44 %8 & 2020F ¥£65% £ 20H5:2120 ~ 2127 ¢ OPIER2E) 2okt
SCIENCE CHINA PRESS
CrossMark

& click for updates

AAFHEDY DA HEW ORI 2 R OISR BR

1,3 2 okl - 1 23 & 1 1,3 =1 N 1,2,3*
FmAT, FHEN, REAR, AT, RE, AF 7, L, BBKH
1. HEREERR G R ST, TEREEBGE R A R 5 B R T S, G 264003;
2. HERE R R A IR, P ERR B AT S5 Y S T T, BT 210008;
3. I EBABER SR S IR BE, LA 100049
* B Z& N\, E-mail: ymluo@issas.ac.cn

2020-01-10 Wk, 2020-03-04 1451, 2020-04-02 3%, 2020-04-21 ML IR % 32
FEI R BB A4 (41877142) Hh ER= B R AL T SFFETHRI(QY ZDI-SSW-DQCO15)Fl E K 8 it & 11-40)(2016 YFC1402202) ¥t )

A% R R P BRI R R ©A R, AR AR OE R T A RO R b BRI, B R
T EEAERA G THANRARED P AR EERE G RBOE L. AT RER DX AL, U
0.2 ymFOEAT R R W MR R B, RARLZADEHIER LR, FeMtARET LR AY
T BMR, RIDNZ Y EAEDIEFET R ER02 pm KK ZHF MR, AN K 4w A& A8 JOUR R foak
AR EK21dE, HRIMEEETS KB A BB R A2 b B IR BN RK N AT, R A ROk Rk
B/ R RO NAR B P BB FUNMA R B At B AR, BRI NRI R E G, TR EEHLABME| M
WO LMAEE KA FWREAR . FRERI#—F AL R-EWREFHER 2% 5 RENHRGET

R TR

RElW  NE A, RERTIFHER, D8, Rk, RE

BB UESE T I AR T . WA S KRR
b, JtpeE RS E s, DI, IREERSEAE
Y ICR R, B A T DU o B T s Rk
WITE RS, Xk A A R RV RS, T IS R,
i 1 L2 A b A 498 R T et B 3% 5 | EE L
A FHHBERE fE  J5 R A AU . 15 K. R
UURE DL B Hb 36 728 38 46 Y BB 5 B R 7E £ 3 h FR
U0 U E M, AR RN AL e 1 e
BT OE R 31553 1100001730000 t, 31X —%0FiE
W AR E OB R A RS B, RECH
VR TR e - RN A - S P RO R R AL R Ry
i BB EARE™ ), EXS AR TR b R R %
AP, BRI M Z TS T . L, iR
FE s AR A A M 385 et oY, IR EA H +

SRS Y i XU A4 SR PR BERL AR .
(CVZY S N we Y =l WL g we= B2 K A Gy Giv i 1]
DR Be= AEE 7 Fuala =y -1 1 AR 08 45 41 S Y N VI B ik U
ErEEL S . B AR R VTR R XU Y, T B AT
EEYRNEREE. B AU AR GERAR/N
EMFRIER, BUENEN R A RS, I HA
KU B, g R e A HEAVEAR N TRIE
SE. IRATTATHI BT B, KBRS A SRR ORI
FZRKIGERH0.2 um) iR, JTHEe s b 2] vl 4 &
B mzEnt 2z ep M JiangZe A SHIE T KR S0
TRIRZIGHER0.1 pm) 7] DA & TAR RRIAIFL R,
I HRETHUERY Bk, o emfdst:. NEER 4
BRI MAENR EEY 2 —, BPEE R EEY,
FEFR A7 b X A A PG R RIS, /N1

10.1360/TB-2020-0030

SRR 20, 250 mi, KA, 55, RASEHEY)/INZ RRTBCRIFR SRR IR RHR. BlA#8 R, 2020, 65: 2120-2127
LiRJ, LiL Z, Zhang Y C, et al. Uptake and accumulation of microplastics in a cereal plant wheat (in Chinese). Chin Sci Bull, 2020, 65: 2120-2127, doi:

© 2020 (PIEREE) A=tk

www.scichina.com  csb.scichina.com


https://doi.org/10.1360/TB-2020-0030
http://《中国科学》杂志社
http://www.scichina.com
http://csb.scichina.com
http://crossmark.crossref.org/dialog/?doi=10.1360/TB-2020-0030&amp;domain=pdf&amp;date_stamp=2020-05-21

it 32

H—FARABMEY), HEAARFE T T ALY AR R
ZERRIAR R R0, s se R mT e Hox) 98
RHIER TR B, OEERE S R ASEHEY IR
B BEAS G, BLAh, B AT R W i
AR T E R WOKEE LR, MK EE A S IE
A AR 25 AR, MELL S B ) A 1 5
W LSRRI, AEBRL R -RAR A B K SR T
PRI A A4 IR SCRN AR SR T LA S 7

R M Bkl FHE R 0 — PR R G 25
R, R E 7E ER 0 v 28 G R B T RS e 2
I ARG R TR T AR R, 765256 2 i bk it
WRFAET, DZOhRIC R AR M SR ER A U
BUERT B, 12 BB R DO B AU Hi 7 B
FoR, W58 T HERTE/NZ G iR il FUER &
AN, W R ] it — A R IR R g
TR A% 38 5 B ML B UL e AR A4 i
1 MEHS ik

(1) ZOERKIGEIRIER. AR PIFIA
FZeahnic(Nile  bluemé YRR AL B2 G IIER,
4-GA-T-fiFHE-1,2,3- T 8 4% AR Y 4% (A 5O
BR)0.2 umBIE LM IERIEER, KA R AL AR,
[ 5 oM 1%, I R R RS R A PR 7 il A .
LI TEINCHRIC IR IR LR PR RERTE I %2 (620 nm)/ &
(680 nm)i T RIER B 5w B O, SREasehRid
(SR LR WIRAER K (488 nm)/ & 5F (518 nm) KT
AR B R s R, P B R RAFMPORE
PN A ORI Sh A O G HUH (Zateseries Nano-
7S90, Malvern Panalytical, = [E)/M7 HuK&RAE K
(0.24+0.06) pum, F 44+ B 1405E(S-4800, HAZ, H
A ELHAOIE S, HA UL B ERIE (S 1).

(il ) Hut 7. /N (Triticum aestivum)FhFH
o E DR A B PR H R N—S N Fif
+, 6H0.5% NaClOWF AL 3E5~8 min, #1TRIH
KR . Bl e R 4l KR Bl R A S IR LA L B 8% BE 1Y)
NaCIO¥ . #Fh—+ & TH= & iiE o K w et L, 78
25°CT I RECAEZES d. R/ INZ AL R, e 215
Hoagland & 3#3 P, 76 A T A3 GRIE J(25+2)°C,
S AR SRS () 412 he12 b, AHXHGRE 1 55%) 4k 4k
Ri7%3 dfefitfdi .

(il ) SR SL 58, A I RS RE 2L 5 R
0 £ £ 0] ) JEOIR AT BRI [ J A 0 s 25 kL

W, N B SR A GV E P RS Y AR R 1 52
e, AR AR A 3 2 B I b A R R A5 R SR A HLTE
MUY, BT R AR 434 240.5~0.05 mm: 34%;
2~0.5 mm: 64%; 2~0.5 mm: 2%, pH47.9 , ATV HLER
(DOC) &t 411.2 mg/L, THPpHFIDOCE HEH A 1EK
WO L1 AR PEINAS. KA L)L 250 /minf&i70.5 h,
1£5500 r/minf0>10 min, _FiEHH0.45 pmEr X uEds
IS, i HpHI(S220, Fit:, HEEREDAIAHLER >
Hr{(TOC-VCPH, HA LG EE. Kl tafsgasiit
FRICHY IR A C IOk E I 25°C 75 (KQ-500DE, B 1L
MRS RR A, HE)SHG min/5, B &5
W 51/5 Hoagland’& FR IR A5G A E400 ghbik
Hh RS-V T L2 10:1, SRMEERMREE 0.5 mg/g.

ST VEE WAL, Ko IR A A R G SR Ak B
W, HMEIEMNEEE, Q250 mL)yB AR
s PRE O 25 R etk NG . ARSI TE
NTAMEEMSS K21 d. A2 dfME—IK1/5 Hoag-
land & 7. BRERAHRIFIUNEZR . 25, 1, S0t
B A A (FluoView FV1000, BAKIEIT, HAO)FIH
L RS A R N SRR AR R 5 450

(iv) HOCIHR A B HEINER. SRHHERI L%
SERR, REEFE/NEM . 2SR, Ak S aEvE
T PHUR . ZEHEZEMFEE2 cm) N, FH4%IEIE 5
TR R L. RSP A HL(VT 12008, R, 8 )%
ML ZZAH3 0701100 pm S 288 o, 46
I A b, THIMBERREL s (PBS), w3 R
it IO SR AR R IR AR U R R S A
488/518#1620/680 nm N #ATMEL. MM 2D EE
3.

(V) T RMEEIES. HiH T DRI
A7 8 5O R A WO S B O — 3 AT
VIR NITFRGEAER A TR R, SRIEH R VR T
(Scientz-10N, “THHT 2 AR A BRA R, HE)
48 h, f#ifHSputter Coater(Cressington model 108, Ted
Pella Inc., ZEE)XTFESUITHMBI 4260 s(EREZ) A1 nm),
MR 7 B, g Em 2 EE 3R

2 PR

2.1 DEL SRS K 53 A
TEFTA PO EHRC R LR HER A 550 A B,
IKIESAE T WK (0.2 pm) A 2 Ok e T 1

2121



M % b & 2020%7H He5% H208H

B R A SRR O R B ARt 2, Wik
PR BBl A S, B TR TR, ABESY
FEHVT TP A T RO Z(0.2 pwm) RO 264
ERTE/NZ R BB

TH X INZZ 2 AN [RIRR A 220 A & S ki % B,
INAE LR ZH 213 BIAE 405 nm (5 (1) 488 nm (%%
i) 559 nm(F ) LEIE K A — iR H &
B EUOE, 7E633 nmill ALK T A &5 5 0OLHss
(Kl 1(a)). P, 7EI0% (620 nm)/& 5680 nm)i K F Y
2T B IR T A Rk S/ N AR F B SO TR,
AT THE /R R TE /N2 A AR AR ) R, FEAH R S50
T, /NZZ 4l b AL 2N AR Ok (488 nm)/ & 5
(518 nm)E K~ A B 5oL 85 (1 1(b), (¢). A
(488 nm)/ & GF(518 nm)P K T I G- A5 LHEK AT A 3L
G INZ G BRI A B SOOI, ST
TR TR 1) /N Ml LB RS

S AT AT N Al AR ORI R, R AL 3
20 G RN KRBT 22 5, IR IR AR/
FERARW. INZREBREEAE A RAR IR
THERISER D S, SR RIAR R MG KEAR R W5 T4
ERANIRAH /N A AR TP g e fe,  HER TS 21
WRLLEDOE, X RIIEERGER/INZ IR R0
WPIFRTEAR R . WERFTR, XHRA/NEZ R4

] 405 nmiglt

B 1 AFEBOHAC T /NER . 2Rt pSot It R A B U4

488 nmglt

DIR (F2(2)) AR EE RO WFOLHERAE PIZE /N
ALY Fr (2K, 2CTZMEMREL . Fh
R REAR T, DA TR N, X%
BRI LA R RE R/ N AR, I £ B AT AEAR S
BJZMAEERE . St — 20 WA SRR AR /N A AR
A 4R, Sl T RTINS N RA G
BUIBRHAUR USRI AT 2o A T AR A B M A B J2
AR 2R ] B (1413).

22 IR DA SRNER

BOLILR A WA R B, XA ZE(#4(a)). 1
(Fl4(g) PR RS OHOL, MPOCHEREBIA /N
4V ZE I AR TR (181 4(d)) LB A KR R Gt R (1514())
PR PR BE ek (', X M/ N ARER I 1Y
FBHOER T A A s A A 8 B E .

3 gk

3 GO R AR Y AR A VR T AR Ak
/I SRR S e, X AT e — DR R
XS RGENBEGRE. HEL, A TRHEEXT
i LA BN e kY VAL 0k 81 AR EDO MR (25 By
FERWLEI M AE 2. Bandmanns APV 91425 20 il fig
38 1 AR W A G SRR S A k. ASBiFFE |

559 nmiglyg 633 nmEE

Figure 1 Confocal images of cross section of wheat root, stem, and leaf with various excitation wavelengths
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Figure 2 Confocal images of cross section (a)—(c) of wheat root in control group, and for wheat grown for 21 d in the sand with 0.5 mg/g 0.2 um
fluorescently labelled polystyrene (d)—(f). (b), (¢) The fluorescent images with excitation wavelength of 633 nm; (c), (f) the bright field; (a) and (d) are

the corresponding merged images of (b), (c), and (e), (f)
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Figure 3 Scanning electron microscopy images of cross section of
wheat root. The wheat plants were grown for 21 d in the sand with
0.5mg/g 0.2 um fluorescently labelled polystyrene microbeads. The
microbeads (0.2 um) were detected as aggregated state in the root of
wheat. (b), (d), (f) is an enlarged view of the red square of (a), (c), (e)
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Figure 4 Confocal images of cross section of wheat stem (a)—(c) and leaf (g)—(i) in control group, and of stem (d)—(f) and leaf (j)—(1) for wheat
grown for 21 d in the sand with 0.5 mg/g 0.2 pm fluorescently labelled polystyrene microbeads. (b), (e), (h), (k) The fluorescent images with excitation
wavelength of 488 nm; (c), (), (i), (1) the bright field; (a), (d), (g), and (j) are the corresponding merged images of (b) and (c), (¢) and (f), (h), and (i), (k)

and (1)
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Uptake and accumulation of microplastics in
a cereal plant wheat
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Microplastics pollution is becoming a global environmental concern, and growing evidence has demonstrated the
accumulation and distribution of microplastics in terrestrial ecosystems. Once entering into soil, microplastics can change
the physical, chemical and biological properties of soil, and then affect the growth of plants. Currently, most attentions have
focused on the toxic effects of microplastics on terrestrial plants, only very limited report showed the uptake of
microplastics by higher plants under hydroponic culture conditions. The nutrient solution is useful in understanding the
mechanism of microplastics uptake, however, it does not account for the importance of affecting factors in the real
environment (e.g., the presence of soil organic matter) and therefore do not represent the actual uptake of microplastics in
the real-world. Here, we aim to determine whether wheat plants growing in a sand matrix are able to take up 0.2 um
polystyrene (PS) microbeads and translocate these particles from roots to shoots. Wheat was chosen as a representative of
cereal crops because it is one of the main staple foods worldwide. A simple and rapid approach for the imaging of
fluorescently labelled PS microbeads within plant tissues by confocal laser scanning microscope (CLSM) was used to
investigate the uptake, accumulation, translocation and distribution of microspheres in the wheat plant. Two different
fluorescent dyes were encapsulated into the PS microbeads matrix and they were used to detect the localization of PS beads
in the root and the green tissue respectively. The presence of PS microbeads in plant tissue was then verified using scanning
electron microscopy (SEM). Confocal images revealed that the PS luminescence signals were mainly located in the
vascular system and on the cell walls of the cortex tissue of the wheat seedling roots after exposure in sand matrix with a
concentration of 0.5 g kgfl of PS beads for 21 d, indicated that the beads passed through the intercellular space via the
apoplastic transport system. Microbeads clusters were observed in the intercellular space of epidermal tissues and the steles
by SEM. Once inside the central cylinder, the 0.2 pm PS beads were transferred from the roots to the stems and leaves via
the vascular system. Here, for the first time, we provide evidence of the adherence, uptake, accumulation, and translocation
of submicrometer (0.2 pm) PS within the cereal plant in real sand matrix. Our findings provide a methodology and
scientific basis for study of the accumulation mechanism of microplastics in soil-crop systems and their potential risk in
food chain transfer.

wheat seedling, polystyrene microbeads, sand culture, uptake, accumulation
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