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Treated Wastewater from Dbmesﬁc and Industrial’ Sources
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(1. School of Water and Environment, Chang’an Unlversny, Xi’an 710054, Chinaj 2. State Key Laboratory of Environment Criteria and
Risk Assessment, Chinese Research Academy of Environmental Sciences, Beijing 100012, China; 3. Key Laboratory of Subsurface
Hydrology and Ecological Effects in Arid Region, Ministry of Education, Chang’an University, Xi’an 710054, China; 4. State
Environment Protection Key Laboratory of Simulation and Control of Groundwater Pollution, Chinese Research Academy of
Environmental Science, Beijing 100012, China)

Abstract: To investigate the long-term effects of irrigation with treated domestic and industrial wastewater on the microbial community
structure of the soil, Illumina MiSeq high-throughput sequencing technology was applied. Groundwater irrigated soil was used as a
control. The effects of soil environmental factors and their interactions on the microbial community structure were investigated.
Compared with the groundwater irrigation, irrigation with treated domestic wastewater can significantly increase the contents of TOC,
DOC, Eh, NH, -N, and TP, whereas irrigation with treated industrial wastewater can increase the contents of Cd, Cr, Cu, Pb, and
Zn in the soil. Irrigation with treated wastewater also increases the relative abundance of Acidobacteria and Planctomycetes, and
reduces the relative abundance of Firmicutes and Tectomicrobia. The effects of treated wastewater from different sources on functional
microorganisms in soil are also different; irrigation with treated domestic wastewater can increase the relative abundance of Chloroflexi
and Nitrospirae, whereas irrigation with treated industrial wastewater has negative effects on the abundance of Actinobacteria. The
results of db-RDA analysis show that TN, TP, DOC, and Eh are the main factors that impact the microbial communities in soils
irrigated with treated domestic wastewater (P <0.05) , and heavy metals are the main factors that impact the microbial communities in
soils irrigated with treated industrial wastewater ( P <0.05). Compared with groundwater irrigation, treated wastewater irrigation can
change the correlations between soil environmental factors, which in turn affect the microbial community structure. The growth of
microorganisms in soils irrigated with treated domestic wastewater is mainly controlled by the increase in the nutrients such as DOC,
TN, and TP and changes in soil redox conditions. The abundance of microorganisms in soil irrigated with treated industrial wastewater
is significantly correlated with the accumulation of heavy metals.

Key words: treated wastewater irrigation; domestic; industrial ; microbial community; environmental factors
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Table 1  Physiochemical properties of irrigation water ( Mean + SD)/mg-L ™!

B2 pH DOC BOD COD TN

TP Cd Cr Cu Pb Zn

GW  7.2+0.3ab 1.6+0.5a 2.8+0.7a

13.4+2.1a  0.5+0.1a 0.1+0.0a 0.0+0.0a 2.1+0.5a 2.3+0.6a 0.1=x0.0a

1.8+0.3a

DTWW 7.9+0.2a 32.4+4.2b 61.8+12.4b 159.0+31.8b 6.3+1.3b 1.0+0.1b 0.1+0.0b 4.1x0.8b 2.7+0.5a 5.6+1.3b 20.4+3.1b

ITWW  7.2+0.2b 14.7+0.8¢c 25.2+6.7¢c  63.2+4.2¢

2.2+0.35¢

0.1+0.0a 21.4£2.29¢26.6+3.8¢c 57.8£7.0b 45.6£8.5¢ 63.7 £8.3¢c

1) % H Duncan’s multiple range test TEHT , AR TR FRR B FEEZER(P<0.05,n =3);2)GW ., DTWW HITWW 435I Z sl F /K Az 7% Y5 R

AR AN TP PR P A KR i, T 1]

1.2 HYLFEARI

+3ERE S pH, Eh, CEC, TN MINH, -N#& #5
(N5 2 BRSCHR [ 17 ). FH 3 5% R A0 401k -40 Dt
JGRE T 5E BCA HLER (TOC) ;5 fdi ] 5 He 2 & Y
5000 TOC 43 B {300 &2 ¥ gt A HLok ( DOC) 5 +
R (TP ) ¥R BE SR FH B R - SR T kY

T . AR LA E 4 @8 PR (Cd, Pb, Cu,
Cr Al Zn)fﬁi7ﬁ¢AEﬁHH%Eﬁtﬂ<i{ﬁ%§
JKEREE T B bR ) (GB 3838-2002) V 2 /K it A
WL AR E N E S % Vieira 50T, -
B i 28 I TR A R H R A 45 B AR
TV AT I
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1.3 DNA #2HUF 16S rRNA #5538 &0 /7

DNA $2 B0 E. Z. N. A + 3 DNA X7 &
( Omega Bio-Tek, Norcross, GA, US) #47, Jrik i
B2 AR ) & B 45, L 338F (5'-ACTCCTACGG
GAGGCAGCAG-3") F1 806R ( 5'-GGACTACHVGGG
TWTCTAAT-3") A5 1822 ST 16S rRNA KE[H
V3-V4 7] 25 X 4T PCR ¥ 141 4ifkJ5 19 PCR 7
YzZ bR AR A BR A A #E lumina
MiSeq I77F- 15 2647 o5 8 0
1.4 B sbr

JE 4 DNA JF5% F QIIME Bk 44147 15 51 1) BF
B M 25 4%, i ] USEARCH ( version 7.0 hitp://
drive5. com/uparse/ ) X J3* 81 #E A7 % A AR, R H
UPARSE-OTU &3 97% B ¢ 5 A E R 43 43 2
FAJE(OTUs, operational taxonomic units) 2324 S
4 Silva 9 ( Release128 http://www. arb-silva. de) 43
FEBAE XS LT OTUs #E4 773 R %
1.5 Siitegoatr

ABEFE PG E TR RABS (3.6.1) .
STAMP J SPASS/22. 0 5¢ L. Fl il SPASS 22. 0, 76 1l
R B 1R 506 2% 7 22 43 T ( ANOVA ¢ A1
“ VCd", A ggtlerff’:-@‘ﬂ:ﬁ? TR ﬂ*'?j(‘ ) ﬁ%i‘}'
AL ST RIS TAMP S Tk St
AT IR BEHER Top 10) 411 2 5 5 510
%ﬂfd‘ﬁ{u’ﬁﬁﬁjﬁ ( andlysis of similarities - AJI}IOS_I_M—')""“__‘,'
T R 6 L1 22 Sk S0, FUR R SR
“vegan! 1 5% PR BE [ F 15 2 MU REVE 19 db-RDA
AT s RIS ggeor” W58 1 T 3EREIIL TS bR . A TS
AW V% Pearson FHICA3AT.

2 HR5ITR

2.1 IR R

ANTFIHEE - 3 ) SRR AL AR AR a2 2 TR, 3 Fil
TIPS T, pH A1 TN 22 R AR B Xl fig s
T HERARNEYHANA 6. KA P A K HE X 1 4% pH

[

FRIRAF D) B T80 sl R A1 0 9 S [ T 222 B [ £
CERL RO SE pH B T A R A 3 R
AR 13 pH T 5 1 R /KA L, 2 3 U
FRA KA W 24 = T4 TOC . DOC, Eh, NH, -N
TP A& (P <0.05) , Tl V5 A= 7K 8 0 . 25 41
it 3% DOC, Eh, CEC K& NH, -N & & (P <
0.05). X 5EA MIFFTEs FAAT , TR AR i 4 5
43 pH, EC, K. Na. DOC, TOC, NH,; -N, TP &}
TFAITCEI D) SR, Sob L A P K
F ORI, B CEC S, A= 15 U5 A /K VIR - 38 v
P BRI T T A A X 1
VI 7K R R R S 1 2 A e

ARIFIEWE 1 T G A i R 3 TR, 1R
(SRR IR e i P b 9 ¥ e DAL 5 42 o v (3
7)) (GB 15618-2018) HYBEsR, 3 b it I A5 1 19
Cd 5 B AN TR P A K I 3 Pd 2 i 8
2 L e 05 e XU 5 0, LT M
H KT 3 Cd || PBRI Zn B A Bt 8 T
PRI TE 39, R 300 T B A K
Cd., Pb il Zn, 7E7 226 R R B2, T/ AR T
AR Cu Y T i T T L, LA Tl
R A AT 5 I 1R R KT
P BT W) 8 P 7 R P R A
BFFEeh, TP A 7K 0k T 4 M e
Bk, T4 i TR TR IR A K R A X
H e Ph | Zn S REEIERFRER Cu, Cr KRR
HE TR A,

L5 LA, T KR AT 0 AL R
7] S 50 P 7K T T X 1 8 e 1 5 RS .
CEC A, A 175 IR A= 7K V8 1 398 v 1 BE T 20 AL 45 b
7149725 T Tl 5 A A 9 WE 38 i Tl VA K
VR - 498 o T 4 R R S A T U A K
VAN 3. DRI, 300 A % U A IR T 5
SR SRR A , K300 Tl A K I
FE L EE SR K 2L

®2 TEEMBUAER(FHE HERE)
Table 2 Basic physiochemical properties of soils (Mean +SD)
\ TOC DOC CEC TN NH, -N TP
B i pH -1 -1 Eh -1 -1 ! - -1
/mg-kg /mg-kg /mol. kg /mg-kg /mg-kg ™! /mg-kg
GWs 7.4 £1.0a 12.4 £0.2a 1.2£0.0a 64.4+59a 17.1x1.4a 2.0£0.1a 22.3+0.6a 0.7 £0.1a
DTWWs 7.7+1.2a 15.1+1.4b 1.9£0.2b 96.6 £4.9b  17.9x1.1a 3.0£1.1a 35.7+3.5b 0.9+0.1b
ITWWs 7.4 +1.0a 14.1+3.5ab 1.3 +0.1¢ 80.3+5.6c 24.0x1.8b 1.8 +0.3a 32.8+6.1b 0.7 +0.0a
®3 TEESEEIR(THEREE) /mg-kg™!
Table 3 Heavy metal properties of soils ( Mean +SD)/mg-kg ™"
e Cd Cr Cu Ph Zn
GWs 1.1+0.2a 51.2+0.7a 23.7+0.7a 21.0+0.9a 69.2 +0.5a
DTWWs 0.8 +0.5a 56.5+1.0b 30.9 +0.3b 11.3+0.8b 86.0 +2.1b
ITWWs 2.6+0.2b 70.1 +1.8¢c 60.1 £0.4c 182.5 +3.0c 585.7 5. 1¢c
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Fig. 1 Distribution of microorganisms in the three

types of soil (family level)
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