica l  Methods 

6.1.1 Use s e p a r a t e  p i p e t t e  t i p s  f o r  each s o l e t i o n  l i s t e d  i n  6.1.2 - 
6.1.5, 

6 .I .2 P i p e t t e  o 2 .0  ltlnL a l i q n o t s  of each f i l t r a t e  s o l  

( i n c l u d i n g  b l a n k s )  i n t o  s e p a r a t e  t e s t  tubes.  ( D i l a t i o n s  of 

t ho  f i l t r a t e  s o l u t i o n  mnst be performed a t  t h i s  time i f  t h e  

f i n a l  absorbance of t h e  c o l o r i  e t t i c a l l y  developed s o l a t i o n  

w i l l  exceed approximately 0 .8  absorbance u n i t s .  T h i s  i s  t h e  

p r a c t i c a l  l i m i t  of most s i n g l e  beam a b s o r p t i o n  

spec t rometers ) .  

6.1.3 P i p e t t e  t h r e e  2.0 a l i q u o t s  of t h e  formaldehyde s t o c k  

s o l u t i o n  (3.3.71, warned t o  rom temperature ,  i n t o  s e p a r a t e  

t e s t  tubes  a 

6 .1 .4  P i p e t t e  2 . 0  Nash reagent  (3.23 i n t o  each t e s t  tnbe.  (Be 

c a s e f n l  not t o  contaminate t h e  p i p e t t e  t i p  w i t h  t h e  s o l u t i o n s  

i n  each t e s t  t u b e ) .  Cap t n b e s  and shake. Incubate  f o r  

3 0  minutes i n  a 4OoC w a t e r  ba th .  

6.1.5 Zero  t h e  spectrometer  a t  412 m s s i n g  d i s t i l l e d - d e i o n i z e d  

water .  
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6.1.6 Dry a l l  tubes  approximately f i v e  minutes  be fo re  record ing  t h e  

absorbance of each tube. P e r i o d i c a l l y  check t h e  z e r o  reading  

of t h e  spec t rameter .  Rota te  each tube i n  t h e  spec t rcmeter  t o  

i n s u r e  t h a t  an  abnormally high or low va lue  i s  not  recorded. 

6.1.7 Any t e s t  s o l u t i o n  t h a t  g ives  absorbance readings  less  than  

0.1 u n i t s  should be analyzed a second t ime us ing  t h e  more 

s e m i  t i v e  p a r a r o s a n i l i n e  method. 

6.2 P a r a r o s a n i l i n e  Method 

6.2.1 Use s e p a r a t e  p i p e t t e  t i p s  f o r  each s o l u t i o n  l i s t e d  i n  6.2.2 - 
6.2.6. 

6.2.2 P i p e t t e  two 3 . 0  mL a l i q u o t s  of each f i l t r a t e  s o l u t i o n  i n t o  

s e p a r a t e  t e s t  tubes.  (Again, d i l u t i o n s  must be performed a t  

t h i s  t ime f o r  reasons  desc r ibed  i n  6.1.2). 

6.2.3 P i p e t t e  t h r e e  3.0  mL a l i q u o t s  of d i s t i l l e d - d e i o n i z e d  water  

i n t o  s e p a r a t e  t e s t  tubes.  

6.2.4 P i p e t t e  t h r e e  3.0 mL a l i q u o t s  of t h e  formaldehyde s tock  

s o l u t i o n  (3.3.51, warmed t o  roan temperature ,  i n t o  sepa ra t e  

t e s t tube s . 
6.2.5 P i p e t t e  0 . 3 0  mL, p a r a r o s a n i l i n e  r eagen t  (3.4) i n t o  each t e s t  

tnbe. Cap tubes  and shake. Incubate  tubes  f o r  10 minutes. 

6.2.6 P i p e t t e  0.30 mL of sodium s u l f i t e  reagent  (3 .5 )  i n t o  each 

t e s t  tube.  Cap tubes  and shake. Incubate  tubes  f o r  55 

minutes  i n  t h e  da rk  by covering wi th  a dark  c l o t h .  

6.2.7 Zero t h e  s p e c t r a n e t e r  a t  5 7 0  mn using d i s t i l l e d - d e i o n i z e d  

water .  
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6 .2 .8  Recora the absorbance o f  each tube, pelcaoaic Xy checking the  

zero  reading o f  the  spectr e ter .  Rotate cb test tube inn 

t h e  spectzacneten t o  insure t h a t  sn abnorrmraXly high or low 

valne i s  not recorded. Th8 residence time f o r  each t e s t  tube 

i n s i d e  the spectrophot e t e x  should be l e s s  than 30 seconds. 

period.  

Perform a l l  absorbance: readings within 8 10 to 15 minutes 

7. Calculations 

7 .I Formaldehyde concentration in the extraction Solutions 

where: 

I I_  ̂

BF = d i l u t i o n  f a c t o r .  F O J ~  undiluted solutions DP; = 1. Por 

solutions d i l u t e d  t o  55% of t h e i r  original concentration, 

DP =.ps 10 2. 
_I 

etriCal1gr deVe1OpQd @ X t I ? a C t i Q 3 l  

solations. 

mean absorbance: of the eo1 orimekrieally developed water  blank 

s o l  u t i  ons . 
__I 

-" 

ST = mean absorbance of the colorimetrically developed f oemaldehyda 

Stock SolQtiOll. 

x = I when the PA method is used ( l e e . ,  a 2 0  stook i s  

athed i s  used ( i . e .  p m20 stock 

concentration i s  4 wg 
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7 .2  Formaldehyde Release p e r  1 . 0  g f a b r i c  

7.3 Formaldehyde r e l e a s e  p e r  1 . 0  em2 f a b r i c  

2 Ica201 (ag/mL) x 100 mL 
= ug cBzo/cm 

a r e a  f a b r i c  ( a n 2 )  
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APPENDIX A:  S t a n d a r d i z a t i o n  of Approximate 4 mg CH20/mL, H20 S o l u t i o n s  
t o  I n d i r e c t l y  C a l i b r a t e  A l l  More D i l u t e  cz120 Stock S o l u t i o n s  

P r e p a r a t i o n  of an approximately 4 mg Qa20/mL E20 Stock  So lu t ion :  

1. P i p e t t e t e  5.00 mL volumetr ic  f l a s k  and f i l l  t o  mark wi th  d i s t i l l e d -  
de ionized  water .  (Be s u r e  a l l  r e s i d u a l  formal in  s o l u t i o n  has  been r i n s e d  
from t h e  p i p e t t e  t i p  i n t o  t h e  500 mL f l a s k ) .  

2.  Warm s o l u t i o n  t o  approximately 30OC and cool  t o  room temperature  t o  
completely d i s s o l v e  formalin.  

pH T i t r a t i o n  us ing  Thymolphthal e i n  I n d i c a t o r  : 

1. P i p e t t e  12.5 mL 1.0 M sodium s u l f i t e  s o l u t i o n  i n t o  a 250 mL Erlenmeyer 
f l a s k .  

2. Add t h r e e  drops of i n d i c a t o r  s o l u t i o n  (0.1% Thymolphthalein i n  e thano l ) .  
The s o l u t i o n  should be a p a l e  b lue  co lor .  0.1 N BC1 i s  added dropwise 
u n t i l  t h e  s o l u t i o n  i s  c o l o r l e s s  ( u s u a l l y  two t o  f i v e  drops of €IC1 a r e  
r e q u i r e d ) .  

3 .  From a p i p e t t e ,  add 25 mL of an approximately 4 mg c820/mL H20 s o l u t i o n .  

4. T i t r a t e  t o  a ' c o l o r l e s s '  ( f a i n t  b lue  haze)  end p o i n t  w i th  0.100 N BCl. 
The ' c o l o r l e s s '  end p o i n t  should p e r s i s t  € o r  t h r e e  minutes.  

5 .  Perform t h r e e  t i t r a t i o n s  and t ake  the  mean va lue .  R e p l i c a t e s  should be 
w i t h i n  +0.3%. 

6 .  Measured c820 c o n c e n t r a t i o n  i n  mg c820/mL II20 i n  t h e  approximate 
4 mg (;H120/mL H20 s o l u t i o n  i s  given by: 

H C l  t i t r a n t  (mL) x (0.1 m o l e  H C l / m L )  x 30.03 mg CB20/mm01e 

a 2 0 ( m g / ~ )  = 25 mL 





APPENDIX 11: One-way Analys is  of Variance f o r  t h e  Survey of Durable-Press 

Apparel T e x t i l e s .  

A goal i n  t h e  survey of a 2 0  r e l e a s e s  from durable-press  appare l  t e x t i l e s  

i s  examine sources  of v a r i a t i o n  i n  t h e  measured a 2 0  emission r a t e s  mong 

t h e  t e s t  f a b r i c s  and t o  s e p a r a t e  t h e  v a r i a b i l i t y  of the  t e s t  method from these  

r e s u l t s .  To q n a n t i t a t e  in t ra - fabr ic -sample  ( i . e . ,  inter-specimen) and i n t e r -  

fabric-sample v a r i a b i l i t y  of t h e  a20 r e l e a s e  d a t a ,  a one-way a n a l y s i s  of 

v a r i a n c e  (Snedecor e t  a l . ,  1973) has  been performed on a l l  of t h e  top-weight, 

bottom-weight, f l a t g o o d  and knit d a t a  s e t s ,  The s t a t i s t i c a l  model assumed f o r  

each c o l l e c t i o n  of f a b r i c  samples obta ined  from a g iven  manufacturer i n  a 

given  f a b r i c  ca tegory  i s  

t o  

=,oij = p 4- p i  + E i j  ( 2 )  

where a Z 0 j . j  i s  the ( 3 2 0  r e l e a s e  of t he  j t h  specimen c u t  from t h e  i t h  f a b r i c  

sample; 1.1 is t h e  popu la t ion  mean f o r  a l l  of t h e  t e s t  specimens of a g iven  

manufac turer  and f a b r i c  ca tegory ;  Pi is t h e  between-fabric-sample v a r i a t i o n  i n  

- and a 2 0  emiss ion  r a t e ,  which i s  assumed t o  be random wi th  va r i ance  sinter. 
6 i s  t h e  combined within-fabric-sample v a r i a t i o n  and measurement e r r o r  w i th  

An e s t i m a t e  of t h e  inter-sample va r i ance  ( i , e . ,  trinter 1 i s  2 v a r i a n c e  CT 
i n t r a '  

c a l c u l a t e d  a s  

2 

i j  

tr2 inter = (Model Mean Square - Error  Mean Square ) /n  ( 3 )  

where n i s  t h e  number of specimens ( i . e . ,  3 )  c u t  from each f a b r i c  sample. The 

Model Mean Squares and Er ro r  l e a n  Squares a r e  de f ined  a s  

and 
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where a i s  t h e  number of i ab r i c :  samples from a g iven  manaiactnxer and f a b r i c  

i s  t h e  miniram v a r i a n c e  t h a t  can be achieved category.  Note t h a t  Qintar 2 

assuming an i d e a l  a n a l y t i c a l  method t h a t  measmes the, 20 r e l e a s e  of the 

e n t i r e  f a b r i c  sample, account ing f o r  a l l  intra-sample v a r i a t i o n  i n  emission 
2 
i n t e r  s t r e n g t h  ( i . e , ,  Q 

var iance  armone; f a b r i c  samples obta ined  from a given mannfactnrer and f a b r i c  

category.  The intra-sample v a r i a n c e  i s  es t imated  a s  

= a ) ,  This  i s  t h e  b e s t  e s t i m a t e  of s t r i c t  i n t e r - f a b r i c  

(r 2 intra = Error  Mean Square 

This i s  a corab4nation of t h e  ~ ~ ~ s ~ ~ ~ ~ n t  error of t h e  arnalyt ieal  method for lsl 

f a b r i c  w i t h  s p a t i a l l y  and temporal ly  i n v a r i a n t  emission s t r e n g t h  and t he  

intra-sample var lance  based upon t h e  sampling c h a r a c t e r i s t i c s  (i. e . ,  a rea  o f  

f a b r i c  specimen t e s t  specimen) of t h e  ORNL e x t r a c t i o n  t e s t .  The model f o r  

combined i n t e r - f  s b r i e  and i n t r a - f a b r i c  v a r i a n c e  i s  

Equat ion 7 has been p r e v i o u s l y  der ived  (Mat thms,  CPSC XII). However, 

c a l c u l a t e d  &mbined va lues  r e p r e s e n t  expected v l u e s  based 0n the measured 

a20 r e l e a s e s  f o r  each manufacturer  and f a b r i c  ca tegory  r a t h e r  than  a trme 

p o p a l a t i o n  p a r  

The resalts of t h e  one-way a n a l y s i s  of var iance  f o r  a l l  of t h e  suxvey 

f a b r i c s  a r e  l i s t e d  in Tables  7-10. The r e s a l t s  f o r  each as t imated  component 

of v a r i a n c e  tire r e p o r t e d  s c o e f f i c i e n t s  af v a r i a t i o n  ( (371, expresae 

percentage of t h e  mean (820 emission r a t e  (CW20). 
__I 



Appendix 111: Modi f i ca t ions  i n  t h e  ORNL E x t r a c t i o n  T e s t  (9.e.. Appendix I )  f o r  
Performance of t he  Wring Tes t .  

A m o d i f i c a t i o n  of t h e  QRNL e x t r a c t i o n  t e s t  c a l l e d  t h e  r i n g  t e s t  has  been 

developed t o  more c l o s e l y  s imula t e  t h e  amount of water  ( i . e . r  a r t i f i c i a l  

p e r s p i r a t i o n )  i n  p e r s p i r a t i o n  s a t u r a t e d  f a b r i c s .  The s p e c i f i c  modif i c a  t i o n s  

t o  t h e  experimental  p ro toco l  f o r  t h e  QRNL e x t r a c t i o n  t e s t  t h a t  a r e  r e q u i r e d  

f o r  t h e  r i n g  t e s t  a r e  l i s t e d  below. 

4. F a b r i c  P r e p a r a t i o n  

4.1  Same 

4 .2  Three specimens a r e  c u t  €ram random p o s i t i o n s  of each f a b r i c  sample. 
The weight  of t h e  specimen i s  ad jus t ed  t o  aciewe a minimum of 3 mL of 
e x t r a c t i o n  s o l u t i o n .  Specimen we igh t s  of 7 t o  16 g a r e  t y p i c a l l y  
used. 

4.3 Same 

4.4  D e l e t e  

5 .  Formaldehyde E x t r a c t i o n  

5.1 Dip each f a b r i c  specimen i n t o  pB=5 a r t i f i c i a l  p e r s p i a t i o n  s o l a t i o n  a t  
350C t o  ensure  t h a t  t h e  f a b r i c  i s  s a t u r a t e d  w i t h  l i q u i d .  

5 . 2  A l l o w  each f a b r i c  t o  d r i p  u n t i l  t h e r e  i s  1 drop  of l i q u i d  p e r  
second. 

5.3 P l a c e  each specimen i n t o  an empty mason j a r r  s e a l s  and incuba te  i n  a 
3 5 0  oven f o r  6 hours.  

5.4 Remove most of t h e  e x t r a c t i o n  s o l a t i o n  from t h e  f a b r i c  specimen us ing  
a p l a s t i c  sy r inge  t o  squeeze t h e  f a b r i c .  If necessary ,  add 
su f f  i c i e n t  a r t i f i c i a l  p e r s p i r a t i o n  s o l u t i o n  t o  achieve 10 mLs t o t a l  
volume. Perform a l l  such volume ana lyses  g r a v i m e t r i c a l l y  no t ing  t h e  
a d d i t i o n a l  d i l a t i o n  f a c t o r  i n  subsequent ca l cu la tPons  ( i . e . r  Sec t ion  
7 . )  

5 . 5  Cent r i f  age t h e  r i n s e  s o l u t i o n s  





Appendix IV: Skin  Patch Tes t  S imula tor :  Cons t ruc t ion  and Experimental 

Procedures  

1. I n t r o d u c t i o n  

A gk in  Patch z e s t  S imula tor  (SPATS) has  been developed t o  s imula te  t h e  

a p p l i c a t i o n  of wet ,  formaldehyde (CH20) r e s in -con ta in ing  f a b r i c  on skin.  The 

f a b r i c  i s  s e a l e d  i n  l i q u i d  con tac t  w i th  a semipermeable membrane t h a t s  r e a d i l y  

t r a n s p o r t s  CH20 t o  a s t ream of aqueous r e a g e n t s  t h a t  is flowed through the  

SPATS and subsequent ly  analyzed wi th  a CEA Ins t ruments  Model 555 Analyzer. 

A l l  SPATS t e s t i n g  i s  performed a t  35oC i n s i d e  an environmental  chamber t o  

s imula te  dermal exposure cond i t ions .  The SPATS i s  used t o  d i r e c t l y  compare 

the  (820 c o n c e n t r a t i o n  genera ted  a t  the  su r face  of the  semipermeable membrane 

by (1) weakly-emitt ing f a b r i c  specimens s a t u r a t e d  wi th  d i l u t e  fo rma l in  

s o l u t i o n  and ( 2 )  (3120 res in-conta in ing  f a b r i c s  s a t u r a t e d  i n  a r t i f i c i a l  

p e r s p i r a t i o n  s o l u t i o n .  The es t imated  CY320 concen t r a t ions  genera ted  by t h e  

t e s t  f a b r i c s  a r e  then  compared a g a i n s t  t h e  c82O Concent ra t ions  of s o l u t i o n s  

app l i ed  t o  s k i n  i n  common s k i n  pa t ch  t e s t s  and o t h e r  dermatological  t e s t i n g .  

The genera l  procedure f o r  SPATS t e s t i n g  c o n s i s t s  of a s i n g l e  c a l i b r a t i o n  

and measurement s e r i e s  f o r  each day of t e s t i n g .  To c a l i b r a t e  t h e  iX20 

response of t h e  SPATS, a weakly emi t t i ng  f a b r i c  i s  s a t u r a t e d  wi th  a a20 s t o c k  

s o l a t i o n  p r i o r  t o  SPATS t e s t i n g .  Stock s o l u t i o n s  of 7 5 ,  1 5 0 ,  300 and 500 ug 

cR20/mL E20 were used i n  t h e  ORNL study t o  eva lua te  t h e  GI20 response of the  

SPATS over  t h e  range of t h e  s t r o n g e r  emi t t i ng  f a b r i c s  used f o r  intermethod 

comparison t e s t i n g  ( s e e  Table  14). Although t h e  response of t h e  SPATS was 

found t o  be g e n e r a l l y  l i n e a r  w i th  C820 concen t r a t ion ,  t he  day-to-day v a r i a t i o n  

i n  t h e  response of t he  SPATS r equ i r ed  t h a t  t h e  instrument  be c a l i b r a t e d  a t  a 

t ime c l o s e  t o  t h e  measnrement p e r i o d  f o r  a t e s t  f a b r i c .  Often,  a a 2 0  s tock  

s o l u t i o n  was chosen t o  approximate t h e  c820 c o n c e n t r a t i o n  genera ted  by t he  

f a b r i c  s e l e c t e d  f o r  SPATS t e s t i n g  a s  measured wi th  the  Wring t e s t .  Each t e s t  

f a b r i c  w a s  s a t u r a t e d  i n  a r t i f i c i a l  p e r s p i r a t i o n  s o l u t i o n  and incubated f o r  

t h r e e  hours  a t  35OC p r i o r  t o  SPATS t e s t i n g .  Each SPATS t e s t  t hen  cons i s t ed  of 

(1) a b lank  t e s t  us ing  a p e r s p i r a t i o n - s a t u r a t e d  f a b r i c  specimen wi th  

n e g l i g a b l e  a 2 0  con ten t ,  ( 2 )  e v a l u a t i o n  of a c82O-containing f a b r i c  specimen 
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and ( 3 )  a r e p e a t  b lank  t e s t .  

The successfu l  o p e r a t i o n  of t h e  SPATS is experimental ly  very d i f f i c u l t  t o  

perform. It is a n t i c i p a t e d  t b a t  i n d i v i d n a l s  wish ing  t o  r e p e a t  t h e  SPATS 

E w i l l  need t o  have d e t a i l e d  d i s c u s s i o n s  w i t h  t h e  

aathoes I 

2 .  Apparatus and M a t e r i a l s  

2 .1  SPATS ( s a z  S e c t i o n  4 f o r  f a b r i c a t i o n ) .  

2 - 2  Eight  channel p e r i s t a l t i c  pump, Antoanalyzes Model 1 (or 

e q u i v a l e n t ) ,  Technicon Corp. with  0.025 In I . D .  tnbing t o  d e l i v e r  

approximatsly 0 .25  mL/min per  channel e 

2 , 3  Constant temperatare  chamber t o  house SPATS, p e r i s t a l t i c  p 

and CEA Instrument reagent  fleoevoirs a t  3 5 W .  

2 . 4  CEA I n s t r m e n t s  Model 5 5 5  Analyzer eqalpped f o r  formaldehyde 

mclni t o r i  rig. 

i ce1  Reagents 

3.1 hrt i f  i c i a l  psrsp,satbon ( s e e  Appendix 

p r e p a r a t i o n ) .  

, S e c t i o n  -1 far 

3,2 Mercuric c h l o r i d e  f o r  CEA i n s t r m e n t ( 1 ) .  

i b g n  s u l f i t e  f o r  CEA i n s t r m e n t ( 1 ) .  

3 . 4  P a r a r o s a n i l i n e  (PA) f o r  CEA i n s t s  

3.5 Formaldehyde Stock  Solution. 

Aqaeons c820 s o l a t i o n s  arc used t o  s a t n r a t e  wsakly- 

f a b r i c  specimens f o r  c a l i b r a t i o n  of t h e  SPATS response t o  wet 

a 2 0 - c s n t a i n i n g  f a b r i c s .  A l l  C820 s o l u t i o n s  were d i l u t e d  

from 

and s tandard ized  according eo procedures  given in Appendix I, 

S e c t i o n  3.3.  

4 mi? a 2 O / m L ,  I320 s t o c k  s o l u t i o n  t h a t  was prepared 
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3.5.1 Ca lcu la t e  t h e  volume IX mL) of approximate 4 nag 

a20/mL H20 s tock  r e q u i r e d  f o r  t he  p r e p a r a t i o n  of 

100 nnC of Y ug a20 /mL 820 s o l u t i o n  f o r  SPATS 

t e s t i n g  us ing  t h e  fo l lowing  equat ion:  

3.5.2 P i p e t  X mL of s t anda rd ized  s t o c k  s o l u t i o n  i n t o  a 100  mL 

volumetr ic  f l a s k  and f i l l  t o  mark wi th  d i s t i l l e d - d e i o n i z e d  

H20. S t o r e  i n  r e f r i g e r a t o r .  

4. F a b r i c a t i o n  of SPATS 

4.1 Mechanical Cons t ruc t ion  

A blow-up view of t he  SPATS i s  given i n  F igu re  1. The base of the  SPATS 

i s  machined from a b lock  of aluminum measuring 9.25 I n  wide x 7.0 I n  long x 

0.75 I n  th i ck .  Four p a r a l l e l  t roughs measuring 5 I n  long,  0.63 I n  wide and 

0.06 I n  deep)  a r e  machined i n  t h e  c e n t e r  of t he  aluminum block,  spaced 0.25 I n  

a p a r t .  Both ends of each t rough a r e  tapered  from a 0.63 I n  wid th  t o  a 0.13 I n  

width over  a l eng th  of 0.25 In.  Ha l f - cy l ind r i ca l  s l o t s  f o r  0.13 I n  O.D. 

tubes  a r e  machined i n  t h e  aluminum block  from t h e  0.13 I n  ends of each t rough 

t o  t h e  edge of t he  block. The 0.13 I n  diameter  tubes  c a r r y  reagent  f o r  t h e  

CEA instrument  i n t o  and out  of t h e  t roughs.  The t roughs a r e  p a i n t e d  wi th  

t h r e e  c o a t s  (a l lowed t o  dry two hours  between c o a t s )  of Scotch Gr ip  P l a s t i c  

Adhesive (3M Co., St .  Paul ,  MN) t o  prevent  r e a c t i o n  between t h e  t h e  aluminum 

block  and t h e  BgC12 reagent  f o r  t he  CEA Instrument .  The at tachment  of t he  

0.13 I n  tubes  and semipermeable membrane t o  the  Aluminum base a r e  des r ibed  i n  

S e c t i o n  4.2. The p l e x i g l a s s  cover f o r  t h e  SPATS measures 9 .25  I n  wide x 7 I n  

long I 0.75 I n  t h i c k .  The cover has h a l f - c y l i n d r i c a l  s l o t s  f o r  0.13 I n  O.D. 

tubes  t o  accomodate the  input  and output  tubes  f o r  each trough c u t  i n t o  t h e  

the  aluminum base of t he  SPATS. A r e c t a n g u l a r  p o r t i o n  of t he  p l e x i g l a s s  cover 

centered  over t h e  f o u r  t roughs and measuring 4.25 x 4.8 Itn i s  convenient ly  

removable us ing  a n  a t t ached  handle  t o  allow placement of f a b r i c  specimens over 

t he  semipermeable membrane of the SPATS. Iko 0.03 I n  t h i c k  neoprene rubber 

gaske t s  a r e  used t o  s e a l  t h e  p l e x i g l a s s  cover t o  t h e  aluminum base of the  
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SPATS (with adhered membrane). The b o t t  gaske t  measures 9.25 En wide and 

7.0 In long w i t h  IO 4 . 2 5  11 4.0 I n  r e c t a n g u l a r  ho le  p o s i t i o n e d  i d e n t i c a l l y  with 

t h e  b o l e  i n  t h e  p l e x i g l a s s  cover of t he  SPATS. The S ~ C Q I I ~  gaske t  i s  shaped i t a  

a loop t h a t  f o l l m s  the, ou te r  per imeter  of t h e  troughs i n  the base of t h e  

SPATS and i s  uniformly 0.5 I n  w i d e .  The p l e ~ i g l a s s  cover and gaske ts  arb 

clamped t o  t h e  ~ 1 ~ i ~ ~  base w i t h  8 ,  6-32 wachi.ne S C E E W S ~  t v o  i n  each corner. 

4.2 Semipermeable Membrana and Reagent Snpply Tubes 

The ailght r e  gent  supply and d r a i n  tabes  shown i n  Figure 1 are a t t a c h e  

intim base of t h e  SPATS p r i o r  t o  a t t a c h i n g  the, semipermeable 

e 2 I n  long by 8.13 Ian O.D. s t a i n l e s s  s t e e l  t a b e s  t h a t  supply 

and Brain t h e  CXA r e a g e n t s  from the  t roughs of t h e  SPATS &re glagsd i n t o  t h e  

slots 0% the, a1 i n m  base w i t h  Scotch Grip  P l a s t i c  Adhesive. To adhere t h e  

~ ~ b ~ a ~ ~ ~  one c o a t  of S i l i c o n e  For -a-Grasket (Pematex ,  Lockti$% Gorp. ) it 

spread in 8 cont inueas  l a y e r  over uncnt s w f a c e s  of t h e  a1 base both 

between the  t roughs  and i n  a s t r i p  approximately 0.75  I n  wide around t h o  

per imeter  of t h e  t roughs.  The f i r s t  c o a t  of adhesive i s  a l l w e d  t o  s e t  about 

24 hours  b e f o r e  B second c o a t  i s  appl ied.  While the second c8 t of ths Foam- 

a-0askat i s  s t i l l  tacky, p l a c e  B sheat of diasetfny-1 s i l i c o n e  membrane (29 on 

t o p  of tho glue  and press u n t i l  t h e  mbrana is nnif 

base of the SPATS. Unattached membrane material  i s  P ed w i t h  a s s a p a l .  

The %PAT% is a l l w b d  t o  s e t  24  boars  p r i o r  t o  t e s t i n g .  

5 P r e p a r a t i o n  of F a b r i c  Specimans 

5.1 Fabric Specimen$ w i t h  Unknown 

5.1.1 S t o r e  f a b r i c s  in s e a l e d  double p l a s t i c  bags p r i o r  t o  

t e s t i n g .  Cut f a b r i c  s p e ~ i m e n m e a s n r i n g  4.25 x 4.0 In. 

5.1.2 Immerse f a b r i c  specimen i n  a r t i f i c i a l  p e r s p i r a t i o n  

s o l u t i o n  warned t o  35*c t o  wet f a b r i c .  

5.1 .S Remove f a b r i c  specimen from t h e  p e r s p i r a t i o n  s o l a t i o n ,  

allow t o  d r i p  momentarily, and s e a l  i n s i d e  a 125 mL 

Erlenmeyer f l a s k  at 350C. Incabate  3 hours a t  35OC 

p r i o r  t o  t e s t i n g  in SPATS. 
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5.2 F a b r i c  Specimens f o r  Blank Response Tes t ing  of SPATS 

S e l e c t  a f a b r i c  specimen wi th  n e g l i g i b l e  a 2 0  conten t  ( i . e . *  <2  

ng a 2 0 / g  f a b r i c )  and e x t r a c t  i n  d i s t i l l e d  H20 a t  35OC 

a t  a l l  t imes when not  i n  use. Remove specimen from water  and 

a l l m  t o  d r i p  momentarily p r i o r  t o  SPATS t e s t i n g .  

5.3 F a b r i c  Specimens f o r  C a l i b r a t i o n  of SPATS Response 

S a t u r a t e  f a b r i c  specimen ( c u t  f r m  same f a b r i c  sample f o r  b lank  

t e s t i n g )  i n  ( 8 2 0  s o l u t i o n  a t  350C. Remove wet specimen 

and allow t o  d r i p  momentarily p r i o r  t o  SPATS t e s t i n g .  

6 .  Opera t ion  of CEA Ins t ruments  Model 555 Analyzer 

6.1 See Reference 1 f o r  d i r e c t i o n s  concerning c leaning ,  chemical 

r eagen t s ,  s t a r t  up and shutdown procedures .  

6.2 Modif ica t ions  t o  the  CEA instrument  involve  the  inpu t  of the  

BgCl2 and Na2SO3 reagents .  These r eagen t s  a r e  mixed 

i n  small q u a n t i t i e s  a t  roam temperature  and pumped t o  the  inpu t  of 

t h e  SPATS i n s i d e  the  3 5 O C  t e s t  chamber. The mixed r eagen t  

stream from the  d r a i n  of t h e  SPATS is t hen  pmnped t o  the  fnpnt  of 

t h e  CEA Instrument  ou t s ide  of t he  chamber. The PA reagent  e n t e r s  

t h e  CEA Instrument  f r m  i n s i d e  the  chamber wi thout  i n t e r a c t i n g  

wi th  t h e  SPATS. Other mod i f i ca t ions  t o  t h e  CEA g iven  i n  Reference 

1 a r e  not  necessary.  

7 .  Opera t ion  of the  SPATS 

7.1 Place  SPATS, p e r i s t a l t i c  pump and PA reagen t  f o r  t h e  CEA 

Ins t ruments  Model 5 5 5  Analyzer i n s i d e  a 35oC chamber. 

, 
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7 . 2  Connect each input  ( i , e e p  supply)  t a b e  from t h e  SPATS t o  s epa ra t e  

channels  of t h e  p e r i s t a l t i c  p m p  t o  supply t h e  mixed 

HgC12-NaSQs reagent  s o l u t i o n  ( s t o r e d  i n  small q u a n t i t i e s  

o a t s i d e  sf t h e  3 5 O C  chamberlto t h e  SPATS. A l l o w  t h e  SPATS 

troughs t o  f i l l  w i t h  reagent  s o l a t i o n .  

1 . 3  Connect t h e  drain.  t a b e s  of t h e  SPATS t o  separ  t e  channels  of tho 

19sristaltic pump to i? 20-exposed r e a g e n t  s o l a t i o n  f r  

t h e  SPATS. The a f f l n e n  t h e  four d r a i n  c h m n e l s  of t h e  

p e r i s t a l t i c  pump a r e  flowed i n t o  a g l a s s  e e l 1  whens t h e  

ped S U P P X Y  t abes  for t h e  flgCl2 and NaSW reagents t o  
t h e  CEA Instrument are connected. The g l a s s  c a l l  i s  designed t o  

d r a i n  excess reagent  f r  the SPATS t h a t  is not pamped t o  t h e  CEA 

7 . 4  Placed  w e t t e d  blank f a b r i c  onto the SPATS membrane and smooth w i t h  

f i n g e r s  t o  ensure good c o n t a c t  batween t h s  f a b r i c  and t h e  

membrane, Seal  f a b r i c  a g a i n s t  membrane by i n s t a l l i n g  t h e  

s v a b l e  t op  of the  SPATS. 

7.5 C o l l e c t  b a s e l i n e  da t a  f o r  t h o  blank f a b r i c  specimen f o r  one hoar. 

Remove? blank f a b r i c  and dry tlne m b r m e  w i t h  a t i s s u e .  

7.6 Planet: B (1) b l a n k  f a b x i c  spacimsn t h a t  has beem s a t a t e t e a  i n  

20 s o l u t i o n  ox ( 2 )  p e r s p i r a t i o n  v e t t e d  L a s t  f b r i c  anta the 

brane and smooth w i t h  f i n g e r s  t o  ensure good c o n t a c t  

between the f a b r i c  and m brane,  Put r ovable  top  i n t o  place.  

7 . 7  C o l l e c t  d a t a  f o r  t h e  20 conta in ing  f a b r i c  specimen for one 

hour. 

7 . 8  Remove CH20-contaiaaing f a b r i c  specionan frm t he  SPATS. Remove 

S C E W S  and p l e x i g l a s s  cover t o  t h e  SPATS. Rinse t h e  membrane w e l l  

wi th  d i s t i l l e d - d e i o n i z e d  water .  Dry t h e  membrane wi th  a t i s s u e .  

7.9 Replace t h e  p l e x i g l a s s  cover of t h e  SPATS. Repeat s t e p s  7.4,  7 .5 .  



A. IV.7 

7 .PO Cleaning t h e  SPATS 

7.10.1 Remove t h e  inpu t  and output  tubes  from the  SPATS. 

7.10.2 Pour r eagen t s  remaining i n  t h e  channels  i n t o  a waste  

b o t t l e .  

7.10.3 Rinse SPATS channels  by repea ted  i n j e c t i o n  of 

d i s t i l l e d - d e i o n i z e d  water  w i th  a sy r inge  

7.10.4 Rinse t h e  membrane wi th  d i s t i l l e d - d e i o n i z e d  water .  

8. Formaldehyde Data Acqu i s i t i on  and Concent ra t ion  Ca lcu la t ions  

8.1 A microprocessor  d a t a  a c q u i s i t i o n  system was used. The output  

vo l t age  of t h e  CEA Instrument was sampled 50 t imes/minnte.  A 

vo l t age  average and s t anda rd  d e v i a t i o n  was c a l c u l a t e d  a f t e r  each 

consecut ive  100 d a t a  p o i n t s  and s t o r e d  f o r  ana lys i s .  

8.2 SPATS C a l i b r a t i o n  

8.2.1 I d e n t i f y  CEA d a t a  belonging t o  (1) t h e  f i r s t  and second 

b a s e l i n e  wi th  the  b lank  f a b r i c  and ( 2 1 t h ~  f a b r i c  s a t u r a t e d  

i n  ( 8 2 0  so lu t ion .  The response time of t he  SPATS-CEA 

t e s t  system fo l lowing  a change i n  f a b r i c  specimen was 

t y p i c a l l y  about 25-35 minutes,  

empi r i ca l ly  i d e n t i f y  the  p l a t e a u  i n  t h e  d a t a  f o r  each 

base1 ine  and p e a t  condi t ion .  

This t ime de lay  was used t o  

8.2.2 The 11820 c a l i b r a t i o n  of t h e  SPATS i n  u n i t s  of 

m i l l i v o l t s  of €!EA response p e r  ug CB20/mL H20 i n  

t h e  a 2 0  s t o c k  s o l u t i o n  used t o  soak t h e  f a b r i c  

specimen i s  c a l c u l a t e d  us ing  t h e  fo l lowing  equat ion .  

SPATS { mv 1 = T e s t  Pab. (mv) - [Base l ine l  (mv) - Basel ine2  (mv) l /2  
Cal. ug/ml Stock  ICB201 (ug/mL) 
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8 .3  Mcasnrement of Test  Fabrics  

8 . 3 . 1  I d e n t i f y  CEA d a t a  belonging t o  (1) the f i r s t  and second 

b a s e l i n e  w i t h  the blank f a b r i c  and ( 2 )  the t e s t  f a b r i c  

containing a 2 0  r e s i n s .  The approximate 25-35 minute 

response time of the SPATS-CEA t e s t  system f o l l o w i n g  B 

changc i n  f a b r i c  specimen was used t o  

the  p lateau i n  the data for each b a s e l i n e  and pe 

c o ma i t P on. 
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