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Study on Tolerance to Arsenic and Other Five Heavy Metals and

Exploitation and Utilization of Eriophorum comosum Nees

QIN Yongrong, LIN Xiaoqian, LIU Xuhui, LU Sufen, DENG Huilian, XIE Wenhui
(School of Chemistry and Bio—engineering , Hechi University, Yizhou 546300, China)

Abstract: In order to demonstrate the tolerance of Eriophorum comosum to heavy metals, the samples of E. comosum
naturally distributed in the Nandan nonferrous metal mining area in Guangxi and its root soil were collected , and the contents of
Cu, Zn, As, Cd, and Pb in the samples were measured by inductively coupled plasma mass spectrometry(ICP-MS). The heavy
metal enrichment coefficient of the aboveground and underground parts of E. comosum, and the heavy metal transport coefficient
of the aboveground parts of E. comosum were compared and analyzed. The pollution of E. comosum root soil was evaluated. The
results showed that the content of five heavy metal elements measured in the root soil of E. comosum was relatively high, with an
average content of Cu 333.18 mg/kg, Zn 17 139.20 mg/kg, As 10 338.37 mg/kg, Cd 115.97 mg/kg, and Pb 3 497.25 mg/kg,
respectively. The single factor pollution index and Nemero comprehensive pollution index had reached a level of severe pollution
or above, with As, Cd, Zn being particularly severe, and Pb and Cu being relatively mild, the order of pollution levels of different
heavy metal elements was As>Cd>Zn>Pb>>Cu. The average contents of five heavy metal elements measured in the
aboveground and underground parts of E. comosum were Cu 16.69 mg/kg, Zn 465.45 mg/kg, As 98.92 mg/kg, Cd 5.03 mg/kg,
and Pb 129.49 mg/kg and Cu 38.05 mg/kg, Zn 894.23 mg/kg, As 461.72 mg/kg, Cd 8.27 mg/kg, and Pb 221.72 mg/kg,
respectively. The heavy metal enrichment and transport coefficients in the aboveground parts were relatively small, while the
heavy metal enrichment coefficients in the underground parts were relatively large. The absorbed heavy metal elements were
mainly concentrated in the roots, and the tolerance to the measured heavy metal elements probably belonged to the root
accumulation and defense types. Although it was not a hyperaccumulative plant, it had a certain ability to absorb and transport

heavy metal elements, and could withstand high concentrations of arsenic, cadmium and other heavy metal complex stress. It had
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strong vitality, high biomass, and low habitat requirements. Therefore, it could be used as an excellent plant for the remediation

of soil severely polluted by heavy metals.

Key words: Eriophorum comosum Nees; heavy metal pollution of soil; heavy metal complex stress; ICP-MS; heavy metal

tolerance
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Tab.1 Basic physical and chemical properties at different sampling points

RAE RS FOR A/ Y FHLET/ (g/kg) 2%/ (g/kg) 2/ (g/kg) L8/ (g/kg)
Sampling point number pH Water content Organic matter Total nitrogen ~ Total phosphorus  Total potassium
1 7.74%0.10b 1.05£0.93bc 13.71£0.86¢ 1.15£0.37a 5.9740.15a 4.6420.03d
2 8.10%0.11a 0.3340.06¢ 14.66£0.73bc 0.804=0.01ab 5.7540.13ab 4.6020.16d
4 7.5620.03c 0.7540.43bc 16.212£0.25ab 0.7220.01b 5.1640.23b 5.7610.27c
5 7.57£0.04c 1.36£0.09b 15.69=£0.00bce 0.7120.01b 4.424-0.18¢ 7.3040.27b
6 7.4240.01d 1.23£0.06bc 13.71£0.62¢ 1.112£0.03ab 5.7940.66a 5.6240.18c
7 7.63£0.04bc 0.5640.19bc 10.61£1.83d 0.8340.06ab 5.5240.48ab 5.8540.12¢
8 7.53£0.04c 2.9940.06a 17.93+1.46a 1.21£0.28a 0.760.11d 11.19+0.02a
F-¥# Mean 7.6540.22 1.18+0.88 14.65+£2.32 0.93+0.22 4.77+1.84 6.4242.29

TE ARG 8 38R R — 91 R R SR A ] 22 7 . 3% (P<C0.05) o

Note: Different lowercase letters in the column indicated significant differences between different sampling points(P<C0.05).
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Different lowercase letters indicated significant differences between different sampling points(P<C0.05). The same as Fig.3
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Fig.2 Heavy metal content in the root soil of E. comosum at different sampling points
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Tab.2 Pollution condition of heavy metals in the root soil of E. comosum at different sampling points

KA HBFREEL Exceedance multiples 159540 Pollution index
Sampling point
number Cu Zn As Cd Pb P, ¢, P, P,y P,y P, Py
1 3.53 48.61 516.03 187.83 24.53 3.93 48.61 645.04 187.83 11.91 473.42
2 3.10 45.55 598.60 173.48 24.85 3.10 45.55 748.25 173.48 12.07 547.03
4 3.39 51.61 514.49 174.84 29.65 3.39 51.61 643.12 174.84 14.40 471.75
4.01 53.59 464.43 193.59 28.46 4.01 53.59 580.53 193.59 13.82 427.56
6 3.24 50.56 340.86 328.71 24.50 3.24 50.56 409.03 328.71 9.80 310.64
7 3.15 43.59 362.62 181.36 17.33 3.15 43.59 453.27 181.36 8.42 335.03
8 2.91 114.83 29.55 277.58 1.90 2.91 114.83 36.94 277.58 0.92 205.62
V-1 Mean 3.33 58.33 403.80 216.77 21.60 3.33 58.33 502.31 216.77 10.19 395.86

T A R AR A S B R 3 T e XU 9 o (i (AR T ) BEAT 5.
Note: The multiple of excessive heavy metals was calculated with reference to the screening value of soil pollution risk of Chinese agricul-
tural land(basic item).
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Fig.3 Heavy metal content in aboveground (A) and root (B) parts of E. comosum at different sampling points
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Tab.3 Heavy metal enrichment coefficients of aboveground and underground parts of
E. comosum at different sampling points

T ——
Sampﬁ;?if;ﬁﬁlmbcr Cu Zn As cd Pb

1 0.050/0.087 0.025/0.040 0.007/0.015 0.051/0.056 0.035/0.042

2 0.043/0.127 0.025/0.070 0.010/0.075 0.033/0.092 0.032/0.090

4 0.091/0.163 0.051/0.140 0.008/0.049 0.067/0.126 0.043/0.071

5 0.046/0.115 0.047/0.076 0.009/0.034 0.062/0.106 0.043/0.056

6 0.033/0.268 0.023/0.086 0.007/0.053 0.031/0.097 0.030/0.102

7 0.075/0.132 0.051/0.071 0.023/0.082 0.053/0.072 0.066/0.077

8 0.042/0.027 0.010/0.007 0.015/0.014 0.049/0.040 0.017/0.042

4 Mean 0.054/0.131 0.033/0.070 0.011/0.046 0.049/0.084 0.038/0.069

TE ARSI ITTR T, /7B IS 00 KO 3 30 A RE AR B A B 20 1 B R R R AR O3 1 B AR R

Note: In each element measured, the data before and after "/" were the heavy metal enrichment coefficients in the above and underground

parts of E. comosum of the corresponding plant, respectively.
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Tab.4 Ttransport coefficients of heavy metals of E. comosum at different sampling points
Sampling point Cu Zn As Cd Pb Sampling point Cu Zn As Cd Pb
number number

1 0.57 0.63 0.46 0.90 0.82 6 0.13 0.27 0.14 0.32 0.29

2 0.34 0.36 0.13 0.36 0.35 7 0.56 0.71 0.28 0.73 0.85

3 0.61 0.65 0.27 0.56 0.68 8 1.52 1.58 1.06 1.22 0.39

4 0.56 0.37 0.16 0.53 0.61 9 0.93 1.02 0.68 0.52 0.44

5 0.40 0.62 0.27 0.59 0.75 ) Mean 0.62 0.69 0.38 0.64 0.58
25 HEXMESH e i 2 IEAH 5 (P<<0.01) 5 As 5 Cd 2 4% 12 % T A

2.5.1 MBFI R - SR & R A A
KM AE S R AR - g & 4 R T
B B G A B a5 A 1R 4 B AR R 4 g
1) Zn 5 As A1 Pb &2 2 74 ¢ (P<<0.05) . 5 Cd &

K5 Pb R IEA G (P<<0.01);Cd 5 Pb £
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.73.
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Pearson correlation: ** Correlation was significant at layer 0.01(double tails), * correlation was significant at layer
0.05(double tails). The color depth and circle size in the figure indicated the degree of correlation, blue indicated
positive correlation, red indicated negative correlation, and the number of stars indicated significance degree
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Fig.4 Correlation heat map of heavy metal content in the root soil of E. comosum
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5 I 3 a8 3 Uk 2 (P<<0.05 8% P<<0.01) , 54R

WA As & Pb & R B E M e (P
0.05) 5 M\ 3 5 - B R AR g oo & 5 AR
+HEE 4 JE o0 3R 2 A 2 E A G E AR G, (AR
FOKF o ANEF 7R EE 4 (2500 B Pb & &
b5 HOR S - HE Ay Pb i & W OE M G (P<<
0.05), KRN TR 5 HMRM PR EBICRZ
[i1] 5% T AH G Bl 1A O, (A GA 1 2 K.

x5 MAEFHPTFEEMERTECECEERTIEECRAENMAEXY

Tab.5 Correlation between heavy metal content in stems, leaves,and roots and its root soil of E. comosum

4141 Gy +H Soil
Tissue Heavy metal Cu 7n As Cd Pb
I Root Cu 0.230 -0.699 0.479 -0.777 0.426
Zn 0.361 -0.514 0.560 -0.611 0.717
As -0.133 -0.655 0.656 -0.692 0.479
Cd 0.512 -0.358 0.468 -0.448 0.669
Pb 0.287 -0.811" 0.863" -0.879™ 0.803"
ZE Stems &. Leaf Cu 0.276 -0.294 0.309 -0.304 0.529
Zn 0.534 -0.206 0.197 -0.190 0.508
As 0.088 -0.711 0.541 -0.639 0.463
Cd 0.199 0.649 -0.525 0.683 -0.203
Pb 0.634 -0.713 0.708 -0.676 0.861"

T B2 JRAR DG AR M AE 0.01 2 1 B35 OBUR ) , 4 SEHEAE 0.05 )2 i3 (R ) o

Note: Pearson correlation: ** Correlation was significant at layer 0.01(double tails), * correlation was significant at layer 0.05(double tails).

74



BT SR AE N R RO RIS S 8 A TR KT R PR

3 #Ziw5itib
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RS LE SRR, AN B T HOE— Rt 5
T FE BE 1 W i 1) A AL, AR 3 5 A O 3 i i
Pk LR R A EFIFANE AR, NS
T T RO O R BT X 2 BE S BE R
U CRAGUIE TR A HE AT A PP b R
WA S R AR Yy R e, AR AP R B 4, L e A
Bk IR TR Z, LRI I A5 AN B AR SR
B ENE L T REMRIRREA A K R AF, A R
HH I 1 52 AR TR Ak B AT A R ) A e M A
O BCFERE ST o H B AT L, DA S 1 B A R Y
RBEIE NLAE S A AATRE ) AT B BRI BB
Fift e P ) FEAR K
32 MNEFHFEMNESRENWERESEN

[ERRR A7/ 8 e o R N st 2 SR AN A
SR, NI X R 4 A B B AR
Fio MR EEITR ERTA G SR X,
il 1 it i LB, o A B DR B Y 17,106
ik i T EOR R RO R R, 67 BT
Ko 5 RGP B OF T LA G B R T Gt ()
RN, O3 T AN R AR

5 H ALY E R IT R, A B T RAR
T M A B R AR 5 A X A g, T BE S SRR AU A
M Y g R 4 JE R T AR R B A O A
B W T N AN T 5 R < T G 3R B W e s A
AR AR 22 5, AT RE S A B B AR e
P K T G T R A O, AT RE S AN TR E 46 O
ARG & AR, BRI 1 i — PR
5 Jm 38 R W) /Y 2, TR 2 G a6 D
N AR G o R Z 6] ] RE AT AE — R W4 DA
FHS, BT Xof DA T 3 1 55 0 o 4 J s B R MO
18 RBOTE—E W o BRI TR B
) 4 J 0 3R Y B A R RO e s RAUL BN AR
2 R B Y B0AR 1 (ENBE R A B W] 5 B X
B A Jm T F A ke B BRI R . AR
AR S S SR Rl s NS S Sy S R
3w A 52 HLH AT BEA 2 Fh A ) By 5 5, RIVAR 36
FEL AR AL R 5 2, 32 & B 55 00 0 451 AR DG F 5
SR AL

55 AL B R AR A L, AR TR
VU PH R UL & S AR, A iy T N A B A
Tl SR, B T o A O BE L RE A8 IE R AR G, P I

RN Z AT N AT, BARHX R4 8 48 ot
W RE ) A R R o (H R IR BRI S 1, AN
A7 AE AR 25 KUR , B LA HG A8 35 55 36 38 v v T 5
IR o

R O NS ST YR | A 19 O
JE & e R R R RN s R S m iR
W tE SRR FE, il TABEA TR R,
HAZEAREY , % As.Cd.Zn.Pb.CuZE & Mria B
AR AT, PR R RS A VR O DL B 4
JR TR G g R A Y . P O N R
B b R ER A 0 AR A S R R
il A 5 0 ol S LA DG B S IR AR G, BT L, ML
BFW RN %R T AR 2 ALY . A B
FHA TR bR A nY B R AR A Y
P i S UM OC, UM R BB 4R B S AR g
(5 & i UG, G, AN B R R AT REJR T
PERGR OB A RUAE ) o e e] L, AR R
AN TR 4 JE A G T E T RE AT 22 R AN [R] 1Y 3 I A
A A2 J7 2, PR RE A% die R R R R AR 4 1Y
e
33 MNEFHFEMHAELNERZEFA

KR S8 2 AT IE P A a k.
21 Y 5 e SR AN, BRI T AR AT R S A R A
V4 FLAE Ry 27 4 2 U5 s AR R R HEAT T R, R
L R AT A 1 S ARAT M 5 25 2Tl i A O
BORVMA LIS R H . XA EFEHFREAEA —
SE B UL BN, BB 0 A T T8 B kA, BR
A DL R SRR T R FER I EE , AT DL AR BT, 2L
HHEBAASFEW., THEEAOERI XEE
B TG e L™ H B ML X, AR SR EA] D SR )
R iR Y e T R T e G AR R M
AR A R R AR P ) S R TR
WA T 2, B 1k 75 G W ) e A% R 1, D s 31 BR
WM EHE . A, ABFEI R A DU TR
St B HA T 20 AR A BE AR YR B
DL, A2 25 R GER ULk & HL A 4

A ST A %)V R PR R IR
DN B S R AR A B A
A2 A R DU B A OC K s 1Y b B A, A R SR
W, DA 2 5 AR 1 0 5 b I Y 4 )R O
Eo e, HF % E a5 Cu 333.18 mg/
kg.Zn 17 139.20 mg/kg.As 10 338.37 mg/kg.Cd
115.97 mg/kg . Pb 3 497.25 mg/kg, ¥ F{ 15 Yt 45
MMM S LG 15 RIE RO IR B EE L Bi5 g

o75-



PG 4l Bl 2 2024 4R 55 52 445 3 1

G, i As (Cd Zni5 4L JE R ™ 8, Pb Al Cu iy
15 G AR A X A AN () 4 S T R VG e AR IR
HEF 9 As>Cd>Zn>Pb>Cu, M EFXH T 5
Ay AL TR 4 5 A I R A B T R P
43 R Cu 16.69 mg/kg.Zn 465.45 mg/kg. As
98.92 mg/kg.Cd 5.03 mg/kg.Pb 129.49 mg/kg Fl
Cu 38.05 mg/kg.Zn 894.23 mg/kg.As 461.72 mg/
kg.Cd 8.27 mg/kg .Pb 221.72 mg/kg., MEFH T
FHl B ER O 0 R A AR BRIV s R AN
RO I 4 R AR AR BOR R RO, W i) 4
JCE FEAE P AEARTR , FOX Bl 4 s T i 32
P AT BE JE T AR R AL RN B AR A L R AR AT
FHF BN R H X g0 48 T R
B — 8 0 W R i 35 R T, AR A8 T 37 vk R Y
IR A Iy e I S I N N SR 7R = NI T
AR HIL, TUENESREE TR+
Bl It R A
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