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Distribution and pollution assessment of heavy metals
in soils from Tieguanyin tea garden of Anxi County
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(1. Department of Science and Technology for Inspection, Xiamen Huaxia University, Xiamen, 361024, China;
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Abstract; To investigate the distribution characteristics and pollution degree of heavy metals in soils
from Tieguanyin tea garden of Anxircounty, contents of 9 heavy metals in the soils from Tieguanyin
tea garden of 8 towns were determined by inductively coupled plasma mass spectrometry (ICP-MS).
Geo-accumulation index, enrichment factor and potential ecological risk index were applied to
evaluate the pollution degree and potential ecological risk of heavy metals. The results showed that
the contents of the heavy metals in tea garden soils showed variation and the average contents of the
heavy metals showed the order of Mn > Zn > V > Pb > Cr > Cu > Ni > Co > Cd. Mn, Zn, Co, Pb
and Cd were enriched in the soils comparing to the background values in soils of Fujian Province.
The results of pollution assessment by geo—accumulation index and enrichment factor revealed that
the pollution degree of heavy metals showed the order of Cd > Pb >Zn > Mn > Co >V > Cu > Ni >
Cr. Cd showed mild to moderate pollution and moderate enrichment. Pb, Zn and Mn showed non-

pollution and mild enrichment. The assessment results of potential ecological risk index indicated that
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Cd showed considerable potential ecological risk and the comprehensive ecological risk of 9 elements
was considerate. In summary, Cd should be the focus of heavy metals in the evaluation of soil quality
of Anxi Tieguanyin tea garden.

Keywords: tea garden soil, heavy metals, distribution characteristics, pollution assessment,

Tieguanyin.

HEEE RS NRERREE VAR A A T Y, o AR sl A S R g fa e BAT H 2 sk n]
PR G FE XU AR B T AL A P2 Y & SR AR T AL E R A I ERe , 3 E 2 SR AR B A T 4
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b MR A O B SRR At 22 A SR T RN 2R e S AR & TR A LA E I A A
WA R s Rashid 251 BIFSE T 4z [ Moulvibazar F1 Sylhet /11 X 45 bl 445 b & 42 8 & 000 A0

AN T E R RS, e E A A R R R R AR L PR I E AN R T
A B AU AR RS P R R T R, S YA i R B A O A
W) 7= X, A < TP R 2 R AR B T A A AR i, W s A ] N SR P
BB, SRR SR T, BIGE B AR 2 117°36'—118°177, Jb 45 24950°—25°226". %% B UL BB 1L ok 3, A A
PRI AR ARk S e e B e T 2 KU, B R 2R K, LA AR IR | =0 | 22 55 T AR R AE
SRS A4 A A RV S 5 B AR T BRI T R ) 2 1R

A5 38 2o I 2RO 7 X Ak b K B4 )8 0 & (Mn  Zn (Cr,V,Co,Cu Ni,Pb Cd
Se) i, AT AN ] = XS el 4 38 v 4 TR A p AR AR08 s A R AL T SRR B0A AR A S A
BAOE X H 48 15 Y LA TP DA fR 4 A5 e I TR R SR — e B R

1 #5771 ( Materials and methods)

1.1 FEFCREE K AL 3

2014 4 10 H SRETHREBLFEL 8 M S UBEN Kty WL W s PUrpe R H
BB R B30 00 R A (0—20 em) H3ERE S BLACRAE S0 A0 UL 1, i fR 2% el - AR =i,
FA~ 2 I3 AR SRARE AL AR A Pl 7 AR AR (bl AR | RIS AE) B SRAE R 10 m x 10 m
TR B N LIMEAETE MR UR AR S R HEFE SR G0 1 A RAEE SRR .

W R A A 1 HERE B AT B ] 5 B R A B RSB0 B T T eEE AR & L AR
T AR - R R, S BR A, LA DY 2312 BE I - R T S B B R R TS 5 200 H 2 e
i, it N AEORAE A .
1.2 S ESE S R E

HEBAFRE 0.1000 g AL TR U B LM A A 2 mL HF(GR) 1 mL HCI(GR) 1 1mL
HNO,(GR) , B T HL IR |- 25 B M. 1 I A o6 2 RV WO T , InHGERRR 238 1, FH 5% HNO,(GR) Z %
LR E 25 T B & 45 58 T BT RE (Y (ICP-MS, ELEMENT XR %!, 7 [ Finnigan-MAT 23 7)) I 5 7
#H Mn Zn .Cr .V .Co.Cu.Ni .Pb .Cd Fll Sc JLZ.

SEES IR OR AT O AT B AR (1) 3R A 1, BRI A R 24 R AT A R iR A
F, PSR 22T (2) PATIRES , AR AR S AL A BE X 10% 4% S HEFT 6 URTATIR S, AH X bR o f 25 1
FE 5% VA 5 (3) W0 E bR UEY) BT A7 0T s 2 o], R B - S 140 43 b o 40 o - 1 21458 ( GSS-5) Pl 41
HE(GSS-7) AniEY I SE B0k B SR A AT — B BRI AT, 45 JC R AHXTIR ZE7E 10% LT
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Fig.1 Sampling sites of soils from Tieguanyin tea garden of Anxi County

1.3 Bl bririk

AR ArcGIS ZHHRAES R E, H Origin 8.5  Excel 2016 Fil Photoshop CS6 4 7848 43 H7 e 22 4.

Hil, EAREZ AT+ E 4 15 Y iy gy ik, BT AR RPN Jr ik i AT T e 25 R R
B PPN SR AR 22 5, ARG BARPEAN A 1B 48558 A PF BT I e AR T 5T 0 ) DA - 48 v B 43 J 5 kA
X Ml BT S G YRR B N DRy IR 2R R el ) AR AR B D S e AR AR AN S # R B Tk s
[T SRR | A R EOE AN A A5 AU 0 0 B e e i AT LR B VTN

i T SRR AR IR R A E 2 Mller " B O 2 00

Igef»:logZ[Cs/(kXCb)} (1)

AP 1, BT RBEE R C O A bl L3 ep B Jm p S i ) AR R LT R RE, A SCR
FItEEEE EHOTRISAE sk N IR BNTRUE I AT RE 235 S 00 15 57 10 7% 3 1 152 7 1) 4 450, — B
k=1.5 M5 REHE L eI AR 1.

R WFRBUER(L,.,) ST RFEE

Table 1 [ndex of geoaccumulation (/,,,) and pollution degree

Ly, <0 0—1 1—2 2—3 3—4 4—5 >5
SRR i W
R 2 L firi e e i o o
Pollution . Mild to Moderate o
None Mild Moderate Severe Serious
degree moderate to severe

BT R Enrichment Factor) JEVF A A6 26 - HErh T 2 25 9 R FE B W0 58 2 3T 4
T B 98 22 M o 5 S SR A
(c/c,).
e, )
Kot (C,/C,) WA -LHOPTER § B35 S B HTEE n B3I A 2 LA (C/C ),y RIS
B § i 2 TR n O 2 L, 250 2 O A b > L 2.

R2 HERREEERE

Table 2 Enrichment Factor (EF) and degree of enrichment

EF <1 1—2 2—5 5—20 20—40 >40
[EE i J BE T B3 el R,

Enrichment degree None Mild Moderate Significantly Strong Very strong
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A A SR FR s /) Hakanson' ™ 1 1980 AF48 1, JHC AT Jsz e - 38 v 5 45 a8 X B8 (95 18 A2 A
B AR H A A0y

E=Tx—

Gy

RI= Y E (4)

X, BN HIEFESE B SRR R Coh P ES R S SR, mg kg € NI

PSR TR, meg-ke ™ A SCRAIREE LR RME " T NESE | FEE R R, K

W E 4 R A MK AR 6] B 4 R TS Y i U R B, AR SCR ARG A 5 R E (Mn=Zn =1,

Cr=V=2 Co=Cu=Ni=Pb=5 Cd=30) ; Rl i - 5 h Z i 4 8 T R LR G A 28 U 48 £ AR 48 BT af 52
() 0 R FP SR RL 5 1 T 7 A A5 KU S R b v DL 3124

R3OS R

Table 3 Degree of potential ecological risk

(3)

g AR L 25 KRG AR B RI WA A A R
" Level of potential ecological risk Level of potential ecological risk
<40 B Mild <63 R Mild
40—80 H1ZE Moderate 63—126 *H % Moderate
80—160 475 Considerate 126—252 B Considerate
160—320 # High =252 fRE Very high
=320 TR Very high

2 5 51718 (Results and discussion)

2.1 Zkbd LA 4G A R RE

LRGN A5 P L3Erh 9 P & Jm ST SR IL R 4.4 TR SCP & ST ) Mn(336.0 mg-kg ') >
Zn(103.2 mg-kg™') > V(68.5 mg-kg™') >Pb(49.9 mg-kg™') > Cr(22.0 mg-kg™') > Cu(15.1 mg-kg™") >
Ni(8.10 mg-kg™') > Co(7.80 mgikg™") > Cd(0.280 mg-kg™"). GHIHA T L 5" 4T3 L,
Mn Zn Co .Pb I Cd #Y G-F-2575 Sl 18 i LR 5e(l, P Cd e R S e ik 8| LT R T
AR 5.2 15 B AR S SRS 57, BR T Cd 7E 8 > S BT RAE s Xl i IR EE Y 5L, HAR TR
PR Aoy £ B it RHEOTR T RA 0. Zn VI Co BITE N S | VY FFERURN PR S B35 i o - 43¢
TLAR W {H ; Gr FLNG PFRWISL S Sl R T R 5. b B G w5 i e RAOT RAIEE 5
JRICRTES R & B 225 X U R & B b 13 b 8 4 s & 5, Bk Pb Z0h, & TR Y8 5+ R A0
BR(=0.4)  BEHIASIE] A bel 39 b T 4 2 ik 22 S A0, T4 R R R M I MV T Co TEH
TE U PFRAZS bl 5 & iRy, Zn JUERTE M I £ 2% ] 3 rp 8 i s, Cr M NI JUERAE W) Sk BR fl + 4
T B R, Cu JCETE Bk bl + 8 v & i, Ph DU R AR B AR I 398 vp & B, 1T Cd JC R TE
FEEREE % bl + 33 vh 5 B e 5. Mn  Cu A1 Ph JC 3R 7R AR A % bl - 48 vh % B IR, Zn A1 Co TERIERKIT S
Zc bl L BRI, Cr JTRAE PR BB B bl 8 vh & iR, V OT R 7E B WS el - 4 v &5 8 e ik, Ni JT
RIENI 2 A5+ e S I, 10 Cd JC R AR A A I 4 b 5 i R fIK.

W B Pl e b i P i S A A T A TR LG S5 OR LER 5. 2Bk e R Cd S i
5 A~ DXIAR R T Cr 7 2 LL At 5 A4S IXOIRERAIR ; Zn & 5 8 FHUM A AR MR T 52 5 Co & = AKF AL
M5 Cu & 4 5 TSN TR AN A 27 Ni & AR TR AR Ph & i m TR UM AN R i T
IFLL AT VL AN [ T 2 el -3 vp 4% 4 R S R AR AR ORI 22 5, U WO AT BEAZ L B L
SR A A B D7 SRR R T PR A5 22 07 T R S %) 25 el b S R 2R 7 AT B A T
I, W BARES 5 PRI B0 , 5 21 B B A 25 28
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R4 CEERMEIEESE SR (mg-kg)

Table 4 Contents of heavy metals in soils from Tieguanyin tea garden of Anxi County (mg-kg™)

LR atiain Kiig sk L EZ [pesit AT LG B Py Rl

Element (n=3) (n=3) (n=3) (n=3) (n=3) (n=3) (n=3) (n=3) Ave  Background ©
Mn 171£31.65  174.1£9.14  230.8+32.62 546.9+92.04 609.6+23.90 268.6+45.24 210.3£31.94 476.2+24.07 336.0 280 0.52
Zn 76.4+3.61 61.5+£7.25 67.4£1.90 177.6£10.62 81.6+6.89  174.4£8.56  77.7£3.80 109.1£17.01 103.2 82.7 0.44
Cr 18.8£2.09  23.4+3.38  48.9+6.01 15.1£2.39  23.1x1.18 13.1£3.22  20.1£3.05 13.3£2.12  22.0 41.3 0.52
\ 78.7£3.20  44.9+4.14  62.0+3.81 84.2+4.44 113.6x12.16 87.6£2.86  43.5+3.63 33.5+1.49  68.5 78.3 0.40
Co 4.06£0.22  3.63x0.19  4.27+0.66  9.11£2.09  16.37+1.63 14.53+0.51 4.46x0.37  5.95+0.68 7.80 7.41 0.63
Cu 10.45£0.70  10.63+1.73  19.03+0.49  10.8+0.89 17.2+£2.59 13.7£1.87  11.16x1.79 27.87+1.79 15.1 21.6 0.40
Ni 6.75+0.89 8.63+0.57  14.17x0.55 4.77+0.35 10.61+£1.04  7.86x1.13  7.26+0.83  4.78+0.56 8.10 13.5 0.40
Ph 35.6£0.70  51.1£2.24  41.3x1.56  46.7+0.57  41.7+5.05 55.2#4.36  70.1£6.65  57.4+1.31 49.9 34.9 0.22
Cd 0.241£0.067 0.151+0.027 0.126+0.012 0.272+0.037 0.145+0.034 0.667+0.019 0.419+0.017 0.218+0.047 0.280 0.054 0.63

®5 ORFEBGE Kb b 4R i (mg-kg ™)

Table 5 Contents of heavy metals in soils of tea garden from different studied area (mg-kg ')

X Jsk Zn Cr Co Cu Ni Ph ca S
Reference
LR 103.2 22 7.8 15.1 8.1 49.9 0.28 EN I
HAEW 67.46 76.54 0.193 [13]
Kb 92.2 19.5 42.7 0.074 [12]
B 80.71 61.11 19.47 21.79 26.87 0.14 [26]
pigll 160.9 91.35 13.78 0.043 [27]
TR 93.96 29.29 15.43 20.02 14.35 0.063 [28]

2.2 R LIETE SR I P
2.2.1  HSRBUEEOLINY
LG A e] -39 v i e b SR AR BSOA TP 4 SR LI 2,45 T 4 T R 1 T4 b T SR AR R0
JF9 Cd(1.6) > Pb(=0.1) > Zn(=0.4) > Mn(=0:5) > Co(-0.8) > V(-0.9) > Cu(-1.2) > Ni(-1.4) >
Cr(=1.6) B4k I, Cd LB T TG 3 HA TR R BN JCT5 5. 5 JEAN R X 322 571, Cr V  Cu FT Ni
TCRAE A RAE A3 R B R V5 Y (£, <0) sMn TERG M & (1, =0.37) PGEF4E (1, = 0.54) Fl KL
(1,,=0.18) R NIRRT Y, A BRI R A I 9 Zn LI S (1, =0.52) IR (1, =0.49)
TN TG Y, Hofth IR I TET5 5% 5 Co FEPGEFHA (1, = 0.55) FIFEERHL (1, = 0.39) I NRETS
Yo A A X IR AT TS Y Cd AR BT S (1,,=0.88) I3kH1(1,,=0.63) FIPHIF4H (1, =0.81) KK
RS Y TR, =1.54) (WM S (1, =1.74) FUEIR (1, = 1.40) FI Ry Dt B 75 4%, 76 B MR 4
(1,.,=2.37) FEEREL (1, =3.00) LR TG Ye.

4 Mn - A A A
3F Zn - A A
cr None
r » A Mile
5 Vi .
1 =3 % Mild to moderate
L
\?n ok o Co - @ Moderate A A
Cu -
1k
Ni |-
2k
Pb -
-3}
Cd-F* A A % A © O X
—4 | | | | { | | | | 1 1 1 1 1 1 1 1
Mn Zn C V Co Cu Ni Pb Cd QN o ¥ ¥ K
Element i@ ) = E oy =) S o
H X OE OE H & o

B2 el b G R A S R BER(1,, ) TP AR

Fig.2 Evaluation results of geo-accumulation index (7 ) of heavy metals in soils of tea garden

geo
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222 BEERBOLHM

2 HIGE AR IUN I fE 7E AL DR S 36 A i B Ak i M R e A5 4 1) SEBR B # AR N 2
FEICZE M4 Al .Cs Zr Nb.Y Li Fe Sc Fil Co 2% RBFFEH RIBHM 2 T J0EK Se 2845 bl 3 i1 &
B AR R P Se TTEAERN LIPS EN 14.021.8 mg-kg ™', S5MHEEE HIHE TR ST Sc RS
T (13.3 mg-kg ') AR, H Se TCRIES KA s Z AR 5 ZEEL/N(CV=0.13) ARG Se B8
Z ot R, N TS ESE TR E £ RE

TR A5 IR S R W AR R BTN A R LK 3.4 B 4w T R R 4 R BT N
Cd(4.9) >Pb(1.4) >7Zn(1.2) >Mn(1.1) > Co(1.0) > V(0.8) > Cu(0.7) > Ni(0.6) > Cr(0.5) ,#{K
b, Cd RIAHPEERE L, Pb Zn Mn RIUNERFEEFE, HATR RN T L. 5 EAR [ X 2E 54k Cr
FNi JTCRTEMISL BRI R S 4 (EF Y28 1.1) 78 H A XCR I o s 45 V SR AE P SR B
BREEE(EF=1.4) MR TR 5 Cu TR TEEIR(EF=1.3) R KR F 5%, 75 HAB X 5
RN T Mn TTRIEMM S (EF=1.7) VI (EF=1.9) FIE S (EF = 1.8) RIR4E E w 4 7EH
M IX IR N T Zn TTRAEH M S (EF=1.9) JREH(EF=1.7) "EWE(EF=1.1) fr& 5 (EF =
1.4) R T M IR T E 4R Co TR TEPT A (EF=2.1) R R E & 1E IR AR
H(EF=1.6) R AR F A, FEHA X BRI IO 4 ;P 7R E W (EF=2.4)RM N T EEF R, 7RI
TEF(EF<1) RN T E & HAD X SR IN B & 4R Cd JURTE IR EE (ER=10.2) FI'E Hr4E (EF =
9.1) RPN W E w4 7 HoAt X 26 30 o vb B B A6 L B R RIS BOE TN B AR R ECE TR AE R P
BA B3k

12r r

" Mn A A A
104 T Zn | A A A A
Cr A
4 § vr None
o 2 cop A Mild * A
L Y Moderate
, * Cul @ Significantly A
AE=SERE S S ml A A A A A * A
OF
1 1 1 1 1 1 1 1 1 cdp ¥ * * * * d it * |
Mn Zn Cr V Co Cu Ni Pb Cd % 3 2 oy ¥ o5 5 =
Element ;% ;‘& % % E @ {ﬁ m

B3 kb b B A R R B (ER) TEA SR

Fig.3 Evaluation results of enrichment factor (EF) of heavy metals in soils of tea garden

2.2.3 VAR AR TR B VRN

RN A5 3 b I 4 B A A S RS BUETEM 45 R L 4. 8 AR TR E A S
XU ZEUF M Cd(155.6) > Pb(7.1) > Co(5.3) > Cu(3.5) > Ni(3.0) > V(2.6) >Zn(2.1) > Cr(1.6) >
Mn(1.2) 881K |, Cd RICAE WAL AR, HATC 3 3R A 58 B v 7 A A KUK . 2% SN ) X J 2
PE, Cd TCE AR IR PR = R R (B, =370.7) , 7E B HHAE (E, =232.8) I N @& I 7E A B,
TEREAL (E = 134.1) 4% (E =151.3) FEIPEL(E, =80.7) MIEME(E = 121.1) F I NS AEA S
A FER TS (E,=79.9) FIilSk 81 (£, =69.8) F B A S5V 78 A= 25 KU AR U R A g AR 3 %
AR BV A AR SRS (E <40) ZEE IR S KSR ECT- YA 182.4 , RI A E =g A S X H 3
Tl Cd BTk

ZEAXTH 3 Pl YN 5 ik A 25 5 b it RBURBOL AN E 4 REGEITM A5 R BRI 445 T R T5 Y e
FENFF A Cd > Pb > Zn > Mn > Co > V > Cu > Ni > Cr, Horv | 157 24880 v] DL B i 5 4 75 e
PIT5 YRR EE | & AR RBOL FT IX 7 AZETE A [ AR R R X 1 b i 4 s w AR s ) HL X P A E ¢ 11
AN B B — 4 J8 | A B4 T S0 T 4 B 5 Vs e W AR AR R KU R B0k 4 B & B T 5 Rk
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Fig.4 Evaluation results of potential ecological risk index of heavy metals in soils of tea garden

3 %518 ( Conclusion)

(1) ZERPME A5 55 b 9 Al 4R A4S 178 Min( 336.0 mg-kg™') > Zn(103.2 mg-kg™") >
V(68.5 mg-kg™') > Pb(49.9 mg-kg™') > Cr(22.0 mg-kg™) >Gu(15.1 mg-kg™") > Ni(8.10 mg-kg™") >
Co(7.80 mg-kg™') > Cd(0.280 mg-kg™').Mn . Zn GoPh FlCd B - & R mEE Hr R &
5, cd T E SRS LT £ SR 5.2 5. Pb 24, KT R SR8 S R AR K
(=0.4) [ F=HAS e 438 b i 4w 1 i 28 ROR, T 4 JE R IR A3 1K

(2) Hi it RFRHE B0 A 4 REOLLE IR R | K e RIS PR BT Cd > Pb > Zn > Mn > Co >
V > Cu > Ni > Cr, o, Cd Ry B & 45 AVl 75 44, Ph  Zn Mn 42 B4R RIS 4y, Hofoo & o
EHETCTG Y AR A B TR ROEEE SRR, Cd RPN A = v A A A XU, Hoft oo 2 R BN 2 T AE A
B , 25 TC B L A e A S XU Daiess . T UL, Cd I N 22 R A W35 5% el 398 B B DA v B A DG iR 1Y)
A R T BRI E L
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