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Nitrogen Removal for Swine Wastewater by C/N Ratio
Improving and Intermittent Aeration Processes
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%6 o T-PAREER » A RII396:2 CaCl ¥ A PO, -PZ KERRFEE6096
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ABSTRACT

An nitrogen removal experiment has been carried out in a swine wastewater treatment
system in Taiwan by introducing a part of raw wastewater whose T-N/BOD ratio is greater
than 1 into an intermittently (1hr:1hr) activated sludge tank through a by-pass. As a result, T-
N/BOD ratio becomes about 0.2 (BOD=1000mg/1, T-N=200 mg/1). The results show that the
removal ratios of NH,-N,T-N, and T-P are 54-7794, 58-699, and 10-6094, respectively. A
process on crystallized precipitation of ammonium by adding magnesium salt and phosphate
also carried out in Japan to improve C/N ratio in swine wastewater where concentrations of
BOD, T-N and T-P were much higher than those of in Taiwan. After completion of
crystallized precipitation of ammonium, an intermittent aeration process of 1hr:1lhr then is
used for the improved swine wastewater whose T-N/BOD ratio is 0.14 (BOD=8200 mg/1, T-
N=1166 mg/1). The result shows that the removal ratios of T-N and NH,-N are 9194 and 99
94, respectively. T-P is not removed, while PO ,-P is removed by 609¢ as 39 of Cacl, liquid
is added.
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EEMEHASREW R RERL - KB
KBFREE P RAM S BET AR T ERE
KEH - BT BEHEQWRUERARRE LR
Bk #9dp% (Liao et al., 1992; Liao et al.,
1993) - HhETYRBGEZ EEERE » M v HRFE
BRAEC/NLL B FE K o 2 REERE -

EREHE—BBREGFRACEEERER
ERBEEER S L RBOD K COD » {HE & KX %
ZEBAITRE (Liaoetal,, 1992) -

AR R (Osada et al, 1991) S—# R
By BE—RE R RN FARRERTER
TE - HEFIIHEARECRILER - A—K85
BKZCNERE  TTERRERCBESZ - &
EECBTRITZ BREBE:E R R BEAKP 2 BIE
RACR PR SR - BILERIE Z RIFEERE
MARASTEELE N - FREEREGNREAEZ
B KC/NLLERIR{E (Liao et al, 1992) - FEHZ -
SR RGRIE © Ml T 25 Ht Y UE 3%
WERBHEA - Bit > BT AXSRFEET A&
HEAE B Bt - SER e WEEDSEEEEER
EEBERA M FTHRB (Mackawak Yang, 1990) - 3
th¥ B8~ C/NIL BB TS - Osada®s (1991) K LiaoZ%
(1993) @ LIT-N/BODZT-N/TOCH} 5 = B R F Ay
MR EE - REBRECBRESRBUT A2
SRR HPLHBESIRYE (Timmermans } Van

Haute, 1983 ) :
CH3;0H+6/5 NO, —3/5N,+CO,+6/5 OH™ +
715 O o ST Ty S PN )

ERFEREY  BREGHENO, —N& - it
BHERMRMEE L R0.1~02mg/17 IFERE RS
HEEERARERERARICFIARAEER - &
5 E P E0.5mg/t DO (KrulF; Veenigen, 1977 ) ;
EHRRAEEN T 1.0mg/l DO (Murray
% 5 1975 ; Ozaki @ 1993) : ZE#tNIEHBRES
£20.3~1.5mg/1 DO ( Jansen }; Behrens, 1980) -

ERFEEY  REAEFANO, - NERKE
TEZE - @it FoEHRTENERREA R
BAERR  —BIMARE (FEREHRE) REE
FEZE SR ERRKHELEERERA -

EEAMARRERG BB TRBKE
B> HERBKENNEAEE  ERERA2ET
A - BERKERRBEELTR » HFEBKRERN
SRR » SREE IR R BODE S ¢ RANASEH
Kot Rk & o DI S ekt SeatE R
BEHCNE - FIZEESBEBSHER  2EQ
EEABHATE - A XEN LS ERER -

FEMAS M E BRI E iMgNH, X PO » 6H,
OZ R URUFRERTUTRH BAEART
2. ( Shinjikkenkagakukoza, 1977) :

Mg2* + NH,* + PO 3~ + 6H, 0« —MgNH,
PO, + 6Hg O | --rveremrurermrrersesincesaieennnnnnnranns @

B T T IRS TR PHAE T € Bhibsk
VTSR (PH<6) » RABHEMg: (PO,)
Z ity (PH>10) - Hitdw+H < PHELEAR
6~ HWE N LUE RS -

- HMHERESE

ORRBM - N BEHBHER

EERERENRE—RRME (M-11) #8
AERSM  HABRERGERPEIE % A/
FRAKEPTFEBEKE (55m® » S0m®/day ) B
PR 7K v TR 2 T o =X T W A, - Rk
ZUWAKAFRERENFH3m > /h - B BRI L4
Vi HERGREL P FRERM S (8m®) - &
FARBHEREMELRER C BRBEM160m?®) -
SHER < EERET -ROHABEHERA - 13 K&
BE%  BEBWERA—LREQ24m?®) - ;315
Ve N LB EYS Ve E oA — 8k = 4 75 B A (576m
3 IRRHEE 14 318 1.34(3HP) K 2.6(7THP)m * /
min) » SRS BREERENASEIRA8m®) » ]
R BB EREEA—-REHREH (220m® ) X
hRMEERWE S ( Paspalum Conjugatum Berg) -
TEAUBEDEEE » BFKEHLIELY -

LERE®N

MRBRPEREFHHREALEE -
QDORE KRR ST XY R EEENHIHEE -

2. HERIRE

M— MH— BB ERILRR AP R DOR B
E0.4~2.6mg/l » E RS &k K REEY S 1hr ¢ 1hr/day
(FIGEBER26C) - WM T TEL : OFXK
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> QERARBELO  QEEBRELD . RO
R0 - FA KRS BT E » pHRDOMH -
EWERBERE S L (APHA, 1985) - DOBE
RILA—{mHEa+ & (KRK KDO-5151+ HA&) -

tntermitient aeration tanks
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W1 &AEM-IRFEEBREGEE
QEREEXE
1. &K

(R : i KH,PO, LA 110°C Ht¥F 34 /MR
» BRARO.1mol/LZ #A¥ » H 43 BIEC$40.1mol /L2
NH,C15:MgClL ¥ °

QEBRIRE © FIF19% 2 NaOHENH, CIIAWK7E
—RISWE R KH,PO, AW PHHE » Fi§100ml
Bl 3 WU A — S00m B8R o 3 B2 MR - EH
BRI F ORISR TR -

FIAL:, (3'%) ZEBREHEMFRIPZE
F (Taguchi,1988) - ER{THIFR S ZRIEEYE
ALBRESERTFREEECGE - BRBREZ
B TR T PSR 53 01T R B B R RPUE -

@V HiEk ¢+ RAERVATRE LISTOYO RS 1
o WP ZPO,—P » Mg » FrNH, — N & DU

®1 ARBAERERRRECRTFRER

level 1 2 3

A: Temperature 15 25 355

)

8: Stirring speed (rpm) 125 145 165

Factor

C: pH 9.5 1] 10.5

0: Reaction time (min) 20 40 68

HEEA - ST RERTIL—BTFXKE ( Metter
PE300) #E35°CHtsz 424 B Y -
2.5 RK

W FBRAKRBMT HARBRBREH TR
R SRt IR - 5o 3000rpm B (L REE L3 0 &
% B ERRIRTFACZUKFES - REX100mlZ £
W% 53 B 1096:2 KN PO, B MeCL A T H
BRI -

OBRBRERIERG ¢ (IR 1 25°C > O)IEE
: 165tpm » B (c) E/@¥E - 100ml (NH,—N » 2500
~2600mg/1 ; PO-P » 200~450Mg/1) - PO, —P
BE(A)RER09 1 08+ 0.7 » ROGEHISEE > (R
HESE R SRR K 2 SRS S - SRl T 2 IREE (B
) FBEERE - (C) PHERIRERTS 8.0
85590 FlfL.e (4°) HBBEERERTR
B - R RNEETRABEE -

QA - AR - SE T ARKENTEIT
g :
MgNH,PO, » 6H,0—>Mg,P,0,+2NH, } +
OBERRAKXEE
LAE R R
R RAEBRE S IE ZE SR 8I®
F-SARERKEM S (E2) ©—8A > HoKkE
£20°C - FB/KIREHE RIS B IR B R A& R4
BAK
(OFREA
QRS2 Bk ¢ s T R BUK R
7.k s .
QRIROAEZ JUBK © IS 5T BB KB/
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@iEMep e ERRERBEAKkE LEK - kg
¥ NH, /PO, /MgE H H,£51/0.6/0.9 - PH{H
AIERTS -

®2 RERKSESRBRECETRER

Factors 1 2 3 4

PO4-pPe 8.9 [ X ] 8.7 8.6

Mg* 8.9 8.8 8.7 8.6

pH 1.5 8 8.5 9

* :Stoichiomelric ratio for the ammonium nitrogen

BLBRBRAT F < BRI K i Rt F T3

RAIRBR R RE L —2.01/ming 2 R BIE - 1B
RITE—E TS ZRC\RAZHKIE
RER @ ERE (H2) - NERETRELR
I ABRREM T BEERE— KRS
R o IR MLSSIRE - KRR BRI 1hr
/ 1hrFz 1.25hr/0.75hef B - X £9 : 4553 B
REMGDER2SAC EBRETNMAHRZ FE
K - REMRE—BERE T REERABMIR
BT -

Flov Air Puep %= Tizer
H Heter Air Pusp % Tiser

’—— DO lonitor
5 4.V
IZ/SH

Buffle Column

ORP Monitor
PSS
p H Monitor

<=} Temperature
controller
and stirrer

|«— Experimental
Column

AR

/104

172D

J S

B2 SRR B RIS R
(H=290mm » D=165mm )

2.5k

FH [ HE R #R 48 22 TR JE 7K LA 3000rpm 7 B £ B8 Bl
0558 » BEXST ELE®ENH, —N» PO, —P
FPH{E - 7RESHIDO K ORP{H + NH,—N » NH, —
N ENO;—NZ G REDEE ST > T-NK
T-PRICAEE 7 /@47 88(TRAASL80O Analyrical Console)
HE R - TOCHILATOC-50005 Wi & ¥ - Fig 5
B ERIE T (APHA, 1985) 1T M »

ZCRRAER

OM-— I BB RREER
FRERNEERETIBRL - ARERBE
¥W23°C RPH3.6 T HEST « MR DO &/
B2mg/l - FRGEBIFEETIRES - EERAR
th o HEEER096 LU AR RIS RR A 0 A
TERPK PSR MENO, —NBE - & HBAR
HITKN R B T-NEE R > AWK T-N/BOD L A
#0.21~0.290% » HEBRRH60~69% » T-PEER
£30~60% - FINO, — Nk EHIT] - HRTIBES
q:: o
AJityT-N/BOD L T/NFIT-PZ BR R iy 1 34 1
HIBFEREK A VB9 T-N/BOD Hi £ 3H72E0.2~ 0305 »

RIH KRR LB T-NR T-P2 LERR U606 « fHh#5
RIBHARKT-NBOD LR UEE PHRER
.

HPHEAEHBLEEEESRRARLESD
(Murry et al,1975) - HFERFRIEES R P7E

{EDOS R TSI FE I B = K BR K - AT w e 2
{5 M Y5 Ve s DO X HL TSI AR » J(Hik HHNO; -
NUEERY » FIA B T-NRERSEIE I -

FRORE TN (7] ] R R R AR R B IS M S R e
HIRER - HRRN o Z PHEKERT.S~8.4 5 85
{#26°C - DOREF#F1.2me/1 - ROIRE TR B
BT T-NRT-PEEREERR - K 1br © 1hrkf
#53hr : 1hrfAF -

B AE R T KBODE HERBHHREN R
B - A RER RS » RECKMERE - EHWRLA
ATREIRAN -
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#£3 SHESRBRAIRERKET

Itemes units swine wastewater(SWW) | 3times diiuted SWIW| 6times diluted SWW Crystailized SWW
pH 8.48 8.42 8.45 .51
BOD mg/i 9500 3208 1680 8208
T0C mg/) 4548 1648 866 3923
T-N mg/| 5938 2864 2583 1166
NH4-N mg/} 2508 930 290 518
NOx-N mg/| 7.82 2.34 1.2 6
1-P mg/| 360 138 158 108
PO4-P mg/I 382 12 115 91
£4 LRM-IRFESRBRBERT M — T 455 P Bk 055 1 45 R 0 RS 5 T ROR AT
; } CF T-NAR (Ny) =REKE (N;) +B¥AS
Run 80D TN g/ T N/80D (d"aan) L;;E‘an._ £, (NH,—N(N:)) + (NO, +NO, ) =N (No)
- L § 4.
2 | e 531 s ez 31 s | +HRESREREARE (N (H3) - FEHR
3 1385 294 19.0 8.21 5.4 50
4 | ties 322 158 829 7.6 44 o s Nz%ﬁﬁfﬁ%$23§“ﬁﬁ} HE & ERATE
5 1268 3508 39 8.27 5.6
6 1858 273 32 a.gs 4.7 ;: © TJREBN, NG B NGOG B it BLT-N 2 4 3R B 12 58 96
*RAuns 1,2,3,5: 3HP, and Runs 4,6:3HP+ THP blower. (Table5) - ERPHBEBT-NERE ST (Ns/
: L : N, —N;—Ny) BHET 359 - B4~ 9096HIRER %
RO ERMWTRAGRCLLE o A
Aun® . - Etfluent ; ’\ "
o Tac Tac TKN 'NHQ-N NO3-N T-N T-P T-P 809
mg/I [Remouval| mg/i | mg/i | mg/I |Removal | mg/I| Remoual -
1 15 9% 105 54 6.2 61% 3 -18% 4 1 ///////
veef! t283)) (220)| (13) 2.7 £ ; //
7 T
2 Joow| 7 [ en) g om| T @] ¥ s ////% I L
3 23 94% 116 56 . 0.5 60% 6 48% [ ! * s p
(489) (274)) (213}’ (208) (19) b4
4 | as | ogex 198 | 64 | 43 [ 65% 6 | . 58% 8
(438) (295)] (2441 @2 A syt g
5 14 926% 1n4 7 2.1 67% 2 54% (=]
(315) (345} | (286) {35) (5) -
6 23 96% 112 68 2.7 S8% 34 T 31%
(616) (266)| (211)} 16.5) | ta9
les 1,2,3,5: 3HP, and Auns 4,6: SHP+ 7IIP nlower .
"Infiuent concentration is shown in parentheses.’ '~
26 R SRS A RS
tEEE LB W3 M-IOEAXKERIASE
Paint 5 80D N TP Removal | goarational
mg/ mgh mant mgn | n owp| covdton EBANBARABREEARERUABTY
mout [ione® zensaatwc | T e | SRR AR TEBAHRER B RE - B
output | ggg 185 217 30 =3hr/Ihe HERFMhERE/EAES (Rittmann J Langeland,
put | st a2t et e 1985;0sada et al., 1991; Diab et al.,1993) - REABE
output | 542 149 151 4.8 =1hr/1hr NN
FRYERETHEY  B—HE BHEGRRE

2 Number of samples = 5 (Liao et al.,1993)
® Number of samples = 6.

¢ Initial T-N = 488 mg/l, lnitial T-P = 2 mg/I.
? |nitial T-N = 311 mg/1, Initia) T-P = 7mg/I.

S BODE FIEN - IENEFREBERE B
EEHEENBARS - hFlk - AF/KBODEE
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BRI MR -

HRAHBZ BRI PEINO, — NEFRBH A MK
HYBODREM R4 - B4R RBODEREE /N 138
Smg/1R IR RAF FIREARE - BODIBA I8 % 1300mg/1
¥ » IR R RFEBODE AR NI 0 -

8@
68|
40

Z.E

NO3-N removal ratio in aeration tank (%)

BOD concentration of influent (mg/1)

B4 M-IHEKREREE A RBODRE ENO,-NERR
BRR

RIS DO S B @R USRS
BR4FIGEIRR R /E SHPRTTHPHYRR S8 - T W ERL - 2 -
3 SEEfEAISHPER AWM » HASRIIRRT - BT
DO EF 1 Img/ B IR B R QA 10 > 53— HH
DO 2me/1 B - NH, —NRRRsRE 1] - B
REDDOWER: (>3mg/1) WA K@M EE
{EDOBE (Fi51.5mg/1) BFRILIE AR E— 1T
MR HE -

OSRRIKERRKGE

1. RBBURIRE & Rk G P RERNH, — N
BESIMTRER - SRBRERERE (D) > BE
(A) RPH (C) Mz X EERHBEHRERIE
BRERKNWER - WA - FH - PHES FIR25
°C ~ 605 - 10RFREFEEBMEER(E -

ERTRERSGEEABRRPRERENZE
R - BTV R R ER R R TSRS A&
OB (IR GY e K, BERAEH -

2B G R B
ROBETH S KBS SR RAFENH, — N

BEZMTRER - ZETREBRBE S Z EIHME
W SETHPHENBEZMTRETEAZE
B BRETEERRRE SR TRERERPH
{853510.9 » 0957587 > BFERRE -

%R TSR ARENRLREFHIR
fetae

R8T

Rus® | Rue.no ] NHa-N
fAemowal

mg/
(%) (%)

NO3-N
Remowal

T-N Remoual
in effluent

» s s " " e "
1008 tieo 1200 1500 1400 t1seo 1600 1700

1.3 1.8 34 26 61
+5 8.3 41 78 69

.5 8.3 39 79 60

1
2

3

4 33 84 4 25 65
5 18 | 19 38 33 67
5";.

32 8.3 47 12 se

"Ruas 1, 2, 3 ang 5: SHP blower, Runs 4 and 6: SHP+ 7HP blowers

FERBRENER - BRI E
RAK - RAERRSBKETRAERWHERE
SR E RS - T HESSRBERR
FERKPT-NREH 5930mg/1/% F 166mg/1 » . T7H
RERENERARSETRY S -

EARAEHRBEROINBEABRERE - M
OGP BTF R - BBKPETHET - LA
FREMTFREEARHERE  RE > HETFE
il » — %R F ¥ FIFIPaneth-Fajans-Hahn g fi| ( Day
K Underwood,1982) - LUK+ — &g F&
ﬁ:’iﬁ*%ﬁMgNﬂat PO EE# -
CRERkR{CHREER

ESHHERRROK S SRS REREERE
LR - FEMETIRE N & Bl U he/1
hr - ZEGFEMENIEN © PIAMIAERER 4.79 mg/l

 ARBAKERZERBE  ®EUNE > ST
6.05mg/t - ZERAMEEIHSL - £ L1043mg/168% - 10
/NEERER 0 TIH-E Img/l o RSB -

E6faL - TERFE MOk - SEE RS - ORP
BEEs M B - SFEMERIRE M S BRI LI L
/thr - ZEFFEEMEE - ORPHIEEE » (£5TmvBl
FHE - HEN33my : ERKENER - 5-29mvEl
% AF113my > PR AERBERORIEELK
IR BE/D - IO NERES  EFEENRE
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DO concentration (mg/t)

58 ARBKERE-RZBRELSH
Factor s 1 v F
A: Temperature 4121 2 2065.5 4.71+
B: Stirring speed 1968.8 2 984.4 2.25
el 1147.7 2 573.5 1.038<6. 94 {0. 05)
£: pH 647 2 323.5
0: Reaction time 5446 2 2723 6.224%
A*C: Interactionof A & € 7828.5 4 1755.1 4.81*
B+C: InteractionofB & C 5538 4 1385 3.16
C*D: Interactionof C& D # 1244.6 4 311.15
e2 2218.6 4 552.5
# Pooled(e2) {5249.9) 12 437.49
*Fi2(0.05) - 3.98 , F12'(8.05) - 3.26
*+ £32(0.81) = 6.93 , F 12'(8.81) = 5.41
£9 MEBKBRE - HCBRRAESFT
Factor S f 1] F
Jn: concentration of phosphate jon, Poz' 14181.5 3 4727.17 42.63+*
8: concentration of magnesium on, Mg’ 52435.2 3 17478.4 157.6+*
C: pH 2460.2 3 820.87 1.394*
[] 665.4 6 118.9
Totai 69742.3 15
*£6(8.05)4.76
+oF6(8.81)=9.78
7
200
6F O 0 o 0 O 9 @
o ¢ ? 9
SE )
188 F
4t -
=
E
s
(-9
S @
2
& &6 O ¢
1 H & © o O O
Cé o © \ .
. , -189
) 19 20 30 8 10 ) x
Time  (he) Time (hr)

W5 FRIKAEBR e/ he RFE KRS HHBREERE

] BB %

- J( BEEY

B6 ROBKEEEYR 1he/Thri B FE MK 45 5 M BRORPEF
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MR ES S » ORPHYMMEE » AIMERF7E27mv E(33
mvZ [ -

B7HH » ERFERA D - SR SRER - W
ERAIT-N » NH, — NFINOx — N BB ER - (74
PEFIRR & M R ] LU B Lhe/1hr - SERT-NZSHg K
EZ44.3mg/1hh > BAH{ERHBIR99.6% - NOX—N
IR 7. 75mg/1% % 1.32mg/1 » HRETRE(E
AR - HESEEREER S RERETRK
BB EEA DS RFEER -

1208
L

(mg/B

)

408

Residaul concentration

B 18 20 30
Time (hr)

B 7 MEES1h/hre REEBAELERT-N
NH,-N » %NOX-NZEB B R ML,

E8FEL - ERFEMKT - SRSREEE 0 TP
FIPO, —PRUEHHBRMGT - S AMERIRE Pk R i
HeBs 1he/thr « ZET/NE§#% » T-PHE 109mg/1 & %98.5
mg/L > {3 24 /B - BAIZH EAE 142mg/l
o & 7 /NE¥#% » PO(—P ¢ 91.0mg/l %] Simg/l

168

O Pos-p

148 |

caC!2 added

120 F
4
180 £
saf

Residual concentration (mg/1)

40

] 19 30

Time (hr}

B8 RIRKKEBLR Ih/hrir BeFE e K i & BRI A 45mI (3
%)CaCl, W 8 < T-PR PO PR B W5 i I )
1t

NH4-N T-N removal ratio (%)

P 24N HR 0 NEWTHE112me/] - FEREMER
5 - EURYPOBEARE KT  BERRE
FrEEEIng/l > REHEEAT K - W EHBEFER
I - PR AK P EINOX-NBREA R - [ - Bt
BB A BB R BRI - BEER LA RFEE SR
BBV © H4Sme/1RLFECI)MARE K S
BERRSRE EET41mg/1 - fE K FETIRCa;y(PO,),
HITE R R4 -

WOt ML KD - SekERREBER » TOC/T-N
HEFTR SRR RN KRR R BB -
TOCTERT6/MFh » B #£3923mg/1[& F] 1105mg/
1> 2B AR TOC/T/N GRS 1.35 - ik -
TOC#R &1 Tkt » TOC/T-NthIRT-NiywK 4> - Tk
T RES.05 -

NH4-N
€ T-N

o
-]
+

-
«

20 " L L

' 2 3 4 5 6
TOC/T-N ratio

B9 FRHRKE BYAS 1hr/1heiZ BFE B K £ 5 B B TOC/T-N

FESENH, -NJ T-NZ BRI (%

B 10f5 G E B K HTOC/NH, — NI, » R B8k
MERR SRR £ o RO BN S 5 B U R o I T
ERRGR - TEFEEEAK - SEFBREBA  AERE
B BK R SR R B 1 2 BFE /K 2 TOC/NH
—NH4BIH1.86 » 1.98 » 2.98 » 8.764EF - I, »
T-NEy £ B th [F]48 43 B0 773 28.6396 » 31.294 » 48.7
965:91.29% - fFIH - NH, — N ERR 443 515
329  45%  579% > B 999 - 7E =+ UU/ MR R
HRRR > RRBEK Ry L EREHE
ETYIRRBETHEE ; JEA » ZERESK
B At SR RE K -

HLAERRTM > ERFE KSR A
o WEEE TS :
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100

8oL

60 [

40 [

NH4-N ,T-N remouval ratio (%)

20

TOC/NH4-N ratio

B0 TE#FERATOC/NH,-NLLET-NENH -NEER
MR

A: swine wastewater
B: 3 times diluted swine wastewater
C: 6 times diluted swine wastewater

D: crystallized swine wastewater.

1.PH : ERBHIR » EEPHEFEHEEE - KR

{LfEARIREE - FEMBECHEPH{E (Murata
et al, 19772;1977b) @ —AYMEEFSEREEES 0~8.5 »
BRI E6.5~8.3 - PHEKNHR R REERRN
TR - WP BRI - EPHE EFA-BIE8 9

' RESE PR KB RE{E - Delwiche  (1985)#8
s WIRIRAEA  RFWPHERGEARTIRGE
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