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Abstract

Lead (Pb) is non-essential for plants and animals and is known as one of the five most toxic envi-
ronmental pollutants. Polluted soil will result in toxin in agricultural products and lead can enter
into food chain by soil-crop system, which will hurt human beings. Factors affecting the bioavaila-
bility of soil lead have been one of the focuses of environmental science in recent years. The re-
search on the influence of soil physical and chemical properties is mature and has been widely
recognized, and pH is one of the most important factors affecting the bioavailability of Pb. In this
paper, the source of lead, accumulation and migration in agricultural soil-crop were summarized.
The effects of soil pH on Pb bioavailability were analyzed emphasizing three aspects: adsorp-
tion-desorption, chemical form and biological activity. Finally, further research in the bioavaila-
bility of Pb was proposed, which would provide reference for the migration and transformation of
Pb in soil and the repair of Pb contaminated soil.

Keywords

Soil pH Value, Lead, Bioavailability, Mechanism

[

pHATSHE MBI MR MR R

PE-

AN A EBEREE ARG RISy, R
Email: 1652279029@qg.com

WehE H A 20194F12 A7H; S EM: 20194F12H27H; &4 H#: 20204F1H3H

R

HWEPOWEATRESR “AE” R —, HRBEERELFERTH, FELTE - EMREEN
R, EENSEE. P LRPLAYA N ER CEBNIEERIIFI AR, FHh Rt R

SCEF| R pH X HYAEIA RO R ST S D], 3R, 2020, 8(1): 23-28.
DOI: 10.12677/hjss.2020.81004


http://www.hanspub.org/journal/hjss
https://doi.org/10.12677/hjss.2020.81004
https://doi.org/10.12677/hjss.2020.81004
http://www.hanspub.org

HIFR

IR BB SO BLRR, B3 T i A F, T pHR T3 B A 1% R P i P A A MR EENR R —.
AXEENHAT LEPPORERIVR,. REREE, REEEANIEETANER L, H4HLETPD
KLV R, FEMR RS SR MEIEE=ATHE S T LEpHXIPbAIEMR, #H T+
i%gﬁgggfﬁﬁ%%%*%ﬂ%ﬁﬁ,EEﬁiﬁ*%%ﬁ@%%ﬂ%&%ﬁ%iﬁ%%ﬁ%ﬁ
HE S .

KA
+3%pH, Pb, A, HE

Copyright © 2020 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY).
http://creativecommons.org/licenses/by/4.0/

1. 5|8

B HLBR JF AT R A SRR 20) 103 9% AR P AR H aa 380, Fn 3t 25 200 4Rt 5N D3R5
WK, EERSE RN H BRI N, RIRE SRS e s SRR R, ok B BT
ZORTE[]. BRI N EESRIS It R —. TR EESRIETT 208 H AR RIEA AN SRIR . A
HEEDRE T YIRE A, WOTEE (PbS). INEEN (ZnS)25[1]. HFAE T # M e L3, H2&HT
FIERA | REA R RSN R E R, ANEZRM NS B R S e TR F £ N 16
mg/kg, TIEFGHEIEHE 2~200 mgkeg ' 2, BUHFHEEZ LT 13~42 mgke ' WHIN[3]. %
GB15618-2018 ¢ I tth 33875 Je AR bn e 1 EE oK . X T M3, M pHH < 5.5 B, /KHEEEMN
KT 80 mg-kg ™', HAh+IENALT 70 mg-kg s 24 pH fHAE 5.5~6.5 I, KHEHEERMAT 100 mg-kg ', H
b - 3ERART 90 mgkg ™' 24 pH HAE 6.5~7.5 I, KHAHENKT 140 mgkg™', HAtHIEMNALT 120
mg-kg s X AR I, 2 pHAE > 7.5 I, K S B AK T 240 mg-kg ', Hofth 3 NAK T 170 mg-kg .
IR EBA R SRaBMRERAH, PR WE . SHRERRR HURI4]. B3R
MEERME, WOBOAUNE. HIEREDN, BAEAT M, SENE E S B T A Reg
AR, Bt — i LIRS . B4 J1— T HSBAEDRI, SHEYE REEF (5], it
Wit Eo g E AR, W IEYMRBGHEREYHIRE, @l et NERN. #EANRBES RS
M2 T REAESRENDFER, R R RAEME LS, KB R BAEY R 6], #—H
g, RAERE. BeW RS RS, MKAS. OIS RGMEE RAHERAEFRFHT].

358 E R ) A A G I AR R A AR Y BRI R T R RS . R A R
RGP ESENEYAE XSRS TP ESELENILER], ZEREEATRIE LR EESR
T RS AEG AL DL S AR N R AE ) . P 7E LIE IT RS . R AWRIAE A B S HAFE R R A G, R
BRIV T A R WSO AR 2, e Bl o M DL B 3R AE L R AR R . 3 b g T
TN NS WS KBS TN, 0 A 2L (PbO,) 78 (PbS) FHT(PbCO:) MR ER EH(PbSO,),
W BREIR 25 AR AR I AL S N E, /KM P> Fib . 3 rp K304 EL Pb(OH),« PbCOs. Pb(PO,), M i
PEER KAWL G BAFAE9]. oM TR h BB ARV RRIR S, AR, 5% pH. R-h"
Y. AP CRARBR RN [10]. + 38 pH (B2 IR E &R AW St i EE MR R, M pH R
AR, AR AL . W R T AR M . R TR SRR M RE e f e bt R AR, S E iR
HE B EMA IR AEZA[11].
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ASCAEE A A EF W TCRISEAL -, B SEE AR5 pH A1 3R Pb ST NIRRT R, BEHEE T
Pb HJZEMIA Rtk K pH X 3% Pb A=W RO SN .

2. HIRPSRREMRHN

EAER, MMICE IR B E SR A AT AR A SN AR R T A LIPS R, meERRTH
FAE MRS R R ECR LG 6 3R B S8 SR 1 T AR T DU A S L E SR N
HR, RMEARER A LR LR IAERE, IR IR YIRS A 2, A REIE PEAL AR
R TRAFRE[12] R T AU EEBNHTIRZ, A IEE ARV L5875 AN L IR bR e
HE13],

2.1. HRARBYESHEX

TIRTCER I AEWA RS E SO SE BRI T [ 14]. I IRAL 2200 A R, B AR
IKIENE, BRIEVE, B ARPIRAS, eI N A4 w] AL R I [R) Py WOSORNA F R 2R 28I 2K, Bl ARt 5) o) it
WA HUE SR 20 AL O A5 5 15] IR G R T R WA RES 248 L b AT i i B R T =
R, HHOTRAEYABIERE LRGN IR EMA RS SRS B REIE, ATAPRRAL LIRS
B ICF AR A N B E R, AT AR AT A . HIRE S RO
ML EE G RT R IER NSRS, TR A AR IR SRR K R TR
AEWE RS B ERIE16]. Morel $5 - 3EfrE o & B AT -k SO~ “ A ERA) AR R AT BL
FARMETTRKE” , HEWAREZ B HIERR, RO SBR[ 17]. VPR,
RIAZHAS H G & 2 A W] DAOSCRI R F I 2 B 18], — EUEAIBAE R, bt Fofd e kb 78, IF A
FERELE S AT A ] ARk B A B <, (L DR 3R B < Ja O b SR S (19 ] 3 b B & B S 4E
o= B AN RSB AR GV T L 3 Y. DRI, BTN 35, XA B ) A RS

2.2. E€BRETEPHES

TR E e VB AL N SRR ST RA R A E R, HrEtmems
Rk e AN F[20]. Fe T 3R mE G R AU R 20 20 VA R PR 2 5, AT — R PSSR IR S Y )
WRONEESIRIGE . ) 2 AT Tessier 5%, MRAEABGIAARONERIARE, L3 w0 Nmrag
PoRZ, IR A, REES, ANSEEESNREE21].

3. 13 pH HEERENF M

-3 pH X AR R LB BRSNS TH, —2 E pH pRoE IR A A
T RS ILA RN, 3 pH RS 8 572 [ AH L T PR B 221

3.1. pH {EX} 1138 Pb IR, fRIRESSZNG

TR AMF[231% WD - N R BEf, WFR T pH EXT E 4B Po™ W NARIE IS . RBIRE pH 251F
N, I P> PR AT 46 5 AR LRI TR O, R B R AR L BE pH (R3S I TN,
ext Po” W) pH B S EURTE BN pH < 7. E## 2415 B KT E 4RSI Tessier H5
BRI, PR T T H 5 B KRR LR - AR 2 AN E SR (Cd . PO, RILT R
A pH {8~ L0t P> (MR P SR BUABEE pH (M TR, RSN, {5 pH="7. pH=9 %4 NI
R R 7F pH <6 MTERE PN, T3EXT Po™ 1 bt pH (T8N 7€ 6 < pH < 10 KGR A,
BT PO B BB pH TR R AR Z97E pH = 10.0 AR KA . IXRHIEAF pH 4 4F F 135
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St Po™ R P 32 B MY, B MR PR R PRV B pH E AR NG, X5 TR A MESE I T A SR
o Sauve [25]5 N LTS GLrrkn i JTUR, 338 o (HAaRE i, i SIS WA 17 3~8 11 pH Y FEl 5 &
B LR A R PO A AR RIS, RIN PO™ ROV AR pH3 3] 6.5 BLEVEFRK, JFH 5%
BHURTES; pH M 6.5 58, Hmf pH (EiEA L PO E SR ERAE AR, XN T PO IEARIE, 8%
pH B, BENEIYE &SR RRERERAATER Pb. XRS5 pH FI38m, H'S
Pb” 35 G AL A B RE TR, Belb, SEURYI HY SIS S AT R -3 Po* s &
B, Po> IR A S AR BE S A g . A/ NE26155 N RBLIERRIE 26 1F T, SRS 2 5 LA,
BT & @ e R ER, (FESBITRIEIERSS, MM AEYE SRR,

TLZ27)F NEE R LB s )8 Ryt T Cd M1 Pb 7ELLIE L Bt - fERAT R, KIN
pH < 3.0 i Pb HIffEAT Bk B KL 50.0%; pH 7E 3.0~5.0 Z A2 T %, 7 pH > 5.0 BFT3E g
BT RE. FHRAEANBER T RN L. XEFRAERKpH T, BE2RT T HT5ERTNEE
BT . S5 pH AHLL, 7EMK pH N8 )8 &S T ANEMY) R IR E R, Ak, pH EHR
Wi TR LT, $2 0 pH A 2 HG 00 498 2 1 1) A7 FAr, AT Wl R <6 i 1 A A

3.2. pH {E¥} Pb FEASTEIR M

pH FIARA 2 SIS LI e, WP, DTV R RO P 81k, XS mARESES)E
TRMAE[28]. Villaverde [29]55 N R ILE - HE55 R PE R S50V, Pb 75 1498 h 3 BLR GRIE A FIEk
HANSSEREES, BTXREEREMND, MESKRFAERR/D: MY LEpHME < 71, BFL
#eAS Po A S BRI LL G SN, X2 BT PRI R 1) P FRAR AR IS A . ER24]55 AR I pH (A R
i % LR O R IEAS, Po FIANAE G S BHE pH MFA&IMNECN, Pb A SRR IR A A

SEAE pH KT K, Fo/Mn WS &S MBS G SR LR pH YU, % pH 2L
R, A TBARERE. sk, pH AT DASCR TR & 5, SEMIR 55 (TR BTV A, DRl ek
MG HE RPN EE S pH FERER 2 B AUELL[30]. BE% 3% pH MTHE, BRIk E 1L
WG, SRR AT B AL IR A A PR R A D PP R AR (317

3.3. pH X} Pb £ 55 M E9 R0

Pb £ 3P R A A AN B T B T B B T TSR (32] 6 T P T, 30+ 38K pH {H,
TIERAR SRR I, HRISE S I mas. Rt Po &7 A Gk, I HAKBRIsRM R T
Pb BT HISRAN A7, IS & B s OV S A A Y B IR . BEIRER[33]. 8 pH <7 I, 3fErh
[# € (I HTC IS PbCO; B H R, SECEIEF /KRR S R, (et 7 aE I h it . [,
-3 pH B AT R AR TR AR AR S Ik, R T AR ORI [34]0 BEAh, 3 pH EIE AT LAE
T B - A P I B RSN BT T AR E AR [35]. RAEIE B S H (LT B EIRANE 22
55) WM EL g E IR, JFIER T A LR B A 5 A AL, A AR A A R L
B 2R T e A2 B R R N BB TR B, BRI EE g Jm it ah 1361
4. R RE

AL FEER T P YA Rk LK 3% pH X Po TR A B BRI, TS 2, pH X H
SIEANESVERE LA 1) SCREERA R ERITEA, SINETROE MR . 2) 2 pH Oy Itk
PRI, 85 S I WA WU B S, TSI A 52 - 3) S e [T (AP S5 BH 28 1 Sc Hie Bt 4) 5%
Wi - 358 <5 IR AT I AL DR, SRR R I R 2 B e % P AW A
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T A LR ERE DS T (52, AT — S ) ER AR T . W04 pH AR A XT Pb FEA AL R K
AL B I R/ AT 1 PER , BRI AL TN N 57 pH 5 H 350N I L) P ALY s e,
FHATIRANB T 25 HA 2R S XS 456, ARESEAEMS: . AW 55U 7 M T B,
AR AT SR AP

SE K
EEE, 4L, BB, SRS E R RN, R L IR (A R EER), 2012, 29(3): 99-104.

]
[2] SKENE. BN T L3 B A HOR T 5 [D]: [ LA 5], Bl PO )IINE K2, 2010.
(3] B LHEENS Yt ST RELT]. #TR K, 2011, 33(1): 65-68.
[4] Du, Y.J., Wei, M.L., Reddy, K.R., et al. (2014) Effect of Acid Rain pH on Leaching Behavior of Cement Stabilized

Lead-Contaminated Soil. Journal of Hazardous Materials, 271, 131-140.
https://doi.org/10.1016/j.jhazmat.2014.02.002

[5] Harrison, R.M. and Lsxen, D.P. (1981) Lead Pollution—Cause and Control. Chapman and Hall Ltd., London.

[6] “ER. HYASEARBEMS., Wi IRIFIR[D]: (LA 0ie30]. moRE: RIBILRY, 2013,

[71 Harvey, P.J., Handley, H.K. and Taylor, M.P. (2016) Widespread Copper and Lead Contamination of Household
Drinking Water, New South Wales, Australia. Environmental Research, 151, 275.
https://doi.org/10.1016/j.envres.2016.07.041

(8] bl FALPEFUN LIE-RAEY) R G E g Jm A VA AR i T R[], HUEREL 2RIV, 2014, 4(4): 214-223.

[9]1 Tai, Y., Mcbride, M.B. and Li, Z. (2013) Evaluating Specificity of Sequential Extraction for Chemical Forms of Lead
in Artificially-Contaminated and Field-Contaminated Soils. Talanta, 107, 183-188.
https://doi.org/10.1016/j.talanta.2013.01.008

[10] Ei¥e. FIAEAERBR BTSN (0 A BAR A KOnh B IR R SE AR FE[D]: (A 22 A8 5], M - T R ARk oK 27,

2009.

[11] RRZE. BEY BOHEEROGT)N A F L E 4 EA SN E KTt 7t [D]: (2208 3], bt b
A2, 2017,

[12] P, REFER, A%, % 0L h NS4 CaCl2 REEAMALIITI]. T E AR ZEER, 2013, 29(9):
99-104.

[13] Ay, FoIE, TEmW. YRR IERREES HIEEE TR CRT]. iR AEY 2R, 2005, 24(3):
225-229.

[14] Li, J, Li, K., Cave, M., et al. (2015) Lead Bioaccessibility in 12 Contaminated Soils from China: Correlation to Lead
Relative Bioavailability and Lead in Different Fractions. Journal of Hazardous Materials, 295, 55-62.
https://doi.org/10.1016/j.jhazmat.2015.03.061

[15] Zhang, K.J., Wei, Y.C. and Xu, Y.N. (2014) Analysis of Bioavailability and Affecting Factors of Heavy Metals in the
Soils over Xiaoqinling Gold Mining Region. Geological Bulletin of China, 33, 1182-1187.

[16] Guo, X., Wei, Z., Penn, C.J., et al. (2013) Effect of Soil Washing and Liming on Bioavailability of Heavy Metals in
Acid Contaminated Soil. Soil Science Society of America Journal, 77, 432. https://doi.org/10.2136/sssaj2011.0371

[17] Morel, J.L. (1997) Assessment of Phytoavailability of Trace Elements in Soils. Analusis, 25, 70-72.

[18] Zhang, J., Li, H., Zhou, Y., ef al. (2018) Bioavailability and Soil-to-Crop Transfer of Heavy Metals in Farmland Soils:
A Case Study in the Pearl River Delta, South China. Environmental Pollution, 235, 710-719.
https://doi.org/10.1016/j.envpol.2017.12.106

[19] Adamo, P., lavazzo, P., Albanese, S., ef al. (2014) Bioavailability and Soil-to-Plant Transfer Factors as Indicators of
Potentially Toxic Element Contamination in Agricultural Soils. Science of the Total Environment, 500-501, 11-22.
https://doi.org/10.1016/j.scitotenv.2014.08.085

[20] Hu, Y., Liu, X., Bai, J., et al. (2013) Assessing Heavy Metal Pollution in the Surface Soils of a Region That Had Un-
dergone Three Decades of Intense Industrialization and Urbanization. Environmental Science & Pollution Research

DOI: 10.12677/hjss.2020.81004 27 TRl


https://doi.org/10.12677/hjss.2020.81004
https://doi.org/10.1016/j.jhazmat.2014.02.002
https://doi.org/10.1016/j.envres.2016.07.041
https://doi.org/10.1016/j.talanta.2013.01.008
https://doi.org/10.1016/j.jhazmat.2015.03.061
https://doi.org/10.2136/sssaj2011.0371
https://doi.org/10.1016/j.envpol.2017.12.106
https://doi.org/10.1016/j.scitotenv.2014.08.085

HIFR

(21]

(22]

(23]
(24]

[25]
[26]

(27]

[28]
[29]
[30]

[31]

[33]

[34]

[35]

[36]

International, 20, 6150-6159. https://doi.org/10.1007/s11356-013-1668-z

Tessier, A., Campbell, P.G.C. and Bisson, M. (1979) Sequential Extraction Procedure for the Speciation of Particulate
Trace Metals. Analyst Chemistry, 51, 844-851. https://doi.org/10.1021/ac50043a017

Zheng, S.Y ., et al. (2006) Effects of Dissolved Organic Matter and pH on Toxicity and Bioavailability of Lead. Jour-
nal of Agro-Environment Science, 25, 1413-1418.

TR4ME, PEPSEE, SRk, 5. pH (HXT E 48 Po~Q0)WR MR R[], EMEHEK 4Rk, 2010, 29(6): 23-28.
T, HEZ, BRI, % pH X7 R 51 5 X ik T3 H &8 W -GS FE R sem[)]. A S IRET AR, 2017,
26(10): 1782-1787.

Sauvé, S., Mcbride, M. and Hendershot, W. (1998) Soil Solution Speciation of Lead (II): Effects of Organic Matter and
pH. Soil Science Society of America Journal, 62, 618-621. https://doi.org/10.2136/ss5aj1998.03615995006200030010x

W NG, TRIZLE, S, 5. LIRPE S RADA ST ], AR5, 2016, 41(8): 103-106.

Jiang, H., Li, T., Han, X., et al. (2012) Effects of pH and Low Molecular Weight Organic Acids on Competitive Ad-
sorption and Desorption of Cadmium and Lead in Paddy Soils. Environmental Monitoring & Assessment, 184,
6325-6335. https://doi.org/10.1007/s10661-011-2422-y

RN, dkid, 255, % IR N E 4R 7R LR AT NI T]. I L, 2014(7): 865-867.

RVG, WMIETT, JEEIR, F W W] X SRR A K o IR R SR [T]. HiAEETZ%, 2006, 13(1): 98-104.
BT, E¥E DIEEERIGE AR K R[], BHEHTI, 2013(8): 163-164.

wiho, WER. BRIERESBRES N LI R ZT R ED]. EEREE, 2017, 36(6): 222-232.

Noh, Y.D., Kim, K.R., Kim, W.L, et al. (2015) Effect of Soil Chemical Properties on Phytoavailability of Arsenic,
Cadmium and Lead in Medicinal Plant Fields. Journal of Agriculture & Life Science, 49, 267-277.
https://doi.org/10.14397/jals.2015.49.5.267

Olajire, A.A., Ayodele, E.T., Oyedirdan, G.O., et al. (2003) Levels and Speciation of Heavy Metals in Soils of Indus-
trial Southern Nigeria. Environmental Monitoring and Assessment, 85, 135-155.
https://doi.org/10.1023/A:1023613418727

Appel, C. and Ma, L. (2002) Concentration, pH, and Surface Charge Effects on Cadmium and Lead Sorption in Three
Tropical Soils. Journal of Environmental Quality, 31, 581-589. https://doi.org/10.2134/jeq2002.5810

Klitzke, S. and Lang, F. (2009) Mobilization of Soluble and Dispersible Lead, Arsenic, and Antimony in a Polluted,
Organic-Rich Soil—Effects of pH Increase and Counterion Valency. Journal of Environmental Quality, 38, 933-939.
https://doi.org/10.2134/jq2008.0239

B, DEA, K, & HE-EY RS E SR B IR R R A SETEN k], R EK
F7K B BHATF AU BE 4R, 2015, 13(3): 177-183.

f[/NGHE, P DS, Y- A IR A B B w5 G IR L[] IR MO R, 2004(5): 28-29.

DOI: 10.12677/hjss.2020.81004 28 TRl


https://doi.org/10.12677/hjss.2020.81004
https://doi.org/10.1007/s11356-013-1668-z
https://doi.org/10.1021/ac50043a017
https://doi.org/10.2136/sssaj1998.03615995006200030010x
https://doi.org/10.1007/s10661-011-2422-y
https://doi.org/10.14397/jals.2015.49.5.267
https://doi.org/10.1023/A:1023613418727
https://doi.org/10.2134/jeq2002.5810
https://doi.org/10.2134/jeq2008.0239

	Research Progress in the Effect of pH on Pb Bioavailability
	Abstract
	Keywords
	pH对铅生物有效性的影响研究进展
	摘  要
	关键词
	1. 引言
	2. 土壤中铅的生物有效性
	2.1. 土壤元素有效态的定义
	2.2. 重金属铅在土壤中的形态

	3. 土壤pH对重金属铅的影响
	3.1. pH值对土壤Pb吸附、解吸的影响
	3.2. pH值对Pb形态变化的影响
	3.3. pH对Pb生物活性的影响

	4. 结论及展望
	参考文献

