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— Abstract —

A Study on Polynuclear Aromatic Hydrocarbons Emitted by Coking
Time and Sampling Method in a Coke Oven Plant

Chung Sik Yun and Nam Won Paik

School of Public Health, Seoul National University, Seoul, Korea

The polynuclear hydrocarbons (PAHs) emitted from coke oven standpipe were sampled
using three sampling systems, including glass fiber filter+silver membrane filter, glass
fiber filter+silver membrane filter+XAD-2 adsorbent tube, PTFE membrane filter+
XAD-2 adsorbent tube, extracted by methylene chloride and analysed by gas chromathog-
raphy using flame ionization detector.

The results of this study were as follows.

1. Because the amounts of coke oven emissions (COE) were large, the analyses of PAHs
were simple and possible without evaporation and concentration.

Although the generation of COE was high during early stage of coking, the airborne
concentration of PAHs was low. and increased during late coking.

2. The contents of PAHs in COE were 1.35-2.81%.

3. The index components of PAHs were fluoranthene and pyrene. Their correlation
coefficient to total PAHs were (.96, 0.95, respectively.

4. The particulate PAHs were sampled by filter and gaseous PAHs by adsorbent tube.
The collection efficiency of glass fiber filter+silver membrane filter was 20% of total
amount sampled by filters+adsorbent and PTFE membrane filter 50%.

Adsorbent tube must be attached to the filter to collect light and small PAH compo-

nents.

5. The generation of acenaphthene and indeno (1,2,3-cd) pyrene were low and concentrat-
ions of fluorene and anthracene were 20-40 ug/m* throughout coking time. Other PAH
concentrations were sometimes high.



The generation of PAHs was low at 4-6 hours of coking time.

The gaseous PAHs were generated earlier than particulate PAHs.

Key Words : Polynuclear aromatic hydrocarbons, Coke oven emission, Coking time, Adsor-

bent tube, Fluoranthene, Pyrene, Gas chromathography, Glass fiber filter, Sil-

ver membrane filter, PTFE membrane filter
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Fig. 1. Schematic Diagram of Sampling Site at Coke Oven’s Standpipe.
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The Specification and Operating Condition of Gas Chromatography

Varniable

Condition

Gas Chromatography
Detector

Injector

Injection Volume
Column

Carrier Gas

Folwrate

Detector Temp.

Injector Temp.

Temp. Programming
Initial Temp.
Holding Time
Temp. programming rate
Final Temp.
Holding Time

Hewlett Packard 5890 A, U.S.A.
Flame Ionization Detector
Capilliary Splitless Mode

1 ul

15m X0.53mm ID, 0.5um film
PTE-5 QTM Capillary Column,
Supelco, U.S.A.

He

4.3ml/min

300C

250C

80C

4 min
10C/min
290TC

2 min.
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Glass Fiber Filter Giass Fiber Filtef PTFE Membrane
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Filter Filter -+ XAD-2 Tube
+XAD-2 Tube
N*=35
| N*=19 N*=26
L
Standpipe Area Sampling
for 2hr
Sonication in CH,Cl,
for 15 min
[ i 1
Giass Fiber Filter + PTFE Membrane XAD-2 Tube
Silver Membrane Fiiter Filter Extract Exiract
Extract
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Fig. 2. Diagram of Sampling, Extraction, Weighing of
COE and Analysis of PAHs.
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Fig. 3. Typical Gas Chromatographic Chromatogram of PAH Standrad Mixture.
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Fig. 4. Gas Chromatographic Chromatogram of PAH Standard Mixture Using Utra 2 Capillary Column.
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Table 2. Nomenclatures and characteristics of 13 PAHs analysed in this study

Nomenclature Formula (M.W) M.P.(B.P) Calcinogenic  Structure
T Potential**
Acenaphthylene C,,Hg(152.20) 92—93(265—275) 0 [:%
Acenaphthene Ci2H,0(154. 21) 96.2(279) ]
Fluorene CisHi0(166. 22) 116(293—295) 0 0
Phenanthrene Cy4H,0(178.23) 100(340) 0
Anthracene Cy4H,,(178.23) 218(340) 0
, 2
Fluoranthene Ci6H10(202. 26) 110(--)* 0 A~ )
Pyrene ' C6H10(202. 26) 156(399) 0
Benzo(b)fluoranthene CaooH,2(252. 32) 168(--) ++ O“OO
Benzo{k }fluoranthene CopH,2(252.32) 217(480) + + : @
Benzo(a)pyrene CooH,2(252.32) 177(--) ++ = ‘
Dibenzo(ah)anthracene CooH,4(278. 35) 262(--) _ YO®
P m
Indeno(1,2,3-cd)pyrene C.,H,,(276. 34) 161.5—163(--) + _N
eno pyre ool S
Benzo(ghi)perylene CoupH,4(276. 34) 273( - + ‘ @ by
A
(¥

* . These compounds tend to be sublimed

**.0: Non Calcinogenic, + : Weak Calcinogen, ++ : Strong Calcinogen
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Table 3. Concentration of COE and PAH by Coking Time and Sampling Method

Coking Time, hrs.
Sampling 0—2 2—4 4—6 6—8 8—-10 10—-12 12—-14 14-16 16— Total
Method
n=3 n=2 n="6 n=1 n= n=6 n=3 n=6 n=4 1=35
COE 14,83 32.98 6.08 20,54 11.16 14.43 14.62 23.72 12.78 15.31
mg/m* (7.86- (31. 30~ (2.21- 2 (2.87- (4. 35- (7.91- (3.81- (0. 90- (0.90-
23.73)* 34.37) 9.52) 21.71) 26.27) 26.48) 21.20) 21. 20} 47.51)
AAG
PAH 309.42 798. 05 61.22 394.21 551,26 576. 98 162.26 1271.18 811. 21 580. 33
ug/m’ (60.93-  (791.47-  (45.49- & i104.36-  (61.27- (88. 60- (ND- (13.49- (N.D.-
454.57) 804, 64) 86.10) 1388.21)  1226.90)  205.35)  4440.56)  2274.01)  4449.56)
n=0 n=2 n=2 n=3 n=1 n=(0 n=5 n=3 n=3 n=19
COE 43.46 25. 04 37.98 17.64 33.33 26.46 2.1 31. 14
mg/m* - (23.06- (20. 68- (31.17- = (10.31- (15, 94- (18.57- (10.31-
63.85) 29.41) 47.19) 58.71) 40.77) 37.90) 63.85)
AAG
+XAD—2
PAH - 224,24 10.99 1032. 41 178.38 = 213.40 501. 77 241.88 370.74
wg/m* & (195. 39- (9.45- (876. 88~ - & (132.04-  (389.81-  (182.13- (9.45-
253.08) 12.54) 1277.28) 262.60) 616.10) 316.78)  1277.28)
n=0 n=2 n=2 n=2 n= n=4 n=3 n=>5 n=5 n=26
COE 36.55 22.50 26.52 25.64 4.3 35.63 37.12 30.89 32.01
mg/m* - (30. 84~ (15, 58- (20.13- 110.16- {10.25 (26. 36- (11.18- (13,37~ (10.16-
42.27) 29.42) 32.91) 38.86) 46.86) 54.00) 72.80) 51.16) 72.80)
PTFE
+XAD-2
PAH - 116.14 15. 34 521. 97 1052, 62 1628.42 436.28 1268. 02 759.77 862. 55
ug/m’ - (92. 56- (13.95-  (455.63- {110.92-  (255.80-  (352.48- (251.40- (128.13-  (13.95-
139.71)  16.73)  588.30)  1767.94) 2186.84)  503.53)  3371.83) 1821.33)  3371.83)
* Range
AA 2 FRFHoAN ZALENEES FF  Adye g H# 59 2rh
Hie AY ge AL _"i'.o} FAFEE 23 # 5902 K30] phenanthrene, anthracene, flu-
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layer chromathography, TLC)& o]&3td & o}
A FE sl 4o] E benzo(a)pyrened] AH#
AF7F0.99 ojdoletn Histe] AEEASE A}
42 AL FHsQov utE agnteady )y
& g aste s B dojA e &

A8t Al o w Daviess(1986)2 B-%o)
g dade 29 63 1€ 7o F ey 238HE7E AHEE 7AAZvEIYNE e
t}. nzo(a)pyrene #4Al W B2 Hggo] 2w 7t
Mutsushita(1978)= 2% Agvtea#ld(thin @ =7} BolA benzola)pyrened AR EHAE ol
Ttble 4, Total PAH Contents in COE by Coking Time and Sampling Method
Coking Time, hr.
Sampling 02 24 46 68 A=10 10-12 12-14 M4-16 16— Total
Method
AAG n=3 n=2 n=2 n=1 n=4 n=6 n=3 n=6 n=2 n=33
PAR/COE 1.96 2.43 1.25 1.92 4.76 3.12 1.34 2.93 4.69 2.81
% (0. 78- (2.32- (0.48- - (3.02- (1.10- (0.73- (0. 00~ (0.17- {0.00-
3.20)* 2.53) 2.14) 5. 39) 5 54) 2.17) 9.73) 10.73) 5.97)
AAG n=0 n=2 n=2 n= 3 a=1 n=0 n=5 n=3 n=3 n=19
+XAD-2 - 0.62 0.05 2.73 1.01 - 1.09 2.13 1.08 1.35
PAR/COE - (0. 40- (0.03- (1.92- - (0. 24- (1.23- (0. 48~ (0. 32-
% 0.85} 0.06} 2.47) 2.55) 2.72) 1.53) 2.72)
PTFE n=0 n=2 n=2 n=2 n=3 n=4 n=3 n=5 n=5 n=26
+XAD~-2 0.32 0.07 2.03 3.41 4,37 1.33 3.10 2.05 2.39
PAH/COE - (0. 30- (0. 06- 1.79- {1.09- (2.50- (0. 93- (0. 87- (0,54~ {0. 06-
% 0.33) 0.09} 2.26) 1.59) 5.95) 1L.71) 4,63) 3.56) 5.95)
* Range
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Table 5. Correlation Coefficient of Total PAH and Each

Component
Correlation Coefficient
PAH*
AAG  AAG+XAD-2 PTFE+XAD-—2
A 0.45 0.95 0.9
B - = 0.62
C 0.52 0.94 0.87
D 0.94 0.97 0.94
E 0.95 0.97 0.94
F 0.99 0.97 Q.96
G 0.98 0.83 0.97
H+I 0.94 0.40 0.89
J 0.85 0.74 0.93
K 0,96 0.70 0.56
L 0.96 - 0.71
M 0.98 0.26 0.96

* A : Acenaphthylene B : Acenaphthene C : Fluorene
D : phenanthrene E : Anthracene F : Fluoranthene
G : Pyrene H: Benzo(b)fluoranthene
I : Beozo(k)fluoranthene J : Benzo(a)pyrene
K : Dibenzo(a, h)anthracene
L : Indeno(1,2,3-cd)pyrene M : benzo(ghi)perylene

**0.2>Correlation Coefficient

stz & W o] Fdol tig 27t 2008 ©]
4 2 AREYHZ7(Electron Capture Detector,
ECD)E A48 AE FH8%Y. EFolesty
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Fig. 6. Correlation of Fluoranthene and PAH.
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Table 6. Comparison of Collection Efficiency by Sampling Method

AAG + XAD--2 PTFE + XAD-2

PAH*
N**  Mean Range Mean Range N  Mean Range Mean Range

A 17 0.00 - 100. 00 23 1.62 0.00- 22.57 98.38 77.43-100.00
B 1 0.00 - 100. 00 10 0.00 - 100. 00 -
C 18 2.04 0. 00-36. 76 97.96  63.24-100.0 24 6. 82 0.00-55.73  93.18 44.27-100.00
D 19 0.83 0.00- 6.10 99.17  93.80-100.0 26 27.44 0.00-100.00  72.56  0.00-100. 00
E 17 0.00 - 100. 00 23 32,91 0.00-100.00 67.09  0.00-100.00
F 17 15.14  0.00- 53.87 84.86 46.13-100.0 25 84.42  0.00-100.00 15.58  0.00-100.00
G 17 19.99  0.00-100.00 80.01 0.00-100.0 25 88.38 0.00-100.00  11.62  0.00-100.00
H+I 17 75.52  0.00-100.00 24.48 0.00-100.0 22 88,53 64.33-100.00 11.47  0.00- 35.67
J 2 100.00 - 0.00 10 87.62 65.21-100.00 12.38 0.00- 34.79
K 5  100.00 - 0.00 17 91,49 56.48-100.00 8.51  0.00- 43.52
L 0 - - - 9 83.81 14.51-100.00 16.19  0.00- 85.49
M 9 78.68  0.00-100.00 21.32 0.00-100.0 11 76.28 0.00-100.00  23.72  0.00-100.00
Total 19 20.34 0.00- 52.26  79.66 47.84-100.0 26 5214 15.80-100.00 47.86  0.00- 84.20

* A: Acenaphthylene B : Acenaphthene C : Fluorene D : Phenanthrene
E: Anthracene F : Fluoranthene G : Pyrene H : Benzo(b)fluoranthene 1: Benzo(k)fluoranthene J : Benzo{a)pyrene
K : Dibenzo(a, h)anthracene L : Indeno(1,23-cd)pyrene M : benzo{ghi)perylene

** . No. of samples that are quantificated
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Fig. 10. Typical Chromatogram of Glass Fiber Filter+ Silver Membrane Filter Extract.
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Table 7. Concentration of PAH Component by Coking Time Unit : ug/m?®
Coking Time, hr.

PAH* 0-2 2—4 4—6 6—8 8—10 10—12 12— 14 14-16 16— Mean
n=3 n=6 n=10 n=>6 n=8 n=10 n=11 n=14 n=12 n=80

A ND** 17.13 ND. 122.78 37.38 51.91 36. 90 72.71 52.58 46.40
- (N.D- - {N.D- (N.D.- (ND- (ND.- (4.15- (N.D.- (ND.-
26.92) 258.00)  141.35)  177.50) 73.87) 390.35) 166.30)  122.78)

B N.D. N.D. ND. 10. 28 3.54 5.12 N.D. 3.04 2.70 2.70
- - - (ND.- (N.ID.- (ND.- - (ND.- (N.D.-- (N.D--

33.08) 14.76) 19. 49) 28.41) 32.45) 10.28)

C 3.05 10. 94 0.83 61.51 18.27 25.94 14.63 28. 68 23. 60 21.29
(ND- (1.80- (ND.- (ND.- (N.D.- (N.D.- (N.D.- (ND-- (ND.- (0.83-

9.15) 18.55) 4.47) 105. 85) 63. 96) 100. 25) 28.54) 140.55) 69.92) 61.51)

D 3.4 44.45 4.54 182,49 73.73 110. 77 49. 08 153.11 62. 67 81. 86
{N.D.- (20.47- (ND.- (19. 14- (3. 64~ (ND.-- (N.D.- (N.D.- (N.D-- (3. 04-
9.12) 81.01) 9.45) 343.71}  263.37)  375.21) 93.56) 500.65)  208.32)  182.49)

E N.D. 15.01 N.D. 55. 87 20. 67 30. 95 12.87 41. 67 18.38 23.07
- (7.15- - (9.14- (ND- (ND.- (ND.- (N.D.- (ND.- (N.D.-

29.45) 99.65) 72.77) 95.47) 25.86) 139.03) 57.85) 55.87)

F 62. 46 76.11 7.40 108. 84 94, 47 131.18 31. 38 165. 18 67.68 86. 36

(19.44-  (12.94- (ND.-  (62.74- (16.25-  (5.63- (8. 33- (ND-  (3.80- (7. 40-
89.25)  201.19)  15.51)  205.09) 222.10) 335.27)  66.25)  784.39) 387.36)  165.18)
G 61.58 72.47 5.62 69.07 72.14 99. 35 17.06 122.13 52,18 64. 80
(15.36-  (9.02-  (ND.-  (44.85-  (7.43- {5.26- (.63~ (ND~ (ND-  (5.62-
86.53)  167.89)  10.26)  143.70)  167.42) 238.67)  40.43)  618.32) 618.32) 122.13)
H+I 42.78 73.19 12.33 93.55 129.43  136.76 55. 48 145. 35 90.71 92.36
(ND.- (0. 08- (ND-  (14.74-  (23.97- (12.87- (16.40- (ND- (ND.-  (12.33-

64.93) 131, 38) 38.08) 194.42)  380.38)  232.64) 107.67) 541.25)  317.50)  145.35)

— 50 —
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Fig. 14. Concentration of PAHs by Coking Time.
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Table 8. Coninued Unit : ug/m?
PAH* - Coking Time, hr.
0—-2 2—4 4—6 6—8 8—10 10-12 12—14 14—-16 16— Mean
] 31. 90 16.79 8. 66 7.59 97.43 155.73 N.D. 79.49 74.42 58. 39
(22.67- (ND- (ND- (ND- (ND- (549- - (ND- (ND~- (ND-
37.35) 51.08) 16. 36) 26.58) 323.81)  292.35) 315.33) 298.40) 155.73)
K 90.15 42.28 2.55 37.59 39.23 76. 61 18. 62 88. 36 90. 06 54.72
(3.46- (ND- (ND- (ND- (ND- (24.47- (ND- (ND- (ND-  (2.55-
139.34)  148.34) 13.87) 37.59) 85.90) 156.16) 57.54) 427.66)  592.20) 90.15)
L N.D. N.D. N.D. N.D. 5.96 11.57 N.D. 17.81 17.02 7.71
- - - - (ND.- (ND- - (N.D.- (N.D.- (N.D.-
14. 40) 26.17) 118.25) 74.25) 17.81)
M 14. 46 11.09 Q.06 6. 34 100. 41 161. 68 24.22 187. 64 95.42 82.59
(ND- (N.D.- (ND- (N.D.- (5. 45- (N.D.- (N.D.- (ND.- (N.D.- (0. 06-
33.23) 35.50) 0. 64) 10. 40) 236.37) 327.85) 78.73) 1032.29) 480.84) 187.64)
Total 309. 42 379.48 42.00 755. 90 692. 66 997. 56 260. 24 1105. 18 647, 44 622.27
(60.93-  (13.95- (9.45- (394.21- (104.36- (61.27- (88.60- (N.D.- (13.49-  (10.99-
454.57)  804.64) 86.10) 1277.88) 1767.954) 1226.90) 503.53) 4449.56) 2274.01) 1271.18)

* A : Acenaphthylene B : Acenaphthene C: Fluorene D : Phenanthrene
E : Anthracene F : Fluoranthene G : Pyrene H : Benzo(b}{luoranthene 1: Benzo(k)fluoranthene ] : Benzo(a)pyrene
K : Dibenzo(a, h)anthracene L : Indeno(1,2,3-cd)pyrene M : benzo(ghi)perylene

** - Non-Detectable
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