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The Effect of Perfluorooctanoic Acid Ammonium Salt on Soil Enzyme Activities

TIAN Hai-xia, HE Wen—xiang , KONG Long, GAO Ya—jun

(College of Resources and Environment, Northwest Agricultural & Forest University, Yangling 712100, China)

Abstract; Perfluorooctanoic acid(PFOA ) and its salts are considered to a persistent organic pollutant(POP). Its harm to the environment has
become serious, however there are few reports on its eco—toxicity. The dose—response relationship between PFOA and soil enzymes (urease,
dehydrogenase, catalase ) was investigated in a laboratory study. Results showed that PFOA could significantly inhibit soil dehydrogenase ac—
tivity in all but the 5th soil sample. This indicated that soil dehydrogenase activity could be used as an index of soil pollution by PFOA. The
critical PFOA concentrations were 31 mg-kg™ for slightly polluted soil and 151 mg-kg™ for moderately polluted. In addition, soil dehydroge—
nase activity in acid soils was more sensitive than alkaline soils to PFOA. This indicated the important influence of soil pH on PFOA toxicity.
PFOA had no significant influence on the activity of jackbean urease, soil urease, catalase.
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L1 5

R H BV B 8B 08 L (HF T 1+,
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+ Eum Orthic Anthrosols) . Mk 9 K> + (+ 54b
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FEEBR 0~5 cm B9+, B 5~20 em +4E IR RT,
i 1 mm G5 & o B ROTE AT LA BRI SR,
RN 1,
1.2 =5

PFOA . #li7 J] 2 JREfF (Jackbean urease )y B Sig-
ma—Aldrich A 8],
L3 WEHE
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5 - SRR | BRI AL U PR, B 531
F NH3-N, =R Z: B (TPF) Y & pg-g™ -h™ FITHAE
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ML & B B g3 K . S5 H PR (r=0.72")
28 (r=0.71") 2B E FAX, X F2RH T g
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Figure 1 Urease activity of soils tested
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Table 1 The physic—chemical properties of soils tested

L Soil samples 5 No. BEHLF g.M/ 2R TII\I/ =X 1;P/ WA Alk—hydiolyzabe N/ CEC/ 3 PH(HLO)
g-kg g-kg g-kg mg-kg cmol - kg

%+ cinnamon 1 26.07 0.77 1.83 101.93 8.05 8.15
2 14.59 0.38 0.80 61.33 7.41 8.63
Kb 1 Sandy soil 3 19.46 0.51 1.04 101.39 7.27 8.13
4 17.63 0.31 0.44 60.37 4.49 8.69
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
T3 Red soil 7 20.02 1.43 0.66 126.70 14.48 5.48
8 8.22 0.69 0.45 61.85 6.23 4.03
9 9.60 0.83 0.34 57.38 13.22 5.00
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938 H RS 2R (PFOA )XY L SRS HERL W FB) AL BT 5T 20104E5 A
R 2 FEIRE PFOA {EA TR T IRIREE A (pg-g'+h™)
Table 2 Soil urease activities affected by PFOA(jug+g™+h™?)
%45 No. WH PFOA ¥ ¥ /mg-kg™
Ttems 0 50 100 150 200 300 400
2ifJkEE Jackbean urease A 225.8+0.0ab 189.249.8¢ 192.1+19.6bc 180.2+0.0¢ 234.7+21.0a  205.0+21.0abe 172.3+8.4¢
R 100 84 85 80 104 91 76
1 A 46.43+0.53b 48.78+1.05b 50.02+3.50b 49.16+2.28b 55.97+1.75a 39.74+3.68¢ 49.03+0.35b
R 100 105 108 106 121 86 106
2 A 12.32+1.65a  10.05+1.42ab 6.63+0.27¢ 10.40+1.00ab  10.32+0.34ab  8.72+0.77bc 9.29+0.50b
R 100 82 54 84 84 71 75
3 A 49.61+0.48a 46.08+0.41b  47.49+1.03ab  42.65+0.07¢ 40.14+2.39¢ 50.24+0.82a 46.33+1.30b
R 100 93 96 86 81 101 93
4 A 21.26£0.58¢  24.77x1.15de  26.40£1.15¢d  22.32+3.00de  30.32+2.08bc  34.48+0.35b 42.97+2.66a
R 100 117 124 105 143 162 202
5 A 0.16+0.15¢ 0.32+0.47bc  0.49+0.06abc 0.16+0.28¢ 0.91+£0.06abc ~ 0.96+0.51ab 1.23+0.30a
R 100 206 312 100 581 610 784
6 A 16.66+0.36ab 17.56£0.36a  16.34x1.54ab  14.67£0.09bc  16.34+1.36ab 13.38+0.09¢ 17.37+0.27a
R 100 105 98 88 98 80 104
7 A 10.45+1.54a 10.15+0.73a 9.69+0.39a 10.15+0.02a 9.85+0.57a 10.94+0.81a 11.40+£0.59a
R 100 97 93 97 94 105 109
8 A 3.36+0.24a 1.40+0.36b 1.83+1.01ab 2.74+0.00ab 2.39+0.45ab 2.59+0.22ab 3.26+1.20a
R 100 42 55 82 71 77 97
9 A 0.69+0.02ab 0.8920.15ab 0.460.05b 0.94+0.26ab 0.99+0.15a 1.17£0.07a 0.89+0.37ab
R 100 128 66 136 143 169 128

T A SOBEIEYE , R ARG ; FIFT AR T8 (o, b 45 )R B2 R B3 (P<0.05), F R
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Table 3 Soil dehydrogenase activities affected by PFOA (pg-g™+h™)
B No SH ltems PFOA ¥ /mg- kg™
0 50 100 150 200 300 400
1 A 2.13+0.01a 1.73+0.03b 1.40+0.00¢ 1.41+0.01¢ 1.23+0.01d 0.90+0.02¢ 0.83+0.03f
R 100 81 65 66 58 42 39
2 A 2.17£0.04a 2.010.05b 1.87+£0.03¢ 1.78+0.01d 1.62+£0.02¢ 1.50+0.011 1.37+0.01g
R 100 93 86 82 75 69 63
3 A 2.352£0.04a 1.9420.05b 1.81£0.03¢ 1.75+0.03¢ 1.58+0.04d 1.58+0.05d 1.45+0.08e
R 100 83 77 74 67 67 62
4 A 1.72+0.04a 1.65+0.06a 1.37+0.00b 1.22+0.02b 1.09+0.09¢ 1.39+0.01d 1.00+0.07d
R 100 95 79 71 63 80 58
5 A 0.08+0.03a 0.08+0.00a 0.08+£0.01a 0.05£0.01a 0.08+0.02a 0.09+0.00a 0.05£0.00a
R 100 96 99 68 94 111 68
6 A 2.97+0.04a 2.2910.11b 2.09+0.03bc 1.870.12cd 1.560.05d 1.18+£0.35¢ 0.91£0.05¢
R 100 77 70 63 52 40 31
7 A 1.28+0.00a 0.94+0.10b 0.85+0.02be 0.79+0.08¢ 0.64+0.03d 0.46+0.01e 0.04+0.02f
R 100 74 66 62 50 36 3
8 A 0.70+£0.01a 0.62+0.00b 0.54+0.03¢ 0.51+0.02¢ 0.37+0.03d 0.18+£0.02¢ 0.01+0.02
R 100 89 77 73 53 26 2
9 A 0.66+0.02a 0.43+0.03b 0.10+0.00¢ 0.04+0.00d 0.03+0.00de 0.00+0.00e 0.00+0.00e
R 100 66 16 6 4 1 0

F4 TIRBISEEENS PFOA RERENL TS
Table 4 The regression equations between soil dehydrogenase

activity and concentration of PFOA

s ek LS Y EDy EDsy
No.  Regression equation  Correlation coefficient mg-kg” mg-kg™
1 U=-3.1x10"xC+1.902 -0.95% 61 307
2 U=-2.0x107xC+2.098 -0.98" 105 525
3 U=-1.9x107xC+2.104 -0.89% 111 554
4 U=-1.5x10"xC+1.608 -0.79" 107 536
5 U=-3.0x10"xC+0.078 -0.35 - -
6  U=—4.8x10"x(C+2.661 -0.97% 55 277
7 U=-27x10xC+1.178 -0.98" 44 218
8  U=-1.7x10"xC+0.719 -0.99" 42 212
9 U=-14x107xC+0.428 -0.78" 31 153

Ak, FEAER PFOA Y BEYE [l P, Bt 4 S T 1tk 1 A8
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Table 5 Soil catalase activities affected by PFOA (mL-g*+h™)

PFOA ¥ /mg kg™

475 No. 3 B Items

0 50 150 200 300 400

1 A 14.85+0.00 14.40+0.00 14.55£0.40 14.85+0.00 14.45£0.35 14.45£0.09 14.60+0.23
R 100 97 100 97 97 98

2 A 11.30+0.23 11.40+0.00 11.40+0.00 11.30+0.09 11.25+0.15 11.25+0.15 11.40+0.15
R 100 101 100 100 100 101

3 A 14.65+0.09 14.85+0.00 14.60+0.09 14.55+0.15 14.55+0.15 14.60+0.09 14.65+0.09
R 100 101 99 99 100 100

4 A 6.85+0.09 6.55+0.11 6.95+0.75 7.50£0.26 7.10£0.96 7.65+0.98 7.55£0.71
R 100 96 109 104 112 110

5 A 0.95+0.09 0.70+0.09 0.65+0.09 0.80+0.09 0.80+0.09 0.80+0.09 0.85+0.09
R 100 74 84 84 84 89

6 A 10.65+0.15 10.45£0.23 10.45+0.23 10.90+0.23 10.70+£0.23 10.25+0.35 10.50+0.26
R 100 98 102 100 96 99

7 A 5.49+0.00 5.67+0.18 5.61+0.10 5.61£0.21 5.61£0.10 5.25+£0.46 5.25+0.46
R 100 103 102 102 96 96

8 A 1.23+0.23 1.19+0.10 1.19+0.10 1.13+0.00 1.25+0.21 1.25+0.21 0.95+0.00
R 100 97 92 102 102 77

9 A 1.070.10 1.25£0.21 1.19+0.10 1.19+0.10 1.07+0.10 1.07+0.21 1.070.10
R 100 117 111 100 100 100

[3] Smithwick M, Muir D C, Mabury S A, et al. Perflouroalkyl contamintmts
4 Lt

(1) - SEBREG S B AL SRS e —
IR EHRTT LU DARAE 38 A MR & Bk,

()i PFOA YR T +REAREEA E AL SRS
ALV A ., A5 P BEE PEEIN,

(3)PFOA EEMG HERIFEM:, BR55+
FESL , B Y3 B 3 Bl o 3 th A 2%, #5783
SIS M U] FRAT +IE PROA V5 YLAYFLE .

(4) BRI TR EE R B PFOA V5 4uft
B A S50 & EDy, 1 EDs 4338 31 mg'kg’l FiI 153
mg kg™,

(S)FEXTHRME H T, BRI T4 XF PFOA 95
Rz W AU, 720 103 pH X PFOA 94 ST MEA
BRI,

BE Wk

[1] Calafat A M, Needham L L, Kuklenyik Z, et al. Perfluorinated chemicals
in selected residents of the American continent[J]. Chemospherem, 2006,
63(4):490-496.

[2] Kaanan K, Tao L, Sinclair E, et al. Perfluorinated compounds in aquatic
organisms at various trophic levels in a Great Lakes food chain[J]. Arch

Enwiron Contain Towicol, 2005, 48(4) :559-566.

in liver tissue from East Greenland polar bears ( Ursus maritimus )[J].
Enwiron Toxicol Chem, 2005, 24(4):981-986.

[4] Tomy G T, Budakowski W, Halldorson T, et al. Fluorinated organic com—
pounds in an eastern Arctic marine food web[J]]. Environ Sci Technol,
2004, 38(24):6475-6481.

[5] Kannan K, Choi J W, Iseki N, et al. Concentrations of perfluorinated
acids in livers of birds from Japan and Korea[J]. Chemoshpere, 2002, 49
(3):225-231.

[6] Washington ] W, Matthew Henderson M, Jackson Ellington J, et al.
Analysis of perfluorinated carboxylic acids in soils II: Optimization of
chromatography and extraction[]]. Journd of Chromatography A, 2008,
1181(1-2).21-32.

(7] KA. L R ARk IM. bt Rk i, 1986.

GUAN Song-yin. Soil enzyme and its research methods[M]. Beijing:
China Agriculture Press, 1986.

(8] AL, Ll M]. Jb - Bl A, 1987.

ZHOU Li-kai. Soil enzymology[M]. Beijing: Science Press, 1987.

[9] Gianfreda L, Rao M A. Potential of exira cellular enzymes in remediation
of polluted soils: A review[]]. Enzyme and Microbial Technology, 2004,
35(4):339-354.

[10] Caldwell B A. Enzyme activities as a component of soil biodiversity: A

review[]J]. Pedobiologia, 2005, 49(6) :637-644.

[11] Lettinga G, Field J, Van L, et al. Advanced anaerobic wastewater ireat—

ment in the near future[J]. Wat Sci Tech, 1997, 35(10):5-12.

[12] FASCHE, Bhas B, B 580, S5 SR MOT R 15 4 L3R A B M AR 53 (0]



FH2EFHSH Kk W H OB

Bo¥ ¥ ® 941

IERLE2AR, 2000, 20(3 ) 338-343.

HE Wen—xiang, CHENG Hui-ming, FENG Gui-ying, et al. Study on
enzyme index in soils polluted by mercury, chromium and arsenic[]].
Acta Scientiae Circumstantiae, 2000, 20(3):338-343.

[13] Hinojosa M B, Carreira ] A, Rodriguez—Maroto J M, et al. Effects of
pyrite sludge pollution on soil enzyme activities : Ecological dose—re—
sponse model[J]. Science of the Total Environment, 2008, 396(2-3).
89-99.

[14] Yang Zhi—xin, Liu Shu—qing, Zheng Da—wei, et al. Effects of cadium,
zine and lead on soil enzyme activities[J]. Journal of Environmenial Sci—
ences, 2006, 18(6):1135-1141.

[15] A8 &, $ARI. PFOS/PFOA Fbei5 YufT 5 Btk Ak i R AL AF
FEHERE]. FRE R, 2007, 28(10):2153-2162.

ZHOU Qi—xing, HU Xian—gang. Researching progresses in environ—
mental pollution behavior, toxic effects and mechanisms of PFOS/PFOA
[J]. Environmental Science, 2007, 28(10) :2153-2162.

(161X 3, 4—H, & 2, % LTS PFOS # PFOA 54431
WRIFL[]. FREERLE, 2007, 28(9):2068-2073.

LIU Wei, JIN Yi-he, QUAN Xie, et al. Investigation of PFOS and PFOA

pollution in snow in Shenyang, China[J]. Environmental Science, 2007,

28(9):2068-2073.

[17] Hansen K ], Johson H O, Eldridge J S. Quantitative characterization of
trace levels of PFOS and PFOA in the Tennessee River [J]. Environ Sci
Technol, 2002, 36(8) : 1681-1685.

(18] #1k-H. e ik r47M]. JLat . i Bkl i fit, 2000.

BAO Shi—dan. Agricultural chemistry analysis for soil [M]. Beijing:
China Agriculture Press, 2000.

[19] H ERABe R L EATFE AT, PELE M Junt: Bzl
1978.

Nanjing Institute of Soil Science, Chinese Academy of Sciences. China
soils[M]. Beijing: Science Press, 1978.

[20] Doelman P, Haanstra L. Short—and long —term effects of heavy metals
on phosphatase activity in soils[J]. Biology and Fertilizy of Soils, 1989,
8(3):235-241.

[21] Higgins C P, Field J A, Criddle C S, et al. Quantitative determination of
perfluorochemicals in sediments and domestic sludge [J]. Environ Sci
Technol, 2005, 39 (11), 3946-3956.

[22] Olson C T, Andersen, M E. The acute toxicity of perfluorooctanoic and
perfluorodecanoic acid in male rats and effects on tissue fatty acids[J].
Toxicol Appl Pharmacol, 1983, 70(3), 362-372.



