ISSN 0250-3301 CODEN HCKHDV

(HUANJING KEXUE)
ENVIRONMENTAL SCIENCE

.
m
s
mE

2012

R ERFERESHEHAZE SO EH
4 £ & KM B R




w % B 37 $33% 2
ENVIRONMENTAL SCIENCE
( HUANJING KEXUE) 2012 4E 2 H 15 H

H &

HT AR XU B 7K TS Y B IS P e A BEIIFGY. - eerrererreeeeeeesennnes U, BAk HE RIS, FMAM( 337)
LT RA IR K 5 TR PE SRR ARIETESE - vevvesoeeeeessnecen BB AT, E FR A 342)
PR K TR B R BEREAN T KL ZR AT - veveermemrreeeessennsnsmnnieneeeee s s EER A E, M HE, B 346 )
EZ S 5 AT BB A5 5 BB FAIEAT o vveeeevee s BUREEFHEXE, K (352)
VR T T K N 25 A R BH 5 YR oo s B REE EFS THE, EET(359)
B SRR KA E R BB A -oeeeeeesemeeeeeee ZORE R AT R IR, T (370 )
SRR SIS X R IF PRI A BRI veveeeeeeen e EkM, £F, 55 B 379)
UKAE AL RIS DU AN L BDK Z BT A Y REM oeeeeeeeeees Tk, TEF, @R E I RS, FRE( 385 )
K AR R TR R BRI DTS YA BT +ooevvereseneennsssensenens FOB B, AN, E S H(393)
DRI DT A ek el g = ) A S = 1 1 SR, AHE( 399 )
WA T A 5 M S S 0 ) S B LT R e U T AT oo YA, EHF M EEEE R FRIE R £ (407 )
ARV A B F7 5 R S5 T [ IKAREE B R I B wvvveeeeserssmnnnnrreesesensssitit ittt e e e e e s s sttt e eaeae e e ns

............................................................... X% DR K, KB, R MK, KA E SR, B, THE(412)
T2 MBI (1) 17 TR K A BEUR R B K, (490 ) 5 L HGB R IR +vevvevveseemesnmsessessss s

....................................................................................... Xkl A AL BIE EE HFEA(420)
T QAN ISR IS FLIBISE -oooeeerveemseeessenenee AL, W RAE, FEH B X B R (429)
ﬁj‘/ﬁ/ﬁ/ﬁ{%{ﬁ{ﬂﬂﬁét1‘ﬁiiﬁﬁ’ﬂﬁ ............................................................ FER ,ﬁﬁ ’ﬁﬁiﬁ%,éﬁ ,ET&??( 436 )
AP AL R T R A T ST P L 1 PR AR AR - vvv e BIRE, FHR, FEE EEF(442)
Rac-J% S-5275 F BT 2 TP EE PE R SEIRBIESY  ovvveeeerrrneeeemsmmnneeennnnireeen e ee s ETH X EE, FHE( 448 )
FAIE [ ESOEMAN BRI H LIS ooeeeeereesesness s DA KEH KRSk TR, BRA(454)
D e L I R A e AYLL AL AR (459 )
S N I T e B 22 1 A B mE, 2R ( 469 )
IR R B SRV R [ AL BRI Y o -vvveeeeermmmemeeeamsnee e sttt e s ettt e e et W R (476 )
W5 V& AR TE TS TR A Y B ERBMIIEGE vvvvvvreveeresesnsnnnnsnnenneseeesssnnsiiniineaeees FH,UHB TR %, H L 481)
MM 7E S8 IR BT T LR MIREAR  weeeemevreeesemmmeees e e e et e e T, AT, AR 488 )
T N Ly N LTy R R S Y o 1 KB A, ARE EHE (495)
L el S W B I R, KT, EF AR, BN E( 499 )
A N R O RN T T L 0 v AEd I E ERE TR E(505)
AP PG RIORE 5 6 X 1 B A8 AL W DR ERIF T oo T, AR % H RRE EW, A F, GV EEA(511)
TR B TR LRI I FERESHERCI FLITSE ooeverseeessmeesses s Bk, E W, B R AR, M ( 518)
AEFTTT PM, g BT BRI -+ vevemeees s FR, BHL AR 525)
TE BRSNS ST I IR 25 P V5 YA BT BETTIFGY. wo v vervrvmrnrreeesesemnsnnnniinieeees e s siiiieeaee e hHE E AE(532)
Fe (EDTA) 2 W3] RDB 2:BRk NO B2 TMRE SO REIIHT wooeeeeeeeeseneeenene Wik, e, RV RS IR (539)
UV-B SRS T B AR AR B TE R BRI - vvevsereensssesn RHEE, K BH LB, RHA(545)
TR HMRT R E S B MR ovveeeeeroeeen s BEE, 2R, IAE, KAEE(S5)
UL 142 2K R B ORI P TG0 5 A RBFHE R BB EGE oo BEE FE FEA,NBBE HEME(58)
T 2B ] 1V P T R 5 CHL, T8 B E BB MR PRI ZETIFST - vvvervmrvmmeeme e

..................................................................... ERKLIEE, TR ABA, D F A, RT3 (565 )
FRE R AEAIK AR EIHEAIFTE oo EEF,TH,ETFH,ZREH, =R, BRA(574)
SR R 25 Tl DRI TR ) 22 A P 2 [ A B A oo B FAE WA, R ARE, INE X A, B (580 )
HL TR IR AR DX AN h 22 IR R V5 PR oo I, ETR, KK, BE I ME, R, R E X B RE(587)
AR Pl X o+ e ZIATF IR AR B R S TR, -ooeeeeeeeeeeee B, TXEK, MEAZ, EX#F, BLF(592)
VR SRTTREAT T G S A AR SRR AR BTGRP ooeveeeeeeeees Wzk, g, Bl BB ERE, 7 /ME( 599 )
TR A D] R ORI B A A S KU DT oo wAR DAY, EAR R E T, BRAIT( 606 )
R DI AN KA 5 A i B A BT PP A oo ThFE,FBRMZA,KE(612)
TP e A S B ST YR A e AT T R v SR A PHAE A AN RAE AT, N E AL R, S E B (618 )
R PRI e B 9 DR R S ST S 0 AR IR TS - Rtk B AL WX, m A R, FE B R AR, B (625 )
NGl DS O L A h e A sl N P 3 411 FAEE BH T, THA(633)
IS FL B 27 A 6531 REF BT G NI B ARG - eoeeeeeeeeenens RE I, K RAE, TERN, R 9A, #% (640 )
BT TR EE 5 4 ELISA J5 I HENT FUAEAL, vvvvvverreerenemnmnonnnneiiineeenn e, ITH EAT BAM 5, BEE(647)
AT AH A HL- 13 28RO (o 2 [T I s R AR T 19 10 FRBRIE SRR oo BE TS, B3, K H B F 6, R0 MO (652 )
TR Hela AUMIRENE S DNA SRGTEGHETE <oveeememeeemmmemmmeeeeeee WY, THYA, B, Kk, x(HE( 658 )
TR SRR TUTIFGY - vvvveeerrmrreeemmmneeeen e e YEG MER ETAL, UE HHR(665)

GRBERIEVIEITIR T (447)  (GRBERIE)ERSRIN(475)  {58.(524,586,605 ,624)



2 -
ENVIRONMENTAL SCIENCE

Vol. 33,No. 2
Feb. ,2012

R B L ) SR 4L 35 S S v PAHEs [R5

FEAD R, 07, B

(1. W ERERE R IR I S R TR 8 A fR E R G S % F . 2100085 2. B4 IR T AR iR fl 2 5 TR 2
B, BEA 435003 ; 3. IIPHREHMEE S PEIR2BE, K 030006)

HE ., RHE AR, #7756 I 400 DL SRR AR =40 IR 2 BR BB U5 4 X Ak 75 e - 3 v PAHS 1 [ fif
A S5 FW] IR 1 AN BB IR AL B 13 CO, MR & b 3 K T IR L A i DL-3p 2R g b 34+ S BT RE LAY €O,
TR, FALEE CO, MPEYIREROE T MR > #4858 ~ PR — 40 ~ DL-32 SRR ~ LR EE > XTI, IS e i Ab ¥R+ 3T I8 &
) PAHs 22l 2 /NFXTIR, H 3 Fl PAHs MFE R S RK/NIUT A EE > 9¢ B0 > 283 (b) 2¢ B Al ab 8 L3 v JE 2 8 Mo Jf
(b)) 2 B T35 5 fifp il B 38 R 150t JR, L rP s i DL-S2 SR PR IR AL 3 -+ 3 rh AE 28 R KR IT (b)) 98 B B fg e . 3 F PAHSs b
B ZIAIAR A, 25 (b) 9 TR 5% B8 L) R, 7E 72% ~ 81% 1] HWR AW T, 78 53% ~70% Z 1), /b 16 27% ~
449% 2 [a].

KB . 2R ST AWl SRR

FESERS. X53 XBFRIRAD: A XEHS . 0250-3301(2012)02-0633-07

Study on Degradation of Polycyclic Aromatic Hydrocarbons ( PAHs ) with

Different Additional Carbon Sources in Aged Contaminated Soil

YIN Chun-qin'?, JIANG Xin', WANG Fang', WANG Cong-ying'*

(1. State Key Laboratory of Soil and Sustainable Agriculture, Institute of Soil Science, Chinese Academy of Sciences, Nanjing
210008, China; 2. Environmental Science and Engineering College, Huangshi Institute of Technology, Huangshi 435003, China;
3. School of Environmental Science and Resources, Shanxi University, Taiyuan 030006, China)

Abstract: This study was conducted with different additional carbon sources (such as; glucose, DL-malic acid, citrate, urea and
ammonium acetate) to elucidate the degradation of polycyclic aromatic hydrocarbons (PAHs) in aged contaminated soil under an indoor
simulation experiment. The results showed that the quantity of CO, emission in different additional carbon sources treatments was
obviously much more than that of check treatment in the first week, and the quantity of CO, emission in DL-malic acid treatment was
the largest. The average CO, production decreased in an order urea > glucose = citrate = DL-malic acid = ammonium acetate > check.
Meanwhile, the amount of volatized PAHs in applied carbon sources treatments was significantly less than that in check treatment. The
amount of three volatized PAHs decreased in an order phenanthrene > fluoranthene > benzo( b) fluoranthene. Compared with the check
treatment, the average degradation rates of the three PAHs were significantly augmented in the supplied carbon sources treatments, in
which rates of the three PAHs were much higher in DL-malic acid and urea treatments than those in other treatments. The largest
proportion of residual was benzo(b) fluoranthene (from 72% to 81% ) among three PAHs compounds, followed by fluoranthene (from
53% to 70% ) and phenanthrene (from 27% to 44% ).

Key words: polycyclic aromatic hydrocarbons; soil contamination; biostimulation; additional carbon sources; degradation

PAHs 2 C H R FA a9, i 2 Aok
AR L. XA G YRR R, 55 93
Wi, LA = ) 22 ELAT S0 RN S058 A8 B AR
FEIE A0 20 AR HL Wy Ab2E AR Y 2R I O R
HFRABE + 18 PAHs W75 5%, B an 2R 1m0 1% 1570 2B
SRR R A W R A 52 R 5. R G 1 R B S R
FEOREE R T PAHs 1b G W 1 Ak W VR T, DA T i
PAHs AUV PR > i A K B R E BRI
JNTERL PAHSs e fiff 1 K W i 3% b i) PAHS. IteAh,
HWFFEER AN PAHs FEAR B, 10 & Wi FERY
R =43 BN T 6 A 10 £5°) . A B I E A
R R R IR B R H AR ) A —Fh B {7 2

ERTHFEM 16 52 H AR LA 5K % Je s 7% il
AT AR HLY LR B 37 02 R ML PAHS 155
HEEMEYEE " Phillips % HRE , KT ER
JUEHIE N AP it F AT $2 5 PAHs ROREAR. 16 A F
FEH IR i AR e+ PAHS 1
H: W RE S . Kastner %[mﬂiiﬁﬁfﬁﬁﬁﬂﬁﬁﬁ PAHs A%

Wi B 2011-04-11; {EiTHH]: 2011-07-11

EEWA: EHXK A RPIAREGH S H (41030531) ; H K 0 AR
T4 BB T ST AT H (40921061 ) 5 11L4 2 & TR
FARFE R L F5 o & 4R A A BH (020093001 ) 5 #1-k
BEETREH ARG R ST (B20093003) 5
WA P 2B S | i AT H (10yj204R)

EEEN: FEF(1978 ~) 2, W4, ZEMF 7 NI AL S
59 E-mail ; yinchunqin@ 126. com

w JETHIEE R A, E-mail ; Jlangxin@ issas. ac. cn



634 2D 53

£l 33 4

o
2

file AN S FR T WL S5 DTS YL 22 18] A I BRI 5
REC I, T2 U R IS e 19 ke A= 40 R /D 5 0
PAHs YW AE . 5500, B &Ik, B
HMIERR 2 A TS Y 0 R A, B s B
AR WA AN, 2 08 A R e (VTR AT
WARRER (CABRIE ) BF, 25 00 B M B AT 2 20 7 s
TNANERR 75l PAHs 9 % i 52 ZIM ], 1t A 218
DRI, ARSI 7 B A2 (0 2l I, R B PAHs 15 4
(4Rt G FEB IR R RIE A5 T 3R e A 1%
AT Y CO, MBI 5 Y45 1Y PAHSs #£
S L B R A FH AR, LYY Sk A i B 1k s
e 3Eh PAHs [ REf B AEES AR .

1 RS

TR LR
B 1 5 S R T AR SR Mk X K 2
PAHs {534 3% REE 0 ~ 15 cm )2 38 7F
BB AR X S BRAE ot A AR & A Lk i A
R R, il 5 B 10 HAT60 Hif. 5850E
A1 a5 B oY g E AR B Ak, P 120 d

1.1

Je A W AT e - 3 PAHs 19 B A .
PR - A BRAL M BT UL 1. R T AN AR R
TRIGFRAE R 25 T ok 1 T, A 30 SO0 & TR
(%) PAHs 477087, B 4E3E DB T (b) 28, He
SR M (272.43 £2.07) . (637.66 +0.22) Fl
(499.95 +3.52) pg-kg ™.

WL E 6 MbH, g HER 3 K, B
RIF . O R @ 48 (CoH,,04) (LLEE kg K
T 1t A C 0.4 ¢ 1158, TH) . @DL-ER
R (C,H 05) . @HFF R =4 (C,H3Na,0,) . ®fk
[CO(NH,), ] M® Z % (CH,COONH, ) . ¥ 5 7
S FEMIRA TR E T £ 0. 5 kg AR
1 L WS B G2 A TSR 2 4
IR B RS ECR 30% |, BT SR FAAE 25°C SRS Ab
FE RS, INZE (2 LA 2 DA RIS 1 I
T LI 1) JFE 3 8 5 A A M A A e A8 FH ik e
Je B T K SRR BT
JRBCEAE 25°C HEFR AR T IOOR IR IR 8 JA, A ] I o
CO, MR i PAHs ¥ & & & + 4 b PAHs 1

F1 X TEHBELER

Table 1~ Physicochemical properties of the tested soils
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Fig. 1 Sketch map of CO, and PAHs absorption device
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Fig. 2 Quantity of CO, emissions from contaminated soil
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Fig. 4 Contents of phenanthrene, fluoranthene and benzo(b)

fluoranthene in contaminated soil
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(AR A AR TR S0, RN 2 R i (B SRUTR A3 TR ) Ak 1R
PP T PAHs YRR, Horp ) IR A B H 4= 198 3 F
PAHs YR 25 5k 25 /0N T 7 26 0 R0y A6 T A Ak 2
LR A PR - I A B R B B W /N T
2 BRI R A Ak 3L 33 T BB PR Oy = B i B —
WRE IR S IR AR &5 F2 A0 LA, R vR#h AU
FERIAEXIAS R, BT AT IR AN 1R B 2 ), ARAR T 1
AW SR G T - A B T DA
T PAHs WREfR. HARIR 2243 R B, 5 X A
Lo, B INE F5 (R A Y5 Y + e PAHS A [ itk
Pt AR BT P AR VR 4 0
AT YRR RS ARG P, DL SR R Ak

TEREFRIIA] 149 3 Fl PAHs BOREfRR Y B KT
X R W UL E A P PAHSs IO REAR , RIZEA
RIS AT BN DL AR (IR ) 23 b 3 R
ALY =% LR - V\& S HEIDI-Nio]Za

TV AERAI 1 ~2 A, R EAER A R
TR AT S R R M RS IR 3 ~5
J& RIF(b) REEAERT IR 5 ~ 7 JE 43 0] s PR o 2
fifeid A X 5 CO, B A B fXT R C R, IR
BFRA AL HE PAHs 9 SR HEAE(4.1 ~5.3) x 107
mg-kg ™' Z A, BT IE/NF € 3 B PAHs RS &
(1.41 mg-kg™ ) Ml A F% f# & (0.53 ~ 0.72
mg-kg_I ). XA B CO, B (F7alia kit
BM0.15 ~0.20 g-kg ') B E/NT AN I Y Bk
(ORI R 0. 4 g-kg ™) AEBART AN, K
AR DL-SE SRR AR AL B 25 i 25 0 Ak 15 g +
Herh g SEBUCORIE (b) B BB ( 14 PAHs &%
BEE/NT R . Yuan &2 W20, BN [ 1)
EIRY PO JEAR B A A 0 2 R SIS R |
RS R AT ET  RE B, WS I T R 4 BB T A A
Tl 0 0 A K B PAHS Y B Fife. 23 A 4% Ab B
T8 TOC F R, G FREE G, A 5= 0 3
+3E TOC & (15.06 ~15.38 g-kg ") HEE KT
XHHE(14.79 g-kg™'); HAERFE 4 ~8 Ji, Ui DL-
SRR TOC FiE(15.34 ~15.19 g-kg ™) FRALBE
TOC & (15.38 ~15.19 g-kg ) B R F/NTHE
EFRALFE(15.22 ~15.06 g-kg ") . T 4 TOC 5+
St A W BCRATAE B IE A O R . L1 PAHS
I R 5 TOC 2 B E IEAIETY  EA15 PAHSs 1)
W B B8 235 A A FH A P 5 308 in- DL-32 SR 8 1 i A 24
-3 3 Fh PAHs T SRBGES & K.

3 Fi PAHs fb& W0 Z [AH A, R IF (b) 2 B
B BA LU Bl i oK O 9 B JE iR D X 5B
WAL 2 P Y A Ak VAR O AR Ay TR
PAHs [ fiff o SR B2 5 F ® 48 7 i ) PAHs™ %,
Sabaté %58 7 A PG Y+ e PAHSs HRE AR
e 200 d J5,3 2RI PAHSs AR BEREARTFAR
P, B anfb &9 3E, NI 496 mg-kg ™", FEALH]
16 ~ 19 mg-kg™'. I 4 2R FF PAHs M 5% B & w55
150, I B ] ) 2 K s 1 R . R R 90 d
J& , AR (a) BRI A W B A AR FH LA 1k, SR
T HESE A R RE A W R AR AN A R R X
PAHs MR AfA 25 AN R FR BE A 52 . BRI 0L, 6 AR TR
Z1FF PAHs MBEAR AL A DB E— 25 I R IR
ABFFE.
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(1) Wi AL B S0 1 JE N CO, BB
T KT AR, Hop DL-3E SRR AL B, H: 4 45
FIRRELY CO, i K. 4540 B CO, YT 25 R il 2 I
FE AR > FEE ~ P R — 0 =~ DL R IR =~ £ 1R
Bt > R,

(2) KRS 1 JRI DY, S s 55 45 b 38 4 18 r
¥# &) PAHs B8 /N X R | H 3 Ff PAHs A9 K%
RN R JE > D8 > I (b) DAL

(3) IR NIEFE AL BE 1P IE 5 BRI (b)

TN T X5 o i 3 38 R B s i DL

SRR FIRAL F1 A e b IE 8 AR (b) BB %

(4)3 Ff' PAHs fL& 0 Z BIAH L, 2RI (b) %
B TR B He Bl K 7E 72% ~81% 2 [a]; Hk ho¢
BTE53% ~70% Z )5 dEf />, 18 27% ~ 44%
Z [A].
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