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Ground Water Treatment System
Using Iron Bacteria
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Soluble iron and manganese in ground water, and ammonia nitrogen were favorably removed with
natural filtration utilizing iron bacteria and nitrifying bacteria in demonstration tests. By adding a
process to the rear of the natural filtration, fresh water satisfying the Waterworks Law can be obtained;
for example, rapid sand filtration to remove high strength iron contents in Katano City, Osaka, and a
biological activated carbon process to remove organic matters in the case of Ikaruga Cho, Nara. The
combined system features easy maintenance, minimizing chemical costs and sludge generation.

7K Drinking water
7K Ground water
B Biological filtration
B Natural filtration
7 Iron bacteria
) Nitrifying bacteria
Tron
v Manganese
TYESTHER Ammonia nitrogen
[N PAN = PP V- 354 - Trihalomethane formation potential
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Table 1 Result of raw water quality (Katano city)

Item Raw water quality Item Raw water quality
Temperature (C)| 197 (17.3~ 22.0) Total iron (mg/L) | 519 ( 237 ~239)
pH (=)| 65 (65~ 66) Total manganese (mg/L) | 0.372 ( 0.300~ 0.410)
Turbidity (unit) | 16.2 ( 2.4~ 72.0) Polassium permanganaie consumption (mgfL) | 2.1 (<1.0 ~ 3.1)
SS (mg/L)| 10 (5 ~ 25) Soluble Silicic acid (mg/L) | 55.3 ( 53.7 ~56.3)
Color (unit) | 57 (12 ~140) Alkalinity ~ (CaCO;, mg/L) | 76.1 (745 ~784)
Ammonia nitrogen  (mg/L) | 0.66 ( 048~ 0.83) Alminium (mg/L) | <0.01
Nitrite nitrogen (mg/L) | <0.005 Dissolved oxygen  (mg/L) | <1.0
Nitrate nitrogen (mg/L) | <0.02 ATU-BOD (mg/L) | <2.0
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Table 2 Specification of pilot filter (Katano city)
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1. 3 BRAABNEBOERER
1.3 1 »8EFEELSBEG

HEEEE, 65m/H &130m/H % EARICER%

BIol,

Natural filter Rapid sand filter
Filtration rate 130 m/d, 65 m/d 240 m/d
Size of filter 200 mm¢ X 3500 mm¢ (PVC) | 100 mm¢ X3 000 mmH (PVC)
Anthracite  1.5mm 300 mmH | manganese media 0.6 mm 600 mmH
Sand 0.6 mm 400 mmH
Media Gravel 2~4mm 50 mmH
4 ~7mm 50 mmH
7~14mm 100 mmH
Underdrain Leopold underdrain 300 mmH | Disc type strainer 200 mmH
PAC
Raw water \
—?_800 ﬁ Treated
(o] water

Raw water tank | Feed Natural Chemical
e pump filter (T) mixed tank
Natural filter (II)
Feed pump

&1 EER7O— (ZETH)
Fig. 1 Schematic diagram of pilot plant (Katano city)

—_—

Rapid sand
filter

\

High-sensitive
turbidimeter
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Fig. 2 type of Iron of each step
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5 i
|
— : —e— Fe X 10
Upper anthracite facies |- /_Al e Mn
» Anthracite facies o A,/' -—a-— NHa-N
» Anthracite / Sand e
Raw water /
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Raw = i
water | ° %.° ‘
tank |°°% "@ ‘ A Treated water {out] . I l |
Feed - Natural 00 02 04 06 08
pump filter ' : ' ’
Concentration [mg/L]
53 BRA BIEN T ORREIRE
Fig. 3 Minimizing chemicals in natural filter
PAC : 4.5 mg/L
NaOCl : 0.6 mg/L
M——» 1;;8 Zé?ff;{;a:rlft] Natural filter *PBapid sand filterH Treated waterl

l

LV : 130 m/d

LV:240m/d |

l

Item Raw water | Natural filtrated water | Rapid sand filtrated water [Treated water]
Fe Total iron [mg/L] 5.19 0.435 [ 91%] 0.006 [99.9%]

Mn Total manganese [mg/L] 0.372 <0.001 [100%] <0.001 [100%]
Ammonia nitrogen  [mg/L] 0.66 <0.01 [100%] <0.01 [100%]
Turbidity [unit] 16.2 10 [ 92%] <0.1 [100%]
Color [unit] 57 9 [ 84%] <1 [100%]
Residual chlorine [mg/L] — — 0.5

B4
Fig. 4

ERRER (KEH)

Result of pilot plant (Katano city)
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Table 3 Result of raw water quality (Tkaruga cho)
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WMEBTALKEZEORELEBI o2, HARABET
BNy FI)TIZE B E T Y OBLE X UL
RICL ATV EZTHEROWLIZLY) IR0
Bxlpil, BEROEWFEER > BETHERYED
Bimxr B2 ) EBRAFRNE L,
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2. 3 BRABMEBOERER
2. 3.1 »EHEELAEER
AHMEEEE, 7T0m/H & 130m/H 2 ERICEE

Item Raw water quality Item Raw water quality
Temperature (C){ 202 (150 ~26.3) |Total iron (mg/)| 108 ( 068 ~ 21)
pH (=)| 75 (69 ~ 7.8) |Total manganese (mg/L) | 0345 ( 0.240~ 0.559)
Turbidity (unit) | 3.3 (25 ~ 45) |Potassium permanganate consumption (mglL) | 4.7 ( 3.0 ~ 5.7)
Color (unit) | 22 (16  ~26) Soluble silicic acid (mg/L) ! 36.1 ( 353 ~ 36.8)
Ammonia nittogen (mg/L) | 1.23 ( 0.97 ~ 1.90) |Alkalinity = (CaCOs, mg/L) | 131 (125 ~134)
Nitrite nitrogen (mg/L) | <0.005 Alminium (mg/L) | <0.01
Nitrate nitrogen (mg/L) | <0.02 Hydrogen sulfide (mg/L) | 0.040 ( 0.028~ 0.052)
THM-FP (mg/L) | 0.080 ( 0.060~ 0.098) | Dissolved oxygen  (mg/L) | <1.0
oo (=) 0.049 ( 0.041~ 0.055) | ATU-BOD (mg/L) | <20

B4R EREBOHET (BMEH)
Table 4 Specification of pilot filter (Ikaruga cho)

Natural filter

Bilolgical activated carbon filter

Filtration rate 70 m/d, 130 m/d

133~255 m/d

Size of filter 200 mm¢ X3 500 mmH (PVC)

100 mm¢ X5 000 mmH (PVC)

Anthracite  1.5mm 300 mmH | Granwal Activaled Cabn 0.6 mm 1 500 mmH
Sand 06mm 400 mmH| Mean diameter ; 1.06 mm
Media Gravel 2~ 4mm 50 mmH | Effective size . 0.67 mm
4 ~7mm  50mmH| Uniformity coefficient . 1.76
7~14mm 100 mmH
Underdrain Leopold underdrain 300 mmH | Disc type strainer 200 mmH

Vol. 45 No. 2 (2002.2)
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Fig. 5 The removal of chemicals and LV
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Fig. 6 The removal of THM-FP and LV of the biologic
activated carbon filter.
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Fig. 7 Amount of removal quantity of THM-FP biological
activated carbon filtration rapid sand filtration
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Fig. 8 Time course for turbidity
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Turbidity of treated water [unit]

t]-_> Natural filter Biological activated carbon filter——]{ Treated water }—‘—*

LV : 180 m/d

Item Raw water Natural filtrated water Biological activated carbon filtrated wal‘c'r (Treated water]
Total iron [mg/L] 1.04 0.069[ 93%] 0.019[ 98%]
Total manganese [mg/L} 0.351 <0.001 [100%] <0.001 [100%]
Ammonia nitrogen [mg/L) 1.24 <0.01 [100%] 0.01 [100%1]
Turbidity [unit] 33 0.14 [ 96%] <0.1[100%]
Color [unit] 21.6 8.1[ 63%] <1(100%]
Potassium permanganate consumption [mg/L] 5.0 431 14%] 0.6 88%]
THM FP [mg/L] 0.085 0.086 [—1%] 0.051[ 40%]
Hydrogen sulfide {mg/L] 0.040 <0.005100%] <0.005 [100%]

EIR EBREFR (GHEHE)
Fig. 9 Result of pilot plant (Ikaruga cho)
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