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0 I SCLAIMER 

This report was prepared for the U.S. Environmental Protection Agency by 
PEI Associates, Inc., Cincinnati, Ohio, under Contract No. 68-02-3767, Work 
Assignment No. 67. 
ceived from the Contractor. 
are those of the author and not necessarily those of the U.S. Environmental 
Protection Agency. 

The contents of this report are reproduced herein as re- 
The opinions, findings, and conclusions expressed 
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CIOSTRUCT 

The calculat ion u f  v o l a t i l e  organic coinpound emissicns from surface c o a t -  
i n g  Gperations t o  determiice b:ci~p; iance i s  af+,en a complicated task ,  sometimes 
creatiris  confusion with ccrcpiiance au tho r i t i e s  dnd sources a l ike .  
tempt t o  mininiize t h i s  i C r ! f U S i G f i ,  L ? A  (OAQPS) has per iodical ly  ijsut?d guidance 
i n  th i s  a rea ,  generally in the form o f  nmoranda t o  T h e  EPA Regional Offices. 
EPA guiciance for  submit.cirir ,  ddta on surface coatings and performing bas ic  c a i -  
cu la t ions  i s  containeu : n  the :!ocvnetic e n t i t l e d  "Procedures .for Certifying 
Qudntity o f  Volati ie I ,r l j , inis Compcjun?s Emtted by Paint,  I n k  a n d  Other Coat- 
ings," EPA 450/3-84-0!9, publisned in December 19G3. 

"A Guiatl ine for  Surf;:ce ILoatiny Calculations" takes t h l i  above y i d a n c e  
prccess one s tep  turthi?r. Exdnple  calculdt ions a re  included fo r  basic emis- 
sion problems, cocplidnce urterminaTions, equivdlency determinations, d p p l i -  
cat ion o f  t r ans fe r  eff ic iency,  diid calcalat ions involving complex multiproduct 
p lan ts .  Grdphs  dno t i c i e s  useful iri dpproximating and double-checking these 
calculat ions a re  a l so  included. 

I n  an a t -  





SECTION 1 

INTRODUCTION 

1.1 BACKGROtiND 

Surface c o a t i n g  e n t a i l s  t h e  d e p o s i t i o n  o f  a s o l i d  f i l m  on a su r face  
through t h e  a p p l i c a t i o n  o f  a c o a t i n g  m a t e r i a l  such as p a i n t ,  l acquer ,  o r  v a r -  

n ish.  Surface c o a t i n g  operat ions a r e  s i g n i f i c a n t  v o l a t i l e  o rgan ic  compound 
.(VOC) emission sources. Most coa t ings  c o n t a i n  VOCs which evaporate d u r i n g  t h e  
c o a t i n g  a p p l i c a t i o n  and c u r i n g  processes, r a t h e r  than becoming p a r t  o f  t h e  d r y  
f i l m .  

The U.S. Environmental P r o t e c t i o n  Agency (EPA) has i ssued  Con t ro l  Tech- 
niques Gu ide l ines  (CTGs) f o r  many sur face  c o a t i n g  operat ions,  i n c l u d i n g  cans, 
meta l  c o i l s ,  paper, f a b r i c ,  automobi les,  l i g h t - d u t y  t rucks ,  meta l  f u r n i t u r e ,  
l a r g e  appl iances, magnet w i r e ,  miscel laneous metal  p a r t s  and products ,  g raph ic  
a r t s ,  and f la twood panel ing.  
l i n e s  have been adopted by many s t a t e  and l o c i 1  agencies. 
issued new source performance standards (NSPS) f o r  many sur face c o a t i n g  opera- 

t i o n s ,  i n c l u d i n g  automobi le,  l i g h t - d u t y  t rucks ,  beverage cans, me ta l  c o i l s ,  

l a r g e  dppl iances,  metal  f u r n i t u r e ,  pressure s e n s i t i v e  tapes and l a b e l s ,  v i n y l  
p r i n t i n g  and topcoat ing,  and p u b l i c a t i o n  ro togravure  p r i n t i n g .  

To comply w i t h  these r e g u l a t i o n s ,  a sur face coat i r ig  opera tor  m i g h t  e l e c t  
t o  change t o  low VOC conten t  coa t ings ,  t o  use add-on c o n t r o l s  such as i n c i n e r -  
a t i o n  o r  carbon adsorp t ion ,  o r  t o  improve t r a n s f e r  e f f i c i ency .  I n  cases where 
compliance i s  achieved by a change i n  c o a t i n g  alone, VOC emissions can be c a l -  
c u l a t e d  f rom t h e  VOC c o n t e n t  of  t h e  c o a t i n g  as a p p l i e d  t o  the subs t ra te .  When 
add-on c o n t r o l s  o r  t r a n s f e r  e f f i c i e n c y  improvemenrs a r e  used, more complex 
c a l c u l a t i o n s  can be p e r f u m e d  t o  determine t h e  e f f e c t i v e n e s s  o f  t h e  c o n t r o l  

s t ra tegy .  
VOC compliance o r  non-complidnce through these c a l c u l a t i o n s  than i t  i s  t o  
measure t o t a l  VOC emissioi is d i r e c t l y .  

The emission l i m i t s  recommended i n  these guide- 
The EPA has a l s o  

I t  i s  more convenient (and f r e q u e n t l y  more r e l i a b l e )  t o  e s t a b l i s h  



The emiss ion l i m i t s  f o r  e x i s t i n g  sources recommended i n  the  CTGs and 

adopted by many s t a t e  and l o c a l  agencies a re  expressed i n  terms o f  pounds o f  
VOC per  g a l l o n  o f  coa t i ng  l e s s  water.  These u n i t s  a re  d i r e c t l y  use fu l  on l y  

f o r  cases where compliance i s  dchieved w i t h  low VOC conten t  coa t ings  alone. 
When add-on c o n t r o l s  o r  t r a n s f e r  e f f i c i e n c y  improvements a re  used, compliance 

c a l c u l a t i o n s  - must be done on an equ iva len t  s o l i d s  bas i s .  
a re  exp la ined g r a p h i c a l l y  i n  Glossary o f  A i r  P o l l u t i o n  Cont ro l  o f  I n d u s t r i a l  

Coat ing Operat ions,  EPA-450/3-83-013R, December 1983. 
document a r e  l oca ted  i n  Appendix A. The emission l i m i t s  i n  most sur face  coat -  

i n g  NSPSs a re  expressed i n  terms o f  pounds o f  VOC per  g a l l o n  o f  c o a t i n g  s o l i d s  
appl ied.  
u i n g  i n  t h i s  g u i d e l i n e  manual. Th is  c a l c u l a t i o n  guide assumes t h a t  t h e  s o l i d s  

used o r  a p p l i e d  i n  a s p e c i f i c  process remain cons tan t  f o r  a g iven example 
(sol i d s  equ iva lency  ) . 

The reasons f o r  t h i s  

Pages 26-29 o f  t h i s  

The reader  should rev iew t h i s  concept i n  Appendix A be fore  c o n t i n -  

1.2 DESCRIPTION OF VOC CALCULATIONS 

Th is  document presents  sample c a l c u l a t i o n s  t y p i c a l  o f  those used t o  

determine compliance o r  t o  eva lua te  c o n t r o l  s t r a t e g i e s .  These s tep-by-step 
c a l c u l a t i o n s  a r e  accompanied by exp lanat ions  t h a t  a re  u s e f u l  t o  persons 
u n f a m i l i a r  w i t h  sur face  c o a t i n g  opera t ions .  
a long w i t h  c a l c u l a t i o n s  t o  determine compliance and equiva lency (necessary f o r  
eva lua t i ng  bubbles, o f f s e t s ,  n e t t i n g ,  e t c . ) .  
r e q u i r i n g  a s e r i e s  o f  c a l c u l a t i o n s  are  inc luded.  

procedures d iscussed i n  Procedure f o r  C e r t i f y i n g  Q u a n t i t y  o f  V o l a t i l e  Orqanic 
Compounds Emi t ted by Pa in t ,  Ink ,  and Other Coat ings,  €PA-450/3-84-019, Decem- 

ber  1984, which i s  r e p r i n t e d  as Appendix B o f  t h i s  r e p o r t  and r e f e r r e d  t o  as 
the  "VOC Data Sheets". The f i r s t  VOC Data Sheet p rov ides  i n f o r m a t i o n  on the  

VOCs p resent  i n  a coa t ing  when i t  i s  s o l d  by the  manufacturer t o  the  coater .  
This i s  r e f e r r e d  t o  as the  VOC conten t  o f  t he  coa t ing  "as  supp l i ed  by the  
coa t ing  manufacturer  t o  the  user . "  The second VOC Data Sheet prov ides i n f o r -  
mat ion on the  VOCs p resent  i n  the  coa t ing  a s  i t  i s  used by the  coater  and i n -  
.eludes the  e f f e c t  o f  d i l u t i o n  so l ven t  added be fore  a p p l i c a t i o n .  This i s  r e -  

f e r r e a  t o  as the  VOC conten t  " a s  a p p l i e d  t o  the  subs t ra te  by the  user . "  F o r  

Basic c a l c u l a t i o n s  a r e  i nc luded  

Trans fer  e f f i c i e n c y  problems 

The bas i s  f o r  most o f  t he  sample c a l c u l a t i o n s  i s  the  i n f o r m a t i o n  and 



dip or flow coating operations, this should include a n y  make-up solvent which 
is added 'to a coating to replace evaporated solvent dnd therefore maintain a 
specific viscosity of the coating being applied. 
document assume that the inspector has obtained the coating data from the VOC 
Data Sheets. However, it is up to the inspector to verify this data. EPA 
Reference Method 24 o r  individual ASTM methods are the final judge in deter- 
mining compliance. 

Some confusion may exist regarding the meanings and proper uses of terms. 
As defined in Appendix B, the ::em "as dpplied" means the condition of a coat- 
ing after dilution by the user j u s t  prior to application to the substrate. 
However, the term "solids applied" means the amount coating solids that 
actually adheres to the ob.ject beins coated, not the amount of solids leaving 
the applicator. In contrast, the term "solids used" refers to the total 
amount of solids used in an application, not the amount of solids that act- 
ually adheres to substrate. Care should be taken when using these terms to 
avoid confusion. 

The calculations in this 

Appendix C contains a copy of Reference Method 24. 
. 

1.3 NEGLIGIBLY PHOTCCHEM!CHLLY XEHCTIVE MATERIALS 

A volatile organic cozpound is defined in 40 CFR Subpart A, General Pro- 
visions, 560.2, as any organic compound which participates in atmospheric pho- 
tochemical reactions; or which i s  measured by a reference method, an equiva- 
lent method, or an alternative method; or which is determined by procedures 
specified under any subpart. 
to have negligible photochemical reactivity, and therefore does not consider 
them to be VOCs: 

The EPA considers the following organic solvents 

Methane' 
Ethane' 
l,I,l-trichloroethane (methyl ch1oroform)l 
Methylene chlorideZ 
Tri chl orof 1 uoromethane (CFC-11) 3 

Dichlorodifluoromethane (CFC-12) 3 

Ch 1 orodi f 1 uorome thane (CFC-22 ) 3 

Trifl uoromethane (CFC-23)3 
Trichl orotri fluoroethane (CFC-113) 

3 



Dichlorotetrafluoroethane (CFC-ii4)3 
Chloropentafluoroethane (CFC-115) 

Many states also do not consider some or all o f  these materials to be VGCs. 

used as solvents i n  some coatings. These materials should not be counted as 
VOCs if they are "exempt" from the applicable regulation. 
discounting these materials i s  described in some o f  the examples and i n  
Appendix B. 
regulation, are treated in t h e  same manner as water in emission calculations. 

"negligibly photochemically reactive" by the U.S. €PA in a future Federal Re- 
gister may be considered as exempt from Federal enforcement o f  applicable 
State SIP VOC regulations. 
ing compounds as per 42 FR 35314, July 8, 1 9 7 7 .  

Two of these Compounds, l,l,l-trichloroethane and methylene chloride, are 

The method for 

Generally, these materials, when "exempt" from the applicable 

Only the compounds listed above and any compounds given the status of 

A l s o ,  Rule 66 should not be referenced for exempt- 

'42 FR 35314, July 8, 1977 

245 FR 32042, June 4, 1979 

345 FR 4 b 9 4 1 ,  July 22, 1980 

4 



SECTION i 

6Ab i C CALCULATIGIGS 

This scction presents examples of basic types of calculat ions.  The 
examples closely follow the \/ljC Cia.ca Sheets (Appendix E). 

2.1  DETERM!NIhG THE :!i\SS OF VOC EMITTED PER VOLUME OF SOLIDS 

Example 1 - 
Oetermine the inass of VGC emi.tted per volume of so l id s  f o r  a solvent-borne 
coating. The following data a re  given: 

ti. Ccating Density = 10.0 lb/gal 
E. T u t i l  Volati les = 60 percent by weight 
C .  :.rater Content = o  
D. Organic* Volati les 

= 60 percent by weight 
E .  honvolatiles Content 

= 35 percent by volume 

Ccn ten t 

(Sol  i d s )  

Mass o f  V O C  emitted per volume of so l id s  i s :  

10.0 l b  coating 0 .60  l b  VOC 1 gal coating - 17.1 l b  VOC 
g a l  coating l b  coating 0.35 gal so l id s  - g a l  so l id s  

Example 2 - 
Determine the mass of VOC emitted per volume of so l ids  f o r  a waterborne 
coating. The following d a t a  a r e  given: 

h .  Coating Density = 9.0 lb/gal 
B .  Total Volati les 70 percent by we'ight 
C .  hater  Content = 30 percent by weight 
D. Organic* Volati les 

E .  Nonvolatiles Content = 19.6 percent by volume 
Coctent = 70-30=40 percent by weight. 

( S o l  i d s )  

*Photochemical 1y reac t i  bve materials only. 

5 



Mass o f  VOC e m i t t e d  p e r  volume o f  s o l i d s  i s :  

9.0 l b  c o a t i n  0.40 l b  VOC 1 ga l  c o a t i n g  - - 18.4 l b  VOC & l b  c o a t i n g  0.196 ga l  s o l i d s  g a l  s o I i d s  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Example 3 - 
Determine the  mass o f  VOC em i t ted  p e r  volume o f  s o l i d s  f o r  a c o a t i n g  t h a t  
con ta ins  some n e g l i g i b l y  photochemica l l y  r e a c t i v e  (NPR) so l ven ts .  
The f o l l o w i n g  da ta  a r e  g iven:  

A. Coat ing Rens i t y  = 11.0 l b / g a l  
B. To ta l  V o l a t i l e s  = 80 percent  by we igh t  
C. NPR So lvent  Content = 40 percent  by  we igh t  
D. Organic* V o l a t i l e s  

= 40 pe rcen t  by we igh t  
E. N o n v o l a t i l e s  Content = 15 percent  by volume 

Content 

( S o l i d s )  

Mass o f  VOC e m i t t e d  p e r  volume o f  s o l i d s  i s :  

11.0 1b :coa t inq  0.40 l b  VOC 1 g a l  c o a t i n g  - 29.3 l b  VOC 
g a l  c o a t i n g  l b  c o a t i n g  0.15 ga l  s o l i d s  g a l  s o l i d s  

- 

_ _ _ - _ - _ - _ _ _ - - - _ _ _ _ - _ _ - ~ - - _ - - - _ _ - - _ _ - - - -  
2.2 DETERMINING THE MASS OF VOC EMITTED PER VOLUME OF COATING LESS WATER 

Example 4 - 
Determine t h e  mass of VOC em i t ted  p e r  volume o f  c o a t i n g  l e s s  water  f o r  a 
solvent-borne coa t ing .  The f o l l o w i n g  data a re  g iven:  

A .  Coat ing  D e n s i t y  = 10 l b / g a l  
B. T o t a l  V o l a t i l e s  = 60 percent  we igh t  
C .  Water Content = o  
D. Organic* V o l a t i l e s  

Content = 60 percent  we ish t  

Mass o f  VOC p e r  volume o f  c o a t i n g  l ess  water i s :  

10 l b  c o a t i n g  0.60 l b  VOC 1 gal  c o a t i n g  
g a l  c o a t i n g  l b  c o a t i n g  (1-0) ga l  coa t i ng  l e s s  water 

- - 6 Ib VOC 
ga l  coa.t ing l ess  water 

ti 



Example 5 - 
Determine the mass of VOC enitted per volume of coating less water for a 
water-borne coating. The following data are given: 

A. Coating 3ensity = 9.0 lb/gal 
8. Total Volatiles = 70 percent by weight 
C. Water Content = 30 percent by weight 
D. Organic* Volatiles 

Content = 70-30-40 percent by weight 

The mass of water in the coating is: 
9.0 I b  coating G.3 lb water - - 2 . 7  lb water 

l b  coating gal coating 

The volume o f  water in the coating is: 
2 . 7  lb water 1 - 0.32 gal water 
gal caating 8.33 lb iyater gal coating 

yal water 

The mass o f  VOC in the coating is: 
0.4 lb VOC - 3.6 lb VljC 9.0 lb coating - gal coating lb coating gal coating 

The mass o f  VOC emitted per volume of coating less water is: 

3.6 lb VOC 
- 5.3 Ib VOC gal coating - 

1 gal coating - 0.32 gal water gal coating less water 
gal coating 

Example 6 - 
Determine the mass of VOC emitted per gallon of coatlng less negligibly photo- 
chemically reactive material for a coating that contains some negligibly 
photochemically reactive material. 

The following data are given: 

H. Coating Density = 10.5 lb/gallon 
B .  Total Volatiles = 80 percent by weight 
C. NPR Soivent Content = 40 percent by weight 
D. Oryanic* Volatiles 

= 40 percent by weight 
E, NPR Solvent Density = 11.0 lb/gal 

Content 

*Photochemically reactive materials only. 

I 



The mass o f  VOC per  volume o f  c o a t i n g  i s :  

0.4 l b  VOC - 4.2 l b  VOC - 
. g a l  lb c o a t i n g  ‘Oatin’ f b  c o a t i n g  ga l  coa t i ng  

The mass o f  NPR so l ven t  i n  the  c o a t i n g  i s :  

10.5 l b  coa t ing  0 . 4  l b  NPR so l ven t  - - 4.2 l b  NPR s o l v e n t  
ga l  coa t i ng  l b  coa t ing  ga l  c o a t i n g  

The volume of NPR s o l v e n t  i n  the  c o a t i n g  i s :  
4.2 l b  NPR so l ven t  1 - 0.38 ga l  NPR so l ven t  

ga l  c o a t i n g  11.0 l b  NPR so l ven t  ga l  c o a t i n g  
ga l  NPR s o l v e n t  

The mass o f  VOC per  g a l l o n  o f  c o a t i n g  l e s s  NPR s o l v e n t  i s :  

4.2 l b  VOC 

1 ga l  c o a t i n g  - 0.38 ga l  NPK s o l v e n t  
1 ga l  coa t ing  

- 6.8 l b  VOC - 
ga l  c o a t i n g  less luPR s o l v e n t  

R 



SECTION 3 
TRANSFER E F F I C I E N C Y  

When spray guns are used to apply coatings, much of the coating material 
either bounces off the surface being coated or misses it altogether. 
efficiency ( T E )  is the.ratio o f  the amount of coating solids deposited on the 
coated part to the amount of coating solids used. 
of the VOCs in the dispensed coating are emitted whether or not the coating 
actually reaches and aaheres to the surface. Consequently, improved TE can 
reduce VOC emissions because less coating is used. 
transfer efficiencies o f  60 percent for RACT in metal furniture and appliance 
coating and 30 percent for RACT waterborne equivalence in the automobile in- 
dustry (for both primer-surfacer and topcoat applications). If a base T E  has 
not been documented by EPA, then the company must satisfactorily document 
their base TE prior to equivalency ca. lculat . ions/demonstrat ions.  To obtain TE 

credits, a company must prove its baseline TE with documentation, and document 
the new TE. 

Transfer 

Regardless of the TE, all 

EPA has defined baseline 

3 . 1  DETERMINING THE MASS OF VOC E M I T T E D  PER VOLUME OF S O L I D S  A P P L I E D  

Example 1 - 
Determine the mass of VOC emitted per volume of solids applied given the f o l -  
lowing data: 

. 

A. VOC content o f  coating = 4.0 lb VOC 
gal solids 

B. Transfer efficiency = 40 percent 

Mass of VOC emitted per volume of solids applied is: 

4.0 lb VOC 1 gal solids used - - 10.0 lb VOC 
gal solids 0.4 gal solids applied gal solids applied 
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Example 2 - 
Determine the mass of VOC emitted per volume of solids applied given the fol- 
lowing da,ta: 

A. VOC content of coating = 3.0 lb VOC/gal coating less water 
B. Nonvolatiles content = 55 percent by volume 
C. Transfer efficiency = 60 percent 
D. Water Content = None 

3.0 lb VOC 1 gal coating less water 1 gal solids used 
gal coating less water 0.55 gal solids 0.60 gal solids applied 

- - 9.1 lb VOC 
' 1  gallon solids applied 

Note: For a waterborne coating, be careful of using pounds of VOC per gallon 
o f  coating less water dnd volume nonvolatiles content as a fraction of 
the total coating including water. These two items cannot simply be 
combined to get pounds of VOC per gallon of solids. The best method 
is to follow Example 2 in Section 2 and then factor in transfer effi- 
ciency. Alternatively, the volume nonvolatiles content could be de- 
termined for the coating less water if the volume fraction water is 
known or calculated as follows: 

volume fraction nonvolatiles in 
coating including water 
1 - volume fraction water 

Volume fraction nonvolatiles 
in coating less water - - 

3 . 2  CALCULATING AVERAGE TRANSFER EFFICIENCY 

Example 3 - 
A plant operates two coating lines. Each line uses both manual electrostatic 
spray guns (TE = 60 percent) and rotating-head electrostatic spray guns (TE = 
80 percent). 
transfer efficiency? 

Table 1 contains the applicable data. What is the average 

total liters of solids deposited - - 38.4 + 36.8 Average TE = total liters of solids used 64 + 46 

= -  75 '2  x 100 = 68 percent 
110 
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C o a t i n g  l i n e  

A 

6 

TOTAL c 
I-. - 

(TE = 60%)* 
To ta l  
1 i t e r s  

o f  
:oat i ng 

used 

100 

100 

s t a t i c  spray (TE = 80%)* 

TABLE 1. EXAMPLE CALCULATION OF AVERAGE TE WHEN 
SEVERAL DIFFERENT COATING APPLICATION METHODS ARE USED 

Volume 
percent  

s o l  i d s  

50 

60 

To ta l  
1 i t e r s  

o f  
s o l  i d s  
used 

50 

60 

A p p l i c a t i o n  Method 

64 

i t e r s  i t e r s  

14.4 

38.4 

Liters 
o f  

s o l  i d s  
used 

IO 

36 

46 

- 

L i t e r s  
o f  

sol i d s  
deposi ted 

a 
28.8 

36.8 

- 

*These TE values are  i l l u s t r a t i v e  values on ly .  Actual  TE must be determined t o  c a l c u l a t e  ac tua l  emissions. 





SECTION 4 
COMPLIANCE DETERMINATIONS 

4.1 

Exiiniple 1 - 
A coater is required to meet an emission limit o f  3.5 pounds o f  VOC per gallon 
of  coating less water. Does a coating with a density o f  12 pounds per gallon 
that contains 25 weight percent VOC comply? The coating contains no water or 
negligibly photochemically reactive solvents. 

CALCULATING COATING COMPLIANCE WITH A STANOARD 

12 lb coating 0.25 l b  VOC 1 gal coating 
gal coating lb coating (1-0) gal coating less water 

- 3 lb VOC - gal coating less water 
So, the coating complies with the regulation. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Example 2 - 
A coater is required to meet an emission limit o f  4.0 pounds VOC per gallon o f  
solias. Does a coating with a density o f  10 pounds per gallon that contains 
60 weight percent volatiles, 45 weight percent water, and 30 volume percent 
solids comply? 

The weight percent organic volatiles is 60-45-15. 

The VOC content o f  the coating is: 

10 lb coating 0.15 lb VOC 1 gal coating - 5 lb VOC 
gal coating lb coating 0.30 gal so ids gal solids 

12 



Example 3 - 
A coater is required to meet an emission limit of 10 pounds VOC per gallon o f  
solids applied. 
transfer efficiency of 80 percent? 

Does the coating in Example 2 comply if it is applied at a 

6.3 lb VOC - 5 Ib VOC 1 gal solids used - 
gal solids 0.80 gallon solids applied gal solids applied 

So, the coating meets the regulation. 

Example 4 - 
A metal furniture coater uses a coating containing 0.40 kg VOC/liter of coat- 
ing (less water and exempt solvents). The coating contains 55 volume percent 
solids. 
the maximum allowable emissions are 1.0 kg VOC/liter solids applied? 

The solution is found by using the following basic equation: 

mass of VOC used 
volume of coating solids used 

The transfer efficiency is 87 percent. Is the plant in compliance if 

1 mass of VOC used 
volume of coating solids applied X K '  

Emissions are: 

1 liter of coating less water 
X and exempt soivents 

0.55 liter solids X 0.40 kg VOC 
1 liter of coating less water 

and exempt solvents 

1 liter solids = 0.84 kg VOC 
0.87 liter solids . ,  

applied 

Since 0.84 is less than 1.0, the coating operation i s  in compliance. 

Note: This example is similar to Example 2 in Section 3.1. 
note mentioned after Example 2 applies to this example too. 

Therefore, the 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
4.2 CALCULATING COMPLIANCE MHEN ADO-ON CONTROLS ARE USED 

Example 5 - 
A coater i s  required to meet an emission limit of 6 pounds of VOC per gallon 
of solids. What percent emission reduction is needed if the coater uses a 
coating with 22 pounds of VOC per gallon of solids? 

13 



16 22-6 x 100 = 22 x 100 = 73 percent emission reduction 22 

Example 6 - 
A coater is required to meet an emission limit of 3.7 pounds of VOC per gallon 
of coating less water. What percent emission reduction is needed if the coat- 
er uses a solvent-borne coating with 5.0 pounds of VOC per gallon of coating 
less water and a volume solids content of 25 percent? 

This calculation must be done on a solids basis. First, the emission limit 
must be converted to pounds o f  VOC per gallon o f  solids. 
sumed VOC density o f  7.36 pounds per gallon i s  used to calculate the volume 
solids content o f  the "presumptive" RACT coating. 

To do this, an as- 

"kc x 100 = 50 volume percent VOC 3.7 lb VOC 
gal coating less water 7.3;  lb V 

100-50 = 50 volume percent solids 

3.7 lb VOC 1 gal coating - - 7.4 lb VOC 
gal coating 0.50 gal solids gal solids 

Next, the VOC content of the coating used must also be calculated on a solids 
basis. 

5.0 lb VOC 1 gal coating = 20 lb VOC 
gal coating 0.25 gal solids gal solids 

Now the required percent reduction can be calculated. 

20-7*4 x 100 = 63 percent emission reduction 20 

Notes: 

1. An erroneous result is obtained if this calculation is not done on a solids 
basis. 
be: 

Using pounds of VOC per gallon o f  coating less water the result would 

5*0-3'7 x 100 = 26 percent emission reduction 5.0 

This would not give equivalent emissions as it does not take into account that 
the "presumptive" RACT coating not only has lower VQC content, but higher 
solids content as well. 

14 



2. An assumed ‘VOC density of 7.36 pounds per gallon is used to calculate the 
volume solids content of the “presumptive“ RACT coating because this same 
value was used to determine the “presumptive” recommended RACT emission limits 
from volume solids data. 

3. The volume solids content of actual coatings should be determined directly 
from coating formulation data as described in the VOC Data Sheets. 
ally, it may be useful to back calculate volume solids from VOC content and 
actual solvent or VOC density, but this must be done with extreme caution. 
When an inspector gathers data on the actual coatings used at a facility, the 
volume solids content should be obtained from coating formulation data from 
the facility or the coating manufacturer. The volume solids content should 
not be back calculated. 

Ocassion- 
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SECTION 5 

EQUIVALENCY DETERMINATIONS 

Equivalency calculations are required when compliance decisions must be 
This type of 

This section pre- 
made for replacement coatings, bubbles, offsets, netting, etc. 
calculation relates primarily to the CTG source categories. 
sents example equivalency calculations. 

The amount 
of solids needed to coat a surface to a particular film thickness is the same 
regardless of the coating composition used. 
organic solvent-borne coating increases the quantity of coating required and 
increases VOC emissions because more coating is used and the coating has a 
higher VOC content. 

VOC equivalency calculations must be made on a solids basis. 

Reducing the solids content of an 

r 

5.1 CALCULATING ALLOWABLE HOURLY EMISSIONS FOR A SOLVENT-BORNE COATING* 

Example 1 - 
A surface coater uses 10 gallons per hour of a coating that contains 5.5 lb 
VOC per gallon of coating and 25 volume percent solids. 
indicate that the coating formulation must meet an emission limit of 3.0 lb of 
VOC per gallon of coating (with a solvent density of 7.36 l b  per gallon) or 
the coater must control VOC emissions to an equivalent level. 
the production rate (solids usage rate), transfer efficiency, and film 
thickness stay constant, what are the coater's "allowable" hourly VOC 
emissions? 

For the existing coating, the actual VOC emissions are: 

New regulations 

Assuming that 

*This example presents a method for determining hourly VOC mass emissions for 
offset calculations; however, RACT limitations should normally be based on 
either applicable coating formulations or control efficiency requirements. 
hourly cap would normally only be used in addition to these RACT limitations. 

An 

16 



The s o l i d s  usage r a t e  i s :  

10 ga l  c o a t i n g  0.25 ga l  s o l i d s  - 2.5 a1 s o l i d s  
h ga l  c o a t i n g  -+ 

For t h e  complying coat ing ,  t he  VOC ( s o l v e n t )  volume f r a c t i o n  i s :  

3.0 l b  VOC 1 ga l  VOC - - 0.41 ga l  VOC 
g a l  coa t i ng  7.36 l b  VOC ga l  coa t i ng  

'The complying c o a t i n g  s o l i d s  volume f r a c t i o n  i s :  

0.59 a1 s o l i d s  - 0-41 = &xiEj- 

Using t h e  s o l i d s  usage r a t e  c a l c u l a t e d  above, t he  g a l l o n s  o f  complying coa t ing  
r e q u i r e d  are:  

a1 coa t ing  - 4.24 ga l  complying c o a t i n g  
h 

2.5 ga l  s o l i d s  - 
h 0.959 ga l  s o l i d s  

The emissions r a t e  a t  t h e  e x i s t i n g  s o l i d s  a p p l i e d  r a t e  i s :  

3.0 l b  VOC 4.24 ga l  c o a t i n g  - 12.72 l b  VOC 
h 

- 
g a l  c o a t i n g  h 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
5.2 

Example 2 - 
The RACT equiva lence requirements f o r  can coa t ing  opera t ions  a re  tabu la ted  i n  
45 FR 80825, dated December 8, 1980. An ana lys i s  o f  two coa t ings  used i n  an 
ac tua l  p l a n t  i s :  

Coat ing Coat ing 
No, 1 No. 2 

EQUIVALENCY CALCULATIONS FOR A CAN COATING OPERATION 

(1) Actua l  pounds o f  VOC pe r  g a l l o n  o f  coa t i ng  l e s s  5.42 1.09 
water  and exempt so l ven ts  as a p p l i e d  

( 2 )  Gal lons o f  each coa t ing  a p p l i e d  110 240 

( 3 )  Cont ro l  e f f i c i e n c y ,  percent  0,81 -- 
(4 )  Volume percent  w a t e r  and exempt so lvents  

i n  coat ings  -- 41.3 

(cont inued ) 
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(5) Volume percent solids 

(6) Allowable emission limit, lb VOC/gal coating 
less water and exempt solvents 

Calculate the following: 

(1) Gallons of solids applied. 

(2) Pounds of VOC per gallon of solids. 

(3) Pounds of VOC emitted. 

(4) Allowable VOC emissions. 

Answers: 

(1) The gallons of solids applied can be calcul 

Coating Coating 
No. 1 No. 2 

26.4 50.0 

2.8 2.8 

ted as follows 

Gallons of solids applied = (gallons of coating used) x (volume 
percent solids) i 100% 

(Since the quantity o f  solids used in the equation appears as a 
percentage it is necessary to divide by loo%.) 
Coating No. 1: 

J 

Coating No. 2: 
50 a1 solids - - 120 gal solids 

applied 240 gal coating applied x zal coating 
(2) As noted on Page 10, the pounds of VOC per gallon of solids can be 

calculated as follows: 

lb VOC - - lb VOC/gal coating less water 
gal o f  solids volume percent solids 

100-volume percent water 



Coating No. 1: 

5.42 lb VOC 
gal coating 26.4 gal solids 100 gal coating 

less water 

100 gal coating 100 - 0 gal coating less water 

- 20.53 lb VOC - gal solids 

Coating No. 2: 

1.09 lb VOC 
gal coating 50.0 gal solids 100 gal coating 

100 gal coating 100 - 41.3 gal coating less water 
-less water 

- 1.28 lb VOC 
gal solids - 

(3) The pounds of VOC emitted can be calculated as follows: 

I b  Of 'OC 
gal of solids 

Coating No. 1: 

2 ~ ; ~ 3 s ~ ~ i ~ ~ c  x 29.0 gal solids x (1 - 0.81) = 113.1 lb VOC 

Coating No. 2: 

1.28 l b  'OC x 120 gal solids x (1 - 0) = 153.6 lb VOC gal solids 

The allowable VOC emissions can be calculated as follows: 

x gal of solids x (1 - overall control efficiency*) 

( 4 )  

As calculated in Item (Z), the gallons o f  solids applied for coatings NO 
1 and No. 2 were 29 and 120, respectively. 
apply the same volume of solids with a RACT complying coating. 

Given: (1) Emission limit: 2.8 lb VOC/gal coating 

(2) VOC density: 

Assume that the coater will 

7.36 lb VOC/gal 

*The overall control efficiency is equal to the fraction of total VOC used 
that i s  destroyed or recovered by the control system. Overall control effi- 
ciency = capture device efficiency x control device efficiency. 
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Allowable pounds of VOC = gallons of complying coating applied x allow- 
able emission limit, 

- - a1 solids applied (per unit of time 
volime fraction solids in complying coaiing 

2.8 lb VOC 
gal coating less water 

and exempt solvents 

Volume fraction VOC: 

2.8 l b  VOC 1 gal VOC 0.38 a1 VOC 
gal coating 7.36 lb VOC =+ ga coating 

Volume fraction solids: 
1 - 0.38 gal coating = 0.62 galgcoating a1 solids 

Allowable pounds of VOC for Coating No. 1: 
1 gal coatin 2.8 lb VOC 

29 "'ids 0.62 gal soli:s gal coating 

= 131 It VOC 

Allowable pounds of VOC for Coating No. 2: 

a1 coatin 2.8 lb VOC 
120 "lids 0.6; gal soli:s gal coating 

= 542 lb VOC 

Table 2 shows the calculation sequence. 
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TABLE 2. SUGGESTED FORPAT. FOR DETEHHIWING COHPLIANCE FOR CAN COATING OPERATIOHS. 

App l i ca t i on  
r a t e  (ga l /  

u n i t s  
produced 

(f)' 

Un i t s  coa t ing  
pi;;+ 1 
duced (f x g) 

Over- 

Add- 

Lb 
Of  voc 

[e x i] 
(1  - j )  

(k )  

Sheet codt i i ig  5.42 

5heet c o j  i!! 1 iii 1 1 4!.3 

Sheet coating 
Side s e m  
Ins ide  spray 3.91 16.0 65.9 
-~ tnd __ cumpound 4 . 2 0  42.9 

N 
Y 

51,ret co'lt iuy 
Side sedui 
Ins ide spray 42.9 51.1 
End coin Ound 49.1 50.3 

20.52 
1.28 

16.23 
45.59 
8.33 
¶.nu 

22 5 
10 24 
10 24 
1.5 18 

1.5 ____ 

29.0 
120.0 
74.9 
3.8 

30.7 
15.4 

ACTUAL TOTAL EMISSIONS 1.07 7.5 

AI lowdble Enii 5 s  i uns Us i n9  Coinplying Cud 1 i ny" 

74.9 338.0 

9.78 3.0 30.7 300.2 
7.44 1 . 3  24 31 15.4 114.6 

21.76 0.8 3.8 

ACTUAL TOTAL EMISSIONS 1.509.5 

*Note: Data in columns a. b, d, f. 9. and j (under actual  emissions) were obtained from p l a n t  records i nc lud ing  th inn ing  
solvent. Oata i n  columns a. b. and d were determiiied using procedures i n  the YOC Oata Sheets. 

a 

100 - d IFor actual  coatings, e = (- b ,  

a 

For complying coatings, e = 1 - 
~ 



TABLE 2. (continued) 

0 = Presumed density of VOC for complying coating (7.36 Ib /ga l ) .  

2Control eff iciency varies with emission contro l  devices used. The percent capture and contro l  e f f ic iency must be establ ished by 
using approved t e s t  methods. 
those used i n  the o r i g i n a l  capture and contro l  e f f ic iency demul~stration. 
iiieters, the source must make a new capture andlor Control e f f i c iency  demonstration as deemed appiopridte by the cmpl iance au- 
thor i t y .  

g d l  of so l ids appl ied per u n i t .  

The source must always maintain process and contro l  system parameters as close as poss ib le  t o  
If there are any s ign i f i can t  changes i n  these para- 

3Concept based un the fol lowing p r i n c i p a l  f o r  cmpar ing actual dnd allowable emissions: 

+Colt,plies with 5tate VOC emission l im i ta t ions .  

I b  VOC emitted = I b  YOC/gal o f  so l ids  x 
[Same gal o f  su l ids appl ied fo r  actual and ?l lowoble emissions.) 

N 
N 
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SECTION 6 

COMPLEX CALCULATIONS 

This section presents example calculations demonstrating situations that 
may require a series of calculations. 

6.1 COMPLIANCE DETERMINATION FOR AUTO PLANT PRIMER-SURFACER (GUIDE COAT) 
OPERATION 

Example 1 - 
An auta primer-surfacer operation uses a coating that contains 3.58 lb VOC/gal 
of coating with a transfer efficiency of 50 percent. The RACT emission limit 
is 2.8 lb VOC/gal of coating less water at 30 percent transfer efficiency 
(waterborne equivalence). Is the operation in compliance? 

Given: (1) The manufacturer's data show that the undiluted coating has 
50.0 volume percent solids. 

( 2 )  The plant adds 0.05 sal of thinner blend per gallon of un- . .  
diluted coating: 

(a) 0.02 gallon of thinner No. l/ga 
(thinner density 7.36 lb/gal). 

(b) 0.02 gallon o f  thinner No. 2/ga 
(thinner density 5.43 lb/gal). 

(c) 0.01 gallon of thinner No. 3/ga 
(thinner density 9.52 lb/gal). 

The density of the undiluted coating 

- 

(3) 

Ion undiluted coating 

lon undiluted coating 

lon undiluted coating 

i s  10.25 lb/gal. 

(4) Weight fraction of VOC in undiluted coating = 

0.333 lb VOC solvent 
1 b  undiluted coating 
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F i r s t ,  v e r i f y  t h e  VOC con ten t  o f  t he  coat ing .  
c o n t e n t  o f  t h e  u n d i l u t e d  c o a t i n g  and the  t h i n n e r s  must be ca l cu la ted .  The 
mass o f  VOC i n  the  u n d i l u t e d  coa t ing  i s :  

I n  o r d e r  t o  do t h i s ,  t he  VOC 

0.333 l b  VOC 10.25 l b  u n d i l u t e d  c o a t i n g  - - 
Tb u n d i l u t e d  c o a t i n g  ga l  u n d i l u t e d  c o a t i n g  g a l  u n d i l u t e d  coa t ing  

3.41 l b  VOC 

The mass o f  t h i n n e r  added per  g a l l o n  o f  u n d i l u t e d  c o a t i n g  i s :  

0.02 ga l  t h i n n e r  No. 1 7.36 l b  t h i n n e r  No. 1 0.02 ga l  t h i n n e r  No. 2 
ga l  u n d i l u t e d  c o a t i n g  ga l  t h i n n e r  No. 1 ga l  u n d i l u t e d  c o a t i n g  

5.43 l b  t h i n n e r  No. 2 0.01 g a l  t h i n n e r  No. 3 9.52 l b  t h i n n e r  No. 3 
ga l  t h i n n e r  No. 2 ga l  u n d i l u t e d  c o a t i n g  ga l  t h i n n e r  No. 3 

0.351 l b  t h i n n e r  = 0.147 + 0.109 + 0.095 = gal undiluted coating 

The mass VOC pe r  volume coa t ing  a t  a p p l i c a t i o n  i s :  

3.41 l b  VOC/gal u n d i l u t e d  c o a t i n g  f 0.351 l b  t h i n n e r / g a l  u n d i l u t e d  c o a t i n g  
1.05 ga l  coa t i ng /ga l  u n d i l u t e d  c o a t i n g  

3 3 . 5 8  l b  VOC/gal coa t i r ig  

The u n d i l u t e d  c o a t i n g  has 50.0 volume percent  s o l i d s .  A f t e r  t he  c o a t i n g  i s  
d i l u t e d  w i t h  0.05 g a l l o n  o f  t h i n n e r  pe r  g a l l o n  o f  coat ing,  t he  volume percent  
s o l i d s  i s :  

.0.50 - - 0.48 ga l  s o l i d s  
1 f 0.05 volume coa t ing  

The equ iva lency  c a l c u l a t i o n s  must be made on a s o l i d s  bas is .  The formula f o r  
de termin ing  t h e  maximum a l l owab le  emissions on a s o l i d s  bas is  i s :  

a l l owab le  mass o f  VOC per  volume c o a t i n  
emissions = fig 

As noted i n  e a r l i e r  examples, an assumed VOC d e n s i t y  o f  7.36 ga l  i s  used t o  
c a l c u l a t e  t h e  volume s o l  i d s  conten t  o f  t he  "presumptive" RACT coa t ing .  

The volume o f  VOC i n  t h e  "presumptive" RACT c o a t i n g  i s :  

2.8 l b  VOC 1 a1 VOC - 0.38 a1 VOC 
ga coat7ng g a l  c o a t i n g  x+-+ 7.36 b V C 
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Therefore, the baseline volume of solids is: 

1 - 0.38 = - 0.62 a1 solids 
ga coating 

Allowable emissions are: 

2.8 lb VOC 1 a1 coatin 1 gal solids - - 15.1 lb VOC 
gal coating 0.30 gal solids applied gal solids applied 

'The formula for actual emissions is: 

actual mass VOC per volume coatin 
TE ) actual volume soli 

( gal coating 
Actual emissions = actual 

The actual mass of VOC per volume coating is 3.58 lb VOC/gallon coating. The 
actual transfer efficiency is 50 percent. The actual volume of solids in the 
sprayed coating is 48 percent. 

Actual emissions are: 

- 14.9 lb VOC 1 gal solids - 3.58 l b  VOC 1 gal coatin 
gal coating 0.48 gal soli9ds 0.50 gal solids applied gal solids applied 

Actual emissions (14.9 lb VOC per gallon o f  solids applied) are less than the 
maximum allowable emissions (15.1 lb VOC per gallon o f  solids applied); 
therefore, the operation is in compliance. 
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6.2 DETERMINING COMPLIANCE FOR A LARGE APPLIANCE COATINti LINE USING SEVERAL 
TYPES UF SPRAY EQUIPMENT 

Example 2 - 
A large appliance manufacturer has a coating operation that employs electro- 
static spray coating equipment and manual spray coating equipment. 
following data are available regarding the operation. 
compliance status. 
what percent reduction is required to achieve compliance? 

The 
Determine the 

If the large appliance manufacturer is out of compliance, 

( A )  
Electrostatic 

Transfer efficiency, percent 

Average volume percent of solids in 

VOC content, lb VOC/gal coating 

Gallons of coating used per day 

Emission limit, lb/gallon less 

Baseline transfer efficiency for 

coating 

less water 

water 

large appliances, percent 

coating 

90 

39 

4.5 

30.4 

2.8 

60 

(8) 
Manual 
coating 

40 

39 

4 . 5  

47.1 

2.8 

60 

The baseline transfer efficiency is 60 percent for a large appliance coater. 
Table 3 is a tabulation of the available data and calculation results. The 
actual calculations follow. 
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Gallons Sol ids,  Lb VOC/ Lb VOC/ 
Spray o f  coat- vo l .  g a l l o n  ga l lon  

type ing/day x coat ing so l ids  

Lb VOC/gal- Gallons Pounds 
% lon  so l ids  o f  so l ids  o f  

TE appl ied appl ied/day VOC/day 

A 30.4 39 4.5 11.5 

B 47.1 39 4.5 11.5 

90 12.8 10.7 136.8 

40 28.8 7.3 212.0 

A 28.8 62 2.8 4.5 60 7.5 

B 19.6 62 2.8 4.5 60 7.5 

10.7 80.6 

7.3 54.9 



Under the actual emissions category, the following calculations can be made. 

For A and B, the mass of VOC per volume o f  solids is: 

4.5 lb VOC 1 ;a1 coatrng - 11.5 l b  VOC 
gal coating 0.3 gal so ids gal solids 

For A, the mass of VOC per volume o f  solids applied is: 

- 12.82 lb VOC 4.5 lb VOC 1 gal coatin 1 gal solids - gal coating 0.39 gal soli% 0.90 gal solids applied gal solids applieo 

For 6 ,  the mass of VOC per volume o f  solids applied is: 

- 28.85 lb VOC 4.5 lb VOC 1 gal coating 1 gal solids - gal coating 0.39 gal solids 0.40 gal solids applied gal solids applied 

For A,  the volume of solids applied per day is: 

0.90 gal 
30.4 gal coating 0.39 gal solids solids applied 

day gal coating gal solids used 

For B ,  the volume o f  solids applied per day is: 
0.40 gal 

47.1 gal coating 0.39 gal solids solids applied 
d aY gal coating gal solids used 

10.7 gal solids applied 
day 

- 

- - 7.3 gal solids applied 
day 

For A, the mass o f  VOC emissions per day is: 

4.5 lb VOC 30.4 gal coating 3 136.8 lb VOC 
gal coating day day, 

For B, the mass of VOC emissions per day is: 

4.5 lb VOC 47.1 gal coating - - 212.0 lb VOC 
gal coating day day 

Under the allowed emissions category, the following calculations can be made. 

For A and 6, the volume fraction of VOC in the baseline coating is: 

2.8 lb VOC 1 gal VOC - - 0.38 gal VOC 
gal coating T’EXTE gal coating 
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The volume fraction solids in the coating is: 

0.3; gal VOC - 0.6Z1ga1 solids 
ga coating ga coating 

The baseline mass o f  VOC per volume solids is: 

2.8 lb VOC 1 gal coating - - 4.5 lb VOC 
gal coating 0.62 gal solids gal solids 

For A and B, the maximum allowable emissions are: 

2.8 lb VOC 1 gal Coating 1 gal solids used - - 7.5 lb VOC 
gal coating 0.62 ga solids 0.60 gal solids applied gal solids applied 

The volume of solids a.pplied remains the same. 
of complying coating used per day would be: 

Therefore, for A, the gallons 

10.7 gal solids applied 1 a1 coatin 1 gal solids used 
day 0.6 gal solids applied 

- - 28.8 gal coating 
day 

For 8, the gallons of complying coating used per day would be: 

1 gal solids used - 19.6 gal coating - 7.3 gal solids 1 gal coatin 
day x 0.62 gal soli% 0.6 gal solids day applied 

For A, the mass of VOC emissions allowed per day i s :  

2.8 lb VOC 28.8 gal coating - 80.6 lb VOC - 
gal coating day day . 

For 8, the mass of VOC emissions allowed per day is: 

2.8 lb VOC 19.6 gal coating - - 54.9 lb VOC 
gdl coating day day 

The total actual VOC emissions from A and 8 are 348.8 lb VOC per day. 
total allowable VOC emissions dre 135.5 lb VOC per day. 
tion is out of compliance. 
emissions is: 

The 
Therefore, the opera- 

To achieve compliance, the required reduction in 

348*8 - 135'5 x 100 = 61 percent 348.8 



.. 
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SECTION 7 

GRAPHS AND TABLES USEFUL IN APPROXIMATING 
AND DOUBLE-CHECKING SURFACE COATING CALCULATIONS 

Figure 1 can be used to  evaluate compliance a l t e rna t ives  for  waterborne 
and organic-borne coatings.  
from the required VOC content of coating ( l e s s  water and exempt solvents)  t o  
the appropriate curve (depending on r a t i o  of water t o  organic solvent i n  coat- 
i n g ) .  A ver t ica l  l i ne  i s  then drawn from the point of intersect ion t o  the 
x-axis which y ie lds  the volume percent so l ids .  All of the coatings represent- 
ed by the horizontal l i n e  have the same pounds of VOC solvent per gallon of 
coating ( l e s s  water and  exempt solvents) .  A ver t ical  l i ne  i n  Figure 1 from 
the volume percent sol ids  to  the organic-borne l i n e  represents a l l  of the 
coatings w i t h  the same volume percent so l ids .  
appropriate waterborne curves y i e ld  the VOC contents of the coatings l e s s  wa- 
t e r  and exempt solvents.  
f o r  coatings with the same so l ids  contents. 

scale .  I f  the pounds of VOC solvent per gallon of coating ( l e s s  water and 
exempt solvents)  i s  known, these figures can be used t o  approximate the pounds 
of VOC solvent per gallon of coating s o l i d s ,  assuming a solvent density of 
7.36 pounds per gallon. 

Table 4 presents volume percent sol ids  equivalency data for  d i f f e ren t  
coating operations.  Table 5 presents CTG Equivalency Data. 
7.36 pounds per gallon i s  assumed in these tables .  
l en t  so l id s  deposited l imits .  Table 7 presents some useful conversion fac- 
tors. 

This can be done by d rawing  a horizontal l i ne  

Horizontal l ines  drawn from the 

Note tha t  these values a re  considerably d i f f e ren t  

Figures 2 and 3 are  the same graph, only Figure 2 i s  drawn t o  a la rger  

H VOC density of 
Table 6 provides equiva- 
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n 2. 
10 
E 
7 m 

POUNDS OF VOC (SOLVENT) PER GALLON OF COATING 
(MINUS WATER AND EXEMPT SOLVENTS) (ASSUMED VOC DENSITY = 7.36 #/gal) 



Figure 2. Graph for determining pounds 
of VOC (solvent)  per ga l lon  of coat ing  so l ids .  
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POUNDS OF VOC 
(SOLVENT) PER GALLON OF COATING 

(MINUS W
ATER AND EXEMPT SOLVENTS) 

Figure 3. 
Smaller-scale graph for determining 

pounds of VOC (solvent) per gallon o
f coating solids. 
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TABLE 4. CTG VOLUME PERCENT SOLIDS EQUIVALENCY DATA 

I n d u s t r i a l  f i n i s h i n g  ca tegor ies  

CAN INDUSTRY 

Sheet basecoat ( e x t e r i o r  and 
i n t e r i o r )  and over-varn ish;  

and over -varn ish)  

Two- and three-p iece can i n t e r i o r  
body spray, two-piece can e x t e r i -  
o r  end (spray  o r  r o l l  c o a t )  

Three-piece can side-seam spray 

End s e a l i n g  compound 

. two-piece can e x t e r i o r  (basecoat 

COIL COATING 

Prime and topcoat  o r  s i n g l e  c o a t  
opera t i on 

FABRIC COATING 

F a b r i c  c o a t i n g  l i n e  

V i n y l  c o a t i n g  l i n e  

PAPER COATING 

Coat ing l i n e  

ASSEMBLY PLANT 
AUTOMOTIVE AND LIGHT-DUTY TRUCK 

Primer (e lec t rodepos i ted )  appl  i c a -  
t i o n ,  f l a s h o f f  area and oven 

Sur facer  (gu ide-coat)  'app l i ca t ion ,  
f l a s h o f f  area and oven 

Topcoat a p p l i c a t i o n ,  f l a s h o f f  
area and oven 

Kg VOC 
pe r  l i t e r  
o f  c o a t i n g  
l e s s  water  

0.34 

0.51 

0.66 

0.44 

0.31 

0.35 

0.45 

0.35 

0.14 

0.34 

0.34 

Lb VOC 
pe r  g a l l o n  
of c o a t i n g  
l e s s  water  

2.8 

4.2 

5.5 

3.7 

2.6 

2.9 

3.8 

2.9 

1.2 

2.8 

2.8 

Sol vent-borne 
c o a t i n g  

equi  Val en t 
volume % s o l i d s  

62.0 

42.9 

25.3 

49.7 

64.7 

60.6 

48.4 

60.6 

83.7 

62.0 

62.0 

(con t inued)  
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TABLE 4. (cont inued)  

I n d u s t r i a l  f i n i s h i n g  ca tegor ies  

AUTOMOTIVE AND LIGHT-DUTY TRUCK 
ASSEMBLY PLANT (cont inued)  

.F ina l  r e p a i r  a p p l i c a t i o n ,  
f l a s h o f f  area and oven 

METAL FURNITURE 

Coat ing  l i n e  

MAGNET WIRE INSULATION 

Wire c o a t i n g  oven 

LARGE APPLIANCES 

Prime. s i n g l e ,  o r  topcoat  
a p p l i c a t i o n  area, f l a s h o f f  
area and oven 

MISCELLANEOUS METAL PARTS 

A i r - d r i e d  i tems 

Clear-coated i tems 

Frequent-color-change i tems 

Powder-coated i tems 

Extreme performance coat ings  

Kg VOC Lb VOC 

,T- 
0.05 '0.4 

0.42 

Sol vent-borne 
c o a t i n g  

equ iva len t  
volume % s o l i d s  

34.8 

59.2 

76.9 
~~ 

62.0 

52.4 

41.6 

59.2 

94.6 

52.4 
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TABLE 5 .  CTG EQI 

Industrial finishing categories 

Can Industry 

Sheet basecoat (exterior and interior) 
and over-varnish; two-piece can ex- 
terior (base-coat and over-varnish) 

Two- and three-piece can interior body 
spray, two-piece can exterior end 
spray or roll coat 

Three-piece can side-seam spray 

End sealing compound 

Coil Coating 

Prime and topcoat or single coat op- 
eration 

w m 

Fabric Coating 

Fabric coating line 

Vinyl 'coating line 

VALENCY OA 

Solvent- 
borne 

coating 
Zquivalent 
volume % 
sol ids 

62.0 

42.9 

25.3 

50.3 

64.7 

60.6 

48.4 

(VOC DENS1 

Lb VOC 
per gallon 
3 f  coating 
less water 

2.8 

4.2 

5.5 

3.7 

2.6 

2.9 

3 .8  

' = 7.36 LE/ 
b 

Kg VOC 
per liter 
of coating 
less water 

0.34 

0.51 

0.66 

0.44 

0.31 

0.35 

0.45 

L) 

Lb VOC 
per gallon 
o f  sol ids 

4.5 

9.8 

21.7 

7.4 

4.0 

4.8 

7.9 

Kg VOC 
per liter' 
o f  sol ids 

0.55 

1.19 

2.61 

0.88 

0.48 

0.58 

0.93 

(continued) 



TABLE 5. [continued) 

Industrial finishing categories 

Paper Coating 

Coating line 

Automotive and Light-Duty Truck 
Assembly Plant 

Primer (electrodeposition) application 
flashoff area and oven 

% Surfacer (guide coat) application, 
flashoff area and oven 

Topcoat application, flashoff area and 
oven 

Final repair application, flashoff 
area and oven 

Metal Furniture 

Coatinq line 

Magnet Wire Insulation 

Wire coating oven 

Solvent- 
borne 

coating 
!qui valent 
volume % 
solids 

60.6 

83.7 

62.0 

6 2 . 0 .  

34.8 

59.2 

6.9 

Lb VOC 
per gallon 
o f  coating 
less water 

2.9 

1.2 

2.8 

2.8 

4.8 

3.0 

1.7 

Kg VOC 
per liter 
of coating 
less water 

0.35 

0.14 

0.34 

0.34 

0.58 

0.36 

0.20 

Lb VOC 
per gallon 
of sol ids 

4.8 

1.4 

4.5 

4.5 

13.8 

5.1 

2.2 

Kg VOC 
per liter 
of solids. ' 

0.58 

0.17 

0.55 

0.55 

1.67 

0.61 

0.26 

(continued) 



TABLE 5. (cont inued)  

Solvent-  
borne 

c o a t i n g  
q u i v a l e n t  
volume X 

s o l i d s  

62.0 

52.4 

41.6 

59.2 

95.6 

52.4 

I n d u s t r i a l  f i n i s h i n g  ca tegor ies  

Large Appl iances 

Prime, s ing le ,  o r  topcoat  a p p l i c a t i o n  
area, f l a s h o f f  area and oven 

Miscel laneous Meta l  Pa r t s  and Products 

A i r - d r i e d  i tems 

w Clear-coated i tems 
W 

Frequent-color-change i tems 

Powder-coated i tems 

Extreme performance coat ings  

Lb VOC 
p e r  g a l l o n  
o f  c o a t i n g  
l e s s  water  

2.8 

3.5 

4.3 

3.0 

0.4 

3.5 

Kg VOC 
pe r  l i t e r  
o f  c o a t i n g  
l e s s  water  

0.34 

0.42 

0.52 

0.36 

0.05 

0.42 

Lb VOC 
per  g a l l o n  
o f  s o l  i d s  

4.5 

6.7 

10.3 

5.1 

0.4 

6.7 

i Kg VOC . 
pe r  l i t e r  
o f  s o l  i d s  

0.55 

0.80 

1.25 

0.61 

0.05 

0.80 



Lb/gal-H,O Volume % Solids 
(kg / l )  

Auto and Light-duty Truck* 

Surfacer 2 .8  62.0 
(0.34) 

(0.34) 
Topcoat 2.8 62.0 

Metal Furn i ture  

Coating l i n e  3.0 * 59.2 
(0.36) 

0 w Large Appliances 

Coating Line 2 .8  62.0 
(0.34) 

*Waterborne equi Val ence 

Base1ine.T.E. Lb/gal so l ids  deposited 
(kg / l )  

30 15.1 
(1.83) 

(1.83) 
30 15.1 

60 8.4 
(1.01) 

60  7 . 5  
(0.91) 



TABLE 7. METRIC CONVERSION FACTORS 

A. Metric Equiva 1 e n t  
abbrevat ion Metric u n i t  E n q l i s h  u n i t  

kg kilogram (103 grams) 2.2046 l b  

1 i t e r  1 i t e r  0.2642 g a l ,  0.353 f t 3  

Mg megagram ( lo6  grams) 2,204.6 l b  

MT met r ic  ton ( l o 6  grams) 2,204.6 l b  

dscm dry s tandard  cubic  meters  35.31 dry s t .  f t 3  

s cm standard cubic  meter per m i n  35.31 f t 3 / m i n  

8. Mult ip ly  lb /ga l  x 0.12 t o  g e t  k g / l i t e r  

C .  Mul t ip ly  k g / l i t e r  x 8.34 t o  g e t  lb/gal  

0. Temperature: Degrees Ce l s ius  o r  cent igrade  ("C) can be converted t o  
degrees Fahrenhei t  (OF) by the  following forumla: 

t ° F  = 1.8 ( t " C 1  + 32 
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So, f o r  each ga l lon  of coat ing so l ids,  7.4 pounds o f  VOC are 
emitted. 

3.7 ounds VOC X 2 ga l lons coat ing wTk"i3 gal lon  s o l i d s  

Thus. emissions from the 50 v/o so l ids  coatings are 66 percent 
less than from the 25  v/o so l ids  coat ing when prov id ing an equal 
amount o f  so l ids  t o  the process. 

22.0 - 7.4 = 0.66 
2z.o 

WHAT EMISSION REOUCTION I S  NEEOED TO MEET AN E M I S S I O N  L I M I T ?  

This ca lcu la t ion ,  which must a lso be done on a so l ids  basis, 
i s  the same as t h a t  used above t o  compare emissions from two 
d i f f e r e n t  coatings. 

A coater  who uses a 25 v l o  so l ids  coat ing conta in ing 5.5 pounds 
of VOC per ga l lon.  l e s s  water. m s t  reduce emissions by 66 percent 
t o  meet an emission l i m i t  o f  3.1  pounds o f  VOC per  gallon, 
less water. 

HOH MUCH DO IMPROVEMENTS IN TRANSFER EFFICIENCY HELP A SOURCE TO 
COMPLY? 

? - r- 
The coater may want t o  use a coat ing t h a t  does not  comply wi th a 

regu la t ion  and compensate by improvements i n  the t r a n s f e r  e f f i c i e n c y  
w i th  which the  coat ing i s  appl ied t o  w e t  an equivalent emission 
leve l .  I n  order t o  ca lcu la te  c r e d i t  f o r  VOC reductions which r e s u l t  
from improvements i n  t rans fer  e f f i c iency ,  ca lcu la t ions  should be done 
using u n i t s  o f :  

l b  VOC 
ga l lon  s o l i d s  deposited 

These u n i t s  are determined by d i v i d i n g  I b  VOC/gallon so l ids  by 
the t ransfer  e f f i c i e n c y  expressed as a decimal f rac t ion .  For 
example. i f  the s t a r t i n g  t rans fer  e f f i c iency  i s  60 percent, the u n i t s  
would be: 

1.0 qa l  so l ids  
I b  YOC I b  VOC x i n  coat ing used 

gal s o l i d s  d e p o s i t e b  gal s o l i d s  D.bU gal s o l i d s  
( # i t h  the o l d  system1 i n  coat ing  used deposited 

If the same p a i n t  were nw t o  be sprayed wi th 90 percent 
t r a n s f e r  e f f i c iency ,  the new value would he: 

l b  YOC 
ga l lon  so l ids  

deposited 
( w i t h  new system) 

- - 1.0 ga l  s o l i d s  
I b  VOC y i n  coat ing  used 
ga l lon  s o l i d s  0.90 gal s o l i d s  
i n  coat ing used deposited 

I f  both the so lvent  content o f  the coat ing  and the t r a n s f e r  

1.0 ga l  so l ids  i n  

e f f i c i e n c y  are changed, the s i t u a t i o n  becomes: 

- l b  YOC - l b  YOC x new coat ing  used 
gal so l ids  deposited gal  s o l i d s  in gal s o l i d s  
( w i t h  new p a i n t  and new coat ing  deposited 
new t ransfer  e f f i q i e n c y l  used 

where T = the  new t ransfer  e f f i c iency  expressed as a decimal 

Expressed i n  these un i ts ,  the emissions from the o l d  and new 
systems can be d i r e c t l y  compared t o  determine the  reduct ion achieved. 

NOTE: For 'metal f u r n i t u r e  and appliance coating. the EPA has 
reconwnded* t h a t  c r e d i t  f o r  t ransfer  e f f i c i e n c y  be given from a hase- 
l i n e  o f  60 percent t r a n s f e r  e f f i c i e n c y  ( T E l .  For example. if a 
company goes from 35 percent TE t o  85 percent TE, c r e d i t  should only 
be given fo r  going from 60 percent TE t o  85 percent TE t o  avoid 
rewarding a source t h a t  has h i s t o r i c a l l y  had poor t r a n s f e r  e f f i c iency  - hence a h igh  emission rate.  

The ra t iona le  f o r  t h i s  i s  t h a t  60 percent  TE i s  a reasonable 
t r a n s f e r  e f f i c i e n c y  t o  achieve f o r  these indus t r ies ,  and c r e d i t  
should only be given f o r  exceeding 60 percent TE. 

For the automobile industry. the CTG recomendation f o r  basel ine 
t rans fer  e f f i c i e n c y  i s  30 percent TE f o r  both primer surfacer and 
topcoat. This i s  the e f f i c iency  a t  which waterborne coatings were 
app l ied  a t  two e x i s t i n g  assenbly p lants .  

a Memo from G. T. Helms, Chief. Control Programs Operations Branch. 
EPA. t o  Chief, A i s  Programs Branch. EPA Regions I - X .  'Appropriate 
Transfer E f f i c i e n c i e s  f o r  Metal F u r n i t u r e  and Large Appliance 
Coating". November 29. 1980. 



REFERENCES 

1. "Compliance w i t h  VOC Emission L i m i t a t i o n s  f o r  Can Coat ing Operations,'' 
45 FR 80824, dated December 8, 1980. 

"Glossary f o r  A i r  P o l l u t i o n  Cont ro l  o f  I n d u s t r i a l  Coat ing Operations.' '  
Second E d i t i o n .  
ronmenta 1 P r o t e c t i o n  Agency. EPA-450/3-83-013R. December 1983. 

3. Memorandum e n t i t l e d  "Appropr ia te  Trans fer  E f f i c i e n c i e s  f o r  Metal  Furn i -  
t u r e  and Large Appl iace Coating,." from G.T. Helms, Ch ie f ,  Cont ro l  P r o -  
grams Operat ions Branch, t o  Ch ie f ,  A i r  Programs Branch, Regions I - X ,  
dated November 28, 1980. 

Memorandum e n t i t l e d  "Appropr ia te  Trans fer  E f f i c i e n c y  f o r  Water-Borne 
Equivalence," from K.G. Rhoads, D i r e c t o r ,  Cont ro l  Programs Developriient 
D i v i s i o n  t o  D i r e c t o r ,  A i r  and Hazardous M a t e r i a l s  D i v i s i o n ,  Regions ' I -X,  
dated J u l y  3, 1979. 

Memorandum e n t i t l e d  'Determinat ion  o f  Capture E f f i c i e n c y , "  f rom J .  ,Be r ry ,  
Chief ,  Chemical Ana lys i s  Sect ion,  t o  D. Cook, EPA Region I V ,  dated d u l y  
7. 1980. 

Memoraridum e n t i t l e d  "Equivalency Ca lcu la t i ons  w i t h  the  CTG Kecommenda- 
t i o n s  f o r  Surface Coat ing,"  f r o m  R.G. Rhoads, D i r e c t o r ,  Cont ro l  Programs 
Development D i v i s i o n ,  t o  David Kee, D i r e c t o r ,  A i r  and Hazardous M a t e r i a l s  
D i v i s i o n ,  Region V, dated October 17, 1980. . 
Memorandum e n t i t l e d  "Procedure t o  Ca lcu la te  Equivalency w i t h  the  'CTG 
Recommendations f o r  Surface Coating, from R.G. Rhoads, D i r e c t o r ,  
Cont ro l  Programs Development D i v i s i o n ,  t o  Chief ,  A i r  Programs Branch, 
Regions I - X ,  dated May 5 ,  1980. 

Memorandum e n t i t l e d  "RACT Opt ions f o r  Can Coat ing Operations," from R.G. 
Rhoads, D i r e c t o r ,  Cont ro l  Programs Development D i v i s i o n  t o  D i r e c t o r ,  A i r  
and Hazardous M a t e r i a l s  D i v i s i o n ,  Regions I - X ,  dated November 21, 1978. 

9. Memorandum e n t i t l e d  "Role o f  Improved Trans fer  E f f i c i e n c y  i n  Demonstrat- 
i n g  Compliance w i t h  the  CTG Recommendations f o r  Surface Coat ing",  from 
G.T. Helms, Ch ie f ,  Cont ro l  Programs Operat ions Branch, t o  W.S. Baker, 
Ch ie f ,  A i r  Programs Branch, Region 11, dated Gecember 2, 1980. 

2. 
Emission Standards and Engineer ing D iv i s ion ,  U.S. Env i -  

4. 

5. 

6. 

7 .  

8. 

41 



. 



APPENDIX A 

GLOSSARY OF TERMS USED I N  
A I R  POLLUTION CONTROL OF EMISSIONS 
FROM INDUSTRIAL COATING OPERATION 

EPA PUBLICATION NO. 4 5 0 / 3 - 8 3 - 0 1 3 R f  PAGES 26-29 

A- 1 





50 v/o so l id s  coating than with a gallon of 2S v/o so l id s  coating. 
i a i c e  as many gallons of 2 5  percent so l ids  coating a re  needed than 
gallons of 50 percent so l ids  coating to  do t h e  same job. 

The same volume of coating so l id s  must be deposited on an objec t  
t o  coat i t  t o  a desired f i l m  thickness regardless of the type of 
coating o r  v o l a t i l e  organic cmpound content of the  coating used. - Solids mate the  film. Volati les IVOC, water. and non-photochemically 
reacEGT5lvents)vaporate. 

Four gallons o f  a 25  volme percent (v/ol so l ids  coating m u s t  be 
used t o  ge t  one gallon of coating solids.  

a HOU DO EMISSIONS FROM DIFFERENT COATINGS COMPARE? 

Comparisons of the percent difference i n  emissions between twi, 
coatings,  or  between a coating and an emission l fmi t ,  must be done on 
a so l id s  basis. 

> 
i u 

voc 

SOLIDS - 

1 4 SOLIDS 

Each gallon of the  25 v/o so l ids  coating contains 5.6 'pkndr of 
VK. 

7 5.5 LBS. 

4 SOLIDS 

So. f o r  each gallon of coating so l ids ,  22.0 pounds of VOC a re  
emitted. 

5.5 ounds YOC X 4 gallons coa t inq  * gallon so l id s  

Each gallon o f  the  50 vto solids coa t lng  contains 3.7 pounds B u t ,  only two gallons of a 50 v l o  so l id s  coatfng must be used t o  ge t  
one ga l lon  of coating so l ids .  of YOC. 

voc 

SOLIOS SOLIDS 

3.1 LBS. 

SOLIDS 
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APPENDIX B 

PROCEDUKES FOR CERTIFYING QUANTITY OF 
VOLATILE ORtiANIC COMPOUNDS EMITTED 
BY PAINT, I N K ,  AND OTHER COATINGS. 
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Determindtion o f  Vola t i l e  Matter Content, Density,  Volume Sol ids ,  and 
Weight Sol ids  of Surface Coatings," i n  t h e  Federal Regis ter  (45 FR 65958) 
For the f i rs t  time the  Agency formally s p e c m n  ana ly t ica l  method 
for  the VOC conten t  of those coat ings t h a t  cure by chemical reac t ion .  
Even t h e n ,  t h e  announcement cont inued t o  allow t h e  manufacturer's formu- 
l a t i o n  t o  be used t o  c a l c u l a t e  the  VOC content  b u t  spec i f i ed  t h a t  t h e  
ana ly t ica l  technique, RM-24, wuld be the  reference in  any c o n f l i c t  
be twen  the  two. 

e s t ab l i shed ,  the demand f o r  low-solvent coa t ings  began a continu'jng 
increase  in the sales volume of reaction-cure coatings.  There was some 
concern voiced by the indus t ry  i n  how appropr ia te  the reference method 
was fo r  these type coatings.  'To f ind  out, t h e  Agency began a review of 
RM-24 t o  determine the e f f e c t  o f  temperature and exposure time on t h e  
ind ica ted  VOC "content". I t  was concluded t h a t  the maximum e f f e c t  o f  
those time-temperature canbinations t h a t  were examined amounted to only 
a b o u t  a 10  percent var ia t ion .  
solvent  sometimes accounted for  only 50 t o  70 percent of the t o t a l  
VOC measured by the reference method. 

t o t a l  organics freed by a coating than i s  the solvent.  This manual 
implements a po l icy  based on t h a t  conclusion. Ce r t i f i ca t ion  o f  VOC 
con ten t  on the attached Data Sheets m u s t  be based on an ana lys i s  using 
RM-24. No longer  will solvent content  be permitted as a surrogatz f o r  
VOC unless a showing i s  f i r s t  made t h a t  I t s  use i s  a reasonable a l t e r -  
native o r  equivalent  method of determining the VOC content  of t h a t  
p a r t i c u l a r  coating. 

One f inal  cmment. Since VOC i s  not always syonomous with so lvent .  
i t  follows t h a t  the amount o f  so l id s  in a coat ing cannot be obtained by 
subt rac t ing  the so lvent  f ran  the  to t a l  volume of coating. The or iginal  
Federal Register proposal f o r  RM-24, published on October 3 ,  1980, recomi. 
mended t h e  American Socie ty  of Tes t  Mater ia ls  t e s t  Number 02697 as the 
appropr ia te  method of determini ng sol i d s  content .  Subsequent cmments 
f r an  the industrymaintained t h a t  t h i s  t e s t  i s  unrel iable .  
when promulgated i n  1980, RY-24 spec i f i ed  t h a t  the s o l i d s  content  of a 
coat ing can be obtained only f ran  t h e  manufacturer 's  formulation of the 
coating. 

During 1981 and 1982, a s  more S t a t e  and Federal regula t ions  Were 

Somewhat more surprising was t h a t  the 

The obvious conclusion was t h a t  RM-24 i s  a b e t t e r  measure of the  

As a r e s u l t ,  
.. 

Oenni s Crumpl e r  
Oecmber 14, 1984 
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( w v j a  ' the w e i g h t  pe rcen t  of t o t a l  v o l a t i l e s  i n  the  c o a t i n g  
"as appl  i ed" 

, .  

(WV), t n e  we igh t  pe rcen t  o f  t o t a l  v o l a t i l e s  i n  t h e  c o a t i n g  
"as supp l i ed "  

( Ww) a 

(ww)d 

.(Ww) s 

t h e  weight pe rcen t  water  i n  t h e  c o a t i n g  "as app l i ed "  

t h e  we igh t  pe rcen t  water  i n  t h e  d i l u t i o n  s o l v e n t  

t he  w e i g h t  pe rcen t  wa te r  i n  t h e  c o a t i n g  "as supp l i ed "  

.. 
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PREFACE 

Th i s  manual was conceived as a way t o  provide simple step-by-step 
instructions f o r  ce r t i fy ing  the  quant i ty  of v o l a t i l e  organic compounds 
( V O C )  t h a t  will be released by a coa t ing .  
way. The guidance i s  here, b u t  i n  s p i t e  of g r e a t  di l igence,  the 
instructions remain imposing. 

indus t ry ,  a s  represented by the  National Paint and Coatings Association, 
had requested a c e r t i f i c a t i o n  procedure which would r e l i eve  t h e i r  custom- 
ers the expense of analysis .  Second, the  complexity of the  ca lcu la t ions  
necessary t o  determine compliance, f o r  example, when d i lu t ion  solvent  i s  
added t o  a coa t ing ,  continue t o  confound Federal ,  S t a t e  and Local enferee- 
ment personnel. 
re fe rence  method for determining VOC reemphasized the  importance of 
ana ly t ica l  procedures t o  v e r i f y  VOC content .  

In response t o  the r e s u l t s  o f  the  review of the t e s t  methods, t h i s  
manual reaffirms t h a t  Reference Method 24 or i t s  cons t i t uen t  methods 
developed by the  American Society fo r  Testing and  Xater ia l s  (ASTM), 
a r e  the procedures by hutch the VOC content  of a coating wi l l  be deter-  
mined fo r  compliance with Federal regulat ions.  m e  e a r l i e s t  guidance 
was n o t  so spec i f i c .  In 1977, t h e  f i r s t  report1, wr i t ten  t o  a s s i s t  
S ta tes  i n  developing regulat ions for  sources of VOC emissions, provided 
recanmendations for  the maximum allowable VOC content fo r  complying 
coat ings in  a v a r i e t y  of indus t r ies .  These values were expressed i n  
mass o f  VOC per  u n i t  volume of coating. In deriving the  recommended 
l i m i t a t i o n ,  t h e  VOC content  o f  a coating was calculated based on the  
s o l i d s  content  provided by the coating manufacturer. 
l a t e d  t h e  mass o f  VOC in  the coating by assuming the  VOC had a dens i ty  
o f  7.36 pounds per gallon. 

I t  has n o t  turned o u t  t h a t  

The  manual was prepared f o r  several reasons. F i r s t ,  the  coatings 

F ina l ly ,  r e s u l t s  of a recent  review o f  the  Agency's 

The Agency calcu- 

Solvent  and VOC were used somewhat interchangebly even though i t  
was recognized tha t  organics such as r e s in  monomer, o l ig imers ,  and 
reac t ion  by-products could be released by a coating dur ing  the cure.  
There was no accepted ana ly t ica l  method ava i lab le  f o r  measuring the 
t o t a l  VOC which would be released by a coating. The i n i t i a l  guidance1 
provided an  ana ly t ica l  method for  us2 only for  a i r -d ry  coa t ings ,  those 
where a l l  VOC emissions would be expected t o  come as a r e s u l t  o f  evapor- 
a t ion  o f  solvent.  On a volume b a s i s ,  a i r  d ry  coat ings cons t i tu ted  the  
1 arges t  catagory 0.f coatings then in  use. 

dure t h a t  could be used t o  determine the to ta l  VOC i n  a coating. On 
October 3 ,  1980, the Agency publ ished "Reference Method 24 (RM-24) - 

The Agency subsequent1 y developed a more general ana ly t ica l  proce- 

k o n t r o l  of Vola t i le  Organic Emissions from Sta t ionary  Sources - 
Volume 11: Surface Caoting of Cans, Coi ls ,  Paper, Fabrics. Automobiles, 
a n d  Light-duty Trucks, Document N O .  EPA-450/?-77-008. 

i i i  ' 
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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 

VOC DATA SHEET: 

PROPERTIES OF THE COATING "AS SUPPL!ED" B Y  ThE MANUFACTURER 

Coating Manufacturer: 

Coating Iden t i f i ca t ion :  

Batch Iden t i f i ca t ion :  

Supplied To: 

Proper t ies  o f  the coating as suppl ieal  t o  the customer: 

A .  Csating Density ( D c ) s  : 1 b/gal k g / l  

/-'7 ASTI.1 01475 - /-T Other2 - 
e. Total Volat i les  ( i lv)s : 'deigtit Percent 

- /7 ASTR 02369 - /7 Other2 

c. !,iater Content: 1. (w,.,)~ . Weight Percent 

- /7 ASTM 03792 - /7 ASTM D4017 - /7 Other2 

2 .  ('l,)s Volume Percent 

- /7 Calculated - /-7 Other2 

u. ihyanic  Vola t i les  ( w o ) s  : 'rleistlt Percent 

' E .  Monvolatiles Content (v,I, : Volume Percent 

F. YUC Content ( V O C ) s :  1. 1b/gal coat ing l e s s  water 

.. o r  k g / l  coating l e s s  water 

2. 1 b/gal so l id s  

or k g / l  so l id s  
Remarks: (use  reverse s i d e )  

lThe subscr ip t  "s" dertotes each value i s  f o r  the  coating " a s  supplied" 
by the  manu f ac t u  re r . 
2Expl a i  n the  o t h e r  method used under "Remarks". 

S i  gned: D a t e  

11-2 ' 



GLOSSARY OF TERMS 

the  condition of 3 coat ing a f t e r  d i l u t i o n  by the user 
just  p r i o r  t o  appl icat ion t o  the  subs t r a t e .  

the conuition of a coat ing before a i l u t i o n ,  as so ld  
ana del ivered by the coat ing manufacturer t o  the user. 

coat ing densi ty  "as applied" 

coat ing dens i ty ,  "as supplied" 

densi ty  of d i l u t i o n  solverit 

densi ty  o f  organic solvent/water mixture 

densi ty  of water ( 8 . 3 3  1 b/gal)  

d i l u t i o n  solverit r a t i o ,  equals t he  voluime of VOC added 
per u n i t  volume of coating "as supplied" 

equdls the  volu.ie a f  premixed + r o t 2 r  and VUC added per 
u n i t  volune of codting "as  suppl ied '  

Volume percent s o l i d s  of coat ing "as applieti" 

Vol ume percent sol  i ds of coa t i  ng "as  suppl i ed" 

VOC conten t  of "as appl iea"  coat iny,  expressed a s  mass 
of YGC per u n i t  volume o f  coating. l e s s  water o r  as mass 
of VbC per u n i t  volume of s o l i d s  

VOC conten t  o f  "as supp l i ed"  coating, expressed a s  mass 
of VOC per u n i t  volume of coat ing l e s s  r a t e r  o r  a s  mass 
o f  VOC per u n i t  volume o f  s o l i d s  

tne  water coiiterit, i n  volume percent. of coat ing "as applied" 

the  water content,  i n  volume percent,  of the d i lu t ion  so lvent  
added t o  the  "as  supplied" coat ing 

the  wdter ccn ten t ,  i n  volume percent,  of t h e  coat ing 
"as s u p p l  i ed" 

the  organic  v o l a t i l e  content ,  i n  w e i g h t  percent,  o f  t he  
coa t i  n y  " a s  appl i ed" 

the  organic r o l a t i l e  content ,  i n  w e i g h t  percent,  of the '  
coat ing " a s  supplied" 

"As Applied" 

"As Suppl fed" 

Udt 

Rdt 

v i  



2. T h e  water content,  i n  volume percent,  ( V w I s ,  can be calculated 
'.by the equation: 

11-1 

where D, i s  the densi ty  of water, 8.33 lbs /ga l .  

The organic v o l a t i l e s  conten t ,  ( W o ) s ,  i .e . ,  the VOC content  
expressed a s  a percent by w e i g h t ,  i s  determined by the following 
equations: 

D. 

(W0)S = (WVlS - (WW)S 11-2 

I f  t h e  coating contains no water the w e i g h t  percent of organic 
v o l a t i l e s  i s  equal t o  the weight percent of t o t a l  v o l a t i l e s .  

In other words: 
( Y w ) s  = 0 and  

( W O I ,  = ( Y V ) ,  

E. 'The volume percent so l id s  ( n o n v o l a t i l e s ) ,  ( V n ! s ,  should be derived 
from the coat ing formulation using the following equation: 

P 

where ( V  1 denotes the volume percent of each 

nonvola t i le  cmponent in an  "as supplied" coating, 
and "pi' i s  the'number of nonvolati le components i n  
t h a t  coating. 

s i  

(Also see Footnote 1. Pg. 11-3.) 

.. 

11-3 

5The precis ion l i m i t  adjusments permitted by Reference Method 2 4  f o r  
exoerimentally determined mean W, and Wv values may be made only by 
entorcement agencies Tor determination of compliance. The a W 6 n t  
i s  not t o  De used for the purposes of completing t h e  "AS SUPPLIED" 
V d C a A T A  SHEET. 
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C. The  water content i s  necessary only i f  the  coating has been d i lu ted  
w i t h  a mixture of organic solvent  and water.4,5 
solvent  i s  100 percent organic,  o r  i f  the weight and volume percent 
water i n  the mixture i s  known,  proceed d i r ec t ly  t o  Step 0. 

The weight percent water,  (NH)a, i s  Oeterinined by "HSTbl 1~3792 - 
Stanaard Test ?lethod for Water Conterit of Mater-Reaucibl e 
Paints  by Direct  In jec t ion  In to  a Gas Chromatograph," o r  "ASTbl D4017 - Standard Test biethod f o r  Water i n  Paints and Pa in t  i l a t e r i a l s  by 
the  Karl Fischer f4ethod." ( A l s o  see Footnote 3 ,  Pg. 111-4.) 

. The water content ,  in volume percent,  ( V w ) a ,  can be ca lcu la ted  by 
the  equation: 

I f  the d i lu t ion  

where bw i s  the density of water, 8.33 Ib /ga l .  

. .. 

111-L 

4Volat i le  compounas'classifiea by EPA as  having negl igible  photochemical 
r e a c t i v i t y  such a s  1 , l  ,1-trichloroethane ana methylene ch lor ide ,  e t c . ,  and 
l i s t e d  as exempt i n  the appl icable  Federal dnd  S t a t e  NJC regulat ion,  should 
b e  t r e a t e d  i n  the  same manner a s  water. The weight percent of negligibly 
react ive coapounas i n  the  d i lu t ion  so lvent  must be known e i t h e r  f r o m  the  
cod te r ' s  mixiny records or the d i lu t ion  solvent supp l i e r ' s  formulation. 
The volune percent can then be ca lcu la ted  using Equations 111-1 or 111-5 
when the weight percent and density o f  the  negligibly reac t ive  organics 
a re  suas t i t u t ed  f o r  those of vrater. The weight and voluiae percent o f  
the  negligibly reac t ive  compounds can De subs t i tu ted  i n  a l l  equations 
where the weight and volune percent water, ( W w )  and ( V W ) ,  r espec t ive ly ,  
a re  used. 

5The precis ion l i m i t  adjustments permitted by Reference blethod 24 f o r  
exoerimentallv determined mean weiaht oercent water and to t a l  vo la t i l e s .  - >  r - , --_. . .  

Q w  ana , d V  r espec t ive ly ,  may be maoe -- o n l y  by enforcement agencies tor 
determination of comoliance. The aoJustmenc i s  noc t o  be used f o r  the 
purposes of completing the "AS APPCIEO" W C   ATLE LET. 

111-i 





E. The. Oilution solvent r a t i o ,  Rd. i s  defined a s  the volume of 
photochemically reac t ive  organic solvent ,  ( V O C I ,  added per u n i t  
volune of "as supplied" coating. 

Volume photochemically reac t ive  d i l u t i o n  solvent  added 
Rd Volume o f  "as suppl ied '  coat ing 

1. 

Stated nathematically,  

= 

If the  "as supplied" coat ing i s  subsequently d i l u t e d  w i t h  
water o r  a solvent  which i s  of negl ig ib le  photochemical 
r e a c t i v i t y ,  t he  VOC content  wi l l  be unchanged from t h a t  reported 
on the "AS SbPPLIED" V b C  uATH S H E ~ T .  Tnis  should be reportea o n  
t h e  " A S  APPLIED" VUC UATA SHEET by en ter ing  "0" f o r  the d i l u t i o n  
solvent  r a t i o ,  Rd. 

I n  the  absence o f  adequate d i l u t i o n  records,  Rd can be 
calculated from e n t r i e s  on the  VOC UATA w ~ E T S  by one o f  the 
followiny equations: 

2.. 

a .  u h e n  the  d i l u t i o n  solvent  c o n s i s t s  only o f  VOC, 

b. When tile d i lu t ion  solvent  is  a mixture of water and 
photochemically reac t ive  organic solvent ,  Equation I i l - b  
may be expressed as: 

where: kdt i s  the  r a t i o  o f  the volume o f  water 
and organic d i l u t i o n  solvent  t o  the  volume of "as 
suppl ied"  coat ing t o  which i t  i s  added. 
Footnote 4 ,  Pg.  111-5.) 

( A l s o  see  

Th 
R> by the follorting equation: 

d i l u t i o n  solvent  r a t i o ,  R d ,  may n o d  be calculated from 

111-8 
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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 

VOC DATA SHEET: 

PROPERTIES OF THE COATING "AS APPLIED" TO THE SUBSTRATE 

C o a t i n g  Manufacturer: 

Coating Iden t i f i ca t ion :  

Batch Iden t i f i ca t ion :  

. User: 

User 's  Coating Iden t i f i ca t ion :  

P rope r t i e s  of the coating a s  applied1 by the User: 

A .  

a .  

C .  

0. 

Coating Density (D,),: k g l l ,  or l b l g a l  

/1 ASTi.1 01475 

Total Vo la t i l e s  (JVla: Weight Percenii 

/-7 ASR4 02369 

Water content:  1. (W,,,Ia Weight Percenli 

- /7 Otheri! - 

- /7 Other2 - 

ASTM 04017 - Other2 - ASTM 03792 - 
2 .  (V,)a Volume Percenii 

/I Cal cul a ted 

Weighted Average Density of t h e  d i lu t ion  solvent  (tQ3: 

- Other2 - 
1 blga" 

7 Handbook /7 Formulation - /I ASTM 01475 - - 
... 

(Continued on Reverse Sidel 

1The subscr ip t  " a "  denotes each value i s  for the coating "as  applied" t O  the 

2Explain the other  aerhod used under "Remarks" on reverse s ide  
3The subscr ip t  " d "  denotes values a r e  f o r  the d i l u t i o n  solvent  

subs t r a t e .  

.. 
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: ( 2 ) .  I f  t h e  c o a t i n g  con ta ins  water  t h e  f o l l o w i n g  equa t ion  
. must be used: 

111-14 

b. Us ing  t h e  VOC c o n t e n t  o f  t h e  "as s u p p l i e d "  coa t ing ,  (VOC,), 
t h e  d i l u t i o n  s o l v e n t  r a t i o ,  and t h e  d e n s i t y  o f  the s o l v e n t ,  
t h e  e q u a t i o n  i s :  

111-15 

Where (VOC), i n  t h i s  case must be i n  u n i t s  of  
l b s  VOC/gal c o a t i n g  l e s s  water. 

2. The VOC c o n t e n t  may a l s o  be c a l c u l a t e d  i n  terms of mass o f  VOC 
p e r  u n i t  volume o f  s o l i d s  ( n o n v o l a t i l e s ) .  

a. Us ing t h e  r e s u l t s  o b t a i n e d  by a n a l y z i n g  t h e  c o a t i n g  w i t h  EPA 
Reference Method 24 or i t s  c o n s t i t u e n t  ASTM methods, 
t h e  e q u a t i o n  f o r  b o t h  so lvent -borne and waterborne coa t ings ,  

. i s :  

111-16 

b. Us ing  d i l u t i o n  i n f o r m a t i o n  and c a l c u l a t i o n  procedures o n l y ,  
t h e  e q u a t i o n  i s :  

(VOC), = [ (voc) ,  (100; - (Vw),)/lOG%I + (RdDd) 111-17 
(V n)  ,/1 UUI. 

Where (VGC), i n  t h i s  u s e  must be i n  u n i t s  o f  
I b s  VOC/gal c o a t i n g  l e s s  water.  

. .  
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3.2. IMPLEMENTING INSTRUCTIONS FOR THE VOC DATA SHEET FOR "AS A P P L I E D "  COATINGS 

T h i s  DATA SHEET, henceforth referred t o  as the "AS A P P L I E D "  VOC DATA 
SHEET, i s  t o  be completed by the company which appl ies  a coating. 
provides information on the a m o u n t  o f  v o l a t i l e  organic compounds ( V O C )  in  
the  coating "as applied" t o  tne subs t ra te  by accounting f o r  the quantity of 
d i luen t  solvent added  t o  the "as supplied" coating p r io r  t o  application. 
If a coating i s  d i lu t ed  only with water or a solvent of negl igible  photo- 
chemical r e a c t i v i t y ,  t h e  user merely doucments t h e  f a c t  ( s ee  Step E . l .  and 
a l s o  Footnote 4 ,  Pg. 111-5.). Otherdise, several avenues e x i s t  fo r  the 
coater t o  c e r t i f y  the VDC content: 

. (1) Maintain adequate records o f  how much organic solvent  i s  added t o  each 
coating and  use t h a t  information and the "AS SUPPLIED" VOC DATA SHEET2 t o  
ca l cu la t e  t h e  VDC content "as applied." I n  t h i s  case begin with Step 0. 
(2)  I f .  the "AS SUPPLIED" DATA SHEET i s  ava i lab le ,  b u t  d i lu t ion  records are  
n o t ,  begin the  "As Applied" determination with Step A ,  sk ip  Steps 8 and C ,  
and proceed t o  Step 0. 
(The user may choose t o  analyze an "As Supplied" coating using Reference 
Method 24  and  complete t h e  "AS SIJPPLIED" VOC DATA SHEET ra ther  t h a n  have 
t he  coating manufacturer complete i t .  The volume percent s o l i d s ,  however, 
will  necessar i ly  continue t o  be supplied by the coating manufacturer.) 
( 3 )  Analyze each d i lu t ed  coating with t h e  same method used t o  generate the 
data  provided by the  c o a t i n g  manufacturer on t h e  "AS SUPPLIED" VOC DATA 
SHEET. 

I t  

(See Chapter 2 o f  t h i s  Manual.) In this case begin with Step A . l  

A. The "as applied" coat ing densi ty ,  (0 ) a2 ,  i s  determined using "ASTM 01475- 
Stdndard Test Method f o r  Density of p a i n t ,  Lacquer. and Related Products." 

The weight percent of t o t a l  v o l a t i l e s  i n  the  c o a t i n g ,  ( W v ) a  i s  determined 
by "ASTM 02369-81 Standard Method for  Volat i le  C o n t e n t  of Coatings." 
The d ry ing  condi t ions t o  be used are llO°C f o r  1 hour3.  

B. 

I E P A ' s  Reference Method 24  (40  C.F.R. Part  60, App.  A ) ,  contains t h e  
ASTM inethads referenced in these  ins t ruc t ions .  

2The subscr ip t  "a" denotes those parameters of a coating in  t h e  
"as applied" condition. i .e . ,  a f t e r  d i lu t ion  by t h e  user. 
"s" denotes the parzmeters of a coating in  the "as supplied" condition, 
before d i lu t ion  by the  user. 

31f t h e  manufacturer bel ieves  t h e  spec i f ied  method gives r e s u l t s  t h a t  
are  not representat ive of t h e  VOC released during t h e  normal cure,  he 
may pe t i t i on  the enforcement authori ty  f o r  approval of an a l t e rna t ive  
ana ly t i ca l  metnod. Any a l t e r n a t e  method or  a l t e r a t i o n  t o  the methods 
and procedures i n  these in s t ruc t ions  or i n  any appl icable  regulation 
would be subjec t  t o  review and  a p p r o v a l  by t h e  appropriate  S ta t e  a n d / o r  
Federal enforcement agency. 

The subscr ipt  

.\ 
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0. If the  a i l u t i o n  solvent  cons i s t s  o f  a s ing le  compound the density 
may b e  obtained f r o m  the 1 i t e ra ture .  

I f  the  d i lu t ion  solvent  i s  d mixture o f  organic compounds, the 
densi ty ,  Ddb, can be determinea ana ly t i ca l ly  via  ASTN u lq75 ,  o r  
an average density can be e s t i aa t ed  from the solvent  formulation 
a s  shown be low.  This estimation assumes t h a t  volumes a r e  ada i t ivc .  

_ .  

100% 
w ;  'd 

z q  
j=1 

o r  

E 1 : V j Y j  
E a  j = l  

where: ljj, X j ,  and Vi de 3 t e  the dens i ty ,  weisht p e r c e n t ,  
a n d  volume percent or  each solvent  i n  the  a i l u t i o n  solvent  
mixture a n d  ",n" i s  the nuinber o f  orsdriic sulverrts i n  the  
d i lu t ion  solvetit n ix txre .  

I l l - 3  

I f  the a i l u t i c n  solvent  i s  a inixture o f  ptiotocne!iicdlly rerrstive 
organics ana water, the coa te r  must know the weight percent ,  (W, , , )d ,  
o r  volume percent ,  (v,)d, of water from h i s  [ n i x i n g  recorm o r  ttie 
supp l i e r ' s  formulation, o r  .he must ana ly t i ca l ly  determine the weight 
f r ac t ion  o f  water in  :he d i l u t i o n  solvent  u s i n g  ~ 5 T h  93792 or AbI'il 
G4017. The aens i ty ,  bd, of the d i lu t ion  so lvent  may then be deter-  
mined by ana ly t ic  l l y  measuring the aeiisit;, of the  organic solvent/  
water mixture, iJ2, u s i n g  AhTi.1 d l 4 7 5  ana d d J U S t l n g  i t  f o r  the watsr 
coritent using the following equation. (See a l so  Footnote 4 ,  Pg. : I1-5 . )  

.Note: 
d i l u t i o n  so lven t  i s  k n o w n ,  the other can be ca lcu la ted  by the 
equation: 

I f  e i t h e r  the  weight o r  volune qerceiit ,dater i n  the 

where "9," i s  ttie density of water. 

6The subscr ip t  "a"  d e n c t e s  a parameter t h a t  per ta ins  t o  t h a t  solvent  
used by the  codter  t o  d i l u t e  the "a s  supplied" coat ing.  
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Pt. SO, App. A, Moth. 24 

Mnaoo 24-Dnnwrrxor or Vounm 
MIl lU  CO- WA- COllTmT. DtnsX- 
TI. V O L ~  SOLUM$. AI~D Wuom SOLW o? 
SWACX Commas 

, I. AmlicabuitY and mnciplc 
1.1 ApVUeablllty. TEIa method applies to 

the determlnatlon of volatile matter con- 
tent. content. dcnalty. volume SOU& 
and welsht SOU& of vslnh vernlsh. lacquer. 
or related suriacc coatmas. 
1.2 Rinclvle. Standard methoda -e used 

to d e t u "  the volatile matter content, 
w.tar Cotltent. density. volume solldb and 
wslght SOU& of the vaInh vMltrQ lacquer. 
02 mlated suriacc antlaall. 

L Avuiicabla standard m~ulods 
Om the wvustua, rmsennts. nnd vmee- 

durra spxified In the standard methoda 
belor: 

2.1 A s n l  D14T5-60 (Reavvmved 1980). 
Standard T o t  Method for Denaty of P.(nt. 
V.ml.h. lacquer. and Related Pmducta (In- 
"orated by referen- $80.17). 
22 ASITd 02389-81. Standud Teat 

Method !or Volatile Content of Coawlga 
(IUUJmmkd by r e f " e - s e e  $ 80.lT). 
23 ASITd DST92-79. Standard Teat 

Method for Watar Contant of Water-Reduc- 
lble Rlnta by Dlrect Inlectlon Into a OM 
c h m r " p h  (inmrwnted by refer. 
enm-see 180.17). 

24 ABzad M017-81. Standard Teat 
~ e t h o d  for water h wta and wt MS. 
tai.ll by the K u l  FLscher Tltratlon 
Xothod tlnmrponted by referen- 
i ea.:?). 
3. F%cedum 
3.1 Volrtlla Mat* Content Use t h e m  

esdura In A8TM D2369-81 (InmrponM by 
I W f a " 4 e e  180.11) to de-* the 
voutue llllttar content (may Include water) 
of the coatdna Record the f o U o e  Infor. 
lt" 

WFW, w... - 
W. (m. 24-1) 

Record the arlthmeWc average < WJ. 
3.2 Water Content. For wataborne 

(waW reducible) coat- only, de- 

the weight fr" of watar (.) ulna elther 
"Standard Content Method Test for Water 
of Water.Reduclble p.lnta by Dlrect Injr. 
tlOn Into 8 OM ChmmUoerhvh'. or "Stand- 
ard Teat Method for Water In Rlnt and 
P.Lnt Materlata by Karl Flsoher Method" 
(Theaa two methods M Incorwmted by 
refemnw-8ee i80.11.) A waterborne coat- 
Ins la any coattlns whlch conWna more than 
S vemnt water by welsht In Ita volatile 
fraction. Run duvllcata acta of deb". 
tlom untll the erlterlon In section 4.3 Ls met. 
Record the arlthmetlc average (W.). 

3.3 Coe.thg Dcnaity. Detennlne the den- 
slty (De Wllter) of the surf- coatlng 
Ulnp the V W e d U r r  In ASPM Dl47WO 
(Rcavvmved 1980) (In-nted by refer- 
encu-aee $ 80.1T). 
Run duvUcate seta of determlnatlon. for 

each coat- until the erlterlod In serrion 
4.3 Ir met. Record the arlthmetlc avenge 
(De)* 
3.1 SOU& Content. Deter" the 

volums frretfon tV.) SOU& of the antlng by 
caldatlon USW the manufactumFa formu- 
latlm 

4. Data VO(Ld0im h e d u n  
4.1 Summur. The variety of an- 

that may be subject to analysis nutea I t  
n e c e s w  to verify the ablllty of the .luiuat 
Pnd the Uuwal Pmcedurw to obWn re 
vmdudhle maulta for the ma- teated. 
Rlla la done by runnbu duvUate andm 
on each sa" teatmd and compsrhg re. 
sulta wlth the wlthln-labontory medalon 
atsmnenta for erreh wrmeter. Beam of 
the lnhemnt Incrswd lmvrrcisfon In the 
determination of the VOC content of water- 
bomG - M thc wetght perant water 
Incrcws. meamued vunmeten for water- 
borne antlnga M malliled by the appro. 
P h t e  d l d m m  Urmta bued on between- 
labontory pmC&ron atrtsmenlr 

4.2 Anal9tld Rscllon Statemanta. The 
wlthln-labont.Jr9 M between-labo&ry 
prrdslon atrtemcnu M Sivm below 

I I 

4.a 8.mplc Analya& C r i t u i r  For W. and 
W, w duplleate wlma untll the dufer. 
sncebctanathetwov.LuaInaactLslcsl 
eislon statement for that Durmeter. Fbr D. 
runduvUate.lulgMuntUnchvalueIna 
mt d s N t a i "  the meam of the mt 4 no 
mom than the wIthln-laW"y precision 
It.tancat If after mveral umnvta I t  is 
concluded that the ~ s r a d  

than or e p d  to the withln-labont.Jr9 Era- 
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F. The organic vo la t i l e  content ( V o l a ,  i . e .  the VGC content expressed 
as a percent by weight o f  the d i lu ted  coating, can now be calculate? 
by e i t h e r  o f  two ways: 

1. From analyses of the coating using the following equation: 

(No)a -i (!iv)a - ('&)a 

(See Faotnotes 4 and 5, Pg. 111-5.) 

If  the coating does not contain wdter, the weight percent o f  
organic vo la t i l e s  i s  equal t o  the weight percent o f  to ta l  
v o l a t i l e s ,  ijr 

I 

( 'Jo)a (Xv)a I I 1  

2 .  By u s i n g  the data froill the " A S  SUPPL1ED" V O C  OATH SHEET, the 
d i lu t ion  solvent r a t i o ,  and the aensity o f  the a i lu t ion  solvent 
with t i l e  following equarion: 

G. The volume Dercent so l id s .  o r  nonvolati les.  ( V n l 2 .  n u s t  be calculate? . . I ,  Y .  

f r o m  the foilowing equation where ( V n ) s  i s  obtained from the "AS 
SlrPPLIELt" W C  DATA SHEET. 

H. The VOC content  of the "as applied" coating ( V O C ) , ,  can now be 
calculated and thereby expressed in  terms used i n  most S ta te  or i e c e , ,  
regul a t i  ons. 

1. The mass o f  VOC per u n i t  volume of codting, l e s s  water, i s  
calculated i n  e i t h e r  o f  two ways. 

a .  Using the  r e su l t s  obtained by analyzirig the coating with EPA 
Reference Xethod 2 4  o r  i t s  cons t i tuent  ASTi4 kletnods: 

(1). I f  the coating contains no water the equation i s :  

( V G C ) ,  = ( K o l a  I! II 
ILIU':, 
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P(. 60, App. A, Moth. 25 

3.1 Welght Fraetlon VOC. Calculate the 
welght fractlon volatile or&c content W. 
using the 10Uowin1~ eauatlon: 

Title 40-Protection of Environment 
I 

(Ea ZIA-1) 
Report the welght fraction VOC Ts BP the 

ulthmetlc average of the three deter"- 
tloaa 
3.1 Volume Fractlon VOC. Calculate the 

volume fnctlon volatlle organic content V. 
urhw the following eauatlon: 

Eq. 24A-2 
4. Biblfomophu. 
4.1 standard T a t  Method for Denslty of 

Rlnt Vam!ah. Lacquer. and Related Prod 
uet* ASIM " a t t o n  D 14'15-80 (Reap 
vrovcd 19801. 

4.2 Telemnvematlon. Wrlght. Chuck. 
"ant Coruoratlon with Relch. R. A. 
R.dt.n Corpo~on .  September 25. 1STS. 
OApyrS h k  h d Y S & .  
43 Teleconvematlon. Oppenheimer. 

. 
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