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Mechanisms of wastewater treatment by MSL and its

applications

Tsugiyuki Masunaga, Kuniaki Sato,
Faculty of Life & Environmental Science, Shimane Univ.,Matsue, 690-8504, Japan

—

Soil’s Purifying Function of Wastewater

Composition of Soil
*minerals (clay, silt, sand, gravel)
*organic matters
(humus, organic residues)
*organisms
Humic
Substance *
High specific surface area
High variation of :
@I - size of particles
U - Silt - physical and chemical properties
>0\ Sand (hydrophilic/phobic, ion exchange
capacity.,aerobic/anaerobic, etc)
(2) Adsorption - species of micr_oorganisms
A‘ : Contaminants *
(Organic substances, N, P) (1) Filtration

(2) Adsorption (NH,.P. O.M.)
(3) Decomposition

(3) Decomp osition
€O, (1) Filtration




Background

The use of soil for water treatment has a long history in the world.

C Vel

Land treatment
Sand filter : .
Septic systems (EPA) Septic systems (EPA)

=OW P€©e

pern Soil has high purification function,
> need large area but is | ds

> Risk of clogging ! vpe.

Increase the permeability Regulation and enhancement of the
purification functions

Multi-Soil-Layering (MSL) Method

Mutti=Soil-tayering {MSt) Method
The MSL method consists of soil units arranged in a brick-like pattern surrounded by
layers of zeolite or alternating particles of homogeneous sizes that allow a high hydraulic

loading rate.

Wastewater Soil mixture layer (103cmsec)

v andisol : high soil aggregate formation, high phosphorus
adsorption ability.

sandy soil : large particle size and high permeability

| on-site soil: low cost

iron : phosphorus adsorption, reducing agent

charcoal : high porosity, hydrophobic adsorbent, habitat of

microorganisms
organic matter : food for microorganisms, electron donor for
denitrification

Permeable layer (10-'cmsec)

sandy soil: large particle size and high permeability

zeolite : high NH,* adsorption ability, high CEC, high porosity
Pumice : high porosity, low cost than zeolite

charcoal : high porosity, hydrophobic adsorbent, habitat of

{ microorganisms

gravel

Treated water




Conceptual diagram of MSL Method

-
i . %
' n
I =
[ S
-_-_;a_.: - o - =
F

C ﬁ The §oil mixture Iay;@ C
C D (€ D)
The permeable layers :
(. =55

Cross section of a MSL system used for a field experiment
of river water treatment.

Permeable layer
(pumice)

Soil mixture layer
(local soil, charcoal)




Characteristics of the MSL method

1. High purification ability
2. High removal efficiency of N and P

3. Stable high treatment performance against fluctuation of
raw water

4. Low maintenance
5. Reuse of treated water and soil

6. MSL system can be composed from locally available
resources

7. Harmony with the landscape

Prevention mechanisms of clogging and shortcut in MSL method

Lack of uniformity Highly level of uniformity

1 Prevention effect by MSL method

Q_ L)
%/J!IB%..

4.4»’@’//////:{0%2

Improvement of contact efficiency and filtration function

6|ogging‘ Shortcut‘
R

!
Improvement of PO,-P, COD, SSremoval

(1)Water flow in soil (2)Water flow in gravel (3)Water flow in the MSL method



Treatment processes of MSL Method

Wastewater

Aerobic. |l :
Ana i
decomposition I
CH9 O

Fa
Soil mixture layer

A

Performance of the MSL Method

OLoading rate

BOD. T-N. T-P removal The standard is 100L m=2 day-'.
BOD removal only It can be increased up to 4000 L m2 day-'

Experimental results (in Shimane University)

type of water (loading rate) BOD T-P T-N

river, lake,
treated water from wastewater Eawwais {roll) 25 27 12

I treatment plant treated water (mg/l) 5 1.7 4
(200-5000 L M * day) removal rate(%) 77 44 52
domestic and toilet raw water (mg/l) 190 6.5 58
I wastewater treated water (mg/l) 16 1.7 30
(200-2000 LM~ day™) removal rate(%) 91 75 48
livestock wastewater raw water (mg/l) 1400 40 240
m high polluted water treated water (mg/l) 47 54 92
(30-300 L M day ') removal rate(%) 96 88 61

10



Retention time distribution —SMSL

Improvement of treatment efficiency with =

—\-MSL
modification of soil mixture block N
TE 00
S
V@ ic pump Dy
Retentiontime
° .
o . 0 S w18 ™% % s 4 8
- Soi mitre e i
o Fig. 4. RTD curves of MSL reactors under pulse addition.
65 Antatica Pipe —— Influent ~@-S-MSL cffuent = M-MSL cffluent
S em == Gravel (3-8 mm) '
== 7 e T potal coliform
Gravel (3-5 cm) i poe o TR AL S s removal.
*— Eflucnt 3 ("H‘\’W\VW
3
s Lol
’Om "Om
il
Standard Multi-Soil-Lavering Modified Multi-Soil-Layering ° 30 60 % 120 150
(S-MSL) reactor (M-MSL) reactor Operation (day)
Total P F
removal. £
H
2
v s 1 |
;I"_’*'aa-w‘*fk./-vn—o-o&. %,
iled design of soil mixture layers (S R=— et | 50
Fig. 3. Schematic design and detailed composition of standard and modified MSL reactors. e ¥ 0 i 12 1%
Operation (day)

Latrach et al. 2018. Ecological Engineering.117, 140-152

Removal of bacterial indicators by MSL system

It is not very efficient to remove microbes by MSL system. Therefore, it is better combine with
other method to remove or sterilize microbes.

MSL system
Yy Microbial indicators performances of MSL pilot (mean = standard deviation).
Parameters Influent Effluent
MSLEffuent |} =
Total coliforms (Logo CFU/100 mL) 6.82=0.09 5.49+0.03
Fecal coliforms (Log;o CFU/100 mL) 6.71+0.08 5.53+0.05
Fecal streptococci (Logio CFU/100mL) 5.40+0.10 4.38+0.04
Helminthes eggs (eggs/L) 244 2
&
WMSL system |MSL-SF1 @MSL-SF2 OMSL-SF3
Gravel (3-5 am) @ 3
£,
Sand filter 8
B
g 63
]
g2
4
&
51
Gravel (3-5 am) *‘@ 0+ | =
Fecal coliforms Total coliforms Fecal streptococci

}

Fig. 2. Average removal efficiencies of bacterial indicators MSL and MSL-SFs (Log units).

SFEffluent  SF Effluent
HLR-200 HLR-400

Fig. 1. Schematic diagram of the experiment setup.

SF Effluent

HLR-100 Latrach et al. 2016. Ecological Engineering. 91, 294-301
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Application cases

Voume or Loachg
Name of ingttution Spechication of MSL menod Name ofinsttution wasewater =e
micay Umisy
V25~ 100U iday Type
[Paxs] 2 50
1 Shimare 23 - 100m*
286 Ceaxa 2 0 40m’ Sm=Sm
2 8 P Srmane 88 100 65m
3 C Resience Shimare 1 100 10m™x2 @mx235m=2!
3 C Pax Srmare 176 100 I836m® (206m=446m=2)

100

230m*

m20m

110m* gm<ism,

5 £ promcion-oraawre center 125
2 | et geme i
6 F ome osaz 2 30 ssmiaz amx3sma
srmae . @ | sm
76 Snimare © 100 | wom pe2mezesm
0
8 # P 15 & n Samare 05 0 10mix2
9. 1 Pax
10 J Pax s 72mx11.9m ¥1,000~4000Um*iday Type
oK 207y 23 100 [Rwer Water Treatment]
12 L Pan pubk ey srmae 5 1A me Fukioka 7om w00 | st omesmes
13 M Fam ook Dy stmae 15 0 | 1wt Emem 2 8 Rve Zame © 100 [
1 N Paxpuiciavany Shmase 20 0 | som
N PaxpuviciEan som = ) 3c Toxesnmz 200 2000
1 0 P Semae 03 W | =
® P Pak Snmane ® 0 | o
7. @ PakpudlcBIakY Srmace 25 w0 | 2w
1A Pax Snimane 10 1200 imt gmeom
B R P2k w0 100
Snimane 2 1500
19 s Pa Yamagoen 21 100

[Smae Sewaze Wors msn

VEcology Toilet

TR A= 100 | te2mt omxtezm Wsemn
A=z 1242 100
3 Am T T
Shmase 218 1814m° 103%163
B 100 LM (14 BMxT 1~5.7m)

Application case

River

12




Application case

Park

Application case

Park
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Application case

Domestic wastewater

Domestic wastewater treatment in Fukuoka = ——=

Gray water 1
(kitchen, bathroom

and laundry)

Application case

Small scale community

14



Application case

Small scale community

Application case

cottage

15



Application case

camping site

ol el -
R e G e

General summary of treatment results

Results of practical use

type of water (loading rate) BOD T-P T-N
[park] raw water (mg/l) 5.4 4.46 394
a public latrine treated water (mg/l) 0.7 0.04 15.5
(100LM 2 day™) removal rate(%) 81.7 99.1 607
[estate,office] raw water (mg/I) 441 4.72 45.8
AssapereIssaaTealn treated water (mg/l) 85 135 132
(30LM S day ) removal rate(%) 80.7 71.4 71.2
[house] raw water (mg/I) 53.2 7.82 64.8
advanced treatment of treated water (mg/l) 48 081 5.1

domestic wastewater

(100LM 2 day ) removal rate(%) 90.9 89.6 92.1

[river] raw water (mg/l) 15.7 - -
direct river treatment system treated water (mg/l) 16 _ _

in Kumazoe River

(4000LM 3 day ) removal rate(%) 90 - -

16



Application case:
Domestic wastewater treatment

Domestic wastewgtgr treatment

Gray
Toilet Water
Plast
Gray 10,90 2000mm
Porous p / s
— T —%]

100 % 1300
130  mm

Plan of treatment
quantity:1m?3/day

D ai pe Soil,_Jutepellet _Iron Mixture  Actual loading rate:
Aeration pipe 1 00~250L/m2/day

@ Ceramic cups
for collecti

of soil solution

Cross Section

17



Mixed soil filled into jute bags
Construction -

Evaluatio

200 mal) Ay g A 1M\Wwinare AarnaratiaAan
U 1111 11T ] YCC”D UPC|C|L|U||
left axi inflow (L)
180 eft axis WW BOD 4.5
160 —m—\\W T-N ”
= ©=TW BOD
140 = 0= TWT-N 1 3.5
rightaxis ( *—WWPO,-P
120 ¢ - =~ TW PO,-P ik
100 25
80 12
60 1.5
40 11
20 0.5
Y S - A S 0

10:00 14:00 18:00 19:00 20:00 21:00 22:00 23:00 0:00 6:00 7:00 8:00

Daily fluctuation of waste and treated water(1991/2/13-14)
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Evaluation of system performance
,» ™Y Aniringtha 10vears aneration ™o
gty ot _Luy\_(.[l.)u Ctratcort
5 —&—WW T-N
18 - o-TWTN 1 4
160 | i - 2= TWPO,P
140 | 1 22
120
8
100
6
80
60 I la
40 r S %
Oe=es=qg=="7 B R IO S T g B = R = R 2
20 r A--._,a_.--"A'~.__ﬂ____ﬂ___.ﬂ"--'ﬁ----.a--_-ﬁ--__.A
0 O & sy = Ol wys w sovs sy 8 voumieys T SRS o seemie @ R § G RRIETS SOTEIREE 0
7:00 8:00 9:00 10:00 13:00 16:00 19:00 20:00 21:00 22:00
Daily fluctuation of waste and treated water(1999/12/22)
Evaluation of system performance
40 1 . L " po— . 100
* [during the #0years operation &
20 removal percentage 1%
4 40
10 4 20
0 1 1 1 1 1 1 1 1 1 I 0
4 100
s 3 L e 18
4 60
%O .l 0——0/‘\//"-’{ \ 7 40 §
< 1 removal percentage - 20
0 1 1 1 1 1 L 1 1 1 1 0
50 100
40 /‘ 1 80
30 4 60
™ ,___/ \‘/ \/ 4 40
12 removalpercentage . 1 50

1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000
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unit : kg (%) N P COD(OM) B AR
157(100) | |23 (100) | [358(100) WAV
Denitrification Decomposition
92 (59) 277.6(78)
Material . ¢ MSL
accumulation ..7 4) 19(83) ..0_4 (0.1) —
in MSL i ’
58(37) 4(17) 80(22) | treated water

Mass balances of contaminants for 10 years treatment

P adsorption capacity depends on the amount of
absorbents and P concentration in wastewater.

Application case:
Wastewater Treatment in
Small scale community

20



Wastewater treatmentin small scale communit

e M

ZRIRK

biological contact aeration
equipment

chlorine
sterilization

Process of wastewater treatment in small scale community

Outline of the facilities in small scale community

Duration of | Population | water consumption

operation connected | in each community Gl Lpediebie
(year) to MSL (m*/day) (m) MSL (m"/m*/day)
MSL1 17 30 5. 8 181 0. 032
MSL2 20 35 9.0 162 0. 055
MSL3 19 24 507 125 0. 046

-Operation period of MSL
MSL 1 and 3:

May - October (during rice farming)
MSL 2:

All year around

21
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Onga River

-“

‘ Kumazoe River
purification facilities
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iver purification project
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*—Kumazoe River >~
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The general situation of Kumazoe River

The catchment area 2.5km? ( the urban area: about 80%)
Length of river channel 1.2km
River flow average of winter: 7000m® day'

average of summer: 28000 m® day™”

Quality of the river water average BOD concentration of winter 55mg L™
average BOD concentration of summer 9 mg L’

BOD removal (2005-2017)

AEZE) 7 bhesR

—=—@AOD —e-RUE0  —F@RA  —StEit
60.0

50.0

40.0

BOD {me/L)

30.0

I 14.5mgA
20.0

10.0 f-------1 = - d“ Lﬂ g :
-~ : e terea i god]

EE9 .4 RE92.4 RE93.4 RE94.4 RENS.4 RE9G.4 RE97.4 REWS.4 RENI.4REN00.4REN01.4REN 02. 4R E1 03 4R B 04. 4R BN 05. 4R EN06. 4

—
2}
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Application of MSL in abroad (Morocco) 1

F

Morocco, a village 35km from
Marrakesh.

The drainage from the village is
causing the pollution of water
source of Marrakesh.

Application of MSL in
abroad (Morocco) 2

Water consumptionis less than
50L/person/day.

Pollutants are very high comparing
with domestic wastewaterin humid
region.
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EBES LIRMSL)ISHREIREEN

B R R Lawrence et al., 1996
ARERE (%)
NTSHE# )
Solids P N BOD Metal
ik
Grassed swales 20-40 20-40 20-40 20-40 0-20
5 7 R by
Grassed buffer zones 0-20 0-20 0-20 0-20 0-20
AL RNy
Constructed Wetlands 60-80 40-80 20-60 20-60 60-80
pYE v
Detention basins 80-100 40-60 20-40 40-60 60-80
(wet, dry)
MSL
multi-soil-layering system - 82-99 34-89 73-95 -
WRC kst x ¢
B TIR(MSL)BBX &=
2RES (MSL)#&)
KM eHT
NTS#E % B ik A FEHEAA 2 E K A R
ALEN 5 KR A TR SR
constructed wetlands 360-550L/m* | 0.22-0.76 /CMD 10n/CMD (% RB)  2010)
4“5* il 28,800-59.000 x/m2| 1.2-1.5T/CMD | 0.23-0.37Tm? / CMD | % f#5(2011)
contact oxidation system by
gravel 53,333 L/m? 21.4L/CMD - 8 AKanatsuz: 3)(2011)
2 A IR AR R R
advanced contact oxidation | 100,000 &/m? 23.6 L/CMD = 8 A Kanatsuz: 3(2011)
system by gravel
MSL 47.800L/m? 7.5/CMD 0.15-0.25m? / CMD |8 A& Kanatsuz: 5}(2011)
multi-soil-layering system =V = ;
22,500 7/m* 0.24 £/CMD - 4 B Kasetsart Univ. (2000)
1o S L IRRN A 4 |
septic tank and soil e 0.30L/CMD = % ®Kasetsart Univ. (2000)
absorption system, SAS
5K TR B 17.000-50,000 /m?| 2.11-5.13 4/CMD | 1.1-1.8m?/CMD |5 % #P] » 2010
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WRC A st 5 ¢ v

SS(mglL) COD(mg/L) TP(mg/L) | NH,-N(mg/L)
Rt KR E 40 20 0.226 0.44
% | HLR(L/m2/d) BERREENARFAERB D)
1,000 12(70.0%) | 4(80.0%) | 0.067 (70.4%) | 0.02 (95.5%)
2,000 13 (67.5%) 8(60.0%) | 0.107 (52.7%) | 0.09 (79.5%)
1,000 10 (75.0%) 0(99.9%) | 0.044 (80.5%) | 0.01(97.7%)
2,000 12 (70.0%) 8 (60.0%) | 0.075 (66.8%) | 0.02 (95.5%)
WRC x#mx ¢

47

SS(mglL) COD(mg/L) TP(mg/L) | NH,-N(mg/L)
Btk R 47 120 0.73 1.89
IRRE B ERREELIARFAERB D)
IR 11(76.6%) | 32(73.3%) | 0.11(84.9%) | 0.11(94.2%)
1Umin | 10(78.7%) | 16(86.7%) | 0.05(93.2%) | 0.02 (98.9%)
AR | - ,
2Umin | 12(745%) @ 24(80.0%) | 0.08 (89.0%) | 0.03 (98.4%)
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H4.10°5.3 1620t (10X16.2)
H5.976.3 125m* (11.2X11.2)
H6.11~7.3 116.2mF (7.8X14.9)
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