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Effects of single and joint pollution of chromium( VI ) and phenanthrene on microbiological enzyme activities in
soil

WANG Xing', SHEN Gen—xiang’, HU Shuang-qing”, GU Hai-rong?, CUI Chun-yan', ZHU Ming—yuan®, ZHAO Xiao—xiang'

(1.College of Environmental Science and Engineering, Donghua University, Shanghai 201620, China; 2.Shanghai Academy of Environmental
Sciences, Shanghai 200233, China; 3.Sino -German College of Technology, East China University of Science and Technology, Shanghai
200237, China)

Abstract: Soils have suffered from single or combined pollution by various pollutants including heavy metals and polycyclic aromatic hydro—
carbons (PAHs ). However, the interactive and toxic effects of chromium( VI ) and phenanthrene on soil microbiological enzymes activities
remain unknown. In an indoor simulation test, the effects of single and co—exposure of chromium( VI ) and phenanthrene on soil cata—
lase and dehydrogenase activities were examined in a paddy soil collected from Qingpu modern agricultural park in Shanghai. There were
significant correlations between enzyme activity and concentrations of chromium( VI ) and phenanthrene. Basically, the enzymatic activities
decreased with increasing pollutant concentrations. However, at low concentrations of phenanthrene, the activity of catalase was promoted.
For catalase, the 7 d=EC,y and 7 d=ECy values of chromium( VI ) were 203.61 mg-kg™" and 471.48 mg-kg™', respectively, while those
of phenanthrene were 299.89 mg kg™ and over 800.00 mg-kg™, respectively. For dehydrogenase, the 7 d-EC,, and 7 d—ECy, values of
chromium( VI ) were both less than 50.00 mg-kg™', whereas those of phenanthrene were 113.63 mg - kg™ and 223.49 mg kg™, respectively.
These results indicated that dehydrogenase was more sensitive to both chromium( VI ) and phenanthrene pollution than catalase was. The in—
teraction of chromium( VI ) and phenanthrene showed antagonistic effects on catalase and dehydrogenase activities. The present findings
would provide useful information for ecological risk assessments of combined pollution of soils.
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Figure 1 Effects of single phenanthrene on dehydrogenase and catalase activities in soil

710 mg kg™

51200 mg'kg"

B CVDFIEXT L S mas A AR A1 -
Al :(ICr(W)+P}|e_ICK)_(ICr(W)_ICK)_(IPhe_ICK)
K L vy e vy Jene FT Lo oy Tei] B 38 4 30 A %
(VI FIE S8 A G A L b 25 00k B A g G 4
AZ=0, 5% (VD) FIEEZ [BIJCAZ B AR s A0, B (VD)
FHEZ AAFZE RS VR L 5 AL<O, 4% (VD Ak 2 [l 77 1
PRI o

2 HR51E

21 EE—-REMBESENISELESEFENZN

AT Y 2 2 5 (B A R AR, LG S B ok AR Ak &
it A T P A AR AR VR, i 1, B 2 55 s ] ) 4
Ko, A AR 4 rp R U 1 B — e e s, B[] -
RN G AN S, A o ey 2 i Mk (800.00 mg-kg™)
TRt T I 25 2 o ] P 0 v B S PARAI . R VR BN
50.00 mg-kg™ F1 100.00 mg-kg™ B, X St Aty 417
VERIR B2 . DRI | BEAE JE 5 E8 v B i 1s n
ST 2R TR TG, LR P -0 e R R, Y R
10 d At 3 ¢ A F 2w - 98 50 S0 T P 1 ) R 1k )
64.38%,

TERFENE 1 d, BEEWE R 50.00 mg-kg™ A1
AL SIS YA GO =, SR OIS VR 5 AR IR
KT, 2ok S A S 1 T A B o I 22 e v 3 P 348 o o e
K, BB 400.00 mg-kg™ F1 800.00 mg-kg™ B, JE
Xt R AL SRR B T B 25 5 (P<0.01) 3
Xof 2ok A U S A 5 M oA R 3 L B S 1 ] =8
K FR i B sh AR Ak, aed 4a0 Tk S i) S5 v X
H 20% 745 .

2y 0w 1A RS RN R S (18713} 3
AT P e - SR ARG T RV L R i R B —
SE RS AR, 32 A M5 15 e 14038 1o B2 )

217

—_

it A A BRE P
(0.1 mol - L KMnO4)mL-g

e o o =

3 5
Hsf ] /d

Fi1400 mg-kg”! (X800 mg-kg™



T A5 B OVD AR S — B A5 et S I B

1303

FHANETS G Ve AR RN A A 8, X 5 By B2
(58 25 SRR, 38 s Sk S A 7 1t B
FARAE, T LA ) 3 AT 3 i R
W RE IR AR K o R JEE ) 22 R e 2 ] - 4 vp Z2 Fi
Tt T 1, X e A A S R e = A 41 o 4
() JEL R AT g R e b J5 2 S AR S i 7, 0 T
Wi A 0 g A K AR
22 (V) B—REX RSB ERNSEHEEN
=AU

PSS (VD) (4 2 BRI 1] A s s, DA S0t 2 o 4R
AT TG P A ARVEIE, AnEl 2. B 3% R ER IR
JE BT vRr 5 V)Xo Jg S 0 9 1 1 R AR 7 3%
B, FZIH—ERE - R BANRBENEBL A
IFi) e 3 20 % (VI )Xo J38 S 0% 0 1 1 PR TS 5 B g, B
(S5 A e i R 72 2. (50.00 mg-kg™) , A I 1k th 32
F s (AL HI 2k 81.69% )

B 5 FR BRI ) R4, 4% A PR 3 S Ak UG
Pk B — e 3, (HEHR] 500 56 RN . 7EZREERY
55 3d FIEE 5 d, B EEW B 50.00 mg- kg™ B, 13 A AL
SRS E S T AR A AR, R —E R
JEMIBTEVE R o X S SR BT 45 AR, (IR
JEA% (VDA B E AL S A — R E T . A& Ak
KT, Wt v B A3, % (VDD X aod S Ak S A
il R s, FLR B 500 S R I B vk A FE
4 rp SR SRS M 3R I = Ry 47.56% , 55 BUIESS
SR ST 2 SRR, A v e R (VI A 3 5 PRI
T b S T PR 2 B R (R P LB K = VR
T 521 (800 mg-kg™) W ek 48 1k ST 1 1 310 o) o4
%, X AT HE-5 -3 % (VD AR ik (AT %

U s (VD) 2 8 0o 3o SR Ak Sl 7 A 3T VE
{18 D Rl — 5 THT AT A 2 - 4 AL X - S il 1) O 4

U

I e /d

FHFRRS B rA W 2 nh A, S SRR - Sl 2 5 A
/N, FW B RPN BEGE N 55— 7 T AT RE T REE
W, BB R B TN AR TS O SR
VIR 2E 5, (R T S S P DR —E R
PEASH , 2RO IR S L PR~ 1 ATl 2 1 P 22 T L Ao
T 588 PG P, 58 e 8 < X aed S AL St
MR ROy )R B T S T -SH, -NH,,
~OH, ~COOH 25 REMTIE B [ B 2L AN i, {4 37
VRESHEASTE , TG PR AL E AT, S A A LA 2

B CVID) X 3 U 1 7 ARV, AL ]
S DR 73— H AR 1P 8 250 5 A0 5 R s 4 1 £
4G BT EN S, A T SRR Sk
IR, B R BRI T B 4 el I ) S R
W A A AN BB WD AR AR P 5 SR 0 , e
BOMEETE MRS AR B ok RS T R
PS8 I R e DR 2 MR 25 1), (s 2 M K0, ok 2 A L
P FAEA, M E B A% (VDR WO Tk 25 4%
R o e 75 T AP o A U S T LA
T FRAL LI G w5 Qe AR L X R i SR 1
S (VD5 G R, T I Rk (VD5 3y
AR
23 B(VOMEEAREX BN I RN SEE
e

VUS55 e ) S i N (8] R AR o , TR A1 D 2 A
PRI, NP 3. BEE 2 I E] A AE I, 25 A B
i A E RS B —E B g, R -A OE R A
B . IREMORT 3% (VD AIEER & B i X AL S
WG R T TR SV DG R, RIVRE S R
ARSI, o S A S T 1k I R A1, o i S B R R
JE59 1600.00 mg-kg™ i, I AL S MEE PEA il 2y
1 30%,

10 mg- kg™

150 mg kg™

100 mg kg™

N E_:_ e
Ha T = ||
o E st e || By
22 L0 EELL | B
H Ay . " il
S ) £l =k
=2 JTEER || B
B 097 e | e
Troor |8 | (B
3 03 % B
A = =
1 3 5
B ]/
#1200 mg-kg"  EQ400 mg-kg'  [E800 mg-kg™

2 (VDR —REX T EHESENT S SEEENZm

Figure 2 Effects of single Cr( VI ) on dehydrogenase and catalase activities in soil
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Figure 3 Effects of Cr( VI) and phenanthrene in combination on dehydrogenase and catalase activities in soil
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Table 2 Statistical analysis of concentration—effect relationship of

catalase and dehydrogenase activities exposed separately or jointly

to Cr( VI) and phenanthrene

T s T
mg-kg mg-kg

SHEALERE (V) y=1.2060-4.067 0.91  203.61 471.48
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4 y=0920x-3.181 095 116.14  349.28
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JE y=1.498x-4360 090 113.63  223.49

4 y=0.745x-0.574 092 <100.00  <100.00
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Table 3 Net change of catalase activity in soil co—exposed to

Cr( VI) and phenanthrene at concentration ratio of 1:1

F4 BOVDMIFE 111 EARBT HERSEF R A
Table 4 Net change of dehydrogenase activity in soil co—exposed to

Cr( VI) and phenanthrene at concentration ratio of 1:1

SRR/ VD RIEE 11 IR AW E/mg-kg! TG E)/ B CVDREE 11 IRA W/ mg kg
d 100 200 400 800 1600 d 100 200 400 800 1600
1 0.05 0.07 0.27 0.36 0.70 1 15.50 15.50 19.66 20.59 24.59
3 -0.12 0.16 0.24 0.52 0.59 3 8.73 11.43 14.76 17.82 21.71
5 -0.13 0.01 0.11 0.13 0.39 5 6.50 7.90 11.60 11.69 17.73
7 -0.04 -0.02 0.13 0.35 0.23 7 442 4.17 4.94 6.43 14.11
10 -0.03 -0.03 0.01 0.47 0.21 10 -0.73 0.82 2.69 3.99 12.16
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