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Mechanism of Soil Eco-Functional Stability Under Pyrene/Cadmium Simplex

and Combined Pollution Stress
CHEN Xin-yao', YANG Hui-zi', LI Min®>, NIU Xiao-cong', SU Yu-xuan', ZHANG Yuan'"

(1. School of Environmental Science and Engineering, Suzhou University of Science and Technology, Suzhou 215009, China; 2.
Nanjing Institute of Geography & Limnology, Chinese Acadamy of Sciences, Nanjing 210008, China)

Abstract: In current scenario, the soil pollution has become very severe and its effects on agricultural and ecological security issues
cannot be ignored as various contaminants are discharged into soil. Thus, the soil pollution is exigent and has to be solved. This
research took soil resistance(Rt) , resilience (Rl) and stability (Sb) as evaluation indexes for judging soil quality by exerting different
concentration ( concentration ratio) gradient of pyrene (PYR) , cadmium ( Cd) and pyrene/cadmium (PYR/Cd) combined pollutants.
A sympathetic description was showed from the aspects of microbial activity, diversity and abundance of soil ecosystem,and the models
were constructed to describe the dose-response relationship between PYR-Sb and Cd-Rt. The research showed that different types of
pollutants had certain inhibition on soil DOC content. In Cd and PYR simplex pollution, soil microbial mean biomass and colony number
decreased with increasing concentration of pollutants. In PYR/Cd combined pollution, the ratio of PYR and Cd had a negative correlation
with the decreasing rate of DOC and resistance, meanwhile Cd had a prominent influence on the above-mentioned correlations, in other
words, the soil with higher concentration of Cd had lower DOC decrease rate and resistance, and Cd would have dominant inhibition effect
on microorganisms under PYR/Cd combined pollution. In addition, this study found the significant correlation of ¢py-Sb and ¢, -Rt, and
built the binomial forecasting model to describe the dose-response relationship of ¢py-Sh and ¢, -Rt.

Key words : soil stability; soil microbe; dose-response; pyrene; cadmium
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AR SC LA N i XA A R 58 X 5, ok it
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— KU/ (PYR/CA) B BTG AR % IEL
HersE e, AT AR AP 2E | R [R5 R Y T e I a X
TAETEYE | R R e R R, AR
Yy £ 55 O S 3 4 S AT HLTS el R 14
AR YIRERE MR A O, LU H R S5
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1 #BE5HE

1.1 3R SR S 4
YR S TR A 1) MR R b Ak S P 2
WA X 75 N A B+ (N31°187, E120°6") , H 3
PRPE T, T35 ek S 3 B SR R Bk
I, BEALSE R D AR 10 m (4 3 S Hibe (5
0.5 mx0.5m)RETH BRLERZEL em ELHIF
+ CRERZ 1 ~20 om VREE AT+ RE N IR
RA TR B i 2 mm G4
1.2 FRARPE BRI A2 7 ik
ARSIy R HIFRE B (NY/T 52-1987) W48 2 7K
o B (NY/T 1121. 2-2006 ) 52 pH {8 ; 45
P (LY/T 1225-1999 ) e Rids s £ PRE A AR

k- 2 R AE 4 (LY /T 1243-1999 ) 1l 52 BH 25 1
i (CEC) 5 Bk A ICER 70 B ( Vario MAX CN)
ME A (C/N) 3 KEEE AL | B A HLEK 53
FHY ( TOC-V (yyy , SHIMADZU , Japan ) M 5E 1 fi VA
HLER (DOC) . ZSBIFSE Il s 398 1) BEAS AL P 5 I
£ 1.

F1 TEEABUMFES

Table 1~ Soil physico-chemical properties

Ak 5 45 5%
pH 6.37 +0.26
Az FkL: 2.97% Fb. 11.21% ,BbKL. 85.82%
C/N 11.70
CEC 26.32 cmol kg ™!
DOC 350. 00 mg-kg !

1.3 HIEPERAIEE S Al
1L.3.1 EHOPEREENIE

+HERE AR HF-HNO,-HC10, (1: 1: 4) #4731
fife, T o8 45 RO RV 4K 2 53 50 mL, Zead
0. 45 pm ZKAHYE K 35 U85 FH F Bl & 55 B8 IR T ik
1L (1CP-MS) #E4T Cd & &Ry
1.3.2  TEEPAREERIE

A5 35 - 49 b A SGS PYR (AT W A
AR RS 2 F0) A R R X 52, SR A 2% 43 9 B B
(7 L HEAT 2B [ B35 HPCD |, 58 - PR
TR (1:1) DL K586 ( NaOH ) #4753 44
B, RS 3% - TS (GC-MS) #Ef7i ™,
EEMIRE PR A 0. 1 mg-kg ™.
1.4 YIRS R
1.4.1 FSCE

T AH DG ST R TS X Cd A PYR BT
5 A5 Yy & B BB L 50, 100, 200, 350, 500
mg-kg "' A TG Y PYR/CA BT Y R
1541 50: 50 . 50: 200, 50: 500, 200: 50, 500: 50, H:
rh 38 e IR A S B AL ) B 2R AT 9 A A B . (DX
HRZH ARt Jins e oihift . 75 it 20, X HHEA TR
Yrids S R S G  B5 5% 3 d. SR OriginPro 8.0
BAF AT T 4 e T 3R Y i B
(EC50) , H:r PYR, Cd RIMEERSE T /Y EC50 4
514 192. 09 mg-kg ™', 98.35 mg-kg .
1.4.2 Bk

T3 IR G IS B REAL A B E AT 4 Fh A 2R
O FREH, i s e ihie ; @Cd ka2 ; @PYR
gl ; @PYR/Cd E A Wria 4, X H k7 i P11
SIPIHE R (SIR) L pANME AL AR BRI 3 A
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Bt 2% 38 &

AT, FET BRI AR B ECS0, B 57 5L v
¥ PYR, Cd MBS IN& EA IR E N 10, 20, 50,
100, 200, 350 mg-kg™',PYR/Cd & & 75 YL iy & &

HeA6i] A7 50: 50 . 50: 100, 50: 200 . 100: 50, 200: 50.
TE 25°C THIR R A4 18% By & /KR 55 3% 30 d, KL E
AEEE g | UL 2.

R2 BERIBARMERTEYIETR

Table 2 Concentration list of pollutants using different treatments in the incubation experiment

ISTEST] P SRS A SR 7 B
/mg kg~ EE(PYR) FA(Cd) 24 (PYR/Cd) R e
popiekiel 0 NPS (non-polluted soil)

10 PYR-1 Cd-1 PYR/Cd-1 50:50
20 PYR-2 Cd-2 PYR/Cd-2 50: 100
VE UL A 20 50 PYR-3 Cd-3 PYR/Cd-3 50: 200
(polluted soil ,PS) 100 PYR-4 Cd-4 PYR/Cd-4 100: 50
200 PYR-5 Cd-5 PYR/Cd-5 200: 50

350 PYR-6 Cd-6 — —

AHIGEE SUIMA B 25 KA 0 d, 43 eSS
1,3.7.15,30 d M2 395 S0P s % | il
AT L) TS e e 2 T RE 2L I R
B b = HE AR W X B b A B 3K B
(resistance , Rt) RV K 8 3154 rb X6 7 A B0 £( 1) |
W5 J7 (resilience , R1) B} £(30) , M TTAf 2 45 0 i 36
JG AR5 1 ~30 d B9 Re #1 Rl A58 & R
1~ 30 d Ay il £k e AR Ch Fa g M (stability,
Sh) FHE WA (2) "7

CO2-streased ( t)
t) = ————
f( > COZ-contm] ( 4 )

Sh = J:Of(t)dz (2)

Ao f(e) RS e d s Y 4l S5 xR co, vk
FE A ; Sh oA IR E T
1.5 A ENE

WERS 2 AT A, AR BEZH 4 39 5 v 43 5
FRELS g HHE 2 PARD , AEAEATAL R 30 A % HR
A RIS ¢ HREIESERQ, SR )5 i K R R
HKEE 10 min, 5l E A 105°C, i A KR H. ¥
2 ASSEM b RE S BN = = AN, FEIA 50 mL
WelE K 0.5 mol-L~" 8 K,SO, %W, FE K 4R 20
min & FHUEACIE 8 , 98 WS B AR B 34 B A 2
AU il AR 3) IR E Y R

BUE (g - kg 1) = 2L ST

1.6 GUEY BN &

FE SR B ] £ - FRIL 10 g FREIINAE & F 250
mL =M, B 90 mL JCE K, B E i 5 B
FHEIR B4R 20 min il BB R ; B e HitAE 45
A9 mL K MR F S R-1, 2, 3, 4,5, -
6; SRJA 10 M B B BE 2 107", 1077,

(1)

(3)

1077 .107% 107, 10 ~° 55— R 5 B 5 F X Rz ik
B, B ERE 3 AFEATRE, TR AR D BRI AR
Fr IO ARAE.

B BRI AT Mk . ME % 6 T P B, 4 T 4
51,2345 -6, TR I LB B3R EA
TCH AR b, R R R LB 5, Ml oh I 100
WL BB S B R e S A, P TR A R (LK)
B RERIR RIS 2] K740 30°C & F F R 3 d, Al
M CFU 0L TR
1.7  BdEobrab e

f8i 41 SPSS 22. 0 Gt HAxd s 4 & &= 5K
5T R RS T AR HRH ) | R T B R Ak
PEHEATAHOCHE 23T (PR30 ) , IR AR 3
ANFIZEARLTG Juxt H AT ) | IR T AR TR 52
i 3

2 ZR5iTie

2.1 R[RNG Gelbra Xt 4 58 nT A BB 1) 5 R
AT HLER (DOC) J2& 38 HLAK JE i A
R EE P EJEA, 258 DOC 1Y & &l Jeae
A AL I = AR A A LT B i B . Griffiths
USRS A LT B IR A I S A ML R
e 1) - 3JE7E 37 B4R ol 38 AR B a8 B, 435 P A AL
Jo A ) T AR A v R B T PR AR
MR 537, L ) DOC & 2 Bl RS [ 4E S
FEA BB /N H X AT RE A T AMEA LT
(IR ) Tt AR T S rh A= W A BB e T
XS A A, DOC & ikl . mE 3 B
AT HAN R B i . AR RIZE BT Jean T 14
DOC F AR TS LAM TR bE S,
Ba 1| eV B R 1\ N1 1213 B B R VA VI 1)
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Xy IR e (ULIEL 1) o < v B R BILK
i 2k 5 T pth 2 A2 Ak A TE R I DR BE— B, X R
T 55 35 BTG e 4 ) e P A — a2 AR A
FH, 24 b A Yy A P SR AR P T )
iRIE Z THFER AR K, NI A5 - e rh J A iy mT %
PER PR & T . ANITA TS Je a5 30 d
(D30) B DOC FHe/NFH 1 d(D1) , X Ul FIAS[H]
KNG YL TE + 3 0 i B2 b ¥ 25 %) 13 DOC
I N TR DR

M %3 A%, 2 12 5] PYR V5 4em), H DOC
SREERFMNERT Cd ME A5 YLbH, B
51 d BR)R A H AR DOC &R 0.35 mg-g ', i
B PYR V544Xt 38 DOC Mfe FEAHXT AN, H PYR-
3 B -3 DOC & f 7 35 77 J] 9] N ARS8 7R 38

KO A 2 S 9T R Y PAHSs

SYA R ERNY,. FE Cd 5 3 E T, DOC fiy 1
s 580 &R IY ML 455 W w3 2 E 1 FR AR
Cd YA Rk, X — i T RS F e rhokis v
A LY E A T M 0 R S 56 R LR AR T B R
s, L AP 5T & B B AE BN Cd 5 e s H
DOC & i 2RI BRI T 75 35 97 W N i 2 O e R Ik
S Cd T5 4R 3 DOC By 5 T R B fE
HR. X T PYR/Cd E A 1544, A PYR/Cd- 1,
PYR/Cd-2, PYR/Cd-3 " &3, FiE Cd & & Ayt
B, DOC & f& B9 N R I B2 B B[R] 32 A2 K A
PYR/Cd-1, PYR/Cd-4, PYR/Cd-5 W &, Bl &
PYR & AYHE N, DOC 5 1 1Y R i B2 D)8 i ik
/N BB PYR/Cd A T5 44, Cd &7t & &
DOC & B FEA%, 1 PYR & & 19 7HE 20 2 DOC
R

£3 AEESETEHET DOC 2R E LT/ mg kg ™!

Table 3 Trends of DOC over time under stress with different concentrations of pollutants/mg-kg ~

1

YRRl Ay D1 D3 D7 D15 D30
PYR-1 458.8 350. 8 153.6 292.1 35.6

PYR-2 326.7 189. 4 298.3 157.8 105.2

5y PYR-3 321.7 104.9 287.6 84.8 41.7
(PYR) PYR-4 331.2 243.2 278.6 227.6 170. 7
PYR-5 207. 4 341.9 169. 6 175.3 121.2

PYR-6 195. 8 182.8 124. 4 126.7 108. 3

Cd-1 181.5 202.6 201.5 131.7 30.9

Cd-2 98.7 86. 8 170.9 123.4 32.5

ke yE Cd-3 113.0 98.5 206. 8 52.5 26. 8
(Cd) Cd-4 36.6 24.9 75.1 68.3 17.4
Cd-5 20.0 18.5 28.3 23.4 12.5

Cd-6 50.2 13.9 15. 1 14.0 12.1

PYR/Cd-1 458.8 350. 8 153.6 292.1 35.6

PR PYR/Cd-2 326.7 189. 4 298.3 157.8 105.2
(‘g%ﬁzj) PYR/Cd-3 321.7 104.9 287.6 84.8 41.7
PYR/Cd-4 331.2 243.2 278.6 227.6 170.7

PYR/Cd-5 207. 4 341.9 169. 6 175.3 121.2

1) D, 48 LR FRILH T i d

2.2 ARG HEE AR P i 2k
BB Al PR A A i 75 e T A
PiE PR B RE MR AT 50 30 2 1% 37 S 2 SR A AT L
W2, B /(o) M2k, B /(1) MRS | £(30) ik
. ARIERM I WA G55 (PYR/C) /Y
RO A B e N e oS, 77 G Lz 2T
eI T e OB R R T B R B, 7E T
Tof - SR X AN ] 2 B 75 e Wy g 3 i A o (o) il
LR AT AT AR T 815 d, W] A 7
~15 d NEEARSZINGRYI T Bud #&, F ey
e St R R A R B

Fbg -3 AN 6] B PYR B af i) g i 4% ( &
1), Q) TEARIR & R 22 RN 3K v] BR SR 7EAR N
PYR V5 YL 8 J5 o T AT 42 M A R 7 55 5 R R 5
AR R DN B0 HE A W W 0 g 22 /N I AR,
ICANPEI 26 b £(15) 76 PYR-6 B/, BNZ & & T
PYR S e Wy ng Ak VR I e R, BT TS Y97
SE4x FLT5 e ) 2 i A ey I, G P g 0 8 2 i B2 o
1K, SRR E L E P HFFTA5H PYR 15 Ye i B A xd
IR YR A PR 0 45 R — 2

XFF Cd B — i 3f I F i i R it 2 2% S5
PEABIE , B f(e) fHBER RS A A AR E |, XoF i m)
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B 38 %

DU RSN LA WAEIR S i Cd 3B R IE —Fb
Mt PERLH , BEARPTAN A PR HAR L H 2 X FhbL A
X FEE R RS od 3P E — &
(T T, B T LTS A A | s LA i
*@[23] )

XFF PYR/Cd 675 4y, FLWF 0 fify £ A8 Ak FL A
BONE S (HB RS TR LT X v RE & i
TSR] LA B PR o 5 G A B2 ) 2 7 A A o i
HEIVEN. M PYR/Cd-1, PYR/Cd-2, PYR/Cd-3 7]

R, Cd FREGMIN (D) E]BIMHLLR, X
ST Cd BEAE IR 21 - e A= 1y SR 1L BELAS O
AR AR S5 — O AT A Cd #EA LIS
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Fig. 1 Respiration curves of soil under the stress with different concentrations of pollutants
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K53
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etk 2 B EERMIE(R =0.825,P<0.05,n =
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Z I J71E (PAHs ) 15 QL (A EE v T4 W R £ PAHSs
(RRE I 2 T AR Z TG Y X 3k, (H W E PYR A
AR P B, SRR GAE W 1 Pl 52 LA A7
BT RE , T B IR R PR AR A4
Brid &I Cd B B SH) 2 W F M IEM DG (R =
0.887,P <0.05,n=6) , AIFfiE 7N Cd ¥ 3K+
EHCHT S P T X T R R RO B Cd Xt
Herh AR A — o W E T B T TR
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AR TR A AR SRS N 2 AR Cd
PEBE R T B e 0T - 9 A0 A 2 O I 5 3 1 £
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Table 4 Measured concentration (or concentration ratio) of pollutants in soil

EE(PYR) (cd) 4 (PYR/C)
Qb 3Ty = it/ mg-kg ™! Qb PR it/ mg-kg ™! Qb BT = W & i L )

NPS NDV NPS 0.017 — —
PYR-1 7.961 Cd-1 9.772 PYR/Cd-1 40. 448:48. 801
PYR-2 15.422 Cd-2 19. 653 PYR/Cd-2 39.977:97.513
PYR-3 40. 885 Cd-3 48.907 PYR/Cd-3 39.251:195. 442
PYR-4 80. 197 Cd-4 98. 544 PYR/Cd-4 97.513:40. 126
PYR-5 158. 472 Cd-5 195. 381 PYR/Cd-5 194.341:38. 179
PYR-6 263.359 Cd-6 342.778 — —

1)ND R RKH K H R 0.01 mg-kg ™!
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K5 ERMEE(SEL) SRR, RENRREENBEEEST

Table 5 Significance analysis between the concentration (or concentration ratio) of pollutants and Rt/Rl/Sh

SiH HICHE 28 EE(PYR) (Cd) 24 (PYR/Cd)
Rt Rl Sh Rt Rl Sh Rt Rl Sh
o Pearson A3 0.082 -0.692 -0.812* 0.887" -0.414  0.222 -0.588  0.124 -0.139
/??;Z;) BEEE ) 0.877 0.128 0.050 0.019 0.415 0.673 0.297 0.843 0.824
N 6 6 6 6 6 5 5 5
1) * 4 P<0.05

T b ) W2 g A0 ) A T, DT S 385 4 G A A 1 3
A0 58 B T 5, PR AT A Cd ¥5 e 4 3 b i 4R
BR IR IO 1E 43 9 KT BE ) B I S R 2, 9
X FRfE T is g LI AE e = .
2.3.2  HEEEHEA

PR M A P A BOUE 45 R PYR ¥ ¥
(cpy) FEREME(Sh) . Cd W E (¢.,) ST H
(RO FEATRIHAPLE. SR A . PYR 54 T

RS M 1 ) IO O R SR FH K [ ) A AR
(L 6) , HAHURE B2 ey , P B 5 S0 A A4 A
K ZBUATIR0. 902 55 — 1 AL 7Y [] B mT LAAR G 4
i Cd Wria R NPT R RO E R (R =
0.8774). FETHRIAIRHEEE R B MAE (F 2)
AR A MR BLRICK 95% B A5 IX ], 42
S T (R S 00 {7 T P R AL T 95% B B A
DX [H] P9

R6 TEREMNSHEFRMKRENTE-HEXER

Table 6  Dose-response relationship between pollutant concentration and soil stability parameter

Gy FE 4 EETEE R? F
EE(PYR) FaEPE(Sb) Sh=-2.5328 x10 ¢y +0.003 2cpyp +27.443 8 0.8146 6.5904
FA(Cd) B (RY) Rt=1.3176x10"7¢%, +3.3047 x 10 c¢y +0.9540 0.769 8 5.0155
28.5 1.00
(a) Sb-cpyr (b) Rt-ccq
99 |
28.0 099
098 |
215 F
@ £ 097 L
L R
g 27.0 B
] ¥ 09 [
26.5 |
095 |
® M \
260 F —— —5i AHH N 094 |
—— 95%E{E N \
25.5 L . . 0.93 . !
0 100 200 300 0 100 200 300
c/mgkg™! cmgkg™!

B2 +TEREUSHESEYRESENTE-LNML

Fig. 2 Dose-response curves between pollutant concentration and soil stability parameter
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15 YLBE LR (9 ECS0 B M 4515 e s i — & & s
TR R IR 18 il 28 | %8 4 200 mg-kg ™' Fl1 50 mg-kg ™
VeI vE S AT, % 3 RIS Yed IL sk 7 Fh
AhBR (5B K 7).
WSy e, LN HEY | mEEY 2
TREEHE(ULE 3 ~4) X AT BEE RN A Y 2 BT
YT ia J5 A0 M ) RE 1 BRI A T GERE R 240
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Table 7 Pollutant concentrations in different treatments/mg-kg ™!

X To Tl 2 T3 T4 5 T6
W(PYR) 0 200 50 0 0 200 50
h(Cd) 0 50 200 200 50 0 0
2.4.1 WAEYE
H & 3 AT 5 TO (X B4 ) #H L, T1, T2, T3,
T4, T5, T6 (Mrif A1) 4 i i A= W) 2 43 il T [
33.0% . 60.9% . 47.7% . 54.0% . 58.4% .
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e IR W R P od &XF HIEUEA —E R
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Fig. 3 Changes of soil microbial biomass in different treatments
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Fig. 4 Changes of soil microbial average colonies
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