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(10 000 mg/L)
0.1%"
1
1.1 8 r/min
26°C 2500 r/min
(0.075 ~ 0.25 mm) 23 g/kg 15 min
(0.005 ~ 0.075 mm) 911 g/kg (<0.005 mm) GC-MS
66 g/kg 80
2 NAP PCE
1 (NAP ) 1%
( )
79.5~82.5C (PCE ) PCE NAP
2 1:1
(
) 48 h
#1 R IRORILMR 22ml 43 ml
Table 1 Physicochemical properties of tested soils
(g/kg) pH( * =1:10)
6 m 2.49 7.93
_ 1.43 731 8 1/min 2 500 r/min
15 min
x2 BfRMEREBLHERY
Table 2 Basic properties of tested compounds 1.4
M Swel) K Pl ) . EPA  8260C
165.8 141.1 758.58 99.6656
128.2 32.2 2137.96  112.031 ~GC-MS
; hem3D 11 min 0.9 psi
100°C 2 min 190°C
8 min 210°C 10°C  GC-MS
30% 30°C DB-VRX 30 m x 0.25 mm x 1.4 pm
40°C 5 min
8°C/min 200C  10°C/min 2307C
(51 2 min 200°C
1.2 501 1 ml/min
GC-MS (Agilent 7890A 5975C) 250°C (EI )
(Eclipse 4552&4660) 230°C  Quadrapole( ) 150C
(GR21G ) (JSM-7600F) 35 ~260 amu
1.3
05 g (SEM JSM-7600F )
43 ml ( X
05 ¢
30% ~ 70% ) 1.5
(0.02 mol/L NaCl)
NAP PCE Freundlich
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logQ. =logK, + nlogC, 2 PCE NAP
0. (mmol/kg) )
Ce 10gKf n
Sigmaplot 12 Freundlich
Ky (mgkg)(mg/L)"  pcg logK; 2217 2.143
" Ky 33% n 0.937  0.955
(€= NAP logK
2 2.147 2.184 1.72% n
1.277 1.189
2.1 PCE NAP
1 PCE NAP 6 m 10000~
PCE
Freundlich Q)Q
(R*>0.95)(  3) Loool <
n 0.937(PCE)  1.277(NAP) 2 >
C. 1Img/L 10mg/L E o o
C. 1mg/L KA0./C.) Sl ook
164.81 (PCE)  140.28(NAP) C. 10 mg/L ©Ce p—
K, 144.56(PCE)  206.57(NAP) O A
10 | | |
PCE NAP 0.1 1 10 100
NAP PCE C. (mg/L)
PCE NAP (Kow.Nap>> 10 000
Kow,PCE) NAP NAP im]
By
]
—~ 10001 O
(n=1277) )
E o
10 000 - E [ ]
© o Eh
N o~.’ 100 |-
1000} o . Wit
9 0 ¢ O #fba
B 10 1 1 1
E © 0.1 1 10 100
° C. (mg/L
o) 100k . (mg/L)
*y ® iCE 2 PCE 71 NAP 7£JE + R Sb 22 /5 + % 1+ H R fit
O NAP Fig. 2 Sorption isotherms of PCE and NAP on the soils before and
after oxidation
10 | | |
0.1 1 10 100
C. (mg/L)

El 1 PCE 70 NAP £ & 7K 5 L 15 £ A9WR Bt
Fig. 1 Sorption isotherms of PCE and NAP on the aquifer soil
samples

x3 WMEEZH Freundlich BE IS5 H

Table 3  The fitted Freundlich model parameters of the isotherms for

sorption
logK; n R? N
PCE- 2.217 0.937 0.976 12
NAP- 2.147 1.277 0.950 12
PCE-H,0, 2.143 0.955 0.951 12
NAP- H,0, 2.184 1.189 0.950 12

N

)
[5,10]
1%o
[11] 1
2.49 g/kg
42.6%
(

1.43 g/kg

Kd:Koc'j{oc
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800 3000
71.9% 3
( )
[12]
Shi [
1,3,5- 204
1,3,5- 3
) 4
[8]
( 86.2%  62.2%) Mg Al Fe Mg
81.52% 97% Fe 92.1% Al
60.15%) 84.1% Na K Mn
3
NAP  PCE )
S N
(
)
Mao (13]
Hung ¥
22 PCE NAP
4
) [1]
[21]
4
1~2
[15]
[16]
( ) (7 PCE
34% 12.45% NAP
2,4-D(2,4- ) 1.09% PCE (21.52 mg/kg)
(9] NAP (569.86 mg/kg) PCE
3 NAP Chiou Weber
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20.00 K £

i

B3 ShmFIRFNmARRREREEARLE, TREIEKELH)

Fig. 3 The scanning electron microscope pictures of the aquifer soil before and after oxidation(the top was the original soil, and the picture

below was the sample after oxidation)

T4 SHFRMIEHRRAMXTEEETI 10000
Table 4 The micro-surface element contents of the soil samples PCE
before and after oxidation ’S
1000 - ®
2 °®
o) ) %) *%) 2 °
N 9.72 13.43 9.72 13.02 S 100k
)
0 53.61 64.84 53.53 62.79
® e m
A
Na 0.27 0.23 0.10 0.08 -~ OO0 © b A
Mg 5.67 451 0.22 0.17 10 : ! ' ! J
0.001  0.01 0.1 1 10 100
Al 6.48 4.65 1.06 0.74 C. (mg/ke)
i 11.16 6 33.84 22.61
Si 769 10 000 -
K 0.31 0.16 0.31 0.15 NAP -
Ca 0.56 0.27 0.22 0.10 L 2%
Mn 0.21 0.07 0.02 0.01 o 1000 A 'S
Fe 12.00 4.16 1.00 033 = O P OO
£ L 2
2-3 o]
(2l 100 -
~ * Wi
< bR
10 1 1 1
0.1 1 10 100
C. (mg/kg)

4 PCE #0 NAP 7£[5 £ F B9O% B F0 a0k 1358 £ B9 AR R
Fig. 4 Sorption isotherms of PCE and NAP on soil and the
desorption isotherms of PCE and NAP from the spiked soil samples
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3822 pan  [23] 1)
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PCE
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1~2
NAP
PCE
5
PCE
NAP
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[J1. , 2012, 44(3):
366-373
NAP (NAP [2] Alexander M. Aging, bioavailability, and overestimation of
PCE) NAP risk from environmental pollutants[J]. Environ. Sci. Technol.,
2000, 34(20): 4 2594 265
8 [3] Chiou CT. Partition and Adsorption of Organic Conta-
e O ® PCE minants in Environmental Systems[M]. Hoboken, New
T O NAP Jersey: John Wiley & Sons, 2002
o 6F ® O o [4] LeBoeuf EJ, Weber WJ Jr. A distributed reactivity model
%0 o for sorption by soils and sediments. 8. Sorbent organic
éu 5K ° 0 o domains: Discovery of a humic acid glass transition and an
2’ 4 [ O o argument for a polymer-based model[J]. Environ. Sci.
,. 1) % Technol., 1997, 31(1): 1 697-1 702
3 ‘ 0O OO [5] LeBoeuf EJ, Weber WJ Jr. Macromolecular characteristics
© of natural organic matter. 1. Insights from glass transition
2 (I) 2| :‘ cl; é 1|0 and enthalpic relaxation behavior[J]. Environ. Sci. Technol.,
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Sorption and Spiked Sample Desorption of Tetrachloroethylene
and Naphthalene in Aquifer Soils

WANG Lei', DING Hao-ran?, CHEN Qiang', ZHU Xin', CHEN Ran-ran',
LONG Tao'", WANG Jian', LIN Yu-suo'

(1 State Environmental Protection Key Laboratory of Soil Environmental Management and Pollution Control, Nanjing Institute of
Environmental Science, Ministry of Environmental Protection, Nanjing 210042, China; 2 Wuhan Branch of Beijing
Construction Engineering Group Environmental Remediation Incorporated Company, Wuhan 430000, China)

Abstract: Sorption and desorption of tetrachloroethylene (PCE) and naphthalene (NAP) on the aquifer soils were studied
by using bath equilibrium methods. The organic matter contents of the soil samples were decreased obviously after oxidation by
hydrogen peroxide (H,0,) at room temperature, but the sorption isotherms of the two hydrophobic compounds to the aquifer soils
before and after oxidation were almost overlapped. Hydrogen peroxide could damage the polar functional groups of organic
macromolecular of the original soil into small polar molecules and then left the system by subsequent treatment, which may be
the key reason for the decrease of soil organic matter content. These polar functional groups of organic macromolecular had little
contribution to sorption of the two non-polar compounds. In the desorption system, the isotherms showed unconventional
approximate horizontal while the equilibrium concentration had one to two orders of magnitude differences, which showed that
decreasing the equilibrium concentration was not enough to make the compounds desorb from the solid phase. The results showed
that sorption of the compounds used in this study to the condensed organic phase dominated the overall sorption on the soil and
this part of organic phase was hard to be oxidized by hydrogen peroxide. Thus, it should be careful to make use of the distribution
coefficient measured by traditional solid-liquid equilibrium system in soil and groundwater pollution risk assessment.

Key words: PCE; NAP; Aquifer soils; Sorption; Spiked desorption



