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Although emisllions from liquid roceaa photocopier11 have been implicat ed in 
11ick bW.ldi g a)"ndrome. a . number of t.i1111H1, .fe" atudies have attcmpted to 
quantily the emisaiona and develop appropriate 8 rategiea for coutrollini 
concentration11. This r.eport describea t eats performed on a typic~l copier at 
different air chang rates and .vith different control mechania11111. The data 
vere successfully fitted to a niaas balance-model and the results ailovad some 
conclusions to be dravn about the strategies. · 

. .. 

Since energy conservation becnme widespread, thore has been increasing concern 
over the bW.ldup of vola.tile organic compounds (VOCI in interior spaces, and 
their effects on human health and comfort. One ery c0111111on source of voe in 
office buildings is the liquid proceu photoccipier (l) • 

Liquid process photocopiers (LPPI use a solvent whose ·principal constituents 
are isodeca.nes (formula C:,0!121 ). A small amount of the solvent is released 
into the air each time •a copy is made. The,company _who hold the patent on the 
LPP process have provided data on the. emission, -and one of the aims of this 
project was to assess their findings~ 

Strategies that might be appropriate for controlling concentrations of solvent 
in the air include increasing the outdoor air rate, using a charcoal filter as 
an air cleaner, and :using local ventilation from the machine direct to 
outdoors. Each of these:· w.as examined. 

llBTBOD 

''· .. -
The teats were perfo11N1d on weekend" i n a ro= used solely for ;photocopying. 
A plan of t lle room is shown in Fiyure l. Air is supplied to the room by the 
induction unit labelled 1, and exhausted t.hrough the ceiling. In£iltr ation or 
exfiltration' c an occur throu9h the r oom and elevator door3, and th.~-ough the 
closed damper of tbe w:l.ndow fan F . The . oscil.lating fnn (als o l~..lled Fl 
beside the photocopier was used to enhance air mixing. The local ventilation 
fan LV was installed for only one test. At all other times this window vas 
closed. 

To obtain quantitative data on the elllission rate the te11ts were set up as 
follows: 

• a fixed number of copies (16 or 32) were made every 5 minutes. The same 
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original was used for all the tests. 
• the total voe (TVOC) concentration was measured every 5 minutes at the test 

points (Tl-T4 on the floor plan) using a photoioni zation detector, HNU 
Systems model PI101. The instrument was calibrated (in mg/m') with n­
decane. 

• a tracer gas test was run simultaneously with the emission test, and 
samples were collected at points Tl and T3. Sulphur hexafluoride was used 
as the tracer, and samples were collected using evacuated containers and 
disposable syringes as described by Tamura and Evans (2) . The samples were 
analyzed using a Thermo Electron Instruments model 511A gas chromatograph 
equipped with an electron capture detector. The air change rate was 
determined from a least-squares fit of the logarithm of the tracer 
concentration versus time. 

• Measurements were normally taken at a height of 1 m. To assess air mixing, 
TVOC concentrations were also measured periodically i n the room corners and 
at heights from 0-2 m. 

The copy rate of 16 every 5 minutes was chosen be cause it is very similar to 
the average usage of that copier (about 1500 copi es per day) , and fairly 
typical for that building. 

The filter system tested was a Racal Breathe Easy safety mask equipped with 3 
AP3 filters each containing 120 g charcoal. The air flow through the filters 
is stated by the manufacturer to be approximately 8 cfm (4 L/sec). The flow 
rate was not measured during the tests. The mask was placed next to the copy 
tray of the copier, since rvoc-c concentrati.ons measured there were usually 
larger than those found near the exhaust ports at. the back of the machine. 
The filters were weighed before and after the test to dete:r::mine TVOC uptake. 

The local ventilation unit consisted of a window fan connected to a twelve­
foot length of vent drier hose . The other end of the hose was secured close 
to the copy tray . 

A mass balance model incorporating emission, air exchange and removal of voe 
by the filter was used to fit the TVOC c oncentrations. The calculation was 
performed iteratively using the equation below and a period of 5 minutes. 

c_ C + [Q,dt + (Q.dtC,/10 1
) - (Q,dtC/10') - (Q,dtC/10')] /V 

c_ TVOC concentration at end of period - mg/M' 
C - Initial TVOC concentration in the space - mg/M' 
Q, = Rate of emission of TVOC - mg/s 
dt - time period - seconds 
Q, Fresh air flow rate - M' Is 
C, - TVOC concentration in fresh air - mg/M' 
o, - Flow rate through f ilter - M' Is 
V ~ Room volume - M' 

.~ 
• • :;JI 

This ~quation will give a valid description of concentrations provided that: 
• the air in the space is per fectly mixed --_;-,; ·_,,-i 
• the ideal gas laws that relate weight of liquid and volume of gas are val~d 

for photocopier fluid 
• adsorption and desorption effectsJ on furnishings and finishes can : be 

ignored _ . --"' ·' 
• if a filter is used, the TVOC concentration is in the range where nea'rl.'y 

complete adsorption occur. sin the filter, a nd t he fi l t e r is not ·ove rloaded' ... ~ 
As an alternati ve, t he effect o f the filter 
1 0 \ breakthrough time from e quation 110) 
c onstant ad s orption r ate up t o t hat time. 
be low. 

was determined\ by calculatitiq 'the 
of r e fexe nc e (3) , a nd assuming 
The two app roaches a re discu s sed ... .. 

Early in the data analysis i t became apparent that , with photoio.iization 
detection, n-decane is not a suitable calibration material for photocopier 
solvent . Concentrations found using the PI101 were compared t . tho .. 
determined by flame ionization detection (FID ) using the method of 
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(l). This ~nabled a correction factor to be applied to the PI101 data. 
,,,, . 

RESULTS AND DISCUSSION . . . 
The FID:PilOl concentration ratios found were 3.136; 4 .'24, 3. 74 and 3.27; The 
average . of the~~' .. 3. 78, was used. to correct the PI101 TVOC concentrations. 

.. " · . '. · . 

Air mixing was jlidged to be efficient during the· tests. In general, TVOC 
measurements taken anywhere in the room during a one minute period ag:reed 
within 10%. . Concentrations of the two sets · of t:racer· gal!! samples were also 
close. 

The TVOC data were predicted well by the mass balance model, though it was 
found necessary to allow the emission of voe per photocopy to vary over a 
small range. . .The tests a:re not accurate enough to detect any deviation f:rom 
the ideal gas laws; o:r any adsorption/desorption 7ffects. 

The results of ' the fou:r tests are listed in ··Table 1. The fitted and 
experimental data used to determine ai:r_change rate and TVOC emission :rate for 
the first test are shown in Figure 2. -~. ,,, 

The photocopier manufacturer has indicated that 0.241 g (0. 322 ml) · of solvent 
is :released for each copy made. The emission rates shown in Table 1 are close 
to the manufactuxer' s value . Since the potential erro.1:'5 are probzlbly greater 
than 10%, 'it is not . known whether the difference between the first two 
emis~ion rates and the last two is real. The last two both applied suction to 
the copier n~ar the copy tray. · · 

Using the model with the manufacturer's emission rate and a room volume of 67 
M', daily average TVoe concentrations were calculated for different copy :rates 
and air change rates. The copy ratee were so·o, 1500 and 2500 copies in an 8-
hour day, ·and the air change ' rates 0.5, l, 2, and 4 air changes per hou:r 
(covering approximately 10% to approximately 100% outdoor air). 'l'he daily 
averages were all below the manufacturer's recom111ended exposure limit of 1800 
mg/M', but all above 25 rrg/M', a level at which Molhave ( 4) has found that 
peopl-e suffer mild discomfort and respiratory irritation. _Thus dilution 
ventilation will satisfy occupational health requirements, but may not provide 
a comfortable and productive environment, J:or people working all day in a 
moderate-sized room containing a liquid p;~~esa .photocopie_:r. . . . 

For the third test, aaauming the filter aystem adsorbed all the voe fxom the 
air stream passing through it gave good agreement bet;ween measured and 
calculated TVoe uptake. High filter efficiency is also indicated by the low 
(but unstable) TVOC oonc~ntrations meaaured in the filter exhaust. When the 
calculation method involving breakthrough time was use~, a filter efficiency 
of 0.4 was needed to give agreement between the calculated and measured uptake 
by the cha:rcoal. The discrepancy is probably due to the charcoal being of a 
different type from that evaluated by Nelson and Correia (3), as t here are at 
least three types available, each with different adsorbency.. The filter 
removed only 4' of the emitted voe. This is not surprising, since the air 
flow rate through the filter was only 5\· o f the ai:r change rate. A filte:r of 
this aize ia, therefore, inadequate fo:r removing voe at the air change rates 
used during these tests. Larger units with higher flow rates are available. 
However, with a copy rate of 1500 per day, maintaining room concentration 
about 25 mg/M' would require filter :replacement every 1-2 weeks. Since the 
filters cost $100 or more each, this i& not thought to be a cost effective 
solution. 

Based on the test performed, local ventilation did not appear to be effective. 
This is probably due to a combination of factors: inadequate fan speed (the 
air change rate was almo·st the same with and without the loV fan); poo:r captu:re 
of the photocopier vapou:r (a hood was not used, and the vapour was probably 
dispersed by the fan Fl ; and lack of supply air to assist capture. In 
retrospect, this was a.n inadequate test of local ventilation capapility, and 
should be repeated using more appropriate conditions and equipment. Since 
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local ventilation depends on incomplete mixing, the mass balance model will 
predict concentrations poorly. A more sophisticated model incorporating the 
effects of air flow should be used to fit data . 

CONCLUSIONS AND RECOMMZNDATXONS 

The emission rates per copy found during the tests were close to the value 
suppl.ied by the manufacturer. 

Concentrations of photocopier fluid in air can be calculated with a simple 
mass balance model, provided that the copy rate, the volume of the space and 
the air exchange rate are known, and provided that the air in the space is 
well mixed. 

On the basis of these measurements and calculations, filtration using charcoal 
does not appear to be a useful control strategy for LPP emissions. Dilution 
ventilation is likely to satisfy occupational health requirements under most 
conditions, t hough it may not always adequately provide for occupant comfort. 

Local ventilation was incompletel.y eval.uated by .. J:.be test 
further tests of this .s trategy sboul.d be conduc ted . . · - r· '··~i· = . . ... , 

:· 'I *"• 

described here, and 

We are grateful to L. J~tras for hel.p in carrying out the tests, and to Dr. Y. 
Tsuchiya for assistance with . the FID analysis . 
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Figure 1: Floor plan of the test room 

Air chan11e 
rate (ach) 

·2 . 9 

7 . 8 

3.8 

3.4 

Table 1: Test results 

Emiailion/copy 
(9) (fitted) 

0.222 
• !,.• .~ •. ,._, . 

0.231 

0.258 

0.253 
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TEST~ 1.: TRACER GAS 
Nofilter-i door shut, ; 16 copies 

Ln(concentr~Uon) (ppb) 6 ._ 
, ·! l\ 
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TEST 1: EMISSION 
Observed & c ·alculated Data 

' . Solvent concentration in air (mg/m3) 
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Time in minutes 

Ob'serve d solvent - Calculated solvent 

2.9 ach: 0.222 g/ copy 

I .. 
I Experimental and calculated data Figure 2: 


