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Evaluation of the performance and the removal characteristics of
natural organic matter in a modular mobile water production system
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ABSTRACT

It is necessary to develop a mobile water production system in order to provide stable water supply in case of disasters
such as floods or earthquakes. In this study, we developed a modular mobile water production system capable of producing
water for various uses such as domestic water and drinking water while improving applicability in various raw water
sources. The water production system consists of three stages of filtration (sand filtration - activated carbon filtration
- pressure filtration) to produce domestic water and an additional reverse osmosis process to produce drinking water.
In laboratory and field experiments, the domestic water production system showed excellent treatment efficiency for particulate
matter, but showed limitations in the treatment of dissolved substances such as dissolved organic matter. In addition,
ultraviolet irradiation was considered as additional disinfection step, because it does not form precipitates of manganese
oxides after disinfection. Reverse osmosis process was added to increase the removal efficiency of dissolved substances
and the treated water satisfied drinking water quality standards. Fluorescence analysis of dissolved organic matter showed
that the fulvic acid-like substances in raw water was successfully removed in the reverse osmosis process. The mobile
water production system developed in this study is expected to be used not only in water supply in case of disaster,

but also widely used in islands and rural area.

Key words: Mobile water production system, Natural organic matter, Pressurized filter, Reverse osmosis, Three stage
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Fig. 2. Pictures of water treatment system: (a) Lab.-scale (b) Pilot-scale.

Table 1. Composition of synthetic stream water (mg/L)

Chemical Concentration Chemical Concentration Chemical Concentration
CH,COONa 11.72 NH,CI 11.46 CaCl, 1.15
MgSO0,- 7H,0O 0.9 NaNO; 30.39 KCl 0.48
(NH,)sMo;0,4- 7H,O 0.23 KH,PO, 2.2 Kaolin 20
MnSO,-H,O 0.05 CuSO, 0.21 - -
FeSO,-7H,0 0.15 CoS0, 0.24 - -
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Table 2. Characteristics of raw water and treated water for domestic water production.

Raw water Treated water Regulations
Ave Max Min Ave Max Min | Reclaimed water' | Drinking water
CODyn (mg/L) 247 | 571 | 030 | 208 | 312 | 0.5 <3? <2.5°
DOC (mg/L) 3.18 - - 2.42 - -
TN (mg/L) 193 | 401 | 050 159 | 310 | 025 <10 <;éo($:$§ia)
TP (mg/L) 0.08 0.18 0.01 0.03 0.04 0.00 <0.5
Turbidity (NTU) 4.87 14.0 1.23 0.43 1.05 0.10 <2 <0.5
Color 3.57 6.06 1.62 2.18 4.77 0.46 <10 <5
pH 7.42 7.64 7.22 7.36 7.53 7.21 5.8-8.5 5.8-8.5
Conductivity (uS/cm) 548 655 433 582 651 437 - <782%
E.Coli (/100 mL) 306 | 150 1 5.15 51 0 0 0

1 The most strict regulatory standard was selected among various use of reclaimed water.

2 BOD value

3 Approximate equivalent with 10 mg/L. of KMnO, consumption
4 Approximate equivalent with 500 mg/L of total dissolved solid
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Fig. 6. (a) Precipitates after chlorine contact, (b-c) Scanning electron microscope images of precipitates, (d) Energy dispersive
spectrometer images for Mn.
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Table 3. Characteristics of raw water and treated water for drinking water production

RO permeate RO Concentrate Regulations
Ave Max Min Ave Max Min | Drinking water | WWTP effluent
CODpiy (mg/L) 0.86 4.90 ND 8.55 13.3 0.30 <2.5 40
DOC (mg/L) 0.52 - 13.67 - -

TN (mg/L) 0.97 | 2.67 0.2 5.19 7.53 0.50 <10 (nitrate) 20
TP (mg/L) 0.01 0.02 0.05 0.07 0.03 - 0.2
Turbidity (NTU) 0.09 0.47 ND 2.08 7.74 0.54 <0.5 -
Color 0.83 2.21 ND 8.11 11.9 5.92 <5 -
pH 6.13 7.28 5.73 7.03 7.38 5.91 5.8-8.5 -
Conductivity (uS/cm) 13.9 20.0 9.60 2,383 3,020 1,987 <782 -

E.Coli (/100 mL) 0.21 3 ND 3.5 16 0 ND 300,000
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Fig. 7. Excitation-emission map of selected samples (a) raw river water, (b) filtered water (3rd treatment) (c) reverse osmosis
permeate (d) reverse osmosis concentrate.

=09 77159 st A, sA4E, 20 YA et d., 2011; Korek et d., 2015).

o Yuiedth dHbF o R, HIX gh 10 vjeke F9eh A A shde el 33F A=) HIX gh2
7t 2 Je R, 4 olske AR AdE 7= A7 05349} 0565= ARSI, QA 34 55
e 5= lot (Huguet et d., 2009). A= 4412 Q) DOM oA 06572, ot FTIsRT: ol 3AA =7}
Y ol o8 = 3lem, of ghol 200 7P A9 Fg M= DOME] 540 frAsh, AT &
o Eor FYoh A= WAl (onhumic) Aj2o] Add SeolAde FHet Ax sA4E, a8a 24 55
(autochthonous) 71 7Fs7del =L, o] Fhol o #e g0l &2 545 7= DOMo| 15#] ¢k DOM
e Ao B et HeYE (dlochthonous) of Bl o ol AAEUE= e -+ e, =
7= 7Fe/de] Erh w2 BIX 32 (1) fr7l=<l < A=A HIX gk UH ¢ goung, AT T4
AEshr o2 YAENSS W2 BIX g2 (<) BEs A9] DOM A|75°] DOM 5S4 met F=58 F=
Aoz AYHE f7le Il Hee ndtt (onon 2 Aolsitial & = m—t« o= 7T s
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E7F WA BjaA 2Zol AAEE frlEelH, A=t
2 gkgol] o8 AE 715 el $eg oulgt
ok E3, ol $19] EEM (Fig. 7)ol A & 4= & Ht
of Zrol, 3z} A9} AT FH A= DOM EAH
7t Hong, 3a; Aot A4tE FAo] DOM 54
of w2 Adedo] g oulgich 2t
T4 A=) HIX, A, 181 BIX g2 77+ 4.748,
4846, 121 1.9492, t}2 AJgo| H|F| =& ZF&

T A=

e gIth o]t AT A A4t At 334

A
\l
AL

[

2o I

2
>
o
o2

¢

-
=2
ol
1o
)
o
ox

¢

>

e
Ir

IJ

og

oz
m {

b oo
4 rr
o
mlo
op o

o,
rr
!
iy
ogh
o
offt
1>~ ©
i
o=

S~
>,
o
)

¢

oo
H1
> w10 glo

off
fllo
2
of

N
2&
R
ks
H
2

fr

H

& oox
2 ogh
B
1o

w
4
2
lo

cf
ofr
=
2
>~ O?:', 2
=

a0k
.
S~
>

oZ &
=
1
N
-

|
o o,
il
i )
2
ol
ol
K
o
2
filo
> oft &

alle
o
oZ,
>
ol
ol
rir
of
ox
o o
o &

4>
il

> |0
U

[ j_é 18

N
EN
2
:,N:'
il
)
)
et
4>
i)
filo
o
2 o,
fr N
2
o
g H
ol

il
7
to
mN
flo
5
o
il
i)

R
>

N o

E
AE YeERl ek =3
AFTLo] AEEozn olx A
7hset AEg4ER 0 Hg Ao 710l

mp 1o
ny
2,
do o
:%
N
I
2
ot

>
U
1o
oM.

B e pl rlo T gy owE O KL oX xR ox offf

]

= —lE 0‘70 1:01, ol
o
a4
i)
<
R
o
m (
oo
>
0>~
224
>,

to v I
N
X,
-,
ox
lo
fl
>
>
o
2
N
>
1o
o2,
B

LU

t

oflt

Lol
ol L ox & o

.7 A3} B 179] DOMO]
Wi H)id 2o A4E 7180,

o,
tlo
0 01-[[[
ol
i)
2
K
)i
Y
AL 19 do
dy g o
2 oox B M oox B oo o > e

o
oX,
4,
Jo
N
i
ofy
1o
iz
=
2
>
2

)

WE e do
o 1y
)
S
=
Ol = -
E mc% r
oo =
4 2
ot
1
o
] ﬂl{f
Ol
ot ;’z
4
52 |

X
ot rx ﬂ
# >
Ni
flo rlo rlo

o 52 o

L
N

4 = N o 2
2 © 42 oL

=2
>
> Hl
m {
oo
ol mm
oy
x0,
lo
=
2
i)
e

S
4
ol
b
4
N
Q‘L
4
oo
o0
st
rio

lo

N
=
i
o

i
=¥
32
fllo
pas

AL At

2 Aie FELSH|EATY SRS E
AFJ3F A LA (17TBIP-C111068-02)0 2J3f 4=3) =]

AU

References

Bond, T., Goodan, EH., Parsons SA. and Jefferson, B. (2012).
A critical review of trihdomethane and haloacetic acid
formation from natura organic metter surrogates, Environ.
Technol. Rev., 1, 93-113.

Chen, H., Liao, Z., Gu, X,, Xie J, Li, H. and Zhang, J (2017).
Anthropogenic Influences of Paved Runoff and Sanitary
Sawage on the Dissolved Organic Matter Quality of Wet
Weather Overflows: An Excitation-Emission Matrix
Paralld Factor Anaysis Assessment, Environ. Sci.
Technol., 51, 1157-1167.

Fouga, G.G., Micco, G.D. and Bohe, A.E. (2009). Chlorinaion
of manganese oxides, Thermochim. Acta, 494(1-2),
141-146.

Fritzmann, C., Lowenberg, J, Wintgens, T. and Mdin, T. (2007)
Sate-of-the-art of reverse osmosis desdinaion,
Desdination, 216, 1-76.

64

dole=atel| A32 d A 1= 20184 28



ol
0
ol
(o]
I

=

op>
pN

o

Olok
a

~

M

43 M2 Yz

0!

;
0!
U

S

Hosen, JD., McDonough, O.T., Febria, C.M. and Pdmer, M.A.
(2014). Dissolved Organic Matter Quality and
Bioavailability Changes Across an Urbanization Gradient
in Headwater Streams, Environ. Sci. Technol., 48,
7817-7824.

Huguet, A., Vacher, L., Saubusse, S, Etcheber, H., Abril, G,
Rdexans S, Ibdat, F and Palanti, E. (2010). New indghts
into the size digtribution of fluorescent dissolved organic
metter in estuarine waters, Org. Geochem,, 41(6), 595-610.

Hur, J, Shin, JK. and Park, SW. (2006). Characterizing
fluorescence properties of dissolved organic matter for
water quality management of rivers and lakes, J Korean
Soc. Environ. Eng., 28(9), 940-948.

Inamdar, S, Sngh, S, Dutta, S, Leviag, D., Mitchel, M., Scott,
D., Bas H. and McHae P (2011). Fuorescence
characteristics and sources of dissolved organic matter
for stream water during storm events in a forested
mid-Atlantic watershed, J. Geophys. Res, 116, G03043,
doi:10.1029/2011.)G001735.

Johnson, M.S,, Couto, E.G., Abdo, M. and Lehmann, J. (2011).
Fluorescence index as an indicator of dissolved organic
carbon qudity in hydrologic flowpaths of forested tropica
watersheds, Biogeochem., 105, 149-157.

Jung, J, Xing, Z, Lee T. and Kwon, O.Y. (2014). Characterigics
of Tempord Vaigion on Weter Qudity (T-R, T-N, CODMn,
SS BOD5) in the Jungrang Stream during Rainfal Event,
J. Korean Soc. Environ. Eng., 36(6), 412-420.

Kim, Y., Park, H. and Jeon, S, Korea Environment Ingtitute
(2014). Study on response to water supply damage for
management of drought disaster, 2014-13.

Korak, JA., Wert, EC. and Rosario-Ortiza, FL. (2015).
Evaluating fluorescence spectroscopy as a tool to
characterize cyanobacteria intracellular organic matter
upon smulated release and oxidation in natura water,
Water Res, 68, 432-443.

Lee K., Baegk, H.J, Cho, C. and Kwon, W.T. (2011). "The
Recent (2001-2010) Changes on Temperaiure and
Precipitation Related to Normals (1971-2000) in the
Republic of Kored', 6th KOREA-CHINA-JAPAN JOINT
CONFERENCE ON GEOGRARHY, 11, Novarba, 2011, Korea

Les M., Chai, K., Kim, S and Kim, D. (2009). Characterization
of Dissolved Organic Matter in Stream and Indudrid Wedte
Waters of Lake Shwa Watershed by Huorescence
3D-EEMs Andyss, J. Korean Soc. Environ. Eng., 31(9),
803-810.

McKnight, D.M., Boyer, EW., Westerhoff, PK., Doran, PT.,
Kulbe, T. and Andersen, D.T. (2001). Spectrofluorometric
characterization of dissolved organic matter for indication
of precursor organic materia and aromaticity., Limnol.
Oceanogr., 46(1), 38-48.

Seo, HN., Les, JK., Min, H.J and Lee, 1.J. (2013). “Andysis
of Characterigics and Corrdaion Between TOC and COD,
SS Concentration in According to River Weatershed”,
Proceedings of the 2013 Symposum and Annud Meeting,
45 duly, Jeongsun, Korea, Koreen Society of Environmenta
Agriculture.

Sera, M.M.D., Giovanda, M., Parlanti, E. and Soriano-Sera,
E.J. (2005). Huorescence fingerprint of fulvic and humic
acids from varied origins as viewed by single-scan and
excitation/emission matrix techniques, Chemosphere, 58,
715-733.

TechNavio (2014) Global Mobile Water Treatment Market
2015-2019 industry research report.

Tobiason, JE., Bazilio, A., Goodwill, J, Mai, X. and Nguyen,
C. (2016). Manganese Remova from Drinking Water
Sources, Curr. Pollut. Rep., 2(3), 168-177.

Vdten, S, Knappe D.RU., Treber, J, Kasa, H.P, von Gunten,
U., Boller, M. and Meylan, S. (2011). Characterization
of naturd organic matter adsorption in granular activated
carbon adsorbers, Water Res., 45, 3951-3959.

Water Information System (2017). http://water.nier.go.kr.

Xingxing, D. (2015). A study on surface water trestment using
movable water purifying sysem, Madter’s Thesis, Hanbat
University, Dagieon, Republic of Korea

Zhao, C., Wang, C-C,, Li, JQ., Wang, C-Y., Wang, P and
Pei, Z-J. (2015). Dissolved organic matter in urban
stormwater runoff a three typica regions in Beijing:
chemical composition, dructural characterization and
source identification, RSC Adv., 73490-73500.

Journal of Korean Society of Water and Wastewater Vol. 32, No. 1, February 2018

65

pp. 055-065



