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Estimation of Personal Exposure to Air Pollutants for Workers Using Time

Activity Pattern and Air Concentration of Microenvironments
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ABSTRACT

Objectives: Time-activity studies have become an integral part of comprehensive exposure assessment and personal exposure
modeling. The aims of this study were to estimate exposure levels to nitrogen dioxide(NO;) and volatile organic
compounds(VOCs), and to compare estimated exposures by using time-activity patterns and indoor air concentrations.

Methods: The major microenvironments for office workers were selected using the Time-Use Survey conducted by the National
Statistical Office in Korea in 2009. A total of 9,194 and 6,130 workers were recruited for weekdays and weekends, respectively,
from the Time-Use Survey. It appears that workers were spending about 50% of their time in the house and about 30% of their
time in other indoor areas during the weekdays. In addition, we analyzed the time-activity patterns of 20 office workers and indoor
air concentrations in Daegu using a questionnaire and time-activity diary. Estimated exposures were compared with measured
concentrations using the time-weighted average analysis of air pollutants.

Conclusions: According to the time-activity pattern for the office workers, time spent in the residence indoors during the summer
and winter have been shown as 11.12+2.20 hours and 12.48+1.77 hours, respectively, which indicates higher hours in the winter.
Time spent in the office in the summer has been shown to be 1.5 hours higher than in the winter. The target pollutants demonstrate
a positive correlation (R>=0.076~0.553)in the personal exposure results derived from direct measurement and estimated personal
exposure concentrations by applying the time activity pattern, as well as measured concentration of the partial environment to the
TWA model. However, these correlations were not statistically significant. This may be explained by the difference being caused
by other indoor environments, such as a bar, cafe, or diner.

Key words: Office workers, time-activity pattern, microenvironment, TWA model
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Table 1. Time-activity pattern analysis of workers using time use survey of the Korea National Statistical Office (KNSO) in weekday

95% h
Microenvironment Type N Mean S.D. Confi. interval p lzzs(;-()g)c
Lower  Upper
Agricultural, forestry, fishery workers(a) 1,308 15.79 3.31 15.61 15.96 b,c,d,e,f,g,h
Manufacturing workers(b) 2,357 11.77 3.24 11.64 11.90 a,d,f
Construction(c) 894 11.49 3.18 11.28 11.70 a,d,fh
Re.sidential Wholesale or retail(d) 1,926  12.68 3.41 1253 12.83 0.000 a,b,c,e.fh
indoor  Transportation business(c) 635 11.62 3.65 11.33 11.90 a,d,f
Lodging or restaurant(f) 1,033 12.19 3.49 11.98 12.41 ab,c,d,eg
Finance or insurance(g) 406 11.32 2.59 11.07 11.58 a,d,f,h
Governmental official or manager(h) 635 12.11 3.32 11.85 12.37 a,c,d,g
Indoor Agricultural, forestry, fishery workers(a) 1,308 2.18 2.44 2.05 2.32 b,c,d,e.f,gh
Manufacturing workers(b) 2,357 9.28 3.23 9.15 9.41 a,d,e,h
Construction(c) 894 9.13 3.16 8.92 9.34 a,d,e
.Other Wholesale or retail(d) 1,926 8.11 3.30 7.96 8.25 0.000 a,b,c,e.f,g.h
indoors Transportation business(e) 635 5.94 3.72 5.65 6.23 a,b,c,d,f,g,h
Lodging or restaurant(f) 1,033 9.00 3.52 8.78 9.21 a,d,e
Finance or insurance(g) 406 9.13 2.67 8.86 9.39 a,d,e
Governmental official or manager(h) 635 8.83 3.45 8.56 9.10 a,d,e
Agricultural, forestry, fishery workers(a) 1,308 0.31 0.67 0.27 0.34 b,c,d,e.f,g,h
Manufacturing workers(b) 2,357 0.04 0.11 0.04 0.04 a
Construction(c) 894 0.04 0.20 0.03 0.06 a
Residential Wholesale or retail(d) 1,926 0.06 0.16 0.05 0.07 0.000
outdoor Transportation business(e) 635 0.04 0.15 0.03 0.05 a
Lodging or restaurant(f) 1,033 0.07 0.13 0.06 0.08 a
Finance or insurance(g) 406 0.03 0.07 0.02 0.03 a
Outdoor Governmental official or manager(h) 635 0.06 0.17 0.05 0.08 a
Agricultural, forestry, fishery workers(a) 1,308 422 2.82 4.06 4.37 b,c,d,e,f,g,h
Manufacturing workers(b) 2,357 1.04 1.44 0.98 1.09 a
Construction(c) 894 0.93 1.01 0.87 1.00 a
Other  Wholesale or retail(d) 1,926 0.99 1.15 0.94 1.04 0.000
outdoors Transportation business(e) 635 0.98 1.12 0.89 1.06 a
Lodging or restaurant(f) 1,033 1.12 1.38 1.03 1.20 a
Finance or insurance(g) 406 0.94 1.13 0.83 1.05 a
Governmental official or manager(h) 635 1.13 1.43 1.02 1.25 a
Agricultural, forestry, fishery workers(a) 1,308 1.51 1.09 1.45 1.57 b,c,d,e,g,h
Manufacturing workers(b) 2,357 1.88 1.18 1.83 1.93 a,c,d,ef,g
Construction(c) 894 2.40 1.50 2.30 2.50 a,b,d,e,fh
Wholesale or retail(d) 1,926 2.16 1.59 2.09 2.24 a,b,c.e.f,gh
Transport 0.000
Transportation business(e) 635 5.43 3.98 5.12 5.74 a,b,c,d,f,gh
Lodging or restaurant(f) 1,033 1.63 1.17 1.56 1.70 b,c,d,e.g
Finance or insurance(g) 406 2.58 1.29 2.46 2.71 a,b,d,e,f,gh
Governmental official or manager(h) 635 1.86 1.13 1.77 1.95 a,c,deg
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Table 2. Time-activity pattern analysis of worker using time use survey of the Korea National Statistical Office (KNSO) in weekend

. . 95% Confi. Post-hoc
Microenvironment Type N Mean S.D. interval P (<0.05)
Lower | Upper
Agricultural, forestry, fishery workers(a)| 872 15.91 3.52 15.67 16.14 b,c,d,e,f
Manufacturing workers(b) 1,467 14.81 4.84 14.57 15.06 aef,gh
Construction(c) 620 14.25 4.96 13.86 14.64 ae,f,gh
Re.sidential Wholesale or retail(d) 1,344 | 14.47 4.29 14.24 | 14.70 0.000 ae,f,gh
indoor Transportation business(e) 447 12.68 4.73 12.24 13.12 a,b,c,d,g,h
Lodging or restaurant(f) 687 13.22 4.29 12.90 13.54 a,b,c,d,g,h
Finance or insurance(g) 278 16.46 4.50 15.93 16.99 b,c,d,e,f
Governmental official or manager(h) 415 15.67 4.61 15.22 16.11 c,def,g
Indoor Agricultural, forestry, fishery workers(a)| 872 2.31 2.67 2.13 2.49 b,c,d,e.f,g.h
Manufacturing workers(b) 1,467 5.69 4.19 5.47 5.90 a,d,e,f,g,h
Construction(c) 620 6.14 435 5.80 6.48 ae,f,gh
.Other Wholesale or retail(d) 1,344 6.35 391 6.14 6.56 0.000 a,be,f,g,h
indoors Transportation business(e) 447 472 3.76 437 5.07 a,b,c,d,f
Lodging or restaurant(f) 687 7.94 4.05 7.64 8.24 a,b,c,d,e,g.h
Finance or insurance(g) 278 3.98 3.35 3.59 438 ab,c,d,f
Governmental official or manager(h) 415 4.63 3.76 427 4.99 a,b,c.d,f
Agricultural, forestry, fishery workers(a)| 872 0.29 0.58 0.25 0.32 b,c,d,e.f,g,h
Manufacturing workers(b) 1,467 0.09 0.19 0.08 0.10 ah
Construction(c) 620 0.07 0.18 0.06 0.09 a,h
Residential |Wholesale or retail(d) 1,344 0.09 0.20 0.08 0.10 a,h
outdoor Transportation business(e) 447 0.05 0.13 0.04 0.06 0.000 a,h,h
Lodging or restaurant(f) 687 0.08 0.16 0.06 0.09 ah
Finance or insurance(g) 278 0.10 0.17 0.08 0.12 a
Outdoor Governmental official or manager(h) 415 0.15 0.27 0.12 0.17 ab,c,d,e
Agricultural, forestry, fishery workers(a)| 872 3.90 2.77 3.72 4.09 b,c,d,e,f,g,h
Manufacturing workers(b) 1,467 1.40 1.61 1.32 1.48 a,d,f
Construction(c) 620 1.35 1.41 1.24 1.46 a
Other |Wholesale or retail(d) 1,344 1.14 1.28 1.07 1.21 0.000 a,b,h
outdoors | Transportation business(e) 447 1.32 1.56 1.18 1.47 a
Lodging or restaurant(f) 687 1.16 1.31 1.06 1.26 a,b,h
Finance or insurance(g) 278 1.40 1.44 1.23 1.57 a
Governmental official or manager(h) 415 1.60 1.51 1.46 1.75 a,d,f
Agricultural, forestry, fishery workers(a)| 872 1.59 1.18 1.51 1.67 b,c,d,e,g,h
Manufacturing workers(b) 1,467 2.01 1.66 1.93 2.10 afg
Construction(c) 620 2.18 1.69 2.05 2.32 a,e,f
Wholesale or retail(d) 1,344 1.95 1.56 1.87 2.03 ae,f
Transport 0.000
Transportation business(e) 447 5.23 3.93 4.87 5.60 a,b,c,d,f,g,h
Lodging or restaurant(f) 687 1.61 1.32 1.51 1.70 b,c,d,e,g,h
Finance or insurance(g) 278 2.07 1.58 1.88 2.25 ae,f
Governmental official or manager(h) 415 1.96 1.60 1.80 2.11 ae,f
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Table 3. Time-activity pattern analysis of office worker in this study

M=S.D. (%) Sum Interquartile range
o Range
(hr) (%) 25% 50% 75%
Residential indoor 11.12+2.20(46.37%) 4.83-14.75 9.82 11.33 12.50
Indoor Office indoor 7.274+3.56(30.29%) 84.04 0.38-13.00 4.94 6.50 10.48
Summer Other indoors 1.77+1.56(7.38%) 0.00-5.17 0.42 1.50 3.00
(n=20) Residential outdoor  0.44+0.52(1.85%) 0.00-1.75 0.00 0.17 1.00
Outdoor 8.72
Other outdoors 1.65+2.07(6.87%) 0.00-7.13 0.17 0.75 2.19
Transport 1.74£1.04(7.25%) 7.25 0.17-3.87 0.97 1.46 2.58
Residential indoor 12.48+1.77(52.02%) 8.80-15.88 11.34 12.50 13.61
Indoor Office indoor 5.774+4.44(24.04%) 86.68 0.00-12.13 0.31 6.10 10.07
Winter Other indoors 2.55+3.35(10.61%) 0.00-10.83 0.00 1.35 5.14
(n= 20) Residential outdoor  0.57+0.76(2.38%) 0.00-2.60 0.00 0.25 1.07
Outdoor 6.41
Other outdoors 0.97+1.00(4.03%) 0.00-3.80 0.29 0.65 1.40
Transport 1.66+2.14(6.91%) 6.91 0.00-9.20 0.52 1.04 1.80
Table 4. Air pollutants concentrations of microenvironment and personal exposure
Residential Residential Office Personal
indoor outdoor indoors exposure
Type /0
M:S.D. Range M:S.D. Range ratio M:S.D. Range M:S.D. Range
(GM) R (%)) ¢ (GM) ¥ @w £
NO; 22.2146.54 11.64  23.63+6.81 9.38 0.98 24.69+9.50 11.81 28.1949.12 14.02
(ppb) (21.38)  -39.87 (22.78) -47.37 +0.39 (23.09) -42.75 (26.79) -49.78
Benzene 1.08+0.59 0.34 1.26+0.60 0.34 0.86  1.53+0.83 0.34  1.4440.67 0.45
(ppb) 0.91) -2.51 (1.09) -2.44 +0.19 (1.30) -3.12 (1.27) -1.27
Summer Toluene 6.12+£3.55 2.47 8.38+9.93 0.61 1.50+ 15.17+14.12 0.53  6.27+4.27 0.41
(N=20) (ppb) (5.40) -15.49 (5.50) -38.86 2.11 (9.93) -48.29 (5.11) -21.25
Ethyl benzene 1.00+£1.09 0.35 1.25+£2.29 0.09 1.46  2.3842.75 0.40  0.74+0.26 0.34
(ppb) (0.74) -5.01 (0.72) -11.03 +1.26 (1.58) -10.44 (0.69) -1.16
m,p-Xylene 1.97+2.31 0.25 1.43+1.43 0.25 1.85  3.58+4.07 0.25 1.93+2.66 0.31
(ppb) (1.18)  -9.15 097) -632  +1.70 1.27)  -17.12 1.27) -12.24
NO; 24.99+10.80 9.99  24.71+6.98 6.42 1.07 24.75+13.10 9.28 21.79+8.69 8.75
(ppb) (22.89) -51.91 (23.31) -33.83 +0.49 (21.75)  -50.37 (20.14) -42.08
Benzene 1.98+0.28 1.60 1.96+0.18 1.57 1.02  2.3540.99 0.99  2.14+0.64 1.57
(ppb) (1.97) -2.85 (1.95) -241 +0.15 (2.23) -6.12 (2.08) -4.69
Winter Toluene 8.55+5.93 1.25 5.69+4.62 0.33 1.98 14.90+22.24 1.59 16.56+24.86 0.66
(N=20) (ppb) (6.86) -26.82 (4.15) -21.16 +1.57 (9.39) -107.81 9.39)  -119.11
Ethyl benzene 0.84+0.44 0.24 0.52+0.21 0.21 0.87  0.91+0.44 0.40  1.09+0.86 0.17
(ppb) (0.75) -2.06 (0.48)  -0.93 +0.41 (0.84) -2.53 (0.86) -4.01
m,p-Xylene 1.79+1.27 0.43 0.91+0.35 0.26 2.09  1.91+0.89 0.59 2.27+2.41 0.30
(ppb) (1.44) -4.87 (0.83)  -1.40 +1.44 (1.71) -3.97 (1.59) -11.20
2. 37| 2L SA ALY - 2| 5 Uehfiglon, ALS 1.07+0495 Vel ich NO,
e a2 ol Al NO,, VOCs9| w25 5745} o] Vo= Ay HAHUo] fl= 45 0.5~0.60]H, 7k~
BT AVE Table 4o Lok, oiBo] ZH&  WX|(Gas range) 59 WU AUk A 08125
NO2| Fel Yl - 9] Fat F=H|(I/0)= 0.98+0.39= Uetl= e aeshd FE Al BAe] &=
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Table 5. Correlation among personal exposure and residential indoor & outdoor concentrations in summer and winter

Personal NO;

Personal Benzene

Personal Toluene

Personal Ethylbenzene Personal m,p-Xylene

Spearman

r Indoor Indoor Indoor Indoor Indoor Indoor Indoor Indoor Indoor Indoor
residential office residential office residential office residential ~ office residential office
Summer 181 .937%** 7161%** 518* 310 514% .628%** 276 512% .600**
(.434) (.000) (.000) (.016) (.171) (.017) (.002) (:227) (.018) (.004)
Winter .623%* 499 341 .632%* .303 .396 621%* 627%* NAYA 483*
(.003) (.021) (.130) (.002) (.182) (.075) (.003) (.002) (.000) (.026)

* 1 p>0.05, ** : p>0.01

y=0.4106X + 14.176
R2=0.1904, p=0.816

60

50 4

TWA using personal exposure estimates(ppb)
TWA using personal exposure estimates(ppb)

y=0.6919x + 0.4435
R2=0.5532, p=0.495

TWA using personal exposure estimates(ppb)
TWA using personal exposure estimates(ppb)

Benzene concentration(ppb)

y=0.245x + 0.8029
R2=0.082, p=0.101

20 A B 31 .
.
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o
.
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5 .‘:' * . ]
.
.
0 T T T T T T T 1 0 T T T
0 5 10 15 20 25 30 35 0 1 2 3 4 5
Toluene concentration(ppb) Ethylbenzene concentration(ppb)
5 y=0.5381x + 0.8897
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Figure 2. Correlations between estimate and survey of TWA using personal exposure.
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& 4= QItK(Yang et al., 2005). AFREA 2227} 714
W AIRE Byl 7P oA Buls Algte] Zhjle
o g2 TS = 2ow weHrh

il

VOCs2| 74 ALo] ojdulale A9 ol mE
VO7} 1ol o & el AlYje] VOCs Wiglo] &
Aste Aoz et s, WAl 4 ALl

Ay - 9] im o5 AL ARA =7} WA
o 1A H(AZE 15 ppb)e Eshe ROz
eRgteh AQlie o] A9 NOys olBe] e B
£ Bglon, VOCse BE Ao & SES U
dolth EH, 7 24 ST AHeledbwol 4
oIl Fi Bl B7kel ARLAL 9 A1 AUl
T4 ZR5Eoe] AT 4 ZBE Table S
of Uehjeith o187 AL Az EE WA
A st ojRuAs] A AsE, Al
A 9 7P A et 094@ AP 1Y

e g

5 ot 4
o] M =& ,\RE I%E]-‘;IE]-(FO.937, p<0.01).

3.TWA =2} Jjol & H|m

oot Fro A AR EE A9 A oFAat

Xé %*ﬂﬁJ s TWAEH‘Oﬂ @%5}04 o
3 ZiE o]

5}04 *JJ&E% v‘i—éﬂﬂ ﬁﬁw Flgure 20 vrehfid
oh BE EAo|A oFo] AFHS X9 OLHR™=0.076~
0.553), SAACRE FostA UetAl= gkSkthp=
0.099~0.958). o], TWA®] 24 ZA34L 714
A, 2AAY, FHAL7E AREE Ity o)
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1= Ob]-(Hong et al, 2012), 111}01_4 749 R AFo]
59 EA&SE, 3t ) ot 28 9 SEAgt
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B9 o] /e W2 dFE FE AR
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