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Effects of Different Oscillation Modes on Extraction of Available Heavy Metals in Soils

LU Ming—chao'?, SONG Jing"*, YU Hai-bo', ZHANG Dong', WU Peng'?

(1.Key Laboratory of Soil Environment and Pollution Remediation, Institute of Soil Science, Chinese Academy of Sciences, Nanjing 210008,
China; 2.University of Chinese Academy of Sciences, Beijing 100049, China; 3.School of Chemical Engineering and Technology, Tianjin Uni—
versity, Tianjin 300072, China )

Abstract : The differences in oscillation modes while using different oscillation equipment may have some influence on the results obtained.
This study evaluated the effects of different oscillation modes on extraction of available heavy metals in soils. Four historically contaminated
paddy soils were extracted with 0.43 mol+L™' HNO; and 0.01 mol - "' CaCl, for 2 hours on a planetary rotary shaker( RTO ), reciprocating
oscillator(RCO) and cyclotron oscillation incubator(CYO) at six different oscillation modes. The total molar concentration of heavy metals
in four soils extracted by HNO; were significantly higher with cyclotron oscillation (CYO ) than with reciprocating oscillation (RCO ) and
planetary rotary oscillation( RTO1,corotation 30 r-min™), but CaCl,—extractable metals were higher with planetary rotary oscillation( RTO1)
than cyclotron oscillation(CYO) and reciprocating oscillation (RCO ). Differences in metals extraction also existed at different modes of the
planetary rotary oscillation. The results indicate that oscillation modes should be taken into consideration when comparing data of extractable
heavy metals from different labs.

Keywords: oscillation instruments; oscillation modes; soil; available heavy metals; extraction
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IS 1 - R BT hR HE s i 7 T2 0.1 mol - L
NaNO; £ U 1 - HEFRBEARUE; iy == FAE 1 23 51 )
7€ 70.01 mol- L™ CaCl, #1 1 mol - L' NH,NO; $2 5y 115
A RS E A R AR oy 3RS SR RS R AL
(End-Over—End Shaker). & [¥ 4= 58 P15 5t & 45 U
(GB 15618—1995 ) IE7EMETTH , a4 il e T &
T OB AA RSN R R E w5 Y2k
FrifE(DB35T 859—2008 ) , F& [E [ 1A B i th #1412
W R R R A R ) (HLI/T 299—2007 ) i1 ¢ [ 44 19 47
BB HE T RKORG 7L ) (HY 557—2010) 43531
FUE T R B0 U5 7 28 B AR R 2K PR 2
PG RAR SR bR ey vk . BT, BN RR = 55—
() T 4 J A RIS AR BRI BR E )y 75 FORNE , [ Py X T
4 JE A AR B 52 DR R AT 2 R 4 e (R R 2k
FIEZS A3 A O FEEGR  2  J vfe JEE219 -oK EE
PRERAF[R] I K A HEA AT i R BRSOt £
BRSTEL B AT D o S IAEE AN TR
TS 45 T 0T AT 2 A B BUSCR v REA ARl B2
M), S oy FF R I 32 0 3 FH ) 4 5 e B0, LAl
X PRI LA T LA o I N R 3 5 s 7K
AR ARG L, K e IR AL (B PR ) 55 L Ak
Hh Rl 27 Bt i SRR T AR BN A R T I R
PR %46 (21.200620068701.X ) FIAT 5L 45 g i 4k 177 2
(71.201120430618.3).,

YT [ N A R 4 B A RS AR BOR F IR % 12
ARG A = IR T SO TACS AR 4
IURT REAFAE — 52 M), SO IF ST 1E FH 3 PN,
6 PRy o, X 4 Ry i o v e I A 3R T AT
RS H 4B RE AR R ARy 200 A RS
HEJRRBUR R, N+ S R A WS R BT R
il AR HEL IR S5

| RS

L1 it T
IR 4 FIIEL 7ok 5 KRR S ISR T

& B AL T AR B LA N, e s B KR
52 BV R R B AR R K, PN ARG 452 3 Tall
T KRR , AR B KRS 2 21 4@ LR KI5 HE R
Wil , 5 M 7K A 1 5% 3] H 7 3 T SO AR e PR T (% K
AR Z R 48 )R, X 4 Fh 3R AL M % T
SlReEmiE 1,
1.2 R 36{XZF A0 5

1T RS TR 5 By P B2 B i o 14
WFZERT . P E R A B S W T T RIS i, 4
S EA AT AR R E RETT LIS B BT DAy
S B R A SR ) HY -2 42 2008 4 2 Rk
D (EAER2HA RN F)) , ZQZY -B [l jie ki 55 3746

RS A PR W] ), HNO, Fil CaCl, 5385 1

TRt
1.3 MEF %

4 398 i B A 1 5 M B 42 )& (Cd \Cu . Zn Ni Pb,
Cr) &t 275 R AL E BT e . 3 %L
AEALE R 043 mol - L'HNO,2'A1 0.01 mol - L™
CaCLPHR I, $2 0 P 19 3 42 8 % 5 R ICP-AES
(Thermo IRIS Intrepid ) Fil ICP-MS(Thermo X7 )M %E .

ICP-AES TAESH . JHA )% 1150 W3 251
i 14 Lemin™; FHBE 0.5 Lomin™; Z5fb#RIET)
172.369 kPa(25 psi) ; #5202 434 100 remin™',

ICP-MS TAEZSHECH : B )% 1200 W3R HI'X
Wit 13 Lemin s SR 0.7 Lemin™; EALAEE )
0.98 Pa; 8 ZE 3 70C Y% )/B0CRAE )r-min™ 3 i
J5 2k ki 5 WA 452 FR RFIA] 10 ms 3 FHHGUCEL 50,
1.4 EIIGIT

I 4 Fp 345 3.00 g & 100 mL Bk}FE L
B, Jm 30 mL $2HGR, LA 6 RO Rl HR % 5 X = i
THEY 21,3000 remin™ .0 10 min, FIEWL 0.45
pm K RUERE, ETRAEAET 10 mL ¥R LA
th CaCl, $RIGE ISR In— vk HNO; igfk, e
HEJE R, RGP AP 3 M B
3RER

1 il HEMNENER

Table 1 Physical and chemical properties of tested soils

Ik pH AR/ gk Aiki/%  CEC/emol kg

4@/ mg kg

Cd Cu Zn Ni Pb Cr
WiV E 7.66 48.3 19.4 12.2 31.3 327 4264 301 40.4 416
BUASEE 711 5.96 239 12.0 17.9 0.71 334 103 36.5 26.4 66.3
JRERE 5.34 34.8 10.1 5.60 1.75 9.33 102 9.46 74.4 19.6
WA M 492 429 18.9 17.8 6.97 469 151 445 45.8 583
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6 Fh PR AL HE )y KB . BERHR % (Rotary
oscillation ) R AT AL e R D78 & , /%% 30 r-min™,
icfE RTOL; H#% 30 r-min™, id/F RTO2; A %% 15 v+
min+H % 15 r-min™, ic/E RTO3 ;A% 30 remin '+ [
¥ 30 r-min™, JC04F RTO4, 4% 7% (Reciprocating
oscillation ) R TR XM 2 FR 7 #% (HY -2) , F5 3k
300 r+min™, iId/ERCO, [H1iEdR % ( Cyclotron oscillation )
K H ik 2 55 5546 (ZQZY -B) 5% 3 250 r-min™, i
1B CYO, Hirp A2 R 37 A [l e I 32 e B S 56 2 4
FEH
1.5 #HEALIE

iR 56 B0 2K B Microsoft Excel 2003 #E47 40 3,
DPS Bl b ¥R GE A 15 1 (A S0 F0 265307, 25 5%
AR RR A LSD ik, B KR 0.05,

2 #R51%i8

21 B—EERENSLE=MILS

1E 6 PR O X F 4 Fh 43 HNO, $2 B A
CaCl, J2HUS H 4 @ MR IR (5 1458 8 4 4 LU A1)
(P LA RARHEZE 53 B0 2 Ak 3 Foi .

HNO; J& F 5 iR , HNO, $2 H + 458 v 5 4 Ja 38 %
DIREIR - e o iy OB & J@ o 2=, wT LA S e 1
R oy 22 11 B 4 i, Bl A R R g AT
MRS E 4w o P, 38 2 AT 6 Rl =X L4 Fh
JKAG - rp HNO, $#2HUA Cd $2BURTE 75.82%~88.71%
ZIa], Cu $FEHURLE 36.64%~84.72%2 7] ,Ni $2HUE Ky
9.58%~52.23% ,Pb $E WK Ky 37.61%~72.88% ,Zn 2
%y 20.76%~61.78% , Cr $EBU%E R 2.26%~42.48%

4 KRG A Wi E FH/KRE £.0.43 mol - L™ HNO; 25X
DE4JE Cu Ni Zn fl Cr IR K, G IMKFEL
Cd EBCER R, Sk Bk R £ Pb R BCRR R, M
JLER F, WUFKFE Lo Cd IFRCRIE L 75% ; Wi
TR GHAT 4R B KRG L Ca AT Ph (4RI
REGR ARBCR Mt 45% ZAR M R, B4
Cr $2BCR 5 138 pH {5 2 2 1E4H 5% , Pearson 11 5¢
PEZREL r=0.955, 1 MoKV P=0.045, 1 HoAth 55 45 /e
JLRERBCR S P PE 5 (pH A A HLET AR
CEC)¥J oI ZEAH e R

CaCl, J& FHPkEh, 2 3T s v i o 1) 2 2241
FRER Ay, F B R Ca 5S4 R B i i AR FH 55 W2 5 1y
LB I ESE, W ERNZ5HAREIR
BUIN, SR 1 1 AR BRI IGR], AT A
+3Eh D R ASE4JRE . 0.01 mol- L CaCl, RS E
S RPN AR AT BRI ER A, R 3 WA
L4 Fh e CaCl, 32EGS Cr ¥RAH . 1E4h, &I
KRG CaCl, $2IGE Pb A4S H , SN AE 1 Ca—
CL $2HGS Cu A1 Pb RAGHY, SR EKAS 1t CaCl, $2
S Cu KA. 4 FhA3%d B4 CaCl, $RIUREL
KIJEIR BATE M KRG L, T RE PR A i o £ 1
pH (EART 5.5, BRI H R B, Xt 5 1 IR AR
FEEFRE AR 2
22 AAFRGARTERNSEEE RERKE
2.2.1 HNO; $EBUCS 4w BB Rk

BT FRAEA PSSR NP K 4 Fh L3
th HNO; $R B8 £ ) 6 FhE 42 )@ (Cd .Cu.Zn Ni,
Pb Cr ) BE /R BE fin A, HL2h L4 4.

&2 HNO: RESEE R S EmMLLFI(%)

Table 2 Proportion of HNOj; extractable metals to the total metals(% )

MR Cd Cu Ni Ph Zn Cr

b RANCALE| 75.82+1.85 84.72+2.63 52.23+2.07 66.61x1.42 61.78+1.86 42.48+1.30
1T 87.11%5.75 36.64x1.95 11.68+0.71 37.612.58 20.7621.60 5.14+0.49
HREE 79.18+3.30 45.66+4.29 9.58+1.66 72.88+17.16 25.37+2.46 2.80+1.51
i RARSTIl| 88.71+2.22 59.61x1.73 20.83+0.79 56.48+3.00 23.94+0.83 2.26+0.61

3 CaCLIREBAEEE SEEMEHI(%)
Table 3 Proportion of CaCl, extractable metals to the total metals(% )

IOk Cd Cu Ni Pb Zn Cr
Wi E e 0.85+0.02 0.22+0.02 0.03+0.00 — 0.03+0.00 —
1R 5.20£0.38 — 0.21x0.02 — 0.26+0.04 —
JHRIRE 24.1£1.15 — 1.10£0.03 0.1920.02 4.0320.12 —
WLE M 56.7+2.63 2.64+0.13 12.0+0.34 0.13+0.01 11.2+0.33 —

R AR, Cu P Cr FFH ICP-MS B9£G H B354 0.175 pg-17.0.200 pg- L™ .6.14 pe-L7',
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& 4 HNO, fZEUH) 6 MEERE BERKE (mmol-kg ) RERERE(%)

Table 4 Concentrations(mmol+kg™) and maximum differences(% ) of heavy metals extracted by HNO; under 6 oscillation modes

AbFR 3 H WL E LT P I HRARE T E M
RTO1 48.7+0.23d 0.67+0.010d 0.77+0.008b 5.26+0.14b
RTO2 51.3+0.78hc 0.70+0.001¢ 0.81+0.010a 5.35+0.08ab
RTO3 51.2+0.37hc 0.75+0.026b 0.84+0.050a 5.37+0.08ab
RTO4 51.620.38b 0.72+0.007b 0.82+0.010a 5.43+0.06a
RCO 50.4+0.66¢ 0.66+0.008d 0.76+0.006b 5.03+0.06¢
CYO 53.2+0.94a 0.78+0.014a 0.83+0.001a 5.48+0.04a

IR B 53.2 0.78 0.84 5.48

T/ MR 487 0.67 0.76 5.03

R EREI% 9.07 19.3 9.94 8.78

T RPAR TR R 25 B, BEMEKE R a=0.05. FE.

F 4 AT LUE 4 B A3 R % (CYO) T
HNO, $2 Uy B 4 Jm S B R e 3 B 25 v THE R IR
21 (RCO) o X TV e AL KA -+, nl gk
3 (CYO) T HNO; $2 510 5 453 Jm L JBE JR ke S 34 . 2%
1o TR (RTO ) Y BT A AR B 5 % T 7R SR B AT
TLEMNAKRE 1, [EPR % (CYO ) T HNO; $2HU1) E 4
JaR VB R MR FE A 2 i TR R (RTOL) o SRHIAT
R T8 P A1 3 2 AN ) 1 B 1 R e 2H 5 1Y) RTO
AFPAE B I AFAE BB 225 R TUILE . 1074k
AR E 3 KRS £, RTOT(B 2N 30 remin™)
T3 3 A9 L HE HNOs 42 US4 Jm S B R e 1 i
FALTF RTO2( 540 1 5% 30 rmin™) \RTO3 (A% 15
remin”'+ A% 15 r-min™") RTO4 (/A% 30 r-min '+ H
$30 remin™) =5 20 XL & MUK RS L AETERS
e 4 Fhoy Xk, H3ER HNO; $2 UGS B 4 )8 R EE
IR JE B IR & RTOT (U 23 30 romin™) J5 3,
I H & ZIKT RTO4( A% 30 remin~'+ H %% 30 r-
min'),

(] g 4 v 1 H P < Jom B B K VR I 1 TR

BV, 7RI IR T Bl B B A+
S 2 CHR I T 4 R IR TR B v T R AN
PIFEICH 2, 13X AT R R A el , PR B 20, B 2 ik
TR, I EE A R, SHRBGR A L%
B, IIA T 58 HNO, IS HE AR 1R .
2.2.2 CaCl, EHUAE 4R Cd Zn Ni BB /R
i F CaCl, X F Cu.Pb . Cr $EHUCRE M/ 2 KK
(3R 3), LA L iErh E 4R CaCl, #R LR Z
1 Cd.Zn Ni 3 FlvEE 4 J& 0 B IR VR B 2 FIZRAE CaCl,
RECSELS RN S, AR HEARIRY rAEER
SVEEIRWR LR 5,
M5 ATLIE H 4 Bl B3 BEdR% (CYO) T
CaCl, J2 UM B & 8 B /R E Y & THEE R Y
(RCO),(HZE 5 A 3 e % 3% (RTO1) T CaCl, #2
TR 4 S R R R MR B 34 v F e % (CY O Rl
B (RCO), I H 7R 4R B AT UL & N KRG A7
TEREZES ., X CaCl, SEBCSTER AR, Y-
BRI P IRIE R Z . 6 MR U LT
MK FE -/ CaCl, $EHUS T B EHE2E .

&5 CaCLIRENH 3 MESE BERRE (mmol kg ) REKRERE(%)

Table 5 Concentrations(mmol+kg™) and maximum differences(% ) of heavy metals extracted by CaCl, under six oscillation modes

ST H WL E LT PR JARIRE WA M
RTO1 0.023 8+0.001 6a 0.005 6+0.001 4a 0.071 7£0.003 Oa 0.399 8+0.014 9a
RTO2 0.020 4+0.000 8b 0.005 3+0.000 9a 0.069 5+0.001 2ab 0.389 7+0.002 7a
RTO3 0.021 6+0.000 7ab 0.007 0+0.001 la 0.067 8+0.000 9bc 0.391 1+0.002 6a
RTO4 0.023 5+0.002 3a 0.005 8+0.000 4a 0.068 3+0.001 8bhc 0.375 0+0.002 Ob
RCO 0.021 5+0.000 9ab 0.005 3+0.001 4a 0.066 2+0.000 8c 0.370 0+0.002 8b
CYO 0.023 0£0.001 6a 0.005 5+0.000 5a 0.067 7+0.001 Obc 0.375 1x0.000 8b

F KA 0.023 8 0.007 0 0.071 7 0.399 8

/N 0.020 4 0.005 3 0.066 2 0.370 0

TR ZEF R % 16.67 32.08 8.31 8.05
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2.2.3 PPN} CaCl, $2HU Cd ARES A2

i1 T CaCl, j& e 35 4 A BRI R IGR) ,
B FAE BIEAARES Cd AFRI, B LA R R
J5 3%} CaCl, $EHCARES Cd 520, 25k 6, %F
TAL TR T AR B WL A MK FE 1, iR %
(CYO)™ CaCl, $2HUHY Cd EE/RWFE Y & THER IR
(RCO), K" ARIREB KB LA R E 2SS, Hih +
BREFRADE ATRIREIRGEE T N TWLE
BH T 25 AR B CHRVL & N K AR £ RTO4 (2455 30 «-
min'+ A% 30 remin™) T CaCl, 3B E LB B
JEEIR W BE IR T RTO1 (B8 23 %% 30 r-min™') \RTO2
(Hk B %% 30 remin™) \RTO; (/A%% 15 remin™'+ H #%;
15 r-min™)3 FE, AR B AW S MK AE 16
ZRHARFEW WILEHR D ARRE WLE MK
#1A# RTO1 . RTO2 .RTO3 Z [A] KA B FHE2E R, 1%
UL CaCl, #2HUES Cd 7E5E AR PR35 B AN T
KRR EZ, W RFRY =00 58 Cd 1
CaCl, He U AF7E—E 52
2.2.4 KRRG i SR IA RS E 4 8 BB IRV Y
KRR

R [l iR 7 7 =X 0 A 50 B 4 s 1) B R vk
AR5 WOR IR 22 53 R G e 2 3R 7
R HUR e/ R U8 3 i 4 bR Tl 422 I
W P2 &, 45 ILER 4 3R 5. AT LA ) HNO, $2HUH
T4 VBRSO B ) Fe K 25 7 3 AE 8.78%0~19.32% 2.
6], 1 CaCl, J2EUME 4R Cd Zn Ni SUEE/R IR BE fie K
FFRIE 8.05%~32.08% Z[0], i I H#EBURF KPR
i 7 5 D R 7 =M H 22 SR, DT B 4R
T 7 XA RS AR IR B B

3 &g

(1)Xf Fla]— 133, HNO; il CaCl, $RECS E4 R
B FE B A R AN R AR 3R 7 28 AEAE B 3 1k
25 T HNO; $ UGS E 4 )8 , 4 Fh -7 iR %

(CYO) T Ay 1 B 2 i/ T A k% (RCO) FIf 7
R (RTOL1); XFT CaCl, f2HUSE 4R 4
AR e R 3% (RTO1) T 4R BGE 4 & T [l ek
7 (CYO)MITEREHRY (RCO) .

(247 BEER T 5 4R 35 (A AN [R) A i I i e 4165
KT ARERERSEAIRIGE 2 5 B X 4 Flok
Fit, A% 30 r-min™ J5aXT A9 158 HNO, $2BGS &
G T SRR IR VR B e {1 X TR AL E B AR B
LS MY 3 FikAE L, %% 30 remin™ J770F CaCl,
PRI E 4 EEE IR VR T e e

M EE A A, HNO; FEICE 4 s 7E w1 51
P& T IRBGEE £, CaCl, PGS 4 B R AR
THREGERZ.

PRI A L A 208 A o 4 i I3k 3 T AR S 5
] LEXT B, SR R UEAS [R) R A () ] Lk, 75 %5 8
PG T BE IR 52
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