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Abstract: Precise determination of available cadmium in tea plantation soil is of great significance for risk assessment of the cadmium

content in tea shoots and remediation of contaminated soil. To select a suitable extractant for available cadmium in tea plantation soil and to
optimize the extraction method, 62 soil samples and relevant tea shoot samples were collected from Pu’ er, Lishui, and Shengzhou. The
extraction effects of five extractants, namely 0.1 mol - L' CaCl,, 0.1 mol- L™ HCI, 1 mol-L™" NH,OAc, 1 mol-L™" MgCl,, and 0.005 mol - L.”!
DTPA were compared. We then compared and optimized four factors, namely the extractant concentration, ratio of soil to solution,
extraction time, and oscillation frequency. The results showed that the extraction rate of different extractants was 0.1 mol+ L™ HCI>1 mol -
L™ MgC1,>0.005 mol - L' DTPA>0.1 mol - L™ CaCl>>1 mol "' NHsOAc. The correlation coefficient between the available cadmium content
and tea shoot cadmium content was in the order of 1 mol+ L™ NH;OAc>0.1 mol - L' CaCl>0.1 mol - L' HCI>1 mol - ™' MgC1,>0.005 mol -
L' DTPA. The extractant concentration and extraction time had a significant influence on the extraction efficiency of available cadmium,
whereas the oscillation frequency and ratio of soil to solution had less influence. The results showed that NH;OAc was the best extractant of
available cadmium in tea plantation soil. The best extraction conditions were 6 mol - L' NH:OA¢, 1: 10 ratio of soil to solution, 120 min
extraction time, and 180 r+min™" oscillation frequency.

Keywords: tea; soil; available cadmium; exiractant; method optimization
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FRA HPIFRAIAR, 4353 20 B 56 T A SO
RN R AR AR M B I, 3 100 H 5 F 4
RV T R AE
1.1.2 R HR G B4 e i

0.1 mol - L' CaCL¥ " : FRHX CaCly 11.1 g, ¥ fift



UG E AR R RO 1% 77
AR o AU R BGR R (0.5.1.2.4..6.,

JE KB REE 1L, % .

0.1 mol - L™ HCI ¥ ¥i&"™': W B HC1 ({5 9% 46 ) 8.3
mL, NIKFREZE 1L, & .

1 mol- L' NH,OAc ™ FRELNH,OAc 77.08 g,
BiREIKRREZ1L, &/,

1 mol - L™ MgCL % #&"™: FK B MgCL - 6H,0 203.3
o ARG KR 1 L, 55 H .

0.005 mol + L™ DTPA %" FRHL 1.967 ¢ DTPA
% F 133 mL TEA (= L EERE ) #1705t K rh, PR R HL
1.11 g CaCLIE Tk, — 56 A 1 LRI, K 24y
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- HERE SR R FRI0.1 ¢ HEERE ST
RIS M 6 mL HNOs . 1 mL HF 2 mL
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- SERE S 0 R AR R A0 1 R, 3 pH (E
T 3.90~5.62, ¥ iRt -1 He R AL B Y
R 6 A 1 A S AT S 2 R B AR Akt
5, 64~ T HERE i B PE R WL 2.

TR AT 0.15~0.94 mg-kg !, I A
$90.26 mg-kg, HA A7 114544 (0.49~0.94 mg-kg™")
R 3R T R ) b 8 e RS s o
(17))(GB 15618—2018) H {1 - 48 5 e JXUK: i 126 {1
(0.3 mg-kg™") o HrAsh & &= A T 0.02~0.35 mg -
kg, FRIME M 0.05 mg-kg ™', FIr A FE & B A T (st
W LR P R AR IR ) (NY 659—2003) H
IR AR (1 mg-kg™) o WAL 1 BT, BiA 4R 7 it bl
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Table 1 Basic properties of tested soil and Cd content

in new shoots

T H FEE g RORME BME
[tem Average Median Maximum Minimum
pH 460 4.6l 5.62 3.90
BT 3552 41.08  69.26 5.88
Organic matter/(g-kg™)
2 2.00  2.00 3.27 0.89
Total N/(g-kg™)
NG 17523 136.86 543.84  75.66
Available K/(mg-kg™)
A7 5 124.83 84.00  403.80 19.60
Available P/(mg-kg™)
5 026  0.19 0.94 0.15
Soil total Cd/(mg-kg™)
AR 0.05  0.04 0.35 0.02

Cd in new shoots/(mg-kg™")
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Table 2 Basic properties of optimized soil samples
TRER&T . & R B B TR
Soil sample number Total N/(g-kg™)  Organic matter/(g-kg™)  Available P/(mg-kg™)  Available K/(mg-kg™)  Soil total Cd/(mg-kg™)
1 4.49 3.14 62.43 36.97 135.24 0.17
2 4.74 2.17 36.08 81.12 216.00 0.18
3 5.62 2.70 47.67 87.18 346.00 0.16
4 4.83 1.84 37.71 67.98 131.70 0.19
5 4.24 2.98 69.26 127.80 129.90 0.19
6 4.73 2.31 50.73 135.54 143.70 0.16

- AR R B INIT0 , SE B R ) IE A O %
£ (R=0.808 9) , iz KW 2k HIEMAA —Em
A RpE
2.2 REFIMIERE
2.2.1 A[RIFREGH A EEIRE J) 25 X L

R ARG ST R BGRI 2 AUR TR, 43584
BSFR MR BRI AR . AHIFZE B F 1) S i 3O
25 W43 53 g s R 5 (0.1 mol - L™ HC) | % 45 7
(0.005 mol - L' DTPA) \H £ (0.1 mol - L™ CaCl.,
1 mol - L™ MgCly) F1ZZ ph ¥ (1 mol - L™ NH4OAc)"",
AN TR BRI () 4R B3R ) e RS A
SRR E A o R, iR 3 AL HCL AR
K, NHAOAC IR BRI /N HCL A3 R 2
i NH4OAc [ 345 o $EICHE & BRAK KA 0.1 mol -
L HCI>1 mol - L' MgCL>0.005 mol - L' DTPA>0.1
mol - L' CaCL,>1 mol-L" NH,OAc, # HCIfH T A &
pH B CUF it i A RE 1%, 2 - S ik g 26
SN FIEARCS R EUE R, H HCLH I T @t 1
Berp ) W i, B 6T 4 e PH S 11 R RE )
PRI B IR g, 7 S SOk b B A AR SRR

<
'S
d

y=0.325 7x-0.031 04
R’=0.808 9

e
w

[o}

o
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48 B4R 7 Total Cd content in soil/(mg-kg™)
B TEBREHHENHEXXR

Figure 1 The correlation between total Cd in soil and
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1% WHART]

HE SRS AL AR5, 0.1 mol - LT HCI
AT A R B R B S 3L 4 FPARIBGR] . PSR
VA VRN 2 W VR B ) - AR T S — Bk AT A 4 s
KRS PRI B SR A o b R IUR A
FoAth 28 RUFR IR AAR, B AR BIF 5 b o R 0 T
MG PR AR BCR R AR . A, Ca” fE R
H Y BB T, B R MR ) VRO, DA
- I W A R R S P RE T iR T PR T
NH:?, X R T AHIE 58 b SR F2 BOGR) CaCl i 42
BUR i T 22 0P 7RI NHLOA e B J5L A
2.2.2 YA RIS R R B 1 A DG

1A 2 B, b SR R S R B
M S5 R SRR, aE 2 s, S
FL—HR IO ) - A RS B S TR B A e 6
F 13K B B A O, A O R BOK/IMKIR R 1 mol -
L' NH,0Ac>0.1 mol + L' CaCl>0.1 mol - L' HCI>1
mol - L' MgC1,>0.005 mol - L' DTPA , A &% &40 & i 5
AR T i AR OC R B KT SR S i O
B L AE DG R B, HLG2 v RN TP PR VAR AR G
REU TRV WAL 47

AR ERAY SCHR 8 ] DTPA 75 W% 2% el 1 384
RS HRHEAT BRI, B E AR GB/T 23739—2009
HHLAE T LA DTPA 1R 84 8508 40 1 I 5 1770
H DTPA 75 B2 BOA %507 50 10 1 FH 3 P12 mp P 0 ik
PEA 5 Y TR E LR T BE S AT AT A
B Re )], S 8RR S ALY IR IR 5 W ) 4
JE BRI, 1M13% 3853 4 ) M AR RS B I AN BB AR
G b, S W R P - 1 v AT B AR I B BER AP, HCL
Vs T T AN HL pH AR, 7R A TR B B K A
MLEE A S FBRIREL 45 A AR A SES R B Sk
AT 5 SO IO A 00 i e O R TR A 25
MgCL I 8 Y Mg Il C143 1) 5 AT 35 38 ) B 1 58
) AL S 45 B B8 T, FH T G R IO 2
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Table 3 Comparison of extraction effects of different extractants on soil available cadmium

i H 0.1 mol- L 0.1 mol- L 1 mol L' 1 mol L 0.005 mol - L.
Ttem CaCl, HCI NH.OAc MgCl, DTPA
505 Bl K AH Maximum Cd content/(mg-kg™) 0.48 0.57 0.26 0.71 0.32
B2 A /IME Minimum Cd content/(mg-kg™) 0.01 0.01 <0.01 <0.01 <0.01
& B4 {4 Mean Cd content/(mg-kg™) 0.04ab 0.07a 0.03b 0.06ab 0.04ab
P PR K Maximum extraction rate/% 5391 68.55 28.90 75.37 35.51
P PR SR /ME Minimum extraction rate/% 1.04 1.06 0.30 1.12 0.13
PEPCE- 1418 Mean extraction rate/% 12.63b 22.80a 8.42¢ 16.52b 16.01b
W A TANRING TR R Ab 3 ) 22 5 i 25 (P<0.05) .
Note: Different lowercase letters in a column indicate significant differences among treatments at P<0.05.
0.4 (A)0.1 mol-L™" CaCl, 0.4 1 (B)0.1 mol-L™" HCI
O

y=0.730 3x+0.022 4
R=0.928 3

I
[

o
)

HRSR
Cd content in new shoots/(mg-kg™)

(=]
—_

A A

Cd content in new sho()ts/(mg' kg")

0.3

0.2

0.1

7=0.558 9x+0.015 8
| R'=0.9209

0 0 0.1 0.2 0.3 0.4 0.5 0.6 0 0 0.1 0.2 0.3 0.4 0.5 0.6
T RS A
Available Cd content in soil/(mg-kg™) Available Cd content in soil/(mg-kg™)
~ 0.4 (C)1 mol-L" NH4OAc ~ 0.4 (D)1 mol-L™" MgCl,
= y=1.257x+0.0197 Q = ¥=0.565 2x+0.023 4
é‘) R*=0.944 9 o é” R*=0.895 2
< 03 < 03
o 2 2
Q= 402
B 02 B2 02
o [T}
= = .5
g 0.1 g 0.1
= =
) <
o 0 L L L L ; &) 0 L L L 1 ]
0 0.1 0.2 0.3 0.4 0.5 0.6 0 0.1 0.2 0.3 0.4 0.5 0.6
T RS IS
Available Cd content in soil/(mg-kg™) Available Cd content in soil/(mg-kg™)
~ 0.4 (E)0.005 mol- L' DTPA
=z y=1.102x+0.008 1O
2,
EE,D 03k R=0.828 8 o/ o
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4t .2
EZ 02
£
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£ 01
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O 0 L L L L y
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Figure 2 Correlation analysis of available Cd in soil with Cd content in new shoots
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458 pH R REAIR , AT A B R 2 R AR A LA o T i,
AT ACH AR B R = AR, CaCLIE RN T 1- 4% pH
A LR 2 /N, B2 3 [ SRR T X
S BN MEE S BV, R T
ERFEIGAIXT 148 pH AU ALY FIREFR R 15 /)N
FF ELXT - S ORI B 1% 4 2 - B 4 RE ) A, T 4
TBCHE 8 v LS A S e O e T RV AR A RS
B EEPS NHLOAC H Y NHE AT DU 2 A8 $e o7 25 1
P B, T2 8 4 s 2% G R AR T CLTR L 42
JELE AW A R T2 Bl B 4% 5 4 T 0 P D
UUVE , HLZ2 Mrigs AR A T PR ER VA W06 pHL Y B0k
B BRI NHLO A e 3G FH 2% el ik 1 4
4 A A RS R BRI AR .

HR A 5 T 42 IO i) $2 BCRE ) 22 53 D R 645 30
ANHRA T AR O R A 56 BB, EFE NHLOAC fE
M2 I - RS W AR EGR) R TR 4k
B HR B S AR RS . NHLOAC /5 N R 1 384 3%
A5 0 B BGR) B AT S A A D& STk HER, an B
SE R B 6 FPAS [ R IBGR] H NHLOA e Feidh 5 S i vk
KR FH A 3 P AT RS AR A SR IBGR) , AR IR A AR X A
e 2= A0 PR, A RES R o i 5 I B & Ak
FEORERL 40 2 1 B B A5G . MENZIES S8 F
ST W, NHLOAc AT DU A Hl sz e -+ 33648 1 2 W0 A 50
PEo FEEPBE R, L NHOAC I AR R HE 1L
FI, LW 1:5 323 60 min BT USRS HT i FA0F 1 5
AR R B, TN NHIOA e 32 B0 2k
B FH 0 2 el M e R Y A A R
2.3 BEFAENMRL
2.3.1 FEEGAMR B Y pERE

PEIBGR e B 25 i A7 A5CS AR AR ORI B R R
Z—o WE3FN, B BB B B, A s
RRICE S P RO (H G I B vk 2 15
BN o FRECH B M 0.5 mol - L' B9 10 %) 4 mol - L™
ISR N SN R O NI G DO R P
MM 94.81% .64.77% F129.36% (F4) .t al %, 24
PEBGRAIH EA T 4 mol - L7 B, SR BUREAR , SF- A X
it 2278 B R o 24 B ORI MR B2 7E 4~6 mol - L' 2Z [1]
I, B B K B 45 0.5~4 mol - L 2 [a] 4 BT I
S-S AH X 224 K 6.13% . 6~T mol - L™ if 42 B4 1
PRI R, 156 BH BB RS AR SR B L AN R
A=A AR BRI R P X P RS M A/ N S T A 2%
HEAEIBUR A, B, BEHE 6 mol - L VR A i R I
W IF A 7 )i 2

1% WHART]

HERESL 1 Soil sample | ¥ 4R 4 Soil sample 4
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Figure 3 Comparative experiment of different extractant

concentrations
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Table 4 Average relative deviation between different

extraction concentrations

x5 AE LKz B8 EHEMEE
Table 5 Average relative deviation between different soil

liquid ratios

Concentration/ Average relative Soil liquid Average relative
(mol-1,") 1 2 3 4 5 6 deviation/% ratio 1 2 3 4 5 6 deviation/%
1~0.5 0.82 086 1.02 097 0.89 1.13 94.81 1:5~1:2.5 -0.02 0.17 0.04 -0.08 0.06 0.06 3.84
2~1 0.55 025 0.75 0.62 0.79 0.93 64.77 1:10~1:5 0.17 0.01 0.13 0.18 0.12 0.16 12.75
4~2 0.13 0.15 0.27 0.25 0.51 045 29.36 1:15~1:10 -0.08 0.05 -0.08 -0.08 -0.01 0.08 -1.89
6~4 0.09 0.09 0.04 0.06 0.01 0.07 6.13
7~6 0.05 -0.09 -0.01 0.01 -0.01 -0.03 -1.31
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Figure 4 Comparative experiment of different soil liquid ratios
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Table 6 Average relative deviation between different

extraction times

SIS ] 4 Soil sample SR R 2
Extraction Average relative

time/min 1 2 3 4 5 6

deviation/%

60~30 0.13 0.16 0.14 021 0.13 0.09 14.16
120~60 020 0.12 0.18 0.16 0.18 0.15 16.38
180~120 -0.17 -0.04 -0.08 -0.16 -0.03 0.20 -4.65
240~180 0.15 0.03 0.10 0.08 0.08 -0.13 5.25
240~120 -0.05 -0.01 0.01 -0.09 0.05 0.04 -0.66
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Figure 6 Comparative experiment of different

oscillation frequency
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Table 7 Average relative deviation between different

oscillation frequency

RIS N S5 A AR
ﬂ&/ﬁ%ﬁ# A4 Soil sample FEIRR 22
Oscillation Average
frequency/ 5 3 4 6 relative
(remin™") ! 3 deviation/%
180~140  -0.04 0.08 -0.03 0.18 <0.01 0.06 4.25
220~180  -0.03 -0.02 <0.01 -0.15 <0.01 -0.07 -4.46
260~220  0.07 -0.04 0.03 <0.01 -0.01 0.03 1.28
300~260 <0.01 0.03 0.02 0.02 0.07 0.04 3.24
340~300  0.01 -0.08 -0.02 -0.03 0.02 -0.04 -2.30
300~180  0.03 -0.04 0.07 -0.12 0.06 <0.01 -0.12

(3) BEIGR e B AN AR (] XA RS F AR R 1)
SEMAAE R, - L RIR 39 A5 3 0 AT S R BBOR 5%
M /1N

(4) 2% Fel - 36 LA NHLOA e VE R $R IR, $RE S 1415
FE N FEHCA BE 6 mol - L7, & HE 1210, F2HUET[A] 120
min, JEZHHH 180 rmin™ B HA S FR IR et
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