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Effect of External Condition on the Static Migration and Release of Dibutyl-
phthalate in the Soil of the Fluctuating Zone of the Three Gorges Reservoir to

the Overlying Water

SONG Jiao-yan'*, MU Zhi-jian'*, WANG Qiang'>* , YANG Zhi-dan'*, WANG Fa'?

(1. Key Laboratory of Eco-environment in Three Gorges Reservoir Region, Minisiry of Education, College of Resources and
Environment, Southwest University, Chongqing 400716, China; 2. Key Laboratory of Agricultural Resources and Environment of
Chongqing, Chongqging 400716, China)

Abstract ; In order to understand the environmental behavior of the organic pollutants Dibutyl-phthalate(DBP) in fluctuating zone soil,
the migration and release processes of DBP in the fluctuating zone of the Three Gorges Reservoir to the overlying water and the impacts
of temperature, light, coexistence phthalate-bis ( 2-ethylhexyl ) -ester (DEHP ) , microbial activity on the process were studied using
static flooding method. The results showed that DBP migrated from the soil to the overlying water in the early days after flooding, and
the release process of DBP was divided into two phases: one was the quick release with a relatively short releasing time and a rapid
releasing rate; the other was the slow release with a relatively long releasing time and a slow releasing rate. The slow release was a
major speed control step, which could be well fitted by two-compartment first-order kinetics. In the interim(12 d) after flooding, the
capacity of release reached a maximum, the DBP released from the soil into the water migrated from the water to the soil again after
continued flooding, and eventually the content of DBP in soil and water reached equilibrium in the later period after flooding. The
intensity of DBP releasing into the overlying water and the rapid releasing rate increased, while the slow releasing rate decreased when
the temperature increased. The concentrations of DBP released into the water were different with different light sources. The
concentration of DBP in the overlying water with treatment of natural light was higher than those with treatment of ultraviolet light UVB,

UVA. After the amount of DBP in the overlying water reached the maximum, the content of DBP in the overlying water decreased
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relatively faster under the ultraviolet light than under the natural light. The largest release content of DBP and the time reached the

largest release content were different with different oxygen content in the overlying water. Overall, the higher oxygen content in the

overlying water, the higher content of DBP in the overlying water. The time when the concentration of DBP in overlying water reached

the maximum was on the 8th day after flooding in the high oxygen and low oxygen studies, while the time was on the 12th day in natural
study. When the phthalate-bis ( 2-ethylhexyl ) -ester ( DEHP) co-existed in the soil, there would be some significant influence on the
release of DBP. After DEHP addition in the soil, it could release more DBP than the control, and both the rapid releasing rate and slow

releasing rate were bigger than those of the control. The microbial activity had some impacts on the process. However, the effect was

not obvious. After adding microbial activity inhibitor, the content of migrated DBP was slightly lower than that of the control.

Key words : Three Gorges Reservoir; fluctuating zone soil; dibutyl-phthalate ; migration and release; overlying water; water conditions
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Table 1 Basic physical and chemical characteristics of the soil sample
3 pH HHLF/ g kg ™! CEC/cmol -kg ™! 2/ mg-kg !
E ki E 8.85 8.91 5.85 315.76

SR, EI AT DU T DBP 249
FEPCHE % DBP T BEAE & BRI B3R 58 5 ke, A
— & fit 1Y DBP, fff + 3 v iy DBP ¥k £ & 40
mg-kg ™", BRfk 20 d, & H.

1.2 =WoKFEN7EE DBP [ K ST BOhRE

Fr AL 02 B S I AR R 4 BT A 06 2
IR Y. B E R RN 22 em, HR
h 18 em PYBEESFS , SN FAAR LI ED S8 TFOLIE, T
ANEEA . AR VK BT A RRAE , 2 BEK £ P I AT ST
AT B A ADLTT K A BT K Y B F e B
0.004 mol-kg™", pH K 8.14, HL F N 46.4
pS-cm ' IEFRECN 6. 36 mg- L7,

FE /KBRS 1 e AR T A T 7E e iR
A BRI DBP H-ZFRfb i +45 1 ke, MUK IR0
ARG I ARESIIVTAK 3.5 L 434K IR K 12 em. 7F
K AR A T A A B R G N
ST ARSI AR R A RE R
RIG SR, 9 Tk 1, 3.5,8,10, 12, 18,
24 30 d, S8 AE /K BT 3 em ARBUKEE 50
mlL, BUH B K BEGRAEAE T D B BE P |, S A7AE 4°C UK
A, RAERINHIE FEKE pH, DO IR, FiK
HURE S5, b e AR UM ] A VT K A 5 B B K AR BUR
AR SRR AN FE K 5 VR B A AR AL A T AR BRSO
SR K FETRAE — > BTN S8 BUTRAL 38,40 d 5%
LI E 53
1.3 AN oK R Y A 145 DBP ) 5T
IR PR 1 5
1.3.1 B KIEEE B 52

PR 1. 3 T RIRE AL B K TLA R R 1 Ak 3 11 24
B ICE T 15,25, 35°C WREFRAE T, H AR
VRETR , WEsK 132 vh DBP [ b /K B 5 .
1.3.2 JGRERYF

PR 1. 3 T RIRE AL B K JLZH R 1 Ak 3 11 24
BONICE T AR, UVA GRS . UVB G IRAH
i o UVA | UVB JGREEREES N 8 W. B ETE W
KRN [f] 28 U %) 5 Bk + 32 v DBP [ K (A B il
14y B
1.3.3  IFAERSZIA

P 1. 3 TRl AL B 43 ) 3 b B K

ARA, B AER, W R E R, BRI
A AR K A4 o 5 4 6 - 38 v DBP ) ZK AR R il
() 5% ).

1.3.4 b3y DEHP %+ 32 DBP [ b K B
T )5 i)

PRI L KT A e 8+ 5 kg, ITA— 22
i DBP LAY [A] R AR AR R W (2-2 32
JL) B (DEHP) , i +3E+ ) DBP #il DEHP ¥k £ ¥
J7 40 mg-kg ™', B 20 d. A 1.3 AR,
HEL T P A VLTS G W X DBP ] K 1R B i
AR
1.3.5 (AR PR XTI v - W /K i B2 b DBP
ER R 52

I, 3 W RIFEAL B, 7E K TR i 0. 05%
NaN, ¥, il i Az 4 16 | 25 28 3 A 0 30 M X 7
P B KRR AR IR T R T MR A B

M.
2 ZER5iTie

2.1 =R DCH & 13 DBP ) b ADK FS BRI
FHIE

K1 s 1 E v B3 rhds i DBP YR 40
mg-kg ™' /K G LK H DBP R B K I [E] 1)
Ak aH. Rl g R TR T REAE
WK R B ) A AR R AT o, 7R
KA1 d S BIDREE 4™ H B KA | 0 S B A i K
At ] A 2 i, K AR i) DBP 3 8t Bl 22 ik, 3x
BBt DBP AR L3 218 | FR it al d K, FL 3
ARG RS 12 d SR8 TR M S R AH ; FREEHK,
KA DBP S5 30 M K A4 1) - 5 R iR RS AT
Sy AR K AR TR DBP Vi B iV 7B [ A 385 o i
FEAR , S AR MK G IES 24 d FEAR FIRE]—A-Ffa
FARAS. DBP M\ 35 ) BT /K B cs 72 I i 22 0 A
TERI UG B Bl B2 B bR T fs e ke ok 2 9 1 1)
fiE, 13X 5 HAA PTG Y O BRI — B0 T
FCNER AR A LTS G N - ) K AT RS R
T I EALFE A LTS G P K 35 BURR ) 1 R L fe
W1 K A HL TS e W 7 8] Bt K b Y SRR 4
B, AHILTE G D TE] B K rb ) A K A AR A



146 2D 5%

B 36 4

3R AR —d R e A LY L A 8] Y 23 T i
TR TR FE AL TR, 73 AR B B
J52 7 T A DA 0 5 B s S I P ) 658 ) 1
Wt A H P A AR AR 7. DBP A 3%/
DU B R A W82 81 [R] B 7K e B9 3l g 27 R i m] LA
8B =2 — 8 )y 2 ALK W 5l g 2 #E3Sh
A EZLR BB, AR AL a5 # (1) s .
% = F(Ll.apexp( - kd,mpt) + Fy goexp( = ky o)
(1)
K, Q.. Q73 A8 A LTS G U TE TR Y) Hh (19 4)
URVREE | MR IT U 5 ¢ B 220 5% BA AE DR Wy v g of ot
MR EE (mgkg ™) 5 ky o 1 Ky, SEDRABIR (R T4

SRS i (8 ) 5 O B S R, d 1, A

F o 53 2 DR AR W52 1A A W0 5 1 B B A A e T
R T O AR

Fue oKt R DBP BV BEARA Lk Oy 2, il i
Matlab FXA4HUE, 0T 15 H Bl g 2445 R0 b i) A X S 40
(#£2).

L 500
2400
#2300 |
T
g ol

0

5 10 15 20 25 3 35
fif fal/d
B 1 & 1% DBP &k 8 5 kB KRR FE
Fig. 1 Characteristics of DBP in the soil of fluctuating zone

migrating and releasing to the overlying water during flooding
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Table 2 Parameters of two-compartment first-order kinetics of DBP migrating and releasing to the overlying water during flooding
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Table 3 Kinetics equation parameters of DBP in the overlying

water migrating to the soil
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Table 4  Kinetics equation parameters of DBP migrating and releasing to the overlying water at different temperatures

R/ C by g/ d ™! F oy % Fog gou/d ™! Fy g/ % R
15 0. 945 1.09 0.007 4 99.0 0.9308
25 1.967 1.20 0.002 2 98.8 0.994 1
35 36.92 1.28 0.001 7 98.7 0.9855
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Fig. 2 Influence of temperature on migrating and releasing of DBP

in the soil of fluctuating zone to the overlying water
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Table 5  Kinetics equation parameters of soil DBP migrating and releasing under different light sources

eI by pap/d ™! Fy /% Ey on/d ™! Fy /% R?

ARG 15.47 0.88 0.002 2 99. 1 0.9889
UVA 5. 44 1.12 0.001 2 98.9 0.9797
UVB 13.73 1.03 0.0015 99.0 0.962 8
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Table 6 Kinetics equation parameters of DBP migrating and releasing to the overlying water at different oxygen concentrations

RN K rap/d ™ Fy /% Ey goy/d ™! Fy go’ % R?
=2 17.73 0.31 0.004 8 99. 8 0.9889
R4 25.99 0.75 0.004 1 99.3 0.9749

CcK 15.47 0. 88 0.002 2 99. 1 0.9889
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Table 7 Kinetics equation parameters of DBP migrating and releasing to the overlying water in the co-existence of DEHP

PAEs ﬁié‘,}’ k(l,rap/d - F(l,mp/% kd‘slnw/d - Fd,slow/% Rz
DBP 15.47 0. 88 0.002 2 9.1 0.9889
DBP + DEHP 25.99 0.90 0.004 1 99. 1 0.9749
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