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Abstract: Polycyclic aromatic hydrocarbons ( PAHs) are a kind of organic pollutants which exist in environments
chronically, they are of particular concern because some are potent toxins and some can be highly persistent in the
environment, also pose a carcinogenics risk to humans. The aim of this trial was to quantify the responses of soil enzyme
activity during the phytoremediation of polycyclic aromatic hydrocarbons ( PAHs ) under laboratory control. In the
experiments 4 tree species including Cinnamomum camphora, Magnolia grandiflora, Koelreuteria bipinnata, Liriodendron
chinense , from subtropical China were elected and planted separatedly in the pots in which soils were treated with diesel oil
to three concentration levels of PAHs(L, < L, < L, ). Throughout the 180-d experiment of soil phosphatase, polyphenol
oxidase and hydrogen peroxidase activity were monitored. Under different concentration of PAHs, the order of phosphatase

activity was L, >L, > L,, the order of polyphenol oxidase and hydrogen peroxidase activity was L, > L; > L,. There are
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difference in enzymatic activities among 4 tree species. Treated with L,, the order of 4 tree species was Liriodendron
chinense > Magnolia grandiflora > Cinnamomum camphora > Koelreuteria bipinnata;treated with L, ,the order of 4 tree
species was Koelreuteria bipinnata > Liriodendron chinense > Cinnamomum camphora > Magnolia grandiflora ;treated with
L, ,the order of 4 tree species Liriodendron chinense > Cinnamomum camphora > Magnolia grandiflora > Koelreuteria
bipinnata. The change ratio of polyphenol oxidase and hydrogen peroxidase activity showed significant difference with PAHs
concentration. The soil enzymes showed few correlation with soil microbes. The activities of soil polyphenol oxidase and

hydrogen peroxidase can be regarded as indexes to assess PAHs contaminated soil.

Key Words: PAHs; soil enzyme activity; phosphatase; hydrogen peroxidase; polyphenol oxidase
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K, FEMEN, BB Y kY MR EE R R R AR R, EAER, B E
BT T 13RS 52 TRIT IR RNBST , TER TR SN | DER N | DR O B TS X 23RS
Yepg A ASAORE T Foks SRS M O TR TR R R MR AR B (B R RS T N VS e
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B 2g W kg ™' 1.10 g W kg™ .50 g W1 kg HAYLLAI B RTRFEERLE HESEMESRES,
HUB 48h LISEAS, 2T % 3 4 PAHs REMHAS4 . BEEHKFE(L, ) 77.79 mg-kg ™' FHEEHKFE(L,)
186.35 mg-kg ™ EEIFYIKF(L,) 371.79 mg-kg ™', RIENEINAR BB T BREKE T RFNEA.
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Table 1 General situation of the studied soil

PAHs &8 B P Enzymatic activity
- I B oR EMEKR o
! pH Total organic Total N Water content PR Y
Treatment concentration 1 1 Hydrogen Polyphenol
1 matter (g-kg™') (g-kg™') (%) . h Phosphatase

(mg-kg™') peroxidase oxidase
L, 77.79 5.01 19.06 1.35 18.3 0.89 0.0019 58.27
L, 186.35 4.98 23.36 1.29 16.7 0.62 0.00097 62.23
L, 371.79 4.86 46.26 1.16 17.0 0.65 0.00049 58.96

1.4 MEHE

18 PAHs M F B B Ra e E (RERERERARL R AW, WA E Iml, R/5H
Agilent 6890GC/5973MS S REE R & PAHs &8, {UESH94&M:

15 °C/min 8 °C/min 2 °C/min
60 CT—""™,100 C (5min)——7",210 °C (3 min)——~",200 C (5 min)

iRy HP-5 B8 (A5 30 m x0.25 mm, AR, SALEE 280 C, B A E 4 He,

13 pH () PXS-270 RIBFIHIE , 1IEA VR HEBRA AL, TIRLARAI R ERE, 15
Bk ERFMTE™,

A YBE NI E AR TREE T, AR RAFRNEERRERE, ERRARMN -5 TIK
TR E, MARRAR R B —5EFE, AW . EE AR RAREEER EMEE 28 ~30 T4A
WIEFRR P IESR , 43 BIE 24 48 h K 4 ~5 d I A 24T CFU ( Colony Forming Unit) 34", B %05
LR TR R ) P

TIEEEEA: T B S A AR PR S B AL, SEAER-SERAEEE, SELEE
L) 20min J5 1g 13809 0. 02mol - L™ B4E A I Z FHFE 7R (0. 02mol - L ™" KMnO, ml-g™') . ZEYE4LEE-
HMEWHEE, ZHEAMEEUATREN YT 1g HHEAERA 0. 005 mol-L™' I, ZEFALFEMR(0. 005
mol-L™'L, ml-g™"), BEMRME—BEEAZE — 4t dk, B IRMETE #: L) 2h J5 100g + 3 P,0, M B REER
(onsmg°1008_1 ) ) o
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Fig. 1 Soil enzyme activity response to different concentration of PAHs under 4 different tree species
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camphora, Magnolia grandiflora, Koelreuteria bipinnata and Liriodendron chinense under from low PAH level (L, ) to high PAH level(L,)

IR R E R RS a2 (B 1) BRRMHEHAE LSHKF T, B8R > )75 2 > 8 > 807 L,
TSRIKFET 200 > AR > AR > W E 2578 LIHUKFE T, SRR > | > X2 > /8%, Jaam
{EHAE LISEOKF T, 380 > T 525 > 30 > DR 78 LISHACE T, 200 > #8 > )7 522 > DR L
BHEAFT ) E2 > BR > 50 > DR, ZEAAEEHE L1530k, B8R > )7 E 2 > 280 > 1
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] WAE R B IR P BRI MR IR B B8 . 78 PAHs ROBRMRIRR (L) MR mHE (L) T, ESHE
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R2 FRABEAETENBEERETERAY

Table 2 The soil enzyme activities and their coefficient of variation (CV) of different tree species under the different concentration of PAHs

il R ITEZ By A bupi
Treatment Cinnamomum camphora Magnolia grandiflora Koelreuteria bipinnata Liriodendron chinense CK
L, 17.69 £1.36 18.53 £2.11 15.12 £1.28 20.53 +0.61 13.68 £0.24
L, 20.60 +£0.54 19.93 +£0.52 21.30 +1.8 20.88 £0.63 12.25 £0.47
L, 20.88 £0.63 18.65 +0.94 17.61 £3.03 21.13+0.35 10.22 £0.28

2.2 TEMEHEARS PAHs ISHRERIX R

TrZHR L 95 % BIFEFLT , LB AMMEEREARE LG RA R ERBE 25
KA(P <0.01) ,FEMAEEEEURELZHTRAFRRERREZFRR(P < 0.05) , TBHRREEF 42
R Z 15 IR B A B2 , A RS NMROKF PSR ZR A BE (R3) .

®3 BEEEAESZRFTEREEAHHESN
Table 3 Mean-variance Analysis between change ratio of enzymatic activity and PAHs concentration

R IE= By A
Cinnamomum camphora Magnolia grandiflora Koelreuteria bipinnata Liriodendron chinense
iis:) HPA POA PA HPA POA PA HPA POA PA HPA POA PA

Treatment iR AR R R PR REER PR AR R AR BEE O BAR
Change  Change Change Change  Change Change Change  Change Change Change  Change Change

ratio ratio ratio ratio ratio ratio ratio ratio ratio ratio ratio ratio
L, 0* 12.74%* -0.1 0.132° 20.36** -0.06 0.173% 14.14** -0.24 -0.03% 23.00%* 0.04
L, 0.24* 25.54°* -0.02 0.18* 23.16°** -0.05 0.41° 19.35** 0.01 0.15% 24.09°** -0.03
L, 0.05* 73.69°¢ 0.05 -0.07* 81.72%** -0.07 -0.12* 65.59%* -0.12 0.06% 110.69** 0.06

#P < 0.05,% P < 0.01 BREHHNEMLE= (65 LREEE - BEALREE )/ B2 L EEHE ¥ x100%  Change ratio of
enzymatic activity = ( the final enzymatic activity — the original enzymatic activity) / the original enzymatic activity x 100% ; HPA ., 3 & LS B8 Hydrogen
peroxide, POA : ZE}SE {LE§ Polyphenol oxidase, PA: B§ERES Phosphatases

2.3 1IEMS5HEMEYRR

IR W A E R LIBERRAEPREY X RN FBHBNS . AR, SHREDX R
B HAIZFBR, SFIEEKET , 4B b Y BB 53. 1% ~98.3% , T 5 1.34% ~39.66% ,
B4 0.31% ~7.23% , V] DLAPE 135 08 AR e LIB P R s b 0. B 2 BT LA
B, BRI SEREEE 2305 R E R, AE B R E RS , A EREE 15 5
WE RGN SE T RS, R R E N Z I TR EA K EAFIEER, ER MR AE YRR E TS
Pk FERIE TR T B, AR 3P MR TR LIS LA F & B RIREUR, ) E 2 13 g
BIS LR S ERIEUR, B HFEE 5 1S BHSE, N E M B0E E 2R LRI &8

B SHMAEYNHEXIT (X 4) IEA T EMAEYNBEZ D5 EBYETRRBHXAANAR, 5
Frankenberger™ 5 Gallo"™ ZEBFE 2Rk + - ST W19 26 R 94 R —3H,
2.4 HIEHLRETENIEIR T

R T BT Z R S IRAEE R E S LIEEE RN E R, NS AT LIRS R E
BT b, X T AR Y 6 MBS T R (RS) . MRS TUEL , FE 2 N ERDA W
BHEE 8P MER. B—ERAEERBT LHIBREENMAENER, FZRERN 59.586% ;58 —F s
FERBT HESENERE . S AAERSEN LRAENE R, FETEBRER 40.414% . NI LIEZTS
LMAEE, LEBHEEEEN AR, Kb 84S EN 2 B E R T EME .
3 itig

B Ry 13 L RLER 43, HTE PRI R /N R SRR S e 3 e AR AL R N O T ISR, RIS AR
BB B RRZ — . AP & BB R B A [R5 e vk B 28 4k U B A X 42 B B AL A B AL S
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BB S 2 R 3 S B E AR TE e, TR IR
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mg-kg ™) MR IE (10mg -kg ™" ) TR bR 88 5 M bR
g 7R 2 B AL BRI SR 22 B, T e
(100mg-kg™") FHRkz LI mRI IO TE 1 B2 E

TR AR AT E B Ze A WAL N B A 7S
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A ERTHRBL, HiE— MR iR, Rg

F4 ILEBSWEDHASES R

®5 TRSHFESLEENTHERRGIRSSH

Table 4 The relationship among the soil enzyme activity and Table 5 The principal component analysis of soil information
microbes system in different PAHs concentration
& 4L S B8 Hydrogen peroxide  —0.005 -0.089 0.245 4S{EMR Eigenvalues 3.575 2.425
Z B} & 1B Polyphenol oxidase 0.293 -0.184 -0.058 FZETIBAER Rate of variance 59.586 40.414
B2 Phosphatases -0.249 -0.028 -0.358 ZFFTERE Cumulative rate 59.586 100

#*P <0.05,% «P < 0.01

X, ~ X, RIS E AR PR 2 IR AL X, ~ X B

FHE . EB.BLHE X, — X; represent hydrogen peroxidase,
Phosphatase, polyphenol oxidase. X, — X, represent bacteria, fungi,

actinomyce

RD>— o = YRR IR PrE NN B . = —AYMREA R, A REEY , RERE - i a AR, &
SFHYRABAE YR ERAREE EBOLT YR BY T T A VIRERRFY RN BENFE, X
SO INIRR LS R PR RRE AR o ARSI RS AR PR AR T O B R S (LIRS B AR W BB A
e, T BLEE PR s R MR AR K, SRR R R A WA T B R A s 1
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FE M WA 25, EARREYKCET M ER R R &5 R E R T R L8, X — R R
YR, DEOERTRB I T — g, BER—I53KF T R A R R R —BE A A 2=
5L, B KA 25 50% L b, X 0T B B TR R FP S 3 S PR M R R A R R AR Ak BT BUEY) , W ST HR
T RS REE TOC,pH BB . LW ERAAREYHRAEF LR T, RER
EZRBR,BXTEENRRE AR, AR KK SR T EARA, X 2 R ] fe R 3OS iy 2=
5o AEMTES BN R R, RS HIEEEE R R . BAh, B P A TR R R B
FHE LHSRUAR, EKBZRFRELRNBR T, ENNERSREDL, RABEH B TRRABEZ R4
b, B ICARBR ST R B T R A K B 1, K IR S R — 5
4 g

(1) 78 3 MR EAFRITYIKET ,4 AW F R B Y R B L R IE B — 5, B RREa T 140
L, >Ly> L; ZBEMABENE AUEMEEA L > L > L, SBETEBEENT,7E LisEKET A D8
AR >TTEZE >R > Z805 78 LIS YUK T AZER > DR > 8 > 1 E 278 LIsHUKE T ADoK > &
B> E 2 > 256,

Q) FEARZBAMT , LERSHMAEYZRRAEHXME, BEEESAFREERTERRLT, AR %E
TP YR SR

(3) ZFFFEX L IEMEEE —ENEm, ZEEABEANESEASHE LBERENERFTRESENEL
B, T BEA RN SN ESHEAmEEN MRS ER T RAFAGRIRERDEZ R XA, T ERE
EHEAREZRHREIREERBE LR, N ERGRRERSMTESH, DRI EASHENEHEL
T B DAVE Sy 135875 Yo B R PR 4R AR
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