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¢z4awizﬂju 9 AEA A A TS BOD 70.3%(47.2~97.4%), COD 45.3%(26.1~64.7%), TOC 19.2%
(8.5~50.,0%), SS 82.8%(73.1~92.7%), Chl—a 80.4%(57.2~91,8%), TN 23.2%(6.4~39.5%), TP 51.8%
(—-1.1~80.1%)& YE} BOD, SS, Chl—aclA] B 70~80% o|4+e] nf&- =20 Aslg-8-S Ueloith,
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% A4z SARAENE ATt A EE COD FalFe 13,658 kg2 & ATt 39.2%7F A7t
T3, TP FoleF 297 kg Q& 71 16.8%7F AR E= A2 & Yepgtt, #4219 A7t AR aa=
TOC 5.3 — 4.5 mg/L(14.5%), COD 7.9 — 6.8 mg/L(14.5%), Chl—a 42,3 — 37.0 mg/m3(12.5%),
T—P 0.201 — 0.150 mg/L(25.1%)7} @2 o2 AEE 2oz Ueldt} vlo]oAE B 2x)gA]A
2 471 A=t =2 Ay shd 2 549 §o4 LHEE AlA 9 AATE S5 A AAHR
A FAAA LA o] =& A o7 wohE )
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Abstract: Water treatment system filled with Bio-stone Ball (BSB) have been developed for the
purification of polluted water in many rivers and lakes. The real-scale plants of BSB water treatment

system was constructed for field application test and water purification evaluation in Maewha
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reservoir. The average water purification efficiencies of BSB water treatment system shows BOD 70.3%
(47.2~97.4%), COD 45.3% (26.1~64.7%), TOC 19.2% (8.5~50.0%), SS 82.8% (73.1~92.7%), Chl-a 80.4%
(57.2~91.8%), TN 23.2% (6.4~39.5%), and TP 51.8% (-1.1~80.1%). BSB water treatment system shows
very high at 70780% in the water purification efficiencies of BOD, Chl-a, and SS. The average of
pollution loading reduction by installation of BSB treatment system shows 39.2% for COD and 16.8%
for TP. The water quality improvement rates (%) of the Maewha reservoir shows TOC 14.5%, COD
14.5%, Chl-a 12.5% and TP 25.1%. The BSB water treatment system can be applied to many agricultural

reservoirs and major rivers to deal with serious water pollution issues.

Keywords : Bio-stone ball (BSB), Organic pollutants, Water quality, Water treatment system
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Figure 1. Manufacturing process of the Bio-stone Ball (BSB)
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Table 1. Characteristics of the study site, Maehwa reservoir

Drainage area | Total storage | Effective storage Mzigzznafezter Area irrigated wRa?eI;ggeofh Construction
(ha) (103m’%) (103m%) (ha) () P year
260 248.0 227.0 524 2~3 1941
¥ Effluent

@ Inflow pump
@ Flow equalization basin

(3 Rectification
(@) Reactor filled with BSB

= |

) Air blower
Aeration pipe

Figure 2. Overview of the test-bed facility for field experiment
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Figure 3. Comparison of the actual water surface level and simulated water surface level in Maehwa reservoir.
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Figure 4. Relationship between water surface level and
water volume in Maehwa reservoir.
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Table 2. Pollutants removal efficiency by the water treatment system composed of BSB

Inflow Concentration Effluent Concentration Removal Efficiency (%)
BOD Average+S.D 10.1+1.8 3014 703+13.5
(mg/L) (Min-Max) (59~122) 03~47) (472~97.4)
COD Average+S.D 21.1+102 11.5+59 453+9.7
(mg/L) (Min-Max) (11.8~473) (7.6~ 11.4) (26.1 ~64.7)
TOC Average£S.D 8.8+4.2 6.8 £2.6 19.2+12.3
(mg/L) (Min~-Max) (5.9~182) (5.1~147) (8.5~50.0)
SS Average£S.D 42.8+33.6 8.1+8.1 82.8£6.6
(mg/L) (Min-Max) (20.0 ~120.0) (22~28.0) (73.1 ~92.7)
Chl-a Average+S.D 173.8+132.8 32.5+26.7 80.4+£8.8
(mg/m) (Min-Max) (51.8~500.7) (11.1~99.9) (57.2~91.8)
N Average+S.D 3.899+ 1.1 2930+ 1.5 2324282
(mg/L) (Min-Max) (1.853 ~ 8.594) (1350~ 6.115) (64~39.5)
TP Average+S.D 0.321+0.2 0.156+0.2 51.8+£21.9
(mg/L) (Min~Max) (0.167 ~0.854) (0.046 ~0.425) (-1.1~80.1)
Loz wastn ot e ALelE, AT 4 FA7H oF 07l ol MR Hle] £gul ek, 5
Aol, BAE, & 5 Ok o BET HENT R4S Fako| £ARE BHoT 4EL oIF

Zlsoll it A Aol A FARE RS Holil
tHJoo & Kwun 1999). ©o]* ¥ BSB7} th= A
of vlal} Asta-E0] &2 off+= BSB A% 2H o)A
o] P& AP o] BSB A& nldE 243t
92 SHSE £X41815 7] HiE o2 UrElkith BSBe}
Auk A4S o R nlE BETE B 2
o] A4+ BSBY MLSSQ} MLVSSE 22} 6,0799F
2,043 mg/m*o.2 Uepytal, ARk HjAofA= 22}
3,023 mg/m?@} 455 mg/m?S. & et
DNA T4 %= BSB A&9o) 4 5,338 ug/m?S
2 Ak 2419] 2,084 ug/m*] H3j 28 o]4Fe] =
< FEE UEHSlH ndE 443 FrtellA=
BSBY g4Aa A AEE 48 70 pmol/m?, 24

oA+ 3,05 umol/m*C. = YEFEIL, glycosidases
BSB 0.08~0.51 uU/m? 2uE 414 0,048 wU/m?,
Lipase+= BSBo|A 0.77 uU/m?, 4 0,43 uU/m?
0 2 YEFFTHMAFRA & KRC 2017),

SHelA= &4 ok Ao FEARP|eS
g o] gstaL QIARE, AeAu A Wl K9l
FAMANNE R AFFAE ol L8351l Sict,
&];(H io—lﬁ.x{ z]E H]ioH/ﬂ /R]-/\El ™ 59,] 3’\_

|

A

>

O HO T2 1o

AE Qo4 B4 ATl Sy el ol
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THChoi et al, 2014).

BSB A 2 A| A8 Q15219 v wate] BOD,
COD, SS, Chl—a, TP2] #2|&L-L 1> $225}7)
UHERG AL, TN A3ta &2 A 9] fAFsHA Uetsitt,
BSB A 2 A AR A 9 Q1 AIAE S5t HE
A2 FHo] gl AlAg= ﬁom 77}k 2o
39.5%2F 80.1%2] & A3ta &S vEhfaL Qlck
BSB =4 2] Al A8 @445 A3lsr] $I3t 4
2] AR A, 7] AR 9= A9t 4
sto] ggotd AU fog folue edE
AA o) wf¢- E3pA Y Z o2 A} 3] 7]
o] gstagol AA7]E olatE Q=L 9l
&9 ZAjE] AHE BSB 247] AlHS 2
HR71E AARE Y 28 2
g5 9g Aoz dutEr

olx
v o

i)

]

ol
rlr Zo

o
o e
NS oofd mE m oot _N_'

Koy o

o

=

=7

9y

A%

°f

¢

£



Mzt 4E8Y - YMS / BIOIRAE & £2] AL ofF 2FS

1A
Ral
0
e
>
T
A
1o

>

la}
=

1) WistA A o] fF 2 HEF

BSB A 2j Al 28] Aol 013 ujSkA|4=A] £-9]
eH=d AT 4 A aTE g er A
A7) $Jato] ujakz]| o] 2006~2015d 2] 1071 o]
gt Am FA| 9 A1 f S APkt

(Table 3), WHEFAA) 1% APAS 918 494

% 1,188.0 mmE &-8-3}% L, FFol 5,000 m?/d

2343 7ol 94| felom FESIYT, o)

Maehwa reservoir

Figure 5. Location of the inflow rivers in Maehwa reservoir.

Table 3. Analysis of annual inflow rate of Maehwa reservoir(2006-2015)

Year | Total rainfall (mm/year) | Rainfall season (m*/year) | Dry season (m*year) | Total inflow (m*year) | Dry/Total (%)
2006 1,093.0 2,871,331.2 895,363.2 3,766,694.4 24.0
2007 1,017.5 2,785,708.8 876,960.0 3,602,668.8 24.0
2008 822.5 2,271,801.6 886,723.2 3,158,524.8 28.0
2009 1,298.0 3,474,921.6 915,321.6 4,390,243.2 21.0
2010 1,292.5 3,571,430.4 806,976.0 4,378,406.4 18.0
2011 1,953.5 5,243,011.2 852,422.4 6,095,433.6 14.0
2012 1,721.0 4,659,724.8 835,056.0 5,494,780.8 15.0
2013 1,259.0 3,205,470.0 863,364.0 4,068,838.0 21.0
2014 740.5 2,013,120.0 928,627.2 2,941,747.2 320
2015 682.5 1,854,835.2 937,440.0 2,792,275.2 34.0
Average 1,188.0 3,195,135.5 879,825.4 4,074,961.2 23.1
Table 4. Analysis of inflow and discharge by month of Maehwa reservoir
Inflow (m*month) )
Month Inflow river-1 Inflow river-2 (Ir?lgs/ilgrrfﬁ)
Dry Rainfall Dry Rainfall

1 36,196 6,763 67,386 15,922 47,082

2 20,909 46,051 46,310 113,789 232,935

3 23,933 25229 53,050 59,789 163,165

4 18,230 47,088 40,781 110,074 216,173

5 21,299 108,407 44,973 247,684 438,314

6 26,310 31,450 54,390 72,835 170,195

7 11,750 368,770 26,525 845,698 1,250,417

8 24,526 101,434 53,989 235,267 415,216

9 16,416 167,357 36,115 389,491 607,039

10 25,229 7,258 55,642 16,848 106,148

11 21,341 39,744 47,347 91,757 203,684

12 28,080 17,107 62,640 39,658 147,485

Total 274,218 966,658 589,146 2,238,812 3,997,853
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ShA =2 o= Figure 52F #ro] oA Sol2&
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Figure 6. Monthly water treatment volume by installation of BSB water treatment system in the two inflow rivers.

Table 5. Annual COD and TP loading reduction by installation of BSB water treatment system

e A §eleko) oF 1%
o)A 794 A2

ol

£ 7]

Rainfall season Dry season Total
River-1 River-2 River-1 River-2

Before treatment (kg/year) 11,117 16,567 2,633 4,536 34,853
COD After treatment (kg/year) 6,990 10,200 1,477 2,527 21,195
Removal Efficiency(%) 37.1% 38.4% 43.9% 44.3% 39.2%
Before treatment (kg/year) 416 896 186 271 1,769
TP After treatment (kg/year) 382 834 105 151 1,472
Removal Efficiency (%) 8.2% 6.9% 43.8% 44.2% 16.8%
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Figure 7. Monthly water quality change in Maehwa reservoir by installation of BSB water treatment system.
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