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Effect of PFOA on soil respiration and microorganisms

TIAN Hai-xia, KONG Long, HUANG Qin, WANG Wei,
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(College of Resources and Environment s Northwest A&F University Yangling » Shaanzi 712100, China)

Abstract: [Objective) Effects of perfluorooctanoic acid (PFOA) on soil respiration and microbial were
studied in order to indicate its eco-toxicity. [Method) Cinnamonl,sandy,lou soil,red soil from different re-
gions were sampled,to study soil respiration and microorganisms amount (bacteria,fungi,actinomyces, ba-
cillus) after adding 0,50,100,150,200,300,400 mg/kg PFOA by indoor simulating experience. [Result])
PFOA could inhibit soil respiration. However,as the concentration of PFOA increased,there were no regu-
lar changes. PFOA in high concentration could inhibit the population of bacteria and actinomyces, and
PFOA had no significant influence on the population of bacillus and fungi. Except red soil, the relationship
between PFOA concentrations and actinomyces amounts reached significant or remarkably significant nega-
tive correlation. [Conclusion] The population of actinomyces could be used as an index of soil PFOA pollu-
tion. The critical PFOA concentrations were 34 mg/kg for slightly polluted soil and 171 mg/kg for moder-
ately polluted.
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TREWFIE NN H 0] A — R B R AR IR BT Y
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Table 1 Chemical properties of soils tested
- " WL A/
5 A/ / i ot
TH s HHFE/ (g kgD ( _%fkil) ( .éff;;l) (mg+ kg™ 1) CEC/ )H
Soil sample No. 0.M g* X8 8" 58 Alk-hydrolyzabe (cmol » kg™ ) !
T.N T.P N
L 1 26.07 0.77 1.83 101. 93 8.05 8. 15
Cinnamon 2 14.59 0.38 0. 80 61.33 7.41 8.63
3 19. 46 0.51 1.04 101. 39 7.27 8.13
»‘l\

AL 4 17. 63 0.31 0. 44 60. 37 4. 49 8. 69

Sandy soil
5 0.92 0.02 0.22 5.87 1.63 8. 94
#+ Lou soil 6 23. 66 1.78 1.59 141. 28 16. 91 8.34
7 20. 02 1.43 0. 66 126. 70 14. 48 5.48
Fag: - )
. 8 8.22 0.69 0.45 61.85 6.23 1.03

Red soil
9 9.60 0.83 0. 34 57.38 13.22 5. 00
1.2 REAHZE 1.3 HESH

K %% PR i R R AT ik T G A AR I R R
JES L BRI 80 g KU R T R R L i AR [F]
VB PFOA B . + 48 PFOA AR & it i ik
BE 4y 3R 0 (R BB, 50, 100, 150, 200, 300 Hl 400
mg/ kg, I I 17 5 S K i IR R K )RR K & Y
40% IR5),F 28 CHifess: 7 d.

M 500 mL - HHL A 20 mL 0. 1 mol/L A&
SEAL AR TR AL S B 20 g 11 0. 1 g H 2R
A1 FAXRUZ AR AL LS BT 500 mL ) Hf s 22 B
FET 28 CHiFR 24 hJm U E 1 S ALV Wi h
A1 Bk 2R 0.1 mol/L ER R VEAT i &2
FHZ A i 5 B (mg/ @) RAE T3P 58 B2 1 K/

B A W T B SR T B B R T AR

P

17

KM EXCEL #EAT 8t it 5 5 0 4. Horbdm
il 258 QB 220 R R L35

PR GO ) = (1 — B 5 A 30 9 306 M/ %t
WA S s HE) X100/ %%

SRR A R s I AR Sy U R R O

F A4 2557 (Ecological dose) EDy, Al ED;, 43 5l
FAE A e R0 op B T e it i Il R DY Hop
EDy, Al EDs, 43 31 S+ 8 fif A& 4 B0 A5 4k 10 % A
50 Y0 B AMIE TS Y Wy 1) JoT VR B

2 ZER 55

2.1 PFOA 3¢ 1 52 FF I 38 B 89 52 0
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JBUE ek A 48 0 () — S 70 b R 1 IR SR R B O
P, (DB 15 LS A PFOA J5 . Hiflh + 48 07
WS 3 35 351 A5 BT/, 2% B PFOA X + B (9 0 1 B Ay
JEIVE . (3) B PFOA & & i3 i f538 + F

WP W% 56 B 5 5 B Ve AR Ak (B JC T S B ML R .
F124 PFOA & 804 400 mg/kg i, HX 4 4 M A
PRI 22296 ~83 %4

£ 2 AEREIRE PFOA X 4iti + 158 W 1R 58 B 19 22 1
Table 2 Effect of PFOA on soil respiration of the soils tested mg/g
+ g PFOA & /(mg » kg” 1) PFOA concentration
Soil No. 0 50 100 150 200 300 100
1 0.79%£0. 00 0.87+0.04 0.89+0.09 0.91+£0.06 0.89+0.02 .4440.13 0.38+0.02
2 0.5340.04 0.524£0.02 0.4940.02 0.2940.00 0.2940.00 .34+0.00 0.33%£0.02
3 1.1340. 00 0.98-+0. 02 1.0140.02 1.0040. 07 0.85+0. 06 .5540. 04 0.5240. 04
4 0.36+0. 00 0.33%+0. 00 0.33740. 00 0.25+0.04 0.20+0. 00 .2340.00 0.28+0. 00
5 0.2340.00 0.08+0. 06 0.13%40.09 0.08+0.06 0.0740. 00 .0740.00 0.10%+0. 00
6 0.7940.07 0.7040.09 0.7040.09 0.4540. 04 0.4640.02 .50+0.07 0.50+0.07
7 0.80-+0. 02 0. 73+0.00 0.70+0. 00 0.76+0.00 0.62+0.15 .6940.09 0.60+0. 04
8 0.25%+0. 00 0.19+0. 02 0.13%40.02 0.20+0.04 0.15+0. 04 .214+0.02 0.12%+0. 00
9 0.4140.00 0.13%+0.02 0.08%+0.02 0.10%£0. 00 0.0740.00 .0840.02 0.07=+0. 00

2.2 PFOA M TEWMEDHENF M

- B b A R A A L A A A R B H 2
P J2 38 e T R 0 2H B 43 o LR R 2 A A 4 T
TR TR ELTR A B AT Y B B PR A5 Y A AT Ak
T oA B A — 2B LR R 1 T
ARG 2 T 2 5 38 PO TR B IR R R
R N 7 1 53577 N
2.2.1 m # A& &R PFOA 5 L IEM 40
TR R L 3, IR 3 [ LIEH . (1) PFOA &

o4 50 mg/kg B, 5% A LG, PEOA ) im A J: 3
3ANEAE(2, 4.7 5 B 40 T Hh AL 5 A AR CS,
5.6,8,9 ) WA TR B 1 . R BT T R R K
PEBT b/ 225 55, B AZ 31 PFOA 52 i 1) AL 1 JF
AR, (2)Y4 PFOA & &5 50~400 mg/kg I},
W& PFOA &t iy 3 A i 4 4% 20 78 250 i o 2R
W, 2 JE XA PFOA & & k2 g, + 20
RS 1Y) B R i U 2 (B A A R T R PR R A

x3 AEBRERE PFOAMN T EMEBENE M

Table 3 Influence of PFOA on population of bacteria in soil X108 g !
+ kR PFOA &4 /(mg » kg ') PFOA concentration
Soil No. 0 50 100 150 200 300 400
1 1173 A — 953 B 6 E 15D 20 D 625 C
2 1520 A 830 B 430 C 12 E 7E 10 E 29 D
3 620 B 708 A 17 G 22 F 31 E 43 D 58 C
4 1460 A 700 B 25 C 15 C 501 C 31 C 14 C
5 780 B 1340 A 54 C 54 C 14 D 9D 12D
6 13 D 78 A 8 E 13 D 14 D 29 B 23 C
7 1090 A 570 B 82 E 88 D 32 F 31 F 173 C
8 700 B 1665 A S8 E 13D 7E 16 C 9E
9 795 C 1105 C 15 F 58 E 1800 A 460 D 0G
AT HUE 5 bR AN ] 7 BE% 2878 Duncan’s 2 8 L2 7 B % (P<<0. 0D, FRF;“—"RR AT 4.
Note: Different capital letters in the same row mean significant difference at 1% level,the same is as below. “—"means that the value does
not account.
2.2.2 FRAE MEPHZFEFENINAE RN, Bl R 2 AR R AR 8 A B

K BRIt 8 . NER 4 T RLE 2 (1) 2 PFOA
& 50 mg/kg i, PFOA BIIMA{E 5,7,8 5 + k¢
AT R AR B EREIN, EE RN S SRR
AR, H XA A G Wy i 2 vhee 855 .M 7.8 5
B TR IE T3, XF PFOA 175 e B U, (2)
24 PFOA 4 8% 50~400 mg/kg i}, & PFOA 4

. (3)% PFOA & &4 400 mg/kg B, 5 XJ FEAH
FC.3. 5.8 5 A F 2 AT B R0 G 40 R Oy
4370~90 0 » FA A1 A 2 JAT TR B50RE Bt 1
W A6 4300 ~T57 00 . 3% 5 40 B R 0 2R A LA
AR U6 B 28 FLAT B %) PFOA A — & B9 4R 5T J7 - T
HIXFhAE 77 32 e i 45 N R B9S2
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Table 4 Influence of PFOA on population of bacillus in soil X10" g

+ R g B PFOA &4 /(mg » kg ') PFOA concentration

Soil No. 0 50 100 150 200 300 400

1 3 E 5E 3 E 20 C 23 B 35 A 14 D

2 1D 2D 18 A 1D 2D 9C 12 B

3 2 CD 2 CD 307 A 3 CD 4 C 187 B 1D

4 6 E 36 C 52 B 61 A 0F 6 E 31 D

5 2B 0C 0C 7 A 0C 0C 0C

6 11D 10 D 19 B 10 D 30 A 31 A 16 C

7 69 D 8 E 2 F 9E 490 B 1490 A 99 C

8 86 A 4 C 71 A 59 AB 7C 14 BC 9C

9 7G 32 E 65 C 172 B 46 D 1010 A 14 F

2.2.3 A A LTHEREZSS53 WHWEEN S
fiff 2 T R BRAE IAS AT A B . B ER 5 AT
A (1) PFOA & &0 50 mg/kg i, 5 X5 BUAH L
PFOA (I AAE 4.7 5 +HE 0 B A N, 2.8,9
SRR BB I, AL S RSN 1,3,
6 5 A Y TR R AR AR 1 WA L BT Y i
XA RS R B —EZ M. (2

PFOA %% 50~400 mg/kg B, fifi 5 PFOA & &
B3, 7 5 LR E AR AN B N8 S A
D) 52 B A )N 1 A, H Rt R R R
H AR AL AN B . (3) 24 PFOA & &5 in %) 400
mg/kg B, 5XFBEAA L . 4.5, 8 5+ RF 0y 2L KR IE
% MR 3L 3] 71,43 % ~100%51,2,6,7,9 5 Tk
F14) L A A5 H 0 L TR Rl 23,0806 ~6 366 0,

x5 AEAERBREPFOANTEEEHENEMN

Table 5 Influence of PFOA on population of fungi in soil X 10° gt
+ B 4 PFOA & #/(mg + kg ') PFOA concentration

Soil No. 0 50 100 150 200 300 400

1 13 C 12 C 29 A 17 B 11 C 18 B 16 B

2 2C 5 AB 3 BC 3 BC 3 BC 5 AB 6 A

3 7 BC 5C 7 BC 7 BC 9B 17 A 7 BC

4 146 A 70 B 2D 2D 50 C 3D 1D

5 1B 1B 14 A 14 A 4 A 1B 0B

6 5B 4B 4B 3B 0C 5B 11 A

7 15 F 6 G 55 E 106 D 129 C 860 B 970 A

8 84 D 560 A 510 B 191 C 70 E 69 E 24 F

9 25 F 102 D 162 A 104 D 116 B 418 E 109 C
2.2.4 #H&HB PFOA X MR EM  PFOA SR, BR 7 5 LA & e &

W6, MR 6 AT LA M. (1D RE I PFOA B, [
— A rh A LT 0 R R TR AR
4, (2)2 PFOA %5 50 mg/kg B, 2 & +
FEAN  PFOA (A T BOH A 4R 19 00 2 v 5 i
I UL B PFOA XF - 30 26 1R B0 A — 2 1 7 41 1
. (3)24 PFOA & &5 50~400 mg/kg B, i &

B 90 1 AR Ak B A L Ay R I 2k B AR
Y58 i B PFOA S A 38 s 26 T 69 30 ) 4
i PFOA & & (3 mimig K. (424 PFOA & &t
JZE 400 mg/kg B, 9 i A4 1 H kB 7106 ~
100 %6« JHC4R T B0k 58 2 Bl 3 ol

£ 6 AREFREBIRE PFOA N TEHEEHHEHNZN

Table 6 Influence of PFOA on population of actinomyces in soil X 10" g7t

+ BE 42 PFOA &4 /(mg » kg=!') PFOA concentration

Soil No. 0 50 100 150 200 300 400
1 181 A 178 B 168 C 106 E 97 F 115 D 52 G
2 54 B 57 A 39D 27 F 47 C 31 E 11 G
3 120 A 75 B 65 C 45 D 35 E 22 F 20 F
4 58 A 50 B 38D 29 E 47 C 22 F 4G
5 10 A 9 A 5B 10 A 0C 0C 0C
6 163 A 111 B 59 E 81 C 79 C 64 D 7F
7 184 C 85 E 339 A 273 B 103 D 45 F 2 G
8 152 A 4 C 1D 3 CD 1D 24 B 1D
9 42 A 12 B 2 C 2C 3C 2C 2C
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PFOA % # (O) 5t Wi dcesE (N) L&
G5 (R D WIR BREES A AR KR
TR I 2 a0 A G L 48 s R T R T — o R
JE bR RAE 58 PFOA 5 YL & B K/, 18]

1~6 5+ F PFOA 75 4 iy £ % & {5 ED,, Ml
EDs, 435k 34 ~58 mg/kg A1 171 ~290 mg/kg, 3
B 14 PFOA $2 52 F0 b 375 e i i I 28 o
W RE S A 34 Fil 171 mg/kg.

® 7 TERZEHE(NS PFOAREREORLKENE
Table 7 Equations between the population of actinomyces (N) and concentration of PFOA (C)

TR G 7 HHE 2R HL EDyo/ EDs/
Soil No. Regression equation Correlation coefficient (mg * kg™ 1) (mg kg™ 1)

1 N=—156.77XC+9.10X10" —0.91*" 58 290

2 N=—49.16 XC+2.75X10* —0.85" 56 280

3 N 112. 75X C+4. 67X 10* —0.90*~ 41 207

4 N=—59.77XC+2.79X 10" —0.91*~ 47 233

) N=—14.16 X C+4. 86X 10° —0.82" 34 171

6 N=—148.32XC+6.57X10" —0.87* 44 222

TE s 7RIS o A3 R R A A OG L

”

Note:* * "and “ % *
:k N
3 én j4

AR 58 T PFOA XF + 8833 A4 W 16 1 10 5%
i), 25 R B

1) [7] — 28 750+ 38 %) 7 W A Y 5 B8 il 5 A Lo 2
BN K. PFOA B hnA S 30 52 0 0% 4
SRV 55 . R B E PFOA & 5 /934 m, - HE0p g
VB FH B 1 A8 Ak B JF R B 6

2)PFOA X 2 T $4 5 114 52 Wil 75 A 7] 4 38 [H] £7 7
25 A B A PEOA St 4 HE 40 18 50 W 5 1)
HIVERT . PEOA XF 28 F1AT P A 18 2502 1Y) 52 ) G
ERTALOPSEE 2

3) R — 2 A - B A AL & B Y R
LR W L., PFOA B S BUR £ 3 B %
. BEH PFOA £ 5 i 38 i, % il 2 w7 450 Ay 4
HlVE . X O RIFAT R BLG 4 R k
Y, B 21 8 Ah oAt - A A ik 4k AT i 5 PFOA &
I 2R OC R Y N Ot 3 AR DG, R 2k
BB AE— B LT DL SR AFE 18 PFOA 5 Y4 &
BERIR AN

DRI LY, £ PFOA &M ETS
P il 55T vk BEAB 430 R 34 i 171 mg/kg.
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