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Abstract

The Removable Screen Media Activated Sludge (RESMAS) process is proposed to be used for the
biological treatment of waste water. This process can eliminate the settling tank and concentration
facilities for the waste sludge. Also the effluent quality can be predicted by the concept of the
Maximum Solid Holding Capacity. This process is considered to be most suitable for the handling

waste waters from small industries and municipal sewage.
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Z mbEde BREBREZE 69 diffusers
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Fig. 1. Experimental apparatus.

S MEe didel A HEEE e vl
2ok g o] &3l KIEMERAC 7 EE screen 3
o2 kK4 2.5cm HA o ® FEI ohE HAR
zAstg en 2 AYQe Table 1.3 2}, FH
e BATS ol &7k AAA e ZHAolx
# 27k screend] g o2 AEF golth E
& H3lElE w40 2% baffleo] 200cm? ¥
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Table 1. Specification of screen media used.

11200
19 media®] Z®lA (cm? & 572
P 886
7 f82] media o] £3 (cm3) 300
A3 (kg/cm?) 38
] E7 A (cm’/cm?®) 29

2.2. ® ]

AERC FIHE RBKE Table 2.9 7o)
milk K, glutamic acid BEk, TABEAS £
st o] &£&2] BEKY EHES 9 FEBhhe) B
g BEmS 947 A8t AdE HiaEe A
Pl o A £3RA F KEFIFG o ATHBIHERH
-2 milk ke 6 B, 108:R, glutamic acid
BKe 48HE 2 8RR, TABEIAKE 108:RI0)

D5 MEREES stgleh &BEAKS] BODult/
BOD; o] & # 159tk 43 @Es —&
g WKE RS Slete] ZBEKel 3 Aug
< sEste % COD 7} 1000mg/! = %% 3} o.H
AR . #E7F 1000mg/l o] dlel= 2 §]
RG R FABG . md LES BERT
A A8 3

Table 2. Characteristics of industrial wastewaters.

2-1 Milk #|$=9] 43

2-2 Glutamic Acid 3

CEEN +9 43

¢ % |dAd9%E ¢ % [s99%=
TCOD(mg/l)! 19%F—20%t TCOD(mg/l)} 36%t—384t
SCOD (mg/l)| 187F—19%F TBOD(mg/I)| 159t—162t
TBOD(mg/!) 11. 59k Solid (%) 38—40
SBOD (mg/1) 119k Towal-N (%)| 3.95—4.46
TSS (mg/l) 372 NH3-N(%) 2.5—2.9
VSS (mg/l) 350 pH 3—4
NH3-N (mg/{) 73 POy (mg/!) 0.28—40. 35
Orthophosph-| 13
ate (mg/l)
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2-3. A5 A4 * Composite Sample ** Grab Sample
. = ( AT 45T

g % |ze2@| 2FET |2evon o
TCOD(mg/) | 1100(607)] 1920 1650 3 BEY &
SCOD ( ) ! 580(200) 1150 1320 ﬁ * *ﬁ
TBOD( ) 200 1020 —
SBOD ( # )| — 617 — 3.1 mEke| kE
TSS (n) ; 650 370 270
VSS (# )i 610 300 195 Table3, -& milk EFX, glutamic acid ik,
pH ( 110] A 7 7 PR EHE BHERERE EHPY Ao
Orthophosph- 9 o},
ate (.7 ) Table 3. A9} ko] #iHiZAke] TSS9 T

Table 3. Summary of operational results.

AKX (mg/l)

Stk (mg/D) BEE(E)

TCOD ! TBOD | TCOD SCOD

|
F
TBOD SBOD TSS VSS ' TCOD ‘ TBOD

Milk EEK (FE Mg « 5. 05 (AR : 1974. 8. 6~8. 20)

L] 1,018 727 231 80 74 14 87 74 77 90
& K 1, 350 94 | 305 138 | 101 21 124 100
B 4 687 491 | 121 15 51 9 55 42

Milk BEK (FHES R - 10 SRR (JAR : 1974. 8. 6~8. 28)
T 3B 1, 004 727 | 223 84 61 9 86 66 77.7 88.2
& K 1,350 964 | 437 153 99 21 135 110
7 o 687 491 | 128 37 33 4 42 14

Glutamic Acid BEK (F#47%) PR « 3. 78:R0) (AR : 1974. 10. 29~11.11)
E i | 968 430 | 478 420 92 55 56 45 50.6 78.3
B K 1, 041 458 | 760 454 | 150 92 130 110
&5 4 896 390 | 414 370 . 50 31 13 11
Glutamic Acid BFA (F#E%h BPEIRERT 8. 3W:RI) (HART : 1974. 10. 29~11. 16)
E ¥ 978 425 | 427 352 I 55 22 ‘ 47 39 56. 3 87
& K 1, 041 458 | 673 458 i 120 46 128 110
B 4 919 390 | 300 268 | 17 6 14 12
A E (FH Wi o 3RERD (R : 75. 2. 14~75. 2. 18)
T 607 200 | 326 269 | 88 56 58  42.72 46 —
£ X 460 350 150 75 136 100
B 225 202 | 65 31 21 16
(ZEt Eegnsh ¢ 9. ORSEN) (R : 75. 2. 20~2. 27)

A % | 192 1020 | 281 183 | 77 28 | 73 61 85 92
B K | 450 267 | 143 64 110 93
B & 165 120 | 31 8 45 34
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2] & o] - % RESM-
4]
2 o},

(I' ilamentous Microbes) o}
o1z Tikel A 743 [T
ﬁﬂé Eﬂ/“ '0’1- el OIOIL‘i’ o
944 5 4%

=3
# Qedd 4

—

£
2
4

o

1. =2 O A=
Lol g £ 4

AS process &

o o o
’1 e °é =

-

T

4L

3.2. AHEHEL KRERE

e E e B3y (Metabolism  Constant:
Km)%& #islts] 918ked McKinney®Pol] 2] 4t
CMAS (Complete Mixing Activated Sludge)
model -~ FF 3} o] - Fig. 29} 7
vl

~7
PR

model -¢-

Fi
Q lvF.V.Km

Uniformly
mixed

Fig. 2. Model for the complete mixing activated sludge.
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Fig. 3. Substrate removal,_rate in milk wastewater.
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Fig. 4. Substrate removal rate in glutamic acid waste-
water.
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Fig. 3,4. oA et 25} 7ol RESMAS proc-
ess &= food, W[4 E 2 EZAF dzzde] A
3E 5 7] W Eol RA K|ty % e
= givh A food oF wbElE]oHRFE]  [HgE X
fiEo) e} 3 3k & w Liebig of #:H[Pe] ]3]
—Xk K2 Aggdm f1FE AASFEE o
e

Milk 47 $- Km gk& # 10. 5hr™128°C 21

2 TE: vlasts] s1ate] A (5 o3he
A AEr ok 6. 1hr !t 20°C 9t}
KgTﬁ =({T-20) (5)

K20

o] 71 A

K, T :reaction rate at T°C

K,,20:reaction rate at 20°C

0: temperature-activity coefficient (1.07)

T :temperature (°C)
=5k milk BEkel A o gk % 11 1hr i@ 20°C
ol th. Glutamic acid Jkel 2§ K, 32 #92.2
~3. 5hr 1@ 20°C & A FA 7ol whel SA P =
g3t McKinney Z35%e] 4 synthesis rate (X,)
= Ky, Ky, Ks K, 9 #8812 TASIHE
o Kn#ke <8 AA g & JgFe FARE
oh, A 2ol A £8A] Aaekg AlAstr] St
o K, #%& 8AZA ALl & 3. 5hr, 44
7hA 54 ko] = 2. 2hr !t & 27t Abgstgl T

130 K 33 o} & processof] A Aol K, 3k
showlsbd (EEER A E0 A milk K
K, 35 6.2hr i@ 20°Ce 5, MEfiEtEsA
#2073 % milk ke K, e AW E 18hh'@
20°C & el lvh
Bkl 7% aeration-only {EMEESHAH: o A&
2. 06hr1@20°Cgi vk, kg ol f & U1 EAAL
= (KoE EHERAES FA% 4348 4&
4 At

&3 glutamic acid

3.3 &3X| £E8 ¥ BFWHE
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Feifiol] BAFE R 3 wiiker T FE ok
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HRS AR AR (Maximum  Solids
Holding Capacity: MASH %) o] g} gt}
ST & food Rtk fzkdpel A= A
glol=}, media Zifol 45 &34 2 bridging
3ol A, KEEBREFIEEEC] Aol MM
gerb o), SEEHHO] A il et Bk
2t food 7} A dkEl A€l = ul#  bridging ¥
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diao] ¥2" FPAMo] Aoz Wl -
5 —‘%‘g: “é* e ZK-/] BOD%

| olaf HHAE

el ¥4y

MASH #frel =g wl7b=] 9] e -2 KR
Ky Al A Zhell Wl e s glvh,
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D 4 7
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i R s
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:200[
=
E mon ( 6HOURS RUN)
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T e
2 "\Qﬂ’—‘ e —esaII0 HOUES. Rum
P - 2t

5 |5 25
OPEPATING TIME{da y $)

Fig. 5. Relationship between accumulated solids versus
effluent BOD;5 in milk wastewater.
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C’RITICAL OPERATING Tl:\‘r.

o]

—+— TBOD(4 HOURS!RUN)

—o—  TBOD{BHOURS RUN)
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3 TSu(BhOURSRUN)
100 ¥ \ A
\\‘\:‘WﬂA#?J
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b
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1
1
1
'
!
!
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~ Fig. 6. Relationship between accumulated “solids versus
effluent BOD;, SS in”glutamic acid wastewater.
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Table 4. Accumulated solids for operating time.

R, 24 7] %]_ o Prain A|Z A =& A 1

A & Azl edae o e ol A
LG Y T R (@) FAlGe)
Milk 5.¢ 14 4.5 1.2 44
10.& 24 4. 1.1 2

Glutami] 3.7 13 4 5‘ 1.9 44
acid ‘ 8.3 18 4. 7\ 1.¢ 31
A 9.9 17} 4.9 1.5 41
Table 4. 2] milk @ glutamic acid 5| 5o} A

24 790] Aol = FHg
fre FEFEAFA 7}01
Fig. 5,600 4 el
Aokl EriFE 47 ]‘Q?: iﬂ% *]7 o} B]ﬁlﬁi
o},

EIA BT HEOE R

Z8 ] o] A Lo

drE7] ﬂl%’r"]ﬂ%,

= HrpERE AiER &
o

A ol A K E ﬁ‘idﬂfﬂ EE A BS gk
Frd ded EEd 39 FFS McK-
inney A3 el «]'5}04 rESZ] S A=

steady state ojo]oF s}, 2]} RESMAS pr-
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ocess 1= unsteady state 2 i E Y] of Fo XK
HES #detr] ¢ ojy k. McKinney A3
& V2= 3 unsteady state ol A A3 A<l A
VEHATE T AL F, AFAL] 4 2 g0
= F]AE BEAY ] R t, A7HR] i

Aok, ¢, Q7R EERD M e ke
o] ®irg + gtk
Ms+M, t
M,@t,= Lzﬁ—~>< . (6)

ANA M@t:t, 3704 £ AE BEAINA %

2 A S W £8A A (mg/D)
M E7) A 7k0] ¢, 4

endogenous mass (Me)-& 4a+& (mg/l)
My 271 A1 7k0] ¢y 1wl Ma®t Me& 3hater

(Ma) &}

Juf]l active mass

AR (6) & Pzt &3
Abstr] §18 A2 Table 5.
#olel 298] dee AEd

e r
N
X
5
L
Y
[+2

Table 5. Date for computation of sludge amount at the critical operating time.

s=zz| % BOD T8 A7 K. | |~ | K, K,
ArEH TN lgmataiz o ol i | K | K B ey | i | e
Milk 721 | 5.9 105 | ggr | 057 | 15 599 14 | 0.03
127 | 10.5 10.5 0.57 | 15 | 590 24 | 0.03
Glutamic 430 | 3.7 .67 | 0-62 145 | 1.33 13 | 0.02
Acid 430 j 8.3 0. 62 | 1.45 i 2.11 18 | 0.02
3 % 200 3.0 067 | 063 | 145 | 025 6 | 002
) 1020 9.7 0. 66 | 1.53 | 4.58 7 | 0.02
Table 5. o) A Ky, Ky, Ky, Ky, Ky, Kz tH5-5% K,F;
ko] A=, luv;.——lli&'LL (14+0. 2K, 1,) =
K, :Energy/Synthesis Ratio . +K
K;:Reciprocal Oxygen Equivalents (5,99 (72D)
K;:BODult ¢} BOD; 9] H; 1#(14) (24) (10.5) (1+0.2x0.03x 14
K,:.bznth:SIS ra/t:e (K1><K2><K3><K,,,) —(115—@4—_)— -0. 03
AHE AT e EEY $48 ¥ Y SR e
B A Bl milk Bk (6 BERIARRIEAIERD) ol :
My @141 = M Myn o ta . 3594113
o] FHEEI offob e Vs 2 Th 2

5. 9hr ol
KF;

tlztl*:

i (140.2K) =

__5.99X727
1+ 10 5)(5.9
- 1+@10.5) (5.9 ~(140.2X0. 03%5.9)
, -+0.03
9
=359mg/!
t,=14F =336 hr %)

5133 M4 M 45 19761 SE

14324

5.9

13, 440mg/I o} 7]-11 H}
Abe] 2] U]'“? S e 48

=13, 440mg/

o] 4.51 o)Lz 7
2 A %2 60.5g o] ¥t}

FER R E 0134 49 4Pt 3
JuME i grelvl, ARl s 2
oFsh A 4kgl 144 ) W2t Table 6]
sheb e

SRA WRUERS i B AR 41

~4dgr o]v o] fk '}flﬁﬁfi"&? T =4.9
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Table 6. Comparison of the computed and observed values.
2 3 i F & E o B WK 4 @ = HEE- R
B ER | Gsdmn | e | vee | Vs | v VSS(g)
Milk ; 5.9 i 44 35.3 29 57 3 60.5
I 10.8 5 26 21 17 40
Glutamic Acid 3.7 i 44 |83 f 19.8 | 581 56.6
| 8.3 | 31 | 2.3 | 119 } 38.2 36.2
1 2 | a9 o o4 | 16| 46 37.1
gr/f22 b} KOCH media & AH&-3F 772 Nomenclature

6. 1g/ft? 20 xc} Ak, HfHE £31A
#1 4~5% 24 KOCH media®? %

o Em

fapatel, o] gh7re- o] -2 ulyk KOCH media
2 8354 ok o A A& & 429l &= screen media
of Aol e 7R

4. ¥

Ak F5Re) TEEKE AR AENEHE
& Az AAse FA% A% G5F

1 iedibglel BAETBILES K E
st ik E 28 4 o

2. 48X FHEASE dubda 24 £uA

el 2ol A vhew FEARS

4~54% EEE o] Qe mg KRRk A =

Ao FEALE 292 A gt

3. WAk KEe KOCH medxa 9} surface
aerator < ©] 23t A& @A ¢AA Y2 Euby
owlmgh o o] ofzk %%1:5}‘;]'.

4. 73R AFERES McKinney AXE 7|22
%} unsteady state 2] HE A Aoz HEE]
e =

5. [—3 FEO] BKE RIEE W MASH &
ol EEE = Ald-e A {7kl vl gt

6. Screen media &) 8 A] H-253 2 4. 9gr
/ft2 02 KOCH media & A28 7R A

o}, ZER BEYEE 4~5% 2 KOCH media

o LA FES St

7. RESMAS process & /j\tﬁ‘&_L}%};é} Z A
a8 AYAA & ol w=F 4A £9AE A
AA7 % Qom 4ARh

RESMAS Removable Screen Media Activated
Sludge

FAST Fixed Media Activated Treatment

MASH Maximum Solids Holding.

BOD Biochemical Oxygen Demand

COD Chemical Oxygen Demand

TCOD Total Chemical Oxygen Demand

SCOD Soluble Chemical Oxygen Derand

TBOD Total Biochemical Oxygen Demand

SBOD Soluble Biochemical Oxygen Demand

TSS Total Suspended Solids.

VSS Volatile suspended Solids.

5. Reference

1) Functional Products and Systems Developm-
ent, the Dow Chemical Company. A Literature
Search and Critical Analysis of Biological
Tricking Filter Studies, Water Pollution
Control Research Series, Vol. 1, (1971), p. 23.
K. Imhoff “Submerged Contact-Aerators
for sewage Treatment.” Eng. News-Record,
Vol. 97, No. 24, Dec.9, (1928), 948.
A.S. Jones and W.O. Travis “On Elimin-
and Colloidal
Matters from Sewage.” Minutes of Proc.
of the first of Civil Engineers, Vol. CLXTV,
68 Part II, London (1905), 198.

E.B. Phelps “Public Health Engineering.”
Macmillan Co., N.Y (1925).

5) A.M. Buswell and E.L. Pearson

2)

3)
ation of Suspended Solids

4)

“The

HWAHAK KONGHAK Vol. 14, No.4, August 1976



248

6)

7

8)

9)

10)

11)

12)

13)

14)

15)

16)

Nidus (Nest) Rack, A Modern Developme-
nt of the Travis Colloider.” Sewage Work
Journal, Vol 1, No.2, (1929), 187.

L.B. Griffith “Conact Aeration for Sewage
Treatment. ” Engineering News-Record, Vol.
130, No. 4, January (1943), 60.

F. Schimrigk “Contact Process, A New
Method of Artificial Biological Sewage Pur-
ification. ” Sewage Work Journal, Vol. 5,
No. 3, (1933), 550.

J. Doman “Results of Operation of Experi-
mental Contact Filter with Partially Subme-
rged Rotating Plates, Sewage Works Jour-
nal, Vol.1, No.5, (1929), 555.

Anon, “Biological Wheel,” Sewage Work
Journal, Vol. 1, No.5, (1929), 560.

K. Kato and Y. Sekikawa “Fixed Activated
Sludge Process for Industrial Waste Treat-
ment”, Proceedings 22nd Industrial Waste
Conference, Purdue Univ., 129(1967), 926.
C. W. Randall H.R., Edwards and P.H.
King “Microbial Process for Acidic Low-
Nitrogen Wastes,” JWPCF, Vol. 44, No. 3,
(1972), 401.

C.E. ZoBell “The Effect of Solid Surfaces
upon Bacterial Activity. ” Journal of Bacter-
iology, Vol. 46, (1943), 39.
H. Heukelekian and A. Heller
between Food Concentration and Surface for
Bacterial Growth,” Journal of Bacteriology,
Vol.1, (1940), 547.

C.E. Renn “Biophysical Process in Slime

“Relation

Film and Floc Formation,”  Biological
Treatment of Sewage and Industrial Wastes,
Vol. 1, Reinholding Publishing Co. (1956),
116.

L. Hratmann “Influence of Turbulence on
the Activity of Bacterial Slimes,” JWPCF,
Vol. 39, No.6, (1967), 958.

T.W. Stackley of Combined

“Analysis

sardst HdA ®45 1976 83

WO

17)

18)

19)

20)

21)

22)

23)
24)

25)

26)

28)

Systems of Fixed Media Growth with Com-
plete Mixing Activated Sludge,” A Special
Problem Report for Dr. Carl. E. Burkhead,
Univ. of Kansas (1970).

Mo. Tolaney “A Fixed Media Complete
Mixing Activated Sludge System,” M.S.
thesis, Univ. of Kansas (1970).

C. Burkhead and E. Choi “A Fixed Activ-
ated Sludge Treatment Process,” The Univ.
of Kansas, Center for Research, Inc, Law-
rence, Kansas (1973).

E. Choi and C. Burkhead
Fixed Media Activated Sludge Process,”
The 7th Int. Assn. for Water
Research Paris (1974).

E. Choi “A Fixed Media Complete Mixing
Activated Sludge,” Ph.D thesis Univ. of
Kansas, Lawrence, Kansas (1973).

EHER, it S SR 5l
ot AleAe”, gsiegatsl A o
hE3 Fa (1975).

wigts “RESMAS process of 9] 3F T8k
PRERT SRS = s didhaL (1975).

NES IR, REt# (1974)

R.E. McKinney and R.J. Ooten “Concept:
of Complete Mixing Activated Sludge, " Tra-
nsactions of 19th Annual Conference on

“Kinetics of a

Pollution

Sanitary Eng.) Engineering and Architect-
ure Bulletin No. 62,
(1969), 32.
T.D.Brock “Principles of Microbial Ecolo-
gy,” Prentice-Hall, Englewood (1966), 40.
@WEL “WEME FElR o R A A 93 5
A vl F, HFEEIs A 423
A A 15 (1975), 103.

R.E. Mcknney
Biological Treatment of sewageand Industrial
Wastes, Vol. 1, Reinholding Publishing Co.
(1956), 88.

Univ. of Kansas

“Biological Flocculasion, ”



