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Impacts of Dimethyl Phthalate Contamination on Respiratory Rates and Enzyme Activities in Black Soil

WANG Zhi-gang"?, HU Ying', XU Wei-hui', MO Ji-xian', LI Shan-shan', ZHANG Zhi', YANG Zhi~hong'

(1.Institute of Life Science and Agriculture and Forestry, Qigihar University, Heilongjiang, Qiqihar 161006, China; 2.Institute of Municipal
Environment and Engineering, Harbin Industry University, Harbin 150001, China)

Abstract: Dimethyl phthalate(DMP), one of the phthalate esters, is ubiquitous environmental pollutant in soil, and is listed as an environ—
mental priority pollutant by China’s Ministry of Environmental Protection(MEP ). Black soil (Mollisols) is extremely important soil resources
and mainly distributes in Northeast China. In this study, a microcosm model was set up to estimate the impacts of DMP contamination on mi—
crobial respiration and enzyme activities in black soil. Microbial respiratory rates and metabolic quotients of black soil were promoted by low
DMP concentration(5 mg+kg™), but inhibited by high DMP concentrations( 10 mg-kg™', 20 mg-kg™ and 40 mg-kg™). The inhibition was
positively correlated with DMP concentrations. DMP inhibited catalase, but promoted invertase and urease in dose—effect manner. Activities
of polyphenol oxidase and protease fluctuated during incubation course. Polyphenol oxidase activity showed initial inhibition followed by
promotion; whereas protease activity displayed initial promotion followed by inhibition. Canonical correspondence analysis showed that DMP
could be the key factor that alters the metabolic characteristics of black soil and impacts ecosystem functions by affecting the enzymatic
properties of black soil.

Keywords: dimethyl phthalate(DMP); black soil; soil respiration; soil enzyme; contamination

LR H R —HHE (Dimethyl phthalate, DMP ) /& Y Wb N o L R i Ny TR RS K IR AL ) i
BRRRERZS TS ez —, EBEFAESRE™ S 0 U], —Bl, DMP HA SRS B FEUE B R, 58 PR
H H7E A 1 B A Tl ST & A, S 8EHEdE B (USEPA) AR B PR R ARS8 51 AL e 4 il 175 Y
ML IR IS, it DMP & 99, DMP A] LA BERIAR 25 15 R R0 6 T A 1
I P, C RO e I PR AR A A

Yrfm HEA:2015-01-20 B 5 YLyl
EETE : [HK A ARE 414 (31200390) 5 RIETLA HT T KL . .
FAE2 R AT SRR T F (1245G068) I % (Mollisols ) T 22434 T AL, & 57

EEEIA: TAENI(1980—), B 1+, mIB#, FENF L HEREY I AU SRR A R 22— 3% RO &k VR
T AYHESE . E—-mail : wzg1980830@sina.com



1312

Vel S=pRi-SoSbicly 55 34 25 7 H

FriE di A E N 149, Hh K E a2 E R 40%, 7F
PRBE TR DR £ 2 4y T AT A L E B R RS, (2
- Rt T2 IS I 114 ™ T ) PR [ B —
BT LA 0, BB s 45 S 3R, T 4y
A TR BRI RIS TS Y & fE ik 4.90 mgkg!, T H.
DMP £ sy, & i A 38 PR B 1 4
FRifEnl,

B RN s - 4 A Ak 2 e R A d LR
O - PR AR A A H UK, v AR T
Yuad R A T (R AR A5 AR 3 e A S
I, WFSE DMP ¥5 Jead B v 2R A Hh i W g
T HEEETE PR AL, R DMP ¥5 Xt R A TR AR
Wi, DA R 22 - (R4 R DMP A 2558 BN (0 8 /s 42
HERF2EAK R

1 #MREFE

1.1 X3 = 53008 i &

AR RT 2013 4F 10 A 20 H, #EAILRIK
2 BE 2k (M JRUET ) (AR 2 HP b T o S8 -39 A 0y
IRIER Y4637 (45°41'N, 126°45'E) K G H % )2 1
5(0~20 cm) , 75 T REINE] DMP 5RFE . 135
SHIRYE L 2 mm i, KERAEYIRIARLA S, IS
APERTANE 1 Fis .
1.2 MFHZXW

DMP (4] >99.9% ) W4 T H AR 1) BT AR A bl
R RN ERE R Bh ) L 4% 1000 mg- 1L
[) DMP i #8514 CUKAR N EIRA7 A

FEAS RS FREL 650 ¢ BT 1 L(12.2 emx12
em) FREEAEZ v, AR S0 - 560 5 31 8] Je KK
I 80%, TE 25 CHYBIEEEFRFE TP G 9% 7 d, LU
TGRS E T e Wnid vk, SRS FH DMP i 45 T 7E
Ve e 2 R -3 DMP VR, PN T R 4 45 Ak B
PP PR AE— 30, AN BR 25 A 3l T
ARl A BT B | I R GE R, SR G FE S SR U
3 h, H A2 B I & SRS PR G A
sZm o I 5 AL, 235 Rt R (CK DO mg:
kg™, DMP1 2t # 5 mg -kg™,DMP2 Zb 3 10 mg *kg™,

DMP3 Zb 3 20 mg-kg™, DMP4 ZbFH 40 mg-kg'o X8
ARFRCCK)ESIN T 2 AN R . A4 B 3 IR, B
THEFRAA NS IR . TESC I ), P E A R R
KA 30%, TN 25+ 2 °C, B5 IR0 A XHE FE hy
70%=+5%

T EERAEY R (MBC )RS HEZE 0.5 mol - L™
KoSO, 1A IR R 72 00 5 04, = 386 A 4 WP R 5ok >R
JNEFIE B CO, %%@ﬂ—?(mg CO, kg™ +h™ YUSE AR A
FH 22 v i A e b () JE AP R R (mg €O, kg™
MBC-d™), S5 RFIR AR W AR o v e,

JOR TS P 000 SR FH R T — I SRR B L 6.3, DA 37
C.24h )5 1 g BHEA R NH,-N i (pg) FRAE, H
iR g g™ *h ' (Ph NH3=N )07 435800 S Ak AU
PERTINE R KMnO, T E R, Z8R 1L 20 min J5 1 ¢
3 FE 0.05 mol * L' KMnO, F 2 FHEOR FRIT; £
iy S PR TR FH A0 2R — 1y b (7075 4 e % AL iR
3, 5— AHHELIKAGIR b A e B8 T 10 e P
BB, LA 50°C.2h,5 g T34 AR
PRI i (g ) ZRAE , BN g g h ' (DARS 2R 1119, oy
TR SRR R 2, B R R IR AT
IR 3 IRER .

1.3 iR

K H Sigma Plot 12.5 #4705 220 M 3B, R

Canoco for Windows 4.5 #£47 B3 P44 (CCA ) o

2 RS

2.1 DMP 553t 38 A 4P IR B9 22 i

- S SR - A i T B AN
T EEIERR, 8K 1a 75,5 mg ke ) DMP 5
L Ab PRAE SRR AT 7 d 8 R R 2 (P
0.05) & TXHR(CK),7 d JG SXT R 2 R A B 5
R R % DMP AR FE(10.20 .40 mg-kg™),7E 10 d N
35 (P<0.05 )P0l 1 P - - 3gen i e, L3 o Rt
SV G 0 B AR R A T G A B
A Ay B W B T W AR e 1 LU AEL, DMP
15 Yt AR TR SR P A (R 1h) , Bk
J£ (5 mg-kg™) ) DMP 75 Y Ab B, ZE RS IR T 6 d

x 1 ABRRTHERMER

Table 1 Basic characteristics of experimental black soil

R TS y BAHLBETOC/ MBS TACHE CEC/ BA TN BB TR AL Panicle fractions/%
Soil type Textural class(USDA) p g ke cmol(+) *kg™! g ke g ke ki Clay KKz Silt  VDHi Sand
Mollisols Silty clay loam 6.01+0.04  36.79+0.84 37.5+1.1 2.98+0.23 2.56+0.14  38.1x0.1 54.6+0.2 7.3+0.1

1 TOC Fn B LK ; CEC 278 BH T35 3t s TN 2R BV TP Rm Bl



E AR 402K R I TS R P L 1313

51

30

25

20

mg(CO,) kg™ +h™!

15+

NI 3% % Respiratory rate/

(a)

2 4 6 8 10
A 18] Time/d

351

mg(CO,) g'+d
[\S)
(=)

fREHE Metabolic quotient/

0 2 4 6 8 10
B 1] Time/d

-0 CK O Smg-kg! ¥ 10mg-kg! 220 mg-kg' B 40 mg-kg™

B 1 DMP it 3 A MR IR R 2 (o) FOACITE (b) AU 20

Figure 1 Effects of DMP contamination on soil respiratory rates(a) and microbial metabolic quotients(h)
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contamination and enzyme activities in black soil
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Figure 2 Effects of DMP contamination on enzyme activities in black soil
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