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A comparative study on SBR and MLE Process for RO Retentate Treatment
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Abstract

In this study, the SBR and MLE process was performed for a removal of the RO retentate and the nitrogen removal efficiency was
evaluated, The inflow-rate of two processes was set a 10 L/day. The SBR process was operated a two cycle as HRT per one cycle
was 12hr and the HRT of the anoxic and aerobic tank was respectively 7.5 hr and 16.5 hr, The methanol was injected for an effective
denitrificaion owing to a low C/N ratio of the RO retentate. The two processes were effectively performed for nitrogen removal, but the
average removal efficiency of the SBR process was about 94 93% better performance than the MLE process. Therefore, the SBR
process demonstrated a good performance more than the MLE process for nitrogen removal of the RO retentate. The kinetic of SNR
and SDNR was observed respectively 0,051 kg NH;-N/kg MLVSS - day and 0,287 kg NOs™-N/kg MLVSS - day, which will be useful to

design for the wastewater treatment system with a RO retentate.
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Fig. 1. Lab. scale reactor of SBR process.
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Table 1, Operating conditions of lab, scale reactors

ltems Qin Volume HRT Recycle SRT DO Temp.
(L/day) (L) (hr) ratio** (day) (L/day) (c)
SBR 10 10 2cycle/day* -/- 30 150 20
MLE 10 10 24 1Q/2Q 30 248 20
*1 Cycle — Q=5L, ** External recycle/Internal recycle
Table 2, Characteristic of RO concentrate in the lab, scale reactor
Concentration (mg/L)
ltems
Min. Max. Avg.
pH 7.46 8.51 7.94
Alkalinity 390.00 615.91 487.60
TBODs 48.00 64.00 54,73
SBODs 538.00 58.00 46.92
TCODcr 89.75 132.25 110.03
SCODc¢r 82.25 122.25 100.73
TCODwn 48.00 66.00 57.55
SCODwin 40.00 61.20 51.36
TN 107.5 150.00 122.27
TKN 48.50 75.20 60.18
NH;—N 42.00 68.60 55.93
NOs -N 43.20 70.00 56.46
TP 1.74 4.60 2.92
POs—P 1.24 3.70 2.43
TSS 7.00 15.00 10.09
VSS 4.2 11.40 8.00
22, 28 =7 MRS aLEste] 3719 250 ml/min® 317g3}e]
RO &% A 2|5 913 SBRI MIE 342 1 = 83 T4t
g Table 1o] ERAGT 817 el 0 /e 2 Age) AHHE RO S35 H ARioex )
dhgo 2 QBN E S 10L0]H, SBRE S LA 2 o] 85 Ajolg Aulelx] A55te] ALg BHglor] A
cycleS A28t MLE 3R FAakhzel 7129 AFe Table 20 YER ST TNo| =31 BOD7} vt7)

HRT7} 2}2} 7.5 he} 16,5 hr2 A A8} 9It}. SBR 34
& 2 cycle/d 2] E7] SAIZE, B]E 7| (A BB

AIRE, 257 CODAE9] 2kstE 91 A 27] 30, 7

A A7 2 ERA7RS 3080 2
cycle® TAJaFIrk. MLE 342
Zyz} 1Qin, 2Qin= 1@6‘]’%19‘1#7 SRT
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Table 3. Characteristic of mineral concentrations

ol ol BEEA] o] Rekiglo] Hadk Zlo g
Doy TNE=7F 2 107.5 mg/LollA] ] 150
mg/LE Fit 122,27 mg/LE £ T2 B4t
Table 32 RO %2 S5 55 Ul 2
ot tiFEe] 5% T el R =2
o 2 Yeptont, nj=e] ol s g
PR = Ao 2 UepdTh AE-8 5(2007)2 Zn
¥} Cug] 7% SRTo]| whehA] v|AE &4 Aslses

ltem| Ca |[Mg | Si ([Na| K | Pb|Ba | Sr| Ni | Zn | Cu| Mn| Fe | F Br | Cre*| Hg
Conc. 0.0678
(mg/L) 324 1 69.8 | 9.45 |386.4| 68.3 |0.0019/0.0087| 0.165 | 0.0074/ 0.068 | 0.014 | 0.055| 0.14 | 2185 | 3.34 | {0.001 (ppb)
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Table 4, Analytical methods and instrumentation

Parameter Method Instrument/Reference
BOD 5—-day BOD test Standard Methods(2005
CODecr Closed method

SS Gravimetric method

)
Standard Methods(2005)
Standard Methods(2005)

TKN Macro Kjeldahl Nitrogen Standard Methods(2005)
NHs—N Nesslerization method Hach/Standard Methods(2005)
NO; —N Ultraviolet spectrophotometric Hach/Standard Methods(2005)

screening method

TP Sulfuric acid—nitric acid digestion

Hach/Standard Methods(2005)

POsS—P

Vanadomolybdo phosphoric acid
colorimetric method

Hach/Standard Methods(2005)

SRT 543} 9ol 22 ICso(half maximal inhibitory
concentration) & =5 2t} 15, 17.8 mg/LE A|A|5FaL
9Jt}. T3} Alberto Cabrero et al, (1998)2 7Zn % 1
mg/L7} FAEHRES A5 vAE ZZAS Y #ol
0.409% Zng FYstA| & AT Yok 0.448% 7
o] o7} gl Ao &2 Yelston, n|AlE =
A} gl Ao 2 BaEtede}. Sunud Siranuntapiboon
et al, (2009)= SBR 3A |- PbE 0.3-5 mg/L U3k
2343 37 2] COD, BOD, TN A A &g & W3}
7} giohe 24 srelsrsck

3.3

AR AP gl 715 Table 401 Ve vl 2
ot 7152 789, BOD 42 5-day BOD A|3™
< o83t er, COD #42 AFHOE ZA4319)
a1, Z2AHEPH 2 Closed titrimetric methodE- ]85}
T}, SS= GF/C filters} Gucci =7FUE 0] 8311, 103-
105C ¢} 550C oA Axzste] ZA3ATH. TKNS
Macro Kjeldahl Nitrogen® ¥ o 2 3o, oF
Yole} 2 x4 2 A= Standard Methods B of] 3}
& HachAl §3% 7171& AHgshe] 2495100t

Table 5, Performance of organic matters removal
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Influent SBR process MLE process
Item (mg/L) Effluent Removal Effluent Removal
(mg/L) efficiency (%) (mg/L) efficiency (%)

pH 8.19 8.2 - 7.79 -
TCODcr 111.57 77.97 30.11 83.71 2497
SCODcr 101.95 70.14 31.20 76.19 25.26
TCODwn 56.57 34.27 39.42 37.63 33.48
SCODwn 51.71 31,17 39.73 32.68 36.80

TSS 10.42 6.92 33.5 66.14 41.09

VSS 8.02 5.06 36.8 74.37 45.51
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g. 3. Performance of organic matters removal in SBR and MLE,
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Table 6, Performance of nutrient removal

SBR MLE
Influent
Item (mg/L) Effluent Removal Effluent Removal
(mg/L) efficiency (%) (mg/L) efficiency (%)

T-N 128.68 6.52 94,93 28.98 77.48
TKN 63.99 1,28 98.00 1.39 97.83
NHz-N 57.23 0.85 98.51 1.06 98.15
NOs—N 57.99 3.68 93.662 6.69 56.33
T-P 2.99 1.66 44,52 1.59 46.93
PO4>—P 2.48 1.2 49.39 1.25 4972

< 93 AL 1EEkA] eksirt. ol A A tha)A SBR¥} MLE FRo] A& thZ AAEAS el
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S5 oF 7hF ol A AV} o] FolA] W A VE SRT7Z} A= 7] Wil Aoz Atz ), :LEM
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7 o] Hz0] SNR#} SDNRE =&, C/NH], BOD -3}
o 50 FAQIAE HILE L QITHEPA, 1993). &3
243} 25 O/Nu|o Wt 2|4
2 9lom el mg N/g MLVSS - hr o]t} SDNR9]
JEQIAZE SRT, &%, pH, "AE T%

o]7]A] SNR = A2F3l& % (mng N/g MLVSS - hr, kg

N/kg MLVSS - day)
Q = % (m’/day)

(NH-N)inf, = §-¢) SFR Yo}l A A F% (mg/L)
(NHz-N)ett, = 42 2R o} A A A F (mg/L)

Vaerobic = _‘11.7]_;11_ %—%k (mﬂ)
XKaerobic = E7 ] _%9] MLVSS bo:‘E—: (mg/L)

= A~ - =
A8} SEE 2
[e)

MLSS, DO, SRT, pH, Alkalinity,
=]

TS e Zlo] dnbH o, A

Ao 2 el
%7

Q x [(NO3 =Nt = (NOs =Ndegr.] X 1000

SDNR = (3

Vanoxic % Xanoxie % 24

NO3-N 5% % o]t} SRV} Ho}A42 SDNRE
o}A= Ao 2 W I1E 3L QTHEPA, 1993).
&]7]4] SDNR = && 218145 (mg N/g MLVSS - hr,

kg N/kg MLVSS - day)

Vanoxic = "‘:[Lﬂ'.}_l\._;}_ %—%k (mi)

XKanoxic = J‘?“ﬂ'ﬁg MLVSS lc'):‘E—: (ﬂ’lg/L)

1 o2 SBR FA o4 SNR 0,051 kg NH3-N/ kg

MLVSS - day, SDNR 0,287 kg NO3-N/ kg MLVSS -
daye] 584 1215 =& MLE T4 oAM=

Table 7, Comparison of reported kinetics (SNR, SDNR)

SNR 0,053 kg NHs-N/ kg MLVSS - day, SDNR 0,043
kg NO35-N/ kg MLVSS - dayE EZ3}9t}. SNRe] 7
- F T BT 85 a2 el o™, SNDRE
SBR ¥o] MLE Bt} 84 £& gho 2 =&t
Baeza et al, (2004)¢] ¢37tof W= TAHFE o] &
& A2O &4 27 ol|A] SNRo] 0.03-0.05 g NH,*-N/g
VSS-day = UFEPHTRIL BRIl Qlom, f-9l4e
TKN 55 26.341.8 mg/Lo] ¥ 9] & Uepsic},

Henze(1986, 1989, 1991)+= A4 A A TS S5
SDNR-E- 0.036-0.401, 0.06-0,144, 0.024-0,12 kg NOs™-
N/kg MLVSS - day Z}Z} =235} 9t}. Henze and
Harremoés(1990)= QS G7 A AE 213l 31844, A
E238t7 28] ¥3S &8 SDNRS 0.014-0,072 kg
NOs™N/kg MLVSS - day =239t} 2 37| SBR
TA A £ZF SDNR Z+2- Table 7oA HE nls}
Zo| O 7R S| =&3 pHT A4 2 Zlo
YeRTh RO 552 543 7142 Ve ARg-S
2 Qs &R Ago] dut sE A9 HHE
A7 2 ARAERS UG, S8R 546l
F7H4¢l 77 e o Audtt =5 &
oJ5hRIxl= RO 55 A 2lE A5t 57 AN A
S0 W2 7% ¢ Tz 38 AAlE
= 83 257 9 o2 gekEch

4. 4E
RO ¥Z4 2 2]Z ¢t SBR¥} MLE 34 9] v])u 3
7h ATtollA v 2o AES =& - 9lth
D) 5Ye FF dhex 8F o025 SBR ¥4
A2AA dso] F2 A= UepARE, MLE
TR AS iz £FS 58 FHT
HRTE ZHETHE A4aA7A ggo] P A
o2 AEr} SBRe| o] tha o AR A

¢

) Baeza et al.
Parameter This stusy Lee (2009) (2004) Henze (1986)
SBR MLE A%/0 A?/0 MLE, A?/O
SNR
(kg NHsN/ kg MLVSS - day) 0051 | 0.053 | 0.018-0.082 | 0.030-0.050 -
(kg NOs’—N/SkDgNl\IleVSS - day) 0.287 0.043 | 0.074-0.0348 - 0.036-0.401
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