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Study on in situ soil absorption of tail water in a rural three—compartment septic tank

LIU Bo, YANG Bo’, LIU Liyuan, CAO Haoyu, ZHENG Xiangqun

(Agro—Environmental Protection Institute, Ministry of Agriculture and Rural Affairs, Tianjin 300191, China)

Abstract : Soil samples were collected from treatments without tail water(CK) and at 0~1.5, 1.5~3.0 m, and 3.0~4.5 m from septic tank tail
water based on a “toilet + three—compartment septic tank + yard consumption + vegetable garden economy” model with different distances
from vegetable garden soil. The soil chemical properties, enzyme activity, and microbial diversity were determined to explore the effects of
in situ soil absorption of three—compartment septic tank tail water on the soil environment of vegetable plants. Compared with those of CK,
the soil pH decreased by 0.83~0.91 and the organic matter and total phosphorus contents increased by 29.6%~39.5% and 125.0%~
171.4%, respectively, after the three—compartment septic tank tail water was absorbed by the soil. The sucrase activity increased by
157.0%~170.0%, whereas the catalase and urease activities decreased by 12.7%~19.0% and 36.0%~43.4% (P<0.05), respectively.
Moreover, the community diversity (Shannon) and community richness (Ace) of the soil fungi and bacterial communities significantly
increased (P<0.05). The relative abundances of beneficial bacteria, including Rhodococcus, Arthrobacter, Lysobacter, and Microvirga, and
pathogenic bacteria, including Mycobacterium and Cladosporium, increased after soil absorption of tail water. The combined results showed
that the in situ soil absorption of the tail water of the three—compartment septic tank could improve the soil fertility and microbial diversity
and realize the utilization of tail water resources. However, pathogenic microorganisms would pose an environmental risk. Therefore, it is

necessary to strengthen the harmless treatment and monitoring of tail water and to provide scientific support for the optimization of toilet
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sewage treatment technology. The promotion of this model is important for the construction of rural living environments and for the

improvement of farmers’ life quality.

Keywords : three—compartment septic tank; tail water; in situ soil absorption; soil environment
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1.1 AREXHELR

KR TINAEREN T HA(118°25'E,
37°08'N) , Hb Ak Wz ikt , J& 2= KU, I 4 1 <l
12.3 °C, F3REK i 587.4 mm, HIEERCLE + , H
FEARTEAL P . pH 7.89, ML 7.49 g- kg, A 1.4
g kg, W 0.285 g-kg!, &M 189 g-kg' . ARG T
SAg AR R KA M BT 3R 1 R ARG (S
FAL TEESR ) (GB 7959—2012) A G = A bn i .
1.2 “Ipr+ = &4k 2 i+ RE BT E A+ E £ 57 R K

AR FE R K SR AT - 9 g = TR 2017
A PRAESE T IR A A, SRR K i 8
15 L Hb R 7K 9 XU (2013—2017 4T 58 B4l F K 37
AR TG M 3.80~4.12 m!"™) KL ysi /b &L WL 2%, TERE BE
S DEl RSB S N BERY T B i il AL AL B . AR R4 E 5
IR T | A A 2 i e S Pl — R . fh3E
A A RLAEFUA 1.5 m®, K vh 20 25— 8 K &R 3~
6 L', ARAEH HEM 3~6 %, SRR 1~1.5
LM ek PR A4 N B H AR HETS & R 4~6

F1 BKEREAMR

Table 1 Phsico chemical properties of tail water

o - . (8 ) IEET ) Sdhig . . - i e
y FIPUR AN BBETP BETK T NOAN Towl calte/ oy GHBE T A EIN7L (e YT IIRTA
p OM/% (g-L™") (g-L") (g-L") ! o : o ) 71» Mortality rate of ascaris eggs/% Fecal coliform value  Salmonella
(mg-L") (mg-L") (mg-L™")
7.87 3.8 3.5 5.1 3.2 25174 29.1 5.75%10° 100 0.04 AH
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Fl—FH B BT LL LI E 5 480K FH NaOH 475 - )51
WA ECEE I E . 2895 pHAEI E S B NY/T 1973—
2010; A HLITTR FRA be Ak -k 40 BLL AR 5 4
AN E 2 I8 GB/T 17767.1—2008 ; 4 Il 7 2 IR GB/
T 17767.2—2010; 4= 8 Il & = B GB/T 17767.3—
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T8 B8 K FH Microsoft Excel 2019 #E4 73 3 | 1)
JH SPSS 25 kAT BN R Iy 2243 Fl 22 5 & Mo i
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=G AT T R R S TR REA L8R
o3 BT AR BE PR O3k 43, I8 T R 7 5 % Origin
2019 FrfF2z 14
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2.1 BKEAL 8 AR s xd T3 F M R A R i
w2 FiR , At FE KA B (CK) +3% pH }y 7.97,
B 0~1.5 m(S1) . P B 1.5~3 m(S2) Fl 7 Bt 3~4.5 m
(S3)ixX 3~ Ab PR 1) + 4 pH 4 7.06~7.14 , A1 L T X
HEZH I 2 P AR (P<0.05) , B vk Tt B2 3 38 , pH (B
S I A R IRH S1>S2>S3, {H & b B4 7] TG b 3
P22 5 (P>0.05), AbBRA AT HLR &R E Em T
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Figure 1 Schematic diagram of “toilet + three—compartment septic tank + yard consumption + vegetable garden economy” mode
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5 v BMIRAR U S2=83>S1, Hh JF BEA HLT & B
R THATB(P<0.05), XHAA AT N 1.43 ¢
kg, AL BRZH A S 0.93~1.58 g-kg !, i = FIMEAK
PR S3>S1>CK>S2, X B4 % 54 0.28 g- kg™,
b PR ZH 4Tl 4 0.63~0.76 g ke, H 5 BUERAR K 2
S2>S3>S1>CK. X B2 45 7 18.90 g kg™, AL FH
H A& N 4.90~18.97 g-kg', ST 5%t BRAH TG i
2558 (P>0.05),S2.S3 B E LT X BE 4 (P<0.05) .
2.2 BKEM T mER T LI E A

W 2 B, R K B - S50 40 1) 4 338 v e o i
(S=SCOVEMEAR L TXF BRZHER 5 1 157.0%~170.0% , 1
B A AL U (S—CAT) & PE 1 1= 3 IR il (S-UE ) T %
FH B X5 BE A 23 50 B AR T 12.7%~19.0% F1 36.0%~

43.4%(P<0.05) , T 54 4E 2 g (S—-CL) 3G M 5 %7 R4
ZRAEE . L EAFEE M S1.S2 1S3 4b B jE] 24
THEES.
23 BB EEMERT TIEARMERF%
spAG)
2.3.1 A EEAR R S A

XFF e RS N AL 3 124> L AR AL
15 4 566 1~ OTUs, PP 73 A G i1 45 AL 32417
90149 2391~ H (436 DRI 817 M@ o X T 1 HEH
P RETE A A4 B 12 A4 b SRR A L3R A5 1 009 4~
OTUs, I Fh 73 A G i+ 45 RALHE 1411 31404 .67 1
H 138 M BH1239 4N g . AR PE A+ A IS o«
ZREVEFE BN 2% 3 B/ |, 41 & Shannon $8 %0(E S1 40 #{

R BREIREFEUFSY

Table 2 Main chemical parameters of soil in different treatments

JE P Treatment pH A PR SOM/(g-ke™) 42 Total N/(g-kg™") &M Total P/(g-kg') 44 Total K/(g-kg™)
CK 7.97+0.08a 7.49+0.10c 1.43+0.01c 0.28+0.00d 18.90+0.26a
S1 7.1420.01b 9.71+0.14b 1.48+0.01b 0.63+0.01c¢ 18.97+0.09a
2 7.11:0.01b 10.45+0.08a 0.93+0.01d 0.76+0.02a 5.27+0.04b
s3 7.06+0.01b 10.45+0.08a 1.58+0.01a 0.66+0.00b 4.90+0.02b

T - [FAA R NG FRER R AL B F]LE P<0.05 K F-28 5 3% . 1A

Note: Different small letters in a column indicate significant differences among treatments at P<0.05 level. The same below.

357
30t a .
LSt
20t

TR
Soil sucrase activity/(mg-d™-g™")

S1 S2 S3

Ab PR Treatment
151

¥ 10t

R B T
Soil urease activity/(pg-d™'+g™)

CK S1 S2 S3
Kb Treatment

~ 601
o
ﬁ"'? 50,
- |
§ £ 4o0f b b )
®x
2307
i% § 201
RERT!
o
2 0
CK S1 2 S3
Kb FH Treatment
10001
"0
L 800f a
Eul 4 g
w3 a
23 6001
ez
Sl
ST 400f
® 2
HZ=E
ﬁg 2001
z 0
CK S1 2 S3
A3 Treatment

AR AR AR PR 22 57 4 3 (P<0.05)

Diffierent letters indicate significant differences under among treatments (P<0.05)
2 AEAIER + EEEE AR

Figure 2 Effects of different treatments on soil enzyme activity

http://www.aed.org.cn

—249—



MV GV FRBE 2740 - 55 39 4 - 5 2 ) - R B BB R L )

®3 AELETEAFEMERESFEN

Table 3 Ecological indices of soil bacteria and fungi in different treatments

yiL Shannon $§ %1 Shannon index Ace 5% Ace index Simpson ¥ 5] 454§ Simpson even index
Treatment 4 T4 Bacteria FLH Fungus 4 T4 Bacteria FLH Fungus 4 1A Bacteria LI Fungus
CK 6.60+0.05b 2.58+0.18b 3071.13+58.97b 310.56+30.31b 0.13+0.01a 0.02+0.00a
S1 6.73+0.02a 3.54+0.21a 3472.86+99.02a 494.09+5.40a 0.1420.02a 0.04+0.01a
S2 6.60+0.02b 3.32+0.06a 3296.44+29.83a 475.88+39.60a 0.11+0.01a 0.03+0.00a
S3 6.61+0.02b 3.44+0.17a 3416.37+27.46a 497.65+16.65a 0.12+0.00a 0.03+0.01a

e K, CK ., S2 1S3 &b H[A] JC &k #5 22 5+ , S1.,S2 1S3
Ak B % FL T Shannon 48 Z0AH - CK 40 31 12 25 15 fin
(P<0.05) , 7 S1ALFRIR F Fe K

S1.S2 il S3 4k B Fp 4 ] A1 EL B Ace 15 B4 2 3%
5 T CKARH(P<0.05) , H.S1.S2 i1 S3 4b #L i) JC . 2%

S, AT Ace 5 B (B IAE ST AL, BT Ace
TEER A BUAE S3 AR 7

4 A 1 L 1A Simpson 35 5] B 45 FC7E 45 Ak 3L 4 )
YR EES.

2.3.2 ZHTE A ELR TS A5 A i

5 A0 B ST A TR L T 0 2K L 2K
MIRETE L AN B 3 TR o T IKF A TR T 75 2540
JERAL, AL I8 A 222 Wi 1] (Proteobacteria,
26.0%~31.7%) . it £k T '] (Actinobacteria, 23.9%~
27.3%) %% B 1] (Chloroflexi, 13.7%~18.0%) . & FT
# '] (Acidobacteria, 8.9%~13.0%) . % I F ] (Gem-
matimonadetes , 4.0%~6.2% ) . JUFT | ] (Bacteroidetes,
3.9%~4.8%) JERE ] (Firmicutes, 3.5%~5.7%) Fl i
%5 '] (Planctomycetes, 1.2%~1.4%) . iX 8 /> & FE A
XiF = B A B RETE 1 80% LA b H A AR FE T 1] (Pro-
teobacteria) 7 H A 7y o @ 7K S0 - 18 1 4 %) 1= HE 41
BRAEVR 1 B2 1 2 /N, & b AR AR B3,

J& K b, 4% Ak PR A) AL S 8 norank_f_
norank_o_norank_c_Subgroup_6(4.8%~8.6%) .norank_
f JG30-KF~-CM45 (3.1%~4.2%) . norank_{ Gemmati-
monadaceae (2.3%~2.8%) . 711 ¥ & J& (Arthrobacter,
2.1%~2.9%) JEFFH & (Lysobacter,1.2%~3.1%) S5
+ K JE (Nocardioides , 1.4%~2.6%) . % 18 ¥ & J&
(Bacillus , 1.4%~2.6% ) i 24 15 5.l 147 J& (Sphingomo-
nas, 1.4%~2.6%) . &% % J& (Streptomyces, 0.8%~
1.6%) SATEFT 15 & (Microvirga , 0.7%~2.2%) R
s (Agmmyces ,0.8%~1.2%) K H 1 & (Mycobac—
terium, 0.3%~1.0%) . £1. Bk & J& (Rhodococcus, 0.1%~
1.1%) .

FE K A - 3 9 1 b BRI AT TR A AT T
—250—

Ja R TR ORI AT R T2 3K 1 s A AR
o RS IR T B R T i AR X AR T
HEZH .

A5 A PR - FUR AR 1] 43 2K F 43 2K
AV AL &1 4 Fie s o T17KOF B B 7 2H 4
e BE AL, B AR A F HE ] (Ascomycota,
62.0%~66.0%) . BK % 14 |'] (Mortierellomycota, 13.3%~
28.4%) HHTH ] (Basidiomycota, 4.7%~17.4%) .un-
classified_k_Fungi (1.0%~4.0%) . i 4% B ] (Olpidio-
mycota, 0~2.3%) , 3% 5 B REARNT 252 o5 L HETS 1Y)
70% VA b, Horh 3R BT o Hodsesy il i€ fs B i
TR 2 BEREAR , 40 F- BT 1 FH unclassified—k—Fungi
FRAFDOS = BE RGN AEL2H ] AR AN S5 it i 1 AF e T
FEOK I ST AN AL BREH 1Y

JEAKN b, N EE (Mortierella , 13.1%~28.4%) |
5% 1 5 (Alternaria, 1.6%~27.2%) K 7 15 (Clado-
sporium , 3.8%~11.6%) . H /] & J& (Fusarium , 4.6%-~
6.8% ) . it ¥ BEEE (Guehomyces, 0.1%~10.0%) 44 %
+J:J& (Sporobolomyces ,0.1%~5.9%) . ¥ K & J& ( Talaro-
myces, 0.4%~4.4%) . 5 % % & J& (Thelebolus, 0~
2.2%) JCZE I (Acaulium ,0.3%~2.2%) {015
J& (Acremonium ,0.2%~2.2%) . i 4% 6 J& (Olpidium , 0~
1.2%) o Horb /A0 g AR A0 11 FISE T 60 25 a8 A %)
= B RRAIG, At T A RE G S RN, S R T w0
TG TR A U3 2ok R K A S AN 5 T A B S g R
By,

2.3.3 AR S FLIR VS RS IE S PR IR 1A Ok
PEI BT

BEF Bray—Curtis B 55 1) PCoA #F 57 A~ [F] &b P
KV A S8 2 TR AR 5 ZEL SR L TR AR 7 2L A AR AL A
25tk 85 AN AR 5] 23 i AR BE K AN [+]
At R A HEREAS 20 R v 4 (BT 5A) rpoxs BRZH Ao
FHE— R BRI DU G R, ALY T 55 4 PR =
SR J& K- PC1 AN PC2 Bl X 45 5L 1) i B8 15 43 )
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