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Remediation of soils contaminated with polycyclic aromatic hydrocarbons

(PAHs) using four greening tree species
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Abstract; Polycyclic aromatic hydrocarbons ( PAHs) are an important group of persistent organic pollutants that are
widespread in environment. With rapid growth of population, sustained industrial development and urbanization, PAHs
have become a growing concern and received much attention. The reason is that PAHs have toxicity to humans and their
possible harmful effect on animals, plants and microbes in aquatic and terrestrial ecosystems. In order to reveal the
responses of tree species to PAHs and to examine the remediation methods of diesel-oil contaminated soils using higher
plants, a pot experiment was conducted to compare degradation of PAH concentrations in diesel-oil contaminated soils under

four tree species, and to investigate how soil microbial flora make contributions on such degradation. One-year old seedlings
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of four tree species, Cinnamomum camphora, Magnolia grandiflora, Koelreuteria bipinnat, and Liriodendron chinense were
selected and planted in PAH contaminated soils with different diesel-oil (Og/kg ( control), 2¢/kg (L1), 10g/kg (1.2)
and 50g/kg soil (13)). The composition, abundance and dynamics of soil microbes in the four groups of soils were
measured to provide theoretic evidences for assessing and selecting tree species for remediation of PAHs contamination. The
results showed that (1) bacteria were the most dominant group in soil microbial flora in the four tree species, and accounted
for 69.70% —93.87% of the total microorganism. The percentage of bacteria usually increased with increasing of diesel-oil
concentration levels. Compared with in control treatments, the proportion of bacteria in soil microorganisms in PAH
treatments were inhibited by diesel-oil concentrations, except in soil of Koelreuteria bipinnat. Actinomyces accounted for
2.71% —25.29% of total microbeorganisms, and the percentage decreased with the increases of diesel-oil concentrations in
all treatments. For Koelreuteria bipinnat species, the percentages of Actinomyces in total soil microbial flora were smaller in
contaminated treatments than in control. But the situation was opposite for Cinnamomum camphora species. The proportion
of fungi in total soil microorganisms was 0. 88% —5. 83% , and the values were relatively promoted in low and medium
diesel-oil concentration treated soils. (2) The microorganisms in the studied tree species soils exhibited different seasonal
patterns to response to PAHs treatments. In Koelreuteria bipinnat soils, the number of total microbes was higher in
contaminated treatments than in control; In Cinnamomum camphora soils, only at the early stage were the total microbes
high in polluted treatments than in control. For Magnolia grandiflora species, the abundance of total microorganisms was
higher in all diesel-oil treated soils than in control soils for the studied period, except in the month of April, when the
number of microbes was higher in control than in other treatment soils. The total microbes were lower in polluted treatments
than in control in Liriodendron chinense soils in April. But in other months, all treatment soils had higher microbes than in
control except in Ll treatment. (3) In control soils, the quantity of total microbes gradually increased at the early stage of
the study (from October, 2009) , reaching the peaking value in April, 2010, and then decreased until in October, 2010.
PAHs contaminations disturbed such dynamic patterns of microbial abundance. The maximum values of total microorganisms
in were appeared in January or July in the treatments. It was found that fungi played an important role in controlling the
degradation of PAHs in this study. One year later of the treatment, PAHs contents were similar in L1, L2 treatments’ soils
and in control soils for all four tree species plots. PAHs contents in L3 treatment’s soils of each tree species were in the

order of Liriodendron chinense > Koelreuteria bipinnat> Magnolia grandiflora>Cinnamomum camphora.
Key Words; PAHs; soil microbes; bacteria; fungi; actinomyces; diesel-oil ; remediation
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Table 1 Content of total organic carbon, total nitrogen and pH in

studied soils
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JEE (10 0 1T A8 AR R AR 3 R 3 K 45 % IR AR A B, 95 Y b T Xk 23 AR o 4 198 i 40 77 T o5 L 491 R 4R 0 1
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Fig.1 Bacteria, fungi and actinomycetes accounted for the proportion of total soil microbial
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F2 BHBARRELE T BHMEMSE(10%cfu/g)

Table 2 Total microbes in different treated soils at each stage

CK L1 12 13

AR 1A 214.00a 36.53b 27.17b 20.87b
4 A 432.18a 126.60b 100.35b 83.60b

7H 110.25a 49.75a 25.65b 61.72a

10 A 16.55a 22.60a 35.10a 80.51b

JE 1A 30.25a 34.03a 27.85a 85.93a
4 A 245.36a 42.72¢ 119.63b 59.49¢

7H 31.61a 59.53a 39.38a 44.07a

10 A 12.23a 37.16a 10.38a 36.62a

B ) 1A 27.22a 39.33a 19.48a 32.48a
4 A 47.83a 148.40a 89.43a 160. 68a

7H 15.86a 25.31a 94.10a 61.58a

10 A 21.24a 28.40ab 36.19ab 61.37b

A 1A 33. 64ab 21.64a 29.53ab 35.77b
4 323.75a 116.72ab 58.10b 227.23ab

7H 35.07a 33.88a 48.38ab 75.36b

10 A 28.96a 18.22a 36.90a 46.44a

FREFORE A B A BRI S E 22 5%, AR R P S TR E 25, ) Z WA (P<0.05, one-way ANOVA,LSD)

i MR 10 25 R 8 PAHSs W T, 280 1a 5256 AP0 RD L1 12 AR BE P Y PAHS W E
50 R A Y U P A BE -3 PAHs CSSBSE 42 RS ; L3 AL BB Al b PAHS 550 S A >
R ST R 2 SRR R -3 PAHs YRBE TR 2 9. 04 me/kg, HARIRRT2H 75 23007 ] 1+ 5 b PAHSs [ fiff 2
IR BAE LS I 1] P DR T e R i
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Fig. 2 Changes of PAHs content in soils
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3.3 HIEEBUAEYS PAHs BOAHSCHES T

FEA I 33 AR 5 PAHSs BRI R 3 AAH G (32 3) , RIS e ] PAHs X AEA £ 18 b B
PR BB A T — 2 WA RIAE (BB 5 PAHSs 75 52 1 3 TUAHOC IR WI7E PAHs YR BRI FR b, LA
BOEAEREZ K, TR 224l s 0 SRR AL, PAHs BI 4R PAHs & 5 B AR B E MG (£
4) R B S PAHs WA B B3 A OC , R IATE PAHs ¥5 Y, FLBE 4R T8 32 PAHs #0364 4
SR, X5 P T D RS AE SRR B AR R M BOE S PAHs Z I SEMEARTR (K S) . T
BIAL I TR A S PAHs WGV EEA & M COCR (3R 6) . HREREITE PAHs V53401, ik
T | FLTE T 5 32 B 720 R U 32 2 N

R3 ERGE TEREY PAHs B9E X4

Table 3 Correlations between soil microbes and PAHs of Cin m camphora seedlings
PAHs #J IRk E PAHs £BR3R e .. e
pAHs g DA IR AR i A skt
Ui H Item PATs rati Initial concentration ~ Removal rate Bacteri: Funei Acti .
s concentration of PAHSs of PAHs acteria ungi ctinomycetes
PAHs ¥IH VR EE
Initial concentration of PAHs 0.670 !
PAHs %FR3e
-0.266 0.242 1
Removal rate of PAHs 0.26
0T Bacteria -0.221 -0.269 -0.193 1
L Fungi -0.316* -0.405 ** -0. 109 0.662** 1
JUEEHE Actinomycetes -0.091 -0.170 -0.403 " 0.361" 0.478 ** 1
T W) BT Total microbe -0.223 -0.280 -0.232 0.993 ** 0.696 ** 0.468 **

w x fRFAHEMEMN B (P<0.01,Pearson Correlation,2-tailed) , * {CFRAHFEM: B 3 (P<0. 05, Pearson Correlation,2-tailed)

x4 TTEZHETEMEYF PAHs FEXME
Table 4 Correlations between soil microbes and PAHs of Magnolia grandiflora seedlings

PAHs & & PAHs ¥IIAYeE  PAHs EFR%R

e s 2
i H ltem PAHs Initial concentration Removal rate B/H?l@" l;‘ [ﬁ_ A lﬁi A .
concentration of PAHs of PAHs actena ungt cumorycetes
PAHs ¥ UGV
Initial concentration of PAHs 0.742 !
PAHs %3
-0.304 0.174 1
Removal rate of PAHs 0.30
M Bacteria 0.119 0.025 0.077 1
H A Fungi -0.339* -0.388* 0.181 0.188 1
HLZEE Actinomycetes -0.294 -0.501 " -0.225 0.219 0.293 1
Tz 4 BB Total microbe 0.071 -0.042 0.060 0.993** 0.254 0.321"

F5 ERPHETEREYI PAHs BIHEXE
Table 5 Correlations between soil microbes, enzymes and PAHs of Koelreuteria bipinnata seedlings

PAHs &1 PAHs ¥IUAWE  PAHs E£HR

P e 2
Ui H Item PAHs Initial concentration Removal Bjmtm'- l‘:\ I?I- A lﬁk&%‘ s
concentration of PAHs rate of PAHs actenia ungt cinomycetes
PAHs HI4GHR .
. o 1
Initial concentration of PAHs 0.726
PAHs %
.12 . o 1
Removal rate of PAHs 0.128 0.558
ZH A Bacteria 0.244 0.299 0.178 1
HH Fungi -0. 145 -0.131 0.033 0.341° 1
TR Actinomycetes -0.161 -0.170 0.100 0.274 0.640 " 1
T W) L Total microbe 0.212 0.264 0.182 0.992 ** 0.417** 0.389 "
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F6 DEIARYE TIEFHEWT PAHs B X
Table 6 Correlations between soil microbes, enzymes and PAHs of Liriodendron chinense seedlings

PAHs 7 i PAHs #IHR¥RE  PAHs £BE%

i, = B
i H ltem PAHs Initial concentration Removal B/Eﬁtlg' ;‘tﬁ A lﬁi I .
concentration of PAHs rate of PAHs actena ungt cunorycetes
PAHs ¥IH V2
Initial concentration of PAHs 0.798 !
PAHs %3
-0.307 0.074 1
Removal rate of PAHs
0T Bacteria 0.103 0.099 0.112 1
HLFE Fungi 0. 146 0.244 0.042 0. 145 1
JUERHE Actinomycetes -0.215 -0.383" -0.221 0.015 0.055 1
T 4 BB Total microbe 0.093 0.082 0.098 0.998 ** 0.175 0.078
4 itig

(1) 4 DT BERUCEY R ARG G LR R WKz, B b, AN B R T
TR AEYIX R W FZA S, (HA R Z R FEAR 2R 43 W 20 R &5 it 1 AP AR R 1 25 5200 i
HLIE) a0 08 3 W AN 6] A B A AR Ak, PRI DX A Wy R SR S AR AR 28 | b 3 S A PR 855 25 AR G
(RE S, I BE R AR 75 BIA )1 2 S PR SR (R S AR FEARHIF 5 v T A A ol 45 Acb 3+ B8
WAV RA MM E R Z R RHIRZ , BRI R,
(2) 4 DAL R Rbo R P AR ) S EOBE N B] B 28 AR AR 2 A 10 B 28L4E 4 F kg 4 F 2 10 AW
WD, V5 YA PR R W SR AR A G 25 57 S P AHSs 15 G 8 45 20 AN () 2% 30 A 06 i iy sl T S B
S, FENBAE L AS7 A, WHGFHLIX 4 ]S B8 F) T RUE A it 2 A Y e A K 2
AT F AR F R B 3R 5 CR Uk O R, B — g 3 4 A (B scE et X
SR SIS SR A5 AR

W52, S 0308 27 1 e ol 0 A L5 A 2 A el 2 32 R 0 Bt I RIS , % PAHs HLA T
VLB AR RE A TR YD 23 B TS 22 JE X5 e A TR . ASBIESErp BB ) R 22 R Sh K PAHSs 202+
S AR ) SR SIS R I AR 0T B SR B Y AR A A S 10 AR DU g T 0 R D R T R AR
M3 2R BETE PR A IE U - S0 MR R A R AR | ELAS PAHSs AR BE 1 B 1A 0 o DR A 17 75 e I om ok L o i ot
T2 BUE 1 A Z2eR EaErh | TS YA BRAE AR B A PAHSs o UESE I A5, 2 B L I 2SR A SR AR ) B 200 B
PAHs AR08, 7] PAHs FEATCH, il PAHSs 2 BG4 Y80 2 T % IR 1 250 9 R 30 is B
PERETERRD R 18 2 7 16 52 v A AR A g 7

Zoid 1a SER IS  TESCIRI I PAHSs [ R BLAL #7 Ll PAHs BFSHREME
ZRRERT BN S VS YA B P Y PAHs FEf#%L  Table 7 The component matrix and cumulative percent of PAHs
SRAR, i PR AT RETE T3 W RS b 0 5 e i R0 S i, soills

RETHe2 A TRIH SR s R e 1o hipt 2T LT

IS B A S A IR | i Ay Ve PAHs [#f# % Removal rate of PAHs -0.780  0.481
HA K225 R A2 48 K B DA H R A 5E A3 Bacteria 0.853  0.078
BT R 2 B Fungi 0.464  0.600
(3) J T 1 PAHs sl 2, %t 4 R LT Actinomycetes -0.038  -0.888
Bl PAHs [ R R AN B A BT T 4 [HF T #k R Factor contribution/% 39.17 73.82

ST RS T 2 AT B T 39. 17% K1 73.
82% [WAFEE (£ 7). T 1 REEHANEALAL, 0 PAHs BFEIAERIEIZHE T L 094 R i, BR 4085 PAHs
FEARBEA T A IEA G, T 2 2R PAHSs FAAR 5 EC T8 41 0, X 106 I L B 2 78 ) PAHs M i) — A 5
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BNER TR IE RN TE S PAHs BRI SC R AR, L HERUE YR Rl 2R 25 R S8 b B i BRI Ly, 2
TS YRR BRSO VF AT LB AT LARRSR PAHS , JiCZR R U 6 LT i, AR5 v EL T O R A% PAHSs
HENZFE, PAHs i53IHA T, B B IR PAHs HYREAFAE 7, (H B A B0 R BLI W i3, al e 2 A
SIS, AR PAHs L VERRAR B A 23 IR D R A B TR 2R, (E HA TRl 22 52 30 75 Gl |, S BB %L
R LRI
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