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The s>'f[rs~ft of arts and crafts activities ·-~Th considerabti poten.tjal (fr;r 
generatTng 'organic vapors in the home, · thro~Ji use of sUT:~ mater'ials 'as 
"paints, solvents, 'adhesives, cioatin'i:l's, sealers, ·Ndd resins. .Calculations of 
these largely ~ri'measured co'nc'entration;s -Y~'.· b"!.

1 
made basi~ '.on 'knowledc e 

of the materials and realistic assu - ~lrons "Of quantities u$~d. Suc,ll 
calcula~(on's int~~·at~ th.at . ~nv~ntlla!~. .us~ , of these 'ma!~~aVs ~rt·~~- ~ 
very 1·eal , po antral for o ..:rers.e ~hort term: and perh~ )ong terl]J 
exposufes. '.A'n algor(tnm for 1estitfating ex_:posur,es resulting Vfo'rri arts and 
cratts activities invo1vii'1'g organic compooWas \N\ 11 be prese Aed. 

INTRODU6TIGN 

Arts and crah~ materials c8ntain maAy ha1~ardo~.s subslh" .d~s • . me mo.st 
comn:ioli of' which a~e the orgar:iit:_ ·btye ts., .: Ab~ivl~.jes a~ diverse. ,as 
paintintJ, orawing, s6ul(3t!:l re , rrl~~~ I worklrig. woo~ workip~. model 
buiiding, phot6graph ' / ar/(i ~lecffofi/~~ USe ~dJv1entS that are (Jjporporated 
frrfo adhesiyes1 pairHs,. r §\ns, ._ e~lers ~i-i~ ,9 tJltR!f1g, PJ,Od .. ucts:;. .A few 
examples will suffic~ to em# rasize tfr range f $6/\JeHls to be found (1 ): 

bil. paM1s -· mi r?lfl sr:itrris, iurperi'~ ne ;~ ·xylene, toluen·s 
AuWe'r cement ·- h'~xan'-9 . 
Acfy'l ~ fi sin· : fi'.u?ffi J: m&Ut a,6fv'!1~fe 
Et' · ,\r6\'i1l\'.:s • en•&Bliii6Yoc~borM . , 
~'~ase)r. - methyf1 cl1il'6'roform, 1%~,.8roethYlenJ 

l-9aii11t *'i\Yli5\b~ .: r?l~y)a'n~ chlo tide, t\5-) ene · 

A com~o·l'l · c§l~acttfi~lif iiino)i~, ml:fny .~lvent"C ./lltaini!)g ~r.ts and crafts 
material(; i l ~! 1he 1folvent' iS' ml:funt tb' trv'a#J'Yale· l)/nell the material iS, 
used. Tl rnf airboYnW q6ncen\ \blrs of st:flveffi1s" mir~ 6e expect.ef! dl!J)ng 
arts csJ craft~ cfutivi thfs, ISUt the're"' arer vl~~llm1 no reports o'f' actual 
measuMnents off sue' ci%L.'entri:i,t16ri --. A' SirttpJU· meth~d to.r mak.ing. crude 
calculati~n s of Slll:Sf'tl ~r'iff arill1 lon g t~rif exposu~es will btf us'0fiJI in 



estimating potential health effects and the contribution to indoor air 
pollution caused by use of arts and crafts materials in the home (2). 

METHOD 

Two pieces of data are needed to estimate airborne solvent concentrations 
- the quantity of material used and the size of the room into which the 
solvent evaporates. Either of these numbers can be measured directly or 
estimated from knowledge of the process and the space involved. 

The identity of the solvent constituents and their concentrations can 
occasionally be found on the art material container •. , but if the information 
is not recorded there, __ material.,. safety data sheets can generally be 
obtained, at least for many of the common arts,·:and crafts materials. 
From reviewing a number of MSDS, it appears that any material that is 
sufficiently fluid that it can be poured will contain on the order of 60 to 
90% volatile solvent. 

, . . 
The volume of vapor produced from evaporation of one ml of solvent is 
calculated by applying the following equation, where · d is the solvent 
density in g/ml, MW is the molecular weight in g/mole, and 24,500 is the 
volume· in ml of one mole of ideal gas at 25°C: · 

Volume of vapor (ml) 
ml of liquid 

d x 24.500 
MW 

:., .' : ·· 

Thus, acetone (d = 0.79 g/ml; MW ..; ·58) produces 334 ml vapor per "ml 
liquid. Dividing the vapor volume in· ml by room volume in m3 gives the 
concentration directly in parts per million (ppm). . One ml acetone 
evaporated into a 25 m3 (about ~x12x8 feet high) room will result irC'a 
concentration of 13' ppm, and one liter of acetone would result in · 13,000 
ppm. 

::j a. ., ..... ~ ~ 

Another method for calculating vapor volumes is to· use the extensive 
table found in Fundamentals of Industrial Hygiene · (3), ·which include's 
vapor volumes for a large number of orgqnic solvents. These volumes are 
given in ft3/gallon, which can be converted to ml ' vapor/ml liquid by 
multiplying the listed . value by 7 ,s. · · ·.. " Ci. 

' 'f 
The calculation method just described -will give arf equilibrium 
concentration based on the assumption that no . dilution is taking place'­
This. is realistic for most homes during seasons when doors and .. windows 
are closed . It is also useful to evaluate what the actual exposure to ~the 
artist or craftsperson might be , considering that solvent vapors are. ~elrfg 

772 

QE: 

in 

F ~ 
wr 
of 
th · 
br 
cc 
cc 
i rT 

n 

w 
lie 

R 

E 
a 
Ii; 

E 

c 
t 



generated in the breathing zone and will be much higher in that region 
initially than after equilibrium has 'bee'ri 'reached within the whole room. 

.. • • .. ... , • •• <;o: • -

For .simplicity, it is useful to 1 consider the breathing zone·· of an artist at 
work to comprise about 1 · m3. This breathing · zone wiir include the source 
of solvent vapor w.~en ·a person is working on arts · and c'rafts projects. If 
the one ml of acetorie from .the previous example is evaporated into a 1 m3 
breathing zone, a ' short term concentration of 334 ppm ·wili resuit , 
considerably higher than the 13 ppm -calculated- for an equilibrium 
concentration. The potential for high level short term exposures becomes . 
immediately obvious. · ·-· : · · ·· " 

..... : =·' \ .•' 

The cases described above lead to the following equations: .. 
: . . . i~ .• ~ 

Equilibrium concentration, ppm - ~ 
R 

Short term concentration, ppm - S x V 
1 m3 

and, 

" 
. '~ .... - .... 

~ ·.,· 

where S • volume of liquid solvent in ml, V - vapor volume in ml/ml 
liquid, and R = volume of room in m3. 

RESULTS ~· 

Equilibrium and short term vapor concentrations for a number of common 
art materials can be estimated using the previous equations. Table 1 is a 
list of various art materials and their associated vapor concentrations. . ..·.. . . ,_. _ ...... 

As can be seen from the examples in "Table 1, a significant potential for 
high short term exposure may exist from use of even a small amount of 
solvent-containing art 'materials. Although the short term exposure levels 
calculated above ·are probably overestimated due to rapid movement of 
vapor away from the breathing zone, the extremely high levels shown for 
xylene and methylene chloride indicate that undesirable short term 
exposure l s likely to take place ·with some materials. For example, many 
people report unpleasant physical responses when using marking pens for 
drawing on poster board. " 

It is clear also that some materials can contribute significantly to 
equilibrium levels of organic vapors in the home. For example, in the use 
of acrylic paints, it is very likely that considerably more than 5 ml . will 
be used on one project. If 100 ml were used, the resulting unventilated 
equilibrium concentration would be 40 ppm . . ·. 
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Table ,1 _ 

Equilibrium and Short Term Vapor Concentrations 
Generated from 5 ml of Various Art Materials 

Art Material 

Marking pen ink 
(85% xylene) 

Spray photo adhesive 
'· 

(65% methyl chloroform);-_ 

Acrylic paint 
(4% methoxyethanol) 

High tack adhesive 
(47% methylene chloride) 

Spray coating 
(62% acetone) 

Equilibrium 
Cone., ppm1 

34 

31 
-'~ ' · 

2 .· 

.· ·:: 
36 ·· .. 

·"'i" ,• •. 

41 

Short Term 
Cone., ppm .. 

850 

.780· -. ~::. .. , 
# 

' 58 

893 
., 

1020 

1 A 25 m3 room volume was used for the equilibrium concentration .. ,•. 

DISCUSSION ~ . .. . ' . . ... 
... . ... _ ... . . .., . 

The various short-term and . equilibrjum concentrations calculated via the 
process described above are conser:vati.ve estimates, :giving the maximum 
concentration possible . for the various pa~ameters._, ,; , Factors- .such as 
diffusion out of the space. ventilation, rate · 9f evapor~~ion .. . and incomplete 
evaporation could all serve. to · lower· the ·actual .. c.oncenqatlon, and if .these 
are deemed· to be significant . for . a . p~(tiqular spac!·h; al)~ activity, , Jb.~Y 
should be estimated ·and folded into _the galc.ulatiof1.n» i:he,,conc.enJration: of 
any · contaminant in the home .. wil.1 eventuany:decay·~· !o bac~gr9.und ; (Q1,1!~oor) 
levels, given enough . time .:to disper$e with, rio · ne~ .. gener.ati.Qn. ~ ~The 
advantage of this process is that it allows a simple, rough es!imate .of .. t.he 
potential impact of using aits and crafts ' "materials in the home, without 
reso~ting tO .. §lCtual .. measurements . witf1d~i~ect reading · instrufr1ent~. , ..:i ! 

, , · . . -. :l •·· .,. ,1 ni "'".'~- . • 1 .· ?
0

'-
1-!\ ... 1,11ti . "> 

Listing of the ·Threshold: Limit Valu~~ "(TLV) in' ;rable ~ f$ not meant ·to 
imply that Jhis is the appropriate standard to .use for . general exposure ~o 
arts and crafts materials; TLV's .are · ~stablished for workplace e?<posureJ 
only, and are not intended · to apply to children, the elderly 'or the infirm, 
for whom the TLV concentration may be too high. However, there is no 
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:, 

I ... 
I ' 

'-1: ' ,'t:::., • .., 
.similar list of valu'es that has been recommended for personal exposures 
in ' the, home, and the TLV list is the most useful reference available for 
comP.arison. As a mitigating factor, it must be remembered that the TLV 

·ust' e. r.ovi~es 'airborne concentratio~s to · which all workers may be 
. repeatedly exposed day after day without adverse effect'. Thus, Tl V's 

anticipate a 40 hour per week exposure, whereas home use of arts and 
-s.crafts materials is usually for a much shorter period of time. 
·~~;,:~ :· .. '~·.: ... . . 

: !:;,,.. 

"SUMMARY 
I,, • 

. f 

t -.. ~· ~ ~. , 

:· A method for calculating estimated short-term and equilibrium exposures 
·-,·to organic solvents resulting from home use of arts and crafts materials 
· : has been presented. 
:;~.>~~: -
ii· .. 
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