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Effect of soil heavy metal contamination on arbuscular
mycorrhizal fungal diversity in an e-waste dismantling area
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4 University of Chinese Academy of Sciences, Beijing 100049, China

Abstract: [Background] The environmental problem caused by soil heavy metal (HM) contamination
upon e-waste dismantling is becoming increasingly serious. Arbuscular mycorrhizal (AM) fungi can
colonize plant root and enhance the ability of plant to resist environmental stresses, with important
ecological function and application potency. [Objective] To study soil HM contamination effects on the
community structure and diversity of AM fungi in e-waste dismantling areas, and to identify AM fungal
species which have strong resistance to HM contamination. [Methods] A total of 12 soil samples were
collected from a typical e-waste dismantling site and the surrounding areas in Taizhou city, Zhejiang
province. The 18S rRNA gene of soil AM fungi was sequenced by pyrosequencing, and the relative
abundances of operational taxonomic units (OTUs) and the diversity indices were calculated. [Results]
Soil AM fungi in the investigated area are mainly composed by Archaeosporales, Glomerales and
Diversisporales, with the dominant order of Glomerales. Although soil AM fungal diversity indices had no
significant correlations with the concentrations, and the comprehensive pollution and potential ecological
risk indices of HMs, the relative abundance of Rhizophagus vesiculiferus-like OTU positively correlated to
all above pollution parameters of HMs. [Conclusion] R. vesiculiferus may have extremely strong
resistance to HM contamination, providing technical basis for the treatment of contaminated soil caused by
e-waste dismantling in the future.

Keywords: E-waste dismantling, Heavy metal contamination, Rhizophagus vesiculiferus, Arbuscular
mycorrhizal fungi, Community structure, Diversity
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W, DA Ry W R S A A X 4 e s g
TR PP UL AR
1 MBS
11 #2ER

2016 4% 1 H, TEWTVLAE 5 M i B DX L L
L I 04 A S b, S LT 0 X, B o4 e 0

FIAY B E 12 DS GERY 28°30'39"N-
28°31'31"N, 121°22'07"E—121°24'34"E), X%
JZ 1-35(0-10 cm). Hirr, B A XA 45 A bl
X(C1). PHPEIrES(C2). i i (QL)ME
EHEOS(Q2) et 4 M, PRI ALdE 1 Atk
JIEURFERL(DL)FN 7 AR HFE S (NI-NT), B~ Af
RAOMEREAERY S, —XWh, Hh—0
H AR T2 i f5 M E Cd. Cu, Pb, Cr. Zn. Ni
sy pE Y E—40 °CTF A7 LA H 35
DNA. HAKRRMS(EE . HifipHE . E4 W
JE . GRATS AR RO R A S S AR RO R 1.
1.2 FERFIFNEE

FastDNA® SPIN Kit for Soil, MP Biomedicals
4y ) Premix Taqfiff, TaKaRa/Zy A ; QIAquick
PCR&ii{kiX7] 4, Qiagen/Aw], PCRIY, TaKaRaZy
w); NanoDrop ND-1000, Thermo Scientific/ F] .
1.3 MEFHE
1.3.1 DNAIZH

3% 1 DNAFEBCR I FastDNA® SPIN Kit for
Soil, FREL0.5g ¥ UkTHE, SRR & Wil
Ui B4R O DNA . 42 IRy S DNA ] TG T4 7K s B¢
10 %, fifAFAE—30 *CukHifi o
1.3.2 NluminaS i@ &N &F

DL 158 BDNAR) 10 155 B i, DA
AMV4.5NF (5-AAGCTCGTAGTTGAATTTGG-3')
FIAMDGR (5'-CCCAACTATCCCTATTAATCAT-3')
J518r, X IERES P AMELE ) 18S rRNAKEH
AT A, s, N T XYY, TEEA
e B 51 asin—4~ 5 bphtyBarcode/¥41., PCR
RV AR Z (50 pL): DNAREAHR (10 ng/ul) 5 ulL,
Premix Tagiiff 25 uL, 1E. J[H547(10 umol/L)%%
1ulL, XK 18 uL, PCREN 45fF: 95 °C 5 min;
95°C45s, 58°C45s, 72 °C 1 min, 3L 35 7ffF
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D
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Table 1 Soil pH and the concentrations, and comprehensive factor pollution and potential ecological risk indices of

heavy metals“!

R pH Cd Cu Pb Cr Zn Ni L AE Y A SRR
Sampling site (mg/kg) (mg/kg) (mg/kg) (mglkg) (mglkg) (mg/kg) FHE(CPI IHAERI
Prfiet bl [X Waste recycling plant 8.35 8.24 3611.0 9386.0 818.0 4470 2780 161.00 2685.0
T LR A7 15 Scraps dismantling point  6.33 0.44 107.0  80.2 103.0 231 49.4 2.16 88.0

FE 5 {i{2] 25 Tailings dumping point 8.06 46.6 3243.0 3087.0 423.0 12985 279.0 153.00 6914.0
FEFEY s Tailings discharge point 6.66 1.07 167.0 4520 99.2 1055 487 8.34 227.0
Hh 3 EC Y8 Sediment in pond 8.77 0.13 35.1 31.0 104.0 121 48.7 0.95 325

4% HFarmland 6.23 0.28 52.6 43.8 95.6 160 48.1 1.20 56.3

4% HiFarmland 6.16 0.51 76.8 50.8 262.0 326 42.7 2.30 92.9

4% HFarmland 5.52 0.24 50.3 51.0 177.0 144 44.4 1.53 52.9

4% FFarmland 7.23 0.30 65.6 52.3 122.0 161 46.7 1.42 61.7

4% H Farmland 5.10 0.51 280.0 79.2 90.7 295 471 5.00 117.0
4% FFarmland 6.52 0.82 188.0  78.6 131.0 229 75.2 3.59 150.0

4% I Farmland 5.47 1.47 179.0  87.2 120.0 262 65.3 4.94 233.0

T LTS AR ECR N AR R0, . DUR P S IR BE 5 ERGEDATS Y P ARiE™, Cd. Cu. Pb. Cr. ZnRINifOALE S}
A3, 2, 3.3, 2, 20 AR ECS BSR4 A A A SRR AR B A,
Note: The Nemerow index method was used to calculate the comprehensive factor pollution index (CPI). The upper limit of soil

environmental background in the Wenhuang Plain was taken as the pollution evaluation standard™. The weights of Cd, Cu, Pb, Cr, Zn
and Ni were 3, 2, 3, 3, 2 and 2, respectively®. The ecological risk index (ERI) was calculated according to Xu et al’®"}; referring to the

sum of the potential ecological risk indices of various heavy metals.

1.4 HiELIE

WPy 45 3 i 2R W 2B 38 8 R 48 AR (the
quantitative insights into microbial ecology, QIIME)
¥ ¢ f ¥k 17 4> M (http://giime.org/tutorials/
processing_18S_data.html). 45, X 18S rRNAJE
R 3 BEA T i (| 43>25 . P91 K JE>200 bp),
HR 4 Barcode /7 41144 i G 7 51) 43 e B AR AR b
FL:BrBarcode 5 ¥4 . SR, DL 97% N BT
43 ] #4432 B¢ (operational  taxonomic  unit,
OTUYP, I A v 3 =2 e 5 19 S A R AR R
51, it 5Silva 128 %l P2 (https://www.arbsilva.
de/download/archive/giime/) kb % 3k 15 45 4~ OTU f
NREERE, OTAMERBEEA N ; KHF
4¢(Shannon) . “E3% 7% (Simpson) #lChaol 8%k I
BMAMIL I Z R, R FPearsonH 5 4 X AMEL
WZHPE . SOTURAXT B 5 48 15 Y tatrilt
TPAEDRYE T, Mt B S48 =i 52 Pk OTU,

FF {7 I G 36 43 B B A /00 31 X RN B IX 2 a]
2 ENE, ARG HISPSS 19 17, £
Fis 4 B A1 222 [ {f FFExcel 2013 F1Origin 2017 447

2 GRG0
21 AM EEEEREM

Broi A R S AM LI B R % & B
(Archaeosporales) . Bk%E % H (Glomerales) 1 £ 1
¢ H (Diversisporales)ZH i, H:ab F4E # sk
P HZN 94% (8 1A); TERDKF FALHEE fide
7% Fl (Gigasporaceae) . Bk #& % F} (Glomeraceae) Fl
3 Mo E R, HhakaEER b g
AL o 25 A I AM L T A [ B 9 A X 3 BE A
fE—E 25 (K 1B), [HiEtE KB RE, e/
X598 XK W R 25 5. o, BR
PR CL MC2 RIAh, HoAgs L3t i ip 24 3t
T 2R HaR s H .
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Figure 1  Soil arbuscular mycorrhizal fungal community composition (A) and the relative abundance (B)
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Figure 2 Soil arbuscular mycorrhizal fungal Shannon (A), Simpson (B) and Chaol (C) indices

T AMURPIE.

Note: A represents the mean value.
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®2 IBAMEEZHUERSEERERE. GAEFEHCPHRBEESRKRIEH(ER)BIHE XM
Table 2 The correlations between soil AM fungal diversity indices and the concentrations, the comprehensive factor
pollution index (CPI), and the potential ecological risk index (ERI) of heavy metals

Rl R R L (=2 N A8 % Shannon index S R FE B Simpson index Chaol #§%¢Chaol index
Pollution parameters of heavy metals r P r P r P
CPI —-0.313 0.161 —0.261 0.206 —-0.411 0.092
ERI —0.199 0.268 —0.198 0.268 —0.292 0.179
Cd —-0.014 0.337 —-0.157 0.313 —0.220 0.246
Cu -0.320 0.155 —0.262 0.205 —0.426 0.083
Pb —0.350 0.132 —-0.261 0.206 —0.425 0.084
Cr —0.466 0.063 —0.420 0.087 —0.365 0.122
Zn —-0.018 0.289 —0.187 0.280 —0.267 0.201
Ni —0.316 0.158 —0.263 0.204 —0.427 0.083
e r: PearsonfHCtk; P WEEME(CERM).
Note: r: Pearson correlation; P: Significance (one-side).

1001

* 3 RMWERRERSHOTUBRNEESEEER
E. E8EREHCPHRBELETSRKEIEH(ER)EE
Sk

Table 3 Correlations between the relative abundance of
Rhizophagus vesiculiferus-like OTUs and the concentrations,
the comprehensive factor pollution index (CPI), and the
potential ecological risk index (ERI) of heavy metals
HERIGYE BN FEAR ARG MOTURN T
Pollution parameters Relative abundance of R. vesiculiferus-like
of heavy metals OTUs

r P
CPI 0.977 0.000
ERI 0.762 0.004
Cd 0.614 0.034
Cu 0.982 0.000
Pb 0.962 0.000
Cr 0.954 0.000
Zn 0.729 0.007
Ni 0.964 0.000

. or: PearsonfloctE; P g g (FA).
Note: r: Pearson correlation; P: Significance (one-side).
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75¢
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Figure 3 Relative abundance of Rhizophagus
vesiculiferus-like OTUs in soil arbuscular mycorrhizal
fungal community
T AR

Note: A represents the mean value.
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