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Analysis and health risk assessment of heavy metal in lotus root

GAO Peipet XIAO Bing LIU Wenju ZHANG Xiangyu DONG Junwen XUE Peiying™"

( College of Resources and_Environmental Sciences, Agricultural University of Hebei /Key Laboratory of

Ecological Environmént of Farmland in Hebei, Baoding, 071000, China)

Abstract: There are increasing eoncerns on heavy mental contamination in vegetables such as lotus
root. Selected metals including lead ( Pb), cadmium ( Cd) and arsenic ( As) and their
accumulation in.commercial and wild lotus root collected from Baoding and Baiyangdian Lake were
analyzed. The nemero synthesis index values and the target hazard quotient (THQ) of heavy metals
in lotus root were’ selected to evaluate the pollution degree and their risk to human health. The
contents of Pb, Cd and As in different parts of lotus root (including edible part, peel, node) were
measured using inductively coupled plasma mass spectrometry (ICP-MS) and atomic fluorescence
spectrophotometer ( AFS) after digesting by nitric acid-perchloric acid. The results showed that Ph,
Cd and As in 17 samples of lotus root respectively exceeded the permissible limits for food ( GB
2762—2017) by varying degrees. Pb had the highest over standard rate and the highest variable
coefficient (>100% ), and Pb concentrations in 23.08% , 53.85% and 38.46% of the edible part,

2019 4F 3 A 4 HYik (Received ; March 4, 2019).
* [H A RFLF L4 (21407042) FAIALAE FARERR2 56 4: (D2015204109) HEH).
Supported by the National Natural Science Foundation of China (21407042) and the Natural Science Foundation of Hebei Province
(D2015204109) .
w x WINBRR A, Tel 13603280681, E-mail; pyxue0812@ 163.com
Corresponding author, Tel 13603280681, E-mail: pyxue0812@ 163.com



2 o S A R T S R R S B XU A 363

peel and node of lotus root respectively were above the safety limits. Furthermore, as for the
commercial lotus root, the average contents of Cd, Pb and As in lotus root were in the order of node
> peel > edible part. The heavy metal content in peel and node of lotus root reached mild pollution
(P
level (P= 0.85). Pollution of Cd, Pb and As in peel of wild lotus root were relatively serious, and

o 18 1.02 and 1.55 respectively) , while the heavy metal content in edible part reached the alert
coming up to mild pollution (P = 1.44). What's more, THQ of heavy metals in lotus root in the
pattern As > Pb > Cd, and the total THQ values for adults and children were less than 1.0, which
suggested that the health risks of Cd, Pb and As exposure through consuming lotus root were
generally assumed to be safe. However, considering the higher contents of Pb, Cd, As in peel and
node of lotus root, it is recommended that the peel and node of lotus root are peeled off to reduce the
health risk of heavy metals exposure through food chain for adults and children.

Keywords : lotus root, heavy metals, health risks.

BRI N AR BE T 2 R 0 W P AE TR AR RO 2T 2k 45 9 T i T AR A 9 1R B R Y
FEBEAHICR WSR2 I AN, T E B2 L RE " TR |, A FoKARBE AR A 7 AR
2y 1100 J7 w7, Horh #5070 B K A B Al i RO K, 29600 Jim > {H F T T AR AR
Wl TR & = HERC S SO TS Yy T, 0 4 JE HE AL A A 5 A K A TE e T S
FOKAEBRE (IR 250 22 2 HS) RNESJE Pb.Cd As 5K (Hg) 4% (Cr) R0 X 4
JRICE T ] i S SR AR AR | B e A e A A

TEFE R TR R B T AR R /K AR 858, i B R 22 AR AR R K AR A, FL Kk st ey A 2 B, AN
EFRREMR I ELA 384 25 A B T IE A5 SR e, 16 32 1 42 I V5 Y IR K AR 8 3% Bk 7= b
FivAE L X, S48 1 O 4 2 A7 AR S ) S G A BBl R /R e ) S R 277 X5 4 36 SR BEN
PHA &L, R Ph Cd AT As HARRII M 22:2% 16.67% F1 11.11%" B2 T 211 % 9K 38 1) K 3
REWERE T Cd B &R E R 2 e REAR R 15 75, RER S 0P8 R B R Rh S 8 4 i e i R A Y
w2 E A AR A

SRINT , AFEAIF ST R 2251 X6 4 i A 2 AR PO 1) o S R B LX)t Joe s i, (LR X TR vh i 4 )
15 YL PEA DL R At B IRURS: DA AF 52 1 20 B 3 XA PR B A Sk 3R AR 0T S DX %) e RIR KA, o2 24
HbSEFEFIAR ) A P S DFSY R, I 1974 F 2007 AE 1% 30 Z4F B PR T AT T 26 FRE 3 IV 254
104 VK, IR 2 3 E 4w AR 19I5 4y, Hodh Ph  Cd 15 Y5 g =i 100 | DR I 1 110 F 4 B TS e
T L 5 | b AL

FEF I AR RFRUA DR T T B 34 0 R0 4 T L 1 U A R O IR S R 42 3o 40 T R RS (R R
(HEIN FEEz FE19)Pb Cd As 19 & SRR, PEAN JE 58 v 88 4 Jm T Yot DL S HR A AR 9 R RS, B 7
AR E M X R 2 A A GE R B AR AR R

1 #5771 ( Materials and methods)

L1 EREAE R A

KA AE B UL 1R 1 REE AU BEHLIE RS, HORAE 13 00T B ERRRE &, 4 (0 P A TR R 7R AR
FETTHENM X 56 75 XA R AR A & i3 KRBT AR RT3 8 10 A RBE S, R FE AR 4R
LT AL P KRBT RAE T 2 3RS (L3R 1) MR AR 11 (T B SR AL & 22T
HPVEEIRE 6 R, Hoh 2 RS (@R ) £ 5RIE | (B REAE S, 73 4 RS (HA
Pl ) £ RS | B A AR AL, JEORAE 2 I T SRR A L 4 I A B TR S
1.2 P ESE SRS
1.2.1  FEFEFEM B HER

FHRB 27K S5 52 1 TR SRR i, R 2SR i SR T PR 10 2% 0 2 4 TR B 1 KK oy Wi I, -SSR 4R K
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SRARHBERE 7> R A FE B ARETY TSI TIE 2 R A 50 mL BS LA R, T-20 C &A%
AT 25 .

o T SR AE 5 (Commercial lotus root sampling sites)
A BF A 35 1 RAE 5(Wild lotus root sampling sites)

TFHEIX

(Zone of Jingﬁ)

® K
(Zone of Lianchi)
% [

()
A A
A 2

23 NS REST
(Baiyang Lake of Anxi)

B 1 REESME

Fig.1 Distribution of sampling sites
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Table 1 Address and number of sampling sites

% GBS i I X 35 SR Hi A )
Sequence Kind Zone Location Place of origin
L-1 T ER S X [ k2 Y ON iihif NS
L-2 TR FEMBIX L ST TR FIPEVE
L-3 T ER X BT 599 53T PRER
L-4 i R 4 X HRAETG B 577 54 e B T P
L-5 T R X K I KAk 2102 5 KaE#E i 37
L-6 T 3 it X K m Kt 2102 5 kEhHE T LT EL R
L7 T it X HIBA R KA 1990 5 RXIA LR T 5 LR E R
L-8 iR HEMBIX MG 201 5Lt AR T WL
J-1 g R X AR KA 728 SALESERT FNES
J2 i B TR TFHX WA R 8 5 IR R E B BT
J-3 TS RHIX RS Bl T PN
A-1 T R L PN SR LR EHETE
A2 QIR Lo B =SHETHR LR B A
A-3 LIt 1) THH JGVERS TR FIETE
A-4 LIS 1) L FEFIAS TR FIPEVE
A-5 A AT TR B S A BB
A-6 LLZE s LB EHAER LR E IR E

1.2.2 FEFEFE S TH

FREL 1.000 g ZEA7 3500 (43 B IR R R IR 19 ) S0 FIHEAE P FFIA 10 mL IRR (Vi : Vigsn =4°1)
T ff A A B T A SRR R A B AR S — DT . T R AR FHIR R R AN L S
110 CHf# 2 h;130 CIEf#E 6 h;150 CIEM 1 h, ZIHMR P ICIEM G THEZE 170 CHER, B34 KEH
JHE R4 1 mL 2240 TC 05 3 W 0 A IR TH A, ARG , A 2 25 mL.[AlA A TR PR 52
05 110 A B ORS00 1 A HEORE R 2 A ERE SR 2 SRR ARE O SR AR W43 43 BT R TR A T
(GBW10048 ( GSB-26) ) 47 Bi#% , 25 K W] Pb (- 34 MRl 92.96% , Cd #YF-3 Rl # R 83.84%,



2 o S A R T S R R S B XU A 365

As HPEE IR 107.69% (Her Ph Cd il As 55 3R BR 43514 0.02.,0.002,0.01 pg- L"), R X
TH & MM T AT
1.2.3  HE4E EaiiE

THME T Ph R Cd % 5 T HUEGHE 5 45 B8 1A BT (Y ( Agilent7700X ICP-MS, “ZHER B ABR A ] )
HEATINE , As 7 R F 2 6 e BETH (AFS-3000, Jb 5t e BR A W] ) 4 10 E .
1.3 SEFEE SR 15 YN 7 ik s e

IR TG YR ) GB 2762—2017 WEANZEFAE M M E &8 & i, 70510 Pb<0.1 mg kg™
CHrfif 3% ) \Cd<<0.1 mg-kg™ (HUARFIBZEE S ) Al As<0.5 mg-kg ' OB ER =) .

K LR 715 AR Bk U M 2 15 Y P BOA P S R T S A Jm TS YR

HR TG YA B0 TR AR

P.= C/ C,

b PN IS YRR, Co% TS P ST, €, 375 Y I bR AL 20 DR s e 8 50 70
FRER P <1, FRNTCT5 545 1<P, <2, R FRMIE YL 2<P, <3, BTG YL 3<P/<S  Ram P EET5 4
P>5, R NEH TG YL

BATR 5 YR B AR R B — b 4 0 RS I R, AN B S W EL X T i) B8 T A ) TR
RS Y 3 i 0 B 4 B VP IR T B (R VR, T B R S5 B 5 e A5 B At i A
YRR Hat s A,

P.=[(P,’+P,")/2]"

K, P AR 515 Q5 4k, P, WA 15 e A8 B R - 384EL, P, R SRR 15 e e B B K
{E. NG L5515 8B I BARIE R . 24 P, <O.7 B, JB% 4550.7< P, <1, JBE Y 1<P,, <2,JE 5
1554 ;2<P,. <3, JBHIG YL ;3<P,. <5, BEIG YL P >5 B HiG L.
1.4 RS PEM 5 ik

K B ARG E R (target hazard quotient, THQ ) 51155 5 25 AT B985 XUES:. THQ 74 BE[R] B IFAf 5
—H 4 E M 2 A 4 e A2 A R R Y fa R XURSE. N S THQ (B <1, P RH 2 88 RS IR W R XU | e 22,
VU 58 BF 2 R AR A7 B KU

AT 4 R XU

THQ = (E, x E, XE;; X C)/(Ryy X Wy, X T,) x 107°

Kb, By RG] 0 TR d b, R 70 ' B AR R EER | — iR H365 d-a”' 1
E A RN 5L ES B8 E 4 301.4 231.5 g-d ™' 22, W, NP ERTE | N5 )L #2911
H 55.9 kg F132.7 kg 22 G Mg E AR fr ik T, AR EOR R T 2 B EE I 6], B 25550 d3 R, NBH
FEE Pb N 0:004 mg- kg™d ™" Cd  As 43514 0.001,0.0003 mg-kg™-d™'"".

Z 42 Y R S fE R XU (TTHQ)

TTHQ = D, THQy ,p

2 ZERE51HE ( Results and discussion)

2.1 3EFET Pb Cd As S EFFEHT

TEFE AR (RN B R BT T4 JE S AR WL 2. 3558 Ph Cd |, As & EEVE 4R ND—
1.68 mg-kg™' \ND—0.14 mg-kg™" \ND—0.70 mg-kg " Jp BR % XF i v b X 3% 8 o o 43 g 2 00 S8 BT
FW R Cd As TSN 0.02 mg-kg™' \0.16 mg-kg™' , GAWFILGE RARRL, HAEH H Pb & 4w
4 0.64 mg-kg™ HARFEIL 218% , L iH TAWFIT 5 R, 3K 7T A8 51200 X - HEHTTS Y AR AT Y 554 5.
PERE AU RIFE S 0 3 FhEE 4 A SR BE S Pb>Cd>As B B2 N Bl Ph>As>Cd, o Ph A8 5 &
B 103.89%—234.57% , i EFE tH E 48 Pb &2 SNE N T H 0 ae ok iFge R T4l 4R
FE (ARG B A 7= B A R R R4 TRIB R T AR =5 A8 HE (HL3h 72 B SCHRL 42 4
1) i RA IS HER RS AR TR ) 70 BRI BB i Ph 15 Y SERE AN IR A0 AH 1, 3 b i
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&R RIS HE R SHA X AR - R TERT ALt Em SRR THRRA, 2
By R MR I SN A S B RS A R A S AEN, SR THETEY T ESESES T
FEIAY S —J7 T T RE R R AR R 1 e A A R, S EGE T P R AR R

SR MTTE YR E) GB 2762—2017 & 4 RAR e, RN 17 AEFAE S Pb Cd As %
YA AR B AR , R LA Ph AR R AR R R 35 53.85% ; F A RIEE T B AR R 430
4 23.08% Fll 38.46% ; #5771 Cd MFRFR A 11.76% , #8 A FFE K R ¥ A MR ; A0, R P As AR R R
5.88% , 48 R IS 17 AR AR

F2 T Pb,Cd,As FREFE(n=17)
Table 2 Concentrations characteristic of Pb, Cd, As in lotus root(n=17)

F4E # A Edible part FHEZ Peel #5719 Node

Heavy metal Pb cd As Pb Cd As Pb Cd As
Fe/ME/ (mg-kg™) 0.02 ND ND ND ND ND 0.01 0.01 ND
BARAE/ (mg-kg™") 0.39 0.07 0.15 0.57 0.07 0.70 1.68 0.14 0.36
A {E/ (mg-kg™") 0.10 0.02 0.10 0.14 0.02 0.18 0.17 0.03 0.18
TR FE % 103.89% 100.55%  40.40%  105.53%  85.63%  96.54%  234.571% 140.46%  61.61%
HEBRR/ % 23.08% 0 0 53.85% 0 588% . 3846%  11.76% 0

. ND, KK:H.ND, not detected.

AR SRS B A O AR AN ] 2 s (45 R AU 2 I8 Ot D BIRHE T ) AN [ R A
FERE Pb S EAHLL (18 2) , S E RSN (L-2) U A R HORRE T b Ph & B a4 o B R AR A
1Y 1.34—19.5 15, 2.48—28.5 5 Fl 12.92—84 %, Fo v FPY B8 B2 FRE 35 b Ph 43 ) i b o FRAE
3.95 1% \5.74 A5 F1 16.77 1%, Hk 25 ELAE B A (A-4) ORKRFEART (A-1) R rh Bt L i Se iz (J-3)
FEAT Ph A AR, A WO ARMEBR LAY 2.2 £ A0 2.9 A%, ZER AT (A-4) FIR R ILEE T (J-2) RAE LS
Jerft Ph S AR BN 3.9 50 2.3 4%, F 2L (A-6) FIREE R SETT 37 (L-5) RAE SR b P & 8 i
RN RERAE SRS Cd A AH L (B 2b) 60 (A-3) BT Cd & fs , AR ERR (A A 1.8 £, ok
AL RN (L-2) , 2AnrERRE R 14 4%, FT R SGER D Cd & E RN EAR ; AN FERAE SR
[FIHBOE As S AR, HA RREDETT (J-2) 88 5 As 5, SEARMERR T A 1.4 75, e RAE SR As
T YRR R 3N 70.59% fEAT R A2, SERE AR P A JE 1 f AR AR L I Rk F T E,
I H APETEAN R S ER A RN &R T W AA R R 2 7, X e S5 AV EEDTRY H &R 15
YUy 5 BERLLAE O X (IR e DU ) 4 R 5 Y I A 25 SR o DUBU £ E Cd P T54L I H AR )
RETE X5 YL PR AN [R), B R 16 /K 7= R0 IX > 975 X > JE i % X, m] DL 4% il 3 38 7= e DU ) & 42 8 05
2.2 TR R R A A R A A R

TR S R AN T AR B AR R ERAL P Cd  As 0 E 3 FR e E i Y Ph SR REST
HE AL P<0.05) 435 J #8 N FIEE Kz Ph & EERY 177 450 152 4%, R FIFE Y As SR FHE T
W, SR As Y 2.64 A5 2.60 15, Cd & SEAEA RO, Z (0] 25 AN B 3 (P>0.05) B A f
AR 3 Fh e 4 Jm Ar AR RO 5 T B RE R R[] P A 38 A b Ph i B 3 s T e AR, R e
f7fY) 2.18—2.49 1% #8715 Cd it & & T HEHAL, R H B HAI Y 5.25—7.00 %5, 117 As 7 5t W R H
FESH > FE .

TR SR AT AR 5 T Ph Cd  As S AN ERBALAG A LGN 4 Fis i # h 3 M4 o
AR FRINEETT (41%—45% ) >FE I (30%—42% ) >FE A (16%—27% ) , i BF A= F5 7 h 3 FhEE 4 Jm r lid
FUASRTE] T Ph I &, #8 P A i 2 54% , R B IR ST, Cd MR BN FE T R fi e £,
K T5% , R NFE R FFER , As WIZRBN FE N e 22 (42%) , HR 87T (33% ) , 38 K e /b T L, S
[7i) 45 o 7 7 A R v o TR AN ) | i B S 0 RN T A 8 v 0 4 T 1 s S AN L e T AN ).
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[ ## HEdible part #i iz Peel I 75 5 Node
1.80  a.

& & A4 FREMaximum allowable limit

Pb content/(mg-kg™!)

L2 A4 A-1 J3 L-8 J2 L-1 J-1 L3 L-6 A3 A-5 L4 A2 L-7 A-6 L-5
Sample sites

020 .
018
0.16
014
012
0.10

0.08 |

Cd content/(mg-kg™!)

0.06
0.04
0.02

2
2
2
7
2
7
é
Z

L-6 A-6 A-5 L4

Sample sites

As content/(mg-kg 1)
f=]
S
(=)
T

5 RRRITTTSSY

A2 L-8 L2 L-1 L7 A6 A4 A3 L4 L3 J1 L5 A5 A-1 L-

Sample sites

2 A[ERFESE Ph(a) (Cd(b) (As(c) i HHIE
L P S IR 2 A TS T T 4 Y e s Ao/ FR AR
Fig.2 Analysis of total Pb (a), Cd (b) and As (¢) concentration in different sampling sites

2.3 B R AT AR R I AR TS T

P12 3 AT, TH B SRR A AR v 3 R &R S R B TS YK (P4 B 1.02 F101.55)
o Ph V5 YL RS K, BTN YRR Py, 43 A 1.3 A1 2.0, ik B MTS YK T B SE R R R N 2 3 3 Fh
HEEBITG BN, Pl 0.85 B E M HOK T BFAE R R R 2 BN G R 15 P ™, P R 1.44,
IRETG YK Hod Ph i85 YL stk K, SIS Y485 Py, R 1.9, iR BB GTS YKo s #E R R 1T R
B, PN 0.71 F1 067, J8 T SN % 42 K- 2545 T B 3 38 RET A 38 1 TS YR B0k &, 1]
Cd Fll As AR BN Y9 5], F2ZAZ 3 Ph A RO BRILZ A, T8 S R L B A A i o 75
FREE T X A RS TRl SRR AE F AR AE DI AN AP AR R R s SE R & B 5 4o, 42
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FEY ) L ul i) R sk, e S EGE R RE SR RS THEWAL, (A5 A I TR N AR
FIPLHLA ff it — R G MIAIIE.

035 O Pb Cd B As

030 | [
w025 |
b
E 02 |
5
§ 0.15
5
2 0.10
2 4L
= 005 |

0
Edible part Peel Node Edible part Peel Node
Commercial lotus root Wild lotus root

B3 WEEMAE AT Pb.Cd A1 As B3 E i

Fig.3 Average Pb, Cd and As concentrations in commercial and wild lotus root

#5  Edible part W 5z Peel [ #54% Node
() Pb (b)Cd (c) As
0,
550 o, 16%
5% e 42%
30%
32% 42%
(d) Pb (e)Cd (H) As
11%
22% 24%
14%
42%
75%
25%

54%

B4 TEEH(E a,b,c) MEFAFEN (B d,e,0) 4 Pb.Cd F1 As F 50 HL LA

Fig.4 Distribution ratio of Pb, Cd and As in commercial(a, b, ¢) and wild lotus root(d, e, f)

R3O R A R TS SRR

Table 3 Pollution index of commercial and wild lotus root

Ti v Y e K =) x
AT S P AL P, LA YA E Py,

Eo RS Individual pollution index Comprehensive EESE
Type Different tissues b d ~ pollution index Pollution degree
FEN 1.1 0.2 0.15 0.85 A
M IERE 952 1.3 0.2 0.4 1.02 LR
T 2.0 0.3 0.39 1.55 BRIy
A 0.9 0.1 0.29 0.71 B
YA FE i 1.9 0.1 0.17 1.44 SR
Y 0.8 0.5 0.23 0.67 Ge

2.4 fERR XU PR 4
T B S R 2 R N D T A R AR KU TP 5 R L3R 4. e B A e R I A N, e —
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HEEJE THQ [HIRIM A As>Pb>Cd , il 1 b 5 — T 4 Jm X6 A RN L (B ()08 AR B adh A7 e, 115
2T 43 Jm 0 B2 A R XU B Bk R B AR A 1 v TTHQ 2390 Fe i 85 388 v s 1.30 %50 1.32 4%, {H TTHQ
B <1, U0 AT AL B AN 23 48 1 I dub 190 it B XU | 25 S 31 L 28 X6 i 32 I 4 A e (IR T N, (H G
THQ {E YK T AL, 0T LA W LX) 5 4 g ¥ Y O A AR A 3 o A R I 238 X ) PR A o 42 f
A BRI A RZE AP R BRI MR A A5 Forb D BT o LU SR, IR £ FH G S BT
ORI 2 A B R AT S A2 A0 () FE AL

R4 ERHE A v G R A XU T
Table 4 THQ in lotus root’s edible part

257 HFRfEZE R 5L A L3
Type THQ Adults Children
Ph 0.15 0.20

- Cd 0.11 0.14
As 0.27 0.35

TTHQ & 0.53 0.69

Ph 0.12 0.16

—— cd 0.05 0.07

St

' As 0.52 0.68
TTHQ fA 0.69 0.91

3 4512 ( Conclusion)

() ZREMTIH YR E) GB 2762—2017-6 S & E Z bRk, RAEM 17 DIERFE S (0 N
R R A ) thEE 428 Ph (Cd Ml As ORI FREE AR IS, H Pb 8 S REEm K. S P A fE pAH L, T
BEIERRAE AL EAEN) Ph R As YR TR A

(2) HEIEFEFEN T Ph Cd F1 As LB T4 AR 4 Jm T2 g, 38 5 AR v g TR 4 B AR f T
FEIH P Cd F1 As ZRGT5 Yo B T8, 8 i rh e TRl e 380 8 T2 4 T B SR AT AR 2
FIFE A PP — 4R 1Y THQ {EY RPN As>Ph>Cd, (HIGIB R WA ZILE 3 RSB E 150
TTHQ {E34< 1, Ut BN AE 7 B S A e XU , 25 58 380 i 1 AN 15 v o 4 5 s ik g, DR L el e 1 3
FEIS 1) 20 R RS AR PROR BN R ) L2 ) i R XL

25 LTk ARl SRR IR T B R AR B R E B A A P E 4R P Cd Al As B2 %)
AN TR BT Y, R SRS i JE PR v A 3 1l P Sk %) £ R XIS (EL I 2 ¥ e W HE R 1) 38 22 A b K S
H Y5 JORGCHEATHE— 2500 5, BH A5 00 4 T (A R VR LA B R X 4 S Vs Y W I I s SR 1, N A B
R A2 T S 78 v s e B DR £ i 28 A P L AR A
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