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W B SRATTEAR . MAZIRA B LI AR 60T )5 77 F 4 09 R E AL A 55
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M ERRIE LR 54 PR EN TG L AFEE BRI LS P 16 A PAHs #93% & ¥ 42 ( X PAHs) 34 5 5
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WE RN R 2 b, 3 C H LR e —E R
JE PR A o R R B BE PAHS b A
(4 C H 3L, 7T LATHIA PAHSs B R A (19 %508 L)
WA o Lollar 257 ) FRBR [l 37 28 50 18 2801 4] U
T AR LE IS T B A W R R R AR . B
SR EIE - AR TS (GC — IRMS) BX FH AR 1)
JRE R ZR AT B 55 3 A S A0 K 4 B AN 1B 42
e AN TR 5 H bR Al 5 W 1 ) 457 3R 4 s
ATRET S LT LA R BE , AT LKA (it
Py, U4 PAHs ARG Y, 40, 1 3% PAHSs (9 4E
YR fi ek B, 2% 1 By B A ) £ 2R A ( Compound
— Specific Isotope Analysis, CSIA) X}1Zid e #E47 E
R,

1 SEuBsy
L1 bl 20

ASC R I 6 H bR A & W o 35 [ R B AR A
(USEPA) 31| i i) 16 Fhfli#% PAHs fb 54, Akt
5 :%% (Nap) \JE 45 (Any) JE (Ane) . %) (Fle) |\ JE
(Phe) \E(Ant) \%¢J (Fla) (BE (Pyr) K[ a] &
(Baa) \jigi (Chr) Z&If-[b] 5 (Bbf) I [k ] 98
(Bkf) FIf[a]eE(BaP) (Efiff[123 —cd] H(1lp) .
T [a,h ] (Daa) KR [ ghi ] 4E(BPe) . 16 Fh
PAHs & & %5 #fE ( PAH16 Mixture 610) I H 2 [H
Sigma Aldrich 23 &), JRERE 0.2 mg/mL, 7T
AHBE: AR DIRBER D, 16 F AL S
Yrbr AR i Zeny e R B il 4 2.6 .10,20 .60
100,160,200 ng/mlAt 8 Ay BE/KF-, Il Hh 4% 15
Wi 5 ek M2 OC R EUTE 0.993 ~0.999 2 Ji] , i 2
FEA I oK o

SR I = A 7/ DRI E T N I
Nap - dg \Ace —d,, ,Phe — d, ,Chr — d, fll Pery —d,,,
4 [ 3% [E] ULTRA Scientific 2\ &), i & ¥ J& 4 200
ng/mL, BEAFE GRS IS K F-2 50 ng.

SR EEEE A EC ke IR A b
& ¥k HPLC %, Wy H 35 & Fisher Chemical /A &,
SR REIE T 80 ~200 H ,7E 450°C Sy g g rh ok
$e 6 h g5 1T, AT 2EAE 140°C R G4L 16 h, 7%
AR E A ZE R 05, 755 J5 w8 P 12 b
SRIGINAE C S i Bk RS , 4550, B DU s
.
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Fig. 1 A general diagram of the soil sample distribution and design

X FE NIRRT B R AR IS, B0 T 8
FeEKRAERK AR BE 4 0F, RO B PR R 7E 24°C 1R )
PR¥E30% ~40% , FEHEHE HR 1410 (d/n) 19 EL 1] 45
T YA KRR, 28550, aMERE
20 K, EARWTCAKZE 35 ~40 cm, AW EEE 30 ¢
ZiA B R IR o IR R ARG L, DA
1 JEZE A A TR B 230 SR B oK S -4 TEHE A ok
BRI, HoR AR 4 TR AR L oKk BORAR PR
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Table 1 = The indoor cultivate and sample programme of maize
plants

KEE OREE BT (g)

o W ok TR R SRR XA+
FH-H TR 7.33 3.13 10 10 10
B 12K 7.410 529 10 10 10
FE=AL FHI6 K 9.84 6.69 10 10 10
EUfL 21K 7.57  4.95 10 10 10
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FORME AR PR - AR ER £ S H R A
o KT S W 0, R AT 4°C okAR I T — A i
& gt B EALIGE o I0E B BARE S8 16 Rl
Jediil i) PAHs, 45 R 378  HAL T H & A, 16 Fh
PAHs 165 P11 SRR X PAHS,

- SFEAE  FORE A 8 43 BT 2 B USEPA
WA T Y, AR AR .

T IERE AT RS KT S BB 70 H i
WOE (10 g Z247) BT R A 50 ng [
f87s9, 150 mL EC A - WA (AR 1 DIRG
AR 16 h, FREGREZE R | mL IR IEC b
R SRAPIZEAESE, BT A M E EOY 12 em 48
PSR 12 em B, JH 70 mL IECUbE - S H (A
R D IREWRUEN HARY) WA 2R i , W4
FERE 1 mL,FeR BRI PR

FEIRE it 70 A < AR DA Ot P B 0 39 8/ N B -4
WG UGS & (S g Ah) STOKBIRIN — R & TR
S, A SO ng [l 487597, ] 150 mL 1EE
Bt - NI ARG 1 D) IRAE R 16 h, $2HK
W2 0.45 pm JEAT IS B 25 2 3 mL IRy —
AHBEAN . W2 mL S BERB 3 @15 (GPC) ik,
A ALK 350 mm x 20 mm, FUR i I bio ~
beads , Jiit 2l #H A 100% — 58 W e, Ui 3 445 i 1 4
mL/min, {4E 15 ~ 23 min FHPEIR, 42 1 mL
TR E eI ], 5 78 B HERER AR

PAHs 165 ¥l % : PAHs 16 &% UM (3 -
JEEAY (GC/MSD, #I-5- Agilent 6890 /5973 ) 43 H7 , Fil
Fi PAHs J& #5 ( US Chem Service, PAH16 Mixture
610) 1 16 Ff PAHs [y GC {3 B BsJ [] F1 5t 1% 45 4l /22
(NIST) X ¥ b PAHs & 1, SE 4% PAHs 19537
B MRS E R . R Dix - SMS {43% 4% (30 m
x0.25 mm x0.25 pum, & [# Restek 23 &) X} 16 Ff
PAHs {6 & 91 3 47 73 85, THilk B2 2. 60°C ) +F
Imin, P4 7°C/min 3R T} 2 230°C , Z )5 LA 15°C/min
MR TFE 280°C, FFLL 25°C/min R TFE 310°C, {4
£ 5 min, 4 FE H A 35. 33 min, AR O JE JE
280°C HRERE 1 L, AP RE, AR N, S
99.999% , ik 2.0 mL/min, =5 RS 25
VR it 7] B B B, 43 2 ARG DU 3 5 [l fi 5%, 16 e
PAHs FRISCRAE 65% ~118% Z [H], SL¥e 45 3k
22 I HRALIE
1.4 FEigIslfr# b

HARfb &9y PAHs LA 7] (i 3K LA (67 C)

FAAAH €5 - W47 R i (GC ~ IRMS Delta
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T E 0 SRR R SR A SO T 43 345 A
1E 900°C F1 630°C, K JH DB =5 MS Ultra & %%
(30 m x0.25 mm x0. 25 pm, 3 [E J&W Scientific
N A3 B RE L ) PAHs (LB W), THEFE TN
60°C 1% FF 8 min, L 3°C/min HER T} £ 120°C, fi 5
LL4°C/min 3R T+ 2 300°C {35 8 min, 2 65 min,
HERE T B 280°C, AN 73 i A 5 20X He, 4l B2
99.999% , 2 S i 2. 0 mL/min, NiO/CuO/Pt %
WAETEAE T HITE 940°C T 44k 12 h,

FeE R R A O/ C FoR 2l 87 C, #f
N%o, Bl ;

85C = (Rugy/Rye —1) x 1000
ST Ry B Ry 412275 BE 5 AR HE o PAHL
PC/RC W, FrARE I 8Y C R A X T
Vienna PeeDee Belemnite FR1E (8" Cyppp ) B HGAE

)2 2R bE(E00  J e), o7 Se ek ik 6 LA |
PAHs FIBRIERE T, DR AR AR iR e M HS & 1)
FEEPRRE KA A 1Y R U AE SRR E . 6 Ik
PEREAF RN 2516 A P e B ) 07 38 HUAEL (87 C) A
SRR 2200 T 0.39% ~6.7% 2" | (LS 7ERe
s D SR EGE , DAY PAHS Bi[m] 37 3R LI T 5%

2 gRk5ie
2.1 LE 23T IRRE R A
B ERARKAE 7,12 .16 KA 21 K RER
Fim A e M o — 5 At LSS S HE RS U HEAE
i B A HERE S PAHS (199 BE R S8 A LB 1Y
EELFR 2, BRI M FKELE + S 4 felg
()25 [ 4 ARBR £ AEAR bR £ A 5 16 B PAHS (1)
YR MR ( S PAHS) SE3543901 24 380. 8 ng/g . (281.5
+34.7) ng/g.(272.2 £11.6) ng/g F1(299.8 +37.
9) ng/g. 13 SA HLIK T3 & 5o Ao R G 1
0.89% %+ 0.90% MRFr+ 0.95% KRR PR+
0.85% , ZE3AHY)(F oK) MR R EMEAE RS, HRPR
AR PR A A ) PAHs #R EE G 1A BT AR, 15
EHEIHAH L WA T 2 B R A
PAHs i WA T FEAR . AT DAHEWT , 76 4% vk b5 57
WP, MR 3 PAHSs (9 A 504 B 7R 3T A
W TEA MR I A G BT, £33 i PAHS
St R AT RE KRS R R A A S
23 BRI REAG
M\ 4 ASRAE S I 4 58 Hp AN [ 20 43 PAHs 19 3h 2
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AWRE 3 MG Ok Jg 2 E B i E
RSN R (B 2) o 3 3 Pros, &l T
2.3 ¥ PAHs AL 5 W) AR I - R R KK, ) A=
B - MR B(K,,) BT 4 LA LAY
(D L AT La ] B g AR IF [ ] 2R AT [k
PR AT [al B HIHF[123 —ed 88, I [a,h]
BRI ghilde) " L 2 3 SME A S A
HUTES A ARXTRA L, B 5 M A SR i 1) hadk ik , A
AR X AL G WA X 22 55 N LS P AR BT B . 1
ShVEPIRAR I ER AL Q1) T 4 2.3 IRAER 3R

462 ARG PAHs #SERATHLER S 4

PAHS AL A 1) LB ORI 51206 J7 2 1
PR A
2.2 kb B HRAE
ORI 19 PAHS 15 4 YR FE1
WRERHSLILEE 3, 26 oK/ K 1045 712,16 A%
21 KRR SDHICI e 12,3 FIRER 4. &
Koy S PAHs B TR 0925 1 B W76 5
RS, JEeR UL 3 AL A Y e E T 95 O B
5 MERHLTH) S PAHS WIZEHTHEAT, HLELS 6 75
A RIS S35 . PRI B TR AR

Table 2 Concentrations of PAHs and TOC in soil samples during 4 sample periods

JEMLBR L (ng/g, TH) HFR A (ng/g, TH) ZHL(ng/g, TH) Fith+
PAHs fL&¥) — A A A A A A A A A A A A
Bt T B M S BT S st S ST S St (ng/g, T
% 2.5 993 1797 1310 1627 10,63 1697 613 2150 1492  13.50 1147 1492
AR 223 L6 202 165 195 221 1% L6l 202 22 L7918 .56
i 393 ad 331 251 370 29  oad 262 412 332 313 256 2.26
% 7.5 611 535 349 10.51  9.56  6.84 468  8.69 534 575 4.07 4.66
3 50.59  42.82 5147 3570 S0.41  48.41 4180  38.50 5276  41.40 4103 3714 19.64
iy 718 636  7.64 525 604 68 751 58 7.2 637 59 5.9 5.23
W 326 27.37 3510 2611 23.93  30.54  29.50 2945 3216 28.71 2215 2429  23.5
i 40.50  36.94 4575 3391 3099 3577 3679 3678 40.43 3756 2914 3414 36.52
HIE[alB 2821 26,09 3231 2565 2100 25.53 2578 2710 29.35 2772 23.05 24.87  30.78
1 32,49 2963 3678  29.30 2424 28.44 2917 30.86  33.43 3123 27.27  29.67  37.69
BIE[123,cd] 8 2.07 528 206 155 126 L2 408 L3 197 154 170 1.20 4280
¥IE[altE 637  nd 693 516 451 533  ad 58 605 616 515 549 13.77
H3E[hildE 2092 2124 2327 1878 1442 1813 21.00 1992 20.56 2107 1691  18.81  81.22
FF[bI%E 779 830 9.5 .57 553 725 .78 8.0l 8.02 824  6.05 68 8464
HIE(KIFEHE 3198 29.66  36.81 2016 23.30 27.88  27.25  30.96  31.85 3212 2645 28.86  31.34
HIE[a B 2421 2367 2773 23.04 1764 2015 2121 2372 25.09 2548 19.86  21.93  50.30
TPAHs  318.80 275.00 343.52 261.94  255.71 282.23 277.64 273.54  325.22 29343 248.89 258.80  480.83
233FPAHs  93.03  66.84 87.77 6170  88.89  80.69  75.06 59.35  96.32  73.60 7l.16 6272  48.27
45,65 PAHs 22578 208.17 255.79 200.25  166.83 201.54 202.58 214.19  228.91 219.84 17774 196.08  432.59
MAHLER(%) 082 086 0.87 0.8 0.9 10l 0.97 0.8 nd 094 091 0.8 0.88
T nd” FORRAGH
400 120
O s—#t
N — & _
~ 300 | 290t — R it
) Y% £ —
= 7 + _7—r m +
= P
~ + + + < + H=d
W 200 r 2 60l | [
4 * * * < * SR
7] 3
E + + + §. +
£ 100} ! o 30
+ + + W +
3
0 T ) = ) o s 0 + ) |
E[2 217 i1 ZH+L et bRt i1

Pl2  LbekERh PAHs S8 (X PAHs) 553 SMEAYIE H(X2,3 B4 PAHs) S ghsk

Fig.2 Dynamic of PAHs concentrations in the soil samples during the maize cultivating period
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EU?E?K*E%LJ&*E%”&W W A B 6 K I 1 Wz A B
ia G FEX 138 PAHs 24 T —E IS FRVEA o

#6316 A PAHs {5 WIS AP S 5

Table 3 The physical-chemical parameters of 16 PAHs
compounds

PAHs logK,, logH  logK,, PAHS logK,,, logH logK,,
ety ) et

#0337 1.6335 5.1308 | AJf[alE  5.91 -0.991 10.296
TR 4.00 1.0626 6.3317 . 5.86 -0.975 10.229
392 1.3802 5.934 Mﬂbﬁ 5.80 -1.268 10.462
% 4.18 0.9294 6.6448 [k})%%l 6.00 -0.955 10.349
3 4.57 0.6021 7.3622 JHlaltE  6.04 -2.046 11.480
W 454 0.7782 7.1561 ?3?[123 o] 6.50 - -
W 522 -0.181 8.7954 || —Z3[a,h] B 6.75 -2.155 12.299
i 5.18 0.0414 8.5329 | FEJf[ghi]dE  6.50 -3.000 12.894

2.3 ZHIFREERRIFINL R 2 TR

H TRE b H RS P 3 A1 T GC -
IRMS (4G I FRARG e , 7600 22 3884 & PAHs 1)k [7]
PERIAE—EXERE, R T8 2 O JE 98 BRI
5 6 FL AR 8V C G . ABFFE LLIX 6 Fl
G ARE 55T 158 PAHs 7EAE YRt R vh Y
W 2 AR A DA SR Bk [l 2R 18 70 TR R AR o

FOKKG FF i A& b 43 PAHs 9B [F] 57 = LU AEL
(8% C) W 4, HFE v PAHs 19 87 C {7
—34.31%0 ~ —23.95%c 7 [a], Ho LAFE Y 87 C (H 4%
B, IR - 31.02%0, JE MY 8 C {HAE , 1
H =27.48%0, A SCERIGE , 7EA EW T RIMAE
PAHs SRR EZ L3 L& 8° C (i— AT
~34%0 ~ — 15%0 2 8] | 55 A 5545 3 9 + 1 b
PAHs /) 8" C B 5 Z M

90 600
[O]
O —
Of
= 60F - = o @b
= o S =)
R 0 E
]
3L ° 8 200
q
O
. q
o o)
rH : d, K7
i [e]
0 ol | L
B/ U kw2 ERM3 EKMA4

Pl3  FORMRITORMF PAHs S Hos IRl

Fig.3 Y PAHs concentration in the leaves and roots

4 FOREFRE R 1 PAHS BORKIF L #FHAE
Table 4  The fractionation of PAHs carbon isotope during the

maize cultivating process

8" C(%o)

FE ST
&M hicA % E[E K t
JEMBR+ 1 -26.47 -29.52 -29.97 -29.68 -33.85 -26.52
JEMPRt 2 -24.60 -27.94 -28.38 -25.53 -24.82 -30.20
AEMBR+ 3 —26.87 -31.20 -25.70 -28.08 -26.94 -34.42
EMRFR -4 -29.37 -30.14 -32.16 -34.31 -29.35 -25.98

PRt 1 -26.42 -29.08 -28.14 -29.65 -28.25 -30.17
MWhrT2 -24.58 -26.46 -24.97 -26.69 -29.08 -31.29
WFr+4 -28.20 -30.53 -33.45 -39.63 -28.40 -27.27
2+ 2 -26.21 -29.68 -26.15 -30.92 -28.91 -23.95
25+ 3 -32.28 -30.27 -27.80 -30.79 -30.07 -26.79
2544 -29.27 -29.85 -28.59 -34.89 -29.57 -27.60

BT # KB, KR PAHs fL AW Un 2555 1E
B SRR ff A b, o] DL 2] 2%0 ~ 8%o )ik [R) 13 25
AR AR A [R5 A AR R,
Yo ﬁiJEE%E’JﬁW%‘EM“‘ o AMFFAEE KA
Kigead fg v R b £ CAEAR PR 4 225 [ 4 P 4 PAHSs
A W ) [R5 2 250 oK B B S AR ) 20 TR 00 o
0’ Malley 2" £ I i PAHs 4= Wy i 36 i), o
WA RS I 1) A e [R) 6 2 10 0 i AR Ak, WFSE A
N, PAHs 25K A A3 W0 A ) ot A v e 114 )
PMERIMBATEAR I B, KA 78 1 4 PAHSs (1%
ffR S MR RE In(1 - ) SEE W AL In (¢/cy)
YERASCHE BT (I 4) IR R R B4 & W itk [ £
BP0 S AR 2 A7 AE A B

0’ Malley % BF 55\ Ay, PAHs BAfRAL 59,
HE 45 LAY FEHE & D M AR Y fad i
8V CHAR A K8 Al o T H. , 5B b b PAHS B¢ )
A7 I 78 A7 AEAR R AN 2 P, AP AE SE PR IR BE
PAHs (Rt 2R 2%, PTREAS HAs — AR S IR R

IS
S
S

O %
@ 3¥FPAHs

O]

L 3 43FPAHs

O 5,6FFPAHs
& #PAHs

IV_J—‘ Ol 1 Q

FORMRL  FORIR2 FORM3 TOKIR4
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Fig.4 PAHs carbon isotope fractionation during the phytodegradation process, with relation to the chemical concentration changes

S, HAT, 5% T PAHs B[R0 378 A WA 11
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3 ik

AL 22 B R AE AU S B B B, A S P BRI A A

ARICHITE T FARAEDIXAR R L5 PAHs 9%
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(2) FoKIEFR AR v -5 PAHs ByfR[A7 % [
fH(8"C)TE —34.31%0 ~ —23.95%0 2 [], 5 HoAth f
FEH )2 1 PAHs (5 8V C (A Y., SLEWH
8" CARLAE HE A T K 5 5% 0 1A) oA DL AR 8 A5 AL LA

(3) PAHs HiRAL G, U 4 5 ML G, 1
KB FE iR R 2R i 5 vk B AR AL =z B R
KA R, BT bt BARERE 2% Hin
EA S AR AR BRI R R, 8" C {E A9 I 2 A7 7R K
PRI 22 RIS o M, DRI IOG , 76 A 4510 R 0 S P 2R
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Hr PAHs AR IR figk 1A 7 8 M 0 22 o ) )
RERG VR PRI o
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Study on the Phytodegradation of PAHs from Farmland Soil using
Technique of Compound Specific Isotope Analysis
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(1. Key Laboratory of Ministry of Land and Resources for Eco-geochemistry, National Research Center for
Geoanalysis, Beijing 100037, China;
2. Institute of Geographic Sciences and Natural Resources Research, Beijing 100101, China)

Abstract: For the research on degradation and remediation of soil polycyclic aromatic hydrocarbons ( PAHs)
pollutants, researchers have been trying to find an effective method to quantize the dynamic processes. Many
approaches have been designed, such as spiked experiment, concentrations comparison before and after the
degradation, and modeling calculations. However, all of this culminates in contradictory results and lack of
corroboration of the actual environment. Compound Specific Isotope Analysis ( CSIA) technique is used in this
study to investigate the phytodegradation process of soil PAHs with maize as the testing plant. Total concentrations
of 16 PAHs in the bulk soil, rhizosphere soil and in the controlled soil samples were (299.8 +37.9) ng/g,
(272.2 £11.6) ng/g, and (281.5 £34.7) ng/g, respectively, all much lower than the original cultivating soil
(380.8 ng/g). The soil PAHs concentrations did not show significant decline tendency during the maize growing
period, except for 3-ring PAH compounds which was consistent with the accumulation effect of the 3-ring PAHs in
maize roots and leaves. The 8" C value of 6 PAH compounds ranged from - 34.31%0 to — 23. 95%c with
fluctuations between —0.6%0 — —9.0%oc, and all §”C values turned lighter with maize plants growing except that
of Pyrene. No significant correlation between 8" C and the concentration of 4-, 5-ring PAHs was observed during
the maize cultivating process. Most research indicates that PAHs and other macromolecular compounds strongly
resist phytodegradation, which illustrates less obvious carbon isotope fractionation. PAH compounds below 3 rings
would degrade more easily and the isotopes fractionate more significantly than those of other macromolecular
compounds, thus maing the technique of CSIA more advantageous for understanding the transportation pathway of
these compounds.

Key words: Compound Specific Isotope Analysis ( CSIA); farmland soil; polycyclic aromatic hydrocarbons
(PAHs) ; phytodegradation process; isotopic fractionation
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