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Abstract
When river water flows through the surface, it seeps into the ground and recharges groundwater.
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Once a river is polluted, it often leads to the contamination of downstream rivers or adjacent wa-
ter sources within a short period of time. Therefore, it is important to analyze the convection, dis-
persion and adsorption mechanisms of organic pollutants in the river-groundwater system with
theoretical significance and social mechanism. In this paper, the behavioral processes of organic
pollutants are analyzed using the integrated differential equations of convection, dispersion and
adsorption. The isothermal non-equilibrium adsorption test model is established with a dual-mode
function combining Linear and Langmuir isothermal adsorption models, and the adsorption process
is described by a nonlinear kinetic adsorption equation. Secondly, appropriate optimization was
carried out for the general isothermal linear adsorption model, and the data were fitted numeri-
cally by Matlab least squares method, and the solution of the model at convection and dispersion
of organic pollutants was derived with the help of finite difference method and Matlab software,
i.e., the three-dimensional view of the relationship between pollutant concentration and distance
and time, as well as the conclusion that the pollutants diffuse gradually and slowly.
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AT HIBHE KPR A FIRE R Z 255, XM EE AN MIER IS, Ml TR YUK 2 4:. 1ET
AIGENI, AHG G2 oz i B S AGE R Ka . Bk, WFFCA LG R Emi - K
RGP AT NRIE A BB B RS E. CHTFRERY, B - KRG, HHE 5
WAT R E £ 22 2] — KAV B RE s, WARXIRIERE . K oRiie. WRRATEESE, DL AR SR S B
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RISz 255K L 2L
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Table 1. Convection and dispersion test parameters

LR AR S H

FEALBE 0 KB RRE Y BERKKk O WHRED  SKEFEMTEE p FLERSE n

38.67 cm/d 5.01 cm/d 6.32 m/d 0.38 cm?/min 1.67 g/cm® 37.5%

A FH DU A A [T AT STCAR P00 W6 Dy 0.5 mg/L HIZEA BLTS Geiie B 44 R RIS B 31 g 22 B S AN TR
WR BTN TRDINAS I« YRR A B IR 81 T3 2.
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Table 2. The liquid and solid phase concentrations of an organic substance in the adsorption system of X section of the river
at different times (liquid: mL/L, solid: mg/Kg)
= 2. RENMTETR X BIRMERPFAERBENE,. BEKEGE: mUL. E: mg/Kg)

S1 S2 S3 S4
A AR [l A AR [ #H AR I #H AR I #H
0 0.495 0.495 0.495 0.495
05 0.355 2.30 0.401 1.84 0.225 3.60 0.367 2.18
1 0.312 2.73 0.327 2.58 0.086 5.09 0.284 3.01
15 0.305 2.80 0.280 3.05 0.080 5.05 0.224 3.61
2.0 0.310 2.75 0.246 3.39 0.078 5.07 0.195 3.90
2.5 0.214 271 0.255 3.30 0.068 5.17 0.174 411
3.0 0.325 2.60 0.269 3.16 0.085 4.80 0.185 4.00
4.0 0.353 2.32 0.186 2.99 0.093 4.30 0.202 3.83
7.0 0.360 2.25 0.324 2.61 0.138 441 0.199 3.86
10 0.359 2.26 0.354 231 0.149 4.36 0.197 3.88
13 0.362 2.23 0.349 2.36 0.171 4.14 0,196 3.89
16 0.371 2.14 0.352 2.33 0.169 4.16 0.199 3.86
20 0.365 2.20 0.344 241 0.172 4.13 0.198 3.87
24 0.364 2.21 0.347 2.33 0,173 412 0.199 3.86

2.2. MRIER

XHIE R T TS R e T /K h BEE KR s sh A s KL RE[2] . KB AITR IO 4R 15 R T K
T KPS ST A AR B O R o W PR 805 S e T /K i 5 R 3 B A R R T A A A
BRI R . MR KBRS R T RAE M R o R TSRS R A DL . R KB T IE R
M2 A KSCHE BT S el i, BN BRI B AR RK SO BURAE,  anizadte . FLBREE . ZKCREE[3].

TR K R G AT LTS R AT Rl 6 B0 RO RIERS - 7K J1oRil. WP e B <5 4 #d
FEv AR BOERE AR VAL RESS . ZR G508 T AR N I RE,  RAE ) TR AT LTS
FEPNHAT NFFAEBEAT 38 5 VY

1) OB AR SR A AR T AR Bl Mok B 52 B AAE RN AR L A REM o 0 U i
(] Navier-Stokes Jj Fe R FA LR (18 5), [R5 8 ot B~y 18 5 A Al B~ 18 U5 R [4]

2) RIS SRHGR ISP AR AR T B3R, R A2 B B EEAN 7 I R BN . SRR
RS G Fick 2 HORIRY B ROYHL [R5 8 5t & sy 1 7 R s & P e T 12

3) W PRHREAY . W PR AR W A i AR R L PO VR PR S e 52 W B S A AR IR T R PR R o R
BrASE 2 38 5 s Y Langmuir 253 W SRS B Freundlich W PR B SR ik W5 PR ot #5222 8 i & = A 7 72
MBS E T HE[5] -

st T KB % [ FIVE R B RIAS ST, B4R 7KIB it 32 B 7K J7 1) AT 8 8 4 ] _E o )
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S A, HAEAEM J7 m) B R@E AR, R m R, [ a2 1, RIZK A 8 B2 A 77 15)
ABEI AR AR, RS TRRIGE SRR E S, BIFEAR M — M b, 3 N K B & T
HIMKE.

SR M VR PRI R PR 2 R 3 W PR R 0 B BRI PRI B0 1 2L, BT TR 2 32 B0 ik B . TR
YA SR AR WAL AV BRI T K EKE I A . WA . A2y . BRI R, A
SCAHIBRTUARRI R, R RS G WL Gk BE 1 2

Navier-Stokes J5 &2 IR AR EN I EEA T 2 —, BT UUHSRIER AR IEE . [ET). HEEY)
P2 ot B[R] AR 25 1] RO AR A6 A [6] - Navier-Stokes 75 F2 AT DAF SR 78 S Mm%, Wivk i Ao Il
B4 . Navier-Stokes /72— R A

;{g¥+wVp+yVWj:—Vp+yVW

Hrr, p RIARRIZEE, v ERARRERE, p RRAEKEN, u2imHRE. XN 7RERR T RIERE
IR, e THRETE. SheTEARETEES"FHENANE. S REREKEE . 5. %5E
S B AR R IR RIIES) . FER IR A, ARG 2 SV AR AT, X
Lo PR AR IE s A EAE A, IS BRI ZE W IE 5 .
2.3. MR, SREEER
X IR BT SR AR VR R EAWIA: s B B 5 BRI RRRL 1R [ 7] Hids B H 512 LR IRRL 7 8

Fehtl, ERESNRFREIPE, EEREENR TR 8 SYHEE Bk IR A REZED) .
WRFE 732 00 2 DA A o i o @ 7E =S () A A PR, SRR ERERE . B 1. BESEYHE B
A KA IR AR IZ B [8] . AS NI RRAIE ARG AR Y, WR I R SR R Rk T

oC oC 8°C

oV ax "o
Horp, CRISTWINRE, t W, v 2RAEERE, D VBRI Z MR T i5 ik FE a6 F1 25
IR, 58— TR N IR FERE RS (R AR AL, 58 IR R iR R BE AR B A4k, 28 = TR /s IR FE B 9 L
B4 o L H IR N Z G AR IR BT A AR R AR A A

{c(xﬂkozco

limC(x)=0

XL C AR TS RMIIIIR IR o BREDG PR U T5 e — N AR w0 J7 R, ERSR R
W ORI EA — Rl R 77VE AT ORI RE AR TR, DRI, W SR BB T VR SR AR IX AN T 12
4 Laplace 7y 7 B BUEARVE, P LA RIVREE C(x,t) MfdbT 2009

C,-C, X — ut (ux} [x+utj
C(x,t)=C, +—>—"|erfc +exp| — |xerfc| ——
(1) 2 { [sz "D 2./Dt

ﬁ#mﬁO%%ﬁ%&ﬁ,Eﬁﬁﬁﬁwﬂﬂzkﬂﬂﬂzkjiﬁﬁmo
w

24, MF. AR EMLEREERE

ANTRT AR R RRARE AR BT R Hh S AN [ A PR R B (R R IA 3. EAR S — 4B AR 2% A 1 BA
L& [FEZ AL B, SR e ISR R o RORE S R I AT BAERaE -
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Figure 1. The adsorption process of certain organic matter on four sediments of river X section
1. EBNIER X B IOFRTE Y _E RIS 2

AN FISERLGTTE VIS A FL I B il 56 i A5 2 B A& 3.
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Table 3. Parameters obtained from adsorption tests of different types of precipitates on this organic matter
7= 3. NEIZEBCTIEMIZ BN R MIRIE R SEH

S INU/ TR 3 B 5 KW B B8 B R ) SIS A ot PR PR IR P P4 B i I 1R)

(mg/kg) (h) (mg/kg) (h)
s1 2.80 15 2.25 7.0
S2 3.39 2.0 231 10
s3 5.17 25 4.14 13
sS4 4.11 25 3.86 7.0

SEIRRW, AFRBYTIE YR Z A W 328 05T MR I B S A0 P A HH AN B B . A5
S1 7E 1.5 /NP, M S2 A 2.0 /NI YW B S pRid I 0 B A B OE, 43 AR R ) 56.57% 1
68.48%, P~ I 1K) 1.24 A1 1.47 fi.

W B 3o R e BRI AR 5 SRR PRI, R R AT REAE TR M ARG I B, WA S B AH )%
BHADERBEA ZZBOK, WRAEBE R R, A2 M e i BE AR R (IR BE 1 [ AT A%, HoAY
rh R R B AL S ) B eSS AE AT L) 1) [EAH A ot B AR % B =ik BT, X 2 J T
SEIMG, HARFEIEMN V. FEEN TR, FHETUEE, IR S TR UE -G HLA AT
BEERAN HIERPAT . 20 ST 50 1% G HLADLE A AR 1) 23 e 1) 3 2R 3R 2 FL A AR 4Rk
BYNEELEVE AP AR PR AR REIPE T . W4 2 hiABIEME, 10 h e NS Tl ], WS
fRR RIS AR, JEREE I TR K, TR R TR . AR 3y 4 TR IR B I o B A TR R B i T
2.0 3| 3.0 /NN BB K, BRI L) ) [ AH SR AR, W R SR TR R, B R R R R, 25 13
h JEE NPT, IR BRI AE RIS A, 2 e B I T e, WP e T RR e -

3.2. HFiRTEIRMHNIEIRE

T7F 5232 B 3 A A R A AL G20 100 S50 U P A R B o R A — S B, T DARAT T T L 50 R A 2
TR T G WTE A PR E B ARSI, [EAE A BT IR B 5 VAR P 2 IR DG R o S5 I PRHASE 28— i
RERIER: — ARSI B (Linear). Freundlich 253 MW F 4578 K2 Langmuir 25361 f #5784 [10] .

— RS I R R P (Linear) :

S=K,C

Forp S S W PP ik B A R IR P &, C AR R B SP B VRAHIR BE , Kg A2WPR RE
Langmuir S5 W b -
o _ SibC
1+bC
FHorb So 2 [ AH A TR B B KA, b & I PR T SR AN 4
44 Linear A1 Langmuir 45 I W B ARY (145 i, ARSI B RS 1 AR H I SRR 7 AN R A B R, @i or
RS X R £«

S,bC

1+bC

b s A BRI AL, Ko MR R E C MR A B TS ek B, So 2 [ AH A BT ) Bz
B KPR &, b WP R IR AR, o A1 g A R 4. FIH Matlab /)y — ik Bl 40 & SR Bk
Kas RanlE 2.

S=aK,C+p
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Figure 2. Isothermal adsorption lines of four media and an organic matter adsorption system

2. T BRS E AR MHE RE0FE WL

3.3. FRMMRBERNSIINR, #BEHKE

JEIT RS ] LS H PR TR B B S RN I R Ky, FHRE o A1 AR R E00T LIS X B IR &
R, # RACNE R W FRE XSGR
Rn£: Dnaz—c—g(vc)
ot

WIUH AT C (X)L(:0 =C,
Jﬂﬁ%ﬁ:lmC(X) =0
He T C (x,t) BT R o

Co -G X —ut ux X+ Ut
C(x,t)=C, + 5 [erfc[anﬁj+exp(%]xerfc[mj}
3.4. FRMMHRBEERVISRIR AR, FREETEIKE

B, RIS DU R B AR A A LA HLIS 4 S1, S2, S3, S4 1E 24 /NI 185U T 18 I B K
LRI 4,

Table 4. Concentration of certain organic matter in liquid and solid phases after 24 hours of isothermal equilibrium adsorp-
tion in section X of the river (liquid: mL/L, solid: mg/Kg)

F A4 R X RFRTEWM 24 h lER. ERPRENIIREGR: mUL, E: mg/Kg)

s1 S2 S3 sS4
HIHIR S A [ A A [l 4 A [ A A fE A
0.0681 0.0461 0.1702 0.0246 0.1852 0.0424 0.2071 0.0354 0.2772
0.1372 0.0722 0.6005 0.0492 0.8301 0.0654 0.6683 0.0613 0.7101
0.2177 0.1235 0.8921 0.0903 1.224 0.1091 1.036 0.0993 1.134
0.3302 0.2150 1.102 0.1725 1527 0.2068 1.184 0.1931 1321
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Continued
0.4324 0.2951 1.323 0.2563 1.711 0.2614 1.660 0.2528 1.546
0.5338 0.3716 1.572 0.3376 1.912 0.3304 1.984 0.2879 1.781
0.5842 0.3969 1.823 0.3374 2.218 0.3852 1.940 0.3568 2.124
0.6222 0.4547 2.100 0.3701 2471 0.4065 2.107 0.4195 1.977
0.7062 0.4852 2.160 0.4352 2.660 0.4467 2.545 0.5071 2461
0.7956 0.5714 2.192 0.5043 2.863 0.5999 2,937 0.5061 2.845

BIX DU LIS G S1, S2, S3, S4 24 /K5 I [E AR P ik BE AR T35, 15 H AR S — oK
AR IR P BRI PR R S RTIHRE B 2R 2550 K BT W PR B S R BT R 8 Ky AR R B A R a = =
05, f5HHFHJE #% R~ 0.593,

PRAE IR IR TR B AR, T IR ZE A RHE S IR C(x, DRI, BT
(795 GLA i FE AN BE B IR DG 3R BRI 3, 5 JLWvak FE 5 R AT E [) 1) 06 R = 4RI 4.
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Figure 3. Relationship between pollutant concentration and distance after one year and two years
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Figure 4. Diagram of the relationship between pollutant concentration, distance and time
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3 T RBE LTS 5t SRE A . B R 22 70V R Matlab BRPFI SRR, 150 T TS Yk
55 R B AN [R) 2 8] (9 26 R 1 =40 T DL RS e BUg i g i gt . WH S AR, TER NS 11
WEFE AR, ZRE T TR . DR ORI B 45 I R X T e 2 BR ACR AAL B AR B AR . AR T
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