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[% Pb 2 ALIIE Y FZH R Z —(P<0.05) . BFFRE R AT MITEX R SDIRE N Ph A2 32 14 9 RER 017 4 B, JF W RS E 4
e 3 o, DX A Ay o DRSS T A A — 2 A B ARAE .

KB KAV HE R B0 A FE e Ry

Chemical speciation accumulation and oxidative stress of lead in Brassica

chinensis L. under atmospheric wet deposition

HUANG Yuxuan, HUANG Fei, HU Zhiwen, ZHAO Zilin, WANG Peng, XIAO Rongbo*
School of Environmental Science and Engineering, Guangdong University of Technology, Guangzhou 510006, China

Abstract: Atmospheric deposition is the main source of lead accumulation in the leafy vegetable crops, but the chemical
speciation and oxidative stress of lead in Brassica chinensis L. under wet deposition have not been fully understood. In this
study, the accumulation, subcellular distribution, chemical speciation of Pb and antioxidant response of Brassica chinensis
L. by spraying different lead concentrations were investigated. The results indicated that the Pb concentrations in edible
parts ranged from 1.72 to 6.35 mg/kg, which were in the range of 4.73—20.16 times above the standard ( GB 2762—
2017). Most of the Pb accumulated in the edible parts (>95% ), while only a few (1.14%—3.11%) accumulated in the
roots. The Pb in Brassica chinensis L. was primarily distributed in the cell wall fraction, while the soluble fraction and
organelle fraction accounted for a similar proportion. Oxalate and insoluble phosphate states were the main chemical
speciation of Pb. The Pb concentrations in the leaves and stems cell wall accounted for 52.14%—86.99% of total

accumulation, most of which were insoluble oxalate fractions, causing the high accumulation of Pb in the edible parts. The
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storage of large amounts of heavy metals in the cell wall, as well as the formation of less toxic oxalate and insoluble
phosphate states, might be one of the important detoxification mechanisms of Brassica chinensis L. Wet deposition of Pb
caused the oxidative cellular damage, increased malondialdehyde content in leaves and stems and inhibited chlorophyll
synthesis, but it promoted the soluble sugars and soluble proteins. Brassica chinensis L. could effectively respond to wet
deposition Pb stress by increasing the activity of antioxidant enzymes ( superoxide dismutase, peroxidase, catalase )
(7.73%—346.91% ) , as well as increasing the content of antioxidants (ascorbic acid, glutathione) and soluble substances
(soluble sugars, soluble proteins) (9.11%—279.59% ). The antioxidant enzyme activities had the biggest change in the
leaves, increasing by 49.41%—91. 62% and 123. 42%—346.91% for peroxidase ( POD) and catalase ( CAT),
respectively. While the most significant change of antioxidant occurred in the roots, accounting for 134.15%—182.93% and
238.78%—279.59% of total content for ascorbic acid ( AsA) and glutathione ( GSH), respectively. The possible main
reason for Brassica chinensis L. leaves to alleviate oxidative stress were peroxidase, catalase, soluble sugars, soluble
proteins and glutathione, because of the significant correlation between those and wet deposition Pb concentration ( P<
0.05). These results could improve our understanding of the distribution behavior of Pb in the vegetables, and provide a

theoretical basis for the environmental risk assessment of crops in atmospheric heavy metal stress areas.

Key Words: atmospheric deposition; heavy metal ; vegetables; physiological response

FERATG YN ™ H X, KAV A DN AR AMEY B 4R A (Ph) R E ORI B, K3
( Brassica rapa spp. Pekinensis) Mt Pb 2 /0> 809% 3 [1 K URE Y o ETEWRIS , 1 KSR Ph E ARSI £
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ERT HQ,oy 1ee N 18.5) 5 Natasa 55 AF5EF W], i TH7 e FHT 4 K S A B 2 (90 S S A S R ot S A 0 6 14
Thims AFERESRAR R BRI (HQ = 1.44) X BER W LI T 23 8 it 56 T <62 J A7 1 5050 1) it BRE XL
Sebr b FERERTFE M X b UL R AL IR TR O &, PR TR Ph 5 R Pb S TR B9 61.18%—
88.73%" ") , T EL VR ITURE A HEATL Wy 11 et TR WAL , % AR S0 1 s 7 XU P RE SR B IR TR N Pb A
SR A RO 25 SR ARVRRAE B I S A 3 28007, 1 AN+ 23T T

AR SCIRIIMZE ( Brassica chinensis L.) WS4 | 38 52 M- 1 BHPGAS [5] 4 BE A Ph ( NO,), W (pH=5) Bl
RAPEDCRE Ph BB, PRFEMSAA N B 2w Ph (9 BB AN A A SR S ST S Ae R 1,
RATG R X G R Bih 54 & % et S U

1 #R57FE

1.1 KA

FRA SCHRARTE 2 | AR SEBG R BB R R IR Ph TR i, 20 5 X RZL (CK) 0 mg m™ d™' R
ALFRZ(1)0.3 mg m™> d™' FIE IR FEEALBRAD (H) 3 mg m™> d7" AR KBS Ph ( NO,),#E "} 0.2.68 mg/L
f126.8 mg/L(pH=5) , % AL AH HNO, A (pH=5) ,
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1.2 fHYFE SRS 5T
1.2.1 fEYIRESL R
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0N AL AL (SOD) 16 1 5 AL B B S Ak 2 0 22 2o SR AL 0 ( POD ) 1954 5 58 AR vk Il i ok 48T &
it} (CAT) i, BEFAE YR ik (W F R o 2 9 TR S T A BRA ) M HL, 0, nl i HERE ik
R (AsA) A BEH B (GSH) i
1.3 HdEandr

Fi A B SPSS #7414 AT, 1 FH K 32 5 2253 HT (one-way ANOVA) FIXBH 4341 ( Duncan ) 4347 A 7]
AL 25 5 . FH Origin 2018 il & LA B RABUTRE Ph ¥ B2 A BEA AL 845 64T Spearman FHICHE 43T

2 HRE5S
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H M FIZEH) P &350 7.16 mg/kg F14.17 mg/kg, &= T LAY (2.78 mg/kg) F12£(0.55 mg/kg) ,
EPAAR T P F I A BEMZER . CK 4L 4 E Pb & A/NMET AR ~ it >25 L 41 >R >28
1M H A0 >4, CK L AT H 40 al 3800 Ph P38 it ARk 0.11,1.72.,6.35 mg/kg, Forf L il H
ST FHEBAL P & i, Al i B R e E AR S s S R &) (GB 2762—2017 ) g i i 5%
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we/ k205 5 IR P EREER Y 85.43% F1 69.67% ; 7 L Al H 4125 P44 ERUE N 1.84 we/k(11.46%) (11.47
pe/ R (29.19%) ; LA /4 Ph AEAR T 28, 405128 0.50 we/#K(3.11%) 11 0.48 we/BE(1.14%) (K 1)
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Fig.1 Pb content and accumulation in various organs of Brassica chinensis L. under different treatments
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THSEAR 25 R ) Ph S B A 7R 0 BE AL A R (27, 12%—86.99% ) , H R & AT A 4 4 (6. 96%—
44.29%) , AHMEER ALY 5 LU ARXT AL /0 (6.05%—42.24% ) (1& 2) , 33 Ui B 40 Jf ¥ B Jh SR 9 Ph B AY 45 &0
R FEM R g R AN AR AN AT AL Ph o EE XS RRZH A3 B D T 2.64%—6.32% 1 18.60%—23.42%,
AR AT RE Ph &5 BRI T 24.24%—29.73% , AR, E259 LOAD H 40090 40AE 43 A AR fb AR 22 5ok, 1
W AR LY Ph o g HE X BRZH I D T 23.09% FiT 35.09% , AT 4L 4 Ph o R AR B> T 1.93% F
22.59% , T 4HMIEELH 73 Ph (5 H, 5143 5880 T 25.02% 1 57.68% . AAXF I & , 7EHR o Ph #3040 8 43 A 28 1k f%
AN FERT 20 43 AN A0 MO BE 2 53 o5 PUAHIE , 23901 R 25.54%—44.29% 1 43.329%—67.03% ,

BAL P S Ph B LR BRI IS AR AE (18.33%—59.27%) , Hk b £ B4R B (8.13%—
28.53% ) MR LS (8.10%—25.57%) , KIEHUES (4.90%—19.87% ) FIE AL NI EUES (7.80%—22.23% ) H
SRR FRiE A (1.60%—9.40%) . AL CK, a4 b Ph fb2F B A28kl #—3, 25 L F0 H 2 Pb
AT A AR 22 45K AR Ph £ ALATE A8 e 22 A A /N (/T 2)

55X BRAIAR HE , i B BGS FK S EES Ph 7 L2 FIBS G N R T 2.67%—5.97% , AL AN B RS
PREEHUAS (5 L0 0 R P& T 3.50%—4.40% F1 13.90%—14.50% , i £h BR 42 B 25 5 Fe W B F+ T 17.03%—
26.53%, TEZEH L A H 4 ZEEHEBGS /K EEEGES P (5 Fb 22 M, 20 5 HU X REZH N T 2.23% F122.73% ; L 41
RIS 5 UM IO/ T 0.53% ,H ZHHIE NN T 38.07% . MR &I b T 2% Sedse/ )y, Horh Z B A Fhh
FREEHUES Ph 5 FEARX 4K, 4350 R 16.33%—27.77% 11 18.33—30.03% .,

2.3 RAIBTIFE Ph XA AL G

H A5 R a FERE b SIS R A3 b2 & 50 5 o B4 TR T 30.82% ,30.64% |

30.77%F1 28.63% (1€ 3) , Ui BH i vk J3E 1 KRB UTRE Ph B S 1 3k 2 R 194 i, 18 L 45 0 BRZH 13
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Fig.2 Subcellular distribution and chemical forms of Pb in leaves, stems, roots of Brassica chinensis L. under different treatments

KSR R G EEA BEEES, SXRAMEL, R LAPETET 6.86% LISk, Hog Wi 4445 B il iF
PEWE SR BT BT (10.64%—77.47%) , 2o LA HZH0E o] S s i, 430l L BB A 38 i T 58..049% Al
77.47% , 2A W25 (B 3) X R Pb WA fedt TIlSe il iaPERE G b, 2l 3845 28 B 1Y Al s
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AR R R B B R B TR B S (18 3) 5 BRBH R AR DTS Ph 30 X5 i S i R 25 41
—E R T AR B AR S AR XD
2.4 RAWBUCKE Ph XHHZEPUA M RS

FHEE CK, ALY B AL (SOD) (i AL WG (POD) (i AL A MG ( CAT) i& #5331 1 JH T 23.51%—
106.47% \7.73%—91.62% 23.84%—346.91% , LI MR ( AsA ) FIA B H K (GSH) & 43 334 T 16.86% —
182.93% Fll 22.86%—279.59% (&l 4) , MR VIRE Ph AT LIS 1 3250 A A BTG 1R AR i P AR i &
B, EAARSRSE, it 5 v A Ak i TS AR A AR AL, i 32 o 3R AR Ak e K, SOD  POD Fil CAT 4351 B+ T
84.62%—106.47% .49.41%—91.62% Fl 123.42%—346.91% , 2530 FALHEEIE 28 1L i /)N, SOD 3 Mk /b 1
9.68%—17.11% , % T H 025 CAT % PEWg i %A 1.88% , Hi4y POD Ml CAT &M N 1 7.73%—51.12%
(F 4) . PrEbH & as bR, B0 AsA F1 GSH & 43 BN T 134.15%—182.93% Fi1 238.78%—
279.59% , SR 2% AsA 5 E A 39.41%—48.77% (Kl 4)

3 itig

3.1 {RUCKE Ph AW ISORUIE 4 A 53 A1

R AL AT DA BB S ORI ) SO R S Ph (1 STk RT3k 74,59 TR TR il T
BERETN, P BESSTE M RS FLAE I K MBS 11 2 4 g v O DA T R S Ao K R e AL AR
TR AL, TR S AR R L G52 S A2 5 Bk e i 7 4 — I 1O L o A 52 1A
FREYARN . B SR UTRERE S A B2 MoK IR , 90 56 SR G BT BOK AL, 3 0E 1) T 8 4 JR ¥ s i i Al
PPy R SO RAA R T R A I O o LR A ST SR K G AR i AR W), R T A 1 v
e, XX —J7 1, Schreck P ZE0F 5% & B, 2558 ( Lactuca sativa L.) 1) Ph 2 5% A 1IE4H ¢, Bondada" ™"
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Fig.3 Influence of atmospheric moisture deposition stress on chloroplast pigments (leaves), soluble sugars, soluble proteins, hydrogen

peroxide and malondialdehyde in Brassica chinensis L.
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Fig.4 Influence of wet deposition on superoxide dismutase, peroxidase, catalase, ascorbic acid and glutathione in Brassica chinensis L.
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LRI LA R AN RS R E Y B A B AR WS A B, DAY Ph B T T b4l
I3 (44.29%—66.7% ) /AR ZH 7> Ph &4 . 25U, ABFSE & BE Ph 7E ISR o i mT M4 0 o5 He e
A3k 44.29% , i BRI X BR AL X HSRAR 22 Ph B A —E1ER .
3.2 WBUTFE Pb FEISRIA N A fL 2B BT

HE RIS SRR EY RV, SRR (R ZHRBTCHLE M I mR 55 ) FK
PRES E 4R ( FERBUKIE YA PR L) BA Sl 0B Dt AT B Rt 7, SRR OGS ( EZRE AR
R R ER ) AR YR AT AL BE IR 2, BER SR IS ( FEE AR N IS VEBR IR L ) FIEL IR R IS ( 32 B4R A
Bk ) M REPEFNIE RS RE S 859 0 R B, DR I Y Ph 2B AR R FR B (26%—67% ) TS R 12
RS HIERAEAE, SAPFIESE FARDL, 3% 22 W IRUTI Ph i 5o i 1 W e FE A 358, v R 38 43 7] R 5 B iR 46
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