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of fresh air differed notably fron that of styrene. Theuea¡urcnent¡ of concentratlon of stlrrene indicated high
expoaure levcl¡.
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countries. The present 8-h Í¡fÀ exlrosure li¡it ln Finland
and Syeden is 20 ppD. This low llnit presupposes an
increasing need for ex¡rosure control strategies iñ the cRp
industry.
Ieolation ie a eolutÍon to the proble! of occupational
e:q)osure to etyrene in the autonated and the closed noldproductlon of reinforccd ptastic. Houever, an open nold
doee not penit conplete enclosure. Ventilation therefore
seeDa to be one of the ¡ost inportant engineering control
Deasures. Î¡rplcally, stlrrene vapors are enitted fronatrong, localized aources with varying evaporation rates.
Because of the large variations in the size and production
rat of sork activities,gen used for controllLngair oper air flow patterns
in s an inportant role in
red

Sluultaneous úeasurenenta of the air change efficiency and
actual contauinant concentrations in industrial and other
production buíIdings have proven to be a valuable tool 1n
evaluating the performance of ventllation systeDs [1, 2, 3,
41.

the ain of
ventilation

this paper is to describe the functfon of the
systens used Ln lauination roons in terns of
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the air change efficiency, the tocal nean agd of aii', aha
the quotient between styrene concentration in the exhaust
duct and in the occupied zone. Infomation on exposure
levels, ventilation air flows and anounte of resiir used are
given in detail elsewhere [5].

ÀtI: piants
ventilationt
into three ca

xÀ!Enrr¡.8 rxD rETaoDS

The fleld, measurenents of air change efficiency were
carried out-,in. eight'large ,lamínatÍon halls, where Ibíg
structures like boats were manufactured. The volune of the
lanination rooms studied ranEed fron 3ooo m3 to:53ooo m3.
ftens were :,frequentùy laninated' in large oþen äreas without
separation into different¡ sections ','.

used nechanical supply air 'àndr exhaust
The ventilation systèns sère 'roughly diriidéd
tegoriesibased on air distrtbution úanners. 

,

In three plants, the main supply air yas introduced through
grilles near the ceiling at one wall and dístributed to the
whole prcnircs by Deana of horizontally and vertically
angled high inpulse jets. .'lhe air uas exhausted at the
opposite wall. (Configruration À)

Three plants , relied on a dowrrward ventilation
configruration,; where the su fron diffusors
or:.ffom:.a ductuork nounted In two planti,
air yas extracted through inals néar the
floor, whereae in the thlrd plant the air was evacuated
through the local exhaust booths (Conflgruratlon B).

-. ' :'

In the renaining two plants .the . fresh air ras supplied
through diffusore nounted on the vall and removed via the
exh3gst h99ds at the sidg ualls (Confignrration C). .
Àir ähange áffi.ciency, e.r is defined as [6]' '

': ,'- :''.'- 1 : i

e^ = tnl2<ti> (1)

uhere t- is noninal tiue constant
(obtainéä fron the tracet decay in
Dean rooD age.

Local .¡ir change lndexr,."€1r is.defLned. aF

; ¡-,: , e1 = .tnlt7 '":'

uhere ri = local ¡ean age,of air at a Deasurenent point.

Local ventilation index is usually defíned aa a
rel¡tionship betveen the rsteady ,etate concentration of the
actual contaminant in the exlraust and at the selected
points in 'the rcion' t6l; 'In -this- paper the average

of ventilatlon system
the exhaust). <r1> is

(2'.t



concentration over
steady states

et = c"/c1
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the uork day was used instead of the

(3)

where C"
avera9e
occupied

Air change effíciency , local Dean age of air and noninal
time constant sere neasured slth the tracer decay technique
[6]. Nitrous oxide , wt¡ich .uas Berved,as.a,,tracèr gas, rraé
released at a consta¡Ç .flow rate ,j.nto, the suppl.y ai.û untll
the ste¡{y state ïas. achieved'. i Release of, , tràcèr' was
stopped, and concentration decay raB noni.tored, withr'5an IR
analyzer connected to. a ,nultipoint sanpling network: The
sanpling sites were located.l.s n above the ftoor fn,the
zone of occupancy and five plants,
tfecpr: gap, tests were an run,,or-at
the half fan.¡un., The waÊ. feêotiled
at tþe,gane saupling sites wíth another IR ånalyzer duflng
the entire work day.

average styrene concentration in the exhaust. c.
styrená coñcentratiott al--ãinpring point in thà
zone.

tlsu&r8

Parameters describing supply: air
I.aminant roo¡s are shór¡n in tã¡te r¡
(rnl2<r.,>l and ,Iocal aír change. indexvéñtifalion indçx (C"/91), has,rÞeen :pI
2, reslÐeçtÍvely. , l.i - , ii |. .r;:

diEtribut¡ion in the
Àir;change eff,iai,éndy
(,t^lt¡ ) against: locâI

ottËd in fi.qrures 1 and

Table 1. Éffici"ncy
eyetens.,in reinforced

parauetere of different
,plastic plante : l

ventilation

Ventila¡ion

configuration

Air change

eÍñciency, To

, ,* ah change,*"T.,, 
,.u 

L.pl ygnti$tion i¡r{ex in
in æcupied ione

| ..;':..''i:et =

occupied zone
: 1., :

?
r-.:.- á==

:¡ l;' -,'-', i ,rÇ,
.t. I r.:

l.

f¡-.,. T

mean rattge " iiì - meån ì - range' r;- mÉart mnge

ionfig A 60 57 - 64 t.lz l.Ot - 1.35 ' 1.06 O.u - 2.@

, i-'.,ti Lì ,.' 
-

configB or-*,r", t.* 0.óó-1.14, ,llr,., 0.7E-5.00

ConfigC 5l::" 5l ,'- :i0.96 0.83-l.l0,,/ l.l7 0J6-1.64
,ì ,r ; ' ., " ':' 

ii. t :t ' ' ' J



288

Air change efficiency, G^, uas hlghest (range 57-64) in
ventllation configruration A. llso local air change indices
uere over 1.OO in all eanples, neaning that supply air was
distributed efficiently to the occupied zone in this
ventLtation design. In configurationa B and c, air change
efflciency uaa cloEe to that of conplete nixing (50 t).
llean values of the local air change Lndices were also close
to 1.00, i.e. conplete nixlng, Þut there rere places in the
occupied zone vhere local air change index were lower than
1. This Deans that the supply air didnrt reach the occupied
zone very effectively.
The Dean values of the local ventilation index in the
occupied zone were highest in ventilatlon configruration B,
whereas the lowest values uere observed in ventilatlon
configruration À (table 1). In all ventilation
configrurations, the nean values of local ventilation index
nere greater thân 1, although there uere large variatl.ons
in the index.
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Fig. 1. Local alr change index
ventilation index (C"/c1) .
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,F19. 2. Alr change effíciency
ventilation index (c"/ci).

(r',l2<t>l vs.,l.ocal

Îaþle 2 shows that the exposure to styrene in the Fínnish
reinforced plastics industry ras generally hearry.
Concentrations in the breathing zone were high and the
current Finnish hygienic línit (2o ppn) ras frequently
exceeded. l{ajor exposure ras due to working in the
irn'nediate vicinity of a styrene source and the Éackground
concentration played a snaller role. The lowest exlrosureyas observed in the plants shere fresh air volumes 'per
resin Dasa con In ventilation
configurations ]rrene yere also
high in the ar zone- indidating
too low fresh the resin nase
ueed. ,r. ',r

r .; ¡'t r'r l:: .'

70

i:r l, li
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Table.2: Concentrations of styrene :nonober and
flow rate coupared, to resin - g6¡sutnpt,ion ,1n
ventilation . conf igurationE ;

suPPlY r¡l¡
dif,fêt'ent

. Ventilation ,:,_,

;' bonfiguratiiin
'Occupied'zone

me¡M , mge

,Styrenç concencation (ppm) . , ¡: ,

Biraûring zone

49rt fange

Conf,ig A t2 4-2t 28 'll - 55

50 l3 - 106

3l 2!- 43

)'

846

l0 25

DI3CU¡8ÍOI i

The values of air change efficiency ln ventilation echene À
ranged frou.'' 57 to 64, t, which: indicates a tendency to
l¡otr.izontal. displacement flow. Trro ',plants of ventilation
co ntil 49, or So
t' patt plant; à
dt yas ir change
efficicncyJ/a¡ounted' to,.60, t. The'values of air chânge
efficiency,obtained in the plants of 'vèntllatlolr cateEôfyr',C
fith the supply teralnals nounted ori the : siide ì,wall ehowed
,uíxing,,,flow patterna.:, , :

Àir ehange: effÍcienc.y Íe, a: paraneter . wlrich; des'cr.ibes
average flow behaviour in the vlrole Épace :Þetwein thè
supply and exlraust terninals. llovever, 1n large industrial
settings, rhere air contauinants are enitted fron different
sources, Iocal conditions ln the zone of occupancy àre of
vital Ínportance. Theref,ere'rt:'thè values of the local alr
change index ln the zone of occupancy nay be ¡ore relevant
than the paraneters describing the average behaviour. The
vÊ¡,uea .,o,f,;;"the'¡ \ocatr r.alr"'ì chaflge,, Índex' in:the, rptants, öf
ventitration conf,lgruration. À ;w.erê, älways greatér ..thän one.
This Deana that the supply air vae dlstributed'¡lroperly
into the sone of occupancy. the local air changc indcx
ranged frs¡ 0.66; to':1.14 in conflgruration E and frou O.g3
to ' 1.,1.0 in' conf igruration C. This varlatl.on ehowcd a non-
homogeneous distribution of the, supply air Ln categories B
and C.

tj.., ,: . ' 
I

Fnon fign¡res'1-2'ue can-see that therair chânge: efficlency
and ,tt¡s local .air change ,i"ndex :did-.not correlate with the
Iocal ventilation lndex. thiE neans that air flow patterns
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differed fron thgÊe of, .contaulnants. In, thls caae the
difference ras not unexpected, because. there were strong,
locatized styrene sourcer which: developed their own flow
patterns.

the greatest values' of'the local ventilation lndex-, sere
attained with ventilation confÍgruraÈion B. Horèver; the
concentration of styrene at the breathing zone and i4 the
general aÍr in the occupied zone,.:tae the higheat in
configruration B.

Traditionally, thè locat ventitation index hae been kept as
,a ,design paraneter* which shou.¡.d" be' grrecter .'thân -dtré-á,'' Thên
the contaninant renoval is better than that òf the
reference case 1.e. conplete nixing. ft ie worth to note,
hovever, that the value of the local ventilatÍon index does
not contain info¡nation on the occupantsr exposure levels.
In industrial prenises, where toxic contaminants. ., are
preeent,, this iÀ a disidvantage, þecauBe the control of

".expoaure to ,harmful- contautnants 'is th€ ¡iôËg'inportanË'taÈk
of ventÍtatíon aysten. In other words, a high value of a
local ventilation lndex doesrnt guarantee low absolute
concentrations of contaminantE. Therefore, a thorough
diagnose of the ventilaÈion¡., system should .lnclude
neasurenents of the absolute concentrations of highly toxic
contaminants.

;i '- ,

rlf t[g.open noldi.rrg neÊhods are used ln thè GRP lnôuËtry,
iÊ is unlikely that" cons:entrations balos thsrexposulér.liÐit
of . 20 ppn cârtr ,- b€' achiev.ed it.by..using gêneraùí", nixing
nentilatfon only vith th€,resin'consuupt'ion FatêÉ"-connoñ
,Èpdalf . On. the, contrar¡r, .oxposure levels :beùorl 5O ,ppD jcatr .be
.tÈtllncd . ; sith ..ì prÞperly. . aleslgùed,,: :" generaL.'r:' vent,ilaËf'on,.
:Hor9vef,¡¡i:thç , ¡ain: reaaon for the high styreneÌ; é)çpôBurd. i.Ê
iqtfgng,., .,'localtzed,r'enisEton r.of et¡rrene .vapgr .a¡¡d the
vorkerrs posÍtion close to the etyrene sourcè¡ 'Iï ordefr,to
¡eet the present strict expoaure llnit, specialized
v-entilat.ion. tèchniquee;'rconbined vith .the: cqtrrect work
practi,ce-should:Þe used ,[7r:;r8]. i.., r:i.t I '..:::., , i-\.r-:, ir!'-;i
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