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The Effect of Perfluorooctanoic Acid Ammonium Salt on Soil Enzyme Activities
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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 Sth 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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Table 1 The physic—chemical properties of soils tested

o.M/ TN/ TP/ Alk-hydrolyzabe N/ CEC/

Soil samples No. kg gk gk mg ke emol kg pH H,0
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
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
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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Table 2 Soil urease activities affected by PFOA pg-g™-h™
o, PFOA /mg-kg™
[tems 0 50 100 150 200 300 400
Jackbean urease A 225.8+0.0ab 189.2+9.8¢ 192.1£19.6be 180.2+0.0¢c 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¢  24.77+1.15de  26.40+1.15cd  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+0.47be 0.49+0.06abe 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 17.560.36a 16.34+1.54ab  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+0.36h 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 0.89+0.15ab 0.46+0.05b 0.94+0.26ab 0.99+0.15a 1.17£0.07a 0.89+0.37ab
R 100 128 66 136 143 169 128
A R ab P<0.05
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Table 3 Soil dehydrogenase activities affected by PFOA  pg-g™+h™

PFOA /mg-kg™

No. Items
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+0.02e 0.83+0.03f
R 100 81 65 66 58 42 39
2 A 2.17+0.04a 2.01+0.05b 1.87+0.03¢ 1.78+0.01d 1.62+0.02¢ 1.50£0.01f 1.37+0.01g
R 100 93 86 82 75 69 63
3 A 2.35+0.04a 1.94+0.05b 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 2.29+0.11b 2.09+0.03bc 1.87+0.12cd 1.56+0.05d 1.18+0.35e 0.91£0.05e
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+0.02e 0.01+0.02f
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
4 PFOA
Table 4 The regression equations between soil dehydrogenase N
activity and concentration of PFOA PFOA i
No.  Regression equation  Correlation coefficient m];]')l?@/g’] mEgl:)ljt/g’] PFOA
1 U=-3.0x10"%C+1.902 095" 61 307 PFOA
2 U=-2.0x10"xC+2.098 -0.98™ 105 525 o7
3 U=-1.9x10"xC+2.104 -0.89™ 111 554
4 U=-1.5x10"xC+1.608 -0.79° 107 536 PFOA PFOA
5 U=-3.0x10"xC+0.078 -0.35 - - PFOA
6  U=—4.8x10"xC+2.661 -0.97" 55 277
7 U==2.7x10"xC+1.178 -0.98™ 44 218 pH PFOA
8 U=—1.7x10"xC+0.719 -0.99" 2 20 o Higgins ™
9  U=-1.4x10"xC+0.428 -0.78" 31 153
pH o
PFOA PFOA 153~
-32%~9% -23%~17% 554 mg-kg™', Olson ™ Fisher PFOA
PFOA o PFOA
LDs, >500
mg-kg™  250~500 mg-kg™
153 mg-kg™
PFOA PFO~- NH: 277 mg-kg™', PFOA
N °
o PFOA

PFOA PFOA o
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Table 5 Soil catalase activities affected by PFOA mL-g'+h”

PFOA /mg-kg™!

No. 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 1.07£0.10 1.25+0.21 1.19+0.10 1.19+0.10 1.07+0.10 1.07£0.21 1.07£0.10
R 100 117 111 100 100 100
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