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Toxic effects and mechanisms of PFOS on the growth of rape(Brassica campestris L.)

QIN Li', AN Yi', HAN Jian—hua® CHEN Li’, WANG Wei', PAN Jiong*, CHEN Geng—ni*, DUAN Zheng—hua*"

(1.Agro—Environmental Protection Institute, Ministry of Agriculture, Tianjin 300191, China; 2.Tianjin Agro—Environment Monitoring Station,
Tianjin 300061, China; 3.Chongqing Agricultural Ecology and Resource Protection Station, Chongqing 401121, China; 4.School of Environ—
mental Science and Safety Engineering, Tianjin University of Technology, Tianjin 300384, China )

Abstract:To determine the toxic effects of perfluorooctane sulfonate (PFOS) on rape ( Brassica campestris L.), the effects and mechanisms
of PFOS on rape germination and growth, combined with changes of soil enzyme activities were studied using potted plants. The results
showed a non—monotonic dose-response relationship between PFOS exposure concentrations and rape germination rates and stem length. At
< 50 mg- kg™ PFOS concentrations, the germination rates and stem length increased by 9.24% (P=0.001) and 47.97%(P<0.001 ), respec—
tively. Concentrations that inhibited rape germination and stem growth were 100 mg *kg™' and 250 mg -kg™' PFOS, respectively. However,
with increased PFOS concentrations, rape germination and stem growth did not change significantly. Soil sucrose and alkaline protease activ—
ities increased with low PFOS doses and were inhibited by high PFOS doses, and were positively correlated with rape growth. Therefore,
PFOS toxicity directly affected rape germination and growth, and influenced the planting soil fertility.
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VLA B 205 1 R , A 28420 T A ]
Tz R A R T e i R AT (kA
TAWEAL 3] Lt iy T HEA R AN A E M
PE CEFE R RN PR B 1T RS, e RS e AP AE T LI
R T E ) RIS G RS A A 2R R B
RSB . B85 G W) 4 AL & ¥ (Perfluori-
nated compounds , PFCs ) # KU HI7EA: 7 i, &
BOXRY o)z N RERIEE . PFCs LB R0
AR SR B b A K P, 6 Pan SEHHLE
2 A G P AR ) BT 4 98 B 1 2 (Perfluorooc—
tane sulfonate , PFOS, CsF ,SO;H ) 75K VL[ e P i
ik 536 pg-kg”o HEIICTRIERHEAR 330 T R -3
PFOS [ RIHIFRTG YL, Sepulvado S5 % B3 [ 2 in-af
B AR AR R 3 Y PROS ¥k B2 5 Fl 78 2~484
ng kg Meng SEEAT K I PFOS Sy i [ b AR U T
IX PFCs By 25549

—J7 1, PFOS TEAE WM HEBE VR H BHZE B s
WL A S, A AT ARt & B, 0.5
gL PFOS 5% 2 d BT A AE & A i se .
73— J5 T, PFOS I8 BEHE /2 4 I BT i K P B AR (32
BEIERE , AT PROS TEA= W) A oA B i AR )
SRR R, PFOS 164 YA N 1 & BUKF
J RESERROA BECTR Y D, R R
ZAAERY PFOS A] fE2x i i H -1 R IT B 5%
b, B R NP R gl . H R PROS BYBIFFE 32
ST UM A YR R0 B SR L 75
PRI T BE = A AT B R SR o DA
/NIRRT AR ST A B R RIS SR BOR (A7 B R
KRR, S8 2 TGS YTE LI
RGP TR A S g RN S B9 AR
PR 2SR, RV FERREE T 14 PFOS
X /NS RA A AR B SE IR, ST 455 - SR 1 ) AR
b, B0 3 PFOS Xb/INfS i s LR, LUl
Ll A P B TR PROS X8 085 R0, AR
S PROS 155 AP R A — 2 Y B AR

I HE S

1.1 ##4

e b /NS (Brassica campestris L) AE R
BRI, TR 1 o R B A T
fr. PFOS A1 —H ZEF AL (DMSO) I B Sigma—Aldrich
oSl SPRHEA AN E SR R B REST AR T . 4B
FRSE R 45 emx20 emx30 em, 3 EEREG(S-SC) .

B 1 25 11 (S—ALPT) g 8% 15 it (S—AKP ) 3 51
B A MRS A A BRA F
1.2 ik

KR E GRS, ARSI+ 7 ke,
RO HT e BRAL MR L3R 1, FRIG— 2 = 1) PFOS
KA, A 2 mL DMSO B2 1 L gk b, 33574
FEFIE S, AR PROS -3 5 f vk B AT s
45 9 (50 mg- kg™ PFOS LT JCREPERLN KAL) , iR
I E 6 MR, RIZS (X B4 7)) B2 A
50.100,250.,500 mg-kg™ PFOS 4, 434k 1 4~ H
J5 B HAER AN SR T 50 k. AR 3 AT

F 1 gk iR
Table 1 Physical and chemical properties of soil samples

pH HHLUF/g kg FLBREE FKE  CEC/emol kg™
8.21 20.70 0.05 0.57 15.71

i e S NN o) (i ot T A = B N b O R S
TRAFTE 20 CL AT B30 3 d etk 1L,

1.3 MR

(1) RZFR WSS, R ZFEVIEE Foh e, 1A
Tk R 2R =R 10 d P H 2ERPF B R R
$x100% , 00 3 GF-34908, IR R PR EIR 254 .

() HERARDL  FEBR R 2F 20 d J5 , B AL BEMLTT
10 BREEE, e H K B3 ARSI, TR
WELR2ZE(H

(3) L3RG I - AE B e th 2K 20 d )5, FE R4
T2 R B AL SR FE VR AR LA, IREAER
T, 10 HiffiE BT 4 CokFEHIRA7. 148 S-SC . S-
ALPT S-AKP {6 M B B3 MBS A= 0 A PR
AR AR S U B RTINS B 3 AL,
Hi AR ER (.

1.4 Sitaih

BALI A 3 AR R AT SPSS 13.0 #44:,
HNHAT Student— K5, I FFRHER 2E SD R, 4
[ F One—way AVONA X556

2 &R

2.1 PFOS X/ EK A TR

WE 1A FiR, /NI R 2R XA 845 T,
TR R ZH TC PR ROV (P>0.05) , 1] PROS 55 4H %
PR B 26 . mkEEA I & 2F . 50 mg-kg™!
PFOS %% 7% I} 5 2% [ % B 2 e B A (g 25 22 57 (P=
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0.001), KZFEMK LK 9.24% ;100 mg-kg™ FEFRU
JEFF U /N0 38 K 2 32 B I 2 T (P=0.004) , 411
SR 24 °8129.42% , 250 mg-kg™ F1 500 mg-kg™ 41114
ZERMDN S AW B E R, [H2 5 100 mg-kg™ 41
¥ TC 9% 5 (P=0.547 fi1 P=0.717 ),

INHZRARE 20d J5, MERZL/INITSE T B
B dnie UL 2, il 2 AT 0L, FfE PFOS 2871k
FERT R, I R TR AR AR w5 B AR G 25 0 R, 3R
PR I8 e B A A i AR T v R
A R AR N R B BLG: . WE 1B B SR
T R FE/IMBSE AR K R F XA bR L iR
Xif B2 JCBEPERN (P>0.05), 50 mg - kg™ PFOS % #2 i}
2ENBEK SR YR 47.97%(P<0.01) , 525 (% BRAL A7 AE
Wi 2 22 57 5 100 mg - kg™ PFOS Z& 5% I ZE 15 < A
MM TAIRAR, 20 36.41%(P=0.027);250 mg-kg™ #¢
JE ZR R IR, PROS MR g 3 il N S 25 g A= (P=
0.006) , 1 H1E )y 55.64%, 500 mg-kg™' 4 ft) 25 it
B A A AR 28 T A I 2 R IR (P<0.01),{H 5 250
mg-ke! LA HTC B #2257 (P=0.915),

,,,,,

o | *ok T i
& i .
o IR
ik
0: | ,: ‘ | | | | | | | |
S| el 50 100 250 500
XTHE XFHR
TR E /mg kg™
L S
35 i
301 i
£ i
E I
=
W
= o
obd 4 3 & ¢ ¢ 4 4 4 3 4 |
il 50 100 250 500

Xof B X
U /mg - kg™

o FRIRAEERIAA B ¥ 225 (P<0.01),
* FORAE IR i 225 (P<0.05), TIH]
1 PFOS X$/NilZRAER X FHIF M
Figure 1 Influences of PFOS on the growth of rapes

Lol 250 mg-kg™
50 mg-kg” 100mg-kg” s xFHE KT 500 mg-kg™
2 PFOS &M/Niti S £ K & B RIHHE

Figure 2 Characters of the growth of rapes induced by PFOS

2.2 PFOS Xt 71 +IEREE MR RN

AHFFE I — 2 DL - R I (S-SC) B PE & M
it (S—-ALPT ) 168 1 s 2 it (S-AKP ) ix 3 Ff - HENE )
() EE BRI A SR X4, 40T T PFOS X -8 HE
ISZ R, TS PFOS X/ INIM S & B 5% M i Ik B2
SRR v BE I AL

S—SC TP s 25 R U 3A BT/ o 1 576 BR 4
FEPEBGIE 525 A Bl E % 22 7 (P>0.05). 4
PFOS ¥ J# 24 50 mg-kg™ I} ,S-SC i&PE R EiRm, 5
23 PN HRZH 2R B0 A 35 25 5 (P<0.01), & M3
L2y 28.08% ; ) 100 mg-kg™ FFif ,S-SC & 1k i %
TR RS2 X IR R B B2 25 5+ (P=0.015) , 1]
il 23K 57.81% Bt % i W B i — DB, BTG P41
il %5 100 mg-kg™ HFE 4T & 22 55 (P>0.05) , L
B 100 mg-kg™ PFOS Bl fgik 2% 113 S-SC 15 Pyl
HIRLBR . B, PROS Xt 43 S-SC AyE &I N
BT DY (7 -l b7 i i ey A

S—ALPT & P 52 25 R 4n &l 3B fios , ol LU %)
50 mg-kg™' (1) PFOS BV AT % (0 35 o) 34002 g 114 0 4k ( P=
0.006); T BZZE kB A H] 100 mg kg™ Fl 250 mg-
kg™ 5, PFOS X S—ALTP [ 3 14 it 90 38 £ R B il AS
1 50 mg- kg™ BB 35 (P=0.017 1 P=0.027); 4 PFOS
WPEIR 500 mg- kg™ I, S—ALTP Jiih 1452 31 2 2 4 il
(P=0.038), Wikl % K 21.55% ., EALEHF ,PFOS X} +
18 S—ALPT R4 PRIy 00 25 A E e B8 o 0 e vk
JEE AR 2800

S—AKP FHE AR LN & 3C fis. 4 PROS ¥k
M 50 mg-kg ! B, 3 S-AKP VEPEAE XA P BR
i FEAR(P=0.021) , BTG %R 7.40% . (HIRRE
T W P v R e — TS A R RN O RAN S
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Figure 3 The influence of PFOS on the activities of solid enzymes

3 g

3.1 PFOS 3R FEIEAME

PFOS = 2150 18 + HEFL B /K AT 0 AR T i, P
T R A P ZE I A 2K R sl ) B A T VR S 3
FE AR ZEFRA, NI AE P 250 77 e s N .
W BE PFOS RERSINHIFE A K D AIE AL T 43, Stahl
SR 3 d AR EE T, 25 mg kg™ PFOS A fifi R A2
TR AT MR RS . B IR R B
PFOS X /INAZ B MR A 48 4 e Ry SRR EC {H 3 352
mg kg™, Zhao ZFPFFE T PFOS XS i Fi ( Brassica

chinensis ) AR MK R (520, 45 R B /R ECs W HI
95~200 mg kg™ AZ KL PFOS XHEYIY 2k dEAT
XA/, ARSLES R PFOS X /NHSERY 50945 K3l ik
JEZ R 250 mg-kg™!, X ST AR Z5 1040 —5L

AWFFERE T & B A3 b v B2 (500 mg-kg ™)
PFOS I I/ NI & ZE A K 8158 1 PFOS
FEAR Y B (50 mg-kg™ F1 100 mg-kg™) R 435I 538/
TSR ZEFIAE K45 R B PFOS L3 wHAs 4Lk 26
PIE SR ER . Qu S5 R BRI PFOS
REMS I INAZ H 2F . Zhao 5% BRI PROS REMSHY
MUNER B AR SRR, FLERTR S5 P4 05
FIEAVERXT PFOS ) A= B L 30k XU %500, B
U Il TG A AE I Z R0, Rk e N e A
YERZ B AR & 5 HOCA R RE T R 55
HWFERR, HIL, HER PFOS X /INMSE G 33 Rk
FERE ST R EE T & B AN 5 PFOS X/l
SAE M SZA — & A . J35b, Qu T
LK B 0.1~10 mg- L™ PFOS REU8 H3 /N 22 M A0 25
H1 SOD fif§ Fl POD fif 33k, 124 PFOS ¥ JiE ik 3|
200 mg- L B W S B SR HE ) BT AR AL R G2 A i X
PrEALBERY F IR X AT REHYLE T PFOS X/INMMEE )
XLEE BRSOV

AL LA/INIH S B A 2 26 ZE K BEAR Sy PFOS
(IFETERON ARG AR o AR, X PN AR AR R I
HR AP I RS A R A AR R o {FR X T 3K
A NREEFEAR AR A 50 v B R B AN — 3 LA
A X e BLAE 50 me - ke fE HEIHSE & 2F . 100 mg - kg™
Ml & 2, AR XA bR RIS 50
mg-kg fEFHMEAE K, 100 mg-kg™ WL,
R A %) S AR e G A 25 57 19 D P T e
J& /NS FT HEEREE T PROS 53 3, 2 5
(AR BRI B 5 T/ MISREAE PFOS HIER A K R
FIE 2GRN, 2EE PR AL, R RN
PFOS [R5 . IMSEXRT PROS (1) 25 AT 185 1% 25 54
N A AR AEIX SR LR AR AR A AT e R A K
SR ZERFIH A RAE
3.2 PFOS 3 E# I EEBHLH

- SRR Ry 528 WL e 1 R fi
RN FEES5E A EE R T ST
A5 Tl A A 2 e R R 5 8 R v PR L - S il T
I T4 2 - e i B2 D I 5T LA W5 e ) 1) 15

AW KRB, FEAR R EE PFOS 288 T, /NS¢
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) ZE R M ZE A K R AR AR bR 3 5 - 3 0 iy
- St 2 1 g TS PR AR A e S B — S, RIIR
W FE 100 mg-kg™ LA PFOS J& &% i 3 9 Ff - S il 1%
PERESR , /NS A 2R R ZE M A K I Rk
500 mg-kg™ PFOS 8 i} 35 79 Fofr - 398 il 7% 4 i 553, /]
TSR SR AZE M AR KRR AL . X 5 B LE AL LTS
Jerit - HERGIFEPERON A . (HUR S[R3l
XFF PFOS R B0 AN [F] g i 7, 3 A2 p 13 il
B IRUSEITE I . NSRS AORE | R IR X
3 R R XTF PROS f#EPE R B B, © s
AL 5 /ISR 1) & ZE RN ZE AR K i AR AL B IR —
o BPEE CEEXS T PROS #EE A BRURAE LR, i LA
FRIH 50~250 mg-kg™ () PFOS 4T+ 1 I 14
) PFOS 2}y 500 mg-kg™ Bof fis 1 2 11 T 52 3] {2 2 40
il o (L B A A28 b B 5 i N B 45 SR AH— 3. IE R
SRR B 22 T R AT HEOMG R AR 2 7R VR AT 100
mg - kg™ B - 3BT PG VE R TR BE T 500 mg-
kg™ B - ST

WF5E K& B PROS H&FEE g 50 mg - kg™ I}, + 3wk
TR TR TG A T 2 1 ok B B ) S AR T P 7 )
15 B RR X PFOS (14 [R] 288 Fi——PFOA A4
JB&, B PFOS X} H 38 ) M sg i B K . Xtk —2P
WESE T s b PFOS Bk HE PFOA 5" 4518 .
340, PFOS I fig f i 1k Ak S A0 ] DR I i)
kP,

- SRS PR AR 1L 5 AR A i R
KB B LA AN B A ™, PROS 76 -3
HEY-HP RGBS R 2 2, YR
A= PR 6 bR AN - SR M 0 AR E FOR A i — A
D71 A VM 2 IF R, LL AN #r PFOS
TE -V - RGBSR . VAL
PE KA HLERAE , DI R R SR RIS V5 e W i A= )
P 7 R XU TPA 73, g LI 4 R A v A
A R GEFR Y + 58 A B R R

4 Hig

(1)PFOS XJ /NS A 28 Fi A= 4 R Ry AE 50
FITE-RON KR o FARA BN R E 50 mg-kg™ 258 i
S NS A ZE A2 AR o /NS R ZE R 2R AR
K 3 e 2 43 510 100 mg - kg™ F1 250 mg-kg™, i
AR P — AR /NS R 2 FIZE SR 4
BT e

(2) - HEREME R AERF 2T 11 3 iR Xt F PFOS (1)

TEMER IR U, B BTSN G K 2
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—E MR

S

(LX), XUBESC, SO, 5. A=W M 5 i X il 22 36 A= K B W e o
SR BN T EREERL, 2016, 36(10) :3064-3070.

LIU Chong, LIU Xiao—wen, WU Wen —cheng, et al. Effects of biochar
and biochar based fertilizer on growth of Lactuca sativa L.[J]. China En—
vironment Science, 2016, 36(10):3064-3070

(2] BASEAS, J W, AEHSE, 5. AR R R A A2 R b AR R AE K it

R ARl 3 DX 8 (AR 3 TP ) A A DFFE D). A PR 222 3R,
2012,31(12):2321-2327.
ZHAO Li-jie, ZHOU Meng, REN Xin-hao, et al. Distribution of perflu—
orooctane sulfonate and perfluorooctanoic acid in different tissues of
fishes and vegetables from Dahuangpu wetland nature reserve, Tianjin
City, China[J]. Journal of Agro—Environment Science, 2012, 31(12):
2321-2327.

[3] Wang T, Vestergren R, Herzke D, et al. Levels, isomer profiles, and esti—
mated riverine mass discharges of perfluoroalkyl acids and fluorinated
alternatives at the mouths of Chinese rivers|J]. Environmental Science &
Technology, 2016, 50(21 ). 11584-11592.

[4] Pan G, You C. Sediment water distribution o f perfluorooctane sulfonate
(PFOS) in Yangtze River estuary[J]. Environmental Pollution, 2010, 158 .
1363-1367

[5]Zhao S Y, Fan Z Y, Sun L H, et al. Interaction effects on uptake and tox—
icity of perfluoroalkyl substances and cadmium in wheat( Triticum aes—
tivum L. ) and rapeseed( Brassica campestris L. ) from co—contaminated
soil[J]. Ecotoxicology and Environmental Safety, 2017, 137(20):194-
201.

[6] Sepulvado J, Blaine A, Hundal L, et al. Occurrence and fate of perfluoro—
chemicals in soil following the land application of municipal biosolids
[J]. Environmental Science & Technology, 2011, 45(19).8106-8112.

[7] Meng J, Wang T Y, Wang P, et al. Are levels of perfluoroalkyl sub—
stances in soil related to urbanization in rapidly developing coastal areas
in North China[J]. Environmental Pollution, 2015, 199(1):102-109.

[8] Lee ] W, Lee J] W, Shin Y ], et al. Multi—generational xenoestrogenic ef—
fects of perfluoroalkyl acids(PFAAs) mixture on Oryzias latipes using a
flow—through exposure system[J]. Chemosphere, 2016, 169:212-223.

(91 JA1R A2, BAHKMI. PFOS/PROA BRiTS A7 0 S MR AL BRI 5T

HERE]. FREERL, 2007, 28(10):2153-2162.
ZHOU Qi-xing, HU Xian—gang. Researching progresses in environmen—
tal pollution behavior, toxic effects and mechanisms of PFOS/PFOA[]].
Chinese Journal of Environmental Science, 2007, 28(10):2153-2162.

[10] SIEAE, WY, £ 48, % SRR (PFOA) Y 4 J ¥ befif

1% (PFOS) I 240 ML w2 RN ], A= S 2R B4R, 2014, 9(2) :23-30.
DUAN Zheng—hua, WANG Xun-gong, WANG Hua, et al. The cytotox—
ic effect of PFOA and PFOS|[]]. Asian Journal of Ecotoxicology, 2014, 9



2406

KA IMERF 217 eI R

(2):23-30.

[11] 4 2, iR, KIREE PFOS Fl PFOA 175 Y Bk S 2 B B
FEHEIRELT]. KA 2552255, 2010, 3(2):99-105.

HAN Jian, FANG Zhan—qiang. Researching progress on PFOS and PFOA .
Environmental pollution and toxicology effects[]J]. Journal of Hydroecol—
ogy, 2010,3(2):99-105.

[12] Krrman A, Ericson I, Bert V B, et al. Exposure of perfluorinated chemi—
cals through lactation, levels of matched human milk and serum and a
temporal trend, 1996—2004, in Sweden[J]. Environmental Health
Perspectives, 2007, 115(2):226-230.

[13] 5K, o 52, s, 45 FRIE PR b PFOS [y T8N JCR4 N ¥ B2
0], HEFEERl A, 2013, 33(9):1670-1677.

ZHANG Ya-hui, CAO Ying, ZHOU Teng-yao, et al. Predicted non—ef—
fect concentrations for PFOS of environment in China[J]. China Envi—
ronmental Science, 2013, 33(9):1670-1677.

[14] Qiang L W, Chen M, Zhu L Y, et al. Facilitated bioaccumulation of per—
fluorooctanesulfonate in common carp ( Cyprinus carpio) by graphene
oxide and remission mechanism of fulvic acid[J]. Environmental Sci—
ence & Technology, 2016, 50(21).11627-11636.

[15] T2z, MRif 2, Z3Hete, 55 Wit /e A LR /Ml A: K&

A RIS S [T]. AP E SR S IERRERR, 2014, 20(6) : 1560~
1568.
YU Hui-li, LIN Zhi-an, LI Yan-ting, et al. Effects of spraying low
molecular organic compounds on growth and nutrients uptake of rape
(Brassica Chinensis L. )[J]. Journal of Plant Nutrition and Fertilizer,
2014, 20(6) : 1560-1568.

[16] KRIEHE, R, TR, % A7 FHEF(Ca . Zn KX T35 H AL

PEREZALT]. ol PR RLSE2E 4, 2000, 28(3) : 485-489.
SONG Zheng—guo, XU Ming—gang, DING Yong-zhen, et al. Effect of
coexistence cations(Ca, Zn, K) on cadmium hioavailability in lateritic
red soils[J]. Journal of A gro—Enviornment Science, 2009, 28(3):485—
489

(7] BREE, R, AR, 46 ANRIBRRRER 5 Y L e h S E A
BAERFEIRLI. A FRETRL 224, 2011, 30(2):255-262.

CHEN Miao-miao, XU Ming—gang, ZHOU Shi—wei, et al. Effect of dif—
ferent phosphate on bio—availability of cadmium in contaminated soils
[J]. Journal of A gro-Enviornment Science, 2011, 30(2) :255-262.

[18] Lechner M, Knapp H. Carryover of perfluorooctanoic acid (PFOA ) and

perfluorooctane sulfonate( PFOS) from soil to plant and distribution to

the different plant compartments studied in cultures of carrots ( Daucus

carota ssp. Sativus ), potatoes ( Solanum tuberosum ), and cucumbers
(Cucumis Sativus ) [J]. Journal of Agriculture and Food Chemistry,
2011,59(20):11011-11018.

[19] Stahl T, Heyn J, Thiele H, et al. Carryover of perfluorooctanoic acid
(PFOA) and perfluorooctane sulfonate( PFOS) from soil to plants[J].
Archiwes of Environmental Contamination and Toxicology, 2009, 57
(2):289-298.

[20] BRI, TRELL, TF . AR bef B e 1 5 5 X AN [ 4 4 e )
AR SE AT, Az T EEE 4, 2013, 8(5):695-701.

LU Zhen-e, SU Yu—hong, QIAO Min. Influence of short—term exposure
of PFOS on seeding growth of different plants[J]. Asian Journal of Eco-
toxicology, 2013, 8(5):695-701.

[21] Zhao H, Chen C, Zhang X, et al. Phytotoxicity of PFOS and PFOA to
Brassica chinensts in different Chinese soils[J]. Ecotoxicology and En—
vironmental Safety, 2011, 74(5).1343-1347.

[22] Qu B C, Zhao H X, Zhou J T. Toxic effects of perfluorooctane sulfonate
(PFOS) on wheat( Triticum aestivum L.) plant[J]. Chemosphere, 2010,
79:555-560.

(23] S, kT, TRIEZE, 45, A& WX K AR AE ) 14 A 255800 B

8L G BRI o PROS 14 A= 9 B K A= B 1z [, AR S 2 A
2, 2015, 10(2 ) : 445-453.
KONG Xiao—xiao, WANG Tie—yu, ZHANG Xiao—jun, et al. Ecological
effects on aquatic plants induced by perfluorinated compounds 1I :
Bioaccumulation and physiological response of ceratophyllum demer—
sum in PFOS polluted water[J]. Asian Journal of Ecotoxicology, 2015,
10(2):445-453.

R41FE FL o R, SRR, TR AR 2N S AL R P S R [T, o
[E ISR, 2004, 24(5):588-591.

YAN Ying, YUAN Xing, FAN Hong-na. Influence of five pesticides on
invertase activity in soil[J]. China Environmental Science, 2004, 24
(5):588-591.

[25] HIVEER, ANSCHE, FL i, 5. A9 Wil (PROA) Yo - e 1k
SRR EIT]. 4200k 3R BR8], 2010, 29(5):936-941.
TIAN Hai-xia, HE Wen—xiang, KONG Long, et al. The effect of perflu—
orooctanoic acid ammonium salt an soil enzyme activities[]]. Journal of
Agro—Environment Science, 2010, 29(5):936-941.

[26] Shen G Q, Lu Y T, Hong J B. Combined effect of heavy metals and
polycyclic aromatic hydrocarbons on urease activity in soil[J]. Environ—

mental Safety, 2006, 63(3 ) :474-480.



