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Removal of nitrate nitrogen from groundwater with a
combined system of electrodialysis and biological denitrification

Yutaka Ishimaru
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The electrodialysis and biological denitrification are combined in a system for total
removal of nitrate nitrogen from groundwater. The system, the first of its kind, was
delivered to a water purification plant in Nagasaki Pref. in December 1999. The nitrate
nitrogen is reduced from 13.0mg/L down to 3.0 mg/ L for city water with
electrodialysis, achieving the removal ratio of 76.9 %. The high-strength wastewater
from the process is then treated with a biological denitrification system where the
concentration is reduced from 60.3 mg/L to 0.12 mg/L, achieving the removal ratio of
99.8 %. The system, offering the overall removal ratio of about 80 %, has been
operating successfully.
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Table 1 Standard of nitrate nitrogen in drinking water in the world

Japan (Waterworks Law)

WHO Guide line

USEPA MCL

nitrate nitrogen and nitrite

nitricacid:50 mg/L
nitrgen:10 mg/L nitrous :3mg/L

nitrate nitrogen:10 mg/L
nitrite nitrogen:1 mg/L

nitrate nitrogen and nitrite
nitrgen:10 mg/L
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Electrode  Product Concentrate Product Concentrate Electrode

Anion-Transfer

Membrane

SR

Cation-Transfer

” g Membrane
Drainage Drainage
&1 ERENTOFEH
Fig. 1 Principle of electrodialysis
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Fig. 4 Scheme of Denitrification
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Fig. 5 Flow diagram of Umetani water purification plant
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Table 2 Specification of plant

Biological denitrification
Items Electrodialysis C‘;’Egintr%&ég Denitri- | Settling | Methanol | Methanol | Phosphoric | Phosphoric
W fication tank tank pump acid tank | acid pump
pump
Electrodialysis reversal (EDR) Submerged | SUS304 | SUS304 PVC | Plunger pump | PVC | Plunger pump
— lon exchange membranes 180 cell-pair pump 0.013 | #550 mmX | #6550 mm X | 200 L | mar. Umlfmin| 100L | max. 12 mLfuin
ecification
P Concentrated water circulating pump 15 kW | m*/minX 14 | 3500 mm* | 2500 mm® X0.98 MPaX X0.98 MPaXx
Cartridge filter 10 zzm mX0.4kW | 0.76 m® 0.51 m? 0.025 kW 0.025 kW
Number 2 1 1 1 1 2 1 1
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THER S RIRAE, pH, HEA ARSI E BRYITE
b FEERMEERLDIMIKEKRERELTHE L T
AH, WEEERIEEN A RS TI54meg/L, B
A5 T13.0mg/L &£ &<, BRI FHRAKENKE
HELZHEBL TS,

3.2 E&HE KR

3.2.1 EXRENEE
BERENEEIL A Y], BRFIIEICTE BT
PORELIEEYIToTwWh, AR, BRIIO
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ATALB K OSBRI B AT A 251 T2.07Tmg
/L, B&¥T3.28mg/L THhH, FHEFIERITA
FHITI8%, BRIITH % ThHb, £8, 9
A RN, BERAOA N 7 ABRFERE, &£10, 11X

3 FUK, AHEAKE
Table 3 Raw Water and Treated water Quality
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BT ADOFEHBRERZ, ARY, BRFNZE
N7 %, 81 % Thb, ¥7 27 ADOEHKER
X, ARSI, BRIIFNZENTG %, T9%THbD,

BRENMEBOBREEEMITI EETOV (Bt
fE130.8 A), TET31V (EfiMHIZ04A) TH 5,
R B RRE L ERREROBREZFEI2NIRT,
BRI E KR L BRMEERICE, R MR
MY, BREEEVHEEEERBEEOEIEICILS
b b, BERENLBEKOBRLEERD A
FHITHRIAT uS/ cm, B RFITH6214S/cm O E#x
KT, BKOMBEEERREEIF2.7T~29meg/L %
HFEL T b, EMOBMEEIOMEE L1552 1 [
THY, BEFTATF—) 7% 57035 7%<
HOWRERESA L T b T L2 HRL T
w5,
3.2.2 AWBiasiEE

AR EE R B ORI B R IRI 2 3B R
T EYHEREIINEHI ST =2 — ViERE &
AL#EK LD -2 0B A2, BRERTOFENE
HEAA58 9 mg/ L THADIZR L, BLEEMBEKIE
0.12mg/L ULTFIZTF2%Y, WMEMHELEZ0OTFHkE
P99 LA EE o7z, BREBRIDAEITT S LK
Bt A 4 2T 5720, pHAE LR TS, #
D728 pH TIHREBCOMBITIKIN Z AT HZ &8
T&%, pHOROZLEFIARNIIR T, BMEHEK
O pH »87.512xf L, R0 KO pH 1£8.0~8.2

A-line B-line Mixed | Treated water b .
Items Rew water EDR treated | Concentrated Raw walar EDR treated | Concentrated CO“C;Z::fted dbe}; l:’:flliiti

water water water water
Nitrate nitrogen (mg/L) | g 54 2.07 | 44.0 13.0 328 | 836 60.3 <0.12
Nitrite nitrogen (mg/L) | <0005 | <0.005 | 0.007 | <0.005 | <0.005 | 0.008 | 0.009 | 0.006
Ammonium nitrogen (mg/l) | <01 | <0.01 | <0.01 | <0.01 | <0.01 | <0.01 | <0.01 0.93
Turbidity (degree) | <1 <0.1 <0.1 0.2 <0.1 <0.1 <0.1 1.2
pH 6.5 6.6 7.4 6.7 6.3 7.2 7.5 8.2
Calsium (mg/L) | 145 411 | 122 15.1 482 | 187 141 101
Magnesium ~ (mg/L) | 539 129 | 37.6 5.77 130 | 44.2 388 | 139
Phosphorus  (mg/L) | <q.9 <0.2 <0.2 <0.2 <02 | <02 <0.2 0.56
CODMn (mg/L) | <05 <0.5 <0.5 <0.5 <05 <0.5 <0.5 1.7
Dissolved organic catbon | 5 | <05 0.6 05 | <05 0.7 0.6 1.2
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Table 4 Material balance of nitrogen
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Inlet nitrogen Outlet nitrogen
Item Raw water EDR treated water Treated water by
biological
A-line B-line A-line B-line denitrification
Quantity 60 m*/d 60 m®/d 53.8 m*/d 53.8 m*/d 12.4m*/d
Nitrate nitrogen 572.4¢g-N/d 780.0 g-N/d 111.4 g-N/d 176.5g-N/d 1.5g-N/d
Nitrite nitrogen =0 =0 =90 =0 =0
Ammonium nitrogen =0 =0 =0 =0 11.5g-N/d
572.4g-N/d 780.0 g-N/d 111.4g-N/d 176.5¢-N/d 13.0g-N/d
Total
1352.4g-N/d 300.9 g-N/d
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