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REMUASKIHESLBELZ . EARETSUEAT I ZHE G/ KABEAER, ERRALHEAER
WY SRR LA BEAR AT EFEGT 5K 2 AEBBRED BT ERMEER, MATG KRR, B
BHHFEY BT ATER (RO BA%S, 2 K-BEY- MY RGO MY RERAERA . ZEER ERR KGR
AR KARE T, RR— RSN WE L% B REE D LE A EOR N BTN ERE LA EREWAT
THERGEREEBOAGFHRR FITHARE KL ERENRAXREHAERER BT R BESREENE
AHMBEERBER, EHENFIXE 84. 7% 70. 7% » KK EE (14. Omg/L) F B H (24- Tmg /L), KB B R MM A W 4 1
RFAKKRAREE. MOHREMEYBEBRSAMHAZN LBEFRETRABEAFFEE, EAHEREH 10°~10°cfuMPN/g(+
) (cfu . B R EE S MPN . B AT BE3E) , WKL B H10°~10°MPN/g (+38) , A§4L B 10*~10° MPN/g (£ 1), R BifL 18
H10°~10° MPN/g (130 . i/ R LAY RAR LA SABRREEZRBANEERR B 8. T HMAEY .+
AP AR REB R R ERRIEE. XK C/N I E R . 4E 8 C/N, 247 T K 5H AL B 5 %6 1 5 L 2
E&M. PIRABKDAH 4. 68cm/d B8, MK EEEE TSN 18. 96mg/L, BBV IE D 75. 64 %, BB THKHK &
(<25 mg/L) X B KL ASEEEBERGLEANT LHARH . RREUH RS A EEZRRLS RETEY
B REREAR . AT RN RRATR.
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Pilot study of removing nitrogen from sewage in under ground-ditch-pattern soil

treatment system
GUAN Xiao-Man',ZHAN Xiao-Yi** ,PENG Run-Zhi® (1. Shandong Institute of Commerce and Technology,Jinan 250103;

2. Guizhou Normal University,Guiyang 550001, China; 3. Guizhou Research and Design Academy of Environmental Sciences,Guiyang 550002,
China). Acta Ecologica Sinica,2005,25(4) :854~860.

Abstract: Underground-ditch-patter soil treatment is a procedure whereby sewage is treated through self-purification in
conjunction with manual techniques in a small scale system. This process is a kind of fleet soil zoology treatment technology,
which relies on the principles of diffusion and capillary action in soil. Under artificially controlled conditions, sewage was
distributed into the designated system equipped with a series of devices composed of soil, sand, pebbles, and a soil-water-
animalcule-filling system, and was gradually decomposed as a result of a series of physical, chemical and biological reactions in
different pollutant loadings and HRT (retention time). Through the pilot plant of underground-ditch-patter soil zoology
treatment system filled with soil mainly confected by yellow clay - the typical soil type found in Guizhou, this paper investigates
the efficacy of such systems in removing nitrogen and the different factors that influence the rate of removal of nitrogen.

Results showed that average removal rates of NHf -N and TN were 84. 7% and 70. 7% , with average effluent concentrations of
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NH{-N, TN being 14. Omg/L, 24. 7mg/L respectively, which meets the standard for water reuse issued by the Ministry of
Construction of China. Nitrogen transformation bacteria analysis revealed that there were abundant nitrogen transformation
bacteria in the pilot system. 10°~10°cfug(soil,colony for ming unit), 10°~10°MPN/g(soil ,most probable number), 10*~10°
MPN/g(soil), 10*~10°* MPN/g(soil), were obtained respectively for ammonifying bacteria, nitrite bacteria, nitrate bacteria,
denitrifying bacteria. Nitrogen in the influent was mainly eliminated through biological removal via nitrification/denitrification
processes. Improving the nitrification performance through alterations in the soil-water-animalcule-plant environment proved to
be the key to enhancing nitrogen removal rate. Results showed that appropriate concentrations of C/N are necessary for the
process of denitrification. Moreover, when the pilot system was implemented with HRT of 4. 5h, the effluent concentrations of
NH{-N was 18.48mg/L and the removal rates of NHf-N was 82.87%, which met the standard for wastewater emission
control regulations II1(<C25 mg/L). Underground-ditch-patter soil zoology treatment system has much potential in disposal
loadings. At a reduced cost compared to existing mechanisms and with easy operation and management, this technique has
many opportunities for further research and development.

Key words :under ground-ditch-patter soil treatment; the removal ration of NH; -N;C/N
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L BEAFFRE 2R AFERERES KB RE, CRAERRETHERBROEZ R BT LA DR,
REWEEBKHBEFTSTREKAERERM, R SRR RMLRNE . A KRRY TR, Tl SR EERR
FRGKBABIEN ERBRKAEEL R AT RURAB T KEROERNE. BRKGRAERIREETN _RLE
BER AEFRENAAEEFAERN RERFAE, IRERFBHENFRERTEREEER, - EEHRSEFHRR
KRBT,

WA KESHALE, EAALIREAERAT BUREMN MR L HABEER., ERRABKNER BHIABHK
BRY,EIATERAESRENYRBEHRANERRS, ZRER. T ERBTKLHRE RREREBEE 452 KM
MREFERE ME SBERAOSHES FlHE, R BERE K, XREFSKLBEEL RRANETRERRR
BEANN B REELEFARDRG—FHEFSHRE,
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Fig.1 pilot plant arts and crafts flow
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Table 1 Underground-ditch-patter soil treatment pilot plant building

2 g (m) BE PR (m) 1 P 51 B 0B H I
Name Standard Number Height Inside structure
BAAERRENTEERN. BEREDMKREE. KR
Bk Water tank  1.5X1.0X0. 6 1 3.55 KK, B K Water tank is equipped plastic baffle
and drainpipe to reserve and regulate water
— AR JEE X $30~80mm BEA ,h=20cm; K L BN AT £+ (R,
First disposal groove 300 W3 HAK BE) h—60cm; kR AT EHH R
1.2X0.8X0. 8 2 EAQREFBREREMHK LAY WA G 2R
TR JKE Gravel $30~80mm is laid in the bottom;manual soil is
. . 1. 90 .
First disposal groove laid upper that grow plants
a1 P B 2B 7 A R B
middle groove 1.0X0. 606 2 2.30 plastic baffle is equipped inside
JEJ2 $30~80 mm R A B A =60 mm; R L BHKED
ot | T ERRFL EAEFUEEHEY Cobbles $30~80mm
1.8X1.5X0.8 2 1.15 Ly . .
Wetland groove are laid in the bottom; manual soil is laid upper that grow
plants
3 hERE

2001-11~2003-07 , H R IR IR . ¥ E B RABHKM4T 2 4 B BHAT.

TR LB AR MR, AT OK B K WA W 7 35 ). LA W I E S E MBE Y AT 7 B F 1) MM
BB IHLT.

REARESZLEEOH KD, TZAREREET 1 FARE. RBRHE, AR KESXARANEE . F BOEFRSE
WERSBEAREFT S KERIDEARENTL. F—NERRBHE, XBAFEA FHELE 2,

FRIRE K E 2001-11 Rid. WERBVFTEH . WEBERFERBCRALE 2. 4B AT HEMAEYRFHBIERLRE 3.

3AMBERMEEH, MEY HYEEZANH  BEMETN L ESLBERRSTHRGS. 2DFXW.HEFTLA
ITH—EREBEA. FZLBEREZHEBEEAME REAEFELTHERTE (R BOREBRINEE B4 /N 25720
M PRRE—-ENHEYBBER EERRUR DR FE SRR, BN SR TERNER. NRRESITERE SR X
BEIARLS ABARKR UK RULBBKESLEZEMELEHMEE - ENFRE . ZHNSITHRERIR. x££+
WIS KESLEBERMRAZ—. 5 74 FEE R B B A, 504 P 5978 2E ok 8IS BR, A Y0 AR KA R B BE B8, REXY NH-N
B AL PR AU (96. 49 V) WAHPIR T . 6~7 R 43, By TAE 15 15 /K B3N 75 4L W ¥k B2 AR X BRI, I 2 B AR PR B &5 REWI K 1 B
TR AL EBRBEZ TR

*2 RBAKKRAEHK 1 CODer NH N
BODs TN

Table 2 experimentation water quality average per month 100
2002 4E 2002
MmHE > 80
Item 3RH 4 R4 S5AH 6AHK TAH AE &l |g
Mar. Apr. May Jun. Jul. §g 60 é
Temperature ('C) 14 15 18 23 24 g ; 40 : é
pH 6.9 6.9 7.4 7.9 7.8 # g %ﬁ
CODc¢; (mg/L) 267 254 244 212 208 o~ 20 :__qu
BOD; (mg/L) 142 142 105 104 119 p L
SS(mg/L) 33 62 59 64 59 5
TP (mg/L) 9.26  8.45 5.15  6.43  9.80 At Month
NH{ -N(mg/L) 102. 63 102.24 61.56 58.68  95.11
NO7 -N(mg/L) 1.28  1.45 1.95 1.35  1.88 B2 1552 bR B R A AL
TN(mg/L) 128.75 116.78 77.70 73.27 118.75 Fig. 2 Monthly changes of contamination removal efficiency
HERIAUES:
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HALE B M EENEEYR 2~3 M ER(0°~10Y), —ZBEXRLEFEAMENEE . BLEREAHEEK.
Zo #HAKNEREFEEHFREMEKEAE.EZELETIBABRQE) . HAEMELAERRETELR . RIEALEE
HKLEAHEMMKE A, EX MM INAEFASNEFR . RE. RERHE.
3 SARET M EDFHESHHRMPN/g(soil))

Table 3 Bacteria distribution in per groove

WMAEMF R Rk R #k o kA E THRE
Bacteria name Sampling points Entrance Export Surface layer Bottom layer

T 44k B Nitrite bacteria — R b Y First disposal groove 4. 60X 105 2.40X 108 4.60X10° 2.20%X103
4k At H#H second disposal groove 2.90X10°8 2.70X10° 2.00X10° 1.50X10%
1% # /8 Wetland groove 1.50X 108 9.30X10° 6. 50X 10° —

#H 4L B Nitrate bacteria — 2% b FRAY first disposal groove 1.10X 108 2.10X 108 1. 50X 108 1. 60X 104
R AL PR second disposal groove 3.60X10° 9. 30X 10* 8. 00X 10° 4. 60X 104
1 b3 Wetland groove 1. 50X 10°% 1.10X10° 1. 20 X 10° —

4L B Denitrifying bacteria — % 4L FRAE First disposal groove 3.50X10° 4.30X10* 7.50X10° 2.10X108
4R AL PR Second disposal groove 7.50X10° 1.50X10°% 9.30X10% 3.50X10°
1% b # Wetland groove 4.30X10° 1.10X10° 7.50X10° —

LB Ammonifying bacteria — R AL HHE First disposal groove 2. 00X 108 4. 60X 108 2.10X10° 4. 40X 10*
Z R AL HRHY Second disposal groove 2.10X10° 2.80X10° 1. 50X 109 3.60X10°
1% #h A Wetland groove 1. 20X 108 2. 80X 10° 1. 30X 108 —

Bl ARERERLESAYDELTREEL 10°~10°), BAERET 5~10cm WEHALRHER QO AR H
THELEBEA®), B P EAEFEFGATRENRE N EHAE HAE AR CE R E KM, AU ARG
T &M%

HE 4 AR BERBEHETHT.4 A, RHBRKSREK F4 BRLBERNHKARRECOREREG)
g S EENE, EN KR Y 1162. 5mm,4~8 H sk  Table 4  Each disposal groove N concentration and removal
B RO RE 2% K4 AT H SR 15.3C 4 A ey fficlency

1370h, F B 31% 451 54 B W 375. 13k fom?, 45 S 4L 3 NHi N NO7 N ™
_ CNHZr-N yNHZ'-N CNO;-N yNoa-N C1n YN
?EZ‘W%Z&%?WE(C)&%%—?&(y)Ei 4, (mg/L) (%) (mg/L) (%) (mg/L) %)
T 1 g NHF-N,NO; -N,NO; -N, #B 0] f& g, 5 Ab 78 4 Av ¥ Cesspool 102.24 — 1.45 — 116.78 —
R B SR — GO R B C/N R MR 1 A ;Wﬁ@l o P61 7299 6302 —  92.73 20.59
AT AR MBI O/NILFEHAT 1 s ¥
i1 C/N B J2 A ) b 30 R S8 7 0 6 A ZEC), C/N RIS A AL Miiddle groove 66.72 — 36.28 — 10275 —
FTRWEMETT. BRE_SH . BHEORER. T = ;‘ﬁﬂ\lgﬁvsmnd 22.26 78.23 61.30 —  82.06 29.73
G R RN, MR AL TE A, R AL TR s, isposel eroove
VKA ¥ A — G AR R T o A Bk 16.55 83.81 50.80 —  65.24 44.13

Wetland groove

FEN—RE LB TS TS K 38 B R K C/N, LR K
RACRE Sy BB B . — G K 5 R K LB 342 B, REEXT NHY -N L BRBCR B . 2001-11~2003-07 8], H i
FEEL 4 THBENEARERENNEERILES.
4 IRRENHBYBSHFSARAEHBAR

WWRGAEMEEREYATERFFENTEGE RERE  VEFRFEAMEY UHRE . HRE AL, R
FEMEY (RBEHE XKBEERM T R4 . BERE ERMA QBN B RN, TR R E K6 B R BL AT LR i 58
B. BRGEREEM. WHA-KBABREHNRFERMEBERES.

FHAE HEREFRREATERTERE WA ZRERLERGFEN, LHAE LB 7 X ER R 5 BT
B HERA-EMESR~MER.

R HE R 5 5 B e K L DU AL BRI, LR i F R R IR VR R, AR o T 32 1A SR P IR B P B oL F
B R AR N B B R ST AR BEREMEYHEN L BT R RERMABRA P HEASBRET XML
BE. LET 30cm, BERMAREEEEKX, KL IEHAE =P HEREFE NON,, ATTEBI ARG X BREAR
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BE.
BUAAEFELFESHNR Y FARE ATEAER. EPARERRRERLCIY P, S8 KRB ECER 270 X
E,EMUAEREKPHAR AR AXERKSOAEARE EENAIHREA.

F5 PRERSEGAENTEANRAREIRRLER

Table 5 Each disposal groove N concentration and removal efficiency

NH7 -N NO; -N ™
B ) . 3 .
we REEA BARE HARE SUF SARE HARE EARE SARE Do
Phases (Month-day) Sampling points Input Export fici Input Export Input Export hici
! eriicienc eriicienc
(mg/L)  (mg/L) DY (mg/L)  (mg/L)  (mg/L)  (mg/L) ey
(%) (%)
1 01-12~02-07 —Z%H¥ First disposal groove 93.44  64.88  30.57  1.99 35.57  106.16  102.88  3.09
— 4 # Second disposal
M Second disposa 64.88  16.41  74.71  35.57  43.33  102.88  60.39  43.11
groove
12 i/ Wetland groove 16. 41 13. 81 85.22 43. 33 39. 85 60. 39 54.14 49. 00
2 02-08~02-12 —4 M First disposal groove 88.23  61.21  30.62  1.71 32.35  100.22  94.34  5.87
- d disposal
Ml Second disposa 61. 21 16.61  81.17  32.35  44.89  94.34  61.48  38.65
groove
18 414 Wetland groove 16.61  9.52 89.21  44.89  27.85  61.48  37.88  62.20
3 03-01~03-03 —%&#¥ First disposal groove 85.61  59.47  30.53  1.21 31.17  97.54  91.38  6.32
- isposal
%Ml Second disposa 59. 47 15.27  82.16  31.17  40.67  91.38 56.36  42.24
groove
18 ## Wetland groove 15. 27 9.31 89.15 40. 67 26. 21 56. 36 36. 14 62. 95
4 03-04~03-07 — 44 First disposal groove 84.91 58.57 31.02 1.51 31.74 96. 74 90.78 6.16
=4 isposal
%Ml Second disposa 58.57  15.37  73.76  31.74  40.44  90.78  56.16  41.95
groove
12 Hi# Wetland groove 15. 37 9. 00 89. 40 40. 44 26. 27 56.16 35.46 63. 35
4 KAKMFRAE

BERKAGHAUEF L RPERYENORESERTFE REREERBTRETHNLABER LEHKAEFHEA
UENAMB(BREEPNBRAART ERLHATLEIBRBEUEROYRE, KR R BAEXGHEE. £FE
MAFREET  REM KD AHE —ERBER Y (WG AFE MR, #3ESXGNARREN, DRSBPRLHES
WEREMEYBRUEFNIRE ., HRAKSEFE [ HRTAF THERRE NH -N SR &R ERT S EM, REMLS
REAIER  BABAREEHR N2 BRBIASH . 2001-11~2003-07 H[E, X ARG HERBELTER . HTTEFRK IR
FEKRNEERELHESREMNTREFEROLZRARE, = 6 710 T AR HRT THRAGEMF T RINFHE
BRER .

®6 EBRHEAMNPRERLBHNRAEM

Table 6 HRT concentration and removal efficiency

K F1 A g )
Hydraulic loadings E BB Item BOD; CODc; SS NHf-N TN
(m3/(m? « d)) HRT (h)
1.56 13. 4 3#7K Input (mg/L) 148.78 247. 92 135.5 80. 70 97. 82
7k Export(mg/L) 6.17 24. 47 4.06 9.52 23. 28
Nv(g/m3 « d) 11.10 18.50 10.11 6.02 7.3
B R (% )Removal efficiency 95. 85 90.13 97. 00 88. 20 76. 20
3.12 6.7 s#7K Input (mg/L) 154. 32 273.18 157. 8 85. 40 106. 42
7k Export(mg/L) 8.21 30. 43 5.6 11. 44 30.18
NV(g/m® -+ d) 23.03 40. 77 14. 48 12.75 15. 88
£ E (Y% )Removal efficiency 94. 68 88. 86 96. 45 86. 60 71. 64
4.68 4.5 # 7K Input (mg/L) 151. 44 256. 32 154. 18 83.18 101. 67
7k Export(mg/L) 18.06 50. 38 16. 62 14.26 40. 09
NV (g/m? + d) 33. 65 56. 93 34. 26 18. 48 22. 59

£ B FE (Y% )Removal efficiency 88. 07 80. 34 89. 22 82. 87 60. 57
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Gt gE R R B AR B K 1 A R 4B RL Y HRT #2846 % %0
BOD;,COD,SS\NH-N f =BT 8 &, WA RE LT Z AL
WERBZELEAAE. M. Y HRT A, &1 TR B A,
BOD;.COD,SS\NH{ -N f#y B FE £ th7E il 5 B 51 Bt , M bl
EEEBMSREEFHREZHER, RO ERENRE #
RO RE, BB/ HRT W R A D RFEHN T RELSFAR LR
GREELEES. FEABRYINERELRFAREEN—
MNES . HRT 3 TN LR EMHEZWALE 3, HRT (h)

REK IO KL EPEE 54w REM, 5
#Hi NH-N ERAEYERT R AWM S R R L& 498 L
BB SHEERAAEXR(GEGEH D EBFKLBLEERS,
KA EERERRROP W EELRIAE TN B EMHRT MR THREE, WA T2 M8 ER R KK S fffet, B
BRAFBEEEFFI5KPH NH-N ShEMERTS M . NTREFRKMAESE, M EEE 45 HRT KER TR
SLFREE S . %t P BSR4, 5h iBH, MK NHY-N ¥ B398 18. 48mg/L i B 15 K HE R — B A7 o (<25
mg/L),

5 SAIHESALBERNEERSRE

KABETHEHAESRETEERMAEARBEAFZIEN, 5K LA S MERT A8, REHALHTE R
RFELTEFHEEF B ENEFKE AR TEERAER LA T BESBN MR ESEN FE,

THASLABEREMEEERANEAFGURABNESLBLEEEARGN AR Hlk, EFE L BESLEREATE
FHEN . DFAARRELBERREAREE LB ROREEE, U XKNERSKAEEREERES. DREEKRER
BEREW RAMMEG N L EPBRMEARK QL RESE FREMYMBAEYEE. AAEYIANERLEPHEIE
RN EEREEEYBERNSH SRR EEAINERYEYERERLAES Y ERGHBROT LIEAS B
AREMAESMEYHEY R, RELEMEYHRBRE, BRHEYEXR REZEEBETREY , 7T DU E S 39 0 M
BOCARBp MER L E BRI E A BB EE.

6 it :

Bt R, A E BB KAEBOR R AT TAERET, 5 # A2 EEREB B EAWER b, 803 3 0 AU
MR B K EAESABETR HITZRBA¥EE B8 E . BEFRNP @Y. FH. B2 FREN(XF .5,
KEBMIBTURARRK D R HHER,ERBERITKESEBETESENL. VSRS HE N XA EEEN R MH#ESA
BYR.ZLEE  FARBGHBEEAEFZTBKOH 27, f IEKE AT RENETAN BE LA SRRNRAER
BE.ERANELEMRES  ERH b~ KA T N7,

WG K LA SAEBEARBERE B RN 0 E SRR R A RO A, S B, 3 A RAE SR T BB
AEER, AR PEKGMEY EYILRERG LK R 220 R L, TR R, A RSMR I X RS
R KBRARAENE. P IRIRB SRR b 275K 14 S A B R G b 9 T BB B A Y ) AT B SR LR 2 R
MRE, A ERBERBENERY R, RERMWEYEAE LR TOE AR B, X 2L RBETHREN
ERPRER MZRZERBEAKARKETHFR, ELEEARXBEEEEEAREEERF A RELRERS ERTA
FMBEMEORENRFRE MY THLSREEIFEMNA/A/O BRBELT, FREARENAENY A NEREY MEWHE
HMBREEFY R E R T EEL WA AR, RS RER DT R S T AV EEM B RP LS Bt
RAMRKNSMHIIE. REFV O EEER, 7638 H00K 7.5 1507 TETFRLNH -N ZBRFFHELF55 80 %I
EoE ke SARTZERGUEKRRBAYTRE ZTENOBOBTRF R EBL L NAER LERRERHRR
TRRARBRIF MR LR,

R TEK LA SAHRER/PRESBIS Kb LA REE . RUWEE. FERETE T KIS R4  £I0K,
W M BE N BERBEK-TE-THEMNEY- B R RGN ERESFOET B RYRILE W RBFFLE, KR
BHAAMEKESEREBAR GBS A F 458 AR AL R AEE B A TR ERA RER A ST ERER RIFMNE
RLEATTAT ¥ A BT T DR BT .

TN ZB % (%)
TN removal efficiency

B3 HRT 5 TN XBREHXR
Fig. 3 The relation between HRT and TN removal efficiency
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