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Effects of Exposion to Fine Particles of Pb and Cd on Early Growth of Rice and Potatoes

YANG Fan', YANG He—xing?, WANG Ying-zhi', LIU Ya—nan', YANG Xi-chen'

(1.Shanghai Academy of Public Measurement, Shanghai 201203, China; 2.The University of Melbourne, Parkville 3010, Australia )

Abstract: Heavy metal —containing particles in the atmosphere have negative impacts on the seedling growth and early stage growth of
terrestrial plants. Exposure scenarios were established to simulate the ambient conditions with different pollution levels of airborne heavy
metals. Under these scenarios, hazardous impacts of fine particles containing lead(Pb) and cadmium(Cd) on the emergence, seedling growth,
and fresh weight(including both above ground stem leaf of rice and underground stem tuber of potato ) were evaluated. The results showed
that, for exposure treatment groups, the concentrations of Pb and Cd in the artificial soil increased at the end of the test. Compared with the
background value in soil, the Cd level elevated about 8.8 times while no significant increase was observed for Pb concentration. The
accumulation values of Pb and Cd were 0.002 0, 0.054 mg kg™ in the stem leaf of rice and 0.185 0, 0.074 mg-kg™ in the stem tuber of potato.
The exposure had no significant inhibition effect on all the biomass endpoints of rice, but had an inhibition rate of 27% on the fresh weight of
potato underground stem tuber. Thus, under the simulation exposure, larger impact was projected to the Cd concentration in the artificial soil,
and the Cd accumulative effect was more obvious in the underground stem tuber of potatoes. Compared with the control groups, the combined
pollution of Pb and Cd in the exposure treatment groups indicated remarkable inhibition and stress effects. Moreover, aboveground stem leaf of
rice showed better adaption and low sensitivity when exposed to pollutants at certain concentrations.

Keywords: fine particles; exposure; heavy metals; biomass; toxic hazard
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b, R o R DRI A A R Y
Pili_E= R, T A e AR AR B R A B T
XL 5 AR AR LR A O R R U )
AR RAE- 5 ARG BBy AR SRR |
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R ITCRE HE AR R G HAE R A RS M T, [7]
S R 3t 1 R 20 CHR ) 5 3t 38 70 X 8 75 e
WAL P e AR . A BERTFERIT X T 28R
S5 Qe ), R b AR AR PR R PR e AR S 1) £ i
HEAMP AR RGN R A w2 5k
WP I ZE IO AR MR IR A AR IX . A
TRAEVHA S R AN BORY) , JEH S A5 AN L K
R A T YRR ) , SR R i A
[0

RAEGHRRER, ZMEEYIRG #ES
PR EAE R o BRI AR AR A A
TEPER A AR ORI SR E Y,
GEB BT A R 2 SR AR S B S BLADL A T LA —
Yy Jo A B — A o ) e b A M DR s A
FEARAE I A S5 WS B b 5 v 15 G TR A A7 FE I 1 2
AT LG E, R 1 A RN TIAR
FHYIARTRBE SR, ARGR R A G is e i A A
55 KU 00 5 09 F A BRZIAR, I IEAE AL
I SRR — T A, T, A
£ Pb Cd 12 2 Bl ALYy, did R I & L A
SRR L, MO PR s A MR A2
TR st TE— DR E A, PN HEX KRR | B0 4%
FHRWAERMEE.

IS

1.1 i

5% 1CP bR #EE 1 000 mg - L', Sigma—Aldrich; 4%
ICP FRyfER 1 000 mg-L, Sigma—Aldrich; A T+ 3%[ i
B AR (0.5~1 mm)70% , 358+ (35 11)20%,
B (HE ) 10% 5 A HLIR &5 it 4.9% , pH 6.52]; B4l
LB 99.99% s — IR PEE A (B 12 em, IR JF 10
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em) A7 T ANEMNFEEL(100 emx25 em) 77 T 5 i R 44
(AR, b5, P =) ; SR M (AR, B, o
) BRPR AR (AR, it o ) s Atk Wk i iR
(AR, Sigma, f5[F ) ; AR (AR, Sigma, fE[E ) ; XK
(AR,Sigma,{% )o
1.2 SLIG{NEE

L B A 45 B F U 1L X Series 2 (ICP-MS,
Thermo Fisher, 35 [E ) ; f# I 785 % {X Multiwave 3000
(Anton—paar, B A ) ; S & A= A% 9302( ATOMIZ-
ER), TSI, 3 [ ; /% B4R 3% 4% 3321 (APS TSI, 3
); BB HE T 0~100 mL - min™ (RFR, HE ) ;
H AL ORI S JZHESE, KIERS N2 mx
1.2 mx1.5 m, DY J& R Voo 6 i, Y B SO BT 4, 7%
NPT ; R 45 1 1 i A ICP-MS ;47 7 1)
e 2 RN (A-1H, [ ) 5 7K 40 HG63 (METTLER
TOLEDO, 2I[H); HT4#Hr KF AL204(METTLER
TOLEDO, Z£[H); +HEfiPE# KMM700series( KEN—
WOOD, % [# ) ; BEEE 71 LX100(KIMO, 7 [ ) ; i #% =X
R T (TES610, fE [ ) ; #7511 R (Deli 50 ¢cm, H
ESp
1.3 ZikEY

B AE ) KRS (R 9108) s XAl # - &
AR (17 %), WA LR RNEA " (A7 H
19:2015 5 6 A, K ZHEF>90% ) ; ZRi WK%, A Fh
T % 1>80% , ik )RR IR T oK o
L4 SiBEH & RALE

9302 TIPS e A4 A 7 A 2240 B e VR B AU
e, RiARFE R 0.01~2 pm, B F IR A2
OYEURAE, T DL i 55 ARV Y A BORE
e r= A BRI, B R AT LA F AL ER 1)
TS . K Pb Cd EE4AJRARE(T 000 mg-L™) 4%
10 mL, [A]EHIIA 980 mL 4lizk w5 #4557 Ji5 B il %
W 10 mg-L7 (7% Pb.Cd ELJRIRGHEW, [F
B, Pb.Cd FE 4 & ArFE (1 000 mg-L™) 45 2 mL, [f]
A 996 mL 47K, 4 4 15 59 J5 T il e ik 32 oy
2 mg L' {97 Pb . Cd HEJRIR G 5l A%
JE J H e 7 A R R I, 1 S R AR TG A T
FRAEDIE o e, DAy =07 2619 10 mg- L RS 45
FERURORAR 8 RIS TE 2.5 wm LUTF, WE{EZ9 0.7~
0.9 pm Z [ (1), 455 /NFPM, B4R 5t
1.5 XWHE

AR B ER Y il SIS R AR AR A —
JE R RE A B AN ORI AR Sy AR 2 5 1 ) B A
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AWEFER AR o A RS A s,
TILAT AR (K] 2): A % P AE 42 (Hermetic flower
shelf) .B 4li & S 40 (Pure nitrogen cylinder) C T
MmEIT (Rotor flowmeter) D S IE W & A 78 (Aerosol
generator) . ALK ANTIEIE L 4%, AT
AN i R R T  , E RURL A I i
JE o FELR I ] R Tt kg A 3, SR L A
Ty XA 3 A I R R R VR B 1 2
1.5.2 SIS

GBI P A AE AR 58 155 090 0 < 2 mx 1.2 mx
1.5 m, ZEXHAF R 3.6 m®, 4 fi rp [E AR ER AR AE , 2
AQIHEHXF] 500 i , KA FRIEEAHFORL ) (PM,s) e J&E
24 h FI(EA 500 pgem™, I H {5 YK ET, BE
BEARIE, L 10 mg - L 0K, #2118 20 mL - min™ )
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Figure 2 Test unit diagram
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Vs 2 A2 A 1 min BV ] {16238 25 0] 0k 1k
K3 500 we-m=, FEFRETE YL E ) SR LK, K
S Ph R IMEZ R 100 ng-m™, Cd ¥R EE A
2970 10 ng-m>", FETBREREH, AR5 0 d(Fp—FFh
ANT AR I A4 85 4 (500 pg-m™) 3R
BE 4, AR 48 h (AT 1 AL AR, 4 o0 i 56
550.2.4.6d 331 4 W BAS PO IR H RS E
50%J5 (29565 7 d) , FEARTS Y e FE 2 100 pg - m (5%
JEVG YL IR S5O, IR RER 48 h AT 1 RIS
LA iR I %5 8.10.12.14.16.18 .20 .22 .24,
26.28 d H3 | 11 YR BEABLE , RIES il 28 A S v (™ 2
15 P RSV VR BC IR B 10 mg- L, 3R B V5 Y 1 L v
WRCTHIMR B 2 mg- L), I S e & A AR W 2 %%
PAEZRPY AR EEmF ] 1 min, 5 115 2R 1 h EE T
1 R, 1 d WA 8 E &, AR FFAE 2R M 15 G
Y B R FEAR X KT

1.5.3 RIS HAE

RIS E ST 2 AL B, R4 P A 4 R 2 8 A

PRA, AR ALE 2 Y, Hodh ok AE 30 Rifp -+,
SYFITE 10 NIEZEN , BEAEEL 3 Rifh 1 DR A
R, S fH R 20 ik s RN AR AL 2 iy 2R B 2s
10 NMEFAE R — N ANBEMWICELIN . 25 FIXT IR
AN FEAL PR 43 BB AE 2 DA 2 A AR SR o ik
IS TFURHT, e A T 3 BEUK 35 1 29 (20£2) %N
Al K e S50 kg, J5 28 AEAL, ISR AL T
P TSI 3k () S A - LR ZE 43 BRI AAE 2P, Rl
E<1 em, £HF B RIGHIESS IR A
it ZH DX BT , 43 TP A i () o 7 R 25 i A %5 ]
A 7RI 0 d FFIRHE | ORI 285 1A% . A
KT 2R 23 e 1 B 38 B PN R B IR VS L o 2545 °C,
IR IR AR5 TR AL N PRI B Bl (50+10)%,
FIF H XTI E SROEAI L HL DG BRYE R R 16 000~
21000 lux, £ HMEIFic ARG, FEFE L Rrss
TRINZtiK (29 1 Le 87+ 48 ™) DUAF-45 1 39608 B A 4
AR TSy« WRFR AN T 3P 0 A 2R
IRZE A, Mgt 32 o S5 RIHE 25 IR IR R R b B
YRR H AN B 25 KRS L L 40
LRSS T Yok it F A (5 R T LATEAS 8 4 ) 2 ok
YRR Ja %t 2 R i B FEAEAOV o RIS At A
BY T KRG 3 A Bl b E (2R )ER A4
TR IR RAE W AE 5 & (A AL TR IS I 20 #r s Th 4%
S T BT A SR A SRR 4y KN AR 4 B
P2 R AR RE T | [FIRE TS J5 A A o
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1.5.4 50 ST AL BT vk

Tl T A TR R i T S < s U RN
FEdh 105 CHET 2 h, B HS BB 550, BRI 0.1 ¢
CKE# %1 0.000 1 g)IA 3 mL ¥z .3 mL SR
1 mL BUEUK G $E4 70 T A T AR L3R 1), 45
JE GRS AR , AKIYE, 145 CHFER 2 | mL, FI/KE
255 25 mL, A4 S T AR

® | BOgEmRER

Table 1 Microwave digestion procedure

S RN B min B /min K/me s
1 400 7 5 1
2 800 7 20 1
3 0 / 15 3

JHHLUEE 5 55 B 1 B (X (ICP-MS) Zp A dh o
Cd A1 P e B (AR A L 2.

=2 BEBESEEFHRILTMUSEEY
Table 2 Instrument conditions of ICP-MS

R4 HLER 5 S5 B IR BTG A B R
MELITHR 111Cd,208Pb
WhRICER 115In,209Bi
EapuCiNes 1300 W
B 0.78 L-min"
i1 awkrd 0.70 L+min™
RHI R 13.0 L-min™
e IERR 25T 30 remin™!

1.5.5 JrikmniEgs

FH U5 55 2 BT A (ICP=MS )l 5 A it v
K IR LR FE ,Cd JCE 1Y LOD, F1 LOQ, 4351 Ky
0.003 ng +mL™" #1 0.01 ng -mL~";Pb JC & ) LOD, #1
LOQ, 24 0.039 ng-mL™" A1 0.13 ng-mL™"; X2k 56 J Ji
(25 FDHEATRE A IAR IO, 25 AR, Cd oo R
SR EE A 0.025 7 mg-kg™50.25 mg kg™ F1 5.00 mg -
kg™ IBRAT: s Y- 27 [0 e 50531y 88.7% 711 86.0%
K 2% B RSD {E 4358 3.89% #1 1.12% ; Pb JL K -1
ek 2.86 mgkg™52.50 mg kg™ A1 5.00 mg kg™ i
BREE b P 2 1D A I35 0 99.9%F11 84.5% , A i
RSD {E 4354 8.76% 1 13.1%,
1.6 #iEabiE

K 1 Excel B4 1155 % 55 Ak B 2 25 11 % IR
Mg, B E LR AFSE . R Toxcale
A TG 25 S R
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2.1 E&E Cd #1 Pb 9254k

IR 0 d - 3ERN g2 1 44, LA R Wk
N EE, XT Cd oK, WK 3 Al AL RIS
FBF I E N T -3 Cd % i 38 T AR B 3 n T
0.169 6 mg-kg™ W T 8.8 15, XF T 2 Fhzif ity
(IR H 25 5, AbBRAHKAS Cd SRR, N
0.001 9 mg-kg™; /b FEL DA 2 T B ZEER 7 Cd & i
Fbas [ BEZH I N T3 4 75

R3BREELE BAYPHRHKE (ng-keg')
Table 3 Detection concentration of cadmium

in soil and plant(mg-kg™)

TiH AT 5 KRE(ZEN) B (R
25 U R 0.019 2 0.1210 0.047 0
b EEL 0.188 8 0.1229 0.232 0
ER 0.169 6 0.001 9 0.185 0

XFT Ph JGER , NG 4 Hpal i i 45 s A
TR Ph i R TT AR IS N T 0.200 mg-kg™,
FHHC AT 3875 5H{E 3.440 mg kg™, HIRE LA
X T 2 RS2 AR R R A5 AL A BRAK RS Pb
HHAAN 0.054 mg-keg™'s AbFRLH DAL b B 254y
Ph S iHE I 0.074 mg-kg™'s

x4 ALRETE B PR HRE(ng-kg')

Table 4 Detection concentration of lead in soil and plant(mg-kg™)

i H AT A3 KRE(ZER)  DERE ()
25 IR R 3.440 0.353 0.730
AbHRZH 3.640 0.407 0.804
E 5 0.200 0.054 0.074
22 HERBHEK
HH 2% 5 AT, iR 45 oA, 25 P16 BREE 2 FhAf )
(1 BRI IR ] 100%, W 2 BT i Bk, X
o Ha P RRZAR L, P-4 25 il 2K R R 8%,

LAy 5% ; V-1 ik Ei A ] KRR (M B340 ) k0,
LR B (3 N K )N 27%  (EAH T B2 g 45 o)
IF, AR S BRI, 25 D0 R SH R 357 1 16 M=
RN ) A B H 7 10 N ZE s
(/NI B IR E] 40% , HNAMIHINT , 28 F12H
2 R AL PRZ A R 25 5 o 3l 3 Toxcale # {4 Ho-
moscedastic t Test #5250, X b 2s FIX) BE 2 FlZ
ACFRLH | Eh5% B T YR A B B A S B
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RS AMENHFHES HERZ)URHEFR
Table 5 Average stem length , fresh weight,

germination of two plants

YEY) AN I REERAL PR HHIER %
KA HEA 30 30 0
SEHZE R /mm 63.1 58.2 8
P f E /g 0.10 0.10 0
s HHA 20 20 0
SF-4525 85 /mm 1314 125.1 5
it /e 15.69 11.40 27

FE 25 (P<0.05) , KRR A A i LB 0 B 5 1k 22

o
3 g

3.1 EERMBER R ERMN
AT NI (B Z5) Bl A T 3 R T
U T R R AU Y, BRI EE o, NI 2 55
A ARURL ) B4 T TR A L SRR 25
(R LA AN S AR A 2 L v S A K A i
i . T 2 R G EIT R TR AL, 75 IR
% SRR AR AZE M 2 Rt DAL T -3 b
W EEBTRFMNT TR AN 1IiT
oo AT, BRZ A SUR M UM BE S WA A1, i 52 JE 3R A
HAFFRZ R, BRI RN A, — Bk
RS ZE > 52, B GERARI
R H R R 14 LA i A0 AT ) 43 ol i i
FTEM VR SR T, DA T 8 R SR B i 7, — B mT
N T U ARRICRE , fEA g T A BT Uik, T
HNBURL Y RLARAR /N AR MESE B B E T D0RE, DRt i 3
JSE AR Foe T B TR T = X T A bR 4
J& Cd #1 Ph PIRNHR B AL, AIERZE AR AL~ o0 B
ZERTTA, BRERH AT LI Cd.Pb &R ITRWKE I
T IR A I, HARR MBI 5], i ] R 55 Y
siat e ae pLINR /R oy X (VR A i BY N R i S K I
< R ARBUR IR 7 3 A T B o S TR B
LT 2RI 0] Cd JUER Y A v REAH K R
o 25 ER S Cd U 1 s SRR i 90 475 (HX
T Pb LAY AR, KM 2R AR TR
N RZER P IE AN A TR — RS b
Wit Cd JEER 5 T1E D% T PR 28000 w4, [l
FATHEDRT e B AN B T AT AR R e S RS
MRTFEL, 1M Ph TR B IRV IS B2 w1 2 1
IR i TR AN AL T AR AR R Y

—470—

Za1R: Ll e N VA R S e M N 2 o
X FEIAR ZR AT A2 A3 53, DR LG A D K e 58
A3 R A4 S TN A3 2 RhoC B R I A I B 25
18 77 A O [ B T 44 1 R AR - 25— R R - - S 1 A% i
RERS I R B AR FH R 2R IR B R A Ok
A (B ) B FORE R 3 R =, ELAS [R) e o
O3 VE FMLRIAEAE 22 5252 Ak ) AL o fE
A A P 1) 2 % = B 3 2 /K P S 0 A 400 i P
B ORRYEIE 1A & AR AR )2 B R B )2 O AR
PRI AR KRR BT, Bl ) B e
DAL I 4 7 25 38 4 40 J50R 400 0 B AL o) A S FL OB &
A F 0 B 3 W AR BE R By b 3840 W B A 2 R
— 50 F A R AR KR R AR AETE A UL R AR A
YA N BT R S AL LR (ZE IR IR R v, L3
KA PR AR AE 25 57 ) S 2 5g i) 2 Fh 3z i0pE
Yot o BRI, X FRAOR IR, 7578 A R AR K
g ZEn YR 25 BB S SR ZE 0T+
Bl R, A TR R (AR 22 %F Cd L Pb IR, [ 52 , 1]
AR AERE S A AN R,

3.2 EYEFE

MM T, T4 Cd A Pb 4R fEk iy R
WISt ER, YESEEAMY IR —ERE,
AR AR E IR, R AR K Z B I IR
RKeg e TRESER . EAREH WK 3~KS 1Y
GERORE K RET S AR A T - sk
FRA TG Y2 2 N )5 Yo o BE X T i 25
1o S i A EE 3 AL RS AR B KA X
TGS T Ph—Cd 52415 Y i 38 A B0 i 3 17
PN 32, [RIBS KRR X) 2 P &R TR IA &
AR, X T A bR A AN H R R AR
2L B Z RN BER R . T Cd TR FEN
T AR Sk BRI, 40 BB Y 2R R ) Cd 5
YU FEAE -3 rp (R M FE SN B ., 7R AR K R
T A R B KA Cd 5 gL IR B Y
ERBUN L AE P 15 QL [RIBHEAEIRAS T, Pb-Cd E A W15
YU FERE AR T AR S AE P, AT T B
AR RO B B EE RN,

A UL AT L, 25 RN B (N T30 A e Y
SOREE, ARG Pb . Cd 4 8 KA 4Bk
15 Y B T F 2 Bz Ui R AR K i A e &%
P A HATR] , KR E 30 A S e e FE AR AR 1
TE R, ARG Y LRI A KL TR
BB PR Y) | 258 15 Y o RS A )
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H R BRI 1 B AR B
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