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(College of Chemlstry and Cheml(al Engineering, Ningxia Nnrma], Unlversny, Guyuan 756000, China) 1 s |

Abstract: Microplastics are 4 new contaminant thal are Lqusmg worldwide' concern, However, an understanding of their impact on agricultural seed germination remains
inadegiate. To investigate the effects of combined microplasti¢ and l.wd\y metal wnfdminalion on crop seed germination and growth, the effects of exposure to different single
and combined concentfitions of lead (Pb) and three mic roplastics [ polyethylefie_ (_EE"T polypropylene (PP) , and polyvinyl chloride (PVC) ] on maize seed germination and
growth/wete ifivestigated using maize seeds. The results showed that: the iffibition of maize seed germination by Pb single exposure generally increased with Ph concentration.
Compared ith that in CK, 500, 1000, and 1 500 mg+L ™" PE exposure significantly inhibited maize seed germination, but 100 and 300 mg-L ™" exposure had no significant
effect (except at d 5). All PP concentration exposures significantly inhibited maize seed germination, with higher conc entrahons resulting in stronger inhibition. Compared to
that under PP and PE exposure, PVC single exposure inhibited maize germination less, and 500, 1000, and 1 500 mg-L ™" exposures produced a facilitative effect at the later
stages of germination. The germination index, germination potential, and vigor index of maize seeds decreased with the increase in the single exposure concentration of lead and
three types of microplastics, significantly decreased compared with that of CK under the combined exposure of Ph and PE, and did not change significantly under the combined
exposure of PP and Pb or PVC and Ph. Among the three types of microplastics, PVC had the least effect on corn seed vigor. Both single exposures of 10 mg+L. ™" Ph and 100
mg+L ™" of the three microplastics promoted maize stalk and root growth, whereas other concentrations showed mostly inhibitory effects. When the PE concentration was 500
mg+L™", the 10 and 20 mg+L~"Ph exposures both promoted maize seed stalk and root growth; however, the combined PP and Pb exposures did not produce significant
inhibition, whereas 500 mg+L~'PVC and 10 mg+L ™" Pb showed the strongest inhibition of maize stalk and root growth under combined PVC and Ph exposures. The effects of
combined exposure to microplastics and Ph on the germination and growth of maize seeds were essentially antagonistic, thus slowing down the toxic effects of their respective
single exposures on maize seeds.

Key words: microplastics; lead (Pb) ; complex pollution; maize; seed germination and growth
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Fig. 2 Changes in maize germination rate under different single concentrations of lead and microplastics
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10 mg-L~"Pb 1100 mg-L ') 3 M8k 2R F £
KR AR KGR T CK, HEEE % @ W E f T+
1o, B ZER AR B A2 /1N 3 Ui W B 8 =7, Pb
FIGCEE A B — 2 5 ) R 1 26 A 1 o . Y
R SE RN Ph, PE, PP} PVC X EAKZEAK

R o Wk 50.36% ., 55.67%. 4.24% Fi
49.48% , % AR AR A ] R o G 3k B 21.61%
45.17% . 49.25% F139. 84% .
2.4 HEBFRBNEREZFERNZEM

BT RN, B A 50 S I U 8
BHHEEE . 100 mg-1~" (X T KA 7 1 & 2 e iF
YEA) . 300 mg-L~" (%255 i 30 &l 76 FH ) #1500
mg- L~ CBESRIGIMEIVE ) 5 Ph YRR 10 mg L~



4462 woom B % 44 %
60 60
40 40
20+ c 20
: [
£
o 0 - 0
=y 7
20| A 0| P
40 s a0 |
a
60 o ) ) ) ) ,
1} 10 20 50 100 150 0 300 500 1 000 1 500
plPb)mg- L7 PPE)Ymg-L7!
60 60
ab ab a . a
40 — b wl J a a
= &
b
20| 0 b
E .
8 4l . . ol
v . . -
7 7 2 97 7
40 | 40 | / b
60 60 é a X F
0 100 300 500 1 006 I 500 0 100 300 500 1 000 1 500
p(PP)/mg-L™! p(PVC)mg L™ -"i"ll
- ] — 4‘;’*‘4

(fﬂﬁﬁﬁﬂﬁnz@"'mgL ) L
ﬁf%ﬁ%%w"ﬂeﬁ¥mﬁi@%ﬂﬁ
{H%ﬁﬁﬂﬁﬁﬂﬂf‘%k e SEARIAT RN (B &) i
B30T 3R BOBRLRN P 0% 2 BRI R T K

100
30
60
40

B3 P ﬁf@jfﬁnﬁ F%ng*ﬁ%gvmﬁk*%

||F ig. 3 L_Cha.nges in stem and r001 l?”%’i’ of njlze. {fseeds; exposed to different cﬂncbntr tions of

_ﬂ; 9
iead qmd microplastics - r,,:"f
4

\FRE, fivdk ﬁFﬁﬁﬁ%WEFHFﬁ%HTIEﬂi*kL%ﬁEE

MSL% [f]— Pb M, FK K ZFFBEH PE #l PP
e BTG I, (B BEE PVC MR E BE AN T U 2. PE
+Pb REEHT, FARBR K ZFHAE PE(300 mg-L™") +

PE + Pb

ERHHE + POk

PP + Pb

fmg-L7!

3 0+0(CK)
100+ 10
300 + 10
500+ 10
100 + 20
EEE 300 + 20
= 500 + 20

PVC + Pb

o
-]
aF
o
=
'
&
—
=
o
o
&
-
-
—o
—i
]
] o
—
-

{3 £

b8

4 PhAMBERAFAEEGRERETEREFRNEL

Fig. 4 Changes in maize germination rate under different combined concentrations of lead and microplastics
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Pb(20 mg-L~") B #E N NI/ (13.76% ~ 14.42% )
(%3 d B 4h); 78 PE (500 mg-L™") + Pb (10
mg-L™") TR (34. 52% ~74.90% ). Hi L HoAth PE +
Pb %5 ,PP(100 mg-L™") +Pb(20 mg-L™") #FE
% 2E 3R e /N (1. 219% ~39.33% ) , PP (300 mg-L.™")
+Pb (10 mg-L™") &b # T~ ik 3 f K (3.27% ~
58.67%) (%5 2. 3 d BR4). PVC + Pb &}, PVC
(500 mg-L™") +Pb(10 mg-L™") #5& F E XM T %
ZERE/N(3.12% ~36.73% ) (45 2. 7 d BR4M) ,PVC
(100 mg-L™") +Pb(20 mg-L ") B FHc K (7. 63%
~54.93%).10 mg-L"'Pb 55 PVC AT FEKK

ZERESRALT 20 mg- L' Ph I A 5%,
2.5 BAHFEN T KRNI AR

3 PR P 5 R ER T, FOKFhF & ZF 4R
B, R ZESTING 148 BE A TR S BN ] 1 2
AR RS (£ 2). 5 CK ML, Pb + PE 5%
XFREEFREL . R FAHNE TR 80 kA o AR 4,3
AMEFRTE 10 mg- L' Ph AbHE N HIRfE PE W BN
MK, 76 20 mg-L~" Pb AR FBE PE ¥ BE R4 e
WS, PP + Pb Ml PVC + Pb B8 F,3 MEFRHH
CK TG #7454k, FLEE% PP F1 PVC MR BERSG I s fk
BT

R2 PIRENAREARERETERMNTFRIFHENTL

Table 2 Changes in germination characteristics of maize seeds exposed to different combined concentrations of lead and microplastics

gt
-

Qb W%/ mg-L! RAFFEEL RS % MEWAE R4
CK 0 4.34 £0.91ab 54.76 +14.87a 162. 49 +65.09bc
100 +10 1.61 +0.50¢ 16:67 =7.22be 35.60 +49- 70de
300 +10 2.96 £0.41¢d 20. 83.4 14, 43be 117.59'+26 89cd
[ A 7 ,-" —]
PE + Pb 500 +10 477470 £0.67a “34.‘:52 £13,52k 351.4€l..;4§..;7,4a
100 +20 1.84 £0.31de 1667 +7.22b¢ 42.44 £ 10°77de /)
300 +20; 1.21 £0.04e ! 13.7640.45¢ 17.46 +1.38e” &
500 +20 | /3.4940.76bc " #12.50 £0.00c W 210.73 £69. 52b';
K ‘ 0 SN 7B #54 20.01 U 5476+ 14.87a 162.49 =65.094
. C y. . L/ f .-v'".., +0.91a ‘..5' + 8} a @ 9.“.r j ‘9-&1‘.
-drF i 100 +40 &5 7 #7773 67 £1.37a /' 46.02 £46.02a 153.38 +81.69a
N 300 + 10 F I 4.13 £2.37a 84 17 2078k 247.90 + 185, 04a
- # 4 . =
500410 L B 1 W Ja 16 42.42a “58.33 +38. 19a 229.08 +200. 204"
PP + Pb ! I 2
2 |/ 100 +20 3.03.41.70a | 37.50 +25.00a 142.32 £ 116. 88a
| .,. I 300 +20 A 4T3£0007a 52.67 £25.25a 171.46 +116. 02a
= 500 +20 416 +1.70a 58.33 £28.87a 243.03 +194. 74a
"k 0 4.34£0.91a 54.76 £14.87a 162.49 £65.09a
100 +10 4.34 +2.07a 58.33 +38.19a 155.88 +115. 82a
300 + 10 4.57 +0.98a 58.33 +28.87a 132.93 +66.42a
PVC 4 Ph 500 + 10 4.00 +2.39a 54.17 +43.90a 118.71 £100.31a
100 +20 5.35 +1.44a 66.67 +28.87a 240.81 +58. 10a
300 +20 5.77 +1.17a 75.00 +43.30a 148.56 +100. 77a
500 +20 5.37 £2.33a 76.00 +41.30a 248.77 £165.96a
2.6 HEREXERFFERPFZN 3 Wi
e

TP FZERKFIRKAE 10 mg- L' Ph ZFERHY
Bl % PE ¥R BESG I3 K, #£ 20 mg-L~' Pb BT
B PE ¥ B3 ISEm/INE R (B 5). 2 PE R
4500 mg- L~} W Rl Ph vk B R R W E L E
KEEFAR Y AL A H HoAth PP + P 285, PP (300
mg-L™") +Ph(10 mg-L™") Z25E F E KRR MZEK Y
KB, 4394 60. 20 mm F157. 7 mm. Pb + PVC
T F LR PVC(100 mg-L™") +Pb(20 mg-L™') 5
PVC(500 mg-L™") + Pb(20 mg-L~") &b B H {1 4b
PR FRYME] T FARZEM ALK PVC(500 mg-L™")
+Ph(10 mg-L™") BT, EARZERK MR AN,
39024 22. 82 mm F115. 78 mm.

3.1 PA—FRERN TR R 2R AR AR R
FRRVGI E BN L TE 22—, KR/ Fh
MR AR, TR 7 R 2 5 K223
HHER ORI Y R B &R
BTG TR BURFN T & ZF S8 1 B bR R T
S WA A - AN & 2R 00 Ph XA b
TR XK Z MR A K a R, Tk
PV RIS TR ZER . R ZERAE R
H5 Ph BEERUWE S W GG BUREESE B g
KW REMFHERFER, RFEH WK EFRY
B Pb YEJE (10 ~200 mg-kg™") 34 h i MK, AT
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T/ :z'ﬁum}m o T N o Pb
BRI T & 2 R K 10 S0 2 0 (T4 7
7 AL (10 mg-kg {23, > 10 mg-kg I ,
X S5k ESE Ph ., Zn WhE X B EOR AU M) oF AR
Tl 1 & HH T R ) 114 225 SR A L.

FHCHARL X R b - W 2B A 1) R ) 5 7 0 e 2R
BRI YIAR S 22 A0S 5 i A
TRIE T PP PE FIRT R 20 RE (PLA ) Xt/ NAZ Fih &
ZERAER MR 25 R I, 3 R AL S R T /N
HRF R R H R B B O R 2 | kit
FVe BEAS[RTITTANR] , Xof 7N 22 ol =7 Az K A8 A 18 52 1 K]
TR ST R 5 5. ARFSE T R R A i e
RUS FORFP T8 & B A= K B 5 M AR FE AN TR] , 3 AN Y
B TS (] 2R 5 0 2 ek 3% T R R B AN T (A
1), T L2 PR A AN () 24 T80 Gl 8 e A0A 2% 1T T 4l B i
AN (7 1 FEL Af 448 22 0B LAY B 7 00 R A 1)
R T 5 Bt A T 30T ), fe AR VR W A AR AR X
Tl SRR A I B TR WA 0 R 2 )

AN, FE A 5%, 3¢ M B2 (500, 1000 Fl
1500 mg-L™") PVC Z25E X} T K & 28 7 — 2 (i
PEERT, ATBESE i T PVC TER BT, 5 K A R

IK A3 B W 70 R R X b 4 o T T
%[38]
3.2 BEBENEKRMF ALK

TR RE W B A B8 v 1 T 4 JE B 1, il H B
FITERS 3, K T 4 i ik A AR R P OF & A B
AR, DTG A s B R i ) 5 R[] 2R A Y
TR RHURL AT B | SR E RE I S B R 1 22
Eﬁ,ﬁﬁ%ﬁﬁi/\ﬁE’J%Mﬁ?ﬁl%ﬁ;ﬁ*ﬂré’éﬁﬂf
[T AR [ 04 AR S 3 e T L — % SIHTEE R
BEBUAY 100, 300 1500 mg-L "3 3 ﬁngW&E,
10 mg-L ™" Fl120=mg- L.~ "5X 2 Ff Pb ¥ &, #??EA

TR Hﬁu‘xﬁﬁtt{w;/%ﬂ‘r%g/%#u%ﬂ“&jﬂ

Al P KA T (223 . BRI, OB B 4 ek
Y /M“U& PB B F U AR, 8 RERT Pl X T
ﬂéﬁ%ﬁﬁwﬁ&&kfﬂiﬂﬁxﬁﬁfﬁﬁ%lﬂ @z@;k"‘_
iﬁ%ﬁé‘%@ﬁi’%ﬂﬁ#h?ﬁﬂﬂ i3 9T, P A
b e T 9 — R ORI
fEH ,iX LTEE;%B&?E%E%%&%W?M@ML
(OB 2T A AR N T S R T
it P 3 85 | DTG AR AT 79 3 114 26 9 il R R A7 g
PE (100 mg-L™") + Pb (10 mg-L™") F1 PP (300
mg:L™") +Pb(20 mg-L™") FREEXT EOKRFlF ] & M
AR 7= AR DR REIVE 32 PR Ok Bl 9 Ak 3 2ok 5 o
VEFILRERE Ph B F & AR & 4 B T/ED A48 Ak
JE,INE T V5 Y 4 7 RN, AT 2 B B IR &
%{43,441_

SR EE W — Pb MR E T ,100 mg-L~"Fl
300 mg-L~" [ PP Il PE % 88 4] £ AFhF RN
W}IEM’EFH ,500 mg- L~ BRI FEYEH. S5

ZERMIL, DONG 25 BiF 58 & PR, 204K e B (40
mg- L") B LI E T 4R X KR A K N #E
M E A (100 mg-L~") 5 fk 1 8 4 8 XK e
AR BIIR]. SR BB R P &2 2R B X KRR
T & A K 5 AN 5 S R R AR R R VR
K I SREEERAR KN %IZT%J*’f/EﬁJ‘&:L{ﬁ
SRR A, HAL T A 2% L AR WA, T i — 2B
AWF5E.

4 HFig
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Table 3 Interaction between micro plastics and lead exposure on maize seed germination and growth
ORI e i . - . © - ; "
o RERCOIE  mrampe wm o N ORK Bk EhER
PE,100 3 [7) P31 P31 ZG] ZAG| ZE]
PE,300 3 [7) I3[ P31 ZG| ELE it
PE,500 ELEA i i it it it
PP, 100 R i i ZE| it it
10 PP,300 W31 EEA ECEN ECE/N ECE/N ECE/N
PP,500 EEEA EEA EEA EE/ EE/N EEI
PVC,100 W31 EEA EEA pIA] pIA] EE/N
PVC,300 WpI] EEA EEA pIA] pIA] EE/N
PVC,500 3 [7) i i ZE] it it
PE,100 G| G| i AE AE I
PE,300 I G| By irI] irI] irI]
PE,500 EEEN EEA EEA EE/N EE/ EE/
PP, 100 EEEA ECEA ECEA pI] EE/ EE/N
20 PP,300 EE=EA EEA EEA EE/ EE/ m#t
PP,500 EE/N i i ~ 9t ECE/ Sk
PVC,100 ELEA i HT - A by = ?ti’ﬁ
PVC,300 b it il et | N LTI "R
PVC,500 i EEL ECELN | A A ‘fﬁ}ﬁ
e HE T 5 T ﬁ%%f*ﬁ?ﬁ‘"ﬁj@ﬂﬁé A, 1016/ entpol 8021 16554
[2] WK, ?KEJ[ & Z%’.Bﬂj:iiiﬂdlﬂﬂﬁ\?ﬁ *ﬁ*ﬂﬁ
%TﬁTk%l%mgL%M%mgLigﬁ%ﬁ ﬁ%mjﬂﬁﬂﬁmﬁﬂﬁ)ﬁwm3 -~
I*ﬁ?ﬁﬁ?’iﬂ‘?ﬁ"ﬂfﬁ% ﬁlﬁ 500 \Jl 0 iﬁql 500 Bo L J Li B, Zhang K, et al. Dlsmbutlon sour;:es ami'-i
mg - NI %@E%Tﬂ] ﬂi‘J E**EF T 1 75\‘2; }5)?%‘ PP (ZQ behaviorql‘ﬂaracteristicsl of microplastics in farmland soil ,[,.«” .
Environmtental Seience, 2023, 44(4) ; 2375-2383. 3
I 4
Fﬁ‘ﬁXTEE*ﬁ?kﬂ:igﬁ:éEEfid %ﬂ] ﬁ]:J ’f/E)FH ;u [ 3] Ahmed/R, Hamid A K, Krebsbach S A, et al. Critical review of
'ﬁi_b% v*ﬁ H: pP %ﬂ PE PVC %‘ ?ﬁﬂ%}jfjﬁﬁp ?‘Z% A microplastics removal from th} environment [ J ]. Chemosphere,,
%ﬁﬂﬂﬂ% 3 ﬁijj@ﬂ%u Pb E/JEA%mﬁjﬁﬁuﬂﬂ Tf"’ 2022, 293, doi: 10.1016/j. chemosphere. 2022. 133557.
] 4 K- 3% [4] Z9k, FB, B2, BORRM AR REE e L REE
E;f;ﬁ‘?ii% , FEL A0 ] 7 T B 5 ) 484 5 i (11, HEAEE 2021 16(5) . 221,227,
R . . .
: Qin X, Zhou Y, Huang Y. A review of population exposure
(2) }E'\MKJ:E‘ , jiﬂéﬁ?‘éqﬁ?ﬁj’g‘ﬁ N ﬁ?j‘l%ﬂ:ﬂ routes of microplastics and their possible health hazards [ J].
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Sarker A, Deepo , Nandi R, et al. A review of microplastics
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e L 5L ZIGWIT A1), FREGRF, 2020, 41(8) ; 3675-3683.
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