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The Remediation of Phenanthrene and Pyrene in Soil by Sudan Grass(Sorghum vulgare L.)

YUAN Xin, WEI Shi-giang, PAN Sheng—wang

(College of Resources and Environment, Southwest University, Key Laboratory of Agricultural Resources and Environment in Chongging,
Chongqing 400716, China)

Abstract: The effects of Sudan grass(Sorghum vulgare L.) and the interaction between plants and microorganisms on the removal of phenan—
threne and pyrene from soils were studied by pot experiment in a greenhouse. The results showed that Sudan grass grew normally, and soil—grass
system could significantly remove phenanthrene and pyrene from soils at initial concentrations ranging from 0 to 322.06 mg -kg™ for phenan—
threne and 0 to 321.42 mg-kg™ for pyrene. After 60—day plantation of Sundan grass, the removal rates of phenanthrene and pyrene were 73.07%
~83.92% and 63%~77.62% respectively, which were averagely 55.58% and 50.71% higher than those of the CK,(without plants and addition of
0.1% NaNj3), and 72.71% and 66.57% higher than those of CK,(without plants but with addition of 0.1%NaN; ), respectively. The results
suggested that plantation of Sudan grass significantly promoted the microbial degradation of phenanthrene and pyrene. Furthermore, the mea—
surements on the activities of soil urease and polyphenol oxidase also indicated that the enzymes activities decreased with the increase of soil
PAHs levels, and the degradation rates of PAHs increased with the increase of soil enzyme activities at the same initial PAHs concentrations.
The enzymes activity of the treatment with plantation of Sudan grass(TR;) was higher than those of the two control treatments(CK, and CK,)
at the same PAHs level, which showed plants growth could enhance the enzymes activity of soil, and promote the PAHs degradation by indige—
nous microorganisms. Thus the interaction between plants and microorganisms was proved to be the main way for PAHs degradation.
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Table 1 Initial concentrations of phenanthrene and pyrene

in treated soils

Ty Ty/ T/ Ty Ty T
mg kg mg-kg”! mg-ke? mg-kg! mg-kg”! mg-kg?

PAHs

JE phenanthrene  ND 20.02  40.88 81.05 161.44 322.06
LE pyrene ND 2024  39.58  79.86 160.64 321.42
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ND . %A #:Hy, Not detected ;n=3,
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Figure 1 Growth difference of Sorghum vulgare L. plants in the soils

treated with different concentrations of phenanthrene and pyrene

39.58~321.42 mg-kg™ I, F5FF L TB i V5 e ik 8 14 fin
kL, FREIREE A 16.13%~66.69% ., 7E43 IR INEE |
EERY 1 A A BRARIEE L 25 S AN B 3 (n=25,P>0.05)
VLIRS AE A b AR i E AR X T RE S EE
EEVRINE L3 C BB, 715 YK Y
PAHs XHEY)AE KRSV E R FIIHIER . AR 4
PR B TS e BE BRI, R A4 KA e e 1 s
15 YR E RS R s A A KA BRI RIME . X
AIRE S F i K MEREAR BRI R, 7 D
e A e, (HR I 2E B R PR e S
FE R B 5 Y Bl N R RE IR A K BN R A
52 HEEE BTG YL T LR RIMIRERG I 45 R R
FERT AR B Y, BAE I R AE T o £ 0, 7T LA Z AT
Reilley K A S5 [IRI0 25 SRR B T 2L 25 -1,
2.1.2 FFHEO AR 0 RBRIE

60 d J& , T 3E-I5 PR B R 58 (TR,) FPR 2 % i 4
(CK,.CK,) 3 rh PAHs 5% B8 1k B 500 0hv FE (T,)
(R AN 2, -3 (5% BR v Bt 05 ek 1)
BRI, R Y SC R  TEAFIA IR E T,
3R Rk B R RU/NIUF N« CKy> CK>TR,, 7
[A]—35 447K 1 TR, 4 ¥ 5 CK, CK, 4b PR 41 rh

3501

- CK, JE phenanthrene
_ o= 300 +CK,
o oa -
fn § 0501 —&-TR,
E B %
® E E 200
¥ g =
£ 5 Zasof
& 3§
Z £ £ 100f
g~
&~ 50+
O 1 1 1 1
0 100 200 300 400
WIUEHE Tnitial concentrations in soils/mg -kg™
350 -
—-CK, PE pyrene
-, - 300F OHCK,
£ E ¥ —A-TR
w S 7250 3
£ £ ¥
B 2 200
¥ 2 2
E S =150
%3
2 T £ 100
51
S E T 50
0 |

0 50 100 150 200 250 300 350
WIUHEHFE Initial concentrations in soils/mg kg™
2 MiESRMERAETIERIE EHEREE(ng kg)
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unplanted and planted soils(mg-kg™)
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Figure 3 The enzyme activity soils in the soils treated with different concentrations of phenanthrene and pyrene
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Table 2 Residual concentrations of phenanthrene and pyrene in unplanted and planted soils(mg-kg™)

I H JE phenanthrene TE pyrene
WM Initial concentrations 20.02 40.88 81.05 161.44 322.06 20.24 39.58 79.86 160.64  321.42
TJeAE 4 unplanted 14.02 30.21 62.4 130.86 274.62 15.34 31.19 65.66 13542  278.84
A Y planted 3.32 7.87 17.88 41.88 86.72 4.53 11.71 23.42 57.9 118.94
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Table 3 The enzyme activity soils in the soils treated with different concentrations of phenanthrene and pyrene

S| JE phenanthrene £ pyrene
VI HEFE Tnitial concentrations/mg kg™ 20.02 40.88 81.05 161.44  322.06 20.24 39.58 79.86 160.64  321.42
T urease/mg- (g-24 h)™! 0.196 0.117 0.079 0.053 0.038 0.134 0.084 0.069 0.045 0.021
Z My AL polyphosphate/mg- (g+2 h)™  0.047 0.031 0.027 0.022 0.013 0.039 0.032 0.025 0.016 0.008
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Table 4 Regression equation between urease/polyphosphate and

concentration of PAHs

PAHs iy AT R? n P
£ it Y=1.0817x"% 07948 15  P<0.001
LI EET Y=0.163 2% 07539 15 P<0.001
t JIR ity Y=0.917 6x°*% 07557 15  P<0.001
ZWEALEE  Y=0.241x77  0.646 15 P<0.001

60 d J&5, VILRUE N 81.05 mg-kg™ ET5 YL - 4F
1, TR;.CK, .CK, IRt 4 3% 74 43 31k 0.079.,0.026
0.004 mg- (g+24 h)™"(n=5,P<0.05) ; Z 1 48 Ak 1435 1
3914 0.027.,0.021.0.002 mg+ (g+2 h)™(n=5,P<0.05).,
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