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Ventilation and organic solvent exposure during car washing

by Raimo Niemela, PhD, Pirkko Pfaffli, MSc, Hannu Harkonen, MD 1

NIEMELA R, PFAFFLI P, HARKONEN H. Ventilation and organic solvent exposure during car washing.
Scand J Work Environ Health 13(1987)424-430. Spray finishing operations often involvecleaning with
solvents. White spirit is widely used as a solvent in car washes in Finland. The purpose of the present
study was to determine the levels of solvent exposure of car washers and to evaluate the effectiveness
of ventilation systems in car washing facilities. The study covered II car washes. Airborne solvent con­
centrations were measured both in workers' breathing zones and at stationary sampling sites. The solvent
concentration in the breathing zones ranged from 5 to 465 mg/m' during the washing of automobiles
and from 45 to 685 mg/m ' during the washing of heavy vehicles. Brief concentration peaks up to 4 500
mg/m' were detected. The flow rate of ventilation air ranged from 0.3 to 3.9 m'I s. The greatest reduction
in solvent concentration in the workers' breathing zones was attained with a ventilation design where the
supply air jets blew directly into the work zone.

Key terms: airflow rate, spray finishing, white spirit.

Spray finishing is wid ely used in a number of indus­
tri es. Spr ay pa inting has received mo re attention in the
literature (12) than other spray fini shing op erations.
Spray fin ishing operati ons often involve clea ning with
so lvents. The spray clea ning of vehicles , eg, auto­
mobiles and trucks, may expose workers to high at ­
mospheric concentrations of organic solvent vapor.

Solven t-based cleaning agents are commonly used
in the spray washing of ca rs in Nordic co untries. The
cleaning agent used depends on the model and dirti­
ness of the ca r. Solvent -based materi al is useful for
wash ing new car bodies to remove the prot ective layer
of wax and for removing old wax and bitum -containing
dirt from used cars. The age nts are usually hydrocar­
bon solvents (Stoddard solvent, white spirit) containing
aliphat ic hydrocarbons and sma ller a mo unts of aro­
matic hydrocarbons. The same sol vent s are also used
in paint s, varnishes. and glues and as th inners.

The odor threshold for Stoddard so lvent is about
5 mg /m'. Acute exposur e to high co ncent rations of
Stoddard solvent cau ses irritation and central nervous
effects. One of six human vo lunteers exposed to the
solvent at an atmosph eric co ncentra tion of 850 mg/rrr '
had tr an sient eye irr itati on. At 2 700 mg/m ' all six
vo lunteers experienced eye irritation and three had
lacrimat ion (4).

Lon g-te rm expos ure to organic so lvents ma y affect
the cent ral and per iph eral nervous systems. Solvent ­
expos ed workers suffer from nausea , dizziness, drunk ­
ennes s, concentration difficulties, and lassitude signif­
icantly more often than unexposed workers (6, 7). A
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neuropsychol ogical examina tion of car paint ers
revealed slight differences in visuomotor and psycho­
motor performance when th e painters were compa red
with an unexpo sed re ference group (6). In ano ther
study, painters, varn ishers, and carpet layers showed
an increased risk o f 1.8 for nonspecific neurop sychi ­
atric disorders in comparison with workers not expo sed
to solvents (3) .

Excluding dat a on spray painting, little info rmat ion
is ava ilable about the levels of organic solvent expo sure
in sprayi ng operat io ns, and dat a on ad equate co ntro l
measures are sca rce . Manual ca r washing is a typical
spray finishing operation in which solvents are sprayed
o nto lar ge surfaces. From th e standpoint of venti la­
tio n design, the car washing opera tio n is very co m­
plicated becau se o f the was hers ' mo vem ent s, back­
sca ttering of solvent jets, co nvecti on currents ca used
by warm mot or s or hot wat er flushing, and th e dif­
ferent sizes of the vehicles.

The purpose o f the present study was two fold : (i)
to determine car washers' level o f expo sure to solvents
a nd (ii) to evaluate the effectiveness o f ventila tion
systems used in ca r washes. Th is info rma tion was used
to determine which ventilat ion design is most suitable
for restri cting solvent expo sur e.

Materials and methods

Car washes. washing agents and
washing operations
The investigat ion cov ered 11 ca r washes fo r a uto ­
mobiles and heavy vehicles . Th e facil ities were built
o r renovated in the I970s, and they had di fferent ven­
tilation syste ms. In all excep t two of the washes the
measurements were carr ied out at zero or subzero out­
door temperatures.



Solvent-based car clean ing agents contai n some
95 % hydrocarbon s and 3- 5 070 dete rgents. During
the invest igat ion , four plants used a Stoddard solvent
and seven a " high flash" Stoddard solvent. The boiling
range of the Stoddard solvent was 145-200°C. The sol­
vent was said to contain 15 070 aroma tic hydro carbons.
The boilin g range of the high flash solvent was
185-220°C. At thr ee plants the latt er contained 15 %
aroma tic hydrocarbons, whereas the rest were
" dearomatic high flash" Stoddard solvents with an
aro ma tic hydrocarbon content of onl y 0.5 % .

Ca rs generally und ergo both an automatic and a
manual washing phase. In the present study emphasis
was placed on the manual washing operations sup­
posedly involving high expo sure to solvent vapors.
Atmosphe ric solvent sampling was conducted during
the spra ying of the solvent, hand washing with a soft
spo nge, flushing with warm water, and drying. The
solvent was applied with a hand sprayer at a pressure
of 150-400 kPa. Normal network pressur e was used
in water flushing. The engines were first sprayed with
solvent and then with warm or hot water. Ladders and
bru shes with lon g handles were also needed to wash
hea vy vehicles.

Air sampling and analysis

Th e air samples collected were person al samples from
the worker' s breathing zone and sta tionary samples at
1.5 m above the floor and 1.0 m below the ceiling. Th e
samples were collected in lab or at or y-ma de cha rcoa l
tub es (200 + 50 mg charco al) (8) , and the sampling
cove red the ent ire active washing tim e, ra nging fro m
3 to 7 h. Person al pumps (Sipin SP I5 , by AJ Sipin)
were used to pump air through the tubes at a flow rat e
of 0.2 [IminoTh e sampling period for eac h tub e was
60-90 min. The con centrat ions were expressed as
time-weighted averages for the active washing time.
The vertica l concentration gradient was determined by
dividing the difference between the concentration in
the up per part of the shop and that at the height of
1.5 m by the corresponding distance.

Samples were eluted from the charcoal tub es (sepa­
rate charcoa l layers) with I ml of carbon disulfide or
dim ethylfo rmamide and analyzed by gas chro mato­
graphy (P erk in-Elmer F 17) in a " tris" -column (I %
I ,2,3-tris-cyanoe thoxypro pane on Chro moso rb W,
4 m, inner diameter 4 mm) at 140°C. Detection was
mad e by a flame ionization detector. White spirit (Shell
Co rp) was used for ca libration. Th e ca lculations were
based on peak areas deri ved from the chromatogram s
by integratio n (Hewlett -Packard 3386A electronic
integrat or) .

Th e air in the car washes conta ined mist from the
hot water used during the washing. We therefore in­
vestigated whether the moisture caused a breakthrough
of the solvent in the charcoal tubes . Various amounts
of distilled water (10, 25 and 50 mg) were add ed to
the tub es, which were then capped with plastic stop-

pers and allowed to equ ilibrate at room temperature
overni ght. The next da y, white spirit vapo r (I 000
mg/m') was sampled into the tubes fro m a dynami c
vapor /air strea m (O.21/min , 30 min) (10). On analysis
no breakthrough of the solvent vapor was detec ted,
and therefore it was concluded that the moistur e added
did not affect the sampling capacity of the tubes. The
coefficient of variation of the method of sampling and
analysis was 0.08 (N = 10).

A portable gas chromatograph (AID model 511,
Analytical Instrument Development, Inc) was used to
measur e variat ions in the total hydrocarbon concen­
tration during indivi dual work periods in seven ca r
washes. The inst rument sampled the ambient air every
or every second minute in the breathing zone .of the
workers. The samples were taken via a gas sampling
loop (I ml) connected by a stainless steel tube to a
flame ion izat ion detector. The hydrocarbons present
were thus det ected as a single peak.

Measurement of ventilation and air
temperature

Simultaneou s measurement of solvent exposure and
ventilation was performed in each car was h. The air­
flow in the ventilation du cts was measured with a
standard Pitot tub e and an electrical microman ometer
(Furness Co ntro l Ltd) according to the multipoint
traversing method (I). The air velocit y at the mak eup
air and exhaust air openings was measured with a vane
anem ometer (Airflow Developments Ltd) . The air ex­
change rat e was determined as usual, by dividin g the
airflow ra te by the volume o f the car wash . However ,
this method was not used in car washes 6, 9, and 10
becau se the air veloc ity profiles in the exhaust du cts
and supply air openings were very disturbed. In these
workplaces the ai r exchange rate was measured with
the tracer gas techn ique (I I).

Th e tracer gas was nitrous oxide, the concentr ation
of which was measured with an infrared spectropho­
tometer (Miran lA, Foxboro Analytical). Tracer gas
was released into the workroom air and disper sed with
a propeller fan to make the concentration as uni form
as possible. When the release of tracer gas had stopped,
the decay of the tracer gas concentration was recorded
continuously with the infrared analyzer. The air ex­
change rat e was then calculated from the exponential
par t o f the decay curve.

The temperature of the air in the work zone and near
the ceiling, as well as of the supply air , and the out­
do or temperature were mea sured three times during
the washing period with an electrical thermometer (YSI
model 42SC). Th e average of the ob servations is given
in table 2 in the Results section.

Estimation of solvent consumption

In most of the washing facilit ies solvent was fed into
the spray guns from large reservoirs, and thi s process
precluded the determination of solvent con sumption
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Table 1. Solvent concent rati on in pers onal samp ling.

a WS '= white spirit , HF '= high flash , DAHF '= dearomatic
high flash .

b Measured on two days .

Automobiles
1 b 4 WS 14 150 60-285

2 WS 4 125 110-150
2 1 WS 2 120 40-195
3 5 HF 20 160 90-235
4 2 DAHF 8 20 5-40
5 1 DAHF 4 95 55-140
6 1 DAH F 4 145 95-170
7 b 2 HF 6 245 170-270

2 HF 9 370 240-465

Heavy vehicles
8 2 DAHF 8 105 45-230
9 1 HF 3 145 115- 160

10 2 WS 7 370 225-505
11 2 WS 8 460 210-805

during the measurements. Furthermore, no adequate
records on average daily solvent consumption were sys­
tematically available. Thus another approach had to
be used to assess the solvent cons umption . The num­
ber of cars washed during the measurement period was
recorded for each pla nt. The average number of ve­
hicles washed per hour was used as a parameter of the
rate of solvent consumption . Thi s technique did not,
however , allow comparison between the washing of
automobiles and the washing of heavy vehicles because
of the basica lly higher solvent consumption during the
cleaning of heavy vehicles . The volume of dil ution air
per vehicle washed was obtained by dividing the ven­
tilat ion airflow rate by the average number of vehi­
cles washed per hour .

So/vent concentrations and
air temperatures

During automobile washing, the time-weighted average
concentration of the solvent ranged from 5 to 465
mg/rrr ' for personal samples (tabl e I) and from 15 to
390 mg/m ' for stationary samples (tab le 2). For heavy
vehicles, the corresponding figures were 45-805
mg/rn' for personal samples (table I) and 40-685
mg/m' for stationary samples (tab le 2). During various
work phases , there occurred brief concentration peaks
as high as 4 570 mg/m' (table 3 and figures I and 2).

The absolute value of the concentration gradient was
usua lly less than 10 mg . m:' . m- I . A negative con­
centration gradient denotes lower solvent con tent near
the ceiling than in the wor k area (tab le 2).

The air tempera ture in the work zone varied between
18 and 24°C (tab le 2). Because the measurements were
carried out during the heating period in all the car
washes except number 4, the supply air temperatures
were higher than those in the work zone . The vertical
temperature gradient was usually less than 0.7 °C /m .

Results

Ventilation parameters

All I I car washes had mechanical general ventilation.
The design of the ventilation system in the shops varied
widely. Two car washes had exhaust fan s only . Seven
were prov ided with downdraft ventilation . In two
cases , supply air was introduced from the floor level.
The physical dimensions of the washes , airflow rate s,
air exchange rates, and ventilation schemes are given
in table 4.

For automobile washing, the air exchange rate
ranged from 2.0 to 19.5 h-- I and airflow rate from 0.3

Range
(mg/m')

Number Time -
of we ighted

samples average
(mg/m')

Sol­
vents"

Car Number
wash of
number workers

Table 2. Solvent concentr at ions at stationary sampli ng sites and the ambient air temperatures in the car washes.
--------- - ------ ------ - -------------------_ .- _.

._ - - - - - - - - - - - - - - - -

Solvent con cent rat ion in
Car stationary sampling

was h Numb er Mean Range
num ber of (mg/m') (mg/m')

samp les

Verti cal
co nce n­
t rat ion

gradient
(mg 'm-3'm-')

Washi ng
rate

(vehicle/h)

Indoor air
temperature

(0G)

Vertical
t emper­

ature
gradient
(OC/m)

Supp ly air Outdoor ai r
temperature temperature

(0G) (0G)

Automobiles
1 12 80 35-120 +35 1.8 24 1.4 30 0
2 4 45 35- 60 - 8 1.0 20 0.3 26 - 14
3 " 3 85 60-125 + 2 5.0 20 0.7 33 - 10
3 b 2 145 90-200 + 8 5.0
4 8 50 15-100 - 5 1.5 24 0.3 +15
5 8 80 30-135 - t 2 1.0 20 0.6 29 - 2
6 4 100 60-115 - 6 0.8 19 0.3 -10
7< 8 205 150- 290 -- 70 2.0 24 2.2 29 - 5

3 360 135-390 -80 2.5 24 2.8 28 - 1

Heavy vehicles
8 8 75 45-100 - 14 1.0 18 0.3 24 - 2
9 13 125 40-280 - 6 1.0 18 0.3 34 - 5

10 15 265 110-490 - 9 1.0 18 0.4 - 5
11 9 465 290-685 - 8 1.0 21 0.5 29 + 8

a Maximum fan speed .
b Half.fan speed .
c Measured on two days .
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to 3.9 m ' / s. In car washes where heavy vehicles were
being was hed , the air exch an ge ra te ran ged from 3.5
to 9.5 h- I

, and the a irflow ra te from 0.7 to 2. 1 m' / s.
Figure 3 pr esents the relati onship between the time­

weighted average solvent con centra tion in stat ion ary
sampling and the volume of dilution air per car
was hed . The lines were ca lculated by the method of
least sq uares.

Discussion

All th e time-weighted average conce ntrations for th e
act ive washi ng time were below the acce pted occupa­
tiona l expos ure limit fo r Stodda rd solvent (525
mg/ rrr').

T he short-term concent rations were much higher
than the IS-min exposure limit for Stoddard so lven t
( I 050 mg/m ') (2). Althou gh the co nce ntratio n pea ks
lasted o nly a few minutes at a tim e, they occ ur red
thro ughou t th e workday when very dirt y cars or warm
engin es were washed . During the conce ntra tio n pea ks
wo rkers exper ienc ed eye irri ta tio n and lacrimat ion .

Th e air flow rat es measured were approximat ely the
same dur ing the washing of automo biles an d heavy
vehicles , but th e observed so lvent con centrat ions were
higher for heavy vehicles. Thi s d iffe rence was du e to
the higher solvent consumptio n rate du ring the washing
of heavy vehicles . It is appar ent from figur e 3 th at an
average so lvent conce ntra tio n of less than , eg, 100
mgl m I can be o bta ined by dilution ai r vo lumes of ap-

proximately 2500 m' per automobile washed or
6500 m' per heavy vehicle washed . It is obviou s tha t
the flow rates measured in car was hes 6 and 7, as well
as in washes 10 and I I , may be too low to contro l
solven t exposure at higher washi ng activities than dur­
ing measurement s. Even at highe r flow rates the con­
centra tion peaks may still presen t a problem, and there­
fore an ad equ ate sys tem o f supply a ir d istribution is
important.

T here was much va riat ion in the wa y fresh supply
air was int rod uced and co ntaminated air exh au sted in
th e different car washes, the result being different ai r-

Table 3. Solvent concent rati ons measured by the portable gas
chro mato graph during so lvent spraying and hot water washing.

Car Percent age

wash Num ber Mean Median . of samples
of Maximum wit h values

num-
samp les (m g/m') (mglm' ) (mglm') higher than

ber a
1050 mg/m'

A utomobiles
1
2 20 155 115 BOO 0
3 102 420 200 3000 9
4
5 37 1 090 780 4570 33
6
7 79 880 650 3 630 32

Heavy vehicles
8 49 820 600 3250 21
9 57 420 350 1000 0

10 31 855 900 1 520 33
11

a Measurements not made in shops 1, 4, 6 and 11.

mg /m 3

2 500

2000

1500

M 4 5 7 0
.1

M

25 0 0

2000

1500

M

M 300 0

1

M '
t, M

1000 ,/

"t500

.I

40 min
Figure 1. Example of a variation profi le of airborne solvent co n­
cen t rat ion in the work ers' breathing zones dur ing automobile
wash ing. (x = spray ing with so lvent , {', = fl ushing with hot
water, 0 = was hing with a sponge, M = engine wash )

1000

3 h

Figu re 2. Example of a variat ion prof ile of airborne solven t con­
centrat ion in the wo rkers' breath ing zones in a larg e car wash
(M =eng ine wash )
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Table 4. Vent ilation paramet ers of the car washe s.

Car Volu me of Height of Airfl ow Air exchan ge
wash car wash car was h rate rate
num ber (m' ) (m) (m' /s) (h- 1)

A utomo biles
1 460 5.5 2.2 17.5

2 430 6.0 0.8 6.5

3' 730 5.0 3.9 19.5
3 b 730 5.0 2.7 13.5

4 280 5.8 1.1 15.0

5 210

6 470

7 c 260

Heavy vehicles
8 780

9 1100

10 570

11 760

a Maximum fan speed.
b Half-Ian speed.
c Measured on two days.

Average solvent concentration
(stationary sampling points)

(mg/m3

1000

5.5

5.0

4.2

8.0

6.5

4.8

5.5

0.6

0.3

0.6
0.4

2.1

1.4

0.9

0.7

---- ... CARS
-. HEAVY VEHICLES

9.5

2.0

7.5
5.5

9.5

4.5

5.5

3.5

Vent ila tion schemes

Supply air f rom two duc ts at the
long walls at 3.8 m above the floor;
the exhaust air terminals near the
fl oor and the ceil ing
Supply air from one gri lle near the
ceil ing; exhaust air through the f loor
Supply air upwards from the floor
grilles at the doors; the exhaust air
termin als near the ceiling and the
fl oor
No mechanical supply air syst em,
clea n air throu gh door ope ning from
an adjo in ing repair shop ; the
exhaust air terminals near the
cei ling and the fl oor
Supply air from th ree grilles at one
long wall at 4.0 m above the floor;
exhaust air through the fl oo r
No mechan ical supply air syst em; an
exhaust gri lle in the back wall
Su pply ai r from four grilles at the
long wall near the ceiling; the
exhaust air terminal s near the
ce il ing and floor

Supply air from two ducts at the
lo ng wall s at 6.5 m above the floor;
exhaust air th rough the floor
Supply air fro m two di ffus ers
located at opposi te ends of the
room near the ceil ing; the exhaus t
air term inals near the ceil ing
Supply air from one grille at the long
wall; most exhaus t air terminals near
the ceil ing, one near th e fl oor
Supply air hori zon tally from the
sides of the doors; the exhaust air
te rminals near the ceiling

500

100

50
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Volume of dilution air (m3/vehicle)

8000
Figure 3. Correlation of average
solven t con centration in sta ­
t ionary samp ling and the vol­
ume of supply air per vehicle.



flo w patterns and concen tra tion di stribution s. In nine
ca r was hes the vertical co ncent rat ion gra die nt was
negat ive and therefore ind icated th at the air in the wor k
area was more conta mined th an that in the upper part
of th e ro om .

The highe st negat ive co ncentra tion grad ient,
-80/ mg ' m --·_1 • m: '. was obse rved in car was h 7,
which was fitt ed with do wndr a ft ventila tion (ta ble 3).
In this wor kplace the warm supply air becam e strat ified
in the upper pa rt o f the work space, a nd th e co n­
tarn ined air rem ained mainly in th e work ar ea . Th is
occurrence was also confirmed by th e exceptiona lly
high temperature gradient , from 2.2 to 2.8° C/m. Th e
sa me ph enomenon was observed on a smaller sca le in
ca r was hes 5 and 8, which were also fitted with down­
draft vent ilation . In these th ree washes, as well as in
ca r was h 10, th e occ urrence o f high co nce ntra tio n
spikes was a notabl e problem . H owever, th e time­
weight ed average concentra tions in car washes 5 an d
8 were rela tively low . It is therefore obvi ous that, when
the supp ly air is poorly distributed to th e bre athing
zon e, hig h co nce ntra tion peak s occur. T his findin g is
in ag reement with that of West (13) , who showed,
under co ntrolled lab orator y cond it ions, th a t , when a
gas so urce is located in a stagnant region of the
occ upied zo ne , high con cent rat ion spikes ar e detected
throughout the ven tilated space.

In car washes I and 3 the vertical co ncentra tion
gradient was positive. In th e fo rmer , where the supply
air was discharged fro m two du cts mounted on the long
walls at 3.8 m above th e floo r , th e rela tively high
gradient value o f + 35 mg . m- 3 • m- -I was det ected.
Th is value ind ica ted th at the supply air flushed the
wor k zone efficie ntly . In car wash 3, where the highest
airflow rates were measured, the sup ply air was
introduced into th e work area from the floor level.
Only a few high con centration spi kes were o bserved
in th is wor kp lace. In car wash 2, fitte d with downdraft
ventilation, an d in ca r was h 9, where th e supp ly ai r
was int rodu ced fro m th e ceiling level and extracted
throu gh the ceiling, no concentratio n peaks higher than
I 050 mg/m' were observed .

Th e findings of this study emphasize the adequate
di stribution o f th e supply a ir fo r controlling localized
sho rt- term so lvent co ncentratio ns . When the down­
draft venti lation pr inciple is applied, it is essent ial th at
the sup plied air be direc ted very ca ref ully to th e wo rk
area a nd tha t the buoyan cy forces o f the je ts be taken
in to account. Furt hermo re , in or de r to lower co ncen ­
tration peaks, th e vent ilation rat e should be high er du r­
ing times of high emission . Th erefore , ventila tion fans
should be pr ovided with two-speed motor s, the lo wer
speed for co ntinuo us d rive, the high er on e for use
during so lvent spraying and hot wa ter flushing.

Th eor eti call y, high fla sh solvent vaporizes less
readily tha n so lvent with a lower boiling point. Th ere­
fore, on e would have exp ected the air bo rn e solvent
concent rations to have been lower during washing with
high flash solvents . No such differenc e between the two

types of solvent was ob ser ved , ho wever. The obviou s
explan atio n is tha t th e d roplets o f the sprayi ng mists
vapo rize. It has been sho wn (5, 9) th at the lifet ime of
dro plets of a solvent with a boiling point of about
175°C is on the order of 10 ms at room temperature.
In addition, the lifet ime decreases rapidly with rising
temperature. In practice mist droplets of high flash so l­
vents vaporize almos t as rapidly as those of lower boil ­
ing Sto ddard so lvent. Th erefore there is litt le difference
in airborne vapor concentration .

Insuff icient work exper ience may cause high solvent
concentrations in the workers' breathing zone. When
two o r more opera tors a re working on the sa me car,
th ey sho uld be ca re ful to avoid spraying each o ther.
During spraying th e operator sho uld po sition him self
between th e supply air inlet and th e surface bein g
washed. The distance between the operator and the ve­
hicle should be lon g eno ugh to pr event expos ure to sol­
vent spatt er. Access platforms or stepladders are often
required to allow the operator to place him self cor­
rec tly with respect to the supply ai rfl ow.
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