Kl HFREREFR
2014 4F 6 155 31 %55 3 19:259-264 June 2014+ Vol.31+No.3:259-264

INETRFEM R AME TR EENEEEH

KL, A

(LB R R 5 TR AR, KA 300071 ; 2. 3R575 Jerd B 5 3 i 2 5 30 B 5 SE 00 28, KL 300071; 3. KT A BB 5 2
55 YeRhiA SR, K 300071)

7 E:LUNERSFERIEAEL, 75 300 CR B4R 3.6.8 h fil &AW, WK T 3 FiAEY sy =38 pH {H K4+ J C HN JTH
Eri, RAET 300 °C.6 h AR RETEE, FEFIAE B ARE, X s T H A5 e 3B EF B AT L 25320, 2L o ] 1)
FER , AR = 2R R, pH BT L B0 2 B, H/C (B R R (E7™= 28 pH B KA H/IC E#TEM 3h #l6h 2R 83,6 h ] 8h
ZRARE, CIURTRETEIE T AmiE R REEY KGR 14 d F1 28 d )5, BA MEBEARE SR 45.48%F1 46.88% , 14
WE T B 14 d J5 8P ZE g R al & RIFb BRIk PR HIFalt (EiIF(1,2.3—cd EEMARA A R RS
BT, P 2RI [alth & T MR IE IR 98.18% , Hof JLFD PAH (YA 2 BB = T X B4, 28 d J5iX 2 PAH (&% & A ETHEH.
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Remediation of Wheat—Straw-Biochar on Petroleum—Polluted Soil

ZHU Wen-ying', TANG Jing—chun'**

(1.College of Environmental Science and Engineering, NanKai University, Tianjin 300071, China; 2.Key Laboratory of Pollution Processes

and Environmental Criteria , Ministry of Education, Tianjin 300071, China; 3.Tianjin Key Laboratory of Environmental Remediation and

Pollution Control, Tianjin 300071, China)

Abstract: Biochar was made from wheat straw at 300 °C for 3, 6, 8 hours respectively. The productivity, pH, ash content and C, H, N content
of these biochar were compared. The surface morphology of the 300 “C—6 h biochar was characterized, and it was used to remediate the
petroleum—polluted soil of Dagang oil field. Results showed that, as the extension of pyrolisis time, the productivity of biochar decreased, pH

increased, ash content increased, H/C decreased. But productivity, pH, ash content and H/C changed significantly from 3 h to 6 h, unsignifi—
cantly from 6 h to 8 h. C content showed a downward trend after the first rise. After remediation of biochar for 14 and 28 days, the TPH degra—
dation rate were 45.48% and 46.88% respectively, higher than control group. After 14 days remediation, content of naphthalene, acenaph—

thene, Benzo [a] anthracene, chrysene, Benzo [b] fluoranthene, Benzo [k] fluoranthene, Benzo [a] pyrene, Indene and [1,2,3-CD] pyrene were
decreased to various degrees, with the Benzo [a] pyrene content decreased by 98.18%, and the degradation rate of other PAH higher than con—
trol group. After 28 days remediation however, content of these PAH showed a rising trend. It suggested that pyrolisis time had influence on
biochar’s characteristics, and 300 “C~6 h biochar could be used to remediate petroleum—polluted soil.

Keywords: wheat straw; biochar; pyrolisis time; characteristics; petroleum pollution; remediation
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#FEEMHET, Gomez—Eyles EMHF5Y T A9 ic X PAH
VA BRI R WA AT R, 45 R R B AR W) roxt
PAH (% 48 A= 40 mT R G (T 3 e ORRG 25 B )
EARE RRAR, B 449 mg-ke Wi/ & 306 mg- kg™,
AT RIS 276 mg-kg™ /0 & 182 mg-kg,
Kong &P K Al 5 1 A 40 e X 7K s W b g JE
B, HAEMPIIRHRBE N 1 mg- L7 I, Z2BRFCTAT K
99.5%,

H 1R 2 5 F A= W et I I 5 R 4 v 2 A [F]
P4 S A HRITAN (1) 2 fge i 28 1O JHL A T g s i, T
H 2B T A J AN — o AR SE I [R]— 24 T 2
FEAS IR )] 8 T /INAZ RS AR A= W o, 25 8 4 gk bt (1]
PR AR X L o s ), s B — A= W FH A T
15 S =B Y, B AR NEREFT A
N A B L R RBRVERT it — 20
HUBRAF 7T A7 1 00 4R (K 4

1 #MHETE

1.1 E Wi & R RIE

ML AR A SR AR/ INAZ RS A, I VR 5 6T, 3T A
1em KR/, FREC— 5 BT it (RS FERC T i i
Wb, A HRECT S R b, 7E 300 CTREVR
2467 3 .68 h(45lic >l WBC-3, WBC-6, WBC-8), &
R EREECE  PRE AL iR Y s TR
W, i 60 Hifii. A&

AW e Al o AR S P R R
(% )="H= 1 7 Jo it 170N 2 5 FF Jo £ x100% , pH. (AR %
GB/T 12496.7—1999 (A Jit i P ik 3 5 i —pH B 114
DUSE VIS | K A0 5 7 9254 B GBI/T 12496.3—1999
CR BTG PR A 50 5 1 K A3 & =2 ), C . H N It
IR L (EA3000, Jb 5t F) 2 R AT BR A 7))
M, R AL S AEMES(S-3500, HAH LA )
ME
1.2 AiliTENTIERER AL IE

AT Y R AE B R E U T, M3 AR bR
fy 38°44'49"N, 117°33'55"E, RAEH A +HE—FB /1t
20 HEas A pn B3R, B—iBa KT B
i 2k 20 Hiff, T RAM BT Atk LI A
PRI 1,

# 1 R TR AR
Table 1 Properties of the tested soil
pH {i TPH/% Y21 % I 1%
7.8 5.03 1.78 1.25
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1.3 £YREHIERREES

H £ 419 300 °C.6 h AE 4 e IR 5% 1) E 1 L
AR 3 BEREY SR AR SR N B 3%, AR
TNAE e g 3R X B, TR [RIRE 2540 T 15 5%, B R IR
FE 25 °C, & H G REAT ] 2 9:00—19:00, % H Jin K42
o — 2 P I D AT AR TERE TR YR 14,28 d B
FE R BE R, L 0 e ) - 8 R i TPH e H2H 5
1.4 2ABE(TPH)EE5H

ST THTE ) i PR S PR - E A . FREL
5.00 g T 4 FE T 50 mL BL.0A 1, i1 20 mL 40 H!
BEIRA 5], FET2E R 60 W T A £ 15 min, 4 000
remin” B0 10 min, B FEFREACIE RS,
BV FPERAR 3 K, B2 LI 54 Clieit 7%
KET RE, AifeE 22 SRR E
1.5 afE FEHERSH

MR AR RS 28 A B AT T OE & b
it JEATAY 0 . BEESEAT AT ANA 10 mmx100 mm,
HFEYITE Do TS AL TR e A, RS, AT 3 B
WK ATEVERERE 12 em JEPEEALET 6 cm  JC/KERBREN
1 em, 4351 20 mL 1E L LeE B FngE .50 mL — 5 H
B E Ot (AR D PRI & . LT,
1.6 PAH By GC-MS 4>#7

VM H 0 07 B R e e 2 & T e ek 4liE 2
B i, SR TS - BT 20 AT . PAH TR G bR I 3K T
Sigma-Aldrich Co. Ltd, 16 Fh PAHs i 11 254 Thermo
Scientific TRACE TR-5MS S A F (30 mx0.25 mm,
0.25 pm BEERE), AEMHEAFEFE 1 mL-min™,
PAH B E R UNF 270 °C 1 min, 10 °C+min™ f4 338
FTFFE 260 CI3FF 4 min, 5 5 C-min™ T+ & 300 °C
FEREFE 4 minl",
1.7 BIESH

IR B3R KAy TR, 7 A A AR
TR, LA 5% TPH Bk 58 ms 52 0 R
SPSS 18.0 #4715 25047 -

2 HR5itie

2.1 &EWIRIIFER pH . RS RITESH
IR =R ROCR ALK 2. & 2 B H,
INFEREFFAE 300 CF Gl A7 , SRR I R G, 7 3
MR, 4% 6 h FLZY#% 3 h AR B LR, PRl
61.258% F &% 41.357%, Hy= R HA B &M 257 (P<
0.05); TMZdf#E 8 h HLZ# 6 h (A=Y ey 2R T BRI
BN Hm R B 22 7 (P>0.05) . XA 7E—
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Table 2 Productivity of biochar and its pH and C, N, H content
ok TREE/C fist i) /h TR % pH & WA31% C/% N/% C/N H/% H/C
INEFEFT 300 3 61.258a 7.03a 18.03a 50.288a 1.025a 49.061a 4.328a 0.086a
6 41.357b 8.12b 26.22b 51.433a 0.997a 51.588a 3.226b 0.063b
8 39.496b 8.17b 27.21b 48.482a 1.086a 44.643b 2.677¢c 0.055b

TE R PF S B FREAR, FORZE 7R (P<0.05), T,

S B TADSE FET P, i B T, AR W B AL AR B s
HIER 2 BRI mi C LR & BRI A A 2
B () P S T v, T2 3 h 2 6 h TS ,6 h
F| 8 h BE NI, X ATREZ P 2% 8 h i, B2
BLIR L5328 B T K53, NI BOR 533 e T+ e, e
TR 3R 2 R B K A3 i B A TR] 3 e,
UL T — i

N JCE & R A AR b i 25 . C/N {ELR
AT R PR  SE T JE T B, FERR 6 h B iR 3 i
KAH 51.588, H JLZ 1 7 i BRI 0] A A4 I 2
[, WBC-3 1 4.328% R [4#31] T WBC-8 (19 2.677%.
H/C P (L Fif 2 A s [1] P9 24 T B, 3 b I E — o 4
FRIR R, AR DR A= e 0 O A e ]
S 3 h A6 h il A AR e 07 B LA 0
F 5 (P<0.05), 1M 6 h F1 8 h ([ EW B F5 F LA
FE2EF(P>0.05) 7340, FEI R ) pH (B Rt g Fisf 1]
P SE T T iy, HLZE#% 3 h 16 h il £ i A 9 i pH
B HA B 22 5 (P<0.05) 1 6 h 1 8 h (1) pH {E7C
W EME2ZER(P>0.05),

Kong P58 B , K GAF 700 Ciil & 1 49
7, B A AR T 28 AR e e Al B 15, KO3 3 i
Eb R TR R A g, I H i A R RO R R . T
P DA A 0 e ) A T e 23 e B ) A8 A AT e 2 1t
TEZLE 6 h i e, H 2% 6 h A4y . pH H 5 &
PEAE I 5 T 24 3 h,6 h A1 8 h A U] TG\ 2 1k 22
S, [R5 JE 3 s ] AR VR A , PR 2% 6 h il 4%
HAE i F T A s e R I IE
22 YRR EES

Bl 1 300 CRLf# 6 h il 25 1 /N2 R AF AR 9 o

SE

05-Mar-13

NanKai 20.0kV x2.0k 20um

B 1 300 CHHE 6 h Hl&H/NERF AR EEE
Figure 1 SEM of biochar made from wheat straw at 300 °C for 6 h

PR R, HIE L F B B EREE
X 45 FA RE I A e e TR, DA T3 5 LT PAH 45
A HLTS YL R B i 1

Obst ZFSI7E Aok RUBE TR X PAH 78S W) A= 9 ¢
SO R BT 9 2R BH , SRR SR A A Wk BRI S 1
FLER A . S3 A0, Az Wy ) 3 o B A 120 P FLBR AR 7Y
Fb 2 IR AR A A P BRI R A ) A AP 5 il R
AR 1 BB TG P, AT 8 i R S5 LTS e
A B SARIRN BEAR B VR T R
23 TEFERRHEREASHNESE

TR SR AR 3, hR3F
R SR AN AR ATAE SRR I A 9 e A&
RIS TPH , keke I 1R 0 S A 1T R Y
TR, B 5% TPH s FFE T 46.88% , bkt T
T 20.91%, J5 18 feim RRET 20.60% . Z T Lh&eds

®3 BABERRENEREENTL

Table 3 Content variation of TPH, alkane and aromatic hydrocarbon

45 MRl TPHWDHRI%  GelRmb 5% FERBD AT BRI EIR LR % A D R %
CK 14 42.32a 17.22a 20.60a 37.82a 4.5
28 42.23a 20.91b 14.37b 35.28b 6.95b
H 14 45.48b 19.67b 16.00b 35.67b 9.81c
28 46.88¢ 17.89a 3.58¢ 21.47c 25.41d
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e B S i F A T AR R R, AT RE
BB RIREE KA BRI MR TS B AR
FESAE R T eI AR B, Il 1 Al
FIFH; 380, — 7 PG IR R A5 S5 AR (A T A 1
BB 1 o330 1 GR35 2 A W KT 25 B T
Hh,CK 3557 28 d FIA Yt ae 14,28 d J5 , 1R AT RIS
ES TR DA, ORI L R A
T g

(A FERBE M A R RE SR 14 d, B IinA= Y e &
XTI N TPH B E SR B R &% R (P<
0.05) , U hnA:= ¢ s Fois b 283k 45.48% , 1 vt B 2H H
WD T 42.32% X UEBIES A Pk BRI AT i A
MY 2285, FTRE A Y e WG BT 1 e, ol BRI AR W)
RAFAFIAAE P ) B S B 5, I ER T XA TR A
s AR SR 14 d, el L BRBd 2 W is 5 2
T2 KT X BRAL(P<0.05) , 3 7] BB S ot e R At 1 119
B s s R A (B 3 Rl vl F i, IR A
ST R 4 A3 Bk A SRR AR W i B S A L
XTRAZH R, D7 IR BRRIE X BRA LAY R iy
5391 920.60%F1 16.00%, I g2 R hcte 2 41
W) R D B R A e W R L BT T A
A= R] IR, B3 IR BT %) 22 B0 5 e A AR ) k1Y)
LB AR T OCRER I TR S 8 R o R K, T
AT 82 R Ry A 0 25 P v 2 Tl et S50 I R v
) PAHs MELLRES# . Robert ZEAFSFE LA HH 71X —
AT 1986 A LA T ORI [al BB FIEEFE 8 FRIK
I CREAR: , S5 10 3R IR % s B e i A7 el T 891
[a] i FITEE () ERAEAR o B ] 22 S50 % 30 PAH AE 3 Fhifsi
R A2 T B i R i R AR YE I ARG . B SR
28 d By +-458 TPH LBt 2B e gl >X I, H =
HEHA B EE22 57 (P<0.05), ke 105 L By
FIXF R SAEY A, X [FIRE T B2 B T AR e AR
TR RYERT R

FiAh, NFR 3 R AT LA Y, Tois X ) IR id &
AW TPH i BR A0 2 28 d>14 d, X BLHH , Bl &

BRI 4K TPH B S s i sag, (R 3
TR I A AR A AL A0 Y 25 PR AR S B ) b g S
- X RE L B A A 2 43 B9/ 36 28 d>14 d, J5 &
YR 14 d>28 d; Az A e SR R 5 S ek > R
14 d>28 d, HABL 40 2% 28 d>14 d.,

(EAFE R, 57 R /b 3R B e i — 21 2 CK 85
Fr 14 d, T EK 55 S B[R] RIS A= 4 2 8 % g i R
W/, CK 4185557 28 d J7, 5 Bk fi %k 14.37%,
PGSR 14 d IRERRAL, BRI &R 7E 14 d 3
28 d 5t FFHHAA X5 T AR SR AR 2 HE A X 5 Th TS
PHET T AP AL PR A5 SR 2500, AL 0 31 30 d, 5 & IE1
i B AT AR R 7R A A) A SE K, A
(1% LAt 21 3 i A %)+ ) 7= 0 A RE i st 2= 9 R
JIFE, [AlRE , A2 R 16 52 A I 05 B I R A ),
E5 5, Hi 9% 14 d R % 28 d i %
43518 16.00%F11 3.58% , 3 ] RS2 HAh L 43 A [ it
Hh ] P AR Rt ] B R A T B B4 5 e e B
SRt Rl AR G FE A BT RIS, X RRZH AR
DA AL 3 (10 AR g 3 A0 5 S S [ (18 S T 3
X2 PR R S 43 W T T AE — 52 A F T L RBRA AR, T
Khokhlova &5 A= 1) e W B A& 52 A i 75 2 38
5T, 30~40 d J7 , 35 B R Anbe e n S AR R R,
JISE SRR 7 o 5 ik S B, T LA AR S B0 T Ak £ B
PR TPH K& 5 AR AL LIS R B A2 R
24 LM PAHHIEE

126 3 CLHIEH , 5 A 195 B S A s i An
RN Y AE 5 — e W) G AR AT T A ) A B ik
D AERXHA RS 18R A i AR PAH 195 248
AT REE I 4 PR 3B AT LR ZE S
R I[al BRI b2 B IR IR [k B IR I [altE
EIIF[1,2,3-cd BB 1Y & i MBS J5 45 Fh PAH (1728 01
BUA—F, HARIF[bIEE B R [k)2 B R I F[altt 3
Ff PAH ()5 5 LB S RTARA TR, T FR0R B fe s 1Y)
SEARFF [l RIS IME R FIKEFE 14 d (2R [a]tE &
WRFET 95.15%, MidsmAyniEE 14d TRHT

%4 SRS LIER LT PAH S E(pg-g)
Table 4 PAH content in soils before and after remediation(pg-g™)

Ab¥E A #* & HIF[al & Je RIFDIEE IR RIf[altE EiI{1.2.3-cd]tE
%5 0.348a 0.307b 0.337a 0.348a 0.004a 0.307a 0.165a 0.195a
BEE  CK 14 d 0.366a 0.285b 0.366a 0.378a 0.004a 0.179b 0.008b 0.211a
28 d 0.380a 0.192¢ 0.368a 0.380a 0.004a 0.086¢ 0.004¢ 0.213a
ER 144 0.253h 0.225¢ 0.274h 0.286h 0.003b 0.176h 0.003¢ 0.160b
28 d 0.344a 0.352a 0.352a 0.368a 0.004a 0.124c¢ 0.004¢ 0.208a
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98.18% , —# HAT I 2L 2 5 (P<0.05).,

M3 4BATED, 83 14 d 5 5BEHHEL, X
FEZH 45 Fl PAH A AR (U — 3, JE AR E[K|2¢ AN
ARIF[alE Mo T R, 5051 R 7.17% 41.69% |
95.15% , HoAfth PAH AN Fir b AR iE 2 41
Rl PAH (5 A LB ST 2 NI, JF H S X
ZHAALL, 2 4 Ff 7 R0 PAH & HA B 22 57 (P<
0.05), Kig% 28 d Ji7 , X BRAITSR 208 IR I [k 2 B AT
FIf(aleb & i LB AT T B, JF B R 14 d 1948
N PAH i @5 FRAIC, RIS JLFP PAH REREES 770 7]
FISE ksl b, i HA LD PAH S 518 R 144
BHCR % 22 5, BIAEA IR IEAT B S R 5 T, 31X L
Flt PAH S B R ACRAE  Bi 9% 28 d R AR et 4,
2R (K98 R S b 14 d B S R4, Hifth PAH
B S AR ELRE SR 14 d (3R, X 53R 3 AT /R 1
He R L I 5 R AR 28 d<14 d 25 R—3, A
PAH [ & A8 b 3R R, X ATRERH T PAH A &
A 5T A K A A 9 e 22 18] B9 AR AR sk, Korfmach—
er ZEBE G R K G PAH XHEAHEHT A
F PAH A G 1M BRI e A T2 i B I
25 EMIRAGEFREENZIT

W ARG WA RESA ZH 05 1E™, Hale %
AT E &I T 59 Fi 250~900 “C1E 247 19 4=
Yy e R RIAE Rl R 23005 ke, S5, r
B2 LR b, 205 RN A S R A4
AR KT 3R BT T bR o 55 A FREK
SRR A 22 B BRI R A A S R
U PAH A2 BB XU AL, R, A= Al
BRI A L3 AR B35 R S A SXHE R AL
=R

3 it

JINFE R FF (0 it st 1) o A= 0 P L K 43 pH
5 .C i Sy A AR S, 2 R |, 77 R
I KA mB s pH A .C TR S R RE .
Fr AR o (PR X PR AR I AR LR 2 3 h £ 6 h
AL, 6 h F] 8 h AR (bt 7= 55 & pH
EHAFE 3h M6 h (EEA B2, 1M 6 h Al 8 h
HEBA M2

&5 28 d Ji, AWmdE 4% TPH By FRE L
XHRRZH R, H 2 AN TPH Z2BRR BA Bk
52(P<0.05) ; TPH 2525 i s 75 Bisf 1] () B4 T34, T
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