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Effects of rural black—gray water treatment by soil infiltration system on the soil environment of vegetable
garden

WANG Songmin, LIU Liyuan, WEI Xiaocheng, PENG Hao, ZHANG Chunxue’, LIU Bo, ZHENG Xiangqun®

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

Abstract: To explore the effect of rural black—gray water treatment by a soil infiltration system on the soil environment of garden vegetable
fields, a three—compartment septic tank+infiltration trench infiltration system was established in Zhanglaorenzhuang in the Ninghe District
of Tianjin City on 13 July 2020. Vegetable garden with four treatment groups, namely, control (CK), cabbage (BC), cucumber (HG),
summer radish (SLB), were built above the soil infiltration system simultaneously to explore the influences of infiltration trench system on

the following physical and chemical indicators: the total nitrogen (TN) and total phosphorus (TP) content, a hygienic index using fecal
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coliforms and ascaris egg mortality, a biological index, and indicators of vegetable hygiene. Results showed that the TN content in two soil
layers of the vegetable field in each treatment group showed an increasing and then decreasing trend for the physical and chemical
indicators. For the BC, HG, and SLB groups, the TN content in the topsoil increased by 589.77%, 356.93%, and 70.00%, respectively, and
in the deep soil by 266.46%, 718.22%, and 148.70%, respectively, from planting to harvesting. The TP content in the vegetable fields of all
treatment groups showed an increasing, then decreasing, and then increasing trend. For the topsoil, the TP content of the CK group
decreased by 9.66% but increased in the other three treatment groups by 0.14%, 4.53%, and 3.09%. For deep soil, the TP content in four
treatment groups decreased by 16.63%, 8.65%, 18.89%, and 4.35%, respectively. In terms of biological indicators, the treatment of rural
black—gray water by the soil filtration system promoted the diversity and richness of the soil bacterial community in deep vegetable fields
(P<0.05) and decreased the relative abundance of pathogenic microorganisms. Moreover, the fecal coliforms and mortality of ascarid eggs
of the garden vegetable soil met the Hygienic requirements for harmless disposal of night soil (GB 7959—2012). In addition, the fecal
coliform content of the three types of vegetables was less than 3 MPN - ¢!, whereas the ascarid egg mortality was 100%. In conclusion, the
soil infiltration system treatment of rural black—gray water can significantly increase the soil TN and TP content in vegetable fields during
vegetable planting. The soil hygiene indicators of vegetable fields before and after the treatment of rural black ash water by the soil
infiltration system meet the harmlessness requirement. The treatment of rural black—gray water by a soil infiltration system can improve the

growth and reproduction environment of soil microorganisms in vegetable fields, reducing the risk of disease—treating microorganisms to the

environment. Thus, building a garden on top of a soil infiltration system is possible without compromising vegetable safety.

Keywords : soil infiltration system; rural black—gray water; vegetable field; soil environment
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Table 1 Background values of soil physicochemical and sanitary indexes in the different soil layer before construction

1541 Index 0~20 cm 20~40 ¢cm 40~60 ¢cm 60~80 cm 80~100 ¢m

pH 8.06 8.49 8.21 8.09 8.26

27K 2 Moisture content/% 23.1 22.5 22.7 232 22.9
FHES 722 ftt CEC/(emol -kg™) 13.5 20.7 26.6 27.5 23.0
% TN/ (g-kg™) 1.08 1.03 0.63 0.60 0.75
2WETP/(g-kg™) 0.81 0.97 0.78 0.85 0.77
A NO/ (mg-kg™) 806 991 550 445 380
HEASANHY (mg-kg™) 2.85 7.40 5.50 4.45 2.60
ALY Fluoride/(mg-kg™) 364 468 484 492 477

FERIA TR Fecal coliform value 400 1100 1100 430 1100
il th B E T3 Mortality of ascaris egg/% 100 100 100 100 100

R2 SR SE =R H KK RIERR
Table 2 The effluent water quality index of the third compartment

of three septic tanks

®3 TESRAFHESTIMEMERB AT (ng-m>-d")

Table 3 Daily load per unit area of pollutants in soil

infiltration system(mg-m™>-d™")

b L FHE Eizta iR FHME
Index Range Average value Index Range Average value
pH 7.74~8.21 7.93 B NH: 116.9~123.3 120.4
B NHY (mg-17") 72.5~76.5 74.70 HASZENOS 0.386~0.967 0.596
A ENO/ (mg- L") 0.24~0.60 0.37 A TN 141.1~154.8 150.0
25 TN/ (mg- L") 87.5~96.0 93.0 S TP 14.1~14.7 14.4
2 TP/ (mg- L") 8.75~9.15 8.98 42 Eh 4 Total salt content 951.6~1200.0 1070.4
Zx#hH Total salt content/(mg-1™) 590~744 663.67 HALY Fluoride 0.58~0.67 0.64
ALY Fluoride/(mg-1") 0.36~0.42 0.40 b5 4 5 COD 541.9~729.0 650.0
b2 S COD/(mg- 1) 336~452 403 A AL 4 BODs 272.5~337.0 295.6
AL T = BODs/(mg- L") 169~209 183.33 P 2 A4 3.80~4.14 4.00
B B R T A 2.36~2.57 2.48 Anionic surfactant
Anionic surfactant/(mg-1™")
R HEREE Fecal coliform/(CFU-L™) 200 200
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Figure 1 Design of septic tank+soil infiltration system technical mode
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Figure 2 The construction drawing of septic tank+soil infiltration system
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Figure 3 Schematic diagram graph of sampling points
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Table 4 Soil sample index detection methods and standards

KI5 H Index 43 B )77 Analysis method Frifi Standard
£ (hgema 2R NE PR HJ 717—2014
X0 (38 BREAIINE Bl 50 B R 1) HJ 632—2011

R i TR b B )5 e A 56 5 7k) CJ/T 221—2005
i H R AET 4 CORJTE e dEE I e YITEREIRIL) HJ 775—2015
x5 BRI 7T R R AR A
Table 5 Vegetable sample index detection methods and standards

5 H Index S3H 75 %5 Analysis method i Standard

DIRIfivEN (e bb 2 2 E ZARE Bah tP LAY RRER S5 RYRRER I ) GB 5009.33—2016
& C (b2 2 E bR ok TP TR BRI 2 ) GB 5009.86—2016
B (bl e 2 E bRt bl PR ) GB 5009.90—2016
W J5 QB e 4 FE GRpRUE £ P AR TSR R 0 5 ) GB 5009.7—2016
pH (bl e 2 [ bRt £ pHAE I E ) GB 5009.237—2016
FERM TR (B2 E GAbRUE B BUE AR5 K R TR GB 4789.3—2016
IR Bt 3 B I b ep T MR A 0 2 ] 3 D 7 ) NY/T 1278—2007

FH Origin 2018 #4742 (8] 5 - 84k A= 47y vy e 1 00 25l
FIH Majorbio z5~F- 5 il <1 5 23-#r

2 HRE5WE

2.1 TEBIERGAIE R BR KX FE R 1 15
B R A R0
2.1.1 TN

AR FRLE R TR] 2 TN SR 4 fr s . £ hk
PR 2+ 5UR)Z 1 TN & e i 00 0 e Rk 34 5
A B TR T R RS o 23 ) R | AL
KE N YIAE 2020 4F 11 A TN & fs 8 g, IF 5
20204F7 A MI12021 453 A TN &M H 25 B % (P<
0.05) , X AT AE 2 T2 A A 7E 11 7 i 2835 HE i
8 S B0 K G Y A g R B T B
TR R BT R

X F R4 e R AR S N4, A 2020 47 A
AR B 325 20204F 11 AR, #Z2 TN &
IR E T 589.77% .356.93% F170.00% , )2 +
A3 B T 266.46% .718.22% 1 148.70%., 3 W] +
BB U8 2R G5 A AR TR K A RE B S M 2 S IR )2
THETN RS . AR R B RGN
FNIBATARE T B — e JE A FLII SO 5% ke R
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X TN B R BRAAEPIABYBL . T TN 23 BR 3418, 4L
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N 40%~50% , R K 3 5 TN LR w8
70%~95% , W RS C e , AT E BIf e L4
2160 d, TAMIFE20204E7 H 29 A RS AT
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Yy K HL B PR AR R RE S B R
MR T, B S0 R 2R 1 W S Bl 2 3 5

PEA 20204 11 A 5, IR B A (H= R GeT)
AR FRFAE 1B 4T, M 20204E 11 A (BB & 12
A BRASEAIN R BN AR S MW+ 2
TN &R B T R, 3 A RZ L0l FRE T
68.70% . 64.07% 1 2.50%, X JZ2 + 7 % F & T
84.07% . 74.54% F7.43% , (2241 W6 1 J2 TN 75 5 ] 43
45 10.05% .133.61%. X A RESE H FUREIB 2
J5 SRR R S - 4 BB R RS IR
7 HR B AR AR 2R BT Y NOSER /b, P BURH 4 NO;s
FERLAE P 0 B S A S A F R HE 2R RGN,
A, AR I 2 BH TG VR 2 7 VR 4G T AR LA R
ARG I AR 1 45 R, TN B i 3 b+ R
BE G I REAR , X S AR 4518 — 3. 1 SR
HJZ TN & i BT RESE T SRR A A 1 SRR
R RS ER ™,
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Figure 6 Total phosphorus content in different soil layers in different treatment groups in different months
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Figure 7 The total phosphorus content of each soil layer in each

treatment group before and after infiltration treatment
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Table 6 Bacterial community diversity index of topsoil in

different treatment groups before and after infiltration treatment

Kb Treatment Shannon Ace Shannoneven
BJ 6.184+0.139b 3 758.57+428.34a 0.804 1+0.124 Ob
CK 6.607+0.060a 4 017.65+298.15a 0.847 1+0.005 3a
BC 5.945+0.220c 3 658.23+151.71a 0.775 7+0.022 7c
HG 6.713+0.091a 3 945.15+324.38a 0.853 1+0.007 9a
SLB 6.493+0.098a 3 944.56+216.07a 0.832 7+0.009 7a

T« B AUFAL PR A 38 5 CKAUZAS DU AL BCAUR 3R 4L
HG AR HRA ; SLBARFKE M [WFIAR/NE 7 REFRIRTE 0.05
KSR E. T,

Note: BJ represents soil before infiltration treatment; CK represents
the blank control group; BC represents the cabbage group; HG represents
the cucumber group; SLB represents the summer radish group. Different
lowercase letters in a column indicate significant differences at the 0.05

level. The same below.

F7 WAEFIEARLEARE T HHEBESHFIEEY
Table 7 Bacterial community diversity index of deep soil in

different treatment groups before and after infiltration treatment

AbPH Treatment  Shannon Ace Shannoneven
BJ 6.243+0.066b 3 051.90+114.92¢  0.828 3+0.005 3b
CK 6.558+0.039a 4 126.78+314.93a  0.841 220.004 9a
BC 6.637+0.013a 4 555.95+112.86a 0.848 9+0.000 7a
HG 6.548+0.113a 3 781.612224.30b  0.839 620.007 Oa
SLB 6.5410.066a 3 702.72+181.45b 0.835 3+0.003 5a

BWFTHE R 8,3 7 4B AT B s AT R
A BT, 4 BT 2.54% . 7.23% ., 3.68% FlI
4.48% . TIFFIEJE SR — R A [RPHM L 2 AT
AR K U Y ) R N R R R
FERNE WYY RF T TR R X T U K AR Ak B A
4 W i BT AR

2020 4F 7 J e s )2 F1 2021 423 H 3¢
i A% A PR 2 - 3 A0 B KT (4 TR 2L 1 D 9 i
INo A ANFRTEJE K b A AR TR S R AR L, 3R A
PG BE AT 8 (Arthrobacter ,0.46%~3.43%) | Gai-
ella(1.30%~2.74%) MND1(1.06%~2.56% ) . 52 It 24,
i1 1% J& (Sphingomonas ,0.57%~1.66%) .RB41(0.69%~
1.72%) i ¥F 13 J& (Thiobacilus , 0.07%~2.90%) % FF
I J& (Lysobacter ,0.62%~1.20% ) 5% %% 15 J& (Streptomy-
ces, 0.6%~1.16%) 253 F X )& (Nocardioides , 0.61%~
1.18%) . £1#F & J& (Solirubrobacter, 0.5%~1.3%) . #H
BWFT7THE 8,3 0 4 B R AT B m A R
A BT, 4y BT 0.24%. 0.75% . 1.17% Fl
2.83%, XKW TIHEBIERGEMEZ AT EEF
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WO, AT LA T8 4 85 o3 A0 B AU AT 1A
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Yy, BARTESH T ERZ L SRR L h RIS
TR AE B0 XU () B 25 TR, (R AR ] 138 U8 R
S Ab PRS2 R R A B e L, Ak, S
20204F 7 A5 HERI L, 2021 4E 3 A &t LB
RY AT S A A PR ZH B TS R E R R,
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Figure 9 The relative species richness of soil bacterial communities in different treatment groups in two soil layers before and after

infiltration treatment
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Figure 10 Heatmap of soil environmental factors and soil bacterial communitiy composition in different treatment groups in each soil layer
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Table 8 Hygienic index of soil in each treatment group after

infiltration treatment

FRITHH

b S BB -4

Trﬁfent Soil ifh Jem Fecal coliform Murlallity rate of
value ascaris eggs/%
CK 0~20 > 1.11 100
20~40 > 1.11 100
BC 0~20 > 1.11 100
20~40 > 1.11 100
HG 0~20 > 1.11 100
20~40 > 1.11 100
SLB 0~20 0.04 100
20~40 > 1.11 100
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Table 9 Hygienic index of each soil layer of vegetable soil before

infiltration treatment

+)2 FR U He PR T A
Soil layer Fecal coliform value ~ Mortality rate of ascaris eggs/%
0~20 ¢m 400 100
20~40 c¢m 1100 100

10 FREIBERER R EHRK L ERIRI
Table 10 Comparison of hygienic index of different types of

vegetables in differernt gardens

JGE B S el 2 5 FER A RS Fecal coliform/(MPN-g™)
Garden type F13% Cabbage  #&JI Cucumber  7/KH¥ N Radish

gl <3 <3 <3

(O <3 <3 <3

KA N TUAETRAR R IR, 13 VEIFIK B 22K
PR RE A /N T 3 MPN - o', 38 B R 28 4 [ 52 s
1A A P2 R B K W B R 50 (GB 4789.3—
2016) H K TR A B0 R PT RE I (MPN) 6 2% 6 i AIG
{E, i R DA TR 35 5] 100% ., MeAb, it 13—
R ] - 4335 0k 2R G b A S Hb R R B35 35 R
T VR G B8 SR IR T G, 45 R B A SR 4
A 25 HR TC 25 5 (P>0.05) , 26K B FEBCRI
GEAE T [ FE R B (B A B AR e 2 e
Pk e K EREHEO 20K, X R LB IR RS
A AR o BRI K 2 1A A b G 3 R B S
HA G %,

3 #ie

(1) FEBE PP A ], 50808 RS A B A b 2R
JRAK S B R e R TN TP & . K b, 3
Hi 4% b FEZH 5 12 (0~20 em )2 F1 20~40 em B 2)
TN & 2% LI E R B, TP & E25E T
R BT

(2) +-HEB U8 R G A FRAAT BB IR KT SR Z +
AN ARV Z AR VRN 5 A R RV E T X et R 2
TIPS TR B R
RIS BRI K 23 BAR R b - S SO S A A B 5 £
HEIB Uk 2 G b FRAC R SRR K £ 8 i BT B A AT
B R AT BT

(3) 1B IR R G AL FRAAS B IR X5 S 2 K
BEE TG 35 5, B 38 DA AR A B (B i 4
FAME AR R K AR O 2K, BA
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