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Determination of Polycyclic Aromatic Hydrocarbons in Coal Combustion Gas
Using High Performance Liquid Chromatography

Norio KATOH

Synopsis : This study describes a sampling and analysis procedure for polycyclic aromatic hydrocarbons(PAH) at high temperatures in exhaust gas. Par-

ticulate matter sampling was used in conjunction with gas phase sampling. Particulates were collected on quartz fiber filter heated at same
temperature as exhaust gas. Vaporous PAH not retained by the filter were cooled at 55°C and trapped from the gas phase on Tenax-GC poly-
mer beads of 10g. The sample volume was about 1 m®. Tenax-GC has demonstrated high collection efficiency for benzo(a)pyrene(B(2)P)
generated at 375°C under a stream of nitrogen. PAH were extracted with n-pentane for 4 h by continuous PAH extractor developed on this
study. It demonstrated 99% extraction efficiency for B(a)P spiked on the adsorbent and it was more effective than Soxhlet extraction. The ex-
tracts were concentrated to 1ml of n-pentane in a Kuderna-Danish evaporator. Qualitative and quantitative analysis of the extracts were per-
formed by high performance liquid chromatograph (HPLC) with ultraviolet/fluorescence detection. Eight PAH (3,4,5,6-dibenzocarbazole,
phenanthrene, anthracene, fluoranthene, pyrene, 2-methylanthracene, benz(a)anthracene, benzo(a)pyrene) were determined in coal combus-
tion gas on reducing NOx procedures. It was demonstrated that the tendency to reduce NOx levels leads to an increase in the PAH present.
Moreover total concentration of four PAH (phenanthrene, fluorancene, pyrene, benzo(a)pyrene) in this study is satisfactory agreement with

those measured in the emissions of coal-fired power stations in the literature.
Key words : polycyclic aromatic hydrocarbon; Tenax-GC extraction; benzo(a)pyrene; HPLC; coal; gas sampling; environmental assessment.
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Fig. 1. PAH sampling apparatus.

1: stainless steel tube; 2: heating probe; 3: flange; 4: mantled heater; 5: filter holder; 6: PAH sampler; 7: constant tempera-
ture bath; 8: sulphuric acid; 9: water; 10: glass wool; 11: rubber tube; 12: pump; 13: wet gas meter

Fig. 2. PAH sampler.
1: glass filter; 2: Tenax-GC (8 cmX2.5¢m i.d.); 3:
silica wool; 4: cooling water (55°C); 5: spring
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Fig. 3. Continuous PAH extractor.
1: 1/ round-bottom flask; 2: cooling water (2°C);
3: pump (glass); 4: glass tube; 5: water bath
(50~55°C); 6: 500 m/ round-bottom flask; 7: sili-
cone rubber tube; 8: Tenax-GC; 9: PAH sampler
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Fig. 4. Apparatus for B(a)P generation.

1: nitrogen; 2: stainless steel tube; 3: electric furnace; 4: ribbon heater; 5: thermocouple; 6: platinum boat; 7: PAH sampler;

8: wet gas meter

Table 1. Recovery of B(a)P generated with PAH sampler.

methanol soln. powder
B(a)P taken recovery B(2)P taken recovery

(ng) (%) (ng) (96)
1056 383 110

97 560 98

93 1066 100

1.0 95 1203 99

84 463 93

91 405 90

114 655 101

686 102
mean 97% mean 99%
RSD 9.4% RSD 5.8%
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Fig. 5. Extraction efficiency of B(a)P.
O: continuous PAH extractor; X: Soxhlet extrac-

tor; - - -: accumulation of extraction efficiency; —
—: partial extraction efficiency at regular time inter-
vals.
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Fig. 6. Chromatograms of PAH standards.

Time/min

Peaks 1: diphenyl; 2: 3,4,5,6-dibenzocarbazole(7H-dibenzo(c,g)carbazole); 3: phenanthrene; 4: anthracene; 5: fluoran-
thene; 6: pyrene; 7. 2-methylanthracene; 8: triphenylene; 9: chrysene; 10: benz(a)anthracene; 11: perylene; 12:
benzo(a)pyrene; 13: 7,12-dimethylbenz(a) anthracene; 14: dibenz(a,h)anthracene; 15: indeno(1,2,3-cd)pyrene
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Fig. 7. Chromatograms of n-pentane extract from coal combustion gas. No. of peaks same as Fig.6.

Table 2. NOx reduction and PAH concentrations in emissions (ng/m"*).

(a) Two stage ® G as Simultaneous use|
Standard . recir
combustion X of (a) and (b)
burning system
No,(volppm) 303 106 240 89
38,4,5,6-Dibenzocarbazole 87 230 430 350
Phenanthrene 980 1500 1700 1400
P |Anthracene 43 7 42 74
A Fluoranthene 82 110 120 170
Pyrene 930 1300 1300 1700
H |2-Methylanthracene 4 0.2 0.9 6
Benz(a)anthracene 110 72 81 210
Benzo(a)pyrene 6 4 11 4
total PAH 2200 3300 3700 3900
Ratio of total PAH 100 150 168 177
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