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Effects of Aging on the Cd Adsorption by Microplasticsfhnd the Relevant Mechanisms
WANQ. Jun;jie1 ) CHEN Xiao-chen'* , LI Q;uan-Jda% i JH{I CHéng-jupl , HUANG Yi-jia¥, FAN r‘Lu-jian3 , ZHANG Jian-yu*, LIU Xian-hua®
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(L. Fujian‘ Pr.()“;incial Engineering Research Center of Rural Waste Recyclinﬂg .T;chnology, College of Environment and Safety Engineering, Fuzhou University, Fuzhou 350108,
China; 2./The Nuclear Industry 247 Brigade of Tianjin North China Geological Exploration Bureau, Tianjin 301800, China; 3. College of New Energy and Environment, Jilin
University, Changchun 130021, China; 4. Jiangsu Longchang Chemical Co., Ltd., Rugao 226532, China; 5. School of Environmental Science and Engineering, Tianjin
University, Tianjin 300072, China; 6. Fujian Ospring Technology Development Co., Ltd., Fuzhou 350000, China; 7. National Institute for Environmental Studies, Tsukuba
305-8506, Japan)

Abstract; It has been verified that, as an emerging contaminant, microplastics are capable of adsorbing certain traditional contaminants like the heavy metal Cd. However, the
majority of previous studies only focused on certain types of virgin microplastics, especially for PE and PS. In addition, this adsorption process might be affected by
microplastics inevitably undergoing aging and consequent changes in the natural environment. Unfortunately, the relevant reports on aging effects were mainly about organic
pollutants, rather than heavy metals. By far, there have heen few comprehensive and mechanistic studies on the key aging effects on the Cd adsorption by various types of
microplastics. In this study, five representative types of microplastics (i. e., PS, ABS, PP, PVC, and PET) were selected for aging by ultraviolet radiation, and the
physicochemical properties of virgin and aged microplastics were thoroughly compared, including specific surface area, crystallinity, surface functional groups, and surface
elements. Accordingly, the changes in adsorption isotherms of Cd by microplastics were discussed. The results showed that; (1) aging induced non-significant changes in
specific surface area but a significant decrease in crystallinity. Surface functional groups also changed, including the emergence of a C =0 functional group on PS and ABS,
the decrease in C==C absorption peak intensity on ABS, and the increase in absorption peak intensities of C=0, C—0, and polar ester groups on PET. Regarding surface
C content, C =C/C—C decreased, whereas C—0 and 0—C ==0 increased. The total O content and 0/C significantly increased as well. @) The Langmuir model well-
fitted the adsorption isotherms of Cd by virgin and aged microplastics. Aging significantly expanded the adsorption capacity of Cd by microplastics, as the order of saturated
adsorption capacity before aging was ABS (0. 228 4 mg-g ™) >PVC (0.1360 mg-g ") >PS (0.128 6 mg-g™") >PP (0. 1005 mg-¢~") >PET (0. 0462 mg-g ") and
then became PS (0.2768 mg+g ") > ABS (0.2586 mg+g™") >PVC (0.1776 mg-g™") >PP (0.1721 mgeg™") >PET (0.0951 mg-g™") after aging. ) Both
crystallinity and surface functional groups played key roles in the adsorption of Cd by microplastics. As for virgin microplastics, crystallinity was negatively correlated with the
saturated adsorption capacity of Cd, because the amorphous regions contributed most to Cd adsorption. Aging brought about the decrease in crystallinity and the increase in
amorphous regions, which further promoted the oxidation reaction on microplastics. Consequently, oxygen-containing functional groups increased on the surface and eventually

expanded the adsorption capacity of Cd by microplastics. Note that certain specific functional groups of various microplastics also had impacts on the adsorption process. These
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results provide valuable information about the environmental behaviors and interactions of microplastics and heavy metals in nature.

Key words: aging effect; microplastics; adsorption; Cd; mechanism; crystallinity; surface functional group
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Fig. 1 XRD spectra of virgin and aged microplastics
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Fig. 2 FTIR spectra of virgin and aged microplastics
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Table 3 Surface element contents of virgin and aged microplastics

Cls/%

(BeEk =y i C/% 0/% N/% Cl/ % 0/C
TSR C—o—C o o—c—o ) b b o
- J IR 91.13 5.81 0.73 97. 67 2.33 0.00 0.00 0. 024
EX 4 86. 81 7.97 0.93 95.71 4.29 0.00 0.00 0.045
J IR 61.82 29.33 0.40 91.56 3.36 5.09 0.00 0. 037
ABS
A 41.17 40. 46 7.11 88. 74 6.94 4.32 0. 00 0.078
P JRn 65.35 29.72 4.07 99. 14 0. 86 0. 00 0. 00 0. 009
1k 54.55 34.08 5.34 93.97 6.03 0.00 0.00 07064
— JR R 40. 61 16.97 6.30 63. 88 15. 62 I 0.00 20. 50 A_x"():'245
1k 36.52 22.54 4. 44 63.50 17.53 0.00 18.97 40.276
Jsihh 47.97 12.91 I1.36 72.24 27477 0100 0.00 ./ o384
PET ’ 1 ‘ .
XA 47. 41 11.87 _11.99 71.27 28/ 78 0.00 0.00 [ 470.403/
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Table 4  Best-fit models for the Cd adsorption isotherms by virgin and aged microplastics

Langmuir #5571

Freundlich #7

THIB AR T P K /Lomg] 2 K,/mg ~"g L n IE
- JEi b 0.129 0.050 0.991 0.032 0.261 0.784
“1ik 0.277 0.069 0.999 0.086 0.221 0.809
ABS JEi b 0.228 0.021 0.928 0.012 0.550 0.905
Ak 0.259 0.030 0.998 0.039 0.340 0.921
PP JRs 0.101 0.020 0.994 0.015 0.495 0.864
Ak 0.172 0.012 0.988 0.009 0.520 0.925
PVC it 0.136 0.035 0.993 0.024 0.356 0.829
Ak 0.178 0.016 0.989 0.030 0.523 0.916
PET JRth 0.046 0.039 0.983 0.003 0.328 0.902
EA e 0.095 0.032 0.988 0.005 0.322 0.982




4 39

ERAAE . EACAE XTI R I B 5 B4 5

Wi S AL

2035

. | S
290 29

g
oo
2

288

2

(c) PP

290

g
o0
2
2
=l
2

A\

(d) PVC
c=C/C—C

L4
oo
&

288 290

b2
k=l
(=]

(e) PET

C=CiC—C
0—C=0

I
I
1
I
!
1
1
I
I
I
I
1

286 288 290

“5{rfEeV
B3 ZUARRERR XPS C 1s EE
Fig. 3 XPS C Is spectra of virgin and aged microplastics
KT HERMR, —J7 0 5N E A HIE R B3
R OER R R AR (LR 1), o5 — T i 52
AT WIBER Cd 1Y g, AAELE ARG (W3R

282 284 292

| X

g/mgg”! g/mgg”! q/mgg”!
& =
-}
v
L ]
\\X

g/mgg”!

q/mgg”!

Ly
= Jihh

50 100 150 200

(b) ABS

50 100 150 200

(c) PP

50 100 150 200 250

(d) PVC

200

0.08 -

0.06 -

0.04 -

0.02 -

0

(e) PET

0

150 200

c/mg-L7!

50 100

B4 EZUHIEMERIT Cd B Langmuir ] EE 2%

Fig. 4 Langmuir adsorption isotherms of Cd

by virgin and aged microplastics

250

Rt

5). HIERI I AR BRI R Cd IR BRI AN 2
AT EpL b Pl L 2 TR ARG — W 3 B TR 1. S R



2036 7D 53

B 43 %

R AR 235 ) 7 LR ) 4 i 2505 e i P R 2
ORI

ST R AR SO R 45 S O Cd
(4 q,, (EIAFALE o B B 2 S A OCME (L3R 5) , 3xX ST
NHIBFFESE R 24 AW I e £ 85
HEE S BRGSO IG e I K A 6. 1
Hh TCRE T A 45 P 2 W o 4 I S 05 Y ) 11 X
S8R, XoF WK% T FR ) S 0 g T LA A e 4 T
PR OB A XD | SRS AR, PRt )
Cd MR 2B I AR S, SR (0 45 i
FRRAR(E2) X Cd MM s (% 4). o br
Ji PRl A 7E 24 AL T I 5 M R S R T R A X

HR o3 B RN HE B fil RS Bl A 52 BRA 23
HEWT R BUTC T B2 4, OR i — PR R R B Y
() 25 it B2, I RO R O 3 T DX AU L 091
SRL I 08 TE 25 DX BUAT 1 9 B/ i =5 L, A A
THAEZAEWA S TBENA M ZENTE, 2
PSR B B A AR 7 AR B SECE BE AT T RE S| R
TERERT C 1 Wi B 18 o 00 SR T AR 5 o
HAR AT o WL B 8 AL R 45 R 5 X Cd
(9 q,, A7 76 S 35 A LR PR A S, DRI, AN RE ] 2R
M3 b 45 R R SE R WS AL I RE RS Cd I A
REI 22 53, AL 51 K 1 36 1 RE T A B4R
AR R FE 4

®5 HENNEAERSEST CdWInERMEZ EAEXED

Table 5  Correlations between physicochemical properties of microplastics and their ¢,, for Cd
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