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Laboratory Investigation of DNAPL Migration Behavior and Distribution at

Varying Flow Velocities Based on Light Transmission Method

GAO Yan-wei, ZHENG Fei, SHI Xiao-qing, SUN Yuan-yuan, XU Hong-xia*, WU Ji-chun”

(Key Laboratory of Surficial Geochemistry, Ministry of Education, Department of Hydrosciences, School of Earth Sciences and
Engineering, Nanjing University, Nanjing 210023, China)

Abstract: The migration and distribution of dense non-aqueous phase liquid ( DNAPL) in subsurface are affected by many factors. We
selected PCE as the substitute contaminant, and performed several well-controlled two-dimensional sandbox experiments to investigate
the effect of flow velocity on DNAPL infiltration and redistribution. Light transmission method ( LTM) was used to monitor the transport
process of DNAPL in the sandbox and quantitatively measure DNAPL saturation. The spatial moments based on measured DNAPL
saturation were used to describe the average spatial behavior of DNAPL plume at various times. Experimental results showed a strong
correlation between results obtained by LTM and the known amounts of DNAPL added into the sandbox (R* >0.98). The LTM
accurately reflected the infiltration and redistribution processes. The results of DNAPL saturation and first moment ( mass center)
showed that the increased velocity promoted not only lateral but also vertical migration, leading to an inclined percolation path. Also
vertical migration reacted more sensitive to flow velocity. The second moment ( spread variance) showed that the increased velocity
promoted lateral and vertical spread, increasing the pollution scope. The histogram of DNAPL saturation showed a unimodal distribution
at low flow velocity, but showed a bimodal distribution at lager flow velocity, and the distance between two peaks became higher with
the increasing flow velocity.

Key words:DNAPL; saturated porous media; light transmission method; DNAPL saturation; spatial moments; water flow velocity
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Fig. 1 Schematic of experimental setup
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Fig. 4 Comparison between calculated and actual PCE volumes of three experiments during PCE infiltration

Bl 5 SN [a) R K 92 45 44 L 0 #8 h i) PCE
FE AN [ B 200 04 00 0 B8 4 A 5 0, 2 2 O [R) | R K
T AT PCE ¥5 Je it 23 [8] 43 A (052 . 455181 5 FsR
2 LE M, BAR 3 A gdh PCE A R, 7
TR A B 6] 35 40 [, 52 T 30 B A 5%
PCE 7ESCYG AR N IS8 AT 0 R B B 22 5. 7F
ABWL,PCE {EA 2 min J&, s 4 0.1 m-d ™" 51
T, 5hEMEHSIE R PCE 7 i A e, ki
EYNE 1 F B PCE B 17 i B A m] Z 00, A X F 55
SN L SE 56, PCE 76 1 A s BRI A X6 452 359 57 Hb ) Y
Y I ES(a) ], Mk EEMZE 1.0 m-d ™" F
10.0 m-d ™", F i) A8 i P 46 X9 3= S (37, PCE 1Y
HEAT R i, i K, PCE (5 55
RS NRCE B S TR NIRRT ¥ S ]
5(b)FE 5 () . 3 32 B iy F 1 R0 7K I I
/NT PCE BREKAH B 7. 1 A5 1k B, /N 3 15
FESLE 1 v, PCE 35 e P 4 10 M A B IR 4N
27.3 em; i - L EAETE R B S5 2 FISEER 3 W,
G E B R RO M )2 L R E K PCE
15 Yt V5 et (4 B 43 3 R 20. 2 em FiT28.6 cm,
8K 3R K i 3 T PCE Y5 Y b 7E K i 5 1)
. NS A8 wT DL A ) K Bl A
FHANE T PCE ¥ L i#J7 10 B 1) 3 4% AR F 17 LU
KT I, 18 PCE 75 4 B A 18 B 12 1 55
FEATLG, ) N UE AL BEE WA 119 0.1

med K ELE 3 A9 10.0 med T, 3 ALK
PCE 75 4% P95 it A2 W 04} £ B2 2000 Ry 1. 39 2. 7°
6,200 AL WG A A0 W1, PCE 78 /K i 9K
B A B E S EAE T 4k 2w T i %, Bk
FRAAD 2 IS BTG v IR A RD 2 Y B 40 A8 ) T e
FHRE I RITYu. NE S i B A S,
PCE 15 Y3t (9 JE AR A7 & 55 5 Hb T /K Ui 3 %5 U0 A
. RS W B3 K, PCE V5 Y it i K B2 38 i, JE
BRI g g oo AL B m R IEIE R (R 2). LR
PEAT 60 min J5, = WPAE A PCE 9745 6] 43 A i [ #1
TLANEE S A a8 TAEE 5 SLERPEAT 240 min J5 , 525 1
HISEE 2 vh PCE Y 23 0] 73 A 3 Bl AR A 73 A
60 min [ AH G W] A2 4L {XSEES 3 bl T PCE B
& KA T I B AR I A A5 D 4R IR PCE A 1 Al
FEAA AR, L, 240 min J5 25 AR 5240, I f
AR Y PCE 3 % LUK 3% 25 /9 B #0E 45 (ganglia)
I 25 (19 75 Yt (pool ) 7 i Al I A7 75
%2 21 min Bt R #h Tk #EX PCE
5 3t = 18 43 i B R T
Table 2 Tmpacts of groundwater flow velocities on

PCE pool distribution at £ =21 min
R K /m-d !

I 0.1 1.0 10.0
PCE 5 KM Fin g 0.81 0.82 0.87
V5 YL B9 BE /em 4.9 36.8 41.1
5 Yt 1 R B/ em 0.8 2.2 3.1
V5 G it 0 7 B/ em 31.6 32.4 39.0




2536 A 5%

B 36 %

(a) %1 0.1 md™!

(b) 5EH2 1.0md™!

(c) 52%3 10.0m-d™!

1=2 min 40

40f @

30+ 30 |

ylem
ylem

20 ¢ 20 F

10 + 10 b

t=2 min 40
‘ 30 t

t=2 min

ylem

20

40 60 0 20 40 60

40 t=15 min 40 ¢

30 ¢ 30

ylem

20 ¢

10

R

ylem

S
Lo &
A

sages 5
¥ s

4.

t=15 min 40

ylem
5%

(=]

-

40 f

30 F

20 ¢

ylem
ylem

10 +

0.8

0.6

ylem

0.4

0.2

40f

30 F

ylem
ylem

20 ¢

10 +

ylem

40f

30

ylem
ylem

20

10 }

x/cm

ylem

x/cm

5 AEFEEHRT PCEEBIREHMBME(S,)DH

Fig. 5 PCE saturation profiles during migration at varying flow velocity

2 A 6 W A B N PCE 5 4 3P 4 1 7% 3 bl
IRF ¥ F) 22 A 2 9 2R AT [0 405 (0 6) . IR 6
AILLFE Y, AR [E] B2, PCE 355 Y P18 10 A T8 B Wi 5 L
BRSO ] S, S 1, SEE 2 FISEE 3 f PCE
F 3K R 40 0 J2 B 64 i 1] 4305 24 20, 10 A1 6.5
min, 2 W13 N 7K i 19 384 I Xs PCE (19 3 17 A8 H.
A W A e AR
2.2 =[RS

BT 2.1 5 iy PCE AR F1BE 73 Hr 45 21, >R W

¥

6k K 0k 4 WAL % PCE 75 3 39 7 2 ] -
(8 1 32 B 47 O B 78 AR R AE B 5% 2 2 i 4
(M) 15 SN -

M, = [ ee,n)8, (e 0 Vdady (4)

K a2 0 vy R x By ARBREF S B/R
FR,o ML ,S, A PCE MR i j 5l « My
L2 =0, =0 B, M, BEHH, £n15

E37L0058 ¢



7 1o MEAESF « B T B B OL R TR W R E X DNAPL 32 8% 7304 (195 1

2537

S
(=]

y=5.719 4x
R*=10.99

E 30}

;E!.Ei y:21,851 1x

& R2=10.99

RN 20

g o L1

g 101 + 52052
A3

0 1 Il 1 1
0 4 8 12 16 20

f/min

E6 ARMERHT PCEREMASEBSRMNEMNEL
Fig. 6 Variation of vertical infiltration depth of PCE

with time at varying flow velocity

B () BT R L i
MIO M()l

x"’ B Mi()()’ y(. B MOO (5)

S (o 0,) H R TS e G

JEAR -

My, M,
o, =M700—x(-,, o, =M700_y° (6)

B 7 SR TR 3G 2 T PCE 5 e 3B o0
(v, y ) FIEAG (o, ,0,,) BER A ) Z L. DLW
FEZE T AR A bR I A, A S AR A5 R (30.0,37.0).
MIELT Ca) ] LF o, BE A 3 A 385 T 1S Kk,
SEEY 1 FNSEES 2 w, (AR AR R AR L, B0 1) AT i
B, 5086 2 A KR (1.0 med ™) J2SC50 1
10 5 AR P AL SCB0 1Y «, IFTC 10 3 22 55, 9206 45 R A
) x, (A A, 2928 31.0 em; TIAE S50 3 A9 K U
(10 m-d™") HIE T, 5L 86 245 K i x, 3 K F 35.0
em, 55055 2 M A T MR BE 0, 2 B bR K R
BRI X PCE H )32 #% 0942 U1 F 3800 & 25 . X Lh
3 S v, & B0 H B 2 b K O B Y 3G R i
RIS 2 — 25 2 W 0 Y 3 K RE % 1 3 {2 i PCE
()3 miE %, 530 PCE ¥5 YL b 8% i R B 4 K. (E 15

A A A A A A A a

5% ¥ ¥ ¥ ¥ ¥ ¥

@ LHl-x. X FLH2-x. A FHR3-x.
O FRWl-ye + FEH2-ye D FKR3-yc

o 0o o} o} o} o] o] o}
++ + + + + + +
p> > B> B> B> B> P
| 1 |
100 150 200 250
t/min

TR S, AN A 25 ¥ 4 3P 1] BT Y A8 Ak
R FE B K T L KOF B0 1 22 4, BB PCE Y 2 )
iz B R AL B A e Ny T BOER . S8R i 4T 60 min 5,3
S50 B PCE fERb AR T Y2 B8 8 FAa e, XA «,
Ay, Wl FRE, R sem 2 f 3 1Yy /L0 45
ff (240 min) 5 60 min B AH LE WS A 38 K, X2 R T
SLue it A PCE Bl & /K i U th i 46 {45 PCE ¥5
Gt AR /)N T B ] 5O ) b A AR IR
ME T (b) AT LA H, 3 55 PCE {5 P o F
o, BRI eI R AR 5 TR AR L A
16 b Ik # A (R 2, s K, o, B o, B (R
R, LB T A 8 T T 04 B [ 8 . 3 3R Y O
KALHE T PCE A4 0] (x) FOIE ) (y) B B L,
WK T PCE 75 YL [H , [ B8 i # T PCE ()75 4
HERE. SR EAR IR, C8 3 b o 7E PCE JEAF IR
Ji (t=15 min) T &, X &l FTRRK KT
(10.0 m-d ") fifi PCE PRk ] iz £% 3] ik JiE 36 A
AL A s B L R E D RESR
PCE[ ¥ 5(c) ], K& PCE PR iz £ 2 i # 5t i 4b It
M 1T PCE 7e 3 0] (y) bR BGE L2 25 B
334G, PCE fEF NS (o,,,0,,) 1E 60
min J5 4 FRUE , B2 LK 45 R ¥ J0H B AL, X
55201 7 R R R A Ak R HRE [
2.3 MR E O

PCE 18 A1 B J7 AT DL AR S [R) 4 A X [a]
PCE W ARFRS 5, vl LATE 4 M T i PCE AR A1 19 25
() 73 A1 AL AL

K8 o 3 2 b 4 55 5 T Y PCE AE AN [] 15 21 (1)
LR B 5 L, R A bR e s AR A EE AR N EE TA) B
0. 01, Jh A8 bR 36 7R 7% 4 A EE IX 0] PCE A (R L 43 4K
M LLE H, 7E PCE ¥ A 2 min J5,3 418U B
T~ PCE (1 R BE B 7 P34 3R 91y BRL UG | i 25 I T DA

120

(b) L] gggﬁl'axx X %%2'0}.\‘ A %%3'0}.\‘
80

xx X X X X ¥ X

S
(=]

0 *e & & & o o o

o & & © & & @&

28 R Afi/om?
I~
(=]

30 >p> b > b B> b D
40 (0] g;%l'of\'y + 9;3\’172-0;;\- g 9:‘333'031\'
0 1 1 1 1
0 50 100 150 200 250
t/min

(a) OB ] 9 A8 4k 5 (b) 23 [ J88 A Bifl i 1) 1) 722 £k
B 7 PCESEPHFOCE RS A EHELERL
o,,) at different time

Fig. 7 Center of mass of PCE plume (x_, y.), and variances (o, ,



2538 woos B % 36 %
(a) 231 0.1 m-d™! (b) 3252 1.0 md™! (c) 3253 10.0 md™!
0.05 (=2 min 0.05 {=2min 0.05 t=2 min
0.04 0.04 0.04
2 0.03 0.03 0.03
&
= 0.02 0.02 0.02
0.01 0.01 0.01
0 0 0
0 0.2 0.4 0.6 0.8 1.0 0 0.2 0.4 0.6 0.8 1.0 0 0.2 04 0.6 0.8 1.0
0.04 =15 min 0.04 t=15min 0.04 t=15min
0.03 0.03 0.03
2 .02 0.02 0.02
0 0 0
k k K k 1.0 0 0.2 0.4 0.6 0.8 1.0 0 0.2 04 0.6 0.8 1.0
0.04 =60 min 0.04 =60 min 0.04 =60 min
0.03 0.03 0.03
=y
& 0.02 0.02 0.02
0.01 0.01 0.01
0 0 0
0 0.2 0.4 0.6 0.8 1.0 0 0.2 04 0.6 0.8 1.0 0 0.2 04 0.6 0.8 1.0
0.04 t =240 min 0.04 t =240 min 0.04 t =240 min
0.03 0.03 0.03
X
& 0.02 0.02 0.02
®
0.01 0.01 0.01
0 0 0
0 0.2 0.4 0.6 0.8 1.0 0 0.2 04 0.6 0.8 1.0 0 0.2 04 0.6 0.8 1.0
L M W

B8 3AXWH PCEAEANRMZMBMERSE

Fig. 8 Histogram of PCE saturation of the three experiments at different time

0.1 med "B/ ZE 10.0 m-d ™", W8 X5 B (4 1 Fn g
X J71] il 22 9 /N, 43 5 R 0.55 ~0.65., 0.35 ~0.52,
0.25 ~0.36. X j& K A 7E /N K i 4% /F T, PCE 2%
18 1) U A9 BB 5 (a) 1, T R K 3 4 48 7, PCE
T 1) DY JE) 97 A [ B R R 9B o A 4 R R 06 I D
/N B B2 UG B T K B AR T PCE WIS A
JA. 15 min J5 5086 1 FISCE 2 (9 4R R )5 &
FIEE(EL 5 2 min BF A4 A FE 1) K 0 0 O 180 &% B0, i
DI S5 3 A4 AR R B8 43 A T A oA 4757, TG B A8 0
LHHEAT 60 min J5, LK 1 A4 4R R EE B R 0 A X
N F18 6 0 B DX TH] 9 /N (0.5 ~0.6) 17 S 36 2 12 3
3 AR B T PR3 B B A X Ay A, S 2
F14 5 A~ W {23 9 E 0.1 ~ 0.4 F10.6 ~0.7 Z[f]; 52
53 B WA EME M AE 0.1 ~0.3 f10.7~0.9 %
). AT LA M 0 K, A UG A [ B K. X
S T K 3h 7 9K 1 B I A 3 i 1 ok
PCE T 5 ¢ /K AH 9K %5 5 30032 78 42 L fL B b PCE
Ry 5% B8 s /0N | XoF I ) R R R DN, B 2 9 PCE 7
T b R BRI B e A B A 75 et , M i PCE

{9 0 38 A 3 531 1) B AL A0 55 B 7 1) o
3 #ig

(1) FIH AR AR 7 5506 2 (LTM) 68 98t 34 1M
TR M AR AT 2 I %) DNAPL (PCE) 78 — 4E w4
(R VRL RN BE o3 A ARG 3 OB TA I CCD KR T B 15
F| 7 DNAPL /R 5 52 bR i A H B AT R4 09 A8 G 1k
(R*>0.98).

(2) HbF 7K 3 3 0 35 KA & T DNPAL [
T fn] AB U AL 3E T DNPAL 78K 35 1] b ) A
)35 # i 15 DNAPL A8 B AR AR, JF H T 7K i 3
BAHE(10.0 m-d ") Xt DNAPL ## i 12 £ ) 4i 1 1
FHEE N 3. Bl G it 200 15 K, mb A IS R 4 b 2
AN DNAPL 75 Je i 119 1< B2 15 B2 i =2 34 i, 7
RT3 RTINS VA = ol 1 N 8 & i = M7 N [ R 8 R O
DNAPL 75 4 3] 5 5] 5 0 9 28 £ e B B g K F Hok
BT A8 Ak

(3) M F /K%~ 0.1 m-d ' i, DNAPL fi4 1
RS By IR T 30 R0 143 A 0 s 2 2 R 3 A



7

2 v

P MEGESE - B T B O R AR

L X DNAPL iz £ 43 75 1 52 1

2539

R KW HE K 1.0 m-d ™" F1 10.0 m-d "B}, DNAPL
(461 F0 B2 5 BI7E DNAPL 3 A £ Jo 52 W1 8 3 3
WAg A A, LA A TR A W A i) B K
SE

(1]

(6]

(7]

[10]

[11]

[12]

[13]

[14]

[15]

BUEHY, BRUSIL, BB, S RO SRR R R
JE R KBS G RRAE BT B A3 BT (0] MR 2 —— [ Ml
K2F2AR, 2002, 27(2) : 227-230.

LI, AL KA NS R s AT ] feE S A it
5, 2003, 12(3) ; 16-18.

WECE, BN, RTER, S SUT A R K AR Rk TS
ReARAERTFE ()], FREER £ 24, 2004, 24(6) : 982-988.
Kao C M, Huang W Y, Chang L J, et al. Application of

monitored natural attenuation to remediate a petroleum-
hydrocarbon spill site [ J].
2006, 53(2): 321-328.
ERELL, BN, MGERE, 5. R KA PTG G R SUN HR
AN SRIEI]. REFRE, 2013, 34(2) : 662-667.
MR, EA B, BRI BRSE LR KA LTS G 8 A 7 A iF R
[J]. #bRsE 4, 2010, 29(6) : 907-917.

F AR, LR TR 69 IR T ML T KA HLIG g R AL BF 5
[J]. suBk24, 2011, 32(5) : 581-591.

FAE, XUAE, BRI =5 0TS G R N K T G R IX
BB [T]. HER A% ik, 2008, 23 (8): 821-
829.

RER, MAR. TR E M) dEs: R EKFK R
AL, 2009. 14-17.

Erning K, Grandel S, Dahmke A, et al. Simulation of DNAPL

Water Science and Technology,

infiltration and spreading behaviour in the saturated zone at
varying flow velocities and alternating subsurface geometries [ J].
Environmental Earth Sciences, 2012, 65(4) . 1119-1131.
Tidwell V C, Glass R J. X-ray and visible light transmission for
laboratory measurement of two-dimensional saturation fields in
thin-slab systems [ J]. Water Resources Research, 1994, 30
(11).2873-2882.

Fagerlund F, Illangasekare T H, Niemi A. Nonaqueous-phase
liquid infiltration and immobilization in heterogeneous media: 1.
experimental methods and two-layered reference case [ J].
Vadose Zone Journal, 2007, 6(3) ; 471-482.

Luciano A, Viotti P, Papini M P. Laboratory investigation of
DNAPL migration in porous media [ J]. Journal of Hazardous
Materials, 2010, 176 (1-3) : 1006-1017.

Kaluarachchi J J, Parker J C. An efficient finite element method
for modeling multiphase flow [ J]. Water Resources Research,
1989, 25(1) ; 43-54.

O’Carroll D M, Bradford S A, Abriola L M. Infiltration of PCE in

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[25]

[26]

[27]

a system containing spatial wettability variations [ J]. Journal of
Contaminant Hydrology, 2004, 73(1-4) : 39-63.

Kechavarzi C, Soga K, Wiart P. Multispectral image analysis
method to determine dynamic fluid saturation distribution in two-
dimensional three-fluid phase flow laboratory experiments [ J].
Journal of Contaminant Hydrology, 2000, 46(3-4) . 265-293.
Darnault C J G, DiCarlo D A, Bauters T W J, et al.
Measurements of fluid contents by light transmission in transient
three-phase oil-water-air systems in sand [ J]. Water Resources
Research, 2001, 37(7): 1859-1868.

Niemet M R, Selker J S. A new method for quantification of
liquid saturation in 2D translucent porous media systems using
light transmission [ J]. Advances in Water Resources, 2001, 24
(6): 651-666.

O’Carroll D M, Sleep B E. Hot water flushing for immiscible
displacement of a viscous NAPL [ J]. Journal of Contaminant
Hydrology, 2007, 91(3-4) : 247-266.

Bob M M, Brooks M C, Mravik S C, et al. A modified light
method for DNAPL  saturation
[T].
Resources, 2008, 31(5) : 727-742.

transmission  visualization

measurements in  2-D  models Advances in  Water
Ye S J, Sleep B E, Chien C. The impact of methanogenesis on
flow and transport in coarse sand [ J]. Journal of Contaminant
Hydrology, 2009, 103(1-2) ; 48-57.

g, R, RERF. AW Z FLA BUR 3 R
RIS AL RIRE S [T]. BB AL 22, 2011, 32(5): 1364-
1371.

HHOLL, WUUR, R A, S FLBIA BT b A ) B A [ A
BHI BB WP )] BERE R, 2012, 32(5) .
1072-1080.

Taylor T P, Pennell K D, Abriola L. M, et al. Surfactant
enhanced recovery of tetrachloroethylene from a porous medium
containing low permeability lenses: 1. Experimental studies [ J].
Journal of Contaminant Hydrology, 2001, 48(3-4) . 325-350.
TR LL, WRIUCR, SR AR 6B E B A I T L A A
RO R O AR [J]. SR, 2014, 35(6) : 2120-
2128.

Suchomel E J, Pennell K D. Reductions in contaminant mass
discharge following partial mass removal from DNAPL source-
zones [ J]. Environmental Science & Technology, 2006, 40
(19): 6110-6116.

Kunstmann H, Kinzelbach W. Computation of stochastic
wellhead protection zones by combining the first-order second-

moment method and Kolmogorov backward equation analysis [ J].

Journal of Hydrology, 2000, 237 (3-4) . 127-146.



HUANJING KEXUE Vol.36  No.7

Environmental Science ( monthly) Jul. 15, 2015

CONTENTS

{ the Particulate Matters in Shanghai During the Heavy Haze Episode in Eastern and Middle China in December, 2013
LI Li, CAI Jun-lin, ZHOU Min (2327)

Potential Source Contribution Analysi

Composition and Regional Characteristics of Atmosphere Aerosol and Its Water Soluble lons over the Yangtze River Delta Region in a Winter Haze Period
+ WANG Man-ting, ZHU Bin, WANG Hong-lei, et al.
++ LIU Bao-xian, YANG Dong-yan, ZHANG Da-wei, et al.
« JIA Hai-ying, CHENG Nian-liang, HE You-jiang, et al.

woeneee MA Zizhen, LI Zhen, JIANG ]mg kun, et al.

2337

Chemical Species of PM, s in the Urban Area of Beijing

Numerical Study on the Characteristics of Regional Transport of PM, 5 in Shandong Province During Spring in 2014 +- -

)
)
2353)
2361)

Characteristics of Water-Soluble Inorganic Ions in PM, s Emitted from Coal-Fired Power Plants -

Direct Observation on the Temporal and Spatial Patterns of the CO, Concentration in the Atmospheric of Nanjing Urban Canyon in Summer

+ GAO Yun-qiu, LIU Shou- dong HU Ning, et al.
FAN bhou-bm,TlAN Ling-di,ZHANG Dong-xu, et al. (2374
++ ZHANG Wei-kang, WANG Bing, NIU Xiang ( 2381

(2367)
(2374)
(2381)
«+ DING Qing-qing, WEI Wei, SHEN Qun, et al. (2389)
(2395)
(2405)
( )

Emission Factors of Vehicle Exhaust in Beijing

Adsorption Capacity of the Air Particulate Matter in Urhan Landscape Plants in Different Polluted Regions of Beijing -

Major Air Pollutant Emissions of Coal-Fired Power Plant in Yangize River Delta «+eeveevee e
Estimation of N,0 Emission from Anhui Croplands by Using a Regional Nitrogen Cycling Model TAP-N e v eeeevsvneieniinnns - HAN Yun-fang, HAN Sheng-hui, YAN Ping ( 2395
Evaluation on the Impacts of Different Background Determination Methods on CO, Sources and Sinks Estimation and Seasonal Variations - ZHANG Fang, ZHOU Ling-xi, WANG Yu-zhao (2405
Measured and Predicted Aquatic Life Criteria and Risk Assessment of Chromium ( V) in Liaohe River «voeeoeeevrevsneies + WANG Xiao-nan,YAN Zhen-guang, LIU Zheng tao, et al. (2414

Pollution and Potential Ecology Risk Evaluation of Heavy Metals in River Water, Top Sediments on Bed and Soils Along Banks of Bortala River, Northwest China «+:weeeveeeee

«+ ZHANG Zhao-yong, Jilili Abuduwaili, JIANG Feng qing (2422)
Influencing Factors for Hydrochemistry and SISCDIC of Karst Springs - - ZHAO Rui-yi, LU Xian-fu, LIU Zi-qi, et al. (2430)
Hydrochemical Characteristics and the Dissolved Inorganic Carbon Flux in Liuzhou Section of Liujiang Basin «++eesvrevrevsieivevsivniiniiiisn YUAN Ya-qiong, HE Shi-yi, YU Shi, et al. (2437)
Characteristics of Total Nitrogen and Total Phosphorus Pollution and Eutrophication Assessment of Secondary River in Urban Chongging -+ QING Xu-yao, REN Yu-fen, LU Zhi-giang, et al. (2446)
Static Migration and Release of Dibutyl-Phthalate in the Fluctuating Zone of Three Gorges Reservoir «+sesveevsvsiieisniinnii WANG Fa, WANG Qiang, MU Zhi-jian, et al. (2453)
Effect of Drought and Subsequent Re-wetting Cycles on Transferable Nitrogen and lts Form Distribution in the Sediment of Water Level Fluctuating Zone in the Tributary of Three Gorge
Reservoir Areas oo eeseesesveeviemis it ce e LIN Junsjie, ZHANG Shuai, YANG Zhen-yu, et al. (2459)
Distribution of Chlorophyll-a and Eutrophication State in Tianchi Lake of Tianshan Mountains in Summer «««seveesensisevsiniiiniiisie s WANG Bin,MA Jian, WANG Yin-ya, et al. ( 2465)
Vertical Distribution Characteristics and Analysis in Sediments of Xidahai Lake - - DUAN Mu-chun, XIAO Hai-feng, ZANG Shu-ying ( 2472)
Phytoplankton Community Structure and Water Quality Assessment in Jialing River After the Impoundment of Caojie Reservoir +++w+evevveevecvens YANG Min, ZHANG Sheng, LIU Shuo-ru (2480 )
Analysis of Prokaryotic Community Structure in River Waters of the Ningho Sanjiang Mouth +++revevveersusiisiisiniiiinn ++ HU An-yi, LI Jiang-wei, YANG Xiao-yong, et al. ( 2487)
Effects of Perfluoroalkyl Substances on the Microbial Community Structure in Surface Sediments of Typical River, China = SUN Ya-jun, WANG Tie-yu, PENG Xia-wei, e al. (2496 )
Coupling Effects of Decomposed Potamogeton crispus and Growing Ceratophyllum demersum on Water Quality and Plant Growth «++++++++eveeiee MA Yue, WANG Guo-xiang, CAO Xun, et al. (2504 )
Bioretention Media Screening for the Removal of Phosphorus in Urhan Stormwater « LI Li-qing, GONG Yan-fang, YAN Zi-qin, e al. (2511)
Treatment of Urban Runoff Pollutants by a Multilayer Biofiltration System « WANG Xiao-lu, ZUO Jian-e, GAN Li-li, et al. (2518)
Effect of Three Typical Disinfection Byproducts on Bacterial Antibiotic Resistance «++ s+ sseesersnrinssisensinssisinsiisiseinssinconen L Lu, ZHANG Meng-lu, WANG Chun-ming, et al. (2525 )
Laboratory Investigation of DNAPL Migration Behavior and Distribution at Varying Flow Velocities Based on Light Transmission Method -+ GAO Yan-wei, ZHENG Fei, SHI Xiao-qing, et al. (2532)
Comparative Study of Benzotriazole Electrochemical Oxidation at Boron-doped Diamond and Ph0, Anodes ++veveeeeeevieveevevicnneiieiisns WU Juan-li, ZHANG Jia-wei, WANG Ting, et al. (2540)
Sorption of o-Phthalate onto Caleite in Open-System o s eesvreveemmmii i + LI Zhen-xuan, HUANG Li- d(mg, CHEN Yan-fang, et al. (2547)
Adsorption Behaviors of Lead on Multi-Walled Carbon Nanotube-Hydroxyapatite Composites —++veevee e iensrnesinsineiniiiiii e TR + ZHANG Jin-li, LI Yu (2554)
Synthesis and Study on Adsorption Property of Congo Red Molecularly Imprinted Polymer Nanospheres —«+vevvrerevessinineins - CHANG Zi-qiang, CHEN Fu-bin, ZHANG Yu, et al. (2564)

Simultaneous Removal of Cd( I ) and Phenol by Titanium Dioxide-Titanate Nanotubes Composite Nanomaterial Synthesized Thmugh Alkaline-Acid Hydrothermal Method
- LEI'Li, JIN Yin-jia, WANG Ting, et al. (2573
Immobilization of Estrogen-degrading Bacteria to Remove the 17B-estradiol and Diethylstilbestrol from Polluted Water and Cow Dung ++++++++++ LI Xin, LING Wan-ting, LIU Jing-xian, et al. (2581

1.(2573)

1. (2581)

Optoelectronic PCB Wastewater Treatment by Partial Nitrification-ANAMMOX Integrative Reactor e +evevveeer + YUAN Yan, LI Xiang, ZHOU Cheng, et al. (2591)
L (2597)

1. (2604)

- WANG Yi, WU Chang-yong, ZHOU Yue-xi, et al. (2597
Comprehensive Toxicity Evaluation and Toxicity Identification Used in Tannery and Textile Wastewaters «++++eereveeeevieneieievniineiinses HUANG Li, CHEN Wen-yan, WAN Yu-shan, et al. (2604

Treatment of Petrochemical Treatment Plant Secondary Effluent by Fenton Oxidation

Carbon/nitrogen Removal and Bacterial Community Structure Change in an A/0 Activated Sludge System Under Different Dissolved Oxvgen Conditions
- CHEN Yan, LIU Guo-hua, FAN Qlang el al. (2610)

ORP in the Main Anoxic Stage as the Control Parameter for Nitrogen and Phosphorus Removal in the Single Sludge System with a Continuous Flow e :

- WANG Xiao- lmg SONG Tie- hong YIN Bao-yong, et al. (2617)

Cultivation of Aerobic Granular Sludge with Real Low Concentration Domestic Wastewater and Iis Denitrification Performances Under the Continuous Flow

- YAO Li, XIN Xin, LU Hang, et al. (2626

Heavy Metal Contamination in Farmland Soils at an E-waste Disassembling Site in Qingyuan, Guangdong, South China -+ - ZHANG Jin-lian, DING Jiang-feng, LU Gui-ning, et al. (2633
+ YU Chao, WANG 7eng -hui, W AN(; Hong-jin, et al. (2641
Assessment of Soil Fluorine Pollution in Jinhua Fluorite Ore Areas «« e ssveeerersiniininiiii - YE Qun-feng, ZHOU Xiao-ling ( 2648

(

(

(

g (

Response of Straw and Straw Biochar Returning to Soil Carbon Budget and Its Mechanism —«eee s veeereis i -+ HOU Ya- hong WANG Lei, FU Xiao-hua, et al. ( 2655

l(

(

(

Residues and Spatial Distribution Characteristics of Organochlorine Pesticides DDTs in Soil of Linyi City, Shandong Province

Changes of Soil Organic Carbon and Tts Influencing Factors of Apple Orchards and Black Locusts in the Small Watershed of Loess Plateau, China « - LI Ru-jian, WANG Rui,LI Na-na, et al. (2662
Impacts of Land Use Changes on Soil Light Fraction and Particulate Organic Carbon and Nitrogen in Jinyun Mountain e veoeeesesees - LEI Li-guo, JIANG Chang-sheng, HAO Qing-ju ( 2669

)
)
)
)
)
)
)
-+ ZHU Mei- lmg, GONG Lu, ZHANG Long -long (2678 )

Soil Enzyme Activities and Their Relationships to Environmental Factors in a Typical Oasis in the Upper Reaches of the Tarim River
Effects of Different Residue Part Inpuls of Corn Straws on CO, Efflux and Microbial Biomass in Clay Loam and Sandy Loam Black Soils

- LIU Si-yi, LIANG Ai-zhen, YANG Xue-ming, et al. (2686)

Isolation, Identification of a p-tert-Butylcatechol-Degradaing Strains and Optimization for Its Degradation by Response Surface Methodology

- HE Qlang -li, LIU Wen-bin, YANG Hai-jun, et al. (2695)
Isolation, Identification and Characteristic Analysis of an Oil-producing Chlorella sp. Tolerant to High-strength Anaerobic Dlgestlon Effluent - RO

Seh Ry ey e el eLE e e e s b e e ey s R e e e - YANG Chu.mg, WANG Wen-guo, MA Dan-wei, et al. (2707 )
Coupled Cytotoxicity of Cqo Nano-Crystal Particle with Cu2 * to the Mouse Peritoneal Microphage RAW 264.7 «++vvevveveevssviissiieies YU Ye, BIAN Wei-lin, ZHANG Hui-min, et al. (2713)
Simultaneous Analysis of 18 Glucocorticoids in Surface Water e veeesevevievnniiiniie e GUO Wen-jing, CHANG Hong, SUN De-zhi, et al. (2719)



CGMERZE)E 6 BREZER

E OH: KHAZ
BlESm: BEHE MEH BN
& . (FPEREmAT)

FEYL EARE EBLE
AAKE XEH X K
PRFH A BEE 2 AR
O o osE 3 49

ww RZ

(HUANJING KEXUE)

(AT 1976 4 8 AQIT])
20154E7 H 15 H 36K 71

E4 WO
wmE

IR -
%

ZiN
R

s

M f g
FA a4
TokF  w

X

=1
E2

ENVIRONMENTAL SCIENCE

(Monthly Started in 1976)

Vol.36 No.7 Jul. 15, 2015

b B A B

r B 2 B 2R A I SRS G
(LSRN )

b5t BB R AP R A AR
e K R g
LY QR = i
(AER %) HEZE RS
db st 2871 {541 (¥ TE X 0L #%
18 5, Ml B 4 % : 100085 )

115 101062941102 ,010-62849343
1% H..010-62849343

E-mail : hjkx@ rcees. ac. cn

E

T =

2
F

http : //www. hjkx. ac. ¢n
4 4 o2 K &
Jea R AR AL 16 5
I B 2 A - 100717
BN ORI % 3T dbstduak e
. 3 T 4 % %
L1 :010-64017032
E-mail; journal @ mail. sciencep. com

I3 ik

Superintended

Sponsored

Co-Sponsored

Editor-in -Chief
Edited

Published

Printed
Distributed

Domestic

Foreign

by
by

by

by

by
by

Chinese Academy of Sciences
Research Center for Eco-Environmental Sciences, Chinese
Academy of Sciences
Beijing Municipal Research Institute of Environmental
Protection

School of Environment, Tsinghua University

OUYANG Zi-yuan

The Editorial Board of Environmental Science ( HUANJING
KEXUE)

P. 0. Box 2871, Beijing 100085, China
Tel:010-62941102,010-62849343 ; Fax:010-62849343
E-mail ; hjkx@ rcees. ac. cn

http : //www. hjkx. ac. cn

Science Press

16 Donghuangchenggen North Street,

Beijing 100717, China

Beijing Bei Lin Printing House
Science Press

Tel:010-64017032

E-mail ; journal @ mail. sciencep. com
All Local Post Offices in China
China

Shudian) ,P. O. Box 399, Beijing 100044 , China

International Book Trading Corporation ( Guoji

iT W & SESHIREE
EE&T HTEEREBRS BAF
(dt5t 399 f544)
oo ISSN 0250-3301
REFRETS : N 1 1805, x

B A & :120.00 G
B RS FET

E ML K S 2-821
ESRITHS: M 205





