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Enrichment and agent preparation of Gordonia for
denitrifying phosphorus removal

LI Wei', WANG Yuqi', HOU Yunhe', WANG He', CHEN Yiming', GAO Mingjie,
ZHU Lei’
1 Shenyang Jianzhu University, Shenyang 110015, Liaoning, China

2 Liaoning Urban and Rural Construction Planning and Design Institute Company Limited, Shenyang 110015,
Liaoning, China
3 Shenyang Academy of Environmental Sciences, Shenyang 110015, Liaoning, China
Abstract: [Background] Adding microbial inoculum is an important means to enhance the efficiency
of biological treatment, and denitrification is a key step in nitrogen and phosphorus removal from
wastewater. However, there are few reports on denitrifying microbial agents. [Objective] To acclimate
efficient denitrifying phosphorus accumulating organism (DPAO), make the denitrifying agent, and
enhance the agent performance. [Methods] The DPAO was rapidly enriched by two-phase method, and
strain NC1-1 with high-efficiency nitrogen and phosphorus removal was screened out and identified.
The bacterial powder was prepared with NC1-1 strain, and the effect of the powder on wastewater
treatment in A’SBR system was studied. [Results] DPAO was enriched successfully after 36 days.
Strain NC1-1 was identified as Gordonia, with the nitrogen and phosphorus removal rates of 89.46%
and 91.68%, respectively. The bacterial powder was successfully prepared with the wheat bran-to-corn
flour ratio of 85%:15%, NCI1-1 inoculum volume of 20 mL, and fermentation broth volume of 20 mL.
The removal rates of total phosphorus (TP) and NO; -N in the A’SBR system supplemented with the
bacterial powder at a dosage of 10% were 12.06% and 11.52%, respectively, higher than those in the
A’SBR system without the bacterial powder. [Conclusion] The adding of NC1-1 enhanced the pollutant
removal efficiency of A’SBR system. The research outcome provides a theoretical basis for the further
study of DPAO agent.

Keywords: denitrifying phosphorus accumulating organism; A’SBR; Gordonia; bacterial powder

A W E IR B R R KRR S R
KRR ER S, RO E B IR,
FHOKFUEA, B LU N SM 5 KA BEAR A
WA HEOR A W b v, AR AR AR BR
Wl P 1) S fiF Ak 2R W5 1 (denitrifying phosphorus
accumulating organism, DPAO) 5 # 5 2
— U RS A R B R AR R D T AR G A
R R A I, BAA kM.
REBRBORGF | 1508 AR REAE AR R,
Nk — LA AR WAL BRASCRE . AT LK SR P il
BT R T SE B TAR o, A W A

HHREFENR . DLRLCHRE . BFXT MR . VR RS
ST B ARl ) R R R R R BT TR
WAk EAE BGAARTER , f T IR P TR
B AT K Gy vh |« 3B AT A g A )
AR T2 0 B E 1 B

T 5 S A R A Wi Ak =X R
#% (sequencing batch reactor, SBR), A& 5
TN R A BRTE RO B S P LR TR
22 AR TS5 TR B A AR A TR R R PR B K A
Ak 2775 % = (chemical oxygen demand, COD),

LA (total nitrogen , TN) #l AR (ammonium
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nitrogen, NH,'-N)#J LBRZ 5518 87.37% .
90.70%1 95.24%", I B 5 1 & 5 IR
PE - 0 W AT AR P T ) WKM, X
Y2875 K COD M AN LBRZIKF] T 94.8%F
61.8%, WA wh il 5 T KA AL R85 B 10 Tk 1
7, HX} COD. fif 2% % (nitrate nitrogen, NO;3 -N)
FIELUH (total phosphorus, TP)AY 2Bk R 451k
43.26%. 92.76%F1 65.77%"7, E IR H RS AR
FBRFILAT, (AN b 25 5 S B S L BR AR
AE. REBHRDS FRAEYERC A ) Z M
5%, AR DASAE A SRl A 2 A A A TR
FEE WA = AN, H AT I & D
AWFFEXT DPAO AT & 4, MK I A Bk
T U 16 75 3] — R e 28 ) 20 M L B o 1) S Al Ak
RUEE, IR TR N, BT B sk

A’SBR R GE 15 /K AL FRACRE , LAY ) FI S RE I
A Wy o A A W Ak B AKRE B A1 PRSI Al R B R
o

WL

1.1 REUBBENEESE

IRIG R FHRALE SBR S #%, HA A
12 L AR R B4y 3124 140 mm Al 850 mm,
SBR R EEIWLIE 1. AHILREEE NS £
PR B AT, S — BB IR AR B, EAE
15 45 B W 1 (phosphorus accumulating organism,
PAO), 17 16 d, B17JEHBETT A B EK |
JRE 2 h, #4502 h, UU3E 30 min, HEK; 5
B Bt e D SR/ SR B, 7 DR B8 o T i A
VE R 1 732K Ifk, DPAO, 247 20 d, i&17)H

Acid buffer solution Alkaline buffer solution

Water inlet tank [l
Peristaltic pump qg _QPH meter

Dissolved
oxygen probe

Mixer Nitrate dosing box

L T
Water inlet |

Water bath inlet
letl | O

Thermostat water bath

L] °

H
— Drainage sampling port

=1

T Water bath outlet

Sludge
outlet
-l
=

Aeration device

E1 SBR¥ZEE
Figure I SBR set-up diagram.
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Wih R UEK . R4 2 h, B4R 2.5 b TUIE
30 min, HEK. R AREKIZIT 3 4R,
A JEHIATEIRZTT 5.0-5.5 he

EAENRE, R RIS AR
BB A, SR R A 8 3R G i 1 i
4 (dissolved oxygen, DO)H, KA B DO H
70.5 mg/L IR, 475 BB DO {E 4 2.0-5.0 mg/L,
pH 7E 2 W A3 B [7) G 5 15 2 25 WS o R el %%
WO pH H 12 78 7.5-8.0, TR A W 7 [H 1K
e J&F (mixed liquid suspended solids, MLSS)k
2 800-3 300 mg/L, 75 el B B[] (sludge retention
time, SRT)N 15d.

1.2 RIAK

SEIG AT R K& 300 mg CH3COONa,
14 mg NH,CI, 100 mg KH,PO,. 40 mg CaCl,,
45 mg MgSO47H,0 ., 1 000 mL Z& 4 7K Flfd i T
E T A NS 7 N o 3 £
COD.TP & NO; -N & il 4 524 170.02-220.00
5.06—-10.20, 8.04—12.27 mg/L. {5 e B H 1L
TAPTT R A%/O T 25 /KA 3t
SRR, BARR, 1HIRTTREMERE R AF, 15Tk
FRIE# (sludge volume index, SVI)>A 80—90 mg/L
1.3 EHkHS BEFTFIE
1.3.1 EHE

SAEEEEFR L B S g CgHsNa;072H,0
1 g KNO;, 1 g KH,PO,. 1 g K,HPO,, 02 g
MgSO,7H,0.15 g Bitfi§ .1 000 mL TR KIEA,
P pH 7.3, 433 % 250 mL 4B, T 108 kPa
KTA 20 min J5fF 4 °C ¥ H -

PB4k . B 3.32 g CH;COONa-3H,0 .
152.76 mg NH4Cl., 22.98 mg Na,HPO42H,0.
81.12 mg MgSO47H,0.17.83 mg K,S0,4.11.00 mg
CaCl,22H,0. 2 mL f§#JTE . 1 000 mL LK
RA, WA pH 7.0, 433 = 250 mL #EIE T,
T 108 kPa K4 20 min J5 17 4 °C 45 .

B RS . L 3.32 g CH;COONa-3H,0,
305.52 mg NH4C1.25.68 mg CaCl,»2H,0.35.11 mg
KH,PO42H,0., 91.26 mg MgSO,7H,O. 2 mL f#
HIOLE . 1000 mL LRE/KIRA, 433 % 250 mL
HEFE R, F 108 kPa K& 20 min J5 {7 4 °C ¥
A ]

RSB IR L B 3.32 ¢ CH;COONasH,0
305.52 mg NH,Cl, 35.11 mg KH,PO42H,0,
91.26 mg MgS0,7H,0., 25.68 mg CaCl,*2H,0 .
300.00 mg KNO;, 2 mL f# 6% . 1000 mL &
WA S, 3% 250 mL #EHH, F 108 kPa
KA 20 min J5fF 4 °C ¥ H -

FHBRER A R 773 B 2.42 ¢ KH,PO42H,0
1 gKNO;, 20 g AR, | g &b, 1 g Biig.
1 000 mL JCw/KIRS, W1 pH 7.4, /HZE
250 mL #EJE ML, T 108 kPa K# 20 min J&5 77
4 °C VKR A
1.3.2 HHB S BFTHIE

B 10 mL & 45 B 45 A V5 TR TR A
SR ZEM KBRS 107, 1072, 107, 107,
1077 107 W JSE 0 J32 1) BRI AR VL L 45 MR 52 A6 82 3]
B 0.2 mL BB FAD T ML R IR 3, 7EIR
AR T AT IRAT R IR, A PR IUR VR B D>
B SRR T AR R 2k L B A5 3 s — st
AGRIG M 2 ANREFEIE F I 14 R, v 4
4 NC1-NC1-13,

MR8 S 2 SCHR[12- 14100 2 1 T8 AR 7 2 10 25
TR o MR IR B B B — B TR A T RR R R
Hedb 78 30 °C., 150 t/min 514 FHRZ Hi 5% 24 h
J&G, T 4000 r/min /4T #5.0 10 min, HFEHE
EETE SRR 24 h, Gl AW
BEFFPE I BRIR , W A W M 0 TR R 4 Rl T
HIR L IR S 45 57 A 30 °C. 150 r/min 3557,
MBS A S, BUS SR RCE TG,
PR U, e A= SR HoR B Ak g gt B
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PERITE R N ICAE AL SRR . AR 2 B9 1Y 14 Bk
HHA 8 BRI (NC1-NC1-7) M R il B i 1

W T 22 L P S A A SR TR D T R B 7
Pl R R B, SRS B TR R
1 E RS B R &, 78 30 °C. 150 r/min 5%
PR RESE 24 h, 16 24 h BFISE B W D R BERR
LR A RO, LAGH & ) = S bk
1.4 HHEE

Wil 16S rRNA R Mg GBS FE ML
FRAE AL AT BRI TS o SR ATE 514 27F
(5'-AGAGTTTGATCCTGGCTCAG-3")#l 1492R
(5'-GGTTACCTTCACTT-3")i#t47 PCR ¥4, PCR
J AR Z (25 pL): 10xPCR Buffer 2.5 uL, dNTPs
(2.5 mmoL/L) 2 uL, 1E. JZ5|#¥(10 umoL/L)
£ 0.5 uL, DNA #i#z 0.5 uL, rTag DNA R4
fiti(5 U/uL) 0.5 puL, JoR & & F7K 18.5 uL, PCR
FU 4512 94 °C 3 min; 94 °C30s, 55°C 30,
72°C 30's, 30 ¥ ; 72 °C 5 min; 4 °C {17
B 1 771 5 GenBank HE A Y 16S rRNA
T H EeXT, SRR U3 & AR R &
PP A A AL AT 1R S BR R DL A TR AR
G e FE ) AT,
1.5 FHEFGE&EEZE
1.5.1 EHFR

PAM 535 . B 4.00 g C¢HsNa;07-2H,0 .
0.25 g CaCl,. 3.06 g Na,HPO,. 2.50 g NaCl. 3.00 g
KH,PO, . 2.75 g (NH,),S0,. 0.25 g MgSO47H,0 .,
0.01 g BEHE |1 000 mL LR KIRA , 782 % 250 mL
HEFE MR, F 108 kPa K4 20 min J5fF 4 °C ¥
75 FH

FNEEAME SR : B 5gNaCl, 3g
E . 10 g EFAK. 20 g BilE. 1000 mL JCi&
KIREIAZESE 2R, V87 pH 7.2, HEE
250 mL #EJE ML, T 108 kPa K# 20 min J5 17
4 °C e

1.5.2 FTHEFAH &

DITPE NC1-1 XS RG], Rtk
NCI-1 #:Fh 2 FOmifb 3R 3E, T 150 t/min
5597 20 h ARAS A, BGE AP A 4 000 r/min
B0 10 min FRAFHEBE NC1-1, FHE 3K, A
20 mL REER (A EE B RS SRBOM 2 mL
PAM 557 W IR G i pk A, B ALK
(108 kPa [AIBRK R 2 IK). el 5 g 24k (G %k
425 g, KK 0.75 ), 7E35°C. 120 t/min
KRR AR 8 h, BETHFRMETHEESK
ZART 10%0 il B T4 B 77
1.6 AREFZHEIHEDETAIFI

AFE BRI . R KRR
KWW pH BIXTEA LERBCRA 2, R 1
SR A 0 TR R D 1 s i DR ZR R HL S A A
DASR 0 A 1 T 00 1 e L ) 5 45 1
1.7 BEFIPREEEENE A E

WE S MBERN 4L SRV EE,
H5h 1-5, HisfrAONIRE-E, B17
30 d, {7 MABEEF K . IR 2 hy AR
2.5h, YL¥E 30 min, HEK, HKiEFT 2 M.
] 5 AN A S R B RS [F] A R
NC1-1. AH [RBTG5 P AN TR 615 K,
A PR AKARF L Ry 123, BRI &= 530 R 0% .
5%, 10%. 15%. 20% (dii5defifE aas), %
il MLSS 7£ 2 800-3 300 mg/L 2 [ii],SRT }y 15d,
ERHIE RGEH ) COD, TP, NO; -N ¥,
1.8 EFEMNRIERENAE

COD R HIMe i 2 AT ik, TP RH
BB T YL B, NO;-N SR 40T 143
6 BE T (bt 38 Al A A BR 5T 2w R
W5 pH RA pH TR REIART R iR
J&E SR I IR K VS B (4t T 4 B AR A #R
J YR 5 Vs A AR PR 485 =X A A R T TG
IRRHEA BR S Wl E .
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*1 WMEVEAFEZWER

Table 1 Factors affecting the preparation of microbial agent

AN SR 2 A4

Influence factor Reaction condition

= aZN =4 FEE TR BB N 75%:25% . 80%:20% . 85%:15%. 90%:10%. 95%:5%. 100%:0%, fEi&

Carrier ratio

P
Biomass

R
Amount of
fermentation broth

RIEW pH H
pH of fermentation
broth

LAY IR 5 AR )

The mass ratio of wheat bran to corn flour was 75%:25%, 80%:20%, 85%:15%, 90%:10%, 95%:5%,
100%:0% and then the bacterial agent was prepared at a suitable temperature

FERE N 0. 10, 20, 30, 40 5% 50 mL BHIIA 20 mL 4= P F 2K (UK IR L0 2 mL PAM K529,
SR TEE B AR BE TS ) 45 1A 59

When the dosage was 0 mL, 10 mL, 20 mL, 30 mL, 40 mL or 50 mL, adding 20 mL beef extract-peptone
medium and 2ml PAM culture solution, then the bacterial agent was prepared at a suitable temperature
PLS. 100 15, 20, 2587 30 mL (4= 2 (I FRRT 2 mL PAM B5 3R VR S B 3R 3L R 5 18 il
87T E T T 5 R AR )

Prepared the optimal medium with 5 mL, 10 mL, 15 mL, 20 mL, 25 mL or 30 mL beef extract-peptone
medium and 2 mL PAM culture solution, then the bacterial agent was prepared at a suitable temperature
ReFe s oh R BRI 4G pH R 6.5, 7.0, 7.5, 8.0, 9.0, HRJFTEIE LAY IR il £ 14 7

The initial pH of the fermentation broth in the medium was 6.5, 7.0, 7.5, 8.0, 9.0 and then the bacterial

agent was prepared at a suitable temperature

2 X504

21 RBUERBMEMESR
FERESAE T, DPAO il ad 2R 4 i i £
B2 R (polyphosphate, poly-P)fii H: DL ICHL#5
MR £ (T ORI 25 T AR AS BT 19K B g, Rl
LR AV M NG i R 38 1o 3 2z dan i 7 U
W, CREHERMERNIREULE-B-ZT R
(poly-B-hydroxybutyrate, PHB)JE =X it 17 7 2
M1, PHB BYG M 2ERE S AR ), RERLIE
if poly-P JKf#FTIE B — W52 ¢ H (adenosine
triphosphate, ATP)EEME, A )5 7730 20 0 5t iy
Rrfg ok Rt . B4 n, DPAO FIFHAS S &/
i 25 A R HL T 32 A S e ST DR S i A A
PR PHB 7= A Bt R 4 5 B AR 0 4 A G 3
T ESEAL PHB ™ AR 4 55 4K 3l s T4
5E, DPAO Zyid fE 4 U5 v iy JC WL R £ LA
poly-P TE A A TR, (R IHFE A IR AR 2
TSR I, AT S B[] 28 I AU B e o AR il
W PR BN DPAO #HATE 4, S5 R 2

JIiR o

1-11 dF#53E/K COD He JE 4 217.34 mg/L,
PRAE K A48 H 7K COD ¥ 54 T [, COD
EBREH 70.16% EFF = 82.62%. 5 12 Kk
HEKAE WL BERRAR 3 2 PR kg D4R 45 o I 81
AR B IMRIR 20 AR BE B B, Bl R 5%
F AR ANTE K25, 5 DPAO 4+ 353214,
Il DPAO SRAMBE RN, PRItk , 8/ ik 4%
T PR AR 25 RS COD ¥R AR 45 7E 30 mg/L 42
o DA/ 4RV A8 S AU/ COD 1 25
BRI A 7 LR B2, 12-36 d COD £RR3%R4%E F I+
RIGIREFERR, P14 COD EBRHE A 87.46%,
HA R VLR b Re

1-16 d V-3 K TP ¥R EE R 11 mg/L, R4
oK TP WRBEERREE o, X F &M TR
PAO Jfifk 40 B Y 1) SR B FARE = A= e i, IR HL
W TS 7K v 5 B i (4 A B L7 A6 PHB fif
FETEANMIPN, 1o 722 v DXL SRl o A L B AR R 1
AR GRS, Bl B TP & b
TF, XMW@ T COD fERAE N BPg R E
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A 300k —a—TInlet StageI | Stagell 1100
280 —*— Anaerobic effluent ! 4195
| —— Aerobic/Anoxic effluent i 190
2601 o Removal rate _0=-0-0-0~p-0-0~0-0=0=geq-0-0-0~0-0-0-0-0-0-g_g-0
L A ! 185
240 o0 , %0
%lo 220 : :7 s S
g 200F %
5
= i =
S 140} é
S 120t 5
S 100 2
2 sof S
O 60r
40+
20
0 L L ! ! ! 1 L P L ! L L L ! 1 L 190
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36
t(d)
B 220+ —=—Inlet StageI | Stagell 1110
—e— Anaerobic effluent ; 1105
200 [ —— Aerobic/Anoxic effluent : 1100
o Removal rate noo-o-of o o-0-0-2 1 95
S /Cl ' ,_’l’r 1 90
= 160} ; ; / 185 =
on / . J N
£ 140 + 4 L s 180 <
: Nal I n 2
g Y N 165 =
2 100} s / leo &
g ol : P 155 ©
3 p : / 150 o
N 1
& 60f o : 145 F
’ / 140
401 : 135
I : 130
20 e - 1 25
0 1 n ES - A A A A A A A [l 1 s A b A A A A A A A A a4 20
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36
1(d)
C 20l — Stagel | Stagell 1100
—=— Inle :
200+ —— Anoxic effluent : A 95
R —o— Removal rate : o 0T 90
Q 180 r ; - 185
£ 160} i o 180 &
= ! o~ 175 [0}
8 1401 / 170 &
£ 120t i / 165 8
3 i P 460 g
% 100 | i /U 155 3
< 80 : o 150 =z
Al | 145 o
& 60 - 140 =
Z 40t ; . 135
130
20t MA B 155
0l L L L L H L L L " n o i, o S S S § 0

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36
1(d)

2 COD (A)F1 TP (B). NO; -N (O)HIRET LR ERR
Figure 2 Concentration change and removal rate of COD (A), TP (B) and NO; -N (C).
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BRAGIENUS L Gk TP W R 2 T R%,
JR R & PAO W#E PHB A p ATP, 7=4:f%) ATP
— AT A S A miEs, —#0 8Tk
Mo SN F A5 Rt TP W2 R 0.33 mg/L,
TP LBRHH 44.90% 7+ = 97.05%, HAERE
FIBRBRESCR, e PAO B2 M S E Al , T
PEATER B DPAO & 4.

17-36 d ¥tk TP WefE 55— BAZEA
K, PREHIK TP EESE TG BoF, SRk
TP WRJERREE T, &P TEG I DPAO
FH DR A2 A7 7 41T 9 PHB A sk 5 F0 L F-43E
. LA NO; -N i F3Z AR T 0 AN ™ A=
AE e DA P o el IR B DL SR B T
KA T RN . TP EBRBAEN 17 Ko 28T
K, DA RO e N NS 17 RIT 0 i DR R /AR
AR AR/ B E YL DPAO, 55 17 KN B0 i A
B AR Z FIINH], 1 DPAO ML A st [a] ik
FIREZS, SEwE LR 2E; MEYIL
1T, DPAO BT HCH R4 ML F,
TP AbRFFFE BT, XM TIRAH K TP

[Z0Inlet TP E524 h TP -*- Phosphorus release rate

165

. 1160
7L - S BEE
- [ 1150 S
~ 6l 1145 &
= - 1140 &
£ 5t F - = 1135 5
= -/ H ] 1130 2
2 4l 5/ H H 1125 ©
s H/ H 5 1120 &
= 3L - = = 1115 38
8 H H = 1110 &
g , _ 1 g 1105 &
O 2r 1 - = H 1100 &
S : 195 =

1+ |5 H [H H 190

H IH g 185

0 2 @ & @ 3w @ 9 & 80

Z T U U T T ©T O
z z z z z z Z
Strain

B3 HE#E NCI-1 IRRBYER

uptake.

W PR FFHBLS, 5 Wang 2POTRI Li
RPN 45 R —80 LHBEE K SBR X
NigE NI 30 mg/L PIRHAR, BA H KRS
RURERE N, LBRFRE BT, 36 d R4S
WEF, TP Fll NO; -N EBRRHIAF] 96.72%F1
91.20%, WA DPAO L AP S Rl Sl
2.2 HERRYTFIZ

TR Ja s SBR i #5 Hiii e 8 AR
RERWEE R, Hm R as L wE 3 Ui,
FRBE S IR IL M PI UG TP WRIE N 2.28 mg/L, 24 h
J& 8 PREAHERA W WA REBERICR , b NC1-1 iR
Wi E, BRI T 158.33%. A . ®uiE
FEAWILE TP Al NOs -N ¥ 4314 8.63 mg/L
Ml 34.26 mg/L, 24 h WV E5HET, 8 ¥R X TP
EBEF N NC1-1>NC1-7>NCI>NC1-2>NC1-4>
NC1-5>NC1-6>NC1-3, Hft NC1-1 X} TP fJ%
BRI, BRBER A 89.46%, NO; -N ZBi
AL #AF A NC1-1>NC1>NC1-2>NC1-7>
NC1-4>NC1-5>NC1-6>NC1-3, Hrp NC1-1 JBi
R BT HA R, BAFER 91.68%.

B Inlet TP E524 h TP [ Inlet NO,™-N

[924 hNO;-N -s-NO,™-N removal rate -»- TP removal rate

A: B B: Wk
Figure 3 Phosphorus absorption and release effect of strain NC1-1. A: Phosphorus release; B:

38} i
o 105
%3 - - - - - - - — 1100
r 195
3380 g foo
D2er 17N 1185 &
\_/%‘21: 1 ™ 1 180 o
g =
£ 20 1l {175 E
< r L e 4 [
£ 16 “H~ 70 3
o 141 Y ~y 165 £
‘g’ 12+ N 160 2
S 19 ™ - 4 {55
6r ! 150
LN nlRT e
0 i 40
5 32 8§ @ N ® 9 §F
Z U U U U U O ©
Z Z Z Z Z Z Z
Strain
Phosphorus
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RE NC1-1 M A bR R it , ik 5
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ﬂrdonia phthalatica QH-11 (NR159081.1)
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Gordonia bronchialis DSM 43247 (NR074529.1)
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Figure 4 Phylogenetic trees of strain NC1-1 based on 16S rRNA gene sequence. The sequence number in
the bracket means the GenBank accession number of the strain. The number at the node means the percentage
of occurrence in 1 000 boot-strapped trees. The scale bar means 0.2% sequence difference.
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Figure 6 Effect of agent dosage on COD (A), TP
(B) and NO;3 -N (C) removal.
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