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Studies r e l a t i n g  indoor a i r  q u a l i t y  and organic contaminants 
have genera l ly  focused on the home (STEWART & HAKE 1976, WILLIAMS 
et a l .  1981) and workplace (BRUGNONE et a l .  1978, ENGSTROM et 
a l .  1978) environments. However, o f f i ce  environments where small 
quan t i t i es  of  mater ia ls  conta in ing v o l a t i l e  ingred ients  are in 
use occas iona l ly  or in l im i ted  quan t i t i es  have received l im i ted  
a t ten t ion  (HOLLOWELL & MIKSCH 1981). 

Mater ia ls  such as, glues, c leaning so lvents ,  deodorizers,  type 
cor rec t ion  f l u i d s ,  and co lo r ing  pens are used in many o f f i ces .  
Use of these mater ia ls  may r e s u l t  in worker exposure to v o l a t i l e  
and p o t e n t i a l l y  hazardous mate r ia l s ,  such as t r i ch lo roe thane  from 
t~4~e cor rec t ion  f l u i d s .  Since exposure leve ls  cannot be 
pred ic ted,  health hazard assessment is d i f f i c u l t .  To aid in the 
health hazard assessment of organics in o f f i ce  a i r ,  30 local  
o f f i ces  were surveyed for po ten t i a l  sources and the a i r  levels of 
selected v o l a t i l e  organic compounds were determined. 

MATERIALS AND METHODS 

Ana l y t i ca l  methods. Analyses at labora tory  1 (Health and Welfare 
Canada) were done with the aid of  a Model 5840 Hewlett-Packard 
gas chromatograph equipped with a flame ion i za t i on  detector 
( F I D ) ,  a Model 8000 V a r i a n  a u t o m a t i c  sample i n j e c t o r  
(autosampler),  and a n ickel  200 column (2.2 mm I .D . ,  1.8 m long) 
packed with 0.1% SPIO00 on 80/100 mesh Carbopack C. The 
temperatures of the i n j ec t i on  port  and the detector  respec t i ve l y  
were 150~ and 300~ Af ter  each i n j ec t i on  (0.2 uL), the column 
oven temperature was maintained at 60~ for  3 min and was then 
raised at a rate of  15~ to 220~ where i t  was maintained for  
11 min. Gas flows were 15 mL/min, 20 mL/min, and 250 mL/min 
respec t i ve l y  for  n i t rogen,  hydrogen, and a i r .  A Varian Vista 
S e r i e s  4600 gas c h r o m a t o g r a p h  equ ipped  w i t h  an FID,  an 
autosampler (2 uL i n j e c t i o n s ) ,  and a CDS 401 data system with a 
p r i n t e r - p l o t t e r  was used at labora tory  2 (For in tek Canada Corp.) .  
The chromatography column and condi t ions were s im i la r  to those 
l i s t e d  above. A n icke l  200 column (2.2 mm I .D . ,  1.8 m long) 
packed with 20% SP2401/0.1% Carbowax 1500 on 100/120 mesh 
Supelcoport was also used to aid in compound i d e n t i f i c a t i o n .  
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TABLE I. Composition of Standard Mixtures 1-4 & A-C. 

Mixture 1 - Dichloromethane(A), Acry lon i t r i l e (B) ,  Chloroform(A), 
Methyl ethyl ketone(B), l , l , l -T r i ch lo roe thane(C) ,  Ethyl 
acetate(A), l , l ,2-Tr ich loroethane(B) ,  Benzene(C), Hexane(A), 
Tetrachloroethylene(B), Toluene(C), Amyl acetate(A), Octane 
(B), o-Xylene, p-Xylene(C). 

Mixture 2 - Isopropanol, Ethyl ether, Dioxane, A l ly l  alcohol, 
Methyl n-propyl ketone, n-Propanol, sec-Butanol, Ethylene 
chlorohydrin, n-Propyl acetate, Chlorobenzene. 

Mixture 3 - Methyl formate, Acetone(C), 1,1-Dichloroethane, 1,2- 
Dichloroethane, Pentane, Carbon tet rachlor ide,  Tr ichloro- 
ethylene, 1,2-Dibromoethane, Bromoform, 1,1,2,2-Tetrachloro- 
ethane, Mesityl oxide, Ethyl benzene, Cumene, m-Xylene. 

Mixture 4 - Ethanol, Methyl acetate, tert-Butanol,  Isobutanol, 
n-Butanol, Isopropyl acetate, Isopropyl ether, Diacetone 
alcohol, Benzyl chlor ide, Styrene. 

Compound purity, retention time, detection l imi t ,  and l ineari ty 
of concentration-detector response were determined by gas 
chromatographic analysis of solutions of individual compounds in 
carbon disulfide. Bulk quantities of standard mixtures, as shown 
in TABLE I, were prepared and sealed in autosampler vials. Each 
of mixtures 1 to 4 contained equal weights (~ 1%) of the 
components and mixtures A, B, and C contained the components in 
the weight ra t io  of the i r  1980 ACGIH TWA-TLV (ACGIH 1980). 
Standard solutions were prepared by in ject ing appropriate 
aliquots of the mixtures into sealed vials containing 4.0 mL of 
carbon d isu l f ide .  

Quantitative and qual i ta t ive determination of organics in a i r  was 
done by the above and previously described (ABCOR 1978, DUPONT 
1980, NIOSH 1977) techniques and with the aid of standard 
solut ions. Air sampling was done by means of charcoal tubes (Lot 
no. 120, SKC Inc., R.D.I, PA), Pro-Tek organic vapor monitoring 
badges (G-AA, E.I.  DuPont de Nemours & Co., Wilmington, DE), and 
GASBADGE organic vapor dosimeters (Abcor Development Corp., 
Wilmington, MA) .  Calibrated, Model 808 Accuhaler personal 
sampling pu{nps (MDA Sc ien t i f i c ,  Inc.,  Park Ridge, IL) equipped 
with 10 cm~/min or i f ices and Tygon tubing connectors were used 
for the charcoal tube technique (NIOSH 1977). Badges (DUPONT 
1980) and dosimeters (ABCOR 1978) were used according to 
prescribed techniques. Desorption ef f ic iencies were determined 
by the phase equil ibr ium technique (DOMMER & MELCHER 1978). 

Test atmosphere. A 1.01 m 3 capacity chamber (1.43 m x 0.89 m x 
0.79 m) constructed from 2 n~n th ick,  stainless steel sheet metal 
and w i th  a removable g lass  d o o r  sea led by means of  
weatherstripping over a 0.5 m x 0.5 m opening was used in the 
test atmosphere experiments. Small ports (1 cm diameter) which 
could be sealed with rubber gaskets and stoppers were d r i l l ed  in 
the wall with the glass door. A metal rod assembly supported the 
air  sampling devices near the geometric centre of the chamber. 
When desired, a small e lec t r i c  fan (Cafran~ Model 707, Wiarton, 
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Ont.) provided an a i r  f low of  about 0.2 m/s, as measured by an 
a i r  v e l o c i t y  meter (Model 1650, TSI Incorporated,  St. Paul, MN), 
near the a i r  sampling devices. A hot p la te ,  placed under one 
corner of the chamber, allowed heating of  a small por t ion  of  the 
chamber f l o o r .  

For the tes t  atmosphere experiment, the badges and dosimeters 
were uncovered (ac t iva ted)  ins ide the chamber, which was then 
immediately sealed. Then, 500 uL of  mixture 1 (TABLE I)  was 
added, through a por t ,  to a Petr i  dish on the chamber f l o o r  above 
the warm hot p la te ,  the fan was star ted ( i f  des i red) ,  and the 
externa l  Accuhaler pumps were s ta r ted .  The hot plate was removed 
a f te r  about 10 min when no mixture was v i s i b l e  in the Petr i  d ish.  
A f te r  4 h, the pumps were stopped, the chamber door was removed, 
and the sampling devices were immediately ~ealed. The charcoal 
elements and tube sect ions were stored at 4vC in label led sealed 
v i a l s  u n t i l  the day of  ana lys is .  The sect ions and elements 
respec t i ve l y  were then desorbed with 1.0 mL and 2.0 mL carbon 
d i s u l f i d e .  

Survey pro toco l .  The a i r  q u a l i t y  in Ottawa o f f i ces  was monitored 
over a 6 to 8 h period during business hours in February, 1982. 
A va r i e t y  of  businesses and bu i ld ings  were selected and 
described. One area and two personal exposure measurements were 
made by means of  dosimeters in each of  30 o f f i ces .  Also,  
Pro-Tek badge measurements were obtained s ide-by-s ide with the 
dosimeters in 7 o f f i ces .  Blank measurements (unexposed element) 
were obtained for dosimeters at 7 o f f i ces  and for  badges at one 
o f f i c e .  Off ice personnel removed the labe l led monitor ing devices 
and elements from t h e i r  sealed conta iners ,  act ivated the devices 
for  exposure measurement and e i t he r  attached them to c lo th ing  
near the breathing zone or placed them in a cen t ra l  locat ion  at a 
normal working leve l .  Par t i c ipan ts  were ins t ruc ted  to note the 
s ta r t  and end time of the moni tor ing period and to leave the 
act ivated device on t he i r  desk dur ing b r i e f  absences from the 
o f f i c e .  For absences longer than 30 min. they were asked to 
leave the devices on t h e i r  desk in the closed ( i nac t i ve )  pos i t i on  
and to note the time they were out of the o f f i c e .  During the 
work day, the personnel completed a quest ionnai re which requested 
informat ion on po ten t ia l  sources of  organics and any unusual 
occurrences or condi t ions observed during the exposure per iod.  
At the end of the exposure per iod,  the closed devices were sealed 
in provided containers and were then co l lec ted fo r  t ranspor t  to 
labora tory  2. The element~ were immediately sealed in clean 
v i a l s  which were stored at 4 C u n t i l  the day of  ana lys is .  

RESULTS AND DISCUSSION 

The charcoal tube (NIOSH 1977), Pro-Tek (DUPONT 1980), and 
GASBADGE (ABCOR 1978) sampling devices were designed for  the 
monitor ing of  v o l a t i l e  organics in a i r  and for  a sampling range 
of  about 1 ppm-h to more than 1000 ppm-h. However, the 
performance of  the devices under d i f f e r e n t  cond i t ions ,  such as 
the presence of  mixtures of  organics at very low levels  in a i r  
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with poor c i r cu l a t i on ,  has not been well defined. To aid in the 
evaluat ion of the o f f i ce  a i r  survey resu l t s ,  the ana ly t i ca l  
performance of the passive device and charcoal tube techniques 
were compared under cont ro l led condi t ions.  

The 51 compounds shown in TABLE I were selected from l i s t i n g s  in 
the passive device l i t e r a t u r e  (8 ,9) .  Gas chromatography 
detect ion l im i ts  of bet ter  than 1 ng for  each compound were 
general ly  obtained when carbon d i su l f i de  so lut ions of the 
standards were analyzed. A c r y l o n i t r i l e  (4 ng), a l l y l  alcohol (5 
ng), 2-propanol ( i0 ng), 1-propanol (5 ng), ethylene chlorohydr in 
(5 ng), 2-butanol (5 ng), ethanol (100 ng), methyl acetate (100 
ng), iso-butanol (5 ng), and I -butanol  (5 ng) at laboratory I,  
and chloroform (10 ng) and methyl ethyl ketone ( i0 ng) at 
laboratory 2 showed higher detect ion l im i t s ,  mostly due to poor 
peak shape or poor resolut ion from the solvent peak. For the 
remaining 41 compounds, the l inear  cor re la t ion  coe f f i c i en t  was 
general ly  bet ter  than 0.999 for  the re la t ionsh ip  between detector 
response and amount of compound in jected in the range 1 ng to 100 
ng. The peak area r e p r o d u c i b i l i t y  for  each compound was usual ly  
bet ter  than 5% RSD with t r i p l i c a t e  solut ions of the standards 
mixtures. Poor r e p r o d u c i b i l i t y  was due to inaccurate peak area 
measurements by the e lec t ron ic  in tegra to r .  In view of some 
ant ic ipated potent ia l  sources of organics in o f f i ce  a i r ,  15 
representat ive compounds were selected for  more deta i led 
inves t iga t ion .  

Desorption e f f i c i enc ies  were determined in t r i p l i c a t e  by the 
phase equi l ib r ium method (DOMMER & MELCHER 1978) for  each of the 
three types of charcoal sorbent. Determinations with so lut ions 
of mixture 1 (0.05 mg/L) at laboratory 1 and mixtures A, B, and C 
(0 .05  TWA-TLV) at  l a b o r a t o r y  2 showed t h a t  d e s o r p t i o n  
e f f i c ienc ies  were general ly 1.00 + 0.10 for  the 16 compounds 
invest igated.  However, values outs-ide th is  range were obtained 
with the Pro-Tek elements and methyl ethyl  ketone (lab 1; 0.58; 
lab 2, 0.54),  ethyl  acetate (lab I, 0.75; lab 2, 0 .77) ,  and amyl 
acetate (lab i ,  0.83; lab 2, 0.79) ,  with the GASBADGE elements 
and methyl ethyl ketone (lab I, 0.86; lab 2, 0.82) ,  and with 100 
mg port ions of charcoal from sampling tubes and methyl ethyl  
ketone (lab I, 0.72),  ethyl acetate (lab I, 0.86) ,  and amyl 
acetate (lab I, 0.86).  Desorption e f f i c i enc ies  ranged from 0.33 
to 0.69 for  a c r y l o n i t r i l e  at both laborator ies with a l l  three 
sorbents and were 0.55 and 0.84 for  acetone respect ive ly  with 
Pro -Tek  and GASBADGE e l e m e n t s .  Va lues  o b t a i n e d  w i t h  
concentrat ions equivalent to 0.25 and 0.50 TWA-TLV (ACGIH 1980) 
at laboratory 2 were about the same as those obtained at 0.05 
TWA-TLV, which were subsequently used for  ca lcu la t ions of 
concentrat ion of organics in a i r .  

Test atmosphere resu l ts  obtained for  the thr~e sampling devices, 
a f ter  storage of elements and sections at 4vC for  13 days, are 
summarized in TABLE I I .  Complete v o l a t i l i z a t i o n ,  no sorpt ion on 
surfaces, and no losses from the chamber were assumed for  the 
calculated (TABLE I I )  concentrat ions of organics. Ai r  ve loc i t i es  
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near the sampling devices were measured at <0.01 m/s (no fan) and 
about 0.2 m/s ( fan) ,  and the re la t i ve  humidity and temperature 
were 50 _+ 5% and 22 ~ 1~ during the two tes ts .  For some 
analyses which showed unusual peak area values, peak height 
measurements were used to check and sometimes to calculate the 
concentration of organics in a i r .  

The precision of results from tr ip l icate determinations by any 
one device was generally better than 10% RSD and was frequently 
better than 5% RSD for the test conducted with an air velocity of 
0.2 m/s. Poor prec is ion was found at laboratory  1 for  
1,1,2-trichloroethane (24-41% RSD, all three devices) and amyl 
acetate (32% RSD, charcoal tube) and at laboratory 2 for 
dichloromethane (25% RSD), acrylonitr i le (17% RSD), and hexane 
(26% RSD) with the GASBADGE in the test with air velocity of 
<0.01 m/s. At laboratory I and with air velocity of <0.01 m/s, 
values obtained by means of the two passive monitoring devices 
were generally within + 15% of the mean value for the two devices 
and GASBADGE results ~re generally of lower value than those for 
the Pro-Tek device. However, at laboratory 2 the two sets of 
values often ranged more than + 15% about the mean value, and 
GASBADGE values were less than-80% of Pro-Tek values for 10 
compounds. Corresponding values obtained at the two laboratories 
were within + 15% of their mean value, except for acrylonitr i le 
(GASBADGE, +-20%), ethyl acetate (Pro-Tek, ~ 23%; GASBADGE, + 
28%), and 1,1,2-trichloroethane (GASBADGE, + 20%). Pro-Tek 
results obtained at the two laboratories were-similar in value 
but GASBADGE values from laboratory 2 were generally lower than 
those from laboratory 1. Values obtained at laboratory 1 with 
the charcoal tube were generally more than 20% greater than the 
corresponding values obtained with the passive monitoring devices 
at <0.01 m/s air velocity. Methyl ethyl ketone, ethyl acetate, 
and amyl acetate values obtained with the Pro-Tek device were 
notable exceptions. Low readings, as compared to values obtained 
by the charcoal tube technique, can be expected (TOMPKINS & 
GOLDSMITH 1977) for the passive monitoring devices, due to 
"starvation" at the aevice face, when air velocity is less than 
0.08 m/s. Concentration values obtained by means of the GASBADGE 
devices in a test with air velocity of about 0.2 m/s, or greater 
than the minimum velocity of 0.18 m/s recommended for the Pro-Tek 
device, are listed in TABLE I I .  Values obtained by the charcoal 
tube technique ranged from 79% to 103% of the calculated 
concentration (TABLE I I ) ,  the "% recovery" roughly decreased with 
increasing boiling point for the compounds investigated, and 
concentration values were generally similar to those obtained 
with air velocity <0.01 m/s.  Pro-Tek and GASBADGE values were 
>76% of the corresponding charcoal tube values, except for 
dichloromethane (Pro-Tek, 63%; GASBADGE, 18%) and chloroform 
(Pro-Tek, 62%; GASBADGE, 53%). GASBADGE values were, on the 
average, about 8% lower than the Pro-Tek values. 
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TABLE I I .  Concentration~ (ppm) of Compounds in Test Atmosphere 

Compound Calcul- Three methods GASBADGE 
ated~ Fan No fan Fan No fan 

Labl Labl Labl Labl Lab2 

Dichloromethane 9.0 
A c r y l o n i t r i l e  14.2 
Chloroform 6.4 
Methyl ethyl ketone 10.6 
1,1,1-Trichloroethane 5.7 
Ethyl acetate 8.6 
1,1,2-Trichloroethane 5.7 
Benzene 9.7 
Hexane 8.8 
Tetrachloroethylene 4.6 
Toluene 8.3 
Amyl acetate 5.8 
Octane 6.7 
o- & p-Xylenes 14.4 

5.6 5.4 i . 7  3.6 2.9 
i2.3 ii.i ii.5 6.2 4-! 
4.7 4.3 3.5 2.9 N ~ 

10.2 6.3 8.8 5.0 3.9 
6.3 4.3 6.4 3.6 3.0 
7.7 7.2 6.7 6.2 3.5 
4.7 3.3 4.2 2.7 1.8 
8.1 6.5 7.8 5.0 4.2 
7.8 6.8 7.6 6.7 7.4 
3.7 2.9 3.9 2.2 1.7 
7.1 5.6 6.9 4.2 3.1 
4.4 2.9 3.9 2.1 2.4 
5.3 4.6 4.9 3.1 2.9 

11.9 9.2 11.6 6.7 6.4 

Mean value from three determinations (devices).  S~e t e x t .  
Calculated for 500 uL of standards mixture in 1.01 m . ~ Not det- 
ermined. 

The mean of values obtained by all three methods for each test 
Concentration values obtained by means of the GASBADGE devices 
are also listed for each component in TABLE I I .  Three method 
precision was better than 15% RSD for all compounds except 
dichloromethane (68% RSD) and chloroform (35% RSD) when the air 
velocity was 0.2 m/s, but was worse than 15% RSD for all 
compounds except ethyl acetate (13% RSD) when the velocity was 
<0.01 m/s. Values obtained at <0.01 m/s were signif icantly lower 
than those obtained with air velocity at 0.2 m/s, largely due to 
the low readings obtained with the passive monitoring devices, as 
mentioned earl ier. 

E x p e r i m e n t a l l y  de te rm ined  Pro-Tek sampl ing  r a t e s  f o r  
dichloromethane, a c r y l o n i t r i l e ,  ethyl acetate, and amyl acetate, 
and GASBADGE dosimeter sampling constants for the same four 
compounds and c h l o r o f o r m ,  methy l  e t h y l  k e t o n e ,  
1 ,1 ,2- t r ich loroethane,  and octane were not avai lab le.  The 
avai lable values (ABCOR 1978, DUPONT 1980), which were calculated 
from d i f fus ion  coef f i c ien ts  and device parameters, may be 
inaccurate and the i r  use in concentration calculat ions may 
provide resul ts  which are s l i g h t l y  in e r ro r .  Some discrepancies 
found for the concentration values in TABLE I I  may be due to the 
lack of an adequate technique (DOMMER & MELCHER 1978, EVANS & 
HORSTMAN 1981) for accurate determination of desorption 
e f f i c iency  values. Sorbent loading capacity can probably be 
discounted as a factor inf luencing the accurate determination of 
organics in these tests since the to ta l  organic load on the 
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charcoal elements and 100 mg sections never exceeded 2.5 mg. No 
organics were detected in the backup charcoal sections or for any 
of the blank determinations. 

Off ices in a va r i e t y  of businesses (e.g. insurance, real estate,  
a rch i tec tu ra l ,  accounting, engineering, consult ing, and legal 
f i rms) si tuated wi th in  the Ottawa urban core, as well as in the 
suburbs (3 of f ices)  were surveyed. Information on test  s i te  
par t icu lars  included bui ld ing age ( i  to 25 y r ) ,  to ta l  number of 
storeys (2 to 20), test  s i te  storey (I to 11), and ven t i l a t i on  
type. Vent i la t ion systems were categorized as: "bas ica l l y  open" 
(8 of f ices)  - no central a i r  condi t ioning and windows in o f f ices 
could be opened; "bas ica l ly  sealed" (6 o f f ices)  - central  a i r  
condi t ioning but windows in some areas of bui ld ing could be 
opened; and "completely sealed" (16 o f f ices)  - a i r  condi t ioning 
only for ven t i l a t i on .  Several potent ia l  sources of organics, as 
determined from questionnaire responses, were present in each 
o f f i ce  for the major i ty  of o f f i ces .  

Potent ia l  sources of organics and the number of o f f ices where 
they were reported were tobacco smoke (25), typewr i ter  f l u ids  
(18), ink (14), glues-adhesives-thinners ( i 0 ) ,  copy machine 
chemicals (16), cosmetics (20), cleaning solvents (13), alcohol 
( i ) ,  pa ints-co lor ing material (2),  aerosols-deodorizers (6),  
gasoline-naphtha-hexane-acetone ( I ) ,  and t i l e  caulking ( i ) .  The 
a i r  temperature and re la t i ve  humidity, which respect ive ly  ranged 
from 21~ to 28~ and 12% to 59% for al l  the o f f i ces ,  were 
considered to be such as to permit re l i ab le  use of the monitoring 
devices. Sampling by means of GASBADGE and Pro-Tek passive 
devices proved to be a fac i l e  technique for determination of 
organics in a i r  and allowed minimum disrupt ion of o f f ice  
rout ines.  

Detection l im i ts  for 6 h exposures of the act ivated monitoring 
devices were determined from the avai lable experimental data and 
other technical information (ABCOR 1978, DUPONT 1980). For the 
51 compounds l i s ted  in TABLE I ,  except ethanol and methyl acetate 
(about i ppm), the detection l im i ts  were approximately 0.2 ppm. 
As shown in TABLE I I I ,  dichloromethane, tet rachloroethylene,  and 
toluene were iden t i f i ed  and detected at levels >0.2 ppm in the 
a i r  of 8 of the surveyed o f f i ces .  Unident i f ied,  peaks were found 
in chromatograms for 6 o f f ices including o f f ices  no. 3,4,5,  and 7 
(TABLE I I I ) .  Levels of al l  i den t i f i ed  compounds were well below 
the i r  respect ive ACGIH, 8 h TWA-TLV values (ACGIH 1980). 

Since the sparse data (TABLE I I I )  general ly included values near 
the detection l i m i t s ,  s t a t i s t i c a l  comparison (HICKEY & BISHOP 
1981) of the survey resul ts  was not considered meaningful. The 
re la t i ve  merits of the monitoring devices and personal and area 
monitoring could not be evaluated for f i e l d  condi t ions.  No 
evident corre lat ion could be found between type of business, 
bui ld ing i d e n t i t y ,  age, and ven t i l a t i on  type, potent ia l  sources 
of organics, and the levels of organics in the o f f i ce  a i r .  
However, the possible sources of i den t i f i ed  a i r  contaminants were 
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usual ly evident,  e.g. the use of copy machine chemicals and the 
occurrence of tetrachloroethylene.  

TABLE I I I .  Off ices with Organics in Air  Levels ~ 0.2 ppm. 

Dichloromethane (ppm)~ Tetrachloroethy!ene (ppm)~ Toluene (ppm)~ 

T - 0 7  4 1 1 ( 1 4 )  0 2  
2 - 0.7 (0.8) 5 - 1 . 0 8  u- 0.3 

- 0.4^(0.5) ub _ 1.1 - 0.3 
- 0.4~-(0.6) c - 1.0 - 0.3 c 

3 - (0.4) - 1.1 c 
4 - 5.9 (8.2) 

a 
6 Values in brackets for  matching Pro-Tek badges. 
- Only GASBADGE devices used here. ~ Area monitor. 
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