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BUNORAR AT, Ji— T HEBEINT TWPs FIA b BRI e 01, AT TWPs 9B, (EAERME, HA fEERIAR
] pH JRE ST, ARIRERRHI 25 C-TWPs HUIERPERE R-TWPs Fl S-TWPs 58, T T C-TWPs IS AR L2t
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Abstract: [ Objectivel Tire wear particles (TWPs), as one of the important types of microplastics (MPs), have received a lot of
attention from ecologists for their ecological risk in recent times. Usually, the environmental behavioral processes of particulate
pollutants are important influencing factors of their ecological risk. However, the migration process and influencing mechanisms
of TWPs in porous media such as soil have not been reported so far. [Method] In this paper, C-TWPs prepared by freezing
crushing and R-TWPs (rolling friction) and S-TWPs (sliding friction) produced by road wear were selected as typical research
objects, and quartz sand columns were used to simulate and study the migration behavior of TWPs in environmental porous media
such as soil, and to investigate the effects of natural organic matter humic acid (HA) and different pH (4, 7 and 10) environments
on the migration behavior of the above three types of TWPs. [Result] The results showed that HA (50 mg-L™") significantly
enhanced the mobility of the three types of TWPs, and the migration behavior of TWPs was differently affected by different pH (4,
7 and 10) environmental conditions in the presence of HA (50 mg-L™), with the medium-alkaline environment(pH = 7/10)being
more favorable for the migration of TWPs. This was mainly due to an increase in the negative zeta potentials of the surfaces of
TWPs and quartz sand particles in the presence of HA and/or the medium alkaline environment (simultaneously). Also, the
dispersion of TWPs was improved for smaller particle size distribution while the electrostatic repulsion between TWPs and quartz
sand particles was increased, which contributed to the migration of TWPs. It is worth noting that the migration of C-TWPs
prepared by low-temperature crushing was stronger than that of R-TWPs and S-TWPs in the presence of HA and under different
environmental pH conditions. This was mainly attributed to the fact that C-TWPs carried a larger negative charge, smaller
isoelectric point and stronger hydrophobicity, and these properties also contributed to the adsorption of more HA, thus enhancing
their electronegativity. Nevertheless, R-TWPs and S-TWPs had less electronegativity on the surface due to the adhesion of road
minerals, metal salts or dust that reduced the magnitude of the mentioned properties. [ Conclusion] These results reveal the
variability of the geochemical transport behavior of different types of TWPs in nature and suggest the necessity of studying the
source properties (discharge mode) to determine the inherent differences in environmental behaviors and ecological risks of
microplastics of the same material.

Key words: Tire wear particles; Quartz sand column; Humic acid; pH; Penetration curve
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IR EE T e, ORI S AR TR, R
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YER X IE, SEB0 2 Z5 0 X 58 IE G 1 2R 17 9 AR IR
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145 H.5% ( Scanning electron microscope, SEM,
Hitachi, H A ) B4 BE#E{X ( Energy dispersive
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JCER AR . BN, XS AT ST ( XRD )
( Model D8, Advanced X-ray diffractometer, fZ&[E )
RV TWPs REAHA . R A CHU B A
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TWPs [ Brunauer—-Emmett—Teller ( BET ) MR HIFH
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A 1.09 grem™ (C-TWPs ), 1.34 g-em > ( R-TWPs )
A 175 gem® ( S-TWPs ), ¥ K F /K i) % B
(1.00 grem ™), B i34y TWPs 76 55 /K AL Tt
FUIRZS (AL4E J0R [5] 082 B SR 4R 5 B UTRE Do Sy 1 it
BOR BN HORA, $FEIIETE 200 W, 25CHKMT
i 30 min, SRJEEHE TRIREAL 24 h, DLRBREWR
H TWPs 30K R IR, Xt i b A7 Lk Fil b
BENT EEARER TWPs, Byl TWPs 7E8EA AT
YLlh 2 1 e A B W Uk AE A7 S b v iz B
TGRS Z 1T, BT R A R AE 200 W, 25°C A1
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PRI 2 T TWPs Bl 1Y) Zeta L o FERFIE)E
JEIR (HA ) 1 pH X TWPs 1EARFIL4 b iz shay
IR, TWPs AUk EEHIZE 15 mg L',

EAERENRE, AL HLE RSN TWPs
BURW, EEE (BUNETN) IR R
AN B FE NG TR e L A Jm ST ALY SR )
JTo Pt UAEARBES RS [ AT TWPs fEA
Pelh iz sh A
1.3 HA BRHNAES

HA BB AN FRUK AR L SR L
IRIRA Y (NOM ) Z—U1 ARAF5E s HA 1E
R EREE B () NOM SR 58 NOM Xf TWPs 7841 &
iR R, RIS TR HA & —FE A
PURRAGIR A, 3 FHh 1 490 gmol '), ¥k, P
BT 200mg L' 1Y HA IEW, BUERN. Ko2g
HA LA 1000 mL (857K, $idk 24 h, JFH]
FH 0.22 pm A9 BRI B ARG E . BEAk, IR
FHHK (TOC ) 4r#1{% ( Liqui TOC 11, Elementar,
) AL E HA IR TOC &0 80 mgL ',
PEARIES, HbF AR R 7K T KSR WL R
FlLEH 7 0mg L' 2L+, JLA mgL ' ZH, 6T
M, AWFFEIEESE 0 mg L' Ml 50 mg- L' BiFh HA ¥
J LABF ST A 7] 942 BE NOM X ik 280 95 e Wy 76 2 £L A
Fris B B s . Ak, FIF Zetasizer Nano
ZSP & HA( 50 mg-L ™" ) Zeta HL {7, H—40.6 mV .
R, RGO AR TR I A AT MBS
fifi -
14 RGEKREEE

IR E A 1 FR, 2B AW, -
TR 4> AR A, BT A WAL B A B RE, AR

2.6 cm, K 20.0 cm, A A R 8 AE A
FEAEBIMEIR T A O, R . PiEss
HEREAL AT AR g 63 pm BT, 3B 2 B
AR, I HA B R RREAR 17 A
(63 um) J&H T2 58Ok A G ZI 2 TWPs ik
W A G B R T RIS e . ¥ A b
BAFFEREE IR 10 em @RS ERIT . H
FEHEART A O, MAEERE K, RERN
AV, HEAFEDLERRTIL 10 om &, XAE
A5 BLARAE 25 8 KT 2 M A SR R, SRR AT
FAHER T m O, 2R AEFKIED, XA
AR 3] T AR AL BERD A R

e 1 KRBt 20 BIRE; 3. WA 4. B4 5. K
BEZE; 6. i 7. AYER; 8. /NEFR. Note: 1. a large beaker;
2. arubber tube; 3. a peristaltic pump; 4. an iron frame; 5. a rubber

plug; 6.ascreen; 7.quartz sand; 8. a small beaker.

B e B A R A
Fig.l Schematic diagram of the construction of the experimental
device

1.5 TWPs X} HA R Bt R A2 5B Tk

P AR = Fh2E B TWPs 209115 HA RASTE
50 mL BOED (RE®RNEETFK, IFH
0.1 mol-L™" HC1 FI NaOH 43|75 pH Jy 4. 7 Fl
10), IRAWH TWPs FUHEE N 15 mg L', HA Ay
R 50mg L. BRSAMT, KRAWAENRS 7
L 200 r-min' S50 R IR 24 h, SRJG7E 10 000 g 4%
fF R 30 min, Y& BWEW, JFH HIEB]
0.22 um A PERELIE . FIH TOC 431X ( Liqui TOC
11, Elementar, fE[E ) iz FiHFW+ HA W& &,
ek Co W (1) 5 TWPs X HA AW Fff &2

g Q=W (1)
M

A, g HA W HHE TWPs RO, gg's Co M
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HA MRIEKE, mg L™ VNRAREE, mL;
M ONIRA W TWPs B, g.

W% B B 4551 )5, FI| FH Zetasizer Nano ZSP | 58
T TWPs Bk Ak, LIRSE HA X} TWPs fi
B AR A5
1.6 HA 3 TWPs (A ZER TR IiXIE

TERFSY HA X TWPs 7647 Seib A rh it 4% 1 52 il
WA, AR /N 325 pm, WP A
LR BN 143 gem™, A EBPIILIRE R
0.41 mL, %#% C-TWPs, R-TWPs fil S-TWPs X =
Tt TR 40 G UKL AT 58 NOM. % TWPs 75 Fl 47 S b
IR . C-TWPs, R-TWPs fll S-TWPs &t
W B HIAE 15 mg L', HA YW 35 18
0 mg-L ' 1 50 mg'L ', HAREMIAEATE . =R
MR, S ( BT100-2T) 43 HIVEA 3PV (%
PR, PV=FLERF AR/ 1PV=44 mL) &FH
50 mg-L ' HA fAR[A] 28 TWPs B i( 15 mg-L™"),
PL 1.5 mL-min' (i E S ARHS, #55 NOM X
TWPs EMALABERSfaE R i sgm . R0 5
W pH Al /0 0.1 mol-L™' HC1 fil NaOH
PEATVEAY, LIAFSE pH A 4. 7 110 B 50 mg-L ™' HA
X TWPs 7E 4 FlA Jeib i 8 B 52

TWPs B AR R Oy i AR, SR )5
T HWAEE B, B 0.5 PV AR AP AR It
TE 3PV [ TWPs B E A Z 5 , AP A A 3PV
ANEA TWPs B 175 50, WHEIE . TWPs
1R ATBRITE HH YRR BE 3 e R Co AT € 3 222
B C/Co 5 PV B R EREIE TWPs [T
BAEOL. [F—WE, AR R AT, B
Za e th B A ey, BRI E R 3 IR

YA SR 4 AT (B 8 RO 5 A
Ji ), B BRR A rpofy e HE O 55 JBE 45 43l 10 143
By lem & EE ), 43 ABUECA 50 mL B9 B0,
I A 20 mL KB F /K4 2 h, LU0 BT
AHCRP R LY TWPs, ZKEC TWPs 7ERPAE L1 TR
M ARREAE , FH DA22 il 2 () i R il 42 .

TWPs WJERM 2. P TWPs 8K &g g
(0.22 um) FHR, AL FEKMLSE, H HF :
HNOS( V : V=2 : 8 il TIH A i I % 6 h,
SRIG I Z2 K h Ve W i 8 T RA T, & ik
(0.22 um) ¥ % 100 mL AT, HKEAR

ZVBE, ES), B B A B AR BT 43 A X
(ICP-MS, PerkinElmer, ELAN DRC-e, [ ) &
ZnO (Zn®") ¥eJE., WK 2 Frox, th TWPs Al
Ho ZnO s (R AEMDEE (RP=0.986 5) AI1H,
BT ZnO W A 43 WRRETE 3.2% 447 IR H
ASCIESE, TEAE W& (pH FI/EE HA ),
IR (K25 3 h) TR R IFA SR TWPs
o Zo B RS (KT ICP-MS &I PR ). DL 4347 ]
A, M5 ZnO (Zn®") WEEIRIEAFH TWPs e 1)
TESEATATIY

10}
—— R=0.986 5
8 -
Rl
@]
(=)
N 4}
2 L
0 L
0 50 100 150 200 250 300
TWPs/mg
K2 RHREIRPR (TWPs) SHAEAR R ZnO 4376 £k
WA E

Fig. 2 Distribution curve fitting diagram of tire wear
particles ( TWPs ) and ZnO contained in TWPs

1.7 #ESZItHH

AR5 BB AT (n=3~5), BUE I8
+hRfEZEF R . F SPASS 17 KR & 200 il
JE N IR 2 5 2 R 2 22 IR) B BR 41 2 TRl M e i 0 X
(P<0.05 #BRERDE ).

2 R 58

2.1 TWPs R4

FIH SEM il EDS Xf = A A28 %] TWPs (13
450 S R TR A il AT T RAE, 2558 (F 3)
WoR, C-TWPs [FRmAXEH, £ h RN
PES A W2 (& 3a); 1fii R-TWPs I S-TWPs
14 2% T AFDO RS, 2 B0 HE 3 TR 8 T o A P e B 52
(14 3b F1IE 3¢ ). 1AM, EDS R, 5 C-TWPs (1€ 3a)
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FHE, R-TWPs (& 3b) 1 S-TWPs ( & 3¢ ) #5747 T (K 32>~ 3¢’ ). 14, XRD i ( K 32>~ K] 3¢)
B MRE B PRI TR R OCE AR TE S-TWPs IESE R-TWPs Ml S-TWPs KI5 1 — L4 )8
(F 3c) Fifi, Rt REWEL, XAgeRMT  (Fe/Cu) £, #E0Y (HIE A kaolinite /IR
] 88 Ao R T T R B8 T S 5 LY o 1T XRD LR IE nacrite/ i £ dickite ) SUFKHIA P (BEERIESIA/
ST ARSI AEA,  BIRG T A7 2 B A, SN BRIRES ), 32 B TH8 16 X7 I ThT A B 460, T I

FR B3 AR 55 R SR AR B RIS B AL Y B W R MO R

a’) ¢ |:{ C-TWPs
I ¢ Carbon (C) (PDF#26-1080)
5: A Si0,(77-1060)/Si0, (47-1376)
- - = Kaolinite (75-1593)/Nacrite
: ]ﬁ:mm g;&. g?ﬂt g + (73-0291)/Dickite (72-1163)
| W% | At% g @ 7ZnO(79-0206)
)| si & A % Fe/Cu salt(75-2134)
‘‘‘‘ gl Si 22500 549 = | Fraipontite-10 (83-0577)/
‘B 1017  13.19 i A|" CaCo, (47-1743)
Zn 9.01 523 e b A [V ) P WA stas rmarin.
1 1 1
20 40 60 80
26 (degree)
Mg J e
a
I
A ’; { il
b & fh
z |
7% |REE Ry [ FNe
Element | 2kt Lid § \,
Wt% | At% = ) b
M | \ |
g e Si 3395 41.73 = I 1 v v
{ [ (] I L J
S 1395  17.32 o, . ‘ r
Zn 1276 8.91 b h N e o O g o i
20 40 60 80
26 (degree)
o) 0‘ ] sTwes
v
£ r
<
7z | mee |A7e S
Element | 4Et S @ | f | |
Wt% | At% g | '
—_ |
Si 63.04  78.64 i [ v
‘‘‘‘‘‘‘‘ o AR ?A I
& S 434 474 = ol ) , e
NI il I { i NN AW ‘w T
Zn 27.23 14.59 \ M‘J i ”’1“”” 1 (WA f“".’/" f',"‘\.' y“ﬂ'w\‘h"‘./“\‘-"-‘o"
20 40 60 80
26 (degree)

TE: a). b) Al c) SMHIR C-TWPs (WA VRETREE I FEIURL ). R-TWPs (VR B EE B0 MR UKL ) Al S-TWPs (¥ ShEEHE40 MG
JEARRL ) MR (SEM) &1, FF B = TWPs AR @RS (EDS) K (M h @ 55 h ) MEHE TR AR
CRLAR R H A H (W% ) FIURFE 58 (At%)), Rt a’). b2 ) Fl ¢ ) 5512 C-TWPs, R-TWPs #1 S-TWPs (14 X ST & ( XRD ).
Note: Where a), b) and c) are the scanning electron microscopy ( SEM ) images of C-TWPs ( prepared by freezing crushing ), R-TWPs
( prepared by rolling friction ) and S-TWPs ( prepared by sliding friction ), respectively, and contain the energy dispersive spectroscopy
( EDS ) spectra ( the scanning range is the yellow cross ) of the three TWPs and the specific element distribution table ( including mass

percentage ( Wt% ) and atomic percentage ( At% )), wherea’ ), b’) and ¢’ ) are the X-ray diffraction ( XRD ) patterns of C-TWPs, R-TWPs
and S-TWPs, respectively.

K3 =R TWPs HY3% I R4S A4 S 3R T T 3R A 5 o A1 A ) 2 AiE

Fig.3 Characterization of surface structure and element and material distribution of three types of TWPs
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WAk, ik 1 FR, METF AR, =R
TWPs ) BET HR A ( Sppr ) FXIEK, VERITE
19.54~49.52 m*-g ", T HL2¢ B H BT A A0 25 e, o B
AKPER (A RT 90°), AEATE, M TR
WeREr= 1 C-TWPs, B MBS 4 R-TWPs Fl

S-TWPs, T3 £ A4 1 k2 3GE BB 2B 508 47 4
A, TAHRMABARA R AL R A S L AT
FENEHE Sl Ay o W BRI, DL BRI IE Y
AN AT AT REXT =R [ 2E 2 TWPs HYPRSE i ™
HE R

Fz1 EKXBFKD (pH=T) £HET=MEE TWPs RAXEMIENLIFE (n=3)

Table 1 Physical and chemical properties of three types of TWPs and quartz sand in deionized water (pH=7) (n=3)

MR M (Sper)

a3 FTh LA 2 5 LA Hfuh A
Specific surface area ( Sggr ) /
Samples (mte) Surface potential/mV Zero point charge/pH,,,. Contact angle/°
m-g

C-TWPs 19.5+0.6b —10.4+0.6¢ 3.2+0.2a 129.8+5.4d

R-TWPs 49.5+2.5d —3.54+0.4b 4.3+0.4b 105.4+6.5¢

S-TWPs 32.2+3.7¢ —1.75+0.1a 4.7+0.7b 95.2+4.8b
A YRS Quartz sand 8.5+0.8a —19.2+0.8d 2.8+0.5a 23.6+3.7a

T [ F A [ - Bk 3R A b (1490 AL R AIE B2 JBE 22 5% B8 25 ( P<0.05 ). R[], Note: Different letters in the same column indicate significant

differences ( P<0.05) in physical and chemical characteristics measurements between samples. The same as below.

2.2 HA X TWPs RE B EKAZEDHHZMm
P RIE", ok RS e Y TR B AT RS R R
AN sk 23 52 B PR B Al NOM RS2, A&k
W P R S5 A5 A, 52 i SR ) 2 T P 7 OB AR 43 A
T 255 W 0L 114 P15 2o R A 282500 Rt
ARG T = A [EZEA TWPs Al HA A EAE
Jei, HERE AT BORLAR A A IS B, ISR 2 TR
1£ pH=4 F| pH=10 MJJEFE P, =FIZEA TWPs X HA
BT B 0.205~0.546 gg ', HHSH T TWPs
F14) 3% 1A FEL Aoy SORLAR A AT R IR Sl el 43 Ry
~32.4~-92 mV I 218~402 pum, FHX}T iR
(pH=7), FEMRYEARLERT (pH=4 ), pH i = FhEH
TWPs MI4FH &, M TEBIEZES, %
TWPs &/ TR, DIETF TWPs A K
FIRIAR AT | 35/ G A W BRI RN 58 /0N 8 35 1T R Ao
MAER PSR (pH=10), T HEAY pH L =
FhEHY TWPs Y% HL 5, XUEJZ TR0 055,
Z HA ZhMF, 0 TWPs {193 mi a7 5 £ 49 £ H fa
(-32.4~-27.8 mV ), AIffi TWPs (%8 & 5L
(162~218 um ), LAFERFFE LB, T HA % NOMs
HEAKRERREE(COOH ), 3 (OH ), 57 C=C
FIRTRRES 7. JEW C-H Rdt C=0 & HhEH,
W Bff NOMs AL TS ey, HLZR T H far bl &) i A= 24
AR, JF AR KRR L #EHA fd faf 2, 22 A A oY

CAUESE, BEEWH HA SAYBSHN, TWPs (3R
L7 REAR , X EE R T TWPs W 7 fi i
HA (50 mg-L ', Zeta Ny: —40.6 mV ) M il H:
Zeta HLQ7 AL,

HSERERSE, AN pH WM, A TR R
WEHI A5 C-TWPs, IEBEEE =AM TWPs ({45
R-TWPs fil S-TWPs ) BARAE KN Sper (£ 1), (H
R-TWPs 1 S-TWPs Xf HA (10 frH 4 %t 45820, AT
B R LA AR R K DL R AR BOR R AR 43 A
JEF, X AfESE T R-TWPs Al S-TWPs 7= A4 i 72
HERTE AR U LAY S e E (K 3), B
SR TR Z WAL, T HA FE—E &Y
e 4 I R A 5 T Y

A, AWt RY, BE pH 3E N, TWPs X}
HA WG BfHE Rl 2 3800, HA A 2 1 W% R 384 i mr 338
K TWPs HyREHEH LA, WREIE TWPs ByRA2 41
MIEHE . FIRGERAUES T HA WIAE7EE TWPs (B &
HLHER 038, PIERFREEREAR, MIMiHEsR T TWPs
Moy ke e, Z AT U i aE B,
2.3 HA Xt TWPs I8 1T A B0

fEf e (pH=7) EEAMT, BF5E T HA XA
[ 267 TWPs FYITRE AT AR (& 4), FB ik
( Bl 4a) /R 7ETC HA W50 = A4 TWPs AHXT
Fase iy i LTSN 0.76~0.85, HA (50 mgL™")
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Fz2 =R TWPs 3 HA IR R HRE Zeta BAFIREDHTHE (1=3)

Table 2 Adsorption of HA by three types of TWPs and their changes in surface zeta potential and particle size distribution (n=3)

) X HA (2 Bt W B HA Ji TWPs 2% 11 1 (i ‘
i R
pH Adsorption amount The surface potential of TWPs after
Samples Average particle size/pm
of HA/ (gg") adsorption of HA/mV
4 C-TWPs 0.298+0.05¢ —15.2+0.3b 310+9¢g
R-TWPs 0.254+0.06b —9.5+0.4a 358+8h
S-TWPs 0.205+0.12a —9.2+0.6a 402+6i1
7 C-TWPs 0.524+0.09h —25.2+1.2d 259+1d
R-TWPs 0.485+0.10f —18.5+0.6¢ 278+3e
S-TWPs 0.415+0.14d —15.6+0.8b 294+5f
10 C-TWPs 0.546+0.161 —32.4+1.5¢ 162+3a
R-TWPs 0.510+0.06g -29.4+1.7¢ 198+4b
S-TWPs 0.457+0.12¢ —27.8+1.5¢ 218+5¢
1.0 030
a) b)
. —e— HA+C-TWPs R-TWPs
0.9r - ¢, 4 HA+R-TWPs —o— S-TWPs
F _5—%% T\ —eHA+S-TWPs 025 ¢ C-TWPs
0.8 » LA C-TWPs . —&— HA+S-TWPs
1 - S-TWPs Top —A— HA+R-TWPs
S 0.7+ R-TWPs "'E 0.20 F —8— HA+C-TWPs
&) 2
- ~
0.6 S
05 L “ 0 I St
ig 0.10
0.0 )

3 4 5 6
25 AAFR Pore volume/PV

0 2 4 6 810]2]I4|61820
BERPAEA P AR 2
Distance from the sand column inlet/cm

He C/CoFREOWE CHADWRE CorYHE . S/Co MIAFTTFEAEMME (2 cm ) AHEEF PRI AT TWPs &5 S b SR i £ 9
i EVREAY TWPs /25 Cy NWIIRHE . T [Al. Note: C/C, is the ratio of outlet concentration C to inlet concentration Cy. S/Cy is the amount

of TWPs retained in the quartz sand at equal spacing( 2 cm ) of the filled column; S is the amount of TWPs retained on the quartz sand per

unit mass; C, is the initial concentration. The same below.

Kl 4 JEFEIR (HA) XFARRIZEA TWPs iER MR RR2m (a. ZFdMiZ; b, =S @ik )

Fig. 4 Effect of humic acid ( HA ) on the migration properties of different types of TWPs ( a. Penetration curve; b. Spatial retention curve )

FEAERT, W S8 M3 i T TWPs 7E4RLFIA7 B0 b A 37
o, B =Ah2A) TWPs AHXASE A U Lh o B3 =
0.86~0.94, FMTit TWPs iR, HA HHEH
5% TWPs BN BUERRE TT o LAERFR AT ZELLAY
B, HA (15 mg L") FR7ERT, kY ne i
FeBahn, B EFaZ5 0. 94, T HA &F F RN 0. 81,
sk, WA TFIEARE AR (0.1 mmolL ") BFoik

JEF, 40 mmol-L ™" HA R 45 AR 44 K Uk 78 1 Fl £ 5
W ERAT R, MR (1 mmol'L™) B 7if i
T, 40 mmol-L™" HA T GEA i 4R 244 A AT 76 1 ALy e
W IR ATy, X AT AR SR A ALY 5 1 fih
BRI FE X T i B A A B gk 2728

SUREZE TWPs 15, AT B ™ A4 1)
R-TWPs fil S-TWPs, C-TWPs 7EMLFIA7 Sfb oA &%
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EPHEARE A B, EHN HA J5 (% 2),
C-TWPs X} HA (W (402 , i T HA I 25 1EHT
WK T H R A R G, R TS A S BOR 2 (R
AR, BIR R A R T C-TWPs 75 HA f71E
AR IR

2SRl R Mk (&l 4b) R =Fp A TWPs 3
FEREATT 0~ 14 om Ab¥i B B, BEAE TR SR BY 1%
Wb, TR, W MZWIESS T HA 748
AT, TWPs FERPAE i B A sk b, 1T ELAH
L+ R-TWPs #1 S-TWPs, fIGIRB# ™ E 1) C-TWPs
FEA TG HA 54 T 3594 AR 7R
2.4 A[E pH X TWPs E#1T H KIS0

HA (50 mg-L™") 7E7Emy, AlA pH ( pH=4,
7. 10) ZMF T, TWPs 7EAR AL SERbAE 0 #5256
i, 2R 2 R A R B 2R &l S R, AR

SRR TWPs R AESRNERAE T, ML
B, X5 TWPs REARKBEAM (F2)
X, HA WFETE HEIE N T TWPs Jokr i) J 5 4 3%
WO 22 6] A HER F1 ek HA SR T AR 0k [a] (Y
VW IR, TWPs [WiEBAT A FAEZ S| pH M5
B RH R, pH KA ( pH=4), =F35HI TWPs
FEMRURL A b IR RS e 1382 8 B2 (P<0.01)
P, BARMA B, 25 B iR B R e
T 5 it BAAERPAE N o SR, FEBRME RS A1 T
( pH = 10), =R TWPs 1E1 A, Fe b v ()T
Fefie 1322 8 (P<0.05) fEuk,

Bt TWPs ZRANMN S, AT s, otk
S T8 S A i) TWPs( R-TWPs Hl S-TWPs )
ERRe R TR, WA (0~12 cm &b ) Wi EA
) TWPs A s/l 5 1 P 55 X 1 e Al 1 o 5 119
C-TWPs 1T HE S BN HIVE B &, A deibit
H(0~16cm4b ) Hii B8 T Z 1 C-TWPs,

a) HA+C-TWPs b) HA-+R-TWPs <) HA+S-TWPs
1.0r 1.0} i 1.0
- pH=10 —a— pH=10
- pH:7 - —O0— pH:7
0.8} ~ pH=4 08 - pH=4 0.8
S} < S}
©06F © 0.6 O 0.6f
0.0 0.0F 0.0
0 1 2 3 4 5 6 0 1 2 3 4 5 &6 0 1 2 3 4 5 &6
25 AT Pore volume/PV 22 BA T Pore volume/PV 25 BAAFR Pore volume/PV
030r & HA+s-Twps ~ 030F 4 © HAR-Twps  030F 4 D
025} 025} 025¢ HA+C-TWPs
z o T H=4
2020} 2 0.20( 2020 o bh=7
8 S 5 ~v-pH=10
&’: 0.15F &):0.15 gO.lS
%] %] 9]
0.10F 0.10 0.10
0.05t , 0.05F 0.051

0 2 4 6 8 10121416 18 20 22
BERDAE A AL S
Distance from the sand column inlet/cm

A s

0 2 4 6 8 10121416 182022
FRAPHEA T AR B

Distance from the sand column inlet/cm

024 6 8 10121416 182022
PP A T AR B

Distance from the sand column inlet/cm

Al pH FREEX TWPs IERAT NN (a~c NEFBML; d~f Rzl E s )

Fig. 5 Effect of different pH environments on the migration behavior of TWPs ( a-c. Penetration curve; d-f. Spatial retention curve )

2.5 HA X pHIREX TWPs TR 1T 4 B 22001 )
AT B HA Al pH X =258 TWPs i #17 R
(A5 M AL, A S XD A 38 78 40 A DR R 7 A

JC HA (50 mg'L™") MR pH &M F 4T T Zeta

LAV IR B R A, RS AN 6.

B, B 6 WoR T HA XS mb3RE H far (19 5%
ma (RS (pH=7)), *f HA (50 mg'L™") AFF
TER], A PLRb A Zeta H—-19.2 mV, FEI oL 7PE,
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IR At room temperature (25°C)

pH=7 HA=0mg-L"
|
HA=0 HA=50 mg-L™' pH=4 pH=7 pH=10
0 T T T T T
-5
%
E —10F T
5
2 st
(=9
s + T
3 20— F E
= 25+
g I
N 30
T
=35+ I

El 6 HA FIAN[E pH IREEX A HAD Zeta B Y210
Fig. 6 Effect of HA and different pH environments on the Zeta
potential of quartz sand
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BISRAIEREME, ORI e, BRI (& 4).
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L EAN [ O ] 1) L HE R S s, I 5 0
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R (e ), BLS A9 SOk Bk i HE+
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HF IR, i -
High repulsive force,
+ High outflow ratio

Yap iy
Quartz sand

@ Twes HA

pH=4
+
Yt +
— + sy = -
- @ @

KA, B PR R R

Road dust, minerals or metal salts, etc

b o8
HETR I B4/t

HeF 40/, i LEREAR HE— AR
Redued repulsive force,
Derease in outflow ratio

Further reduced repulsive force,
Further derease in outflow ratio

Ry
1

Positive and negative charge

[E: pH=4 I, =FP2ER TWPs fEAAIA SRDAE T iy T A R B ; 24 pH=7 = pH=10 I}, TWPs AYITH% F LA 5 E AL, Note:
The migration principle diagram of the three types of TWPs in saturated quartz sand column at pH=4; when pH=7 or pH=10, the migration

principle diagram of TWPs is similar to this diagram.

Kl 7 HA M pH WESEIAIEZEE TWPs L8547 A I1E FHAL T

Fig. 7 Schematic diagram of the mechanism of action of HA and pH environment affecting the migration behavior of different types of TWPs
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