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TREATING HOSPITAL WASTEWATER CONTAMINATED WITH
ANTIBIOTICS USING MEMBRANE BIOREACTOR (MBR) SYSTEM
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ABSTRACT

This research investigated the efficiency of antibiotic removal from hospital wastewater using
a membrane bioreactor system. The system was operated with a hydraulic retention time of
3 hours, comparing microbial sludge concentrations of 4 g/L and 6 g/L. The system was
initiated once the microbial sludge reached a stable treatment state, with each experiment
running for approximately 60 days. The results showed that a higher microbial sludge
concentration (6 g/L) exhibited superior antibiotic removal efficiency compared to a
concentration of 4 g/L. At the concentration of 4 g/L, the system achieved 100% removal of
lincomycin and trimethoprim, while clarithromycin, ciprofloxacin, and norfloxacin removal
efficiencies ranged between 17.0% and 57.0%. Increasing the microbial sludge concentration
to 6 g/L resulted in 100% removal of lincomycin, erythromycin, and trimethoprim, while the
removal efficiencies for norfloxacin, ofloxacin, levofloxacin, and doxycycline ranged between
42.0% and 53.3%. However, the system was unable to eliminate ampicilin and
sulfamethoxazole at both sludge concentrations (4 and 6 g/L). These findings indicate that
microbial sludge concentration significantly influences antibiotic removal efficiency and can
be utilized to optimize hospital wastewater treatment systems for improved performance.

KEYWORDS: Antibiotics, Hospital Wastewater, Membrane bioreactor
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Parameter Wastewater Quality
pH 71 25 °C 6.8£0.07
BOD (mg/L) 241418.25
COD (mglL) 455+91.02
TKN (mg/L) 38+15.59
NH,-N (mgN/L) 3148.72
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Parameter Wastewater Quality
NO,-N (mgN/L) 0.048+0.02
NO,-N (mgN/L) 0.440.2
Total Phosphate (mg/L) 11.512.4
TSS (mgiL) 118+114
TS (mglL) 7231245
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HINNINTa9 6 m? AYWIAIWIULYIINY 0.4 micron Tumsdnwiassfioanuuusasinmslnaves
ﬁ’]lﬁﬂﬁlfﬁ’]gﬁzumﬁ’]ﬁb 400 L/h 168031n13n309009L 0L LTUIYINAY 33 L/m2h 282iian
WAunnd 3 h °1h<1L%'m’fumﬂﬁmwu"l@i’ﬁmznauqﬁuw?ﬁmm:uuﬂﬁﬁ'@ﬁﬁLﬁmrm
Tsanenunadaduszuunendnifasasasuuunasswion Wudasudulagldanudutu
vadaznauadunidzun 3 giL ﬁ’m’]ilﬁui:uu&ml,%ﬂﬁ!§uﬂ§§ﬁ’m’15ﬂﬂ’]ﬂw@lﬁ’lLﬁEJVL@T
UszanSnmasiiudasusiinenisodell

mMItenszuy MBR ldudsoanidu 2 nnsnasss nInasesi 1 Manududuas
m:ﬂﬂugﬁun%‘ﬁﬁl 4 g/l uaznINARDIN 2 I%ﬂaﬁul,ﬁml"umam:ﬂauqﬁuw%‘ﬁﬁl 6 giL 1o

ﬁﬁﬂ’]iﬁﬂi&l”]ﬂiza‘ﬂ%ﬂ’]Wﬂ’]iﬂ"l‘Uy@ﬁﬁLﬁﬁl LazN1INNAa El’]ﬁ]’]ﬂ]:i(]W HIUNANANNTNT U B4

a A ea ' v
mnau’«g‘aummmlﬁm@mﬂu

Faculty of Engineering, Kasem Bundit University Research Article




3F2NSSUATSINUUUTUNQ Uﬁ 15 QU_Uﬁ: 1 UNSIAU-IVVNYU 2568 ]45

1N TALLIIFU

(B

Yuguig

aind ‘E

anaay
Y

R R e

¢} AvA
50 o
PN g

Juisoiniea

1<

5 Juauinde
¥ g
Undey

U711 Flow Diagram 2893zuy MBR

[ > 1 a { o a
2.3 NMINUADLIUAZNITINLA Elig"?l‘i’l’l n31 Lﬂ‘i'wﬁ(

vnsifiudataindsanlsimenuiagdaias 1 639 I@ULﬁuﬁ"aamaﬁiﬁmﬁﬂLﬁﬁzuu
aznauldunidluns MBR LLa:q@ﬁ'\‘r‘T\‘imnﬁ'& MBR Fiamziasdiiugiu 10 aoil aoil
(1) dranutdunsa-a1d (pH) (2) AN WA (Electrical Conductivity, EC (3) qnmgﬁ
(4) USanmaandianazansiin (Dissolved Oxygen, DO) (5) §ilad (Biological Oxygen Demand,
BOD) (6) G1ad (Chemical Oxygen Demand, COD) (7) waxlaiity (Ammonia Nitrogen, NH;-N)
(8) fiLaLdw (Total Kjeldahl Nitrogen, TKN) (9) 284ud9uu2%as (Suspended Solids, SS)
(10) pasudenzanoin (Total Dissolved Solids, TDS) luwasi fuen1sdtiunisaruis
mmg”lu‘ﬁlﬁ’muﬂlu Standard Methods for Examination of Water and Wastewater [26] lag
ﬁaulmy'Lﬂumﬁmﬂ:ﬁmam”@luﬁaaﬂﬁﬁﬁmiﬁaLn@ﬁau gL (1) ananudunia-a9
(2) anui Wi (3) aaunadl @) USunmoandianazansin sududasldieiesiionsiata
wunwnwdunasgususes desndidasuudasldainme

s fFmzivhmsinenlunuissildaidananeu jiueanoluwindolsmealu

Uszinalneg 37u9u 19 sia laun Amoxicillin (AMC), Ampicillin (AMP), Tetracycline (TC),
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Chlortetracycline (CTC), Oxytetracycline (OTC), Doxycycline (DOX), Erythromycin (ERY),
Clarithromycin (CLA), Tylosin (TYL), Lincomycin (LCM), Sulfadiazine (SDI), Sulfamethoxazole
(SMX), Nalidixic acid (NAL), Norfloxacin (NOR), Ofloxacin (OFX), Levofloxacin (LFX),
Ciprofloxacin (CIP), Enrofloxacin (ENO) W&z Trimethoprim (TMP) F9usznavudiy 7 naNen
fa Penicillin, Tetracyclines, Macrolides, Lincosamide, Sulfonamides, Quinolones [6, 17]

msaﬁ'@mﬂg’jﬁ’mzmnﬁ’mmmLL“ﬁau,awaammmﬂ@”’;asmf:m,ﬁﬂ"léf@‘hl,ﬁumm’m
35113289 U.S. Environmental Protection Agency [27] laamIanaansHIUAINaNY Oasis
HLB 200 mg U3u1ms 6 mL (Water, MA, USA) I@Uﬂamﬁwﬂj’umaamﬂﬁ%'suzﬁmwﬁm
m’%iaa liquid chromatography 30N mass spectrometry (LC-MS/MS) lasfigudsznauiiu
Thermo Scientific, TSQ Endura, Column: Polaris 3 AaaxtTia C18-A50.0 x 2.0 mL Varian,
injection volume 10 L laodl spray voltage ‘ﬁl 3500 Volt I@ﬂﬁ@]@i‘i iron transfer tube LAz
vaporizer 'ﬁlaqm‘ﬁqﬁ 325 uaz 275 °C WAZAIAEEIN mode of ionization probe finnsle
electrospray ionization plus (EST+) 14 mobile phase A: 0.1 % formic acid 1%‘5’1 AO; mobile
phase B: 0.1% formic acid lu&138za18 50% lasi3u1a3s Acetonitrile Waz 50% lasy3uias
Methanol [6] lagiannuidutusasenuffine Iniamiu lulasnsudadas d1wsue lower
limit of detection LYiNAY 1 g/l wazlaadien coefficient of determination of all calibration
curves 1848113 19 Thafidn ¥ > 0.98 I@ﬂslﬁ’msmmgmmaamﬂﬁ%mzﬁimmu'ﬁqﬂﬁr
NN 99% INUIBN Sigma-Aldrich (USA)
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msthiaindofsesnafuinduiemannsimanzas TesSouisuanududuaes
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WU I UV I AR INRY (Mixed Liquor Suspended Solids, MLSS) ‘ﬁ 418z 6 g/L ANRAL

wardaaIINTUa U LFULTNTZUY 400 L/h HAN15LATIERUIZANTAIWATLARIZUY MBR
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@39 2 UszEnsamnisitiaifedlgssuy MBR Aanadasuaasaznan
awn3danenn
1% Condition 2" Condition
(4,000 mg/L) (6,000 mg/L)
Parameter Influent Effluent Removal Effluent Removal
Efficiency Efficiency
(%) (%)
pH ﬁ 25 °C 7.510.31 7.4+0.5 - 7.510.4 -
Conductivity (LS/cm) 11701499 826123 - 783129 -
BOD (mg/L) 328141 7.810.8 97.6 2.510.4 99.2
COD (mg/L) 46219.5 40120 91.3 14.5+3.2 96.9
TSS (mglL) 117+4.6 5+3.2 95.7 5+2.9 95.7
TDS (mg/L) 830%295 640121 22.9 55016 33.7
TKN (mg/L) 5247.1 5.615.3 89.2 0.341+0.06 99.5
Ammonia (mg/L) 40+5.1 3.4%+27 91.5 0.14%0.08 99.7
Nitrate (mg/L) 0.610.01 18.510.8 - 22+1.2 -
Total Coliform >160,000 4817.8 99.9 1116.4 100.0
(MPN/100 mL)
E.coli (MPN/100 mL) >160,000 2012.8 99.9 2+1.6 100.0

WANBLNAG : - $NUINGIDENITIRNA YU 8 §8Ens (n = 8)

- Influent &8 g szunhaiEe

- Effluent fio #hasnannszuuthiaingy

- Removal Efficiency @8 UszAnsmnlumsthiadiifevadszuy MBR (%)

Nami‘n@aaawmfnmmLﬁuﬁumam:nauﬁgﬁuﬂ’%ﬁﬁwa@iaﬂs:ﬁw%mwﬁm"’m{uﬁﬂ

wamﬁmm:ﬁﬁﬂﬁaﬁm’mLﬁuﬁumaamﬂamﬁuﬂ%ﬁ4 LRz 6 g/L WU pH Aawvinnu 7.4
Waz 7.5 WS Wnfiaien BOD AawaaIvinniy 7.8 mgiL (97.6%) uaz 2.5 mg/L (99.2%)
ANEAL féﬁaﬁﬂﬁmumsﬂm‘”@ﬁmqummgnuﬁwﬁamnawawsﬂs:anIiowmma
($98N91 20 mg/L) ARANIINAREY §IUA1 COD AILRABLYINAL 40 mg/L (91.3%) Waz 14.5

mg/L (96.9%) MNUFIAU KIWNMHNIAIZIH (HBUNT1120 mg/L) REAARBINLITUITLVDY
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Dos Santos et al [28] ld¥i1n13dnw115zanEa1wn1stasindoanlssneiuna lag
Lﬂ%ﬂuLﬁammil,am:uuﬁvl,ajﬁmsmuqummL°1T;J°1Tw11aamnau@ﬁun%ﬁua:muqumm
inTuvasaznaugunis ‘wu:hLﬁamuqmzﬂauqﬁuw%ﬂﬁﬁmﬁmﬁuﬁﬂmﬁu 13 g/L 2
M lAUs=dnsarwn15ti1da BOD uaz COD g4 YaiiUszAnnwuesnisiinga BOD uax
CcOoD ﬁmmé’ww”uﬁﬁ'umimuqumuqmnaulﬁmmmué’w lumu%'ﬂf:muqm:ﬂaulﬁﬁ
ANMUTUTUT 4 unz 6 giL wuduﬁamﬂqmnamﬁuﬁummﬁuﬂi:ﬁﬂ%mwwﬁﬁ’m‘”@ BOD
ez COD Bnee sonnsaInLITwIsufHIwaNas Prasertkulsak et al [29] 'ﬁ'ﬁﬂmwamaamq
aznoudalszAnsmwnnstsainidsanlsneiuns wm’wLﬁamuqumq@zﬂamﬁuﬂ%‘i
wenin 15 d axvnlwdszansnmwnsthdaindessmsmsaen anssdae %amsm‘qu
mqmnauﬁgauw%ﬁmguwi 30 d Inltazgreldszutniainds SussEnsnwuaz s
anumannlunmtaanguold gt meUsunm TKN Twinfefinnudutuaznon
RUNIIN 4 gL fdLaasnny 5.6 mg/L (89.2%) USu1ts Ammonia feidusniade
\WiNAU 3.4 mg/L (91.5%) %é’ammfw,ﬁ'uLﬁuﬁumaomﬂauqﬁuﬂ%ﬁﬂu 6 g/L USaunas TKN 1w
infisfidaiainiy 0.28 mgiL (99.5%) USunas Ammonia AatdudA1iadsyinniy 0.14 mgiL
(99.7%) Tagsinfiraunistnsadan TKN agjisl,ummsvi‘mmgﬂm{ﬂﬁqmﬂmmiﬂizm‘n
Tsanenuna (Waenin 35 mgil) a:Lﬁuvl@T’jwLfiamquﬂau@aﬂfmzdaNaiﬁaaimiﬂsﬂﬂ
TuasWssnuafisainsiuan waztilinszuumsluaifintuia laauy ol idunarils
wadszinsawlunisiidalulasiawlduinnin 95% ﬁﬂ'ﬂmﬁwﬁumﬂauqﬁun%‘ﬁm’]ﬁu
4 g/L USu1m Total Coliform fetafefl 48 MPN/100 mL (99.9%) was E.coli i adsf
20 MPN/100 mL (99.9%) LﬁaLﬁummL?Tuiu@:nauqﬁuw‘%ﬁtﬂu 6 g/L USunm Total
Coliform flentadai 11 MPN/100 mL (100.0%) ua E.coli §f1adafi 2 MPN/100 mL (100.0%)
Mnuamadisuifisudszinsnmnstdasiided e fasaifinmwaaius azneu

a a e v @ Y a a 0 a a6 ' '
ﬁ;auﬂiﬂﬂﬂ’nm’ﬂuﬁlu 4 g/L I%ﬂizﬁﬂﬁﬂ’lWﬂ’liU’mma’liau‘ﬂmmﬂﬂ’n 90% LRAIINTEUUY
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v v
el ¥ A

AMULTNTY 4 LAz 6 g/L aus1au Immjuszﬁ%m:ﬁﬁwmﬁmﬁzmmau 19 v#ia lag
NamﬁLq-?m:ﬁﬂi:?{ﬂ'ﬁmwmsﬂﬂﬁmﬂ@;umﬂﬁ%au:uam@”@msnﬁ 3 NANIILATIER
ﬂi:ﬁﬂ%mwmsﬂm”@mﬂﬁ%m:ﬁm’mLiuﬁumznaugﬁuﬁﬁ 4 NINGORAT WuBNUTIue
10 %@ luﬁ’ll,ﬁﬂ VL@TLLTi LCM, NOR, OFX, LFX, CIP, AMC, SMX, DOX, CLA w8z TMP
AURIAL Lﬁa’imi’]:ﬁqmmwﬁﬂ*ﬁaﬁmmzuu MBR wugn 2 wfia fivhiale 100% leur
LCM uaz TMP séﬁqag'sl,unﬁjum Lincosamides Was Other ANE1AL J848987 bR CLA, CIP
waz NOR wutszansaiwlunistrdalaivinny 57.3, 39.4 uaz 17.0 wasidud ausrau
Tasnalnwanlunisisamsaangnimansonssy (PhACs) lunszuawmsthsaingens
Fanw leun (1) N3sznaaznIIfanaan (Volatilization and Stripping) i‘fuagﬁumwﬁﬂa
289 PhACs §37alan Henry's Law Constant 11893710 PhACs daulngjfidianuauladi
nalnitasfununlumsmsatias (2) nssuIunnsandiaty (Oxidation Processes) 813130
Aadwdevesdusudaiuusiuan lastawzluiadananiissfununitesluszuy MBR
(3) NIQATY (Sorption) ﬂavl,nmig@sﬁ'uﬁuag;ﬁ'uqmauﬂ'amaa PhACS LT% AUTaLNA/
auzau 'l (hydrophobicity) AaNUAYBINZNEN LAZANHULINIARIZUY 1T% pH UAZ
aunnil (4) N13aBaAIEN1ITININ (Biodegradation) LIunIzuIuNIITRANIUNNIHNTA
PhACs I@ﬂqﬁuw%'ﬂm:uuﬁm”m{uﬁﬂ ﬁuagjiﬁ'uﬂaﬁ'ﬂﬁdma@iamiﬂayamﬂ leun
Tassgdanisiaiives PhACs nsdasaatsnisldaniizidoandiaunielifoandian
J282INNLAL (HRT) Wag szaziianninuaznaw (SRT) dawa@iaiamaﬁqauﬂ%ﬁa:ﬁuw”a
wazdauaA81 e [28] @Tﬂfuﬂavlﬂ%é“ﬂﬁﬂﬁmﬁumﬂmgLﬁ@mﬂms@@a@ﬁﬂ@m:ﬂau
RUNIHUazNIHa U ENITINN wisefiduaniise TMP Jussansawnisisalu
TLAUNANITIE (47-63%) I@ﬂfﬁﬂﬂyL?Tm]”umnamgﬁuw%ﬁ@fm@i 2 nsudadas 4wl [20-31]
Wa=%aNN{ Chiemchaisri et al [6] ldAnwszannwaasszuutiaindelulsswenuna
Hauszine wudn lsswsunautisszauanuuinsanssmgy naneszay dsznaudae
lsanenunagaTu Tsswenunanaly T,sa‘wmmagmﬁI@mzuuﬂm‘"mﬁ%ﬁmlﬂﬁw HNLNAEI
Tngisunsatinia LCM lasening 71.4-96% %amﬂﬁﬂ?jmznﬁju Quinolones &ulnajazqa
ﬁ@]Ei’;mﬂauﬁlﬁuﬂ?ﬁﬁuﬁuﬁaﬁﬁﬂszqaummmﬂamﬁuw’%ﬁ nnasanuindond §oausdn
6 siialimunsatialduaswuanuduTw AN %aag’iumjwm Penicillins, Tetracyclines,
Sulfonamides 4az Quinolones A AMP, DOX, SMX, OFX 8z LFX
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a a ¢ [ aa s a a
M1379N 3 Naﬂ'\i']Lﬂi"lz“ﬂ')']“Lﬂﬂﬂ%ﬂaﬁﬂqﬂﬂﬁjﬂgiuuqlaﬂ (ng/L) wazidszansnn

o o 1 a ¥ [ a 6
ﬂ']i‘.lJ']‘.IJG]ﬂQN mﬂgfﬁ'mm'aﬂizuunaﬂgnsmmn'\wmmus%

1% Condition 2" Condition

Class Antibiotics (MLSS at 4 g/L) (MLSS at 6 g/L)

Inf (ng/L) | Eff (ng/L)| %R* |Inf (ng/L) | Eff (ng/L)| %R*

Penicillins Amoxcillin (AMC) N.D. N.D. - N.D. N.D. -
Ampicillin (AMP) 2416 63151 0.0 9+7 15110 | 0.0
Tetracyclines | Tetracycline (TC) N.D. N.D. - N.D. N.D. -
Chlortetracycline
N.D. N.D. - N.D. N.D. -
(CTC)
Oxytetracycline
N.D. N.D. - N.D. N.D. -

(OTC)

Doxycycline (DOX) | 138 21%15 0.0 281+19 1315 53.3

Macralides Erythromycin (ERY) N.D. N.D. - 9621361 0.0 100.0
Clarithromycin
38+9 1613 57.3 0.0 0.0 0.0
(CLA)
Tylosin (TYL) N.D. N.D. - N.D. N.D. -
Lincosamides | Lincomycin (LCM) | 23+14 0.0 100.0 | 69t18 0.0 100
Sulfonamides | Sulfadiazine (SDI) N.D. N.D. - N.D. N.D. -

Sulfamethoxazole
(SMX)

8118 |154%138| 0.0 87154 | 138x77 | 0.0

Quinolones Nalidixic acid (NA) N.D. N.D. - N.D. N.D. -

Norfloxacin (NOR) | 261+17 | 22410 | 17.0 2616 1311 48.0

Ofloxacin (OFX) 99110 | 348t75 | 0.0 | 206%16 | 117£18 | 44.0

Levofloxacin (LFX) | 95+10 | 329%+80 | 0.0 | 197%t14 | 112+15 | 42.8

Ciprofloxacin (CIP) | 9145 55126 | 39.4 | 53125 15112 | 720

Enrofloxacin N.D. N.D. - N.D. N.D. -

Other Trimethoprim 7111 0.0 100.0 | 286140 0.0 100.0

WUNBLAG: *%R = Removal Efficiency; N.D. = Not Detected; MLSS = Mixed liquor suspended solids
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LﬁaLﬁumﬂm%"ﬁmam:namﬁuw%‘ﬂﬂu 6 g/L wusnUjTaus 3 viia laud LCM,
ERY uas TMP figunsntnsiala 100 % uaaslfiAiuinnguon Lincosamides uaz Other
f3130tUad8IT UL MBR ﬁﬁmmLﬁwﬁumnauqﬁuﬂ?ﬂﬁmﬁLwi 4 g/L AWl (o < 0.05)
SnnanuinUszansainlunisinga Norfloxacin tANEwa N 17.0% 1% 48.0% uaz
Uszansamlumstinga CIP 1Andwan 39.4% 1w 72.0% awdeu Wuiindnainge
LEusTUUAAN T NT WY IAzNaWARD 4 g/L wuﬂ%mmmﬂﬁ%mﬂuﬁﬂﬁyﬂmﬂﬂ’jﬂuﬁﬁ
o ldur AMP DOX SMX OFX uaz LFX Sasndffuzimanilananuiianadudud lu
J=auw lunIN w1aziinannnisuantaas (de-sorption) maamgﬂﬂdaﬂﬂé’uﬁw;jmaﬁ']
(liquid phase) Tasnalnnns de-sorption aunsaLAaduldnaraass ledun (1) navasns
128979 (Dilution effect) Hoflusunmenlwingondnandinidng szuua:ﬂdaﬂm‘ﬁ'amwag
Iumaduiaﬂé'mﬁﬂ;jl,wgwﬁw (2) AEVUALDIBN 81UN9THA LT fluoroquinolones LAz
tetracyclines AnANIAATUFI Lwimmsngﬂﬂa@ﬂdama”uaanmvl,@i”l,fiaama:l,n@ﬁaw
Waswly (3) 61 pH uazdnd3aand (Redox potential) FINAADANANTTRINININATUUAS
N19 de-sorption Wag (4) Ysztnnvedszuutiiga s:uuﬂm”@ﬁﬁquuﬁﬂwam:ﬂau
L% CAS (Conventional Activated Sludge) kas OD (Oxidation Ditch) a1arirlweianng
de-sorption laundu [6, 32] LfimﬁumwLiuﬁumaamzﬂauqﬁuﬂ%'mﬂu 6 g/L H9HALH
UszAnnIwn1stintaues OFX LFX DOX @415 I@ﬂﬂﬁﬂ”@aglumﬁzwjn 42.8-53.3% #
W89 AMP 182 SMX 89WUN3 de-sorption Wi NaztAuANuENTuaznawd 6 g/l Muisan
duan laafunafisanudutuvas MLSS Snalasassdanisiaaandjiueluszuy MBR
Hanu Tt MLSS ga"fm:“ﬁmLﬁwé’@mmi@@%uuazmm'amamﬂm\‘i’ﬁ‘amwmad
#1131z Zheng et al [33] WUTY AMNLTNTUUBY MLSS 321319 8.39-11.01 g/L AHade
Usz@nBniwnisinanendj9iue seaaaadny Zhu et al [34] aFUNufInNUFNNRTIZNIN
ANMULTUT WY DY MLSS ﬁga%m:ﬁwa@mi de-sorption & T3 AMP Tnalninsanan
mstosaaoidunan Dedasands MLSS gatﬁaLa‘%umsﬁﬂmumaaﬁ;ﬁuﬂ%ﬁ waNIMNHANLIN
UszBnSnwnsinea SMX aaadiia MLSS énda 8 giL Lﬁaamﬂqﬁuﬁﬁﬁmm%mLL'LLu
8089 [35] usaaliiinine Ut uduas MLSS 7 4 uaz 6 giL g9laimaunInitia AMP uaz

sMX leatnediszsAnTnn
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Judn 2 dszansnwnisiivanyugidpraucianuananyasaznawlIawnag
AN
dl a = =y a o Qs aa dl a =
JUN 2 ugaanansidIsuneudssantawnistiniueed)miue WeldIsuiney

U

Aa

UsznTawnistidaeiwudinanuidudusasazneulfunid 6 gib a1u1nida
pujiusldinnnienudutiuesaznauydunid 4 gL lasananududuvesaznan
a ~ o \ aa = d o o V] vaA [P
RunIdinadedannistesaaondjiius Sspfisnansntdaldfonsaziiquand@ly

] v a dIA a a v o v Aa o s
mydasaanslditouazaainingafaniivaniunidld ildiiensmdaoluszuy MBR
saunenujiuemdalduduensszannnguanifuainninigadaluaznauafunid
0 ? va o ' o . v i A a a & X P v
duazanannazasluinldd vildlimansnidaldadedidszaniam naainaivhly
mithiaeUTruzdossarsladiiosannloszazianiunndoutnein dosinaszasiaa

o a 4 ‘:\. o 1 a ‘&/ v ada a tﬂl
lunsthdaaisdannisdessansuazgadanindu wihedjfusonisfianarangly
WFsfenudududiszauwlunsuidlongandraluiifisle asnu nalnnaduszuy
(3zuzaNAUAN ANNdNTUBaIaznawfuNId a1gaznau) Jallanuddgylunisidan
maniluszuy MBR
nmsfnmyszantawszuuihdenidnssiiimweaiuslasldszaziafunn

A o = a v v a aed ¥ v

W9 3 h imsiSsuifisuanuiduiuaeiaznewyiunignanududu 4 uaz 6 g/iL lu
nmythdaadunidussnguend jEmustu wohdszaninmlumaidassdunidaann
a va v v a A e 3 o L a = v '
wuwszuvlananududusaaznawyduniden (4 g/ib) Amunnidassdunidldunnni

80% LiiadianzidszininwluntstdasmanguendjFiuswudn LIN uaz TMP a1an3n
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o a v v U a 3 1 &/ o s v
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