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Review of the research on content levels and application risk of
polycyclic aromatic hydrocarbons in biochar

HONG Yamin ZHANG Yaping ™ CHEN Zhenyan LI Beibei
(Key Laboratory of Energy Thermal Conversion and Control of Ministry of Education, School of Energy and Environment,

Southeast University, Nanjing, 210096, China)

Abstract Polycyclic aromatic hydrocarbons (PAHs) are a family of persistent organic contaminants
that are ubiquitous in the environment and have carcinogenic, teratogenic and mutagenic effects.
Biochar from a wide range of raw materials has received growing attention owing to its potential
applications in soil improvement, pollution remediation and carbon sequestration. The preparation
process of biochar is in the environment of insufficient oxygen supply or anaerobic. Previous studies
demonstrated that PAHs inevitably form during the process of preparing biochar by pyrolysis, hence,
the application of biochar could also have a negative impact on environmental quality and human
health. It is necessary to further understand the properties of biochar and ensure its safety in use. This
paper reviewed the research status of PAHs in biochar, including the formation mechanism of PAHs
in the preparation of biochar, influencing factors of PAHs content, and application risk assessment of
biochar containing PAHs. The formation mechanism of PAHs and its content influencing factors
should be considered to reduce the content of PAHs in biochar. In addition, it was recommended to
develop risk assessment models and reference quality values for PAHs in biochar. We hope this
review could provide a valuable reference for the safe application of biochar.
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Z W T5 ke (PAHS) BE A3 A A S0 A PLEZRER LA | AR sl R RS B R 26 2 AL 5 P
e300 T AR A S X A T 3R AT HIL) AN 52 SRR sl AR I U . A A R A ) S A 2 SR e SR R
PF AR A — b PR e ), A W o e A P A e G 2 i PAHSY T T, AN
KL 25 PRI S OGS [T . RS B R 5 BB 52 RS PRI B0 A 5TK, 18 %%
TEAE W NI PAHS 1] BE 7 K i A 25 2 BRI FRE XU . 30T 4F ok [ N A1 238 T I TV 247 A W
PAHs HYRIFSE, XA [F] 25 AR BUEURHA: 72 19 2R ) o v 1) PAHSs 7K BEA T 58 DL S HLER 43T, JF JHAN IR J5 v
X EEH) B¢ T PAHS FIals SR (19 00 TR 2E AT Al 3952 1, RIS 1) B 37 S 56 A T 2B 300 25 B R ) e ol
W55 B 2TTIR, (BT AW 5 PAHS A7 5 59 B KU A nr i 1 2 670 Sy 7t —20 T i A= s i 1k
SO PR UE A= H 5l FH ) 2 AP, B 22 0 S0 T B ad S AR AT A6 B, R MU I FH i 5 ZEAE AR IR A= 1)
wé WA PERE Y [R]HEL PAHS KV R3] %2 2 EHLL T

ASSCHY H B 3R Ay el A= Wy dx o PAHS BT RE-S B0 W XU 3t —SE L, O A
Lt RS %

1 HY &SRB T PAHs BB LB 5 4375 #82 (Formation mechanism and distribution law of
PAHs during the preparation of biochar)

L1 ZE¥sh PAHS (T2 UL

PALERAL T R, AR BT RSr TR G YRR R, W B W R R4 BRAG FAL OB . A HLE R )
Pt #E b PAHS (IE AL Z Fh 24, PAHS AT DL A 57 3R FNET 4 3R AU REA% , 84 550 SO an i
B Al A BR A AR A A/E 8 H 3 S T . FE AR SO R T 4 Y 3 R RO 3 k4 32 (AL
B, Ao 2 4 A7 LR SR I 2 O B (HACA) ™, il n 7 # (1), AR X —#LHE, 2802 th oK
A R LR 2 5 AR S R B AE SR R, 2 0 | 2R A BT R IS A D J2 XUER PAHS 1Y 32 B
A XS T A D5 B RO RE S, Q03 S BRI R T R, B0 A R AL S W TT LLE i HACA J 7™ A XUER
PAHSs. X T3 A7 05 7 BRI RE iy, Q2T 45 3 FIF 27 4 3%, PAHs 3 202 38 5o Kk 7R i -Ba /R 7 52 17 ( Diels-
Alder reaction) J¥ J8 Y, JH: H I F 0 08 VIS J S I I ot 00 R Y, 4810 40 2 (2) . 3 st 2K 2R 357 -] /R
TN IS B A2 A J7 R (3) FIiz, oAb, o T2 ke S 22 TR I, 45 Sy vl RE AR 28 7 A 3 s 0 1
A PAHS!L T M 2 — i SR AY b ) P, A SR SRR ZRE R U A T LATE i HACA
I 3 — 20 A T K 4y 9 PAHSs. B B~ DL 3R PAHs AT GEFH 2 279 PAH 1 1 3865 W AL,
PO AN BE T 2R BRI 0 B 1Y) o5 — i A= U (R 43 F- i PAHS (3R A2, Liu %0 FHEER, B TEA0 B 45
Vit HACA iR42 1 3 B 4 IR 2 355 K I8 UL LA Kl 3k [ P 2 A (O 1 28 N B 180 05 F g )
1) 3 32 305 R LB, eAh, AT BB R AN s T ELF4E R | P 2P e R TR B = 19 53
f AR, AN ERLE T A iR £l PAHS TR UL

_CH

OO ™=
(1
H,

Co1—(O)—C) @
O -0~ 8
1.2 TEEE i) PAHs Fp2k

R 4l Xk N2 B 5 Pk FTE £ 16 22 ) S ik %) o B0 32, 56 [ P4 58 £ 47 JRy (United States Environmental
Protection Agency, EPA)¥f 16 # PAHs 1| {1t 5615 U, R4 R A i i, X2k &9k b 3 25 (1)
5 FRF 6 A i 41 i PAHSs: AJF (b) 2¢ 0, AIF (k) 280, RIF (a) B . 28 JF (a,h) B, 2R 7F (g hi)
J6. BIIF(1,2,3-cd) . (2)4 A543 F it PAHs: 2¢ &, 8. 2598 (a) B, T, (3)2 A0 3 SR AIMK 4
F i PAHs: 28, J& . e 2. B JE. SeRi RE - E S &R I 2 T EPA PAHSs. tb4h, M (European
Union, BU) &4 15 F PAHSs #f 2 24 & ity th 100 %6 A7 3% # 52, Fabbri 252 38 XJ £E ) 75 v i) EU PAHSs 7K
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FHEAT T 5T, 24 PAHs 7KF- T 9 AR 9 i T A& A 7=, EU PAHSs Al g2 5 [ G, ANt ix
AT 1 B — 25 PR A . Keiluweit 51 BUAMINE T AR 7™ A 1 JEFTECR) B A =X ik 2, DU F—
AT i PAHSs (918 IALBE A& 42 . (% & EPA PAHSs /K- ] RE A S A5 4 T 1Y, Ak (9 BF 58 3 ] L %
J& PAHSs M54 B 1. A ST EE 8 19 PAHSs — 48 EPA FTALE Y 16 Ff PAHS.

W 7E PAHs &2 5 it — ROAR TS B 28 Iy AC B . WP OB . VR4 . 8 509K, B, 1 s RO A
835 (HPLC) 5l AR (83 - 5T 3 (GC-MS) #4175 40 #. T A= ¥ e % PAHs HAT AR 38 i W B 68 77, B
PAAE B — 5 R T I0 22 A= 0 05 A PAHSs Al SG i, Hob i SR B AG R AR HIG] | AEBO, I A 8. R
H: W) 7% ki U (European Biochar Certificate, EBC) Hr 477 i) 7 s 2 i FH FH 2R JE 7 R QR B, SR 5 R4 T
35 BT (GC-MS) 23 11, 36 h A 2 42 SR 1% I 15 9 S 1 2 U ] & 121, 25 24 e ol 156 T, AR S v
PAHs 7 it — 48 A=Yk PAHs B,

1.3 PAHs £ . S = A0 20 A B

A RS RN L WL S 3 R SR ARG R A S T AR AR R AR e
() PAHSs. 2 T %48 #fif ok 2 b A2 B PAHSs (43 A A, —SBRF 58 04 1 iR I T 45 2R ) el R AR
B A i s A S Y PAHS. 5 BEAE R TS Rk, 2B Wi AR ) RURs e i — 20 ek, R EATTAR
Al BEKS PAHS Hir ik 2 FR5E .

Zhao SE [R5 2 BH, K4 PAHs 2 AEAE P (72.7%—94.6%) , (A —/NEBAAR B e A
B (1.7%—11.1%) FA YIS (2.2%—16.2%) . MU, Fagernas %50 & B, 4356 62%. 37% FI{Y
A 0.6% ) PAHs A 7E£E 3l SRR ser. T 0L, B TR IR R ST, 2k P i PAHs H 5 A
TR/ —845, KR4y PAHs HRFEA T A4 rp7,

2 AYRY PAHs S BN lﬂ?(lnﬂuencing factors of PAHs content in biochar)

AN [ JEORE RS 5 A N AS B B A Wk h PAHSs B 5 USR5 BE AT RBAH 25 LA, e n, R 2 paee
FWI AWy o b 2 B A v 1Y PAHL G 2 4% (BUZSFNEE ) BARr 8219 PAHS (5 &L B9 KER 43, (HA A 1]
A1, 4N Eugenia Gonzalez 552 7£ 400—600 °C T il £ (14 e 32 7c £ Wy o b e 20 PAHs & JE . EEAIE
Devi il Saroha™ & IUAERE AR 15 I, FE2 e+ 5 /Y PAHS,7E 200 °C, 300 °C., 400 C 1Y E T
A 5 A e v O B g = 1Y PAHS 43 51 T AR L AN EE L FERTE . S0 AR ) A PAHS & IR R AR
%, [ BRI L K R, DU A W) 5 9 PAHS, 75 W5 T 1 AR P k.

2.1 AR

il E W TR B BARIRE VB FBL G 3 300—700 °C, Rl Ak A r= v R FEIE 400—600 °CR,
TESCHRH R R B A W 7 v PAHS 75 12t B T B2 28 A0 1) — B0 32, AR X v 0 1 A o WP 38R, 82 o i 5 2 7
T IR 0 e A AR W P BR T PAHS BB LS, IR AR T T AE W) B PAHS YR EE . X
FHLEE (PAHSs B9 AT PAHS B9V A0 ) AR R I 32 B T oo T 1 5 (PAHSs B8 B4 i i v AR R AR A= )
s PAHs BRI ), iX L0 AT DUy A 278 SCRR v R $R 2 4R ¥ 7 b PAHS & 5 Fifi il 32 722 A — S0y
%%[28].

U B2 38 50 35 AN 7] PAH [ 32 B2 7 —SEF5E 0 ) rp B B A T R AR R AR ) 1 A
PAHs ¥ JEREAR, | & 73 F & PAHs WK EERG N, {H7E Zhang 550 B S50 v 5 3 6 PR PAHs W FEH 2
I A0 (59 1. Kloss 2514 & PR & i IR (400, 460, 525 °C) B TH &, 16 T 5% 10 A= W de 2 H v
PAHs #9240 s R UL 25 19 5 1a] 22 4k Dunnigan 2502 3 & B, X T4 —Fh7E 400 °C 31| 800 °C Z|H]
AP B A ok, B B PAH WA 2%, v R 38 I IR RE 1 T v T EE . X AT e PO TE SR T A
IR T 5 AL ISR 1 4 3] 6 BF PAHSs 1 U0, 38 A 73 1 PAHSs #5324 R Bk e /Ny
it PAHs, filanZs.

Keiluweit 51" {5250 v, fe e BURIRLEE>600 °C AT i AT 2 HUAY PAHS ¥R B2 e/ ME, X AT BB S f TR
i AR R, O AR TG AL G W 4 G T R | AN AT ZE U AR G5, F/si i T e Al R B N4 5 AR B T 1y
R LB W) ¢ AR R A A ) WG BP0 177 5 B 1 e T A 0 AL T B 5 e i O, PR BT (1) ¥ it
TR0 A= 9 ety > 1) PAHSs JRURS: Fie /B (2) HA TR K9 & 22 PAHSs IORE /1. 25U, Devi fil Saroha®! Wi4<
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FILE 500 C T AMFAE L) 15 I AE W ik rh A AE K i 1 3508 A0S A8 1 PAHS, 17X 264k 4 1) Wk B A
600 °C B {23 TR, 7£ 700 °C By 3AR 0 A= ) e v ARl il 1), 29 RSN % BR300 v T B T 1 B Tl
iAW % Th 9 PAHSs 7 it K CH R B0 KU &6 T R T . — S8R A, 76 7%5 J& PAHSs 15 0L T,
32 v VA AR R R 2 AR LAY TR AR B A A P gk

22 YRk

— SO AR R R R (0 JFURE AR R R AR W R Y PAHS YR AR T 2l SRR E R A
B A SRR AE 7 A B AR ) Bk . Fabbri 5502 kB0, R T AR 1) 0T 92 08 BRGS0 AR 08 AR W e EL A SR IR Y R B
PAHs 7K F- (<10 pgg™'). Weidemann 55" (14 S 56 v, /INA2 RS FFATT Az 2B W0 7 1) PAHSs Wk 3 (FF B8 2808 1l
) LS IR JEURE HR 3R A5 1 PAH ¥ BE (1 7 5,100 HL DU 27538 PAHS 76 /N2 R A1 A2 9 o b o7 HoAth
JE Ak ] £ 1) A 0 P BE 2. Gondek 455 FE R AIGHR B (30010 ) °C) T FAF A 0 A LS, TSRS T A4 9 ¢
W PAHs & e, AJE AW PAHs & i ik, Buss 252 (B 58 R RS FF (50/50 /N2« T SERFRS FT)
AW B PAHSs 13 B SR OR (5/95 #8: mAZ) LE W i i) 5.8 A5, (HL AN ORI AR BT 28 & R AR R 20
ARBRE S EILEMREX — A, BRI S A AR WA BAF, mH C. H. N, O LR &
DL A Y R AP Y R A K22 5, X T RE VT LU RE PAHSs & 51122 5% Keiluweit 261 BEH]
FEFF OR BT 20 Z 19 3 SE 20 R AT ) FIAR M (& & AR A A VR 5B, K BLAE 400 °C, AR A A=) e
PAHs 1Y 5% & (Y PAHs) 8 i #5 FF A ok 1 2 4855 7E 500 °C IF, F5FF A= ) ol 5k ARM AR 1) /¢y PAHSs 1)
29 3.7 4%, LA, BRI SRR B 0 A= 4 T rh PAHS AR B I 2R B B Y.

Qiu 5 ML, 7 450 C BTN, MY FR AT A 0 A Wk 1) PAHSs Vi B fic v, T Sh i IR A A=
(A= 0 R AR . 0710 8 o v 2 A ML R B RS, B AR 1 T PAHS (198577 f. AL, 7€ Zhang 452
AIRIETE Y, T8 25 2 IR T, WLEE B A W e Y 16PAHS 5 HJK 73 & i I IE A GG & Wi W] 1™
YyTE e PAHSs B A% AR AE .

Van-Truc 2505 BAIFSE b BT A WnME s A= 49 ¢ 19 PAHS Sk i (562—850 ng-kg ™) BT LA R &R 43
TR BRI AR A A= ) ¢ 1Y PAHS SR B2, A AT TIA A Wb e A= 49y o 2 AR A I3 1 0 7 W R 5]

Rollinson™ LA 7% 1 17% FIFA A SR IK 432 552 95 48 F il 85 A= Wy e, S SAB PR R K & it 1Y
FER S AT, AT E2HUY PAHS B0 245 55 (T 16EPA PAH (187+18) pg-g ' A LT (89+19) pg-g™). XAl
B KA JEUREK 435 6 7% FRA AR A W i ELAT 58 8 1) LU 3R T AR IS K R AL AR R, X PAHSs I ¥ g
LS
2.3 AR E AR S AR

PRSA IS R AR B A W A LN S AR 7 A 1 A ) e A BE 22 1) PAHSPY, 33X AT RE SR PR O 48
Pl RS AR PAHSs $ 26 4243t T 5 2 19414>. De la Rosa 251 S 1 T 3 FiAS [m) 8 A I 7 s, 45 S 26 1]
T 3 A2 49 7 ) 4 B AR A A ) e 1R Y P A HLs (B K 247 2 (1 FH G At BAfigp Sz by 45 1) 2 5. AT i AR AE , ZE S
A 3 5 A 1 4 5 PT S KR b /b PAHs AV SE A48 A AR Wik b Al A3 2 76 A [R) SR AR
FERT, AR S i Wk B (TTEC) i 28 W 3% 22 e i 1 i 7 A I AR W) e de e 4, AL Z T, 400 °C
H1500 °C L EE R A9 ] RN 5 A 7 1 AR 0 e BLAT e R T EE RS . AR e 25 9 i TS KB B ORI £
T, 7 A AR W TR Y PAHSs B, T BRI # 3E E BE A% AE 7 B R A5 (K PAHSs YR 19 A g,
Schimmelpfennig F1 Glaser™ t4§ 45 T PAHs BYIE W32 A4 W i e 7= T2 SRS k.

AL, 380 ARSI A R T BRI AR A SR, BRI AT LAY /D PAHS 78 A= 1 ok v i R
#E. Buss 5508 1 S2 00 25 B R, e e FAA I R R 45 B I (R AS AR B, AR ) T PAHSs 9 R 3 B 4800 R
A3 A1 (0. 0.33, 0.67 L-min") TMi 415 7E Eugenia Gonzalez 2504 il 45 i 36 22 55 4 Wy %, PAHSs 14 3 ik
JEM 0.16 pg-kg ' 5 8.73 pg-kg ' AN, 16 [R] A4 R B2 AN A5E B4 B R) R, 24 4R AR 43 5 0 Lomin'
1.0 L-min" B, BN 90 HR %) PAHSs e A 2224 6 pg-kg .

2.4 XA T b

T o A SO T VX A ) e AT SO T AR T A e B T BV R, BT R PR B A P AR W e A T
REEIG B, Zhao 5 W58 T 1215 FeCly 5k Fe(NO;) 5 A KA R AT #VA A i PAHSs A FE, 5 Bl il K32
FEFFAR L, 439 2080 T 33% F1 21% 19 PAHSs JE A, F527E 500—650 C A4 #A IR T . (HAE
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HERE R, TR MR EE N, 1A Oy MR AU R TN 2] 38 2 118 JFIE 2 Fe, 40 Fe® Fl FeO, X F
b J sk AR R T R ER B PAHS i AR (C,H, il C(HsOH) 9IE . H1 T 48 FeCl; Hl Fe(NO;) 5 7 25
C,H, il CaHsOH ¥R Ji 4 i 25 B (FeCly HA B M dIAE ), 530 2 28 PAHSs BYIE Al 0812, 4K
T2 1) PAHs AW G 1, 86 07 8045 248 9y s b B9 567 PAH B8RP 2 5 (TEQ) e AR Ml A M h RAR 2.
TR v A AR 2 A ) e v PAHSs 52 M LA S HC At i 2 ot AR 4 a h PAHS (1 B2 e 3R (B AR
HATHESE.

2.5 HAKHE

CO, HIFEAERT AR T BN B A B FH Y I H 23 14 5 SRk B 7 A6 B4 R TR ) i
il SOGB4 ) L 3X R BB R TR I AR TR E AN TR, CO, A P AR I AR kR 16 B
PAH BJA HLE R FEIUS & &2 (316 Cyo, PAHSs) H N, UK 34.5%—50.7%(P>0.05) ; UM N, 2484
CO, igm 7AW e rh 16 F PAH 19 [ A #2515 (Cqee Y 16PAHSs), FfRE AR [H], 78 CO, KA H =
A2 Cree X16PAHs HLTE Ny UK 15.0%—23.7%.

K F S L R Oy XFAE sk b PAHS We B2 (952 0, BLAT 19 B2 L4870 . Madej S50 - RE S A
0.5%. 1.0% F1 2.0% [ O, PRI H A, 45 R R WITE R = i 20 3 #Re i 25 HH I PAHs Wk B2 1Y
AW, AR XS PAHs W WA B 3552 ), T TEE R K O PRFFAEFRARAKT, LSRR AR A= W 7% 1)
77 5. Hilber 8559 & BT 28 b1 A AR 52 i, X6 phy 1 B R0 22 0 0 0 B b Kb R T A 7= 1 A= e, 4
O, 7 f5 1Y TN B A= 49 o v ) PAHSs W B0 AT BH 0 A8 Ak s (RLZE Y5 1 O, FREE T 7™ 2B 19 it S A= 4 o v
PAHSs ¥ B 1 25 T . oAb, Al PRE B0 A J5 025 A e 2 g 1 ST, S50 IRAL A EL, O Ab B/ T
Ciot PAHs, Jf H 22 7 JL-F- 2 i 2 19 (P=0.09) .

Li S W58 T S AR RPRLAR RS 128 7= 9 A 9 ok P ) PAHSs & 1, R IR FERY R ARLAR X AN [543
T PAHs ¥ JE 520 A [R], BiA2 A 9.31 pm 34 % 101.9 pm, f4> 7 & PAHs Firh 43 T PAHs ¥ & %%
BN E . B A R AR K, T T PAHSs YR FE B AAIG, A AT AE MR AR FORDRIAZ N 101.9 um
B A 7 FH XU B /).

Pab FA AT LA /> PAHS 75 4%, 76 100 °C . 200 °C F1 300 °C (R E T T4 AWK 2 55 PAHs &
R, X T A RIF A A 5, 78 100 °C RS T TR 231 PAH 5 5 P {IK 33.8%—88.1%. 11 i
JE AT, PAHS MA= W) 5 SR AR R OF 5 41 U B2 42 55 21) 200 °C 11 300 °C 1, 7K ORI A e B 312 e
B, S E8UE Y ALK T IR HE— 2 B 2 R JC 3 il B 1Y PAHS, fff PAHSs & & iF— 20 B IK.

Khalid Fil Klarup™™ i 58 3R B, 24N FH 2Z 11, 4425 ) ¢ 3 53 % B8 A8 BHOC A A A ME A WK R, #%
A BT 00 A W) s R VS TE PAHS 385 L.

3 &7 PAHs A=Y BN XK PEAE (Application risk assessment of biochar containing PAHs)

AW i T IR B R, AR B 5H 19 PAHs A ] G826 B8 1 pE 3, A 2 HOW R
WS BEAT VA, AR SCHI 24 T — 2 KU DAk Y 7
3.1 PAHs &&= (YPAHs)

[l PR 9 5 1323 (International Biochar Initiative, IBI) KL% A9 4= 4 7% PAHs & & H{H % 6—20 mg-kg ™,
EBC ¥ LA A= Wy T 1) PAHs PRI 12 mg-kg™, ML A9 5 () PAHs 4K F 4 mg-kg™. {HAX
AKX 16 F PAHS (8 & 1 Y PAHSs & J6 7%k 4 IR PFA% A 9 75 0 A 455 IXURG: 1)

32 FMEHE(TEQ)

H 1 ¢ T PAHs KU PEAN & I 07 1 2 — 2 Bk Y ik, R 2R 0 722 SRR T T 3k A4S J7 .
ANFEFZE PAH BUEUEPEATE, 5L T2 4 5 N 5 (TEF) X — H ZHE&. Z9F () i I xh AZER9EL
S AR SR I H BB N S LAY, BUL TEF (B0 1, DAY 15 B PAHSs 289 B AR 4 HAHXT I (a) 1
AYECEVEIBUE, WA& 1. 1875 BRI RIS PAH /9 -FREARANE, R8s (4) fnl 55453 3 PAHSs /) TEQ.

TEQ = Z (PAH, x TEF)) (4)
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2, PAH, N5 i B PAH 09% 5, mg-kg™'; TEF, N5 i #h PAH B9E5 M Y 2 A 7190,
W T2 T R EE PR (9 PAHSs ZEA 9% T i 3= S b (o7, TEF 7] R8BI & 217 A 25 2 3 XU T4

% 1 16 flt EPA PAHs HYEEAME 5
Table 1 Partial properties of 16 EPA PAHs

PAH FF#IRing number s FHMolecular formula TEF®"!
% 2 CioHg 0.001
JJcA 3 CpHyo 0.001
e 3 CioHg 0.001
% 3 Ci3Hyo 0.001
hiss 3 Ci4Hg 0.01
I 3 Ci4Hyg 0.001
PR 4 CieHp 0.001
T 4 Ci6Hig 0.001
#If(a) 4 CisHiz 0.1
Ji# 4 CisHia 0.01
(b)) 5 CaoHyz 0.1
I (k) HEE 5 CaoHyy 0.1
#If(a) i 5 CyoHin 1
IR (ah) & 5 CypHyy 1
I (gh,i)FE 6 CpHy, 0.01
EiJf(1,2,3-cd) 2t 6 CyoHyy 0.1

3.3 Ayl FIHIH PAHs & &

FEVTAL PSR IXURS: Bsf, 38 55 ol FH ST e v B A AT KT AR 3R, (SR B AT BB R mi Al 1A AL
15 B SR AU B, Ay m] R R AL & W) = A8 A — o B TA] N AT DA SR 3 v e b 25 2o A 40 200 i B )
AW, — B R A, W, R AL RN A ik A2 0 S FE DL N & 2B L e o, s s A= ] A1 Y 4k
G AR, NS5 15 2 JH B X 3. Konczak 562 5], I 5 A= H7% 1 Cyop A Cpree PAHSs B 5 B 2
e wEZEM. —J7 1, BRI E 5 AW o X Be b B W B AEAE A O % L HE KU 5 1 L o v A b )
Ciot 1 Cgree PAHS, i 0T LAHf 2 AW 1% 5 PAHS 22 8] 04 AH BAE 38 (Ky/Kroc) - & F HAE B, 36 0] AT
I PAHs 13 #% AT e 5 28 B E 5 (POM) % 8 SR A B AR 5 F 110 7 A= o v ) FR I35 % 45 PAHs %
i, — LS R Cpee PAHS ¥R BE 75 T A 9 W 1) FH W B2 12 38 24 A= W o v A= 0 mT 1 1
PAHs i ¥ BE Y5 IS 0.17 ng'L™" & 10.0 ng-L™", I T 42 5 09 A0 X 38 35 A 3 it 0 R4 vk 3 B4, )
Hilber 4514 % Bl A 22 804 Wy 5 R i 0 A ARAR A PAHS A 4 1 J B (5L Tl /K A b A 9 01 B2 R Ak 2
BT B BB ) (025 R T5 K V5 e A= ) s BAT A [R] 138 5 FH T I 00 A 1 o ) Rk, AR
2 15 KI5 AT AP R TP Chee PAHS, LLITAR 5 HAR FHAH 5G9 XU . Zielinska 1 Oleszezuk®” &
U5 KI5 Ve A= 0 5 T % B Crree PAHS EUAH R (975 KI5 Je 0 LA, FEAE e b R R B S F1 6 S fbA 4,
Chree PAHS Ik, 575 YL TR Hh ik 2640 G- W Y B it AH 2, JF HAE KR 04l o Cre PAHS 52921 1Y
TR Z SR RELR.
34 Y. RE IS

7E Rombola 5E5 R A& ZFSC 80, R B K& K 3890 A ) 1< () 5 PR W 0 08 1 6 KA A A= 4 e Ox
Pl &R AN, (B BRI ZE B PAHS W) BEAH 24, T LA PAHSs A2 r SR 21 (0 350 7= A i s A
Zhang 50 i 25 (K B AT AR W) 5 10 T 4 T S AR, PAHS 25l BEXT /K A PR BT R XU, 2 1 o 4 A
S 16EPA PAHs M A4 5 it (A 1 1R ARAIG, 7T REAS J2 X 28 T 7K 22 05 s Al 67 T 52 il ) B2 DL K. B
PRI B TH i, AR TP E 4 JB AY. 16EPA PAHS 1Y A 4 01 A1 AL 43 BA. A AT TIA R 76 577 <3% T
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YT i, A= vl g ] L2242 b F T UTRRAIME & . Oleszezuk 5557 X A= 4 e 1 25 B2 P PAN R E —
RYVKEY) . AR | S AE Sh A S sl P AR ) S0 A A T R AT 0. AT A AR SR T R R A
J&, PAHSs (1) 5% 1 P GEAS B L IF A9 B, (HASCF X0 R B Bk, PAHS & it 5 83 1 =2 [H] F 30 i dnb 25 1) 4 G
P£. Yang 5505 RG MR G T AR W) o 5k, B 48 150 RN R0 200 19 A 471 S 0 AR et T SRS s %) 4% P 3
45 S W AR Wy e X SRR 1) A A7 AR DD S A PR, T R VR B AR R AR i 4 R A A R TS
R 4> Jm F1 PAHSs 1933 15 ARG, AT REAS 24 ] 240 it 26 1< 1% 3 225 R . Gondek S50 A7 $R 2 AE
BN B FCR T A FE5 PAHs & A 86 R R BHAIEYE . SR 17, Anjum 2509 78 Ames V0[] FG B /W0RE
AR AR A I8 AL 2 A Wk PAHs B WA B9 B R A2 /E . Oleszezuk il Koltowski®! #F 57 T 484
[ A R A 3 (fh 2 2 1b . B eth . Y3 tb) B9 AE Wk i 5L PAHs. [ B 2S PAHS FlIEE A8
b, & BAERZHCEA T, PAHS F 1 (Coops Cpee) FIFETEIA FFFEAR, 12— MR A 3. Ml fi 138
RIEATRE Co PAHs AL S MR R A K ONEREFF A W o . QR0 ¢ ) R ) 2% FCN R &
(R AW ) B A TEATATIE LR, Chee PAHs 5 TS 0 TRV S50 2 R BRI A B 35 10 HH G 1
(P>0.05).

De la Rosa 507 (il 2 S50, A AR B PAHSs V5 4% (1) L3P 43 B N 10, 20, 40 tha' 19 4 B A4
e AE A 39 rp s A S TR B PAHS. FR I 10 tha ' A A AE AL 4875 U8 28 9 ¢ i 38 16 Fh PAHS Y
BRI, R AL G A AR T R A AR e R g, 3 PAHSs 1 B i 21 R OR 1
10 f%; 20 t-ha™ 1 40 t-ha™" (945 9 5 VR 04 PAHSs e B 438 o 58] 55 ) {2 46 ) A 85 fek 9 (B T A AR AR
DU SR TIU R 10 45). A0SR E Ml L g s 7 A= A W eVl -3 R, 62004 SN Kusmierz 551
FEPA P 1 B3 S50 b, AR B AE 3P A AR Y 530 PAHSs & 350, PAHS (193505 A= % 1) it
FHHE S IF . {B A W 5 4 PAHs & 290 4 mg-kg (AR 4 IBL, 40 55 9% 2 W B¢ ) I % A 5] 4 g8 v
PAHSs 7 A4 W32 10 0. BRAE7E A= 0 % i i 45 tha, A2 S8k PAHs & i V. 18 kK IR
i A 8 TR AE A A R 1R R I B R, D) PAHS (R ACME SR, (R AE A Y s B R R 3 3R
4 P PAHs R PR 8/ 2 FT BE Y. AT 58 A — AN (LA FH D A9 0] A2 PAHSs [m) + 38 ) 1 VR Ak (3 75
Wang 4512 2 T 35 Fl A= ) o v PAHSs ZKF-, b 2B W ¢ 3l L 52 36 2 ) 4 1) 26 0 e ELAT B 1Y
PAHs B &, B 24 5 A0 40 TR (9 PAHS ¥ B8 U Ll S0 56 2 i 4 1) o . AU A 30 2o 38 25 R R F 52 56
(AW i 328 3%), M2 T PAHs 7Eg T AR R, THE T B R & 8 3 i 42 ik PAHSs Jir 53K
1R 26 2 9 RE XU 3 B (ILCRO B 45 SRR W, S48 35 R A= ¥ s b PAHSs ¥ B2 K o IBI B 1LY PAH g
#E 20 mg-kg!, I HLKHS /3£ W) 0k b ) PAHS kB #59{% F EBC (19 PAH 457, {H ILCR {H A/ i 7m %5 5K
{18t B JXU G
3.5 HABEAG ik

DN R iR A A W i T PAHSs B9 AR 25 KU DAL B R 2 2% i (e, R 1 DA R AR it T S
S PAHs FIVETEA S RGN, Zhang 2520 R A T H T £ KBS, 718 T PAHs MHARE
25 KBS A5 1 (RQus) A 52 155 242 25 MU 1 (RQupes) - T 20 B PEAS 25 50 LR i, W5 1E W % B8 e 1k
A R T A RO B 2 )5, E IR R AR 1% A OL T, 2R T PAHS [ 7E
A 25 AU A X AR

4 25581 (Conclusion and suggestions)

BEREARA Y PAHS AR R i KUBS:, 28 7 HBCA DL BT AR W o, AR SCAH S I 458 5l LA R

(1) il 85 A= e ok B v PAHSs 177 A= 2 A ATk 50 1Y, 08 L3 2 R 220, AT DL HOE BUHLEE A
T, LB IE PAHs BJE B& 2. W SO 4R 21 (19 Fe 54 R AE 9 i BE A4 ) 96 Fp 25 22 19 PAHSs Aij 14
(CH, 1 CHsOH) BYIE A, 2R FH LAl B9 2ot Ty B RE 4R TH A= W ok 0 P RE, SCRBIS/D PR IKUBS:, 1531 T
— 2R YRR

(2) MR HT A BIBEFE, A9 2 i PAHSs &t 1 5200 PR 3R v 5 i e R, S OB PR 3R R AU IRLEE L R
[F] A WL T T 5 B 2R ) e PAHSs 5 i 22 5 AT DL B L% 2 22, JAS IR B2 X T PAHS R 288 1Y 52 e
AR, 33X — STERT S AR IR. AT UL, PSR IR X ] 28 it ] £ A AR X 658 s 1) 26 W e AT B 8
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B AR T LSBT53 T A i b PAHSs (Y& 5 KU K- AN, 2R h PAHS (985 224
T8 (AR B | T A | U 8 A ) RV A 25 3R 2 0 o D A R i 2 A 2 B A 52 i
R, BRI AR TALGE S, LR BA REWS 1 7 W2 JsURHA PAHS 7 & /b, iUl HT BB 0
v, SR R ) 7 5, 3 Y A4 e 2O, P AR R O, B BERGSZ A RPN B, R BOK HLAR
AT AR K 5 AR T e A 00, R LR FH Wiy 17 o i 0 A 25 1E 58 S 30 45 07 vk (Vi i f2 v i CO,
ST RA LA 25 00k P CEE R A 1) ] AR S Bl B0 2R S R 75 2R . O T HA — Se i e A ol
IR ARMWFFEAL 4 T 0045 b PR 1% (L AnFA A BT A% AR BOREARS ) B9 52 W) v BB 7 2 E— 20 BRI, 17 ELAT 9 4%
PECHe i —Le oAb 1) ol B8 H AT IS BA AWEAE, 1075 E AT 3 22 A B X PRS2 56 2 J2 AR X T At A
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J— € BRI
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¢ 500)J& PAHS 475 538 v ) R e A= W) ) T B8 DL S FERE ) rh AR SR BE g S 2, e B S 2 1 T fik. I,
T8 A W) I R FH 2 BT, e 2 1A A 300 AR DA ) 92 6 A A G KU S B i S EAAR ) A o
XU A A R A 225 T i (D)

5% 3Lk (References)

[ 1] BAEK S O, FIELD R A, GOLDSTONE M E, et al. A review of atmospheric polycyclic aromatic hydrocarbons: sources, fate and
behavior [J]. Water Air and Soil Pollution, 1991, 60(3-4): 279-300.

[ 2] KHALILI N R, SCHEFF P A, HOLSEN T M. PAH source fingerprints for coke ovens, diesel and gasoline engines, highway tunnels
and wood combustion emissions [J]. Atmospheric Environment, 1995, 29(4): 533-542.

(3] Hhek, skak, T, 4. AW BAR M B0k SR TG PEAR S I (0] 3R 8E4k2#, 2019, 38(11): 2425-2434.
MA C R, ZHANG X C, WANG P, et al. Effect of physical and chemical properties of biochar on its reactivity [J]. Environmental
Chemistry, 2019, 38(11): 2425-2434(in Chinese).

[ 4] KLOSS S, ZEHETNER F, DELLANTONIO A, et al. Characterization of slow pyrolysis biochars: Effects of feedstocks and pyrolysis
temperature on biochar properties [J]. Journal of Environmental Quality, 2012, 41(4): 990-1000.

[ 5] HILBER I, BLUM F, LEIFELD J, et al. Quantitative determination of pahs in biochar: A prerequisite to ensure its quality and safe
application [J]. Journal of Agricultural and Food Chemistry, 2012, 60(12): 3042-3050.

[ 6] AHMAD M, RAJAPAKSHA A U, LIM J E, et al. Biochar as a sorbent for contaminant management in soil and water: A review [J].
Chemosphere, 2014, 99: 19-33.

[ 7] KUSMIERZ M, OLESZCZUK P. Biochar production increases the polycyclic aromatic hydrocarbon content in surrounding soils and
potential cancer risk [J]. Environmental Science and Pollution Research, 2014, 21(5): 3646-3652.

[ 8] LIUWIJ LIW W, JIANG H, et al. Fates of chemical elements in biomass during its pyrolysis [J]. Chemical Reviews, 2017, 117(9):
6367-6398.

[ 91 WILLIAMS P T, WILLIAMS E A. Fluidised bed pyrolysis of low density polyethylene to produce petrochemical feedstock [J].
Journal of Analytical and Applied Pyrolysis, 1999, 51(1-2): 107-126.

[10] CUNLIFFE A M, WILLIAMS P T. Composition of oils derived from the batch pyrolysis of tyres [J]. Journal of Analytical and
Applied Pyrolysis, 1998, 44(2): 131-152.

[11] KIM D H, MULHOLLAND J A, WANG D, et al. Pyrolytic hydrocarbon growth from cyclopentadiene [J]. Journal of Physical
Chemistry A, 2010, 114(47): 12411-12416.

[12] FABBRI D, ROMBOLA A G, TORRI C, et al. Determination of polycyclic aromatic hydrocarbons in biochar and biochar amended
soil [J]. Journal of Analytical and Applied Pyrolysis, 2013, 103: 60-67.

[13] KEILUWEIT M, KLEBER M, SPARROW M A, et al. Solvent-extractable polycyclic aromatic hydrocarbons in biochar: Influence of
pyrolysis temperature and feedstock [J]. Environmental Science & Technology, 2012, 46(17): 9333-9341.

[14] ZHAOL,ZHAO Y H,NAN H Y, et al. Suppressed formation of polycyclic aromatic hydrocarbons (PAHs) during pyrolytic production


https://doi.org/10.1007/BF00282628
https://doi.org/10.1016/1352-2310(94)00275-P
https://doi.org/10.2134/jeq2011.0070
https://doi.org/10.1021/jf205278v
https://doi.org/10.1016/j.chemosphere.2013.10.071
https://doi.org/10.1007/s11356-013-2334-1
https://doi.org/10.1021/acs.chemrev.6b00647
https://doi.org/10.1016/S0165-2370(99)00011-X
https://doi.org/10.1016/S0165-2370(97)00085-5
https://doi.org/10.1016/S0165-2370(97)00085-5
https://doi.org/10.1021/jp106749k
https://doi.org/10.1021/jp106749k
https://doi.org/10.1016/j.jaap.2012.10.003
https://doi.org/10.1007/BF00282628
https://doi.org/10.1016/1352-2310(94)00275-P
https://doi.org/10.2134/jeq2011.0070
https://doi.org/10.1021/jf205278v
https://doi.org/10.1016/j.chemosphere.2013.10.071
https://doi.org/10.1007/s11356-013-2334-1
https://doi.org/10.1021/acs.chemrev.6b00647
https://doi.org/10.1016/S0165-2370(99)00011-X
https://doi.org/10.1016/S0165-2370(97)00085-5
https://doi.org/10.1016/S0165-2370(97)00085-5
https://doi.org/10.1021/jp106749k
https://doi.org/10.1021/jp106749k
https://doi.org/10.1016/j.jaap.2012.10.003

2386 7N 54 1t

3

40 %

[15]

L16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

of Fe-enriched composite biochar [J]. Journal of Hazardous Materials, 2020, 382.

VAN-TRUC N, THANH-BINH N, CHEN C W, et al. Influence of pyrolysis temperature on polycyclic aromatic hydrocarbons
production and tetracycline adsorption behavior of biochar derived from spent coffee ground [J]. Bioresource Technology, 2019, 284:
197-203.

FAGERNAS L, KUOPPALA E, SIMELL P. Polycyclic aromatic hydrocarbons in birch wood slow pyrolysis products [J]. Energy &
Fuels, 2012, 26(11): 6960-6970.

TR, R, BRI SRUPRI L Yk i B T 2 I ORI AR AR ST SRR [ Al RS RR AR A AR, 2016, 35(11):
2210-2215.

LUO F, SONG J, CHEN M F. Generation, distribution and toxicity characteristics of polycyclic aromatic hydrocarbons during the
preparation of biochar from rapeseed cake [J]. Journal of Agro-Environment Science, 2016, 35(11): 2210-2215(in Chinese).

NG, FUEH, FH, 55 LR Y Bk Th 205 R B TE PR KU D s gt g L], R R, 2016, 53(6): 1357-1370.

LI Z B, WANG C Y, JIANG X, et al. Environmental risk of polycyclic aromatic hydrocarbons(PAHs)in biochar [J]. Acta Pedologica
Sinica, 2016, 53(6): 1357-1370(in Chinese) .

DE LA ROSA J M, SANCHEZ-MARTIN A M, CAMPOS P, et al. Effect of pyrolysis conditions on the total contents of polycyclic
aromatic hydrocarbons in biochars produced from organic residues: Assessment of their hazard potential [J]. Science of the Total
Environment, 2019, 667: 578-585.

ZHANG G X, ZHAO Z H, GUO X F, et al. Levels of persistent toxic substances in different biochars and their potential ecological risk
assessment [J]. Environmental Science and Pollution Research, 2018, 25(33): 33207-33215.

WEIDEMANN E, BUSS W, EDO M, et al. Influence of pyrolysis temperature and production unit on formation of selected PAHs, oxy-
PAHs, N-PACs, PCDDs, and PCDFs in biochar-a screening study [J]. Environmental Science and Pollution Research, 2018, 25(4) :
3933-3940.

DUNNIGAN L, MORTON B J, VAN EYK P J, et al. Polycyclic aromatic hydrocarbons on particulate matter emitted during the co-
generation of bioenergy and biochar from rice husk [J]. Bioresource Technology, 2017, 244: 1015-1023.

FREDDO A, CAI C, REID B J. Environmental contextualisation of potential toxic elements and polycyclic aromatic hydrocarbons in
biochar [J]. Environmental Pollution, 2012, 171: 18-24.

EUGENIA GONZALEZ M, ROMERO-HERMOSO L, GONZALEZ A, et al. Effects of pyrolysis conditions on physicochemical
properties of oat hull derived biochar [J]. Bioresources, 2017, 12( 1) : 2040-2057.

DEVI P, SAROHA A K. Effect of pyrolysis temperature on polycyclic aromatic hydrocarbons toxicity and sorption behaviour of
biochars prepared by pyrolysis of paper mill effluent treatment plant sludge [J]. Bioresource Technology, 2015, 192: 312-320.

ERRAL, RAGH, T, &5 AW 0 ok i A A% A B P B SCHR AT L) AR 8 9 SRR 2412, 2017, 23(6) : 1622-1630.
QIU L Z, ZHU X Y, MA B, et al. Literature analysis on properties and pyrolyzing conditions of biochars [J]. Journal of Plant Nutrition
and Fertilizer, 2017, 23(6) : 1622-1630(in Chinese) .

WANG C Y, WANG Y D, HERATH H. Polycyclic aromatic hydrocarbons (PAHs) in biochar - Their formation, occurrence and
analysis: A review [J]. Organic Geochemistry, 2017, 114: 1-11.

BUSS W, GRAHAM M C, MACKINNON G, et al. Strategies for producing biochars with minimum PAH contamination [J]. Journal
of Analytical and Applied Pyrolysis, 2016, 119: 24-30.

SUN H W, ZHOU Z L. Impacts of charcoal characteristics on sorption of polycyclic aromatic hydrocarbons [J]. Chemosphere, 2008,
71(11):2113-2120.

ZIELINSKA A, OLESZCZUK P. Effect of pyrolysis temperatures on freely dissolved polycyclic aromatic hydrocarbon (PAH)
concentrations in sewage sludge-derived biochars [J]. Chemosphere, 2016, 153: 68-74.

SHARMA R K, WOOTEN J B, BALIGA V L, et al. Characterization of chars from pyrolysis of lignin [J]. Fuel, 2004, 83( 11-12) :
1469-1482.

SHARMA R K, HAJALIGOL M R. Effect of pyrolysis conditions on the formation of polycyclic aromatic hydrocarbons (PAHs) from
polyphenolic compounds [J]. Journal of Analytical and Applied Pyrolysis, 2003, 66( 1-2): 123-144.

GONDEK K, MIERZWA-HERSZTEK M, BARAN A, et al. The effect of low-temperature conversion of plant materials on the
chemical composition and ecotoxicity of biochars [J]. Waste and Biomass Valorization, 2017, 8(3): 599-609.

QIU M Y, SUN K, JIN J, et al. Metal/metalloid elements and polycyclic aromatic hydrocarbon in various biochars: The effect of
feedstock, temperature, minerals, and properties [J]. Environmental Pollution, 2015, 206: 298-305.

ROLLINSON A N. Gasification reactor engineering approach to understanding the formation of biochar properties [J]. Proceedings of
the Royal Society a-Mathematical Physical and Engineering Sciences, 2016, 472(2192): 1-19.

COLE D P, SMITH E A, LEE Y J. High-resolution mass spectrometric characterization of molecules on biochar from pyrolysis and
gasification of switchgrass [J]. Energy & Fuels, 2012, 26(6) : 3803-3809.

DE LA ROSA J M, PANEQUE M, HILBER 1, et al. Assessment of polycyclic aromatic hydrocarbons in biochar and biochar-amended


https://doi.org/10.1016/j.biortech.2019.03.096
https://doi.org/10.11654/jaes.2016-0529
https://doi.org/10.11654/jaes.2016-0529
https://doi.org/10.1016/j.scitotenv.2019.02.421
https://doi.org/10.1016/j.scitotenv.2019.02.421
https://doi.org/10.1007/s11356-018-3280-8
https://doi.org/10.1007/s11356-017-0612-z
https://doi.org/10.1016/j.biortech.2017.08.091
https://doi.org/10.1016/j.envpol.2012.07.009
https://doi.org/10.1016/j.biortech.2015.05.084
https://doi.org/10.11674/zwyf.17031
https://doi.org/10.11674/zwyf.17031
https://doi.org/10.11674/zwyf.17031
https://doi.org/10.1016/j.orggeochem.2017.09.001
https://doi.org/10.1016/j.jaap.2016.04.001
https://doi.org/10.1016/j.jaap.2016.04.001
https://doi.org/10.1016/j.chemosphere.2008.01.016
https://doi.org/10.1016/j.chemosphere.2016.02.118
https://doi.org/10.1016/j.fuel.2003.11.015
https://doi.org/10.1016/S0165-2370(02)00109-2
https://doi.org/10.1007/s12649-016-9621-2
https://doi.org/10.1016/j.envpol.2015.07.026
https://doi.org/10.1016/j.biortech.2019.03.096
https://doi.org/10.11654/jaes.2016-0529
https://doi.org/10.11654/jaes.2016-0529
https://doi.org/10.1016/j.scitotenv.2019.02.421
https://doi.org/10.1016/j.scitotenv.2019.02.421
https://doi.org/10.1007/s11356-018-3280-8
https://doi.org/10.1007/s11356-017-0612-z
https://doi.org/10.1016/j.biortech.2017.08.091
https://doi.org/10.1016/j.envpol.2012.07.009
https://doi.org/10.1016/j.biortech.2015.05.084
https://doi.org/10.11674/zwyf.17031
https://doi.org/10.11674/zwyf.17031
https://doi.org/10.11674/zwyf.17031
https://doi.org/10.1016/j.orggeochem.2017.09.001
https://doi.org/10.1016/j.jaap.2016.04.001
https://doi.org/10.1016/j.jaap.2016.04.001
https://doi.org/10.1016/j.chemosphere.2008.01.016
https://doi.org/10.1016/j.chemosphere.2016.02.118
https://doi.org/10.1016/j.fuel.2003.11.015
https://doi.org/10.1016/S0165-2370(02)00109-2
https://doi.org/10.1007/s12649-016-9621-2
https://doi.org/10.1016/j.envpol.2015.07.026

8

TR - A= 5 b 22 PR 05 a8 1 35 7K S R XU B 5 5k 2387

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]
[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

agricultural soil from Southern Spain [J]. Journal of Soils and Sediments, 2016, 16(2): 557-565.

SCHIMMELPFENNIG S, GLASER B. One step forward toward characterization: some important material properties to distinguish
biochars [J]. Journal of Environmental Quality, 2012, 41(4): 1001-1013.

KWON E E, OH J I, KIM K H. Polycyclic aromatic hydrocarbons (PAHs) and volatile organic compounds (VOCs) mitigation in the
pyrolysis process of waste tires using CO, as a reaction medium [J]. Journal of Environmental Management, 2015, 160: 306-311.
KWON E E, JEON Y J, YI H. New candidate for biofuel feedstock beyond terrestrial biomass for thermo-chemical process
(pyrolysis/gasification) enhanced by carbon dioxide (CO,) [J]. Bioresource Technology, 2012, 123: 673-677.

GAO S P, ZHAO J T, WANG Z Q, et al. Effect of CO, on pyrolysis behaviors of lignite [J]. Journal of Fuel Chemistry and
Technology, 2013, 41(3): 257-264

KONCZAK M, GAO Y Z, OLESZCZUK P. Carbon dioxide as a carrier gas and biomass addition decrease the total and bioavailable
polycyclic aromatic hydrocarbons in biochar produced from sewage sludge [J]. Chemosphere, 2019, 228: 26-34.

MADE] J, HILBER I, BUCHELI T D, et al. Biochars with low polycyclic aromatic hydrocarbon concentrations achievable by pyrolysis
under high carrier gas flows irrespective of oxygen content or feedstock [J]. Journal of Analytical and Applied Pyrolysis, 2016, 122:
365-369.

HILBER I, MAYER P, GOULIARMOU V, et al. Bioavailability and bioaccessibility of polycyclic aromatic hydrocarbons from (post-
pyrolytically treated) biochars [J]. Chemosphere, 2017, 174: 700-707.

LIY G, LIAO Y, HE Y, et al. Polycyclic aromatic hydrocarbons concentration in straw biochar with different particle size/[C]. LI J,
DONG F. Selected Proceedings of the Tenth International Conference on Waste Management and Technology, 2016: 91-97.
KOLTOWSKI M, OLESZCZUK P. Toxicity of biochars after polycyclic aromatic hydrocarbons removal by thermal treatment [J].
Ecological Engineering, 2015, 75: 79-85.

KHALID F N M, KLARUP D. The influence of sunlight and oxidative treatment on measured PAH concentrations in biochar [J].
Environmental Science and Pollution Research, 2015, 22(17): 12975-12981.

DUNNIGAN L, MORTON B J, HALL P A, et al. Production of biochar and bioenergy from rice husk: Influence of feedstock drying on
particulate matter and the associated polycyclic aromatic hydrocarbon emissions [J]. Atmospheric Environment, 2018, 190: 218-225.
TSAI' W T, MI H H, CHANG J H, et al. Levels of polycyclic aromatic hydrocarbons in the bio-oils from induction-heating pyrolysis of
food-processing sewage sludges [J]. Journal of Analytical and Applied Pyrolysis, 2009, 86(2): 364-368.

NISBET I C T, LAGOY P K. Toxic equivalency factors (TEFs) for polycyclic aromatic-hydrocarbons (PAHs) [J]. Regulatory
Toxicology and Pharmacology, 1992, 16(3): 290-300.

VERSTRAETE W, DEVLIEGHER W. Formation of non-bioavailable organic residues in soil: Perspectives for site remediation [J].
Biodegradation, 1997, 7(6): 471-485.

SEMPLE K T, DOICK K J, JONES K C, et al. Defining bioavailability and bioaccessibility of contaminated soil and sediment is
complicated [J]. Environmental Science & Technology, 2004, 38(12): 228A-231A.

HARMSEN J, NAIDU R. Bioavailability as a tool in site management [J]. Journal of Hazardous Materials, 2013, 261: 840-846.

HALE S E, LEHMANN J, RUTHERFORD D, et al. Quantifying the total and bioavailable polycyclic aromatic hydrocarbons and
dioxins in biochars [J]. Environmental Science & Technology, 2012, 46(5): 2830-2838.

ROMBOLA A G, MARISI G, TORRI C, et al. Relationships between chemical characteristics and phytotoxicity of biochar from
poultry litter pyrolysis [J]. Journal of Agricultural and Food Chemistry, 2015, 63(30): 6660-6667.

ZHANG C, SHAN B Q, JIANG S X, et al. Effects of the pyrolysis temperature on the biotoxicity of phyllostachys pubescens biochar in
the aquatic environment [J]. Journal of Hazardous Materials, 2019, 376: 48-57.

OLESZCZUK P, JOSKO I, KUSMIERZ M. Biochar properties regarding to contaminants content and ecotoxicological assessment [J].
Journal of Hazardous Materials, 2013, 260: 375-382.

YANG X, Ng W, Wong B S E, et al. Characterization and ecotoxicological investigation of biochar produced via slow pyrolysis: Effect
of feedstock composition and pyrolysis conditions [J]. Journal of Hazardous Materials, 2019, 365: 178-185.

ANJUM R, KRAKAT N, REZA M T, et al. Assessment of mutagenic potential of pyrolysis biochars by Ames Salmonella/mammalian-
microsomal mutagenicity test [J]. Ecotoxicology and Environmental Safety, 2014, 107: 306-312.

OLESZCZUK P, KOLTOWSKI M. Changes of total and freely dissolved polycyclic aromatic hydrocarbons and toxicity of biochars
treated with various aging processes [J]. Environmental Pollution, 2018, 237: 65-73.

KUSMIERZ M, OLESZCZUK P, KRASKA P, et al. Persistence of polycyclic aromatic hydrocarbons (PAHs) in biochar-amended
soil [J]. Chemosphere, 2016, 146: 272-279.

WANG J, XIA K, WAIGI M G, et al. Application of biochar to soils may result in plant contamination and human cancer risk due to

exposure of polycyclic aromatic hydrocarbons [J]. Environment International, 2018, 121: 169-177.


https://doi.org/10.1007/s11368-015-1250-z
https://doi.org/10.2134/jeq2011.0146
https://doi.org/10.1016/j.biortech.2012.07.035
https://doi.org/10.1016/S1872-5813(13)60017-1
https://doi.org/10.1016/S1872-5813(13)60017-1
https://doi.org/10.1016/j.chemosphere.2019.04.029
https://doi.org/10.1016/j.jaap.2016.09.005
https://doi.org/10.1016/j.chemosphere.2017.02.014
https://doi.org/10.1016/j.ecoleng.2014.11.004
https://doi.org/10.1007/s11356-015-4469-8
https://doi.org/10.1016/j.atmosenv.2018.07.028
https://doi.org/10.1016/j.jaap.2009.08.010
https://doi.org/10.1016/0273-2300(92)90009-X
https://doi.org/10.1016/0273-2300(92)90009-X
https://doi.org/10.1007/BF00115294
https://doi.org/10.1016/j.jhazmat.2012.12.044
https://doi.org/10.1021/acs.jafc.5b01540
https://doi.org/10.1016/j.jhazmat.2019.05.010
https://doi.org/10.1016/j.jhazmat.2013.05.044
https://doi.org/10.1016/j.jhazmat.2018.10.047
https://doi.org/10.1016/j.ecoenv.2014.06.005
https://doi.org/10.1016/j.envpol.2018.01.073
https://doi.org/10.1016/j.chemosphere.2015.12.010
https://doi.org/10.1016/j.envint.2018.09.010
https://doi.org/10.1007/s11368-015-1250-z
https://doi.org/10.2134/jeq2011.0146
https://doi.org/10.1016/j.biortech.2012.07.035
https://doi.org/10.1016/S1872-5813(13)60017-1
https://doi.org/10.1016/S1872-5813(13)60017-1
https://doi.org/10.1016/j.chemosphere.2019.04.029
https://doi.org/10.1016/j.jaap.2016.09.005
https://doi.org/10.1016/j.chemosphere.2017.02.014
https://doi.org/10.1016/j.ecoleng.2014.11.004
https://doi.org/10.1007/s11356-015-4469-8
https://doi.org/10.1016/j.atmosenv.2018.07.028
https://doi.org/10.1016/j.jaap.2009.08.010
https://doi.org/10.1016/0273-2300(92)90009-X
https://doi.org/10.1016/0273-2300(92)90009-X
https://doi.org/10.1007/BF00115294
https://doi.org/10.1016/j.jhazmat.2012.12.044
https://doi.org/10.1021/acs.jafc.5b01540
https://doi.org/10.1016/j.jhazmat.2019.05.010
https://doi.org/10.1016/j.jhazmat.2013.05.044
https://doi.org/10.1016/j.jhazmat.2018.10.047
https://doi.org/10.1016/j.ecoenv.2014.06.005
https://doi.org/10.1016/j.envpol.2018.01.073
https://doi.org/10.1016/j.chemosphere.2015.12.010
https://doi.org/10.1016/j.envint.2018.09.010

	1 生物炭制备过程中PAHs的形成机理与分布规律（Formation mechanism and distribution law of PAHs during the preparation of biochar）
	1.1 生物炭中PAHs的形成机理
	1.2 需要测定的PAHs种类
	1.3 PAHs在固、液、气三相中的分布规律

	2 生物炭中PAHs含量的影响因素（Influencing factors of PAHs content in biochar）
	2.1 热解温度
	2.2 生物质原料
	2.3 热解装置/技术与载气流速
	2.4 对生物炭进行改性
	2.5 其他因素

	3 含有PAHs生物炭的应用风险评估（Application risk assessment of biochar containing PAHs）
	3.1 PAHs总含量（∑PAHs）
	3.2 毒性当量（TEQ）
	3.3 生物可利用的PAHs含量
	3.4 生物、温室和现场实验
	3.5 其他评估方法

	4 结论与建议（Conclusion and suggestions）

