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1.2
, , 6
: ( pH ) (
pH ) (En ) 2,
1 ( )
( )
1.1 ( )
, ( )
M2 ¢X174 , ( )
, , 0 15 cm, 2 mm
, 1
M2 ( ATCC 15597B1)  ¢X174 ( : (LDZX-40BI ,
ATCC 13706B1) Escherichia coli ( ) 121 0.105 MPa
ATCC 15597  ATCC 13706) 24 h 3 3h,
American Type Culture Qollection(ATCC) M2
RNA (ssRNA) 26 m® 1.3
pl  3.99 pH 50 m
M2 L PX174 , 10 10°pfum !
DNA (ssDNA) |, 23 nm, pl 6 ,
6.6, , BS
[} 10 m 10 g ,
10 mi -
[10], , 4 ) (300 r min™ %) (HZ
(1) 0.1m 9310K, ) 3h,
0.1m , 37 (Avanti * J-301 , BECKMAN
20min;(2) (1) QOVLTER, URA) 4 10 000 r min™ *(
( 2 12 096 x g) 15 min,
)
;(3) , 3
37 8 12h(M) 5h (R) (Cs)
(#X174) ; (4)
, 30 300 , R=[(0-A) x100/ 4]
, (plague forming Cs=[(a-d)/M]
unit ,pfu) R G d Cs
(Yeas Bxtract (%) (pfu m ™)
L PO021) (Tryptone L PO042) { Lab (pfum %)
Lemoo  Fowder L PO029) OXOID : (pfug™® M
NaQ KO Na,HFO, ; (gm™?
(Progphate-
bufered sline, FBS) (0.02 mol L' Na, HRO,, SPSS11.5

0.10nol L *NaQ , 0.003 nol L~ KO, pH 7.5)

(1) Zerda K S. Adsorption of Viruses to Charge-nodified Slica. PnD Diss. Baylor Qollege of Medicine, Hougon, 1982
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Table 1 Sil physcd and chemicd properties
pH CEC
Sl Fe:03 Al05 Fe:03 Al;03
Sanpling oM (mmol kg™Y)  Send Sit Qay Free Fe,03  Free Al,O5 Anmomphous  Anorphous
ste (gkg™?) (%) (gkg™)  (gkg') Fe:03 Al20;
(gkg™? (gkg™
Loary red  Yingan,
il Jiangxi 5.13 2.84 33.35 39.80 50. 37 9.83 12. 84 20.00 0.65 3.75
Cayedred  Yingan,
il Jiangxi 4.30 4.32 99. 62 35. 62 25.45 38.93 29.61 32.95 1.56 7.24
Wushen Changshu,
il Jiangsu 7.19 35.49 205. 4 25.80 48.84 25. 36 15.50 12.11 6.54 5.45
Huangni Changshu,
il Jiangsu 6. 96 25.30 147. 4 34.91 47. 44 17. 66 16. 23 12. 26 5.24 4.65
Sandy Fengaiu,,
Chao il Henan 8.05 4.43 44.02 92.45 2.18 5.37 8.53 6.06 0.55 4.23
Loarmy Fengaiu,,
Cheo il Henan 7.9 11.42 79.48 76.29 11.24 12. 47 8.15 4.45 0.71 4.65
M2
0; X174 )
2 10 pfum -t
O ’
2.1
2.1.1 6
) M2 X174
MK X174
21.29%  46.77 % ( 2, 3) M2 ’
X174 M2 Trompson MS2
5 X174
#X174; 16 pfum ™" M2 X174
0 Ml 1]
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8.1 (1 Dowd
, , , 6 M2
[12] ' , ’
Dowd : pl
, pH M2 PX174 ,
pl Dowd
: ,  PpH pl , pH X174  pl X174
[13] M2 X174 100 % ,
pl 39 6.6, pH 4.3
2 M Y
Table 2 Adwmtive behavior o M2 to non-gerilized ils
a? a? RY cs? d a R Cs
(pfum Y (prum Y (% (ffug™ (pfum - %) (pfumi ~%) (% (fug™
Loany red il Qayed red il
116x10? (254+0.70) x 107 0 0 9.05x 10 0 100 (9.04%28) x10*
116x10° (16920.35) x10° 0 0 9.05 x 10 0 100 (9.04£2 85) x10?
116x10* (235+112) x10* 0 0 9.06x10° 0 100 (9.04%2 8) x10°
145%x10° (1.35+0.07) x10° 7.06+4.87  (L02+0.07) x10* 9.05 x 10 (200176 x100  9.W\+0.02 (9.04+28) x10*
145x10° (113+0.15) x10° 20B+9.%8 (320+1.45 x10° 9.06x10° (2874248 x10?  WI7+0.02 (9.04+28) x10°
145%x10°  (13820.03) x10 843+1%  (L2+0.28) x10° 9.05 x10° (266+237) x10°  9.W+0.02 (9.04+285) x10°
Wushen il Huengri soil
9.06x10" (397+2.26) x10? 0 0 1.09 x10° (2.06+0.9) x10? 0 0
9.06x10* (210+0.81) x10° 0 0 109x10° (1.40+0.53 x10° 0 0
9.06x10° (1L52+0.39) x10* 0 0 109x10° (1.22+0.14) x10* 0 0
823x10" (857+3.44) x10* 0 0 109x10° (6.61+384) x10* 4328 +21.0 (43R +1.46) x10°
9.06x10° (9.10+2.76) x10° 0 0 109x10° (7.20+151) x10° 3042 +21L.42 (3.73+3.01) x10°
9.06x10° (1L%+13) x10 0 0 1.09%10° (4®2+238) x10° 5561 +1242 (6.00+£217) x10°
Sndy Cheo ol Loany Creo sl
1L09x107  (35420.45) x10? 0 0 109x107 (4.61+0.85) x 10 0 0
10x10° (210+0.24) x10° 0 0 109x10° (240£0.73 x10° 0 0
10x10* (144+0.16) x10* 0 0 1.09x10" (2.09+0.10) x10* 0 0
109%x10°  (1L2+0.24) x10° 0 0 109x10° (127+£0.23) x10° 0 0
109x10°  (118%0.16) x10° 0 0 109x10° (126+0.12) x10° 0 0
128x10"  (L21+0.06) x10° 6.0L+4.63  (7.70+5.94) x10° 1.09x10° (1.26+0.08) x10’ 0 0
1) + Mean+D:2) G Qoncentration of virusin the cortrol ;3) 4 : Qo
centrations of virusin the supernatant from treated ils;4) R: Ratio of sorbed viruses;5) Cs: Redtive virus

rption cgpacity of ils
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3 bX174 Y
Table 3 Adwormptive behavior of $X174 to ron-gerilized ils
a? ad R fo=3 d a R Cs

(pfum ~ %) (pfum (% (pfug (pfum ) (pfum Y (% (pfug™?)

Loary red il Qayed red il
2.45%x10° (3 9+4.73) x10? 0 0 1.36x10° 0 100 (1.36£0.01) x10?
2.45%x10° (2.51+2.25) x10° 0 0 1.36x10° 0 100 (1.35+0.01) x10°
136x10* (5.87+0.62) x10° 56.73+4.54 (7.69+0.62) x10°  1.36x10 (240+2.45) x10? 98.23+1.81 (133+0.03) x10
136x10° (1L25+1.10) x10° 7.79+ 0.00 (1.06+0.00) x10*  1.36x10° (5.00+0.71) x10° 99.63+0.52 (1.35+0.01) x10°
136x10° (5.99+1.58) x10° 55.85+11.63 (7.57+1.58) x10° 1.36x10° (250£0.71) x10° 99.82+0.05 (1.35+0.00) x10°
3.00x10° (287+2.26) x10'  507+1.76 (1.31+0.65) x10°  1.36x10’ (1.48+0.35) x10° 98.91+0.26 (1.34+0.00) x10’

Wushan il Huangri ol
136x10? (8.50+0.71) x10' 37.30+522 (5.05+0.70) x10*  1.28x107 (411+1.71) x10* 67.97 £13.30 (8.73+1.72) x10
136%x10° (L04£0.05) x10° 23.65+3.65 (3.20+0.49) x10* 6.35x10° (3.20+£0.48) x10? 68.00 +12.05 (6.03+1.56) x10°
136x10° (5.75+0.49) x10° 57.58 £3.65 (7.80+0.49) x10°  1.28x10" (4.92+2.96) x10° 6167 +23.08 (7.92+2 94) x10°
1.36x10° (6.13+0.04) x10° 548 +0.26 (7.42+0.04) x10*  5.60%10° (294+0.87) x10° 47.44 +15.46 (2.65+0.87) x10°
1.36x10° (257+0.10) x10° 8L04 +0.73 (1.10+0.01) x10°  1.28x10° (1.73+0.18) x10° 86.50 +1.40 (1.11+0.02) x10°
136x10° (6.32+0.87) x10° 5341 £6.42 (7.24+0.87) x10°  1.28x 10 (3.01+1.96) x10° 76.59 +15.29 (9.83+1.96) x 10°

Sandy Cheo il Loamy Cheo il
6.35x10° (9.73+0.17) x10? 0 0 6.35%10° (5.63+0.53) x10? 11.29+8.35 (7.16+5.30) x 10
6.35%x10° (6.91+1.54) x10° 0 0 6.35x10° (4.91+£1.65) x10° 22,71 +9.17 (1.44+0.73) x10°
6.35x10"° (5.53+0.99) x10* 12.91 #1559 (8.20+9.90) x10°  6.35x10* (5.20+0.46) x10* 18.11 +7.25 (1.15+0.46) x10*
6.00x10° (4.33+0.58) x10° 27.78 +9.62 (L67+0.58) x10°  5.60x10° (5.43+1.37) x10° 3.04 +0.12 (1.70+0.31) x10*
6.00x10° (2.80+0.35) x10° 53.33 +5.77 (3.20+0.35) x10°  1.28x10° (8.53+1.37) x10° 33.56+10.63 (4.31+1.37) x10°
6.00x10° (5.23+0.25) x10' 1278 +4.19 (7.66+2.52) x10°  1.28x10’ (6.73+1.01) x10° 47.57 +7.88 (6.11+1.01) x10°

1) + Mean+ D:2) G Qoncentration of virusin the control ;3) 4 : Qnr

centraions o virus in the supernatant from treated ils;4) R: Ratio of sorbed viruses;5) Cs: Redative virus

rption cgpacity of ils

2.1.2 , ,
( 2,
3, Grba  Qoyd
MS2 6.25% M X174 ,
99.99% 0 21.55% 1.00% 0; X174 pH
20.91% 99.43% 51.30% 68.03 % pH
17.80 % 22.71 % , :
M2 #X174 , [ :
6 , ; =
MS2 ,
0 0; , X174 (el Ryan  Himdech ,
10%pfum -t pH ,
X174 (a7 :
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, 6 75.8 0 77.1 52.2 64.0 59.1 ,
( 1; , , , 5
( 1; (p<0.001)
; pH M2 ; X174
6 29.62 % 64.37 % 29.55% 33.24 %
' , 19.17 % 10.61 %, ,
2.2 :+8.7 -351 -21.8
-34.8 +1.4 - 121, , X174
( 4, 5, :
, X174 (p<
MK 82.06 % 99. 98 % 0.05) , 5
77.10% 73.78 % 65.00 % 59.05 %,
4 M b
Table 4 Adsrptive behavior o M2 to derilized ils
a? ad R fo=2 d a R Cs
(pfum ~Y (pfum ~Y (% (pfug?) (prun 9 (pfum “9 (% (ug ™)
Loary red il Red day il
212x10° (4.38+2.50) x10? 79.63+12.22 (1.69+0.26) x10° 2.12x10° 0 100 2.12x10°
212x10* (272+0.78) x10°  87.18+3.67 (1.85+0.08) x10* 2.12 x10* 0 100 2.12x10*
212x10° (5.08+2.10) x10*  76.10+9.87 (1.62+0.21) x10° 2.12x10° 0 100 2.12x10°
212x10° (6.04+1.16) x10°  7L.54%5.48 (1.52+0.12) x10° 2.12x10° 0 100 2.12x10°
212x10° (1.83+0.73) x10°  91.40+3.42 (1.94+0.07) x10 2.12 %107 0 100 2.12x10°
2.12x10° (287+1.04) x10° 86.49+4.92  (1.84+0.10) x10° 2.12x10° (294+1.90) x10° 99.86+0.09  (2.11+0.01) x10°
Wushan il Huangni ol
3.69%x10° (14+0.14) x10° 60.40+3.76 (2. 22+0.14) x10° 3.69x10°  (196+0.74) x10° 46.93 £20.07 (1.73+0.74) x10°
3.69x10* (1.11+0.34) x10° 69.77+9.14 (2.57+0.33) x10* 3.69x10"  (9.97+3.25) x10° 7297 +8.82 (2.69+0.33) x10°
3.69x10° (7.39+6.35) x10* 79.95 +17.22 (2.95+0.63) x10° 3.69x10° (5.65+0.83) x10* 84.67 +2.40 (3.12+0.09) x10°
3.69x10° (6.93+3.59) x10° 8L19 +9.75 (2.99+0.36) x10° 3.69x10°  (9.68+2.54) x10° 73.75 £6.88 (272+0.25) x10°
369%x10° (5.91+2.79) x10° 839 +7.57 (3.09+0.28) x10’ 3.69x10° (6.05+0.76) x10° 8359 +2.07 (3.08+0.08) x10’
3.69x10° (4.68+0.52) x10’ 87.31+1.40 (3.22+0.05) x10° 3.69x108  (7.09+3.77) x10' 80.77 £10.23 (2.98+0.37) x10°
Sandy Cheo il Loamy Cheo il
352x107 (220+0.17) x10?  37.58 +4.91 (1.32+0.17) x10? 352x10°  (3.15+0.21) x10° 10.62 +6.02 (3. 74+2.12) x 10
352x10° (1.27+0.10) x10° 63.97 +2.74 (2.25+0.10) x10° 3.52x10°  (L77+0.10) x10° 49.87 +2.86 (1.76+0.10) x10°
163x10° (7.67+1.32) x10° 5289 +810 (8.61%1.32) x10° 1.63x10* (5.39+0.58) x10° 66.88 +3.59  (1.09+0.06) x10*
163x10° (4.49+1.26) x10* 7243 £7.73 (1.18%0.13) x10° 1.63x10° (5.48+0.78) x10* 66.33 £4.81 (1.08+0.08) x10°
163x10° (3.05+0.35) x10° 8L28 +2.17 (1.32+0.03) x10° 1.63x10°  (3.37+0.20) x10° 79.31 +1.24  (1.29+0.02) x10°
1.63%x10" (296+0.07) x10° 8183 +0.43 (1.33+0.01) x10 1.63x10"  (3.04%0.31) x10° 8130 +1.90 (1.32+0.08) x 10’
163%x10° (271+0.25) x10" 8333 +15 (1.36+0.02) x10° 1.63x10°  (3.44+0.18) x10' 78.84 +1.08 (1.28+0.02) x10°
1.63x10° (273+0.08) x10° 8325 +0.51 (1.36+0.01) x10° 1.63x10°  (3.28+0.02) x10° 79.87 +0.14  (1.30%0.00) x10°
1) + Mean+D;2) G : Qoneentration of virusin the control ;3) A4 : Q-
centraions of virus in the supernatant from treated ils;4) R: Ratio of sorbed viruses;5) Cs: Reative virus

rption cgpacity of ils
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Table5 Adsrptive behavior of $X174 to gerilized ils
a? ad R fo=3 d a R Cs
(pfum ~ %) (pfum (% (pfug (pfum ) (pfum Y (% (pfug™?)
Loary red il Red day il
5.49%x10° (4.49%0.14) x10?° 1827+2.55 (1.00+0.14) x10? 5.49x10°  (3.43%2.41) x10° 37.60+219 (206+1.20) x10?
5.49x10° (4.04+0.38) x10° 26.34+6.93 (1.45+0.38) x10° 5.49x10°  (3.29+1.20) x10° 40.07+21.84 (2.20+1.20) x10°
5.49x10" (3.87+0.62) x10* 20.56+11.32 (1.62+0.62) x10* 5.49x10*  (9.74+6.01) x10° 82.25+10.95 (4.51+0.60) x10°
5.49x10° (3.62+0.52) x10° 34.05+9.54 (1.87+0.52) x10° 5.49%x10°  (7.61%1.45) x10* 86.14+2.64 (4.73%0.15) x10°
5.49x10° (4.20£0.52) x10°  23.49+9.47 (1.29+0.52) x10° 5.49x10°  (226+0.56) x10° 58.89+10.22 (3.23+0.56) x10°
5.49x107 (296+1.56) x10° 46.02+28.48 (2.52+1.56) x 10’ 5.49x10"  (1L03%0.41) x10' 8L.28+7.52  (4.46+0.41) x 10
Wushan il Huangri ol
2.00%x10° (1.13#1.35) x10° 0 0 2.00%10°  (4.44+1.66) x 107 0 0
2.00x10° (7.75+1.80) x10° 0 0 2.00%10°  (3.51+1.20) x10° 0 0
2.00x10* (3.68+0.81) x10° 0 0 2.00x10*  (4.33+2.66) x10* 0 0
200x10° (1.25+0.54) x10° 37.66+27.12 (7.53+5.42) x10* 2.00x10°  (8.73x0.68) x10" 56.33 +£3.40 (1.13+0.07) x10°
200x10° (5.15+0.88) x10° 74.25 +4.38 (1.48+0.09) x10° 2.00x10°  (432+0.70) x10° 7842 +3.50 (1.57+0.07) x10°
2.00x10° (6.92+2.57) x10° 6540 +12.85 (1.31+0.26) x10' 2.00x10°  (7.07+0.26) x10° 64.67 £1.32  (1.29+0.08) x10’
Sandy Cheo il Loamy Cheo il
8.80x10° (8.85+0.32) x10? 0 0 8.80x10°  (1.06+0.05) x10° 0 0
8.80x10° (9.63+0.90) x10° 0 0 8.80x10°  (1.03+0.01) x10* 0 0
8.80x10° (5.92+1.24) x10* 3270 +14.07 (2.88+1.24) x10* 8.80x10" (6.95+1.00) x10* 2100 +12.33 (1.85+1.09) x10*
8.80x10° (5.98+1.67) x10° 3259 +19.00 (2 87+1.67) x10° 8.80x10°  (7.00+2.04) x10° 20.47 +11.73 (1.80+1.08) x10°
8.80x10° (7.65+2.22) x10° 13.09 578 (1.15+0.51) x10° 8.80x10°  (8.61%£0.12) x10° 221 +1.3L  (1.95+1.15) x10°
8.80x107 (5.58+1.00) x10' 36.64 +12.35 (3.22+1.09) x 10 8.80x10"  (7.04%+1.39) x10' 19.98 1575 (1.76+1.38) x 10
1) + Mean+ D:2) G Qoncentration of virusin the control ;3) 4 : Qnr
centraions o virus in the supernatant from treated ils;4) R: Ratio of sorbed viruses;5) Cs: Redative virus
rption cgpacity of ils
. ,Bagdasaryan (D ,
] Hurgt
(2 :
: 1 : :
70d (6] ; Ottosodn :(3)
Sendrom ,
5 , 4 ,
20 M2  ¥X174
(18] Hurg  Ottoson  Qengrom
: MS2 3
M2 ;
X174
Cttoson  Sendrom
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VIRUS ADSORBING BEHAVIOR OF SOIL AND ITS SIGNIFICANCE
IN NATURAL DISINFECTION

Wang Quying'?  Zheo Bingd'!  Zhang Jiabeo' Wang Yiming®  Zhang Hui'
Chen Xiaomin?  @ng Jiandong' 2
(1 State Experimental Station for Agro- Ecdogy , State Key Laboratory o Sail and Sustainable Agriculture, Indtitute d Sail Sdience,
Chinese Academy o Sdences, Narjing 210008, China)
(2 Cdlege d Resource and Emvironmental Sciences, Nanjing Agricutural University, Narjing 210095, China)
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Abgract Virusadsorbing behavior of il , to alarge extent , determinesthe risk of viruses polluting drinking weter. Batch
rption experiments were carried out with bacteriophages M2 and $X174 to conpare 6 different il s with contrast propertiesin
virus-adsorbing behavior , and to expound dfect of the presence of indigenous microorgani sms on the behavior. In generd , ils
were nore adsorptive to $¥X174 than to MSR2. Anong the sudied 6 oils, clayed red il showed the greatest adsorption capacity



816 44

while sandy Cheo il the lones. Hfect of the presence of indigenous microorgani smson il virus-adsorbing behavior varied with
il and bacteriophage. Serilization increased il adorption of M2 in dl the il sanples, except in clayed red il , whereas
it dd not dfected their adsorption of $X174 except in clayed red il , where adsorption of $X174 decreased sgnificantly , which
suggeds thet clayed red il or meterid swith srilar properties may be used asanided virus orbent to purify virus contami nated
water. In areas dominated with sandy Chao il , the posshility of naturd disrfection” through il adsorptionis rather limted.

In ils may exit some microorgani sms and ome Pecia groups o microorgani sms that may control the process of virus adworption
by <ils. It is, therdore, essertid to further Sudy mechaniams involved in this process.
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