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Heavy metal content and health risk assessment of lotus roots around the Tongling mining area , China

LU Xiao, YU Kun, SUN Qing-ye", SUN Le-le, CHEN Cheng

(School of Resources and Environmental Engineering, Anhui University, Hefei 230601, China)

Abstract: The mining and smelting of non—ferrous metals can cause heavy metal pollution in the surrounding soil and water. These heavy
metals can enter the human body through the food chain and harm the health of local residents. In this study, in order to provide a scientific
basis for the efficient and rational use of farmland soil in non—ferrous metal mining areas, the contents of five heavy metals (Cu, Zn, Pb, Cd
and As) in lotus roots and their health risks were analyzed in Tongling City, an important non—ferrous metal production base in China. The
results showed that different levels of heavy metal pollution exist in the surface soil of the lotus root planting area, and the pollution by Cd is
most serious. The contents of the five heavy metals in the lotus rootsis within the required limit as per the National Food Safety Limit Stan-
dards; Further, the Transfer Factor(TF) of heavy metals between the soil and lotus roots was extremely low. The contents of Cd, As and Ph
in lotus roots were significantly correlated with the extractive contents of DTPA and NH4sOAc. The calculated results of the Target Hazard
Quotient( THQ) of a single heavy metal and the Total Target Hazard Quotient ( TTH() of the five elements were all below 1, indicating that
there is no health risk from lotus roots in the study area. Therefore, in the Tongling non—ferrous mining area, the cultivation of lotus roots
can be used to improve the utilization of heavy metals contaminated soil.
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Figure 1 Schematic diagram of lotus roots morphology
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Table 1 Total amount of heavy metal elements in surface soil (mg-kg™)

SR Af S Samples ¥ Location pH cd As Ph Cu Zn
1 E118°04'28”N30°58"40" 4.80+0.03 6.23+0.69d  27.70+3.84a  138.4+5.45¢c 193.2474.97c 367.1+46.76c
2 E117°52'38"N30°56"35" 6.78+0.04 0.17+0.08a  17.48+8.66a  27.42+2.97a  50.70+6.59a  55.03+19.08a
3 E117°56'34"N30°56"22" 6.61+0.04 4.56+1.81c  63.32+23.54b 65.38+12.37b  417.149.99d  361.9+130.0c
4 E117°91'62"N30°93"05" 6.00£0.05  0.85:0.29ab  32.75+8.56ab  61.96+0.76h  72.53+5.56a  193.8+97.36h
5 E117°91'67"N30°94' 67" 5.55+0.03  0.72#0.17ab  26.77+8.10a  54.43x7.64ab  44.89+3.81a  166.2+7.43b
6 E117°55'01”N30°55'07" 7.30£0.06  1.15£0.26ab  29.77x12.91a 45.86%8.64ab  26.55%5.12a  188.1x46.24h
7 E117°54'55"N30°53'39" 6.0120.03  0.73£0.05ab  33.46x10.80a 41.28+2.75ab  41.07%6.13a  135.2+3.31a
8 E118°04'35"N30°58"23" 4.88+0.08 1.6420.24b  68.70222.57b  196.1£33.69d  139.8+40.59b  233.9+29.36b

T R SBCT e AN [) P  3R 22 Sk B B 25 KK (P<0.05)

Note: The different lowercase letters in a column indicate significant differences at P<0.05.
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Table 2 Heavy metal content of lotus roots (mg-kg ™', FW)

Kf A Samples  FEFH 14X Lotus roots” section Cd As Pb Cu Zn
1 ] 0.049+0.004b 0.009+0.003a 0.014+0.006a 0.92+0.18a 3.79+0.84b
B 0.043+0.007ab 0.011+0.001a 0.014+0.004a 0.65+0.12a 2.21+0.02a
EEat] 0.030+0.007a 0.012+0.002a 0.021+0.006a 0.72+0.19a 2.0420.35a
EHILEG 0.032+0.006a 0.010+0.004a 0.057+0.011b 0.67+0.11a 2.81+0.22a
2 ] 0.009+0.002¢ 0.012+0.003a — 0.74+0.11b 2.53+0.29¢
e 0.006+0.001be 0.012+0.001a — 0.51+0.08a 1.73+0.08ab
o= 0.004+0.001ab 0.008+0.002a — 0.40+0.15a 1.34+0.26a
s 0.003+0.001a 0.009+0.003a 0.007+0.003b 0.38+0.12a 2.16+0.32be
3 o 0.011+0.001¢ 0.061+0.023ab 0.016+0.009b 1.29+0.27b 4.39+0.57b
B 0.005+0.001b 0.047+0.004ab 0.002+0.001a 0.93+0.001a 2.38+0.55a
B 0.003+0.001a 0.069+0.028h 0.014+0.003b 1.19+0.22ab 1.74+0.51a
EHLR 0.006+0.001b 0.038+0.001a — 1.11£0.10ab 2.16+0.10a
4 B 0.020+0.010a 0.028+0.005a 0.023+0.008b 1.75+0.58a 2.49+0.23ab
B 0.022+0.003a 0.032+0.005a 0.006+0.001a 1.95+0.28a 3.26+0.42¢
o= 0.015+0.002a 0.022+0.007a 0.015+0.003ab 1.55+0.39a 2.28+0.48a
EHUR 0.012+0.003a 0.028+0.008a 0.025+0.007b 1.80+0.27a 3.11+0.40bc
5 S 0.012+0.002b 0.032+0.005bc 0.017+0.002b 1.18+0.09a 3.12+£0.30b
A 0.007+0.001a 0.020+0.004a — 0.95+0.08a 3.25+0.65b
B 0.004+0.001a 0.025+0.002ab — 0.90+0.16a 1.99+0.11a
-y 0.006+0.001a 0.038+0.007¢ 0.015+0.003b 1.20+£0.27a 3.04+0.24b
6 B 0.027+0.003a 0.014+0.002b 0.015+0.001b 1.79+0.46a 2.95+0.41a
B 0.023+0.007a 0.005+0.001a — 1.68+0.50a 2.90+0.53a
B 0.017+0.006a 0.018+0.001b 0.011+0.003b 1.28+0.36a 2.2620.40a
EHILRG 0.016+0.004a 0.014+0.004b 0.009+0.003b 1.40+0.37a 2.84+0.60a
7 B 0.015+0.003¢ 0.013+0.001b 0.011+0.001b 2.62+0.92a 3.06+0.43h
A 0.010+0.001b 0.004+0.001a — 2.56+0.68a 3.19+0.17h
B 0.007+0.001a 0.014+0.001¢ 0.011+0.001b 1.82+0.52a 2.54+0.52a
-y 0.008+0.001a 0.015+0.001¢ 0.016+0.003¢ 2.19+0.05a 3.54+0.34b
8 o 0.051+0.010b 0.070+0.014a 0.067+0.013a 1.13+0.11b 3.77+0.38b
B 0.027+0.002a 0.077+0.005a 0.117+0.013ab 1.23+0.04b 2.25+0.12a
B 0.020+0.001a 0.142+0.005ab 0.149+0.058b 1.33+0.42b 2.13+0.48a
EHILR 0.011+0.004a 0.188+0.010b 0.157+0.027b 0.61+0.05a 2.25+0.22a

T B SRR R SNEC R AR T REROR 22 57 K B R 5K (P<0.05) 5 “— AR A o

Note: The different lowercase letters in a column at each sampling point indicate significant differences at P<0.05; “—"indicates not detected.
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Table 3 Extracted heavy metal content in lotus root cultivation area(mg-kg™)

KA1 Samples  $EHUT 20 Extraction method Cd As Pb Cu Zn

1 DTPA 4.58+0.08 0.16+0.01 76.2+0.27 20.9+0.53 86.8+2.06
EDTA 1.40+0.04 1.80+0.06 1.12+0.02 7.79+0.08 61.6+1.77

NH.OAc 1.80+0.01 0.02+0.01 3.21+0.01 0.24+0.01 18.4+1.02
HCI 5.64+0.11 0.51+0.01 57.7+0.51 41.4£1.56 142.7+3.97

2 DTPA 0.13+0.01 0.07+0.01 14.69+0.33 11.61+0.13 4.15+0.09
EDTA 0.07+0.01 1.84+0.04 0.16+0.03 11.2+0.17 4.38+0.16

NH.OAc 0.09+0.01 0.03+0.01 0.41+0.01 0.13+0.01 0.80+0.01

HCl 0.07+0.01 0.43+0.02 10.4+0.03 12.0+0.62 16.1+0.71

3 DTPA 2.24+0.02 0.16+0.01 20.9+0.17 69.9+0.32 16.3+0.12
EDTA 0.96+0.01 3.95+0.03 0.09+0.01 118.0+2.59 11.6+0.29

NH.OAc 0.71+0.01 0.03+0.01 0.30+0.01 0.93+0.01 1.47+0.01

HCI 3.16+0.10 1.09+0.03 23.7+0.18 111.0+2.54 41.7+0.87

4 DTPA 0.16+0.01 0.08+0.01 14.9+0.53 8.12+0.16 2.00+0.06
EDTA 0.18+0.02 2.93+0.06 0.06+0.01 13.7+0.21 3.90+0.05

NH.OAc 0.11+0.01 0.04+0.01 0.38+0.01 0.27+0.01 0.40+0.02

HCI 0.68+0.01 1.04+0.06 32.0+0.24 18.9+0.47 13.3+0.41

5 DTPA 0.29+0.01 0.10+0.01 22.6+0.35 12.1+0.33 7.74£0.19
EDTA 0.08+0.01 1.76+0.04 0.02+0.01 4.93+0.18 2.50+0.13

NH.OAc 0.06+0.01 0.03+0.01 0.08+0.01 0.23+0.01 0.13+0.01

HCI 0.08+0.01 0.04+0.02 30.4+0.09 10.7+0.01 0.67+0.13

6 DTPA 0.13+0.01 0.09+0.01 15.5+0.24 5.73+0.07 2.86+0.02
EDTA 0.11+0.01 1.58+0.09 0.01+0.01 2.99+0.03 3.16+0.17

NH.0Ac 0.06+0.01 0.03+0.01 0.33+0.01 0.11+0.01 0.98+0.01

HCI 0.25+0.04 0.57+0.03 18.8+0.09 6.94+0.18 6.28+0.20

7 DTPA 0.15+0.01 0.08+0.01 16.3+0.07 8.10+0.28 5.10+0.22
EDTA 0.10+0.01 1.61+0.11 0.01+0.01 7.06+0.45 8.99+0.62

NH.OAc 0.06+0.01 0.03+0.01 0.18+0.01 0.10+0.01 0.55+0.01

HCl 0.36+0.02 0.58+0.04 18.0+0.35 10.4+0.63 22.9+1.48

8 DTPA 1.01+0.02 0.35+0.01 102.3+0.6 39.9+0.34 15.1+0.10
EDTA 0.21+0.02 3.38+0.64 0.38+0.04 17.7+2.21 3.90+0.46

NH.OAc 0.23+0.01 0.08+0.01 2.93+0.02 0.64+0.01 0.90+0.01

HCI 0.76+0.01 0.75+0.09 67.1+3.57 45.6+1.83 26.2+1.95
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AR L, E RN Cd 5528 R B0 AR T An R 2
B CUNBRAL it 55 SR 28 85 3% (An A 3% LT3 1
) I SCAEIIE ST L e BRI X Cd 528 B 1K
fiko Cd . As 1 Ph 1y Xof A A il 2 ELAT 52 22 52 1) 1) 2
SR ITCER RN KT R IR 2 R R ERE
T4 PR32 35 Y 358 (1) 4 BRI AR AL T R
2.5 EFEAR AR EE XK M

2 6 R, BT X BN BT A SR i S v S A
& B IC R 1 B AR KU H8 B (THQ) AL H bR XU 45 54
(TTHQ)HJ/NF 1. FERTAL Y 8 kb A i rp, 8 5 2R AE

K5 BEEHZRHE (%)

Table 5 Transport factor of lotus roots (% )

SRRE A5 Samples Cd As Pbh Cu Zn
1 0.61 0.04 0.02 0.38 0.74
2 3.27 0.06 0.00 1.00 3.53
3 0.14 0.08 0.01 0.27 0.74
4 2.05 0.08 0.03 2.43 1.44
5 0.99 0.11 0.01 2.35 1.71
6 1.83 0.04 0.01 5.78 1.46
7 1.35 0.03 0.02 5.60 2.28
8 1.62 0.17 0.06 0.77 1.11
SEE 1.48 0.08 0.02 2.32 1.63

L TTHQ Fefs 1551 0.493 9, 58 55 1) TTHQ F 2 51%%
FEAS As 1 THQ B8 AT 5 o MEAN , 78 I 52 10 4 B A7
OB X, MR BRI S 2880 TTHQ ™, S5 Fi
M) TTHQ AL, S FFMEAEZ BT R i5 Y+
) T2 8 L AR TR AT e B AU

3 #ie

L) I A DX 320 38 A A i - A7 A6 2 J o0
R{GYERIEL, Hoh Cd 75 Yt oA o, (B SE X 75 e

R4 ERSIEPESETRSEMNEXN

Table 4 Correlation between heavy metal elements in lotus roots and soil

EFE AT Lotus roots” section FEHUJ5 2 Extraction method Cd As Pb Cu 7n
B DTPA 0.549%* 0.749%% 0.700%% -0.270 0.397
EDTA 0.405% 0.839% 0.138 -0.110 0.328
NH,0Ac 0.530%* 0.712% 0.478* -0.243 0.277
HC1 0.460%* 0.435% 0.653* -0.216 0.339
o8 0.432% 0.790% 0.749% -0.268 0.619%
et DTPA 0.601% 0.836% 0.805% -0.337 -0.325
EDTA 0.501°* 0.8437% 0.284 -0.212 -0.282
NH.OAc 0.6425* 0.803% 0.680%* -0.256 -0.301
HC1 0.561°%* 0.491%* 0.762% -0.286 -0.360
JoS s 0.495% 0.703%* 0.893%* -0.335 -0.210
W= DTPA 0.522% 0.745% 0.782:% -0.013 -0.028
EDTA 0.427%* 0.708: 0.223 0.045 -0.008
NH.OAc 0.556%* 0.751%% 0.655%% 0.119 -0.018
HCI 0.478% 0.370 0.7427% 0.018 -0.028
oSy 0.409* 0.378 0.883% -0.039 -0.114
EHILR DTPA 0.714% 0.925% 0.918%* -0.309 -0.050
EDTA 0.642% 0.537% 0.446* -0.073 0.030
NH,0Ac 0.760% 0.828: 0.808* -0.242 0.007
HCI 0.696%* 0.218 0.826%% -0.231 -0.065
Jus ¥ 0.637%* 0.576% 0.908* -0.246 -0.256

T R AE 0.05 K- B2 R+ FORTE 0.01 R F 2257 B

Note: * indicates a significant difference at P<0.05,and ** indicates a significant difference at P<0.01.
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Table 6 Target hazard quotient of lotus roots

RRE o
Samples cd As Pb Cu Zn

TTHQ

1 0.0363 0.0330 0.0062 0.0023 0.0639 0.1418
0.0052 0.0322 0.0016 0.0016 0.0457 0.0864
0.0059 0.1689 0.0033 0.0036 0.0629 0.2445
0.0163 0.0864 0.0041 0.0055 0.0656 0.1779
0.0068 0.0903 0.0040 0.0033 0.0672 0.1717
0.0196 0.0401 0.0035 0.0048 0.0645 0.1325
0.0108 0.0361 0.0026 0.0072 0.0726 0.1294
0.0257 03747 0.0289 0.0034 0.0613 0.4939

0 N AN L R WN

R TR R S M E &R U R S BN A
FAARARE

(2) 3% # F Cd. As.Pb & & 55 1 3 vh DTPA F0I
NH.OAc $2 S & 15 Z Al fE7E 1 3 1EAH DG, DTPA Fll
NH.OAc A E R 38 FEFP AT [X 138 Cd  As . Pb A 5 H2
I

(3)FEFEXT b SR E &R TR M E £/ R
i, B — 4@ ICR THQO M 5P B4R ICE TTHQ X
IR 1, F PSR D355 P 9 1 it o 52 0 X A A fe e
DS 1 AT e IG5 X T B A X, R A
i PP R T 3 R 2 AR T R U5 Yk IR R
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