Open Journal of Natural Science H #3%}5#, 2025, 13(3), 573-585 Hans X
Published Online May 2025 in Hans. https://www.hanspub.org/journal/ojns
https://doi.org/10.12677/0ijns.2025.133061

338X Rhodococcus biphenylivorans XYH-1
R RERT R

XA, FRER
W2, ARSI TR, R LN

Weks H . 20254F4H6H; A HE®: 202545 H12H; KA HB: 202545 H20H

H E

ABF S SERAR AT IR TE A R B %A% T X B ¥k Rhodococcus biphenylivorans XYH-1H586BUR, 5
B THRENE. AEEME. BMEL. WikpH. BESEHENHEBEEFEEARNEM, BHT L
TEiR: MTR-XYH- 1R &7 R FBEHIRE M BRK 4R : 1T RBINELS g, AR EFHE1%, BE20:1,
¥idkpH =7, BE35C. FERREZHET, TR-XYH- 15 44 R EEMRE N FIED] 780.5%. TR
BB IR L ERRXYH- 1R FEAL PR . HEATR B TN IR R MRk R, SRR, A ROEHRXYH-1x¢
TR L ) PR ZRIX 2180.5%, TR A BT R KB ARXYH- 15 TR TR I PR RN N 64.7%, AR KEE
BEX BRI PR AR T HR:115.8%,  YLHAAT R TT DR EMEXYH- 1 RS ER £ FE AR AR )

XA

Rhodococcus biphenylivorans XYH-1, 175, KAk, R

Enhancing the Denitrification
Performance of Rhodococcus
biphenylivorans XYH-1 through
Bamboo Biochar

Haoyue Liu*, Fengzhen Zheng*

College of Biology and Environmental Engineering, Zhejiang Shuren University, Hangzhou Zhejiang

Received: Apr. 6, 2025; accepted: May 12, 2025; published: May 20, 2025

i (=
FEHAEE

ESIF: xR H, &R, IR 94 Rhodococcus biphenylivorans XYH-1 FUREAGPERERTFT[]. B SRELE, 2025, 13(3):
573-585. DOI: 10.12677/0jns.2025.133061


https://www.hanspub.org/journal/ojns
https://doi.org/10.12677/ojns.2025.133061
https://doi.org/10.12677/ojns.2025.133061
https://www.hanspub.org/

X H, BEER

Abstract

This study experimentally investigated the enhancing effects of bamboo biochar on the denitrification
performance of Rhodococcus biphenylivorans XYH-1 under varying environmental conditions. Key fac-
tors including bamboo biochar dosage, bacterial inoculation amount, C/N ratio, initial pH, and tem-
perature were systematically evaluated for their impacts on nitrate degradation efficiency. The fol-
lowing conclusions were drawn: The optimal conditions for nitrate degradation in the bamboo bio-
char-XYH-1 composite system were determined as follows: bamboo biochar dosage of 15 g, bacterial
inoculation amount of 1%, C/N ratio of 20:1, initial pH of 7, and temperature of 35°C. Under these op-
timized conditions, the nitrate degradation efficiency reached 80.5%. Bamboo biochar significantly
enhanced the denitrification capability of strain XYH-1. Experimental results demonstrated that the
nitrate degradation rate of bamboo biochar-loaded XYH-1 reached 80.5%, compared to 64.7% for the
non-biochar group, indicating a 15.8% improvement. This confirms the critical role of bamboo bio-
char in boosting the nitrate removal capacity of strain XYH-1.
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1. 5|15

FOCRALEEFETHEEENE S ERBHASREENBILT, REPRaa % AZEH.
(HRREE RN LRI AN T ACBER I HERE , ARG A A th AN R R RIS BAL &9, BT
RAE BRI T B I A B 1] AR h E A SR AR EIR[2], 2023 3 ETT e E TR
Y7 205 AN ELELEIHOKE)H, VA 27.3%HIHOKE) AT & E RS . B SA RS B S WA
KGR EFRLB], SFEUKME ISR Y KB 20, AR R,
R RS, il DUESRAET., BRI ARSI, KBUKAE T8 B FRIRES, 2K 13K
M R, R ACOKBURE 32 20520, 51 R AR /K 24 h il & B S ERE TR (E R R A
WAHER H F) A FLE (AL JRER S A R) o il R & 5 BRI T AR 75 7K S BRI A & BEHER
BB IERETR . SRRAGREMME. HRERAMEMEKAE LSS, S N EE[4]. IR
S HWERANMIG, AR JFPER T R B A Oy A IR £, L5 208 1 45 R A T 1 ek
MATEE, &R ARG [5] [6]. WATWF AR, KUIRE TMRILEFoKE, SRERT
FEOPR e A2 XU, S T A R R A ZE R, IR H S T UM EAEZR A RO, KT 51 A B2 B A Ak
LBCEAE SR AL [7] . I, ] 20 BRK AR i AR R By 17 7K Ak PRk 1 2 0 TE PR

BTN B 7 5SS BB IR BOR, LV R A HARBERE (24T BRARANIA B AU 1)
O By foe L AR L 0 70 (KR IR 6 25 B 5 15 8]« i R de ik s i 4K TR 1) 2R B 2 S 2 ( NO; — NO,
—NO-N0-Ny), SEHE R UEBER]. MRAE T HAZESE, AT 70 5 97 R (A WL IR AL BE) 5
H 77 T (Ho/S/Fe* i AE) PURACIHBA2[10] [11]o Horh 5o A AL DR R A R A . R i, A2 TR
Sekrh AR T AL, AR, AR IR T KA CIN B, @ SRR SRR IR AR i TR s B DR,
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TR AL L L2 AN R AR 1] R [12]

AR, AR BRI N T4 S R A AR, AR A AR R T I B0 B e E ThRE I
AW B FRPBIE TR, IR BB R BR AR S AN 22 bR E RIS B H [13] [14]. HAZOHLEIZE T i
AR AR, S NP 8 A o R SR IR E R, I RS 3 ) 4 v R R N AL
ARG, EHRGRI(NER ) EAEER 7202 5aes R0 [15]. Hil, ERKBRESE, RS
TR A TR B A= P ) S IR FI 3G 2800 AR A R A6 1 3 i L R T AR 2R T 480 A S i VA e (R
BiEL), TR B E SRR £ AR E B RF A LI A A B AR, A SO A T AR R TF[16] [17]. 1T AR A
AR ) —Fh, BRI HURE () 22 FLAE MRS i (1 LR T AR, 7R /K A B AR 1 97 F 108 52 2 0GTE . hi e 5%
(181K FH AT 27 WK B 7K v PR 4075 e /K P K HY CODiny UVasas UVaro, S5 SREHT, RidR i/, A7 AW B R
B, YrRFE 100mg. BRI TEg Lh i, A7 R XS & Fabn 22 bR i ZEAASE[L]AR T 1 AT 5 e R
R AR, SRR WIENT BRI4E N 0.06~0.15 mm, FOinE A 0.30 g/mL, WEFRHEE A 30°C, pH {HA
6 I, FHERER M R AIIA S 59.1%. 1T AN RENS A B0W M A A IR RS R £h, 38 BE A SO AL T A= P Ait
RUFIIAERIREE, W32 S AR 5k 11 25 B3 (2000 A B (200 R AP e ol I B o AL By, 45 SR 3%
B pH = 6.6 I, W< &£ 200 m/L (2T i 4 200 g e AT 44, S5 A4 24 de e PR P i A% T TS 3] 82.2% .
JET S [22] R FA AT R A U A 1T A BRI 46 03 AR B D 200 mg/L R EUKEE, MRk & [FII & AE AR AL -
RASAER, 24 p = 8.0, /KIJEREIAY 48 hy IEREREIREN 1 mo/L B, QAR LR R & A
70%. BEAR, AT R KR I RE RS Uk s A A ek R HR L S SR NoO IR, 3 — B3R T AR RS (g o
MM ME[23] [24]. M2, VIRBEBAED R ARG G T VB A A DR r ot s, FeliE Tk A W
K BHIER T 15 R AL

DRI, AP T 0T A 0 5 28 AR v ke A7 E TR D R B A @ v 22 . T R BRI SE  S v E, 0)
B AL AT IR - et SR SO A AN R R S I EAR R, B SN R PR DR 2 0 A i i A e M A AR AL BR R
Rhodococcus biphenylivorans XYY H-1 i £k P fift 14 22 SN, O /K B0 e 5B A S (7 JEL G, 40 R AT IR AE
A TR S PR, B FREAR ) “BRyEHE - ReRURAL” 77 MR & -

2. KWET5H
2.1. RS

TEERBA(5r M all) 5 2R IR (F3 # 20) W B g v e AL AR IR A |], T R4 i all) 5 S Al (43t 2k)
W H R SR AR R B BR A F], T /K FIRERR A Ao Hral) e B A =R A BR A R, oK
GBI, B A (). SEREN (B4l I B B 2R L SRR A IR A |, Bk
(G 2l) i B LR R AEVEARG IR AR, E&EMRG 208 B A SR A AR AR THE A R, bk
Bk (o Ak 3 R A E ARG IR AF .

22. LW ERNAF

AN W36 BETH(UV-800) I H il e A AR A IR AR, U= S HEIK(TS-300DC) M H AL &)
B RIBR A PR A F], 372 275 K 2% (LDZM-60L) W [ _Eifg B 22 7 28 ik) 33t e 1 S ik
(ISM-6510LV) I H H L BHE A IR AR, A 20 L(Neol5R) W H _Lifg ) R A IR A A, (5
3 pH T (SX-620) [ FilF =(5AR) T, M% BT RKF(AE224C)W H HilggE FIE-FRFEAGER AR AR, 2
B FEFE(MSH-1)IE [ E AR A filE A PR A F
2.3. WAAGZE

THBR SRR 720K . 7K A R SR S0 2 SR 40 70 e G PR (BRAT) (HI/T346-2007) . 2 JEE . FIH
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THER AR 257 7E 220 nm K AL WIS E 200 AR Eh 2. VAR IN-A MLAIAE 220 nm At 2 A RIS, 1T
BRI B F1E 275 nm 3 W, Kk, 76 275 nm Ab(E B — k&, AR IR L .
2.4, BHEMSERF

T AR B T LA V5 K AL B ) (B K H s B 43 0 32 15 1) v 280 A TR ik —— U AR 40 3R B
(Rhodococcus biphenylivorans) XYH-1, Ry T A1 E M A5G 2P gk o0, thbik: FE, w0, R,
B AL : 430072, fRjEgm5: CCTCC M 2022458

(1) WEARETR: ¥ XYH-1 &£ 5 040 T KW G M4 DM Bi gtk i, T 30°CHEIRIG FRAE AT HE
It W [EARRE FREE P A BRI B LB WifAREFRIEF, 30°C, 160 r/min 4 FH: 7 12 /N, B0k
gHf, IR OB KBEN, EE 3 K. BJE HLREKMRE, B4 S O B2 (ODeoo) 1 % 1.0. _Fik DM
[E AR FRFE IR S N : T %N 2.36 g/L, NaNO;0.61 g/L, KH,PO,1.5g/L, Na,HPO4 12H,0 7.715
g/L, MgSO47H,00.1g/L, fEICE 2 mL/L, ¥fE 20g/L, pH=7.0.

(2) FhFhiFR: MK DM B985 FHRECR V&R 22 100 mL (1) LB 48577 %+, 30°C, 160 r/min
AT RETE 12 /N, EXNBUERKY, AR B LB MR IR IR A S N: NaCl10g/L, &
FI/fk 10 g/L, BEERRY 5g/L, pH=7.0.

(3) DM AR FR I L TR ¥ XYH-1 4 LB 3573153 1 & W 2 BA 1% L 0 22 DM R Ak £ 35
Frdkdr, PANO;-N AME—%R, 30°C, 160 r/min 2548 FE53%, ER 5h BUREHIERE s O, B RIS
5 NOZ -N 321k, bik DM WRAARE FREEIR BEH A T R8N 2.36 g/L, NaNO30.61¢g/L, KH:PO41.5
g/L, NaHPO4-12H,0 7.715 g/L, MgSO,-7H,0 0.1 g/L, =& JEH& 2 mL/L, pH=7.0. H, T RN,
NaNO3 & pH N2 As &,

B fE e R4 N : EDTASg/L, CaCl,5.5g/L, CuSO,4-5H,00.25g/L, FeSO4-7H,0 0.1 g/L,
ZnS040.43 g/L, CoCly-6H,0 0.24 g/L, MnCl,-4H,0 0.99 g/L, H3BO,0.014 g/L.

25. FIREEHMHER

AR AT S AT AT PR 7 AT R BEATWEFE, AT R 48 L 2 i el T e A 7T,
RPrR S XYH-1 G AT iR SR PR sc s . 1 1 PR I e 1A o

EHT = 3.00 kv Signal A= InLens Aperture Size = 30.00 pm

WD= 84mm Mag= 10.00K X Time: 17.37:44 ﬁ Regulus 10.0kV 8.3mm x5.00k SE(UL) 10.0um

@) (b)

Figure 1. Electron microscope image of bamboo biochar (a) and XYH-1 combined with bamboo biochar (b)
1. () F XYH-1 A% (b) BB EE
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3. &R5i1T1ie
3.1. ARREINE X HEREL PR AIF M

KK B DM AR F5 M G R R PR KR &R, WIRA SRR EhVR B2 100 mg/L (BA N 1), T =%
BNREESA 700 mo/L (BA C it), FREFBRZELLA 7:1. DL 19%8efh Sk Ab T 5 B A KA XYH-1 i fh £
FrEER) DM BURRE TR, BRI 5. 10, 15. 20, 25g/L ¥1%, S 0.1 mol/L NaOH 5§ HCI ¥4 ¥+
& Z 4046 pH 574 7.0, £ 30°C. 160 rpm/min 5444 T 5578 25h, R A EEAMUEBAL 4 6 5% (220 nm A
275 nm)IMERSER RIS, 2T R BN EXS Bk XYH-1 PR IR E SR MR . SBAR 2R AR R L 781
RIWEWE 2 fios.

120
100—-
80—-
60—-

40 -
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{ —0—125¢
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Figure 2. The effect of bamboo biochar dosage on the degradation efficiency of nitrate

2. PraRis e X AHER B PR AR AL R Y 2200

MIEL 2 AT LLE W, BEAE ORI ) (R BE 0, AR Rk FE & A, IOBLEEAT 3] 15h, k&R~ 5. 10,
20 g HIR AR RIEIRERIR B TP Fa . M HEAT R 25 h, 4HEE XYH-1 SRR £5 1 B AR =R 43 73 A 54.4%.
67.7%. 73.2%. 66.6%-. 65.3%, F:rATHREINE N 15 g I FEMESCER R, N 73.2%. HAh, ¥ 109 ik
PEVT IR () B fRAR RAE 10 h b2 SGIA B K PR, HBEAE SO BIEAT, TR0 15 g eSeth 7T ok 1) M Ad 2 i
K EPERFRZR, LIS BT R REIE E bk XYH-1 X AR SR B AR . W BT s B & Ak, 0
DAES B s A R A A BRI VE T, ELGT SR B W B B8/ o (EDR IR R Bl v, M 7E— e 2
JE NGRS R AL PR AR R, X — D7 T AT BE AR T AT RTE WA R 2 TR BEUE R E . AL S A
FLBE AR Uk FH 2E[25], SECA LRI T FE, HISSMHBR AR — 5l e th T 1T 4% & S
B (pH = 8.5~9.2), {ERT BRI £ B I FAA R pH (M 7.0 F+ % 8.3), HH AHALE XYH-1 {1 53E pH
YOI, AT B ARG R 5 4 AR e /1[26]

3.2. AR XYH-1 B A B X HER R b R R AR

PRFFR RN 7:1, PrR¥mEN 159, pH =7, 7351 0.5%. 1%. 3%, 5%-. 7%%H i Befh ok AE
KX HOH A XYH-1 B R 2 5 DM iR 7256 R, 7E 30°C. 160 rpm/min 2514 FH59% 25h, 5241
e B oo AR £ PR R RCR I, SEIR S5 A& 3 BT

S
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Figure 3. The effect of inoculation amount on the degradation efficiency of nitrate
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B 3. ‘HEEME X HER R PR R RO

M3 AT LU Y, [N 48 25 h ], AN [E)HEh & Sk A I AR 6 R B Al 50232 73 73N 71.8%.75.0%.67.1%.
65.7%H11 59.1%, FfHEFFPEFIAWIGIN, PR RO MG IRRESs, RN 1%, FEH|
KPR 75.0%. MBI 19%0, ARERHRLEBRICEEMEE FHES, XFEART &%
£ B 700 51 A TR 470 B ) 280 55 A ) 7= 4 st 0L AR AL 3o v RO 2 1 A IR 5 3 BRI (T - R M)
5O 0 R (U0 Fe?*) M PRERE , i R B R LU AR KR TR s b i & 8 R o WA A MLIR S AR il e
VI R NIR) SEA R pH ks, JNHIREL AL IR B IG E,  HR £ PR AR RCR PR AK[27]. LR B FE

BMEN 1%,

3.3. TEHE R b3 THER B P AR R RO R M

PRFFWIEATEER 2R R FE Ry 100 mo/L, TTREINE N 159, BEFEN 1%, pH=7, 75 7:1. 10:1. 15:1.
20:1. 25:1 IRRE L INANERTE, #E 30°C. 160 rpm/min 254 N 557 25h, 5 ZER [RIB S0 L X A TR & A AR 2
R, SZIG S5 RN 4 B,

Figure 4. The effect of carbon-to-nitrogen ratio on the degradation efficiency of nitrate
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4. BREEL X HER L P MR AR AR
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MIE 4 ATELE Y, SO 28 25 h IS, AN AR 260 EE %A T i e 2 PR B2 A 25032 2 0 O 49.1%.65.0%.76.3%
80.5%F!1 75.4%, BEARELLIABIIGE N, B SIS AR &S, YA 20:1 i), AlHiAH|
I KPR AR R 80.5% . BB ELIE N, A B A2 P 75 IO BRSNS hn, 20 81 AR A FE b, iR 6 B Ak
BEZ bR . (HA2 BRI NS — SR, R R A K SR E TR R, R HILE Bl 2 R
R gl AR K, A S ENR R IR TR, A BRI AL 20:1.

3.4. TR pH X THES ER FE ARSI AR

LRFFHILEREER Tk FE ol 100 mg/L, BRELELA 20:1, Arm#inE RN 159, HEFEN 1%, 25 pH
N5, 6+ 7. 8.9, 7£30°C. 160 rpm/min 254 R 1595 25 h, H 52 NAK R ASFWIGE pH X R R £h B4
BRI, SLIGAE R 5 AR,

120

100-
80—-
60 -
40-

20

Nitrogen concentration (mg/L)

0 1 ! I ! I ! 1 ' I ! 1
0 5 10 15 20 25
Time (h)

Figure 5. The effect of pH on the degradation efficiency of nitrate
B 5. #1485 pH 3 FHER ZhPE AR R RS2

I 5 ATLLE Y, [N 25h B, pH ZE 5. 6. 7. 8. 9 ZA N ##k XYH-1 SRS ER £5 ) B AR50 3 )
4 36.7%. 61.6%. 78.0%. 68.6%. 34.6%. ik pH 2R K HAMHIFE K XYH-1 FFAERER SRR, BEAE pH
(R3NP 22 2T K 0, (E pH = 7 BV IA B B KRR 26 78.0%, JREREAELG pH JEEI Y, BEPE XYH-1 (1§
TEVERT LUB B = KoY. 2 G REA pH B30 B AR 2 IR H PR, 28 pH = 9 B, FRRSCRIUE 34.6%,
XMW TN pH 28U, pH BT RANE A Y, Mfsgm R [28]. Hit, J iR
TP S50 2 R MR 200 TR ) RS TR SR I B PR R . E ke L pH AR bR i 20 v 0 2R AR RE 77, i vk
RHRESAF] T Wbk XYH-1 FEmsieEh, FrARCERTFREEN) pH #HI7E A3 E RN . ok, [EREETN
&, mTRIZ R R IENE, HEINAT A R pH A EIRAs, Rsebr B R XYH-1 BERARRNER 25 (1) i
& pH FIReRE T 7. LR b, RETRE) pH G EE I T SRARIA IS, AR R pH FF RS TE
6.8~7.5 YU [l 4 LA LR XYH-1 BEREI SRAC IR, DASRBl s e e i A P Re .

3.5. A[ER B B X A B Eh b AR R A R T

RFFHIAA RSB Ah I EE o 100 mg/L, BRELE N 20:1, pH=7, PN N 159, BHEMEN 1%, 54
IREES» 58 20°C . 30°C. 35°C. 40°C. 50°C, 7F 160 rpm/min 615 8535 25 h, 264k B 6 .
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Figure 6. The effect of reaction temperature on the degradation efficiency of nitrate

B 6. & RLiE X R B PR RUR AR

FRAE ] 6 vT LAE H, 25 h IF, AN [m] ORI B T A R h 1Y) P4 A 25 3 43 A 28.2% 67.9%- 79.4% . 65.9%
1 37.6%. HoHb s BELE 20°C A 5O°CHY, fiHFR L PR AR IR 2, RMIEE )y 35°CHY, iR £k P A7 AL
R fE, XF] 79.4%, FRUFZEE NEME XYH-1 F50E R MR . X —ILR 5 KA ER IR A - 3 v
RRFPEBE VIR DG MiRE M 20°C T+ 35°CHY, TlAEPnik A B IS MRS, AR 2 30, 17 50°C i
B DR AR I vy, ELHL R P 6 -5 1 iR 5 B3 A A v o 5 W I S B X 8 IR 9 [29] [30]. B RE B RRAS
FEXE D S 2 TN R, AW R ATHET K- XYH-1 BHRE SR RE 35°C RNigtr, Al AR &L
RE TR,

36. B—@RS5E S REBHERIMEIEL

FERT IR ABAC AR XYH-1 BRI IR £ 1 St b, 20 B AR A R Sk A e L2 AR A - AT RN 159, pH
=7, WAZ35°C, BRALL 20:1, $EAE 1%, fEImERA T, R AR TR TR - AR E Ak
B THIR SRR AR IR, RIS R 7 Fros

120
100
80+

60

404 —o—XYH1
1 —o—R
sod T HRXVEASAHE

Nitrogen concentration (mg/L)

0 T T T T T T T T 1
0 5 10 15 20 25
Time (h)

Figure 7. Comparison of nitrate degradation efficiency between a single system and a composite system

7. B—ihRE5E A1 R MBHERE R XL
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M7 ATRAE Y, BEE OB AT, AR B AR XYH-1 08— 25 AR 6 ) M A B i n, i
ACEINAT 2 P H— A R BB A S L FRTEEA T R vk P S A S5 S I P RIS, AR BRI 233 9. 101 mg/L.
97 mg/L. 76 mg/L. 98 mg/L. 92 mg/L. 87 mg/L. iXj&HT17 5k W B AR B i 2 Fh 4775 5 W Bt 5 S AT 1)
THOL, X RAENTIR-XYH-1 & & B fi i 22 A iR, 7T IR-XYH-1 5 & B MR R AE R N7 1) 10~15
h, PR Eh R T, 2 5 SOBWTRR AR . OSHAT 2 25 h, Bikk XYH-1 S—1k RRER L A3 T 64.7%,
P IR [ B — A R AR AR PR R IA B T 13.0%, fFTR-XYH-1 & &1k RASER E %152 T 80.5%, fit
AT B 5 BIRR XY H-1 X5 R £ (1) A 28 ] #2155 15.8%, 1t WA ¢ il LASRAL T Ik XY H-1 FORSER £ B LAt .

3.7. MRIHAE SRR (BBC) UL EME XYH-1 BUFHER B MR &R 1

N T B AR R R R R, AR SCRRYE BN R SR A5 I, IR = A X S 45 AL i B
F A AL 54T Box-Behnken 5256, FI| i Design expert 8.06 M [ [ #5044 %t i 8 £ 5 8 S5 & L . pH.
EFE 2 K470 HT. Box-Behnken [RIZACP4RiBan = 1 firzs WRIH 45 R a7 2 frs. BIESHrins 3
Fime 3Rk Z TR FEREACN . RERE & & Y = —280.0125 + 1.5865A + 73.9800B + 7.6585C +
0.0200AB — 0.0170AC + 0.3400BC — 0.0183A2 — 6.3325B2 — 0.1463C2.

Table 1. Coding table of factor levels
1. ERKFHDE

2 K
-1 0 1
RAELL 10:1 15:1 20:1
pH & 6 7 8
HErC 30 35 40
Table 2. Response surface result table
2. M EERE
5 RAELL pH i TR L & & (mg/L)
1 -1 -1 0 105.4
2 1 -1 0 111.1
3 -1 1 0 100.2
4 1 1 0 106.3
5 -1 0 -1 107.8
6 1 0 -1 114.4
7 -1 0 1 103.3
8 1 0 1 108.2
9 0 -1 -1 108.6
10 0 1 -1 100.3
11 0 -1 1 101.4
12 0 1 1 99.9
13 0 0 0 112.4
14 0 0 0 112.6
15 0 0 0 112.9
16 0 0 0 111.1
17 0 0 0 113.7

{5
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Table 3. Regression analysis table

F# 3. EVANHER
He V5 7R A thE BJ7 Fid PE BEM
R 411.4811 9 45,7201 66.8213 0.0000 i
ATRALL 67.8613 1 67.8613 99.1813 0.0000 -
B pH 49.0050 1 49.0050 71.6223 0.0001 -
C s 41.8613 1 41.8613 61.1815 0.0001 -
AB 0.0400 1 0.0400 0.0585 0.8159
AC 0.7225 1 0.7225 1.0560 0.3383
BC 11.5600 1 11.5600 16.8953 0.0045 -
AN2 0.8813 1 0.8813 1.2880 0.2938
B2 168.8444 1 168.8444 246.7713 0.0000 -
cn2 56.3255 1 56.3255 82.3214 0.0000 -
PR 4.7895 7 0.6842
At 1.2175 3 0.4058 0.4545 0.7285
R 3.5720 4 0.8930
AN 416.2706 16

R2 = 0.988; RAdj2 = 0.974.

f 7 1 EAHTHILE SR AT, #A p {H < 0.0001, JHULI p {H = 0.7285 > 0.05 ARG 2, LI
ARE, WFHLKME, WHEASFE N, BARETHAREHRESES AREmAL. pH. &
FERIR R AHR R R?=0.988, KMIFHEA MG IELF: K IE R RAD)?=0.974, ULEHIREE & &1
AT 9T A% ML R 2R R pH BESIERN. 25 EATd, AU ZAERSRFR L. pH. &
JE X IR 2R A BRI . — kI AL B C. ZZH.IJ BC J k3 B2. C2 () p fE¥1/hT 0.001, #HIEA]
X AR 6 B I R AR 3 s AT p fE KT 0.05, BB AEER £h % B0 2 S .

FAE /NGB RIZR K, FAEBR, ORI 0 R s A e s 2 3R vl fn, =4
KM FAERNAA>B>C, BIURER EICORELL > pH > iR EE.

I HE— D RO E A B S, A ORI Design expert 8.06 Hi [ T #0 xF S2 56 45 SR HEAT AT AL
Jor, 188 IR g A N AT 515 201 3D ih i B 5 %5 m 2 .

Desiga dxpatrSofva:
Facor Codn: Ac
Nirogn concatabon (1)
= Design Pomts

Nitrogen concentration (mg/L)

e

x-aen
o -hipit

Acta i
=

a
S 115

Nitrogen concentration (m;
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C: temperature (°C)
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Figure 8. (a) PH and carbon nitrogen ratio; (b) Carbon nitrogen ratio and temperature; (c) Response surface 3D and contour
plots of the interaction between temperature and pH on nitrate degradation efficiency

& 8. (a) pH FAFRELEL; (b) FREELFLERE; (0) IREFH pH M EESEL AR A E/ER MR B E 3D Bl R ES%E

F PRI KA, 3D i )bz i v P e S v Ak I BB s, A b, mINMERERE AL pHL TR
IS I GNS LTHJa T BRI, Horb pHL IR AR I SE TAE T, L 3D mi b th i P 10 38 B Ao e »
FLXGE IS (1045 i 2 P BRI P2, Ui ) pH P38 P TR 3 1R S TEL AR P i AL (R 520 B 5 2 5 1V 3 A
R

5 & B B R AR A ), JE I A A AT LAAS 2R AR BT 3R 0 /% 32.8°C pH 6.7, BRALL
19:1. SEIGES RS TN FARIT, Ui B AT LA A A 2 00 SE2 o O B PR R PR R

4. ZRERE

AW T I SERG IR I AT R AEAS FIR B 26 AF R X R XYH-1 FISRA R, 5% % TAT RIS 41
WM. AL WIAE pH. WS SR R SO0 A R SR PR AR AR IR, A5 T BUN SR TETT R SRAG TR R
XYH-1 BEERTRERM LI, ATR-XYH-1 &A1 R MR AN IR 3 1 e R A% A2 A% 15 g, i
PeRhE 1%, MR 20:1, WIUR pH=7, iR/¥ 35°C. fEMLEAESRM N, TR-XYH-1 E &1k R MR i
IR IEH] T 80.5%.

VIR e AR AR XYH-1 RASTERE . REPTIR BF T SRR Eh PR &R, A5 R RBH, ST R N R Ak
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XY H-1 X AE R #h 1Y) B Al A8 1) 80.5%, TR T3 AT IO TE R XY H-1 XA IR £ 1) B Al 2 64.7%, 513K
VY IR & TR R R R R B A R T $2 51 15.8%,  UEHIAT I 1T LASR AL B AR XY H-1 (FRSER 31 P fE

j@id Box-Behnken Design (BBD)Mi 5 i HvA AL SEES:, Al g pHL B U6 Al R 6 PR A AR 1)
SO A AT EE SRR ALEIR S 32.8°C pH 6.7, BRALL 19:1 4N, SIS RS T s A, Rk
A LA FE M ASE R TR SI2 s e i K

VPR RUFIIKAEFEM KL, REREWL P 23R 2 Fhi5 Ged, 5 AR 1 [FIAE FH A R 0 BUAR A e 1 2 ik v
YRR SRTAH FAUR IR TR F, X FAT s AL AR XYH-1 23 RS IR 3 LI 7 BT AN IR RS
I S R S INAA RS

S
AT H AR N 2B R 2 AR BT QL I 2Rt R 55 Bh T H (1XJ0523105) .
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