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Abstract

The carbonyl compounds in the atmosphere belong to one of the regulatory pollutants for the malodor control
designated by the Korean Ministry of Environment (KMOE). In the present study, the emission concentration
levels of carbonyl compounds were measured along with a number of criteria odor pollutants from a total of 47
individual companies (June 2004 to January 2005). The results of our study showed that a number of carbonyl
compounds (such as formaldehyde, acetaldehyde, acetone, and butyraldehyde) maintained significantly high mean
concentrations of 298 to 372 ppb. In contrast, other carbonyl compounds were low enough with the mean valves of
0.54 to 19.1 ppb. It was found that except for such industries as metal production or leather processing, their
emissions were generally quite significant. If the measured values were evaluated in terms of malodor intensity,
butyraldehyde appeared to be the most significant contributor to the malodor release. According to the
measurements made in strong source areas, it can be concluded that several carbonyl compounds (acetaldehyde,
propionaldehyde, butyraldehyde, isovaleraldehyde, and valeraldehyde) are useful enough to diagnose malodor
release from those source areas. It should also be addressed that a number of carbonyl compounds added newly as

the result of malodor control legislation were not sensitive enough to diagnose malodor release from such sources.
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Table 1. A list of industry types investigated for odor
emission study. Classification is made based on
a standard industrial classification code of
Korea. A total of 47 companies investigated in
this study are classified.

Major code Tvpe of industr Number of
(first 2 digits) P y company

15 Food and beverage 2

17 Textile 5

19 Leather, bag and shoes production 6

21 Pulp, paper, etc. 4

24 Compound and chemical product 13

28 Metal assembly and production 5

90 Sewage, waste treatment, and cleaning 5

18 Fur and dressmaking 1

20 Wood and its product 1

29 Miscellaneous machine and instrument 1

31 Electronic machine and converter 1

34 Automobile and trailer 1

36 Furniture 1

40 Electronics, gas, and vapor 1
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Fig. 1. Type of industrial classification for the analysis of carbonyl compounds as malodor components in this study.
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Table 2. Basic analytical parameter (DL and precision) for carbonyl compounds investigated in this study.

Pollutants Structural formula Regulation  DL® RSE

Order . Lo, puL ppb
Full name Short name (or chemical form) criteria type* ng (%)
Formaldehyde Form-A HCHO 6.46 5.34 0.58 0.61
Acetaldehyde Acet-A CH,CHO 1 8.53 4.81 052 1.04
Acrolein Acrolein CH;=CHCHO 10.1 4.46 048 1.58
Acetone Acetone CH;COCH; 10.5 4.49 049 1.18
A. Propionaldehyde Propion-A CH,CH,CHO 11 11.0 4.72 0.51 1.03
Carbonyl crotonaldehyde Croton-A CH,;CH=CHCHO 12.4 4.39 048 1.06
compounds  Butyraldehyde Butyr-A CH,CH,CH,CHO i 13.8 4.77 052 097
Benzaldehyde Benz-A CgH;CHO 18.8 4.40 048 1.29
Isovaleraldehyde Isovaler-A (CH;),CHCH,CHO I 17.1 4.92 0.53 094
Valeraldehyde Valer-A CH; (CH,);CHO II 16.4 4.73 0.51 1.16
o-Tolualdehyde o-Tolu-A CH,C,H,CHO 229 4.73 0.51 1.36
m-Tolualdehyde m-Tolu-A CH,C{H,CHO 214 443 048 1.68
p-Tolualdehyde p-Tolu-A CH;C¢H,CHO 21.8 4.50 049 1.90

DL (ng) is three times SD of data to determine mass of minimum detectable quantity (Feb. 12. 2004 ~Mar. 17. 2004). To convert the concen-

tration terms, the total sampling volume of 9.2 L was assumed.

*Roman letters of I and II denote criteria odors regulated as prior to and after the new regulation introduced in Feb. 2005
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Table 3. An overall summary of emission concentrations of 13 carbonyl compounds measured from a total of 47
companies.

a. A statistical summary for all data sets (ppb)

Form- Acet- Acrolein Aceton Propion- Croton- Butyr- Benz- Isovaler- Valer- o-Tolu- m-Tolu- p-Tolu-
Parameter  A* A ¢ A A A A A A A A A
ppb  ppb ppb ppb ppb ppb  ppb  ppb ppb  ppb  ppb ppb ppb
Mean 372 298 1.20 304 29.1 4.1 303 22.4 1.85 4.88 0.82 0.73 0.54
SD 3026 1483 3.00 766 61.2 36.1 1467 36.5 7.01 14.2 2.41 1.95 0.92
Med 28.0 28.6 0.32 61.1 124 1.19 13.1 10.0 0.37 0.99 0.34 0.33 0.33
Min 0.27 3.85 0.21 0.31 0.33 0.27 0.14 0.19 0.11 0.28 0.14 0.18 0.17
Max 32057 11255 18.7 4782 532 311 12427 246 60.4 104 22.1 17.3 7.09
N 112 112 112 111 112 109 112 110 107 107 107 107 107

b. Same as above but after eliminating the data below DL valves (ppb)

Form- Acet- Acrolein  Acctone Propion- Croton- Butyr- Benz- lsovaler- Valer- o-Tolu- m-Tolu- p-Tolu-
Parameter A A A A A A A A A A
ppb  ppb  ppb ppd ppb ppb  ppb  ppb  ppb  ppb  ppb ppb ppb
Mean 376 298 5.65 318 31.0 234 3116 241 491 8.53 3.18 2.50 1.37
SD 3039 1483 5.82 782 62.7 44.5 1486 374 11.8 18.8 5.59 429 1.88
Med 280 28.6 373 64.7 14.6 10.5 14.1 1.7 0.58 2.68 0.97 0.74 0.52
Min 5.66 3.85 0.56 0.59 0.33 0.27 0.66 0.56 0.29 0.63 0.51 0.49 0.52
Max 32057 11255 18.7 4782 532 311 12427 246 60.4 104 22.1 17.3 7.09
N 111 112 18 106 105 65 109 102 35 55 17 19 21

*Refer to Table 2 for the full information of chemical identification

J. KOSAE Vol. 22, No. 5(2006)
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Fig. 2. The concentrations of carbonyl compounds for each representative industrial sector.

Table 4. The concentration of carbonyl compounds measured from each representative industrial sector (All
concentrations in ppb unit).

Type of industry Parameter Form-A Acet-A Acetone Propion-A Butyr-A  Isovaler-A  Valer-A

Food and Mean 16.1 2882 106 27.0 62.6 8.84 23.0

g;’vera SD 8.10 4539 101 23.8 369 14.9 40.7
£e N 5 5 5 5 5 5 5

Mean 249 99.8 51 38.2 103.3 0.54 4.36

Textile SD 182 88.8 45.8 17.2 107.6 0.24 5.07
N 10 10 10 10 10 10 10

Mean 113 66.8 246 41.6 13.5 0.82 1.64

Leather, bag and

e oot SD 258 915 288 116 179 1.22 3.05
shoes productio N 20 20 20 20 20 20 20
Mean 46.0 270 04 44.0 577 0.51 0.94

Pulp, paper, etc SD 39.6 589 60.4 36.6 1358 0.24 0.74
N 7 7 7 7 7 7 7

c dand Mean 1249 447 681 282 500 3.40 4.60
ohfgl‘i’“"l arg et SD 6042 2120 1279 57.2 1650 1.9 8.00
chemical procuc N 28 28 28 28 28 28 28
Metal assembl Mean 543 79.2 39.2 27.4 12,5 0.50 270
g rosdeuctioyn SD 389 107 37.0 64.5 15.3 0.10 3.10
p N 1 1 1 1 1 1 11
Sewage, waste Mean 23.3 33 210 14.1 721 0.83 7.33
treatment, and SD 16.4 447 445 13.6 2922 1.89 24.4
cleaning N 18 18 18 18 18 8 18
Mean 42.1 559 325 19.4 93.4 1.05 2.82

Etc SD 30.3 543 876 18.0 153 1.53 6.22
N 13 13 13 13 13 13 13

Coefficient of variance (CV) 813 498 253 210 484 386 299
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Table 5. The concentrations of carbonyl compounds derived for each process unit (All concentrations in ppb unit).

Type of process Parameter Form-A Acet-A Acetone Propion-A Butyr-A  Isovaler-A  Valer-A
Mean 77.5 25.1 268 10.1 26.4 1.88 0.59
Junction box SD 122 17.2 457 9.68 32.0 2.65 0.38
N 3 3 3 3 3 3 3
Mean 57.2 33.1 249 19.0 19.2 0.78 2.17
Aeration tank SD 129 49.8 529 15.4 25.7 1.75 3.39
N 21 21 21 21 21 21 21
Mean 279 99.4 427 154 18.8 0.36 1.56
Settling tank SD 514 154 427 252 20.7 0.04 1.90
N 4 4 4 4 4 4 4
Mean 935 773 423 33.9 373 3.69 5.35
Scrubber SD 5119 2463 1094 57.6 1406 11.3 15.6
N 39 39 39 39 39 39 39
Manufacturin Mean 73.0 42.9 66.3 16.0 232 1.01 422
e uring SD 87.2 480 75.8 16.0 771 1.57 6.20
process N 2 2 2 2 2 2 2
Mean 45.3 47.7 437 17.0 794 0.41 9.35
Storing place SD 63.6 679 789 14.6 3000 0.14 257
N 17 17 17 17 17 17 17
Mean 55.3 534 53.0 479 55.0 0.51 1.60
Stack SD 48.1 60 50.4 47.7 105 0.34 2.78
N 5 5 5 5 5 5 5
Mean 32.1 20.5 373 6.82 8.92 0.11 1.26
Etc SD - - - - - - -
N 1 1 1 1 1 1 1
Coefficient of variance (CV) 813 498 253 210 484 386 299
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Fig. 3. The concentrations of carbonyl compounds for each process classification.

Table 6. The relationship between malodor concentration and malodor degree for carbonyl compounds?.

Permissible Austerity
discharge permissible
standards b discharge
compounds?  meodor 12253354 s KMOE  standards
Industrial The other  Industrial
complex area complex
Form-A 410 1900 3900 8300 18000 38000 170000
Acet-A Thecome. M5 18 47 140 450 1400 14000  under 100 under 100 50~ 100
Acrolein , 30 140 290 630 1400 2900 13000
Acetone sponding 3000 110000 210000 390000 740000 1400000 5100000
Propion-A  comeentration o0 ys 46 140 440 1400 13000  under 100 underS0 50~ 100
Butyr-A values 032 29 89 27 84 260 2300  under 100 under29  29~100
lsovaler-a  UPPP)p0 1 25 59 14 32 180 under 6 under 3 3~6
Valer-A 0.71 3.8 9 21 49 110 620 under 20 under 9 9~20

Y Modified from Nagata and Takeuchi (1980), ? Refer to Table 2 for the full name information.
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Table 7. A statistical summary of carbonyl compounds between different industrial types (in ppb).

Pollutants Form-A Acet-A Acetone  Propion-A  Butyr-A  Isovaler-A Valer-A
Food and Acration tank 15.3 118 14.5' 68.4° 033" 5.647
beverage Scrubber 16.8 7123* 135 48.4%° 50.83 21.6% 51.6%°
Manufacturing process 16.4 109%° 23.2 9.40" 74.7° 0.33! 0.34
Aeration tank 106 26.82 12.2 30.9 4,13 0.55' 0.50
Textile Scrubber 473! 219* 68.0 44,32 74.33 0.42! 4.84%
Manufacturing process 197 58.4%3 51.7 29.22 1403 0.50 5.37°
Stack - 79.0 53.0%° 75.1 70.6%° 24133 1.08’' 6.56°
Junction Box 116 23.9% 400 13.7! 31.1° 0.35! 0.71
Leather, bag Aeration tank 133 69.61-5 242 10.41l 6.30 0.43! 1.98!
and shoes Settling tank 534! 171° 471 279 27.0%3 0.35" 0.77
production Scrubber 249 49.6%5 313 22.1% 8.27% 0.49" 0.46
Manufacturing process 26.5 38.6° 489 20.0% 2.982 2.43? 4.00%
Storing place 30.2 73.6%° 208 12.1° 21.4%5 0.39" 0.67
Aeration tank 29.9 36.5° 9.58 32.3? 9.12%° 0.48! 1.47'
Pulp, paper Scrubber 63.4 16024 174 55.7%3 70.4° 1.01' 0.99'
ew’ ’ Manufacturing process 15.3 12.1" 20.6 10.4! 19714 0.32! 0.81'
Storing place 41.7 39.97 37.2 51.0%3 723 0.41! 0.50
Stack 127 1513 45.4 11673 0.49! 0.55' 0.50
Aeration tank 17.0 8.80! 682 16.8% 22.9%° 0.32! 1.15!
Compound and Scrubber 26267 156° 896 97.1%% 650* 83.3% 81.93°
hemical Manufacturing process 30.1 15.3% 194 11.4! 71.4% 0.29' 261"
chemuca Storing place 120 34.52 1294 28.0° 18135 050"  13.9%
product Stack 8.15 3.85! 127 7.331 33.0° 0.33! 0.32
Etc 230 12.1! 17.7 0.33 20.3%3 5.67%° 0.33
Metal assembly Scrubber 52.7 108%3 34.8 46.6%° 16.423 0.49' 1.90
Manufacturing process 56.1 44,52 44.5 4.46' 7.892 0.43! 3.64!
Sewage Aeration tank 27.8 21.7° 76.1 18.9? 21.1%° 3.022% 4,08?
wasto ’ Settling tank 243 27.9? 383 29.0 10.5%3 0.37! 2.34!
treatment Scrubber 14.5 17.5% 11.8 8.61" 3.10% 0.49' 0.41
and Clean;ng Storing place 24.4 4322 333 11.9! 1619* 041 18.7%°
Stack 21.6 54.1%° 16.7 0.33 0.15 0.32! 0.29
Junction Box 0.27 27.4 5.14 2.84! 17.0%3 4.94%° 0.37
Aeration tank 38.6 35.62 18.7 3242 9.36%° 041! 2.89!
Brc Scrubber 472 62.5%° 501 13.7! 1393 0.90" 1.10"
Manufacturing process 37.0 132%° 175 52.4%5 67.5° 0.34! 23.13
Storing place 52.8 27.9 20.5 10.2! 5.447 041" 1.08!
Stack 410 4.65' 0.36 45.0% 0.66' 0.29' 0.28

*The superscripted number is the malodor degree computed from the mean concentration.
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112.321 =y
86.832 —| Form-A
61.343 E Acet-A
’ = Acrolein p-Tolu-A
= Acetone m-Tolu-A
35853 Propion-A o-Tolu-A
J] - Valer-A
10.364 -?_ Butyr-A Isovaler-A
E Croton-A Benz-A
—15.125 [T T O T R M T B B |

0.08 2.62 5.16 7.71 10.25 12.79

Fig. 4. A chromatograph of carbonyl standard analysis
obtained in 5 Jan. 2005 (20 ng each).

50.915—
39.223— DNPH
- Acetone
27.531-
15.840—]
= Form-A || Propion-A
4,148~ a Benz-A
E Acet-A Butyr-A
‘7544 llll’llll‘llll,ltll‘llll

0.02 2.57 5.13 7.69 10.25 12.81

Formal- Acetal-

Acetone Propional- Butyral- Benzal-

dehyde dehyde dehyde dehyde dehyde
Mw 30 44 58 58 72 106
ng (in
20uL) 0.72 1.82 3.52 0.85 0.41 0.68
ppb 25.6 440 64.8 15.6 6.06 6.81

20 uL of sample solution injected into the HPLC system is first
converted into absolute mass (ng) and then to ppb concentration scale
for air samples.

Fig. 5. A chromatograph of carbonyl field sample obtain-
ed in 5 Jan. 2005. Field sample was obtained from
an aeration tank.
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Table 8. Results of correlation analysis obtained using the carbonyl data sets collected during the entire study period.

a. Between carbonyl compounds

Form- Acet- Acrolein Acet Propion- Croton- Butyr- Benz- Isovaler- Valer- o-Tolu- m-Tolu- p-Tolu-

A A Derolem aceone A A A A A A A A

r 1 001 002 0.03 0.15 005 -001 0.04 0264™ -003 003 003 009

Form-A  p 0.89 0.86 0.75 012 063 091 069 001 08 077 077 034
n 112 112 111 112 109 112 110 107 107 107 107 107
r 1 -0.03 -005 0335" —004 0232 -003 017 015 -002 -0.02 -00l

Acet-A P 0.78 0.59 000 067 001 077 008 013 08 08 093
n 112 111 112 109 112 110 107 107 107 107 107
r 1 —-0.08 004 0334" -004 0.2 001 004 0.10 0.12  0.345"

Acrolein  p 0.42 067 000 066 020 095 065 029 021 0.00
n 111 112 109 12 110 107 107 107 107 107
1 0.03 004 014 016 001 0.7 -005 -005 -0.04

Acetone  p 072 065 015 011 093 009 059 064 066
n 111 108 111 109 106 106 106 106 106

r 1 0.628" 0.10 0396" 008 000 -0.04 001 0.00

Propion-A p 000 028 000 038 099 068 093 099
n 109 112 110 107 107 107 107 107

r 1 -0.04 0.507" -0.04 -0.02 001 0.01 0.08

Croton-A p 0.66 000 071 084 092 0.93 0.40
n 109 107 107 107 107 107 107
r 1 008 —004 0540" —-0.04 -0.04 -004

Butyr-A  p 041 071 000 071 069  0.69
n 110 107 107 107 107 107

r 1 -0.01 014 002 014 016

Benz-A P 089 0.16 082 0.5 0.1
n 107 107 107 107 107

r 1 0363" 006 009 008
Isovaler-A p 0.00 051 0.36 0.41
n 107 107 107 107

r 1 -0.03 005 001

Valer-A p 0.77 0.61 0.93
n 107 107 107
r 1 0.08  0.503"

o-Tolu-A p 0.39 0.00
n 107 107
r 1 0.253"
m-Tolu-A p 8.5E-03
n 107

r i

p-Tolu-A  p

*The superscripted Roman letters of I and II denote P values less than 0.05 and 0.01, respectively.
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