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The Concentrations of Ambient VOCs at Industrial Complex Area in Daegu City
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Abstract : This study was carried out to characterize the ambient VOCs concentrations of industrial complex in Daegu city. VOCs
concentrations of industrial complex area appeared to be higher than those in the non-industrial complex area as following order
toluene > ethylbenzene > m,p-xylenes > o-xylene but benzene and chloroform were similar to each other sites. There was seasonal
variation of VOCs concentrations in the industrial complex area, higher in summer and lower in winter. In particular the industrial
complex area shows that higher on weekday than weekend and higher in the daytime than in the morning or nighttime because
industrial complex area influenced by the chemicals. Correlation coefficients among VOCs were confirmed that VOCs of industrial
complex area were more related to each other than those of non-industrial complex area and VOCs concentrations have shown
generally negative correlation with wind speed.
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Fig. 1. Sampling sites in Daegu city.
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Table 2. Summary of meteorological data used in this study

Sampling date Sampling sites ~ Temp. (C) R.H (%) W.S (m/s) Main wind Weather
2013,03,17~03.18 #1 124 58 18 SE Mist, Rain
2013,04,14~04 15 #2 125 30 3.1 WS Rain

Spring 2013.04,21~04 22 #3 121 44 20 WNW Clear
2013.08.24~03.25 #4 87 38 42 NE Haze, Mist, Clear
2013.03.31~04.01 #5 105 48 14 S Rain, Clear
2013.08.11~08.12 #1 322 61 12 WNW Haze, Mist, Clear
2013.,08.25~08 26 #2 261 66 19 E Mist

Summer 2013.,08.04~08.05 #3 276 94 15 W Mist, Rain, Thunder

2013.07.21~07 22 #4 30.1 60 42 SSW Clear
2013,07.28~07.29 #5 293 68 09 W Mist, Rain
2013,1027~10.28 #1 122 57 0.6 N Mist, Clear
2013,11,03~11,04 #2 151 64 14 NNW Haze, Mist, Rain

Fall 2013,10,13~10.14 #3 183 62 12 WNW Clear
2013,10.20~10 21 #4 173 69 3.1 S Mist, Fog, Clear
2013,10.06~10.07 #5 224 84 09 ES Clear
2014,01,05~01,06 #1 36 40 1.0 NNW Haze, Clear
2013,12.22~1223 #2 20 44 1.1 N Clear

Winter 2013,12.29~12 30 #3 19 46 17 NW Clear
2014,01,19~01,20 #4 16 37 25 NW Haze, Mist, Clear, Snow
2013,12,08~12,09 #5 57 66 09 WNW Haze, Mist, Rain
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Table 3. Summary statistics for VOCs
Sample  Concentrations (ppb) Detection
size(n) Mean  SD  Max frequency (%)
Benzene 120 0.20 022 0.71 475
Toluene 120 10.00 1548 106,08 917
Ethylbenzene 120 1.04 114 7.38 850
m,p-Xylenes 120 1.31 1.36 11.41 842
o-Xylene 120 0.40 043 2.60 60.8
Styrene 120 0.20 0.38 1.50 242
Chloroform 120 0.02 0.08 0.62 58
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Table 4. Summary of regional concentrations of target VOCs (unit : ppb)
Benzene Toluene Ethylbenzene m,p-Xylenes o-Xylene Styrene Chloroform

Mean 0.20 10.70 0.76 1.19 043 0.00 0.04
#1 SD 022 13.82 0.60 0.85 031 0.00 014
Max, 0.55 5474 192 2,69 091 0.00 0.62
Mean 022 1824 1.30 2.00 0.62 0.39 0.01
Industrial #2 SD 0.21 16.37 1.05 232 058 0.41 0.02
complex Max, 0.55 66.95 4,69 11.41 2.60 1.06 012
area Mean 0.19 17 .93 204 1.98 0.70 0.02 0.01
(n=24) #3 SD 0.21 2219 1.81 117 0.38 012 0.03
Max, 0.71 106.08 7.38 471 147 0.58 0.16
Mean 0.20 15.62 137 172 0.58 0.14 0,02
Total SD 0.21 17.90 1.35 1.60 0.45 0.30 0.08
Max, 0.71 106.08 7.38 11.41 2.60 1.06 0.62
Mean 0.20 1.36 037 0.62 0.10 0.00 0.00
#4 SD 0.23 1.05 0,31 0.48 0.21 0.00 0.00
Non- Max, 0.62 3.68 1.36 202 0.75 0.00 0.00
industrial Mean 017 178 072 074 0.16 0.60 004
complex #5 SD 0.24 128 0.30 0,31 0.20 0.50 012
area Meax. 0.65 5.45 1.20 1,22 0.48 150 0.44
(n=24) Mean 0.19 157 0.55 0.68 013 0.30 0,02
Total SD 0.23 117 0.35 0.41 0.20 0.46 0.09
Max, 0.65 545 1.36 202 0.75 1.50 0.44
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Table 5. Summary of seasonal concentrations of target VOCs

e Industrial complex area (n=18) (unit : ppb)
Spring Summer Fall Winter
Mean+SD Mean+S D Mean+SD Mean+S D
Benzene 0.22+0.26 0.04%0.10 0.23%+0.20 031018
Toluene 12.78+14 40 178725 11 2157+18.24 1027+9.28
Ethylbenzene 1.09+1.02 1.54+154 1.84+176 1.02+0,78
m,p-Xylenes 154+140 159+1.06 239+247 1.38+094
o-Xylene 0.50+0.48 0.56+=0.34 0.76+0.58 0,50%0.33
Styrene 0.07+0.21 029+043 0.19+0.32 0.00+0.00
Chloroform 0.03+0.15 0.00+0.00 0.00+0.00 0.03+0.07
Sum of 7 VOCs 16.23 2189 26.98 1351
e Non-industrial complex area (n=12) (unit : ppb)
Spring Summer Fall Winter
Mean+S D Mean+S D Mean+S D Mean+S D
Benzene 0.28+0.25 0.02+0.06 0.02+0.08 041+017
Toluene 1.16+0.78 1.04+0,62 1.57+1.07 250+152
Ethylbenzene 0.36+0.33 0.63+0.41 0.68+0.34 050+0.25
m,p-Xylenes 051048 064017 0.85+0.47 0,72+0,39
o-Xylene 007+017 011+017 0.19+0.26 015+022
Styrene 0.00%0.00 0.58+0.62 0.45+0.49 017025
Chloroform 0.00+0.00 0.00£+0.00 0.00+0.00 0.09+0.17
Sum of 7 VOCs 238 3.02 3.76 454
Table 6. Summary of weekly concentrations of target VOCs (unit : ppb)

Industrial complex area (n=36)

Non-industrial complex area (n=24)

Weekend Weekday Weekend Weekday
Mean+SD Mean+S D Mean+SD Mean+S D
Benzene 0.12+0.18 0.29+0.22 0.14+0.21 022+024
Toluene 6.14+7.76 2511+20.13 149+116 164+121
Ethylbenzene 0.81+0,92 193+148 0.48+0.33 0.61+0.36
m,p-Xylenes 1.26+1.90 219+1,08 0.65+0.35 071+0.46
0-Xylene 0.40+0.48 0.76+0.34 0.11+0.18 0.14+0.22
Styrene 0.09+0.26 0.19+0.34 0.28+043 0.32+0.51
Chloroform 0.00+0.02 0.03+0.11 0.02+0.09 0.03+0.09
Sum of 7 VOCs 882 30.50 3.17 3.67
off Bl 1.26)(s8 <L 3.67 ppb, F< 3.17 ppb) =3} WrH, £ 2k & 249 l of wlsl ol whet
Ak o] el Bdo] FAo| Ha) 35uH(EY 30.50  LI~L3j(EFA L1, of mp-2polel 1.1w]
ppb, 882 ppb)L =qkth o-Atd#l 1.3uf, ¥l 11HH) A, AldA e Hd
PR AHEY AGA G 2R g SHAFE B o] Fof Hlsl ol whet 1 EF0 410, o™
T Bdol FYof vl VOCs w27} w=tl, 53] Atk kil m,p-A+A = 174, o 9ul, 2~Ef= 2.14H)
Aqofe] Aen AN BAo| ABALE T 2F 2 w9kt Bo, o5 B o o2 gEI o
F718AAME so= Qs A fefirl e d=Eol 2] XIO—EIOI 220 = LatolE A B A
o &0 o R AREHT AFAoR AHEH o A 29 Foll EFA AREFo] 7P w7
HA ] 9= AR g j2x] o] B P UG 0.29 fEo 2 A}E%E}G’
ppb, THZ 0.22 ppb)o] &L (At 0.12 ppb, T 0.14 ppb)
HA|ZH ¥ VOCs s =

ol 3 B} 2 A2 ke el 3 A0 86

ol 7} ¢l

L

o= 1__
S A e 49 B 5l 2 FERel o
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Table 7. Summary of time period concentrations of target VOCs (unit : ppb)
Industrial complex area (n=24) Non-industrial complex area (n=16)
Morning Afternoon Nighttime Morning Afternoon Nighttime
Mean+S D Mean+S D Mean+S D Mean+S D Mean+S D Mean+S D
Benzene 0.19+0.21 017+£0.20 024+023 021+025 015+0.23 0.19+0.21
Toluene 1728+1584 17.88+£2525 11.71£878 1791149 1.34+0.79 157117
Ethylbenzene 0.96+0.72 1.69+2.05 1.46+0.76 0.53+0.34 0.49+027 0.60+0.44
m,p-Xylenes 1.26+0.75 1.96+2 44 1.95+1.083 0.68+0.33 0.63+0.30 0.73%+0.56
o-Xylene 0.45+0.28 0.61x=0.62 0.69+0.34 0,10%0,18 0.09+0.17 0,19%0.25
Styrene 0.09£0.25 0.15+=0.31 0.17+0.35 0.32%0,46 0.29+0.40 0.30%£0,55
Chloroform 0,04+0.14 0.01+0,02 0.01+0,03 0,02+0,07 0.05+0.14 0.00+0,00
Sum of 7 VOCs 2027 22 47 16.23 3.65 3.04 3.58
et Azl gt £Ad 3= Table 73 241, A4 7 Lan] g9kt ol AFAN(EAAIZE + 08A~20A]) o A 57
FE 27] 98l F 7 VOCso| Hsum)= LR )lTk 7HsS flsl AREShe A4F S AR At AlFAS 9
A Ao EAS AR AT A A3 B2 o 3 AREshE 5718 SoRRE HiEEHe eded
9] VOCs &= WHEPdS o= et & x4 o e vl wol wre gloz Amycht”
= 2HAZH(3.65 ppb)2t OFTHAIZFTH(3.58 ppb) 7t L. FA|
Zri(3.04 ppb)oll vl W7 FE=HIZE 124 =9tk o= 3.6.VOCs & 7| &2Ix}jzte| A&E M
Ara| o] Hlsl A Ql L PU FFS AA W= o =A% VOCs &2 As7re] AuaA s A3 dats
ZA 0] A<l ti7] b om FAE oA ed=A Table 81} 2l TEZHO 2= Atk dn} gz x| ofA Hl
o] A5t A oRHEAA DT FAT W AE A BRAr=0.403, 0.445), EFAT o] LA = 0.676,
AEw dGE 5 A7he o] st Al 0.586), B33} m,p-AFL@(r=10.530, 0.718), SN} o-
LAGFAA D viEHE L9EHY FFE o w2 A & (r = 0.602, 0.659), 12|31 o D AT} m,p-2FA @ (r =

9loloz Atz t” 0.774, 0.770), o2l A} o-2 (r = 0.822, 0.662), m,p-
TS AP 92 @ A A (20.27 ppb)et @ FAIZHT AU T} o-AFLHI(r=0.960, 0.751) Fo] Fo5F 1% A
(22.47 ppb)7t oFFAIZFTH(16.23 ppb)ell H]H 2zt 1.2u)9} Fol S Btk v f2AY(117H) B AReA]

Table 8. Correlation coefficients among VOCs
e Industrial complex area (n=72)

Benzene Toluene Ethylbenzene m,p-Xylenes 0-Xylene Styrene Chloroform
Benzene 1
Toluene **0.403 1
Ethylbenzene **0.317 **0.676 1
m,p-Xylenes **0.435 **0.5630 0774 1
o-Xylene 0,473 **0.602 **0.822 **0.960 1
Styrene 0.077 **0.457 *0.294 0,397 **0.383 1
Chloroform *0.262 0.161 -0.028 0.006 0,014 - 0.091 1

* significant at a level of 0,05, ** significant at a level of 0,01

e Non-industrial complex area (n=48)

Benzene Toluene Ethylbenzene m,p-Xylenes 0-Xylene Styrene Chloroform
Benzene 1
Toluene **0.445 1
Ethylbenzene -0.025 **0.586 1
m,p-Xylenes 0.097 **0.718 0,770 1
0-Xylene 0.180 **0.659 **0.662 0,751 1
Styrene -0.168 0.137 0,682 0.164 0.234 1
Chloroform 0424 **0.391 0.160 0.244 **0.370 0.110 1

* significant at a level of 0,05, ** significant at a level of 0,01
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Table 9. Correlation coefficients between VOCs and meteorological factors

Industrial complex area (n=72)

Non-industrial complex area (n=48)

WS Temp. R.H WS Temp. RH
Benzene -0.185 0,467 0.084 - 0,050 0,655 *.0414
Toluene - 0,086 0.148 0138 -0278 *.0.355 - 0,081
Ethylbenzene -0.163 0183 0131 . 0461 0.259 0211
m,p-Xylenes *.0,237 0.033 0218 -0.171 0.042 0.254
o-Xylene . 0351 0.020 *0.247 -0178 - 0,026 0121
Styrene 0011 0226 0,458 0,602 0,496 #
Chioroform -0.100 -0.133 0,085 - 0,200 - 0171 #
* significant at a level of 0,05, ** significant at a level of 0,01, # non available data as non-detected
(157N 9] FEZFE] F4H 2 FUE(p<0.05)°] W AL
gl 3 4= 9L, o]i= BTEX7} &yt dAj= 7}% ] h 1) Z4dEE VOCs AEvles E74 > ojgwA >
ZEE E4o] ke A BEA| o] Hs & 5 Yok mp-AAd# > o-2pdE > WAl > AEd > FRIREE &
i AR Wi} o Al =0.317), m,p-x}%l o8, Fses EFA > mp-ALH > oWl > o-#F
AW =0435), o-ALA(r=0473)0], 2EAT} EFAr= LA > WA, A > FRIEE 02 9T
0.457), m,p-AL @ (r=0.397), o-AL A (r = 0.383)0], =X 2) SAAYGE VOCs9] Fr= Al o] 2] Hof ]
2 o gulA T AEHE(r=0.682)0], S22 X2} HA(r= of EFdlat o PR, mp-ALHl, o-AdHo] & F=
0.424), E29l(r=0.391), o-XL(r=0.370)0] G-2]4== 1% £ B3 AT SRE2EE AqER F3E s}
oY A] OH S R 7F §13det
E3 VOCse} 7|41 te] AnuAS B3 Aaps 3) Z2AAAE VOCs9 Fri A o] o] S| &
Table 99} 7t} AubA o2 7|A}0Iz} 2 E&0 o L AZde] & stalsAE L, o]9k= RitE x4
ol e AlgkA Qab TR oA YEE ] VOCse} & q2 AFHEo] g1 oFHo] ¥ FASAE HATh
o] AMAL Hol Eo] Z715hH VOCs HE7} 7hAadh 4) 54899 VOCs9] ses SAYE BT Hdo] &
T AFAlS o 2 9lolt) dofl mlsf w9kaL, 53] spetEd o ARGl W AdA|
NEAos Zao AOL Atz oA o-Ad@(r= o] tjzA Aol vl FUd FL s=ATE AA e
0.351)2 tEA ol oLl =-0461), AE|A(r=-0602) AT
o] 90|z 1904 2o ATAS Btk Lo Ao 5) SAATNE VOCs9| sk t717F AAE oA
Ak el A WA = -0467)T} A ol MAlr=-0655), et A3te] FEol W e AR iAol 2
2E#l(r=0.496)0] F-o5¢E 1%0lA S} Fo] A4S slal AbdA o] gl W el 2 g AIRkel At e
251ck G| A HebAdolA 2elile=04s90l # °l =5+
2z %01]/&—] ookg /\o]_jr‘:_}_/g]% E(}iu} 6) VOCs %XE]Z_]:‘O’] ’3:}7_*3% Atk ]‘Z] ] EHZ\—X]OﬂOﬂ H]
Sl ZAGE 2 mkw 2] 20 Table 29} Table ] frolgh Aol Wkl 7AIAt o= F40] VOCse} &
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Sl WRES0| 15 msR WS u HAnwE@ Ay T AR
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