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Effect and Mechanism of Polystyrene on the Co-transport of Copper and Soil
Colloids in Saturated Porous Media
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Abstract: [ Objective] The ubiquitous colloidal substances in the environment profoundly affect the transport
and transformation of pollutants in soil and groundwater. The impact of microplastics, as an emerging pollutant, on

the transport of colloids and colloid-associated pollutants is still unclear. [ Method 1 Therefore, column
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experiments were conducted in saturated quartz sand, with polystyrene (PS) microplastics as the research object. By
combining with sedimentation experiments, Fourier infrared spectroscopy (FTIR), and other methods, the
influencing mechanisms of microplastics on soil colloid, copper (Cu?"), and their co-transport were investigated.
[ Result] The results showed that PS facilitated the transport of soil colloids through mechanisms involving
heterogeneous aggregation with soil colloids, competition for surface sites on quartz sand, and steric hindrance. This
promotional effect was more pronounced in the presence of Cu?*. In comparison to soil colloid, the effect of PS on
Cu?" migration was not obvious due to its low concentration as well as low adsorption capacity. In the presence of
PS, 83.47% of Cu?" was transported in dissolved form, while 35.25% of Cu?" was transported in colloidal form
under the effluence of soil colloid. PS enhanced the mobility of soil colloids, but it concurrently reduced the
adsorption of Cu?" and facilitated the transport of dissolved Cu?* compared to the scenario with only soil colloids.
However, PS did not have a significant impact on the effluent concentration of total Cu. Furthermore, the mobility
of PS was also influenced by soil colloids and Cu?". [ Conclusion] 1In general, microplastics in the soil
environment not only directly interact with Cu?", but also alter the properties of soil colloids. Changes in colloidal
properties may be the primary reason for the impact of microplastics on the environmental behavior of Cu.

Key words: Soil colloid; Microplastics; Cu; Porous media; Transport
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RE 102, ] DAWR B B8 45 8 4505 e FE 78 U AR B4, fEHh oK S LR T Rk AR T R AL,
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IR, BET O B G R AR 2 AL RS R AR . R, At 2 5 ma R R ) R
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BT R BAHTR. AR V5l E ARG KBTS YRR, TIEE SRS
e E, PHbE SR SALEARRIE 21.49%R8, VAT B Yz — K] Cul2-30H 4
WHEKMDLTFEICER, T CufE RS T RS 5 A AT T 0000 IR0 B P AR S
AR A CE T, (R, AR FUERCKR B A W R R IR 0% (PS) KEEE Cu 1ER
WA G, @ A SEIGER T T A . SRR R T R A S OB R AE X Cu W T2
oM, S5 UURF S LA HEE (SEM). i rmt 24t (FTIR) ZFEBL, BB
BRI 3RS Cu IILIERAFAE, DAY NS Hh R 5 4 8 AT e KU PR
RIBH G S BEEL AR .

1 MESEITHA

1.1 il #

IR R A S ATE R E A (36°42'N, 120°17'E) IkR#E (0~20 cm) Hil4,
AREAMRE 1 . FREL30 g S 10 B AT 1 000 mL He#F4, A 1 000
mL 2B FOKBERE S, A EL 30 min, FRE, MRYE Stokes A, RAMLWLIER IR Z
NF 1 pm B SRR AT o IR AR R I T 2 L BB, 153 R R
KRR RR AT 105 C BT REE, RAEEETHE SRR ERIRE . 95
o BT FH ) B ARV D 200 mg- LY, |25 B KRR IR AR TR R4S

* 1 X HIRE AR R
Table 1 The basic physical and chemical properties of the tested soil

N Kt
- iHUR B T2 et ,
+ e Particle size distribution/%
pH Organic matter CEC
Soil type 2~0.05 0.05~0.002 <0.002
/(g'kg™) /(cmol-kg!)
mm mm mm
k73 (Brown earths) 5.96 22.80 17.98 34.76 42.64 22.60
B a3t Fe Mn 1/2Ca 1/2Mg Na K
Soil type N(gkg™") /(gkg™) /(cmol-kg™") /(cmol-kg™") /(cmol-kg™) /(cmol-kg™)
K 23.35 0.59 0.02 0.02 0.10 0.04

R H] H AR TR R BEAR T g A, st b PS BRI EE B8 10 mg- L
L HIE ERE R AR AR I R RO IR B R IR LR (10 g LY, KR4
500 nm, N 1.05 grem?, HRBURKIEKA 488 nm, HARKGEKA 518 nm, B
RFIBREETEEYI N 5 nm) FREIRTS .
1.2 TIEFIAFD PS AYSTIPESELE

i il H IR R +Cu2 . PS+Cu?*. HIEEAA+PS. HIERAR+PS+Cu FIR SRR, +iE
KA. PS A1 CuHIKRFES> 74 200 mg-L'. 10 mg-L-' F1 10 mg-L!, ¥V pH N 6.0.
FR e IR B L IEA R, PS Byl I LIRR A AR AE 8 A 20 mL R, Jt 48 b
M, FE, ARG 0. 6. 12, 24, 48, 72, 96. 120 h MR F#BUEL 10 mL ¥, 23 Al
SE T B AR IR BE AN D AR, DABSTA] (h) M ALbR, SRR ZI 38 AR i
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FEE IHTUE W ' P B R 6 B /T AR R G BRE (A/A) RN ALKR, BRI Zk. A
SEEOHET 3 IREE, SIeLE RECE.
1.3 BbiHTERE S0Ie

SR 16~30 H (0.60~1.18 mm) A 9ekh (pdfral, WHE bl kA RHA
FRAF]D A et FAKEZ AN ST A R AT, 737K 0.1 mol-L-
') HC1 A1 0.1 mol-L™! ) NaOH 27 ¥E, $5J5 FH 25 B F/KBE =%, 105 °C Bt A0,
KHAWRE 6 cm, & 40 cm AHLBEEHE, EAERB— 2R, A4 SRRk, ikt
BB T AT 7 6 IRGBIEHEIAMY, FIHEEIE B M BN LB K, FRKAL
B, EEREEWE, AR E AN R ) DL R AIE, RAWHE RN 30 om.
M ERUE, ARRERT NS, DoEKk (1 em) 77 ABAH Fi M R42E pH 8 6.0
258 F7/K 24 h, JEN 3 mL-min'e SEE PSRN 3 NFLBRIAR TAEAW, FHEAN 6 PV
FETFIK, KRB WESRTE 7 min B[R] FREE S B R, % LA D%, JF
JE IR AR PS. Cu? KILRAMMIE L0, WE i h i b k. PS A1 Cu ik
%, L PV NBARKR, C/Co CHERIRIZABNIKED) NPAR, flZiElLk. iR
WA RIK S SIS, M RS SRR, JEHL KBr 1B R IE R B /R B AT 7R R
SEH . AR NSRS E S, N 3PV 0.01 mol-L! KBr AW, RJEHEAN 6PV 35
FARBEATIRBE, K IR e R F A E R Broff ik iz .

IR G, BAVBEAEE, EaAREERN G LRSI, RAYER
WHARE AR E 2B, KHDI> 6 B, MBS cm, THFEH 55 CHET. FREL 10 g A5
WFEOEY, A 20mL £5 7/KF 5mLNaOH & (2.13 g-em™), E¥%, ## & 10 min
S B AR R0, AR AN PS IR E

TARIAART PSR EE S R AN e ETE (UV2400,  BilggEFIE PRI A
IRATE, E) M5 (F-2700 FL, HAz, HA MlE, WERKS 58 350
nm fl Ex/En=488 nm/518 nm . HHAWEAAMAE Rl A, TERAROGRERGE 0, 1 PS
E 350nm ARG EE/NT 0.1, PEE 2 (AR L2 AT 200 o 0 R IR R PS TR A A TR
HEATHFRE, 3 RIS AR R PS (OARvEm 2k, TR AE N NS H R, L3
R EJEE A 0~200 mg- L, R20.999, RSD<5.8%; PS MIZkM:IEE A 0~10 mgL!,
R?>0.999, RSD<4.5%. fE Cu?"igfgsier, B Mo N, —o Ik Eg i 7
RS54 0.22 pm JEMLIE, KA HUEHE G4 B TR KD G4 (ICP-OES, Perkin Elmer,
EED MWERS Cu PIRE, RECE 90%LL b 55— id 0.22 um 388 E B H00 8 Vi iR
Cu?*; it Cu WRFEEIFMAA Co? R I IAS Cu WRFE. Cu? ZMETEHEY 0~15
mg- L1, R2>0.999, RSD<5.0%.

1.4 MEFRFRAE

K H FTIR (Nicolet iS50, Thermo Scientific, ZEE) M dewh. TIERARFD PS W b
Cu /i 5 B AE AR IS 0L, IETE N 400~4 000 em!, 73RN 4 em'!. BUE B A4 0
WS R, S5REBT/KIES, A 30 min 5 HUIREIC RS, IR 9K AL
X (Zetasizer Nano ZSE, H/R3AA], F[ED e A TR zeta AR JoAh, Wl
ANFE AT IR AR AN PS B zeta FEALATRIAR . I SEM (GeminiSEM 360, %7,
FEED FIBERE T4 (XFlash61100, i s, EED RECAH BRI SMIGER 6.

2 #iR5HE

2.1 HIERRFD PS BUFRE
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WK 1 s, 120 h 9EIERARRT PS (1) A/Ao A 1.0 235 FBEZE 0.56 F10.95, #iH] PS
e ML, ANHUIR. RIEEEE, AR S BRI A A %, R HLAT
HEWE, SN2 RE T R, BARBURRR i FRE PRS0, fEk 2 wf
M, IR (-25.05 mV) FIPS (2570 mV) [f] zeta FLAAHT, #FEHEF/E A Z5A L
. PS REME T RIERAMIERE, —Jrme g (445.00 nm) BIRIE/NT PS
(520.50 nm), RIEAMEIZS), ki )y, et T geteok, A-PaiEpeKry; 5—
J7TH, PS (BRI (1.05 grem™) KT TIERAA (2.65 grem™), ZE JJUIREAER /N,
EERERE. TIRRAES PS XA R, TERAM PS 1 A/Ao 7E 120 h WormlfE A
0.61 f10.84, SHfARAMIL, IR EMEN M, M PS MAEmES. 1k, TIER
A+PS (-30.30 mV) 1) zeta FEALAR T IR 4A, JORLIR] & T g 380m, IR AR AR 1t
BKs BRAh, FROERLERTH IR B R AT BE 5 I R 1 BH B B TR AT OB, AT ST 3 A
IRPHES s B, o 4R 7 IR R e . T PS TN\ R3S, PIEAHEAER,
gy PS 5 HIRIRIA ST IUIRER, BRI RGN, BRI TUCRE, PS R K. X T RHI 54k
WOk, e BEMWMBRAIERAZ I TP B, Y Cu EERT, BT Ak,
PS X Cu I B B BH & M s e R, SRR, PS 1 zeta AT R (R 2),
fargaksl, ER R AR ES, R OR, RUTREJI3E 9. 1200 N, Cu?fEH T I8 R4AR
PS ] A/Ao 235 1.0 FFEZE 0.31 A1 0.91. HT 3RS Cu (MR &K T PSBY, iy
Cu2 X} T3 A PE I RZ I KT PS.
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Fig. 1 Sedimentation curves of soil colloids (a) and PS (b) in different systems

R2 ATEWh. HIHERAK K PS [ zeta AL S KLAR

Table 2 Zeta potential and size of quartz sand, soil colloids, and PS

FE b W zeta FALLL kifz
Sample Concentration/ (mg-L1) Zeta potential /mV Size/nm
FYERS — -34.95+0.85 —

et [N 200 -25.05+1.15 445.00+ 1.60
TR R+Cu?* 200+10 -20.65+0.05 456.30+ 6.80
PS 10 -25.70£0.50 520.50+25.60
PS+Cu2* 10+10 -8.74+0.12 631.70+30.80
TR ARAPS 200+10 -30.3020.50 44255+ 4.65

+ R R +PS+Cu2* 200+10+10 -15.75+0.05 512.75+ 8.05

2.2 TIRRFMERT Cu® BT BHHE R E S AHLH
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H7RERSCEPTAN, Brif o8& M2 FRrE R 4F, RHIIDUE, RIS, UL E
P15 HAAAEEEAE-PATIL R CRFLBRERR e i) 1O, 3B R B U 2 45/ R 3 1)
BHREH, AR Cutibmisgmn AR RIS T B L. WKl 2a Fn, 1R RIERA
PPERTT, R Cur MFEERSAZIH— Cu (8554%) > Cu (7526%) >
fi S Cu?t (40.01%) >ARZS Cu (35.25%) [ARLH: KRBT AKRMRGE B, T IRAKM
WAER, Cur EEURESHRTR, LM NiEE. TERIEKNEEMS T Cu?t
e, XMk ER Cu? BB BIUTRE . R PS5 1 P wiis B fERb A s 59—
JiTHL, B A SRR TH ) T ARy Cu R A T A A . dIE FTIR (& 3) 43
PR, AYERIRM Cu e, WEREEARANA, (URIESREA AT 25 M EDS Reil o r4h
RATHL, AEMRMAEESIMOMMIGE, AERBMENY), Cu LI E,
WPt RE AR, Cu kR m . LIRRIAAER N Cu?'f5, £ 1417, 1312, 1279 cm’!
AEHEL T HrE, 777 em! &b Si-O H4EIRFNGELFE R 760 cm!, X2 KN HIERA S Cutt K
AL ISR S AP, N33 Co> AR TE RS AR sh MR AR IR .

10® = o o +§;ﬁ§lﬁids
Single C
mf' bl % +,(;:\r2:gue ‘ IJ‘.V.'. —eo— R fk+Cu?
.\ Total Cu S o8 X Soil colloids+Cu?*
< Ui |
- S 0.8 ...’.'\ \“ A PEEACE B g : “‘
8 I [ oe®® | Dissolved Cu?* w & / |
= o o v fkisacu 2 g ] ‘
B gos ;/:/'. I\ Colloidal Cu = go.e / |
|1
ﬁ S / o 4:? o n.".\q i\
= 2 ady || £2 oo LR
S So4 JAAAAT R | X Eo4 J o . 4
°e A\ e 4 .
29 aadibad Ayt + s L |
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Az “ 8y _)" ot
0.0 1 1 1 A AAAAddaddadas 0.0 - 1 1 1 B
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= g s P N
K 1 AR Cu? (a) FMEERAAE (b) HFEmL
Fig. 2 Breakthrough curves of Cu?" () and soil colloids (b) under different conditions
80 200
a) b)
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~ 775
g 10505, ! EE
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|
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Fig. 3 FTIR spectra before and after adsorption of Cu?* by quartz sand (a) and soil colloids (b)

0 L
4000 3000

TRARIR S AR KRR v TS e e . HE 2b al51, 4 Cu fifE
i, IR IR IR B A B BN 0.92 FlT 89.84% FFEZE 0.51 F1 49.68%, HbAE: A i
AR 17.14%IG 0% 41.94%, Ui Cu> HAF4M N LIRRAMBE A R E T i, XE
BREAN LA Cu RAESKE RN, RIABAED, zeta HALA-25.05 mV FHEA-
20.65 mV, 54 FERmE I E R, SN 5T A SR R W B BRI . DRSS
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Hh SRR AR T A AR +Cu 1] C/Co 7E 120 h YA 1.0 2351 FR& 42 0.56 F1 0.31 (Kl 1a),
B L IRIRAARTE AN Cu?'faE, RRsEtERRIG, AR T Uik, Hik, AR Cu?'fs, MR
TAIAR 27 5 SO P 38 K, HL AT PR AN 350 50 1 3 5 T e AR R0 A T 3 W o 42430, ik Ak, A D 11
SEM K (& 4) wJLEH, AR EAMMTUATR, RIEHEAH SN, HIRRIAEE
WA AL KPR RS Z AL PR 2 B (dp/dm) 5 FH SEC 0 T2 AR
PHIEVER Cstraining) REEZE, AT dy/da N 5.00x104, (KT 1%4E R A MG FAE
0.002044-451,  Hrmr A\ Ry St B AR THZEE AN R o AR R B ARG B, IR A7
BRI EI S, H— DU R Cu EERMAES I RIER .

Kl 2 f19Ehibif) SEM &
Fig. 4 SEM images of quartz sand

2.3 PSEAT Cu* BYIEBHHER K2 Mm#lLH

TR AT AR (1 5, 33k T T R A e e L E Rk TP e R etk . N Sa
AULE N, EMEEMERT, HRET Co M FERE2IE Cu (90.17%) >H— Cu
(85.54%) VM4 Cu®" (83.47%) >JAAZs Cu (6.70%) KL, KE5 Cu bl
SR, RAES Cu mEMRK. d PS i FTIR %K (B 6) al%1, 7£ 3 320 cm’!
Aab 8 17 v (PR SO SR T K 2 T R BE R B A AR R Bl 06, 804, 880+ 2 975 em! [
WU & R R IHR B 3 R, 72 1 660 F1 2 883 cm! H I (K W WA e 43 i) U 485 T %5 Bh o
C=C HIMAEIRFIAAGNT C-H 25 Hi¥RSh, 1380 cn! kLIRS I 5557 C-H 4 TEA %
(461, 1 045 co! A1 1 088 em! ISR IR G & C-O P ZEREN. PS TEMRIY Cu* )5, WH
REAE U IR LB 2 U0 A R B AL A R B (b B S bk, Bk 2 Wl
PS Wit Cu**f5, zeta HAAZM-25.70 mV FHE2-8.74 mV, #E—DUleH 1 &R £ S
Fl o Wang SEWLE R 3] 772 5 S IR IR B SR I L T 2R S CEREGS Cu? IR BB,
RIL Cu? AEFFHR S FIMTER N RELMIERR TSI M T . 5 EERAMLt, HT PS
X Cuz WP e 15 55 HLAR 5 i, IR B RS2 R TR BT 5. AR 0 JI0RE A 7 S5 AE
FNEeS0L, PS X Cu T RE ISR, HENET Cu*MFIERE, My Cuzld
AR HERAEIE . CHMTRY, WOBRME NIRRT Lok &R 2 Ak, s
M) 45 8 7 L T R85 1) A A PR B
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Fig. 5 Breakthrough curves of Cu?(a) and PS (b) under different conditions

200

FEHER
Transmittance/%

1111088
0 u 1 iy
4000 3000 2000 1000

K Wavelength/(cm™)

Bl 6 PS W Cu>Ri/5H FTIR kA
Fig. 6 FTIR spectra before and after adsorption of Cu?* by PS

4 JRAE I RE b IR B 2 38 5 5 e i SR 1) 2 T A R SR BRI AS SR U B R E 2
AT RITEE. HE b rAE, BART, PS FiE&FamH e (1.5~3.5PV),
S L7 TR, R PS AR R NTUREREEPY, 5L AL, PSR
WhE, BOMEZANFTH KRR, BEKE (0.94) MFEFER (94.51%) HET
TIERAA . Cu?ELERT, PS HIIEMEIREE (0.34) MIZER (39.04%) FEA%, BB Cu* i)
T PS WL . 75 PS+Cu B BIEANM B, PS M EMLT &5 2RI &S T s
(1~4PV), BIFEERGERAIABEN, PS TEZ LA BT IR G A WG, BFRHN
AR B, —TJ5 2B PS fEMR I Cu?tfa A ARLAR K, 43 7l HH-25.70 mV F
520.50 nm #4 N £-8.74 mV Ml 631.70 nm, SAHFRPRE FIEFEHFRER MRS, SEPS EY
T2 AN FEE . 57, WIHATE PS A kb R 1E A 1) Cut RERSMF 2 22 10 1
B 1) PS A SERD, (RS 211 PS PUARTE AT bR OS], PR AW EFt. Li 5504
AR MR T (Ca?) v DUEIE P& 1 5 R A i R 1 H RE A 2 [MJE s =0 &
G VDRAZ I A B R o Ak, HHPTRRSRIGEs BT A, Cu> HAEENL T PS &)
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