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Identification and denitrification characteristics of
heterotrophic nitrification and aerobic denitrification strain
Ul resistant to high concentrations of ammonia nitrogen

GAO Yajuan', JIN Jingchen?, GAO Jie', GAO Yuxuan', WU Huijuan', ZHANG Wentian',
LI Chenchen', ZHANG Guowei', JIN Yongsheng '

1 Beijing University of Agriculture, Beijing 102206, China

2 Beijing Epoxy Environmental Technology Development Limited Company, Beijing 100101, China

Abstract: [Background] Municipal waste leachate is a kind of complex organic wastewater with high
nitrogen content, which can causes serious environmental pollution if discharged directly into the
environment. [Objective] To select heterotrophic nitrifying and aerobic denitrifying (HN-AD) strains
that can tolerate high concentration of ammonia nitrogen in waste leachate and efficiently remove
nitrogen from wastewater, and thereby provide functional strains to address nitrogen pollution in urban
wastewater. [Methods] The strains that could tolerate high concentration of ammonia nitrogen were
isolated from the waste leachate, and a strain with the strongest denitrification capacity was screened out
and named Ul. Based on 16S rRNA gene sequencing and physiological and biochemical characteristics,
Ul was identified as Pseudomonas aeruginosa. Then we further investigated nitrogen removal ability of
Ul in the presence of ammonia nitrogen of different initial concentration and different carbon sources,
and at different rotation speeds, initial pH, and carbon-to-nitrogen ratios, and explored the optimal
nitrogen removal conditions of U1 in combination with Lo(3*) orthogonal test. [Results] Ul with strong
denitrification ability was isolated and the optimum denitrification conditions for this strain are as
follows: ammonia nitrogen at initial concentration of 1 000 mg/L, mixed carbon source of brown sugar+
trisodium citrate, pH of 6.0, carbon-to-nitrogen ratio of 10, and rotation speed of 130 r/min. Under the
optimum conditions, the maximum total nitrogen removal rate of Ul was 64.37% and the maximum
ammonia nitrogen removal rate was 76.73%. For the waste leachate with total nitrogen and ammonia
nitrogen amount of 2 345 mg/L and 1 473.8 mg/L, respectively, the maximum removal rate of total
nitrogen by Ul was 27.86% and the maximum removal rate of ammonia nitrogen was 21.32%.
[Conclusion] Ul can be used to treat wastewater with high-concentration ammonia nitrogen.

Keywords: heterotrophic nitrification and aerobic denitrification; leachate; nitrogen removal,
Pseudomonas sp.
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PR, S A Ak i S B il A T H RIS 2K B A
B 58 P o

ST AU RS AL T 2 Robertson 45
PRI, ABTTTEB R IR R 5 KA B R G o)
B —RTZ SR BR T (Thiosphaera pantotropha),
J5i S 24 R BRI BR A (Paracoccus  denitrificans),
B I ) BT 050 260 ) 3K T o — 28 FLAT (] I R AT
AL A S AR SO R AT . S AR A A G A
S AR T BEE o B . Ui ks | i s AT
i, AT ATEA AR T e A R BRD L AR
o6 fif 2 oy 08 U LAk PR SRR A AT, AL
T 1 g A% Y Il S0 TR R 4R 9T AR A B 3R 2
YL P P L P A58 2 O R TR AR A ) S R

WEERE

1.1 ##
1.1.1 BIEEXRIR

BRI A It R X e B R R IR
1.1.2 ExEE

B AR IR I (/L) FE R A T .
WRBRE: 4.25, HERAR 0.72, £IM 19.02, FriEmR
=AM 8.17, WEMR A 3.00, WERE AT 8.00,
LIKBREREE 0.20, TiEIGER 2.00 mL,

SrERE IR BAERFRAM 20.00 g/L 1
Byl

TR E H % (bromothymol blue, BTB)}53%
H(g/L)P): BEERE 1.00, L-KAWM 1.00, 7
BER —4h 8.50, Wilg — A4 1.00, &bk 0.05,
FALES 020, L/KGRAREE 1.00, JRA BB
0.005, pH 7.0,

SAME N 750 mg/L RN L IR R (g/L) MY,
WBREE 3.54, FrERR =84 30.64, WEMR 4
3.00, BEERE 80 8.00, -LUKBIBREE 0.20, fif
HICX 2.00 mL,

B R B S A AL 3G R 3 (/L) 'Y g R 2.17,

FREEIR =8N 12.25, BEER A4 3.00, BERE —
B 8.00, -E/KFIEREE 0.20, HEICE 2.00 mL,

A ER BN AL 3G R 3 (/L) MY W RS R A
1.48, FPREIR =40 12.25, WERR 40 3.00, BEMR
A 8.00, L/KHRIREE 0.20, il L3 2.00 mL,

TR (L) M Z VY 2 =41 10.00,
LK BREREE 3.90, A L5 7.00, PU/K S b4 5.10,
B AR 5.00, PU/KAEHIRE 1.10, KGR
i 1.60, FALEL 1.60.
1.1.3  FERFFLEE

A 2E 3 Ry [ = 4y B4l 4 TAE B PCR
5% . PCR Mix. DNA Marker fil Tug DNA %
G, ARG REYREARA A, 57
JEETE, BEICHT S ABR A W Ak, |k
AR A BR AR, 2L, Eppendorf A H] .
1.2 E&. HEMIHIE

YN NS &7 B QEIR U ER &7 /- B i g
1Yo F 2 Pl il B K 1 J5 1) & e R b AT |
R SR, 28 °C. 130 r/min [EIRFEKREIR 5 d,
MR 1dhn 0.1 g BRIREL . SRS T TAE
ST REIRE SR, BUE 1 RE LT RET
1 mL fiIn A ZH B — & AR s g dkrh, ZERIFE IR
B REIRHE SR 3 do

B 1 mL 55 2 YR 4 1 B RCR FH AR R TR A 12
PATRRE, WBE 107, 250 T o
B b T 28 °ClHIRKEFRAEHEF 24-48h J5, $k
WP E i A B TR 7 AT R R TR R 1) 7 2 S
B o 0k 3-5 Walifh 3 B A5 B R 1A 1Y SRV
TEIUBE A BE ) B 4 UL AR B TR K
1.3 EHEE
1.3.1  BE#k Ul BIFESHE

i = 20 40 B s B T AR QU FE o3 2 45 5
1,28 °CHEIR IR FPZ AR R TR S
it FH A 2% PR e 3R G X LA T A 24 R B 5
5o TS N OULEE TR PR Ay A 25 IR e 25 SR D)
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KIEA
1.3.2 & BH LIBHRYFIE

SR R WA RG0S T bR U1
HATHERE
1.3.3 16S rRNA EEFF 4547

PR 16S rRNA JERE PCR SRR
(50 uL): DNA #i#g 1 uL, 1IE. W59
(10 umol/L)4% 1 uL, PCR Mix 20 uL, i ddH,O
% 50 uL, PCR W 25fF: 94 °C 5 min; 94 °C
30s, 58°C30s, 72°C30s, 30 MEH; 72°C
10 min; 4 °C {#4%.

PCR 434 i 7 [ FH 4 5 | 4 g 240 2738 5 |
¥ 27F (5-AGAGTTTGATCMTGGCTCAG-3")Fl
1492R (5-TACGGYTACCTTGTTACGACTT-3"),
W0 45 ST P 40 434, fE NCBI B W L i
7 BLAST Lot o3, i ] MEGA 5.0 9 R 42
REW, SEMEKR RS R,

1.4 BEHRBEREEHNE

W 4 85 i Ak J5 45 B 0 B AR BR 09 PR TR VK
S EER 2 100 mL & R R, 28 °C,
130 r/min fHEFERKEFE 36 he SRIF LA 1%
Fh R0 TR R & SR IR b, MR IREE 554
TR 3 d, e SR AN AR, EEUN
REE ) B AF B B RAE N H BBk
1.5 BEWRIFSRELENNE

W B B A . 2R B BRBOR AT I TR
WAk, SRJE L 28 °C fHEEEFE 36 h, 4354k
BT VE UL =4k Rk T BTB AR 3 L,
28 °C [HIRIEFE, 7F 24 h INWLEE BTB JE 9 51
B IF A D R
1.6 F# Ul MR REMEEMR
1.6.1 BE—EZHRE

XoJ TR o A K R I 2R Tl L S 3 B TR
FR R R, WAFEWIGHRE AR . Wi, 2%
IR¥GH . WIhG pH. SkA S . XTRPE UL A

RAAMIATIAE,, PrEemh 9 LR35 R i% 1L 24 h
PR TRV o 5 TRTVAR LA 1% ) B R i B2 A 2R Ab 1
EIEFR A, VIR E B 530 100, 500,
1 000. 1 500 mg/L; mlFpI e & LR 7L
BRI B S5 A A T T BREN AR A
CIME . IR ATRIE (LR AR R R = N A R He N
1:4); BEPRFG 35 115 ¥ o 100, 130, 160 r/min;
FH 1 mol/L HC1 Fl NaOH #4555 35 5 (4] 1 pH 5
HJHEE R 6.0, 6.5, 7.0, 7.5, 8.0; C/N 451N
6. 10, 20, fF 24 h 7% TA/E G HEURE,
SRJE 10 000 r/min 5.0 5 min, BRI, 5E TN,
NH, -N ¥ J& .

PL 1000 mg/L A ANVIRAN, HRHER
1R RAESR MG B, FRIRKEFE 120 h,
FEF 24 h e TAE G U, 285 10 000 r/min
B0 Smin, BUEJE, ME TN, NHy-N ¥,
1.6.2 EXRRE

2L 1000 mg/L A AW AR, 3T Lo(3%
B, 4 NMHEFREME . pH. C/N FIHEIR
(R D)o DL 1% R R 06 AL M TR 2 A
S TR, UER . RAEBRERERN
ORI, TR HE AR UL St i =R 8 4514

Fiz B8 OF AR 30 A5 21 1 o 10 5 S 2% 24 il 4 455
FRHE, PRI 120 h, FEFE 24 h fEEBE T
YEE HELREE, 985 10 000 r/min Z5.0> 5 min, H
3%, ME TN, NH, -N ¥,

F1 EXRBEZRKTER
Table 1 Level table of orthogonal experimental
factors

Level  Factors

A Carbon BpH CC/N D Speed (r/min)
1 Trisodium citrate 6.0 6 100
2 Succinic acid 7.0 10 130

sodium
3 Brown sugar and 8.0 20 160

trisodium citrate
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1.7 BE#k Ul 2R a9 A
BRIGALEF I AR IR 5%, 10%., 15%3 AR
KK ERE R Y, T 28 °C. 200 r/min
5120 h, B0 24 h 7EBE TAES U,
SRJ5 10 000 r/min B.0> 5 min, B F 3, T E TN,
NH, -N ¥ J&
1.8 SHAE
BRI 5 T R A R R A
AR E LM g R F BT

2 BREM

21 EHUIBHSBEELE
2.1.1 ERRSHIE

e AR B UL &y E e R
%o PR UL 2GS TR, A 2IRGER,
—ZHiE, K/NR(0.5-0.7) pmx(1.5-3.0) um,
FE Ul 22 [y g RO FAME, @il s
WL TR AT R 2 2 AR (B 1)
212 HBEAEUETEER

PR M R (RIRIE R); AT LT R AL

5 pm

1 Bk Ul B9 E
Figure 1 Microscopic examination of strain Ul.

ARETE 4 °C S TR, AREIEERE ™ 4R R

B, AL s DNA 9 GC 5 67.2 mol%.
DL b A BEAE AL ZE SRR AR UL £575 4

SRR A M TR (Pseudomonas aeruginosa)fHiik o

213 HTFEMFEEERZERELTER
B E bk Ul B 16S rRNA 3t [H F 91 1

GenBank %4 FEEAT HEXT, 45 RFEM, Hik UL
(OL356340) 5 il & fl 5. JfL 7 (P.  aeruginosa) i
. R MEGA 5.0 RS LEW. M
WENARZLBEW EATLIAES, Wk Ul 54
LA ML (P. aeruginosa) B4 R R EIT, WE
EPE UL J& TR s (5 2)
22 AREVHESERREXMNEHK Ul HEREE
A

M 3 FIE 4 ATLUE H, 100 mg/L PR 4
R E R AL 48 h A LIPse R, 16
24 h i), BREBRERLRT 70%, 25 SR LR
FRILMEHT s 500 me/L )i 2 Ak b i
ZARTE 48 h 5 AT LAk LBk 90%LL |, B LB
FIE 24-48 h 2 EFHIRAS, 48 h iAFE
78.05%, ZJG W TR MR AW E N
1 000 mg/L F1 1 500 mg/L i, BBk SR A
LB REE 3, MR ETRIRE; £ 120h
i, BERE UL ¥ 1000 mg/L %) 5H 2 R0 ) s
REBR 65.55% . A LR 86.75%, #1500 mg/L
VIR 2 R ) SR EBR 53.97% . A LR
51.06%, XULBIEE Ul HA R 2 &k
JERRRS, TEVIIRZARMIE N 1 500 mg/L i
AT5 45 W R RE 7 - Wang 25U ViR 5 B4 7 S B 2P i
WXP-4 A] DATE 24 h BH# 1 000 mg/L iS5
FZBRRIBE] 72.25%, X i BB B 1 g X T
Ab B R R R 115 AR BRI .
2.3 AEERIFEXE UL 895 & 5200

AN FEBRIERS R UL B & B2 an e 5
K 6 fiin. MIEL S FIE 6 n] LA H, Ul Bl
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54
48

50

— Pseudomonas frederiksbergensis (KY514156.1)
Pseudomonas mandelii (AF058286.1)

Pseudomonas corrugata (KY514159.1)

82 Pseudomonas aurantiaca (AJ308299.1)

— 88

Pseudomonas azotoformans (JQ317008.1)

Pseudomonas tolaasii (NR114795.1)

99 —— Pseudomonas jessenii (AF068259.1)

89

73

90

Pseudomonas putida (NR114794.1)

Pseudomonas koreensis (MF537626.1)

Pseudomonas agarici (NR114793.1)

63 ————— Pseudomonas monteilii (MG462704.1)
T4 L pseudomonas taiwanensis (KY514158.1)
Pseudomonas knackmussii (NR117756.1)

Pseudomonas stutzeri (AJ308315.1)

|Ul (OL356340)

i
0.005 0

2 EHk U1 REESENXE K 16S rRNA EE F5 ALK L E R

100 I—Pseudomonas aeruginosa (MH142640.1)

155 PSRRI E GenBank %4

PR RE ST 3R TR BRI AR RGERBHE 2 5 R R
Figure 2 Phylogenetic tree based on 16S rRNA gene sequences showing the relationship between strain Ul

and the related species. The serial number in parentheses indicates GenBank accession number; The number
at the branch represents the confidence interval; The scale represents the coefficient of genetic variation.

#100 mg/L ®500 mg/L 1 000 mg/L ~ 1500 mg/L

Total nitrogen removal rate (%)

24 48 72 96 120
¢ (h)

El3 #EamREMEKULERERENFIT
Figure 3  Effect of initial ammonia nitrogen
concentration on total nitrogen removal by

strain Ul.

#100 mg/L 8500 mg/L ® 1 000 mg/L % 1 500 mg/L

Ammonia nitrogen removal rate (%)

t (h)

El4 #MHEIRAREMNERUIERERZNZN
Figure 4  Effect of initial ammonia nitrogen
concentration on ammonia nitrogen removal by

strain Ul.
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0 Glucose

O Trisodium citrate dihydrate

B Succinic acid disodium salt

® Brown sugar

® Brown sugar and trisodium citrate dihydrate

100 ¢

80
60+
40+

201

Total nitrogen removal rate (%)

24 48 72 96 120
1 (h)

5 TEBKEMNEK Ul RRERERNEZIT
Figure 5 Effect of different carbon sources on
total nitrogen removal rate by strain Ul.

o0 Glucose

O Trisodium citrate dihydrate

B Succinic acid disodium salt

® Brown sugar

B Brown sugar and trisodium citrate dihydrate

401
30T
20
101
0 1

24 48 72 96 120
t(h)

Ammonia nitrogen removal rate (%)
L
>

6 AREKENEK Ul SR ERERFN
Figure 6 Effect of different carbon sources on
ammonia nitrogen removal by strain U1.

BREJEFT IR = 4N, 96 h NI KA MEA R =
BB 80.32%M1 97.50%; HKJET &
BN, 120 h i S A A2 R L BR 250K 5 73.76%
1 81.78%; Yk EATEERR —4NKT, 96 h ZJ5
PR R BRRA BT N, XA Re R B i R
SEIRIHER G, B A S RRIEA 2, Joidk
St g, WK A FECHE LA RS
1. BATHIBIFE 5 Silva ZEU IR BA L UFVS
(RIS R BRI, TE LI IEIR — B feidh
BRUB B FE R 72 h Al LK 139 mg/L & & 2=

B, {0 Wei S5 BUH SRR S TR P-1 ARl
e VS A R A A AR, 0K 2 DR Ry A () ol R AR X [) Ao
e 5 ) R BE AR AR AN TR] e SO e 7 ] ol e U5
TRH AR A A TF
24 A[E C/N M E#k Ul BIfR S 5200

C/N XFF R B AR i K . B 7 Al
K 8 i LIF H, Bk Ul Bi&EM C/N A 6, 96h
N VAR 2 A L BR R4 IA B 45.96%F
67.34%; TE 24-96 h Z[A], Fif C/N &M A
RME R LBRFH R BT, ON B, &
REBRFME; 7£ 96 h J5, C/N N 15, 20 HIE
REBRFBALB R, BOEEF, XAl

=N}
(=]

o6 o]0 @]5 =20

£ W
(=T =]
T T

—_ b
=
—

L=

Total nitrogen removal rate (%)
W
=)

24 48 72 96 120
t(h)

B 7 C/NME#Hh UL RREERENZIN
Figure 7 Effect of C/N on total nitrogen removal
by strain Ul.

80.00 1
70.00 |
60.00
50.00 -
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24 48 72 96 120
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06 ol0 @15 w20 {\

=
=
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Ammonia nitrogen removal rate (%)

B8 C/NME#H Ul EREMENZIN
Figure 8 Effect of C/N on ammonia nitrogen
removal by strain Ul.
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Rl 2 DR A ik TR g 1 4 7 A U T
PRIRR I RAE o X5 R 28T IR ik 4T
AL A B AN, Silva 2R B
REAMI TR UFVS Bi s B (1 C/N A5 0w B bk 1Y
Rk RE, SRk AR R B FC R PRI LX
Wi C/N NN A RE 3G 58, TR UL AT
DIFE C/N 2 6-20 BRI, ST A E
F, BERE UL 78R SEBRT5 K Rl AT 29 A%
/DRl Y ) 4P
2.5 AREERMEK Ul BRI
MIEL 9 FIE 10 AT LA, AS AR R T
BAR . AAEBEREREE 8, Bk, %

CIK
ol

0100 @130 =160

1 (h)

LT = |
(=T =R

o W
o o o

Total nitrogen removal rate (%)

—_—
[ ]

9 HRERWEHK Ul SEREBRENZIG
Figure 9 Effect of rotational speed on total nitrogen
removal by strain Ul.

i 0100 =130 m160

40+
30
20+
10
0 1 1 1
24 48 72 96

t(h)

120

Ammonia nitrogen removal rate (%)
i
<

10 #HERMENK Ul SERERERNFIG
Figure 10 Effect of rotational speed on ammonia
nitrogen removal by strain Ul.

MO, M ERA . AALBRE LT, XE
KU 5 3R B b s U, B RR AR ARG, i
W BSR4 %438 4 160 r/min B, SE I
R R EBRF R 55.80%F1 73.01%; 7E
96 h 1120 h i, #3#k 100 r/min 1 130 r/min
MEREBRR TR, X RE I B A AR
2B . AR HABR A A i S —
e, TR R PR A i EC AR LM B LX 7 A
| 120 r/min F1 150 r/min B} [FIFEXT TN A 58 1Y
KB PR B A B R B136-33
S R 1 SR S B Rl 5 1T Weei 2 TR BRI
i SRR UM B P-1 FEFS 3K 80—200 r/min i N
ZBRA ARSI KRG, Al &8l FAS [F RS
RN % it S8 A R L R AR AR AN I] S B B 7 ]
PR T i AR & A ]
2.6 A[E pH M EMK Ul RO R &M

1E 48-96 h Z ], AN[RIWI4G pH 09 S A 2R
R ARG 96 h T, MAE LB ERD
ETFHEE V%, KBRECETREWE 1), A
B 12 el LA, 78 24-96 h Z 6], &AM ZE
BRSBTS E 96 h 5, EAEBRREAR
e EIFHBEN 22, LBRBOR TR, Lol
R pH X BRI A M R, AR
pH {H ] LIRS MR FE I AL 2 09 pH, R
A B BRRCR o X PRLE pH 6.0-8.0 B R
REAR S AR AAE T, Hodh, %04k pH fEH N
6.0 B Bl . BARRBCR AT, ek BBRRDY
2 59.35%F1 70.37% . 5 HoAh S5 IR Ak -4
AL R 45 R — 2. Wei Z5171% BUAR 4% 5 2R 0 1
P-1 7E91 45 pH 7.0-9.0 B 20 5 22 BR %48 57 ; Wang
SR B B P R BRI B WXP-4 7EW) 4R pH
7.0-15.0 Z A ARE I ARINFN T e KAE . X Fp
PG A EIE T 55 7 0 Ak 0 S0 S £ 0 AT DA T 32
() pH 35 Bl FL AT I RFAIE

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



2450

(DGX7ES ik

Microbiol. China

-
<
\
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S D
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Total nitrogen removal rate (%)

40
307
20+
10+
0 1
24 48 72 96 120
t(h)

11 pH W& Ul RREBREENE
Figure 11 Effect of pH on total nitrogen removal
by strain Ul.

90 06.0 065 @7.0 m7.5 =m8.0

24 48 72 96 120
t(h)

Ammonia nitrogen removal rate (%)

12 pH ¥ E# Ul SR ERERIFNT
Figure 12 Effect of pH on the removal of ammonia
nitrogen by strain U1.

1 Total nitrogen removal rate

27 B—EZRIIEREER

TERFEIR —ANVE MR . B PR 4 M —
T WA A AE H 1000 mg/L ., 53 160 r/min
pH {E4 6.0 Fll C/N Ky 6 FYFREZ S5 T 06 UF 1 £k
Ul A YERE, 25 R 13 BR. BEbkE A
REBRZELE 96 h N—H L+, 7E 96 h B i5 3| i
I 49.61%; 7 120 h N, AAERR—HLE
EH, AR EBRFEA LIRS 57.11%; 18
96 h 5, WHRSEAEBRREIFG TR, DA LK
BT, XRS5 RN pH HAZ
X, Pt pH R 6.0 WIIEHL T, 96 h Bf pH {E
BIAE T 9.0 MEMRING pH KA AL,
B S HA IR HLE, (HEY pH HAR
et K, A BFEATHLR BRI, BAR TR,
T3 — iRl e f U A R BT, KRR LR IR
JE 3 A R[]
28 EXRRWERSHA

B Lo(3HIE IR I 45 B 2 Fros , R
e 22 BTk i B0 25 B 474347, 78 pH. B UA
C/N FfE 4 TR ZE S, pH By 22 (H KN
15.03, fRIEMMZEMEIRZ, C/N R Z iR/,

[ Ammonia nitrogen removal rate

—— Total nitrogen concentration of CK -~ Total nitrogen concentration of experimental group

—&— Ammonia nitrogen concentration of CK ---+--- Ammonia nitrogen concentration of experimental group
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Figure 13  Single factor validation experiment.
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*2 RRERREENS TR
Table 2  The orthogonal experiment intuitive
analysis table of total nitrogen

*3 SRERREEUSTR
Table 3  The orthogonal experiment intuitive
analysis table of ammonia nitrogen

Item A B C D Total
Carbon pH C/N  Speed nitrogen

removal (%)

Item A B C D
Carbon pH C/N

Ammonia
Speed nitrogen

removal (%)

Experiment 1 1 1 1 1 44.05
Experiment 3 1 3 3 3 28.34
Experiment 4 2 1 2 3 58.49
Experiment 5 2 2 3 1 18.98
Experiment 6 2 3 1 2 46.50
Experiment 7 3 1 3 2 58.10
Experiment 8 3 2 1 3 40.03
Experiment 9 3 3 2 1 40.72
K, 3499  53.55 43.53 42.94
K, 4132  38.89 43.93 45.73
K; 46.28  38.52 43.50 42.29
Poor 11.29 15.03 0.43 3.44

JIT LA o R0 25 o 23R 5 i) DR 38 /0N 79 T ) 2
pH> J5 >4 #>C/N, SR 5 1 FL A {E (K ()
A DA B A IR 25 14 R A3B1CaDs o RITR B
Ul X SR EBR R FM N Lo AT &R
ZHUCRRRIE, pHE K 6.0, C/N Jy 10, ¥##N
130 r/min. EaF 7 25500, A0 20 VAR 2L
SN T

FA Lo(3HIEIRI LS AN 3 frn, KA
e 25 AT TR X IR IR 285 R AT /04, 76 pH L AR T
C/N FE 4 UK Z Y, pH By 22 (H KN
16.69, C/N MR ZEEIRZ , Frixf A/ LR
S AR BN Sy 2 pH>C/N>ifk 5> 38
SR I 8 2o HL B BIE (K B AT LA H S5 pE A i 56
M AsBICoDyo BB RE Ul XA A BRI e
oA . ZUMERIFT R R — B AU, pH fHN
6.0, C/N 4 10, 538} 130 r/min, @it 7 225
- 2SSO RPN TR AT F e
29 RMBE. SEXHRIESE

ME 14 FTRLE W, 1 IE 5 e A1
T, Wtk Ul S REMER iR ZEBHFES 5

Experiment 1 1 1 1 1 63.54
Experiment 2 1 2 2 2 56.44
Experiment 3 1 3 3 3 42.76
Experiment 4 2 1 2 3 73.30
Experiment 5 2 2 3 1 36.96
Experiment 6 2 3 1 2 57.77
Experiment 7 3 1 3 2 66.09
Experiment 8 3 2 1 3 59.46
Experiment 9 3 3 2 1 59.36
K, 5425 67.64 60.26 53.29

K, 56.01 50.95 63.03 60.10

K; 61.64  53.30 48.60 58.51

Poor 7.39 16.69 14.43 6.81

H 64.37%H 76.73%, 1= T35 2 F1k 3 G/ M
AAMER LR, SR E IR 2 A 5
. BARY, pHEE, B dALRE
AL —HE FIHRE, TEABRETHRAS,
A DATE I AE I A R BE 250 T TR AR I RE R 2 65
RE 4t Fp A O BOR -
2.10 Bk Ul MRS iEis i R

ST B IR W B R A AR 2
2345 mg/L F1 1 473.8 mg/L. WIE 15 A[ LI,
FE Ul XPB IR A2 R A —E LR
oo BILFTA 10%0F, FEHEXB RN B
MEAR LR R, RKEREBRER
27.86%, I RAREBREN 21.32%,

10% 1 15% 42 2 1) S A K bR B a4 5
A ERETRRE, HFEBEARREME, —&fF
1622 57 10 [ R AT BB L B0 iR 22 3 I« 15% 4%
FR BTN 10% R ELF, XAl e R B U8R
HERYEA IR, BRI % RE IR A K AR
o BRI R 5% B B R BB R AR
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Figure 14 Orthogonal test validation.
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0O Total nitrogen removal rate of 5% inoculum

O Total nitrogen removal rate of 10% inoculum

@ Total nitrogen removal rate of 15% inoculum

B Ammonia nitrogen removal rate of 5% inoculum
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Figure 15 Effect of different inoculum levels on
the removal rate of total nitrogen and ammonia
nitrogen from leachate.
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3 Gt

ARSI TE 5T I A e R R,
PR U1 FERI IR 20/ M B2 100 mg/L Fil 200 mg/L
BF, fF 48 h WIS AR 2Lk, ZRESHAE
RUCBEIGIN . LBRBFEANA LS, XATREZ
WHERIEAL, WiRRAE AR, BiEILAR.
WMRTESE T RS Ak et BB pH (ESs8m, =
HEEFRIE PR IREE pH KA, WA
PRE ST RE ST, BRI RSN 2552 B
MO0, PRI, pHL AR 458 i 7 S 36 3o 5 AR S s iy
oy B, ARSI RIS pH EN 6.0 1U1E
BT, 96 h BRI pH (EEE] T 9.0, Frliixs
A e BB A L BR AR R A . BRI Y
Wt EaR, IFHSHREA T
MHEERICR, ALy, WkA SERD R
BB T A —E M ARCE, (HELRE
RN BN FAEMCR, AIRKATREZ B IR
H A B YR TR R Y AR R A A D

EE P
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UG8 ZRUE )06 1, Ll TR PR T A A K I R
RAEVER . BRI, BT R
FEYI R, I Bk vl e 5 AL G A Y A7 AE BE
RPN g R, WRIRE T R ERE
ST AL AEAE T . Rk, R Rk FH 205 08
WA B A, N 2 B 0 — S ffk Y B A
EIRYIT, TR AT DUIE B s R T A K
M S 45 R E T

HRTHF 2 & 1T T 3R AT R
fS AL TR AR 1 S SR A AL BB 9, (R R X
R R A R, H A BT 2 Bk 1Y)
PR K 2 B R, AN 2SR A M PR
MR L3 AT 52 1 000 mg/L Y28 & e I £ 5
39.3% M Z A, AT B AR SRR T Ul
TE 1 000 mg/L M2 AWK T Al L8R 76.73%1)2
Ro HH—RMML, ZERKRIAET AT RES
I —2, XABEAER R IS N e R, JFHAT
PARAHEUNRIBE RV E R . o @R AR ER
PO B FIK A PR B ZE 1000 mg/L 2 ZHE TR
XTEAAM TN By EBRZEIHIGEIEF] 82.7%F
71.5%; SCERCORIAE A TA-1 (RSP
unclassified Brucellaceae)Tt 800 mg/L & U E
TR AR EBRFRIET] 33.7%, MVIIHE AT
#71000 mg/L B2 A LBRFA L 2%, X AT
I TR AR M U RE 7 i 1 D PR AT BB i T A T
R Z A2 5. A, SR AR
B AE L BRTE K P A N A 2 5, ARFIE K
PRAAR AT UL X A R A o B2
2 345 mg/L 1 1 473.8 mg/L B IR K BA %
FRZEN 27.86% . I RARLEIRFN 21.32%, 24
AR SRR A 287 BT P T B A B T IR
ATHL R VI H AW E 441 mg/L)AT, 60 h N
SR EBRRLN 18%; Bsh %R B Al 2 2F
FUFFIE ZF2-3 030 & & ik B 2 A i 25K (A
RITTRWE 475 mg/L)HP it AR ZBREN 34.6% .

BREBRER 30.4%; A HHPR A 3876
- TF-1 7ER A N 947.74 mg/L 75 /K P& A
FBRABAE A BRI N 36.69%F1 35.99%,
25 i B 2R A S B K HR I I RO O N
B, ATREE B TR RS FE R, Mg
UEWA WA E R IR B B AR AU, WEA S
BUERALHL T2 LS 2k brHE i Ry B U4, 5
DL b S B i i S i A 2 SR AR LB, AR SR
JITARAT (%) TR R 7 f e 2, R0 7K Ak 3 HL A
R AP 52 BRI R 7 o AR SE B0 1 HH P R AR U
AL DL A A ROCR G R bR AT A, g

-3 50 BSOBE R N, o BN BR s K . AL
TR

4 Hw
AT LR IB BRI o 1 — B T DL
52 R B AL W IR i AL i AU SR AR R AR U,

KILEIEE . ABAACSFIE ST % 16S tRNA
FEERIP 91 434, 32 TR R AP S Sy i) 2t Al P L AT
(Pseudomonas aeruginosa). %W HETEW] IR Z A
WA 1000 mg/L Wi A 451 TR A ai
(LLBERFTIE IR AN iE L 1:4), pH{E N 6.0,
C/N N 10, #5#°4 130 r/min, Z ] it 2
1 500 mg/L =k JE A B I LBR 53.97% 5 A . &
R 51.06% 2 Ao 1EM A Jo R B A A S A
WAHSR R LW RSN 2 345 mg/L 1)
SPRTE K R R EBRRIE ] 27.86%, A IR 4
by FH 1) 52 o v 2 05 7K R B R
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