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The Sorption Kinetics and Sorption—Desorption Characteristics of Naphthalene and p,p’—-DDE in the Typical
Media of Vadose Zone

MA Wen-jie, HE Jiang—tao, JIN Ai—fang, JU Xiao—ming

(Beijing Key Laboratory of Water Resources and Environment Engineering, China University of Geosciences(Beijing ), Beijing 100083, China)
Abstract; The sorption kinetics and sorption—desorption characteristics of naphthalene and p,p’~DDE in three typical vadose zone soils were
studied in the batch experiments. The sorption kinetic data showed that the time to reach equilibrium decreased with increasing initial con—
centrations. The sorption kinetics of naphthalene and p,p’~DDE could not be properly fitted by any order(<5) kinetic equation, which indicat—
ed that there were several processes involved in the sorption. The non-linear sorption—desorption processes of naphthalene and p, p'~DDE
could be described by the Freundlich model and their sorption processes were not fully reversible. Due to the difference in hydrophobicity, the
sorbed proportions of naphthalene and p,p’~DDE to inorganic minerals, condensed and amorphous organic carbon in soils were different. Con—
sequently, the desorption rate varied. Naphthalene molecules were mainly adsorbed on the surface of inorganic minerals and amorphous organ—
ic carbon, and its desorption rate increased from 10% to 85% with initial concentrations increased from 37.7 to 780.9 pg-L™. At the initial
concentration of 37.7 wg+L~, with increase soil organic carbon content from 0.01% to 0.65%, the desorption rate of naphthalene decreased
from 12.39% to 3.90%. However, the p, p'~DDE molecules were mainly adsorbed to the condensed organic carbon, and its desorption rate was
almost constant(varied in a range from 1% to 5% ) with the change of initial concentrations from 11.0 to 275.1 g+ L. With increase of soil or—
ganic carbon content from 0.01% to 0.65%, the desorption rate of p,p'~DDE decreased from 4.49% to 1.06% when initial concentration was
11.0 pg+ L™ Desorption rates of naphthalene and p,p’~DDE were both negatively correlated with the organic carbon content of soils.
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Table 1 Physical-chemical properties of naphthalene
and p,p’-DDE
WH CASE ¥ ATE  logK, -logC. /g om™
%= 91-20-3 C,Hs 128.17 3.33 3.60 1.16
P,P'-DDE 72-55-9 C,HCy 318.02 5.70 6.90 -

K Eijkelkamp 1 38R ZEXT AL T AR AR5
HEXFNEREX T T 6 MR, $5RIREN 5.5
m, BN EMNERT TG, BEME 0.5 m RE—+
BE,FLIRAT 72 ARG ARIERE S RS EUT ,
O3 M EARFEENERE A LR, Hp E20 fi
F15 A SRR, BUFETRE 530 2.0 m F1 1.5 m;
G15 B HIHHERX , BUFERE R 1.5 m, 3 FpHAERY3EL
S 2,

R2 =HESENRIENELSY
Table 2 Physical-chemical properties of 3 typical soils

T 3 HkL CEC/ ¥ty TOC/
w5 i e cmol kg™ 2=/ % %

E20 EHWRTRt  11.0% 5.94 11.7 0.01
G15 MR TRE  15.8% 5.70 17.2 0.10
F15 Bkt 57.9% 16.44 43.1 0.65
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e e R, HGE T 20 H BJe e i, B BE i i e 2
R PRS2
1.2 XWHZE
1.2.1 W Bl ) 5505

(1)%97 2 e 8 XS s [ ) S ) B2 365 - B ol — 2R
FIA R BRI p,p' -DDE 3, (FE ¥R 5351
410,100,500 p.g-L™;p,p'~-DDE KJ¥E 5354 10,
200 pg-L7); FREL G15 +-4F 6 g & T3 E T 40 mL #%
IR, 2 HIIMA—RFIA R W 28, P,P'-DDE
VW 30 mL, AR IR (22.3 C)IRG 28 (TG AR R
185 r-min™) ¥R , Rl BT #EA 745 SCI0 R 2 i T
Ko W B TE 75 25 B R PR Ao SR DU 3 2 4 BN 5 SR A 5
M) 5 4 R — R B ) B — e, W I VRFE 2 300 r-min™
BT BB 15 min J5 B _EIE W 20 mL #ETEE
B e B K E 1 mL 5808 &5, HRIE LI
SE R E LR (2) FE PR

(2) BRI A M AN [R] A oS- 7 ek [ %) 2 e 52
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K. BCHIMREE N 23.38 g L7 BIZRAIRE R 6.49 pg:
L™ /) p,p’-DDE %% ; 73 FIFREL 3 Pl A + 4 6 g 25
T ETF 40 mL AR IR, I AR GG VR BEAE R 25 5%
P,P’-DDE %% 30 mL, HAEBRF (1), AR L SE 5
5 TR R S IR R B A R S B P B D
1.2.2 S5 R g o S
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Figure 1 Equilibration time of naphthalene in
different concentrations
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Figure 5 Sorption isotherms of naphthalene in soils
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Figure 6 Sorption isotherms of p, p’~DDE in soils
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Figure 7 Desorption isotherms of naphthalene in three soils
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Table 3 Fitting equations of sorption isotherms of naphthalene and p,p’-DDE

%= p,p’-DDE
THEAEFR -
warH n R logKy logK., Mk n R logKr logK..
E20 y=0.617x+0.955 0.617 0.982 0.955 4.955 y=0.781x+2.054  0.781 0.952 2.054 6.054
G15 y=0.674x+0.948  0.674 0.988 0.948 3.948 ¥=0.566x+2.362  0.566 0.938 2.362 5.362
F15 y=0.576x+1.298 0.576 0.994 1.298 3.485 ¥=0.622x+2.467 0.622 0.971 2467 4.654
4 ZMp,p’-DDE ERBHREMSFTE
Table 4 Fitting equations of desorption isotherms of naphthalene and p,p’~DDE

R — * : b-p DDE
WEHE n R? logKr logK,, MEHE n R? logKy logK,.
E20 y=0.157x+1.783  0.157 0.310 1.783 5.783 y=1.363x+2.204 1.363 0.982 2.204 6.204
G15 y=0.314x+1.865 0.314 0.743 1.865 4.865 y=1.165x+2.835 1.165 0.993 2.835 5.835
F15 y=0.282x+2.075  0.282 0.877 2.075 4.262 y=1.218x+3.036 1.218 0.954 3.036 5.223
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Table 5 Desorption rates of naphthalene and p,p’~DDE at different initial concentrations
B g L = Bt gL pE "
E20 fWH/%  G15fFWR/%  F15 fFWRI% E20 fBW8/%  G15 fRWRI%  F15 fRI /%

37.67 12.39 8.21 3.90 10.98 4.49 1.13 1.06
89.72 33.10 20.62 11.46 28.85 2.63 0.80 0.47
193.58 - 22.09 15.45 72.66 2.80 0.84 0.60
331.26 46.33 33.09 25.36 146.19 2.29 0.72 047
421.69 57.75 40.47 32.99 177.52 1.94 0.64 0.44
529.34 72.06 48.90 42.87 275.12 1.62 0.70 0.47
780.88 85.02 70.82 59.89

MESATUES, BMBRERKETF p,p'-
DDE, H 254t W ) v BE B9 3 R T 38 K, p,p' -
DDE ) fiff W 25 Bl ik B 1) 728 A ) 7 — 22 Y. R P9 i 3
P A IR SCHRFiRE ™, W B J5 5 VR 80 5] ) ) AR B P
A e LA R R S RE RN SR AL B s 7 b X S AR
FFIK 1.0 (specific sorption site ) , FE54 s A7 _ B IR B i
NAARTT ¥, p,p'-DDE B3R G 7K 1 {5 H 55 0 i 5 1)
AEEAE AR , DR b P 330 R A B B4 , T LA 55 g K

AR5 5 % S5 A EL A RS , BT A T i 454
X , BEE 250 vk B A3 g, 0 IR R o 0 ) B
Bl 22 A R R T p,p'-DDE, HEE¥IA
W BB R T R

FHE PR YL TE 130 bk A R0 R
A LA SR AR B TR A 5K 2R , 1Bt R B 2 — 158
SRR, RS WA R A SER AR, R
6. R 7 I W TS W SRR T R e

R 6 TRV EEX SRR TR B A0

Table 6 The effect of initial concentrations on desorption of naphthalene

vy WIHEVR B /pg- L
37.67 89.72 193.58 331.26 421.69 529.34 780.88
E20 SRRV B pg - L 7.7 11.9 - 429 495 56.4 74.1
SRR AR AR B /g - L 175 6.71 - 28.37 40.22 56.29 84.85
RIS 22.73% 56.39% - 66.13% 81.25% 99.80% 114.50%
G15 SEA AR AR B /g - L 7.9 14.7 35.9 51.8 62.1 74.1 93.5
SERR AR B /g - L 1.23 5.26 12.32 25.53 36.73 52.02 92.95
bR/ A 15.57% 35.78% 34.32% 49.29% 59.15% 70.20% 99.41%
F15 SR IRYR B /pg - L 7.74 16.9 375 526 59.9 79.9 106.7
SRR AR AR B /g - L 0.81 4.25 10.74 23.19 33.61 55.5 98.94
RIS 10.47% 25.15% 28.64% 44.09% 56.11% 69.46% 92.72%
=7 AEWHREST p,p'-DDE fERIE EHIR N
Table 7 The effect of initial concentrations on desorption of p,p'~-DDE
- WIHAY R /g L
10.98 28.85 72.66 146.19 177.52 275.12
E20 SR YR E pg- L 0.35 1.25 3.75 9 11.6 20.2
SEBRAB AR B g - L 0.47 0.74 1.89 3.1 32 4.17
SR/ 4 134.29% 59.20% 50.40% 34.44% 27.59% 20.64%
Gl5  SAMIRAYRE gL 0.065 0.31 1.25 3.8 5.1 105
S BRARRAEE BE /g - L 0.12 0.23 0.58 1.01 1.09 1.85
SLFRISE4 184.62% 74.19% 46.40% 26.58% 21.37% 17.62%
FI5  SRMERBARRE ng L 0.075 0.425 2 6.7 9.3 193
SERR AR B B /g - L 0.12 0.13 0.42 0.68 0.76 1.26
SR/ 4 160% 30.59% 21.00% 10.15% 8.17% 6.53%
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(1)Z5F0 p,p’'-DDE [ B st () ) s vk 2
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