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Enzymatic activity during phytoremediation of polycyclic aromatic hydrocarbon

impacted soil
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Abstract: Polycyclic aromatic hydrocarbons ( PAHs) are widespread in nature because of several polluting anthropogenic
activities. They have been recognized as a potential health risk due to their intrinsic chemical stability, high recalcitrance to
different types of degradation and high toxicity to living organisms. Soil enzymes, being in intimate contact with the soil’s
environment and very sensitive to any ecosystem perturbation, are well suited for assessing the impact of pollution on the soil
quality. The aim of this trial was to quantify the responses of soil enzyme activity during the phytoremediation of PAHs
impacted soil. Four tree species including Cinnamomum camphora, Magnolia grandiflora, Koelreuteria bipinnata,
Liriodendron chinense, from subtropical China, were selected and planted separately in the pots in which soils were treated
with diesel oil to three concentration levels of PAHs (L1 < L2 < L3). Phosphatase, polyphenol oxidase and hydrogen
peroxide activity were evaluated at 0, 3, 6, 9 and 12 months after the PAHs contamination. The resulted showed that the
inhibition rates of polyphenol oxidase activity ranged from —=94.98% to 16.29%, the inhibition rates of hydrogen peroxide
activity ranged from —76.71% to 13.19%, and the inhibition rates of phosphatase activity ranged from —49.62% to

56.38%. Enzymatic activity in PAHs contaminated soils were also affected by different tree species. Analysis of variance
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indicated that there was a significant difference of hydrogen peroxide activity between different PAHs levels and there were a

significant difference of 3 enzyme activities between different times, but all 3 enzyme activities were not significant between

interactions of different trees and PAHs levels and between interactions of different times and PAHs levels. Two principal

components were extracted from the principal component analysis and their cumulative contribution of variance accounted for

94.19%. The variance contribution rate of PC1 and PC2 were 87.61% and 6.58% , respectively. The correlation coefficients

between main substrates and PC1 or PC2 indicated that enzymatic activity was influenced by PAHs and trees together, but

the such influence from PAHs contamination was higher than that from the trees. Meanwhile, the principal component

analysis also showed the polyphenol oxidase and phosphatase activities impacted by the PAHs and trees were higher than the

hydrogen peroxide activity.
Key Words: PAHs;trees ; phytoremediation; enzyme
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Table 1 General situation of the studied soil

BAHU/ (g/ke) SR/ (g/ke) THEE KR %
A PR Treatment pH X A
Total organic carbon Total nitrogen Water content
Ji 5.01 12.65 1.18 33.2
L 5.01 19.06 1.35 18.3
L, 4.98 23.36 1.29 16.7
L, 4.86 46.26 1.16 17.0

AT 4 DAL L0 A5 e, Fidd
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SYL) ARV, & CK1 (N 2g/kg %83 , CK2(Jm
10g/kg 4E7H) CK3 (il 50g/kg 2 ) . BR T X I8
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Fig.1 The change of enzymatic activities during phytoremediation of PAHs impacted soils over time
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Table 2 The comparison of enzymatic activities inhibition rate during phytoremediation of PAHs impacted soils

AbF s ] i A SRR PR 2R % Z Wy S A B PRI ) 2/ % BB A ] 2/ %
) Inhibition rate of hydrogen Inhibition rate of polyphenol Inhibition rate of
Treatment time peroxide activity oxidase activity phosphatase activity
(months ) CK L1 L2 L3 CK L1 L2 L3 CK L1 L2 L3
3 0 1036 13.19 -76.71 0 -70.1 -52.15 -24.07 0 33.67 17.09 22.94
6 0 11.75  -3.73 -50.34 0 -62.82 9.83 -94.98 0 -49.62 -21.34 -8.7
9 0 0.54 -10.03 -28.07 0 -78.71 -0.67 -26.59 0 -31.23 2.16 5.97
12 0 0.97 -53.04 -3.54 0 593 -1.96  16.29 0 0.53  29.69 56.38

) B, Ry 4R Bl RN WA 9 R T R X AREE DMK AY TS e R ot AL A L 2 0 A A
PAHs V5 Jemi i , T R — WA OR RTG YeoKF Al FOBERR RS P s 2 B30, w] 0L, 4 S TG
TEVERNH R WL 3 AR BT RER A B2 A5 e £ XF PAHSs 15 YL A MR N 32 B[R] R G 52
Hh et AR AL R 22 B AR AR 2 TR O W R Rtk it A AL SR £ B E AL B AR 4
Tt 1) 8 1 A 32 B 5 KR 15 A (5 e b b S AR R T 2 R BN RO B R T 1 2 R
A SRS RO 0 2 By AL B IR TR A,

16 L1 KSR 306 , 78 12 A 13 7K R 332 203 i
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Table 3 The inhibition rate of enzymatic activities in PAHs impacted soils by different trees remediation

KT - ) 25 A I“ff -%?IM(
Contaminated levels Cinnamomum KerlAreuterLa MagnAolm LLrw-dendron

camphora bipinnata grandiflora chinense
o} A S L1 9.77 -20.06 0.92 6.30
Hydrogen peroxide L2 -22.66 -44.59 -25.42 -6.35
L3 -66.98 -52.05 -49.00 -28.83
e RN Ll -65.20 -34.38 -21.36 -82.21
Polyphenol oxidase L2 -18.38 21.40 -43.48 -16.52
L3 -33.03 9.69 -52.56 -23.17
2B phosphatase L1 18.24 -2.69 7.48 -19.67
L2 5.43 4.35 12.24 -0.13
L3 20.00 16.23 26.46 13.54

2.3 THEES PAHs X R

T EAHT (£ 4) KW, 78 PAHs ARG ek
[, 3o AR Ph ST G 1 2 S PR 3 (P<0.05) |, T2 1 4
AT R IR 76 1 25 S VEAS B 3 ZEAS TR A T, 3

TP T7% P 22 S AN W 8 s FE AN [R] B[], 3 o il 3% 4
5P (P<0.05) ;3 BTG PE 78 A [ il i e
A ZHREET 22 5888 W3 IRl RE 3 i v 1
FEA [RBTG5 YK N Z R T 225 WA 83,

®4 HEYIEE PAHs SR T EEEEHTESH

Table 4 Analysis of variance of enzymatic activities during phytoremediation of PAHs impacted soils

T H +- e Ryl M E ¥ » P
Ttems Enzyme Sum of square Variance Mean square
V5 9K o A S 1.627 29 0.048 3.558 0.043
Contaminated level Z M A AL 13920.1 29 494.3 0.58 0.567
BRI 7868.402 29 274.053 0.856 0.436
WFlr Different trees i 2.843 47 0.056 2.21 0.10
Z AL 58473.47 47 1291.378 0.76 0.523
A 14047.47 47 309.933 0.441 0.725
st 1] o AL AUl 0.761 14 0.013 12.27 0.001*
Different times Z Wy AL 7245.525 14 169.033 8.216 0.003 *
IR Bt 3940.786 14 14.376 66.031 0.00*
ANTRI R il ¥ YK - o AL AU 0.43 8 0.05 0.99 0.458
Different treesx Z M AL 3660.4 8 457.5 0.39 0.923
Contaminated level BRI 401.1 8 50.1 0.14 0.996
AN RIS} ] 75 L K- o AL AU 0.12 8 0.015 0.29 0.956
Different timex Z Wy S LTl 2761.4 8 345.2 1.82 0.151
Contaminated level TR Wit 258.8 8 32.4 0.49 0.846

* FRikF 0.05 §.EKF = P<0.05
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N T RS HT PAHSs 75 G R 5 TG k2
B A2 R, % 3 Fp e I M EA T T 3 LA o
Bro AR PR EAY 3 BB — MR Bty 25 Bk
RIKF 85% (1 JE M P SLHRECT 2 A~ Fa gy, Bt
DURRRIR 94.19% , Fohf 1 4 (PCL) Y 2551
HRFHN 87.61% 55 2 5T (PC2) M 6.58% (K1 2)

SERLRH] L1 .12 L3 .10 Fl CK1,CK2 ¥4+ 16 1E PC1
B FRYIETT IR, {H L3 F CK3 04 6 PC2 il E i
Jiml, AIUL, PAHs iR BE V5 e 5Kk B Vs et 4 45
BTG R R R A T 25 5, T ELRRE RS (1LO) TG
FEH 00T B ( CK) X BRSPS R 22 5 R K

N = ST 2 114 0 7 R ) PR S B HL A K
B T LIRS B, 2 B A ARG (Po ) RS R i
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Fig.2 Principal component analysis for enzymatic activities

during phytoremediation of PAHs impacted soils
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