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Generation, distribution and toxicity characteristics of polycyclic aromatic hydrocarbons during the prepara-

tion of biochar from rapeseed cake

LUO Fei*?, SONG Jing%, CHEN Meng-fang*

(1. Shenzhen Academy of Environmental Sciences, Shenzhen 518001, China; 2. Key Laboratory of Soil Environment and Pollution Remedia—
tion, Institute of Soil Science, Chinese Academy of Sciences, Nanjing 210008, China)

Abstract: In the present study, rapeseed cake was slowly pyrolyzed under anoxic conditions at 300, 500, and 700 °C. The generation, distri—
bution and toxicity characteristics of PAHs( polycyclic aromatic hydrocarbons) in both biochars and bio-oils were investigated. The results
showed that the amount of generated PAHs decreased with increasing pyrolysis temperature. When produced between 300 and 700 °C, PAHs
concentrations ranged from 42.7 to 1 460.8 g-kg™ in biochars and from 5 799.9 to 53 151.0 wg-kg™ in bio-oils, respectively. Light molecu—
lar weight PAHSs( 2 rings, 3 rings and 4 rings ) were the dominant components, accounting for 97.4%~98.8% in biochars and 97.8%~99.0% in
bio-oils. More than 97% of the PAHs mass were allocated in the bio-oil phase whereas only a small portion existed in the carbon material. 5
ring PAHs were the major contributors to the toxic equivalency of BaP( TEQg) of biochars and bio-oils. Higher temperature is recommended
for production of biochars from rapeseed cake due to lower PAHs generation and lower potential cancer risk.

Keywords : biochar; bio-oil; polycyclic aromatic hydrocarbons; toxic equivalency; environmental safety
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Table 1 The amount of PAHs generated during the pyrolysis process( wg-kg™)

H: W% Biochar A1k Bio-oil
TiH Item
300 C 500 C 700 C 300 C 500 C 700 C

NAP 93.2+17.9a 16.1+3.1b 5.3+1.5b 27 328.2+10 416.5a 18 385.8+3 348.5ab 1 392.6+281.4b
ACY 449.8+42.7a 25.4+4.3b ND 2 550.7+447 .6a 1 480.5+£352.8b 835.1+106.5b
ACE 86.4+10.2a 44.7+7.5b 12.6+1.7c 5 089.0+2 255.5a 1 767.9+246.2ab 762.1+242.9b
FLU 55.3+5.7 ND ND 7 246.2+1 027.1a 4 954.1+1 360.1a 713.4+98.1b
PHE 453.7+46.9a 70.0+7.1b 10.8+1.6b 6 269.8+1 399.5a 4 171.7+463.7a 1 018.5+133.8b
ANT 37.4+5.0 ND ND 1 595.8+187.6a 987.3+213.9b 327.1+67.8c
FLA 70.4+8.1a 10.7£2.1b 4.3+1.6b 452.5+81.2a 257.6+48.3b 153.9+44.5b
PYR 120.5+13.3a 8.9+0.7b 5.6+1.0b 639.2+89.7a 416.0+40.7b 145.5+34.9¢
BaA 33.9+2.9a 4.6+0.6b 2.6+0.5b 657.1+97.5a 831.7+97.1a 144.2+22.6b
CHR 22.5+2.6a 5.2+0.4b 0.9+0.3b 810.3+113.0a 1174.7+253.4a 178.5+20.0b
BbF 6.0+1.0 ND ND 135.1+23.3a 162.3+46.1a 35.6+4.1b
BkF 3.0+0.5 ND ND 36.2+6.1a 17.7+4.1b 17.3+1.7b
BaP 5.1+0.5a 1.0£0.2b 0.5+0.1b 154.6+22.1b 247.3+17.7a 46.3+3.6¢C
DahA 4.3+0.4 ND ND 22.5+4.4b 110.2+13.3a 9.2+1.6b
BghiP 8.2+0.8a 0.4+0.04b ND 69.0+7.2a 59.2+9.0a 12.4+2.5b
InP 11.2+2.1a 1.3+0.2b ND 94.8+13.5a 34.7+7.0b 8.4+2.8b

> PAHs 1 460.8+76.1a 188.3+1.1b 42.7+8.1c 53 151.0+16 183.1a 35 058.7+6 521.9ab 5 799.9+505.9b

T TR Rl SoR 45 I 3 A PR A) 22 53 3% (P<0.05 ) ; ND SRR A i

Note . Different letter indicates significant differences between different temperature treatments(P<0.05); ND indicates not detected.
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Figure 1 The proportion of different PAHs components in
biochars and bio-oils
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Table 2 The proportion of PAHSs allocated in biochars and bio-oils during pyrolysis(%)

HUH Ttem Zgr}iﬁ;gPPAAHH 3:Er}iﬁgPPA:Ijs 4friﬂrjgpg,:js S?r}iﬁ;gPPA:Ijs G?jﬁgPPA:}js DAL
BC300 0.4+0.2 4.6+0.6 8.9+1.7 5.0+0.1 10.7+2.7 2.8+£0.7
BO300 99.6+0.2 95.4+0.6 91.1+1.7 95.0+0.1 89.3+2.7 97.2+0.7
BC500 0.1+0.0 1.1+0.2 1.1+0.3 0.2+0.1 1.8+0.1 0.5+0.1
BO500 99.9+0.0 98.9+0.2 98.9+0.3 99.8+0.1 98.2+0.1 99.5+0.1
BC700 0.4+0.2 0.6+0.0 2.1+0.1 0.5+0.1 0.0+0.0 0.7+0.1
BO700 99.6+0.2 99.4+0.0 97.9+0.1 99.5+0.1 100.0+0.0 99.3+0.1
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Figure 2 The contribution of different PAHs components to TEQg,
in biochars and bio-oils

3 EYRMEYMPHEHLIEFTELERE(ug-kg™)
Table 3 Toxic equivalency of BaP( TEQg.) of biochars and bio-oils(wg-kg™?)

AW ¢ )3 Biochar/Bio-oil BC300 BC500

BC700 BO300 BO500 BO700

TEQe» 16.8+1.2 1.8+0.2

0.8+£0.0

343.7+50.6 515.7+57.0 86.2+9.6
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