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Table 1. Selected examples of available equipment of indoor air pollutants.
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Pollutant

Sampler

Source

Comments

Particulate :

NO.

CO:

Impactors and filters

Integrated gravimetric ;
particles<10gm or
< 2.5-um diameter

Instantaneous(2/10 s) ;
TSP or RSP ; 0.1-
10—m forward light
scattering

Semi-instantaneous ;
RSP fraction using
piezoelectric balance

Continouous ; RSP
submicron lightscattering
multisensor monitor

Continuous
electrochemical

Passive diffusion tubes

Continuous

electrochemical

Passive diffusion

Detector tube, grab
sample

Personal exposure monitor

MSP Corporation

7949 Country Road 11

Maple Plains. MN 55359

MS & T Impactor

Air Diagnostics Inc.

RR 1, Box 445

Naple. ME 04055

Miniram (personal aerosol
monitor)

Ram-1 larger device

MIE, Inc

213 Burlington Road

Bedford, MA 01730

Piezobalznce (model
3500)

TSI Inc.

P.O. Box 64394

St. Paul, MN 55164

Handheld aerosol monitor
(HAM)

PPM. Inc.

11428 Kingston Pike

Knoxville, TN 37922

Interscan Corporation

P.O. Box 2496

21700 Nordhoff Street

Chastsworth, CA 91311

Environmental Sciences and

Physiology

Harvard School of Public

Health
ECOlyzer 2000, 6000
Energetic Sciences, Inc.
Division of Bection

Dickinson and Co.
6 Skyline Drive
Hawthorne, NY 10532
Lab Safety Supply Co.
P.O. Box 1368
Janesville, WI 53547
National Draeger, Inc.
P.0.Box 120
Pittsburgh, PA 15230

4 liters/min flow rates. Cut size
variable but available at 2.5
and 10um

4 and 10 liters/m ; mass flow
controller for 14—day timer,
double impactor for sharp
cut ; fixed loction

Miniram, range 0.01-10
mg/m?® or 0.1-100mg/m®.
Averaging times, 10s to 8h
TWA<, Ram-1range, 0,001-
200mg/m* calibrated with
Freon-12 or by reference ot
gravimetric method

Less reliable for concentration
<10 pg/m* at 2-min averag-
ing. Averaging time is vari-
able. Difficult to calibrate
(needs chamber tests or com-
parison to other methods)

Lower detection limit about 10ug/
m*. Can set zero and check span
ponint in field but is calibrated
by comparison with other me-
thods

Various

ranges ; cells expenda-

ble ; 20ppm

L.OD* 500ppb for a 1-h exposure
(5ppb for 100h)

Various ranges 0-50 ppm, 0-
100ppm, etc. ; portable and
personal versions available ;
alarm option, cells expendable,

LOD*~2ppm

LOD* 50ppm for 8h ; will produce
color change

-Range 5-700 ppm by color
change ; semiquantitative
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(Continued)
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Pollutant

Sampler

Source

Comments

Formaldehybe :

Organic vapors :

Radon :

Microbiologic
pollutant :

Diffusion tube

Passive samplers

Organic vapors

Organic vapors :
charcoal badges

Charcoal canister
detector

ATE(e.g., Track Etch”
Radtrak”)

femto-TECH"
radon monitor
(model R210F)

Slit impactor rotating
agar

Impaction into agar
dish

Air Quality Research. Inc.

901 Grayson Street

Berkeley, CA 94710

GMD Systems, Inc.

Old Route 519

Hendersonville, PA 15339

Portable gas chromatorgra-
phs

Thermo Environmental In-
struments, Inc.

8 West Forge Parkway

Franklhn, MA 02038

3M Corporation

Technical Service
Department

3M Center

St. Paul, MN 55144

F&J Specialty Products Inc.”

P.O Box 660065

Miami Springs, F1. 33266

(charcoal canister maker)

TERRADEX Corporation®
(a Tech/OPS Company)

3 Science Road

Glenwood, 1L 60425

femto—-TECH, Inc.

P.O. Box 8257

1325 Industry Drive

Carlisle, OH 45005

Casella Bacteria Sampler

Casella [London, Ltd.

Regent House

Britannia Walk

[.odon NI 7ND

England

Andersen |—cubic ft/min
viable(microbial) sampler

Andersen Samplers, Inc.

4215-C Wendell Drive

Atlanta, GA 30336

LOD* 0.01ppm for 7-day
exposure ; 1.68ppm for 1h

LOD? 0.2ppm for 15min ; 0.005 ppm
for 8h

Four detectors possible ©
electron capture flame ionization
themal conductivity photoioniza-
tion

Depends on vapors and sampling

tims ; minimum level, 10/mg,

requires lab analysis

0.2pCi/liter*(2-7days)
Radon adsorption/y—scintillation
{Nal crystal)

0.4pCi/liter( > 3months to lyear)
CR—-39/plastic/microscopy

03 cpm
" pCi/ liter
Pulsed ion chamber

(~3min)

Rotaing disc containing agar ;
heated 37 C for 24h ; different
agar for different organisms ;
need

laboratory for culturing

and identification

Typically operating with last stage
only of a multiple-stage impac-
tor ; air accelerated through jets
to impact on agar(nutrient)

dish ; organisms must grow into

colonies for identification.

Note : adjustment of colony—

forming units/m® required

* Adapted from Samet and Spengler(1991)
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Table 2. Summary of indoor air quality in underground shopping stores.
Unit ; TSP, heavy metal(ug/m3), gases(ppm)
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ling locati Sampli
Author Samp mg- ocation amping Sampling method Summary(Concentration)
(year) (period) pollutant
. 18 locations in Seoul TSP, SO,, HVAS(24h) TSP-519 ; SO,—0.06
Kim.K.J. et al
(1985) (85.3.5—3.19) NO,, CO KIMOTO NO, —-0.06 ;CO —5
MCSAM-1
Kim.M.Y. et al 19 locations in Seoul TSP, Pb, HVAS TSP—519.3 ; Pb —0.84
(1985) (85. 5—-3.19) Cu, Fe Cu —049 ;Fe —19.48
. 26 locations in Seoul TSP, SO,, HVAS TSP—341 ;S0,—0.03
Kim.K.J. et al
(1986) (86. 4. 17—5. 2) NG,, CO KIMOTO NO,—-0.04 ;CO —35
HCSAM-1
Kim.M.Y. et al 26 locations in Seoul TSP, Pb, HVAS TSP—341.6 ; Pb —0.48
(1986) (86.4.8-5.2) Cu, Fe Cu —0.52 ;Fe —5.73
. 26 locations in Seoul TSP, SO,, HVAS TSP—415 ; S0,~—0.034
Kim.K.J. et al
(1987) (87.2.24-3.13) NO,, CO KIMOTO NQ, —-0.037 ; CO —6.6
CO, MCSAM-1 CO, —965
. 20 locations in Seoul NO, . 1984 1986
Y.S. Filter Bad
K""(fg;)e‘ al (Winter 1984, 1986) P;lere ‘;uiee Badge 0.034 0.036
mes Tube 0.026 0.039
Culjilo 2— Rn—1.5 pCi/1
Kim.Y.S. IJ:““' © 25 2ga R Track Etch n—15 pCi/
(1989) OnRro S 8 Radon Monitor
Kangnam Terminal
Park S.H. et al 26 locations in Seoul TSP, SO,  TOYOHANDY Pip TSP—415 ; S0.—0.048
ar('lg'sé)e a (89. 4. 6—5. 19) NO, CO  (Vp-2OF),HVAS NO,—0.088 ;CO —3.9
KIMOTOMCXANA
Park S.H 9 locations in Seoul NO, Palmes Tube, NO,—0.065
ar(ig.gg.) (88.8.3—-89. 1. 19) Personal Sampler
(Badge-type)
Choi.Y.B. Bus—terminal in Seoul CO, CO, COPS CO —8,63 ;C0O,—962
(1991)
Jeon.J.M. 5 locations in Seoul SPM Cascade impactor SPM—216.3

(1992)

(92. 2.15~92. 10. 3)
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Table 3. Summary of indoor air quality in subways.
Unit ; TSP, heavy metal(ug/m*), gases(ppm)

Author Sampl]ng' location Sampling Sampling method Summary(Concentration)
(year) (period) pollutant
16 locations TSP, Pb HVAS TSP —682.8 ; Pb — 0.084
Lee K.K. et al .
(1984) at 1st, 2nd line Cu, Fe (24h) Cu —4.20 ;Fe — 442
(84.7.24—8.16)
LeeM.H. et al Seoul, Busan TSP, SO, Piezobalance TSP — 210 ; SO, — 0.03
(1985) CO, CO, Gas Detector Tube CO — 4.8 ; CO,— 780
Lee.M.Y. et al 34 locationls TSP, Pb HVAS TSP —534.65 ; Pb — 0.83
(1985) at 1st, 2nd line Cu, Fe (24h) Cu —1.83 ;Fe — 3653
(85. 3. 20—4. 24)
. 43 locations TSP, SO, KIMOTO TSP — 535 ; S0, — 0.04
Kim.K.J. et al . .
(1985) at 1st, 2nd line NO., CO MCSAM-1 NO, — 0.03 , CO — 2.45
(85. 3. 20 19) HVAS
KimK.J. et al 50 locatior?s TSP, SO, KIMOTO TSP — 410 » SO, — 0.019
(1986) at 1st—4th line NO., CO MCSAM-1 NO, —0.014 ;CO — 2.63
(86.2.24—4.1) HVAS
KimM.Y. et al 51 locatior}s TSP, Pb HVAS TSP — 406.43 ; Pb — 0.65
(1986) at 1st—4th line Cu, Fe (24h) Cu —1.64 ; Fe — 15.63
(86.3.17—4. 1)
. 77 locations TSP, SO, HVAS TSP — 499 ; SO, — 0.02
K”‘L‘g‘g';t al at Ist-4th line NO.CO  KIMOTO NO, — 0.049 ;CO — 2.8
(87.3—-9) CO, MCSAM-1 CO, — 879
. Eulchiro 4-ka, Hyehwa TSP Millipore Type AA TSP — 400
PalkcN-W. etal = a8 1 27-6.12) (mermbrare filter)
(1988)
; open face
Kim.Y.S. 4 locations in Seoul Rn Track Ethch Rn — 1.6pCi/1
(1989) (88.2—-89.1) Radon Monitor
Park.S.H. et al 51 locations in Seoul TSP, SO, KIMOTO Ticket agency Platform
(1989) (89.5.22—8.10) NO,, CO MCXNA-], TSP — 430 400
HVAS SO, — 0.034 0.033
NO, — 0.038 0.045
CO — 265 2.55
NO, —0.035
Park.S.H. 15 locations in Seoul NO, Palme Tube,
(1989) (85.8.3—89.1.19) Personal Sampler
(Badge-type)
Chol.Y.B. Hoi Hyen(4th line) CO, CO, COPS co —7 ; CO,— 756

(1991)
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Table 4. Summary of indoor air quality in underground passway.
Unit ; gases(ppm), Rn(pCi/1), heavy metal(ug/m?*)

39

Auth S ling locati S hi
uthor amp mg‘ ocation amping Sampling method Summary(Concentration)
(year) (period) pollutant
Chung.N.Z. et al Kwang Hwa Mun TSP, CO, 83214 (2min) TSP — 230 » CO, — 260
(1978) Gas Detector tube
Cho.K.R. et al Se Jong SO, NO. NA S0, ~0.05 ; NO,— 0.034
(1982) CO CoO —329
Cho.K.R. et al Se Jong TSP, Pb HVAS TSP — 221 s Pb — 1.9
(1985) Cu, Fe Cu —036 ;Fe — 18
6 locations in Seoul NO, Palmes Tube, NO, —0.035
Park. S. H.
(1989) (88.8.3—-89.1.19) Personal Sampler
(Badge-type)
. Seoul Station, Rn Track Etch Rn —2.1pCil
Kim.YS. Kangnam Stati Radon Monitor
m on
(1989) 8

(88.2.—-89. 1)

Table 5. Summary of indoor air quality in

tunnel.

Unit : TSP, heavy metal(zg/m3), gases(ppm),Rn(pCi/1)

Author Samplmg. location Sampling Samphng method Summary(Concentration)
(year) (period) pollutant
Cho.K.R. ct al Bug ak, SO, NO, NA SO, —0.156 ; NO,— 0.087
(1982) Nam San 1st 3rd CO CO —18.3
Bug ak, TPS, Pb NA TSP — 1688 ; Pb — 85
Nam San 3rd Cu, Fe Cu —1.1 ; Fe — 9.05
Nam San 1st-3rd, S0,, NO, mylor bag S0, —-0.25 s NO,— 0.61
Kim.K.J. et al Kum Haw, Bug ak, co (401), moter CO —42.19
(1985) Sang Do(A,B) (40HP 1725
(85.6.22—7.4) RPM) (10min)
Nam San 1st-3rd S0,, NO, " S0, —0.047 ; NO,— 0.22
Kim.K.J. et al Kum Haw, Buk ak, CO CO —28.04
(1986) Sang Do, Ku ki
(85. 7. 28—8. 23)
Nam San 1st-3rd, TPS, SO, tetra bag(401) TSP — 1020 ; SO, — 0.11
. Bug ak, Ku, Kij, NO,, CO McSAM-1, NO, —0.184 ; CO — 14.61
Kim.M.Y. et al
(1989) Kum Haw, Sang Do, Pb, Cu HVAS(6h) Pb —8.22 ; Cu — 0.72
Ja Ha Mun. Fe Fe —14.13
(85.9. 8—10.6)
Kim.Y.S. Namsan 3rd, Bug ak Rn Track Etch Rn —1.6
(1989) (88.2—89. 1) Radon Monitor
Nam San 1st-3rd, TSP ,S0, tetra bag(401), TSP — 1328.2 ; SO, — 0.087
Bug ak, Sng Do NO,, CO McSAN-1, NO, —0.13 ;CO — 21.7
Han.C.G. et al i
(91. 10. 7—10. 26) CO,, HVAS CO, —1321 ;PB — 2.06
(1991) Pb

(ug/m?8h)
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Table 6. Summary of indoor air quality in underground parking lot.

Unit ; Gases(ppm) Rn(pCi/1)

Auth S ling locati S li . .
uthor amp mgA ecation amping Sampling method Summary(Concentration)
(year) (period) pollutant
21 buildings in seoul S0., NO, Portalbe SO, —0.024 ; NO,— 0.035
) (1st—4th basement) CO, CO, Combination CO —18.01 ;CO.— 628.6
Kim.M.Y. et al
(80.11.4—11.12) Pressure  Pump,
(1986)
Mylo bag,
Portable Monitor
6 locations in Seoul NO, Palmes Tube, NO, — 0.041
Park.S.H. -
(1989) (88.8.3-89.1,19) Personal Sampler
(Badge-type)
Lot tel Track Et. Rn —1.
Kim.Y.S. et al H0 tedHt? Sé - Rn erck Mch ) n 1.3
rundai , Store adon Monitor
(1989) yuneal ep °

(88.2—89.1)

Table 7. Summary of indoor air quality in

other microenvironments.

Unit ; NO,(ppb), Ra(pCi/1)

Aut] S ling locati S li
uthor amp mg_ ocation ampiing Sampling method Summary(Concentration)
(year) (period) pollutant
Kim.Y.S. et al 25 offices in buildings NO, Filter Badge, Badge ;32,6
(1984) (84.1-2) Palmes Tube Tube ; 40.6
. 48 homes, housewives NO, Filter Badge, Kitchen ; 52.6
Kim.Y.S. et al i .
(84.2-3) Palmes Tube living room ; 43.7
(1984) .
personal 5 29.2
Kim.Y.S. et al 20 building office NO, Filter Badge, Badge ; 32.6
(1985) (84.2—4) Palmes Tube Tube ; 40.6
67 homes, housewives NO. Filter Badge Winter Summer
Kim.M.Y. et al (84.8—9, 85.12—86.2) living room  28.0 17.3
(1986) personal 28.2 20.6
outdoor 18.4 25.1
Kim.Y.S. et al 48 homes, NO, Filter Badge, living room  31.9
(1987) graduate students personal 30.7
(Winter 1986) outdoor 36.8
Kim.Y.S. et al 34 houses Rn Track Etch basement 1st floor
(1989) (88.2—89.1) Radon Montor 2.64 1.71
Kim.Y.S. 20 houses Rn Track Etch Rn—2.272
(1990) (88.12—289. 4) Radon Monitor
Kim.Y.S. 40 taxi driver NGO, Filter Badge Taxi driver 554
(1991) (91. 3. 25-91. 3. 26)




AV F7) eode B3 4 11

Table 8. Summary of indoor air quality in underground environments.

Underground
Subway
Pollutants stores

Passway

Tunnel Parking lot

Mean Range Mean

Range Mean

Range Mean Range Mean Range

Gases

TSP(g/m3)  425.2
SO,(ppm)  0.043 0.025-0.06 0.029
NO.,(ppm)  0.054 0.026—0.088 0.033

CO,(ppm) 963.5 962—965 865 756 — 879
Rn(pCi/L) 1.5 1.5 1.6 1.6
Heavy metals
Pb(ug/m*)  0.66
Cu(pg/m')  0.75
Fe(pg/m'y 12,6

0.48—-0.84 0.77
0.48—0.52 2.59
5.73—19.5 18.9

341-519.3 4547 400-—-682.8 2255
0.019—0.04 0.05
0.014—0.05 0.035
CO(ppm) 553 3.5 —86 3.72 25 =70 32.9

0.65—0.84 1.9
1.64—4.20 0.36
4.42-36.5 1.8

221—230.0 1345.3 1020—1688 - —

0.05 0.150 0.047-0.25 0.024 0.024
0.034—0.04 0.250 0.087—0.61 0.038 0.035—0.024

32.9 249 146 —422 180 18.0

- 1321 1321 628.6 628.6
2.1 1.6 1.6 1.3 1.3
1.9 6.26 2.06 —8.50 = -
0.36 0.91 0.72—1.10 - -
1.8 11.6 9.05—14.1 - -
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Fig. 1. Responsibilities for healthful indoor environ-
ments.
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