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Removal of High-concentration Nitrate Nitrogen in Industrial Wastewater by Combining Ultraviolet Radiation
with Methanol

Mitsuru INOUE , Atsuko HIDEHIRA*, Kazuo OKAMURA**, HE Lin***
(Environmental Technology Division, *Environmental Conservation Division,
* ¥\Waste Management Division of Kanagawa Prefectural Government,

* % *Graduate School of Engineering, Tokai University)

Summary

To develop the processing method of high-concentration nitrate nitrogen (NOs-N) from the industrial wastewater by
physical and chemical treatment method, the removal efficiency of processing method that combined ultraviolet
radiation process with cheap processing medicines such as methanol was examined by an indoor processing experiment.
As a result, the processing method that combined ultraviolet radiation with methanol was the highest with the T-N
removal ratio of about 98%.

The optimum processing condition was investigated by a batch processing experiment conducted by supplying 1000
mg/l of NO3-N solution to a reactor. The optimum processing conditions were pH of about 7, adding methanol/NOs-N
molar ratio (molarity of CH;OH / molarity of NO3-N) of 4, processing time of about 3 hours or more etc. However, the
amount of the optimum processing was a little with 100ml compared with the output of the ultraviolet ray lamp.
Moreover, with coexistence of iron ions in muddy brown state, the T-N removal ratio decreased.

The T-N removal ratio of the continuous batch processing experiment that used industrial wastewater was about 96%
under optimum processing condition, and it was about 6% higher than the continuous processing experiment. It is
thought that technological development of treatment using a little electrical energy is necessary to attempt practical use.

Key words: nitrate nitrogen, ultraviolet radiation, methanol, industrial wastewater

1[Iz MBI 52 5% ) 70T I %Y O
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DEEWMEIN NG, SHICER T TRIENED
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Fig.1 Experimental apparatus of ultraviolet radiation
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7 v =T PEEE FE (NH,-N), NO,-N, NOs-N,
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NH.-N, NO»-N K T8 NOg-N (ZIZ(BR)Z A A 1o A
fERA A7 m= B A3ATER 45000 Y, T-N UMD
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Fig.2 Effect of processing medicines for
removal ratio of T-N
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CH;OH ZLBLEAIE L TRET 217> 2 & & L,
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Fig.3 Effect of pH for removal ratio of T-N
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3. 1. 3 BEREEOEE
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Fig.4 Effect of mixing speed for
removal ratio of T-N
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Fig.5 Effect of CH;OH/NO,-N molar ratio for
removal ratio of T-N and TOC concentration
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mbEU~=, £7-, KD TOC JEEILTE /LR
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o GHIEHEPE 2.5~200 ppm) SR 72,
kB, UBoFEBRL I EHE, CHOH OB
BIZENLVEEL4TITYIZ LS LT,
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Fig.6 Effect of processing time for
concentration of T-N



T-N BEE, KSR OREBICHE> TR T L

Y=1160e™* ® 1 WK HE > T LTz, 20
B OARBAfR$013-0.969 T, 95% A & /KUEDS 0.878
(n=5) ThHHZLDH, FETHDLHEWVZD,
2%, YL T-N IR, X ITALERER 2R,

F7-, KM O 100mg- 1L FETFRIF S
T=®IZiE, 2~ 3R E O KSR BALE TH
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Fig.7 Effect of water temperature for
removal ratio of T-N
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LEWE L T-N BEEOB%% Table 1 12777,

Table1 Effect of coexistence substance for
removal ratio of T-N

Coexistence Concentration Removal
substance (mg * 1M Ratio (%)
Sulfate ion 1000 98
Chloride ion 1000 96
Iron ion 100 61
Sodium citrate 1000 97
EDTA 1000 97
Surfactant 10 85

T-N BRERIL, A4 KO mEHER % By
T 96-98% & BIfFTh o7, kA A DIFFEFER
TITIEIE DB OB - TEBY, 202 & RNEI R
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&, T-N BRERN 8% LA A L BhoT
DY, ERANER DN B IR VE R O 43 BRI I S 4,
CH3;0H Dy fiEnsid SNz tE2 b5,
D, BAFUBHEKRFIZEY &L ThHn
HIEELLEGENTWVEEY, FEiGMER2R % <
HAET 5 TIHHPEKICONTIE, T-N BREROET
DEEIND,
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FOGHE & RSO T-N #EE DO BI1R % Fig8
ZNE R

1000
&
E 100
C
2 -1.10x
"é y = 154e A
= R =- 0.889
o 10 |
2 W 500mg/|
8 A 200mg/!
=
Lo

0 05 1 1.5 2

Processing time(hr)

Fig. 8 Effect of initial concentration for
concentration of T-N



T-N BE X, FUSEREOREICHE> TIRTF L,
3.1.5 OB 1,000mg-1? (Y=1160e™°7)
LIEEEIZ, 200 mg- 1™ TiE Y=154e1%%) 500 mg-I*
TiE Y=403e % L Wb LIREUSIZHES T
B Uiz, LasL, B o RGEIZ - TEE MK
Kb l, MEBHLICREEDORED P/ 7051
&R LTz, 708, PIHE 200 mg- 1™t & O} 500
mg- I OFBIREKITENEH, -0.889 K 5-0.913
T, ¥£7, 9B5%A EKE I E LI 0878
(n=5) THHZEnb, AETHLEWVZD,
7B, YIXT-NRE, XIXOPERMZRT,
ZOXMNG, PEKEMELL TETTITLDOITHE
PRALERIERE] T, 500mg- It T 65 43, 200mg-It T
WmoanylEM S,

B2 48

3. 1. 9 RIGKEDEE

OGS EOHEIC L DBREROEBEL DT
W, KISHE A 90, 110, 270 KT 540 ml @ 4
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Fig.9 Effect of processing volume for

removal ratio of T-N
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AR M T AL ERER R E
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Eb, HHENOBESESEZEMNT L, K
27 M (20 FM/kwh X 13,500kwh) & E%8 72 WLBE L
RAHZENL, PR AXF—-TRKE
(200nm LLF) I Zm S ) TE D585 T
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3. 1. 10 ZEBEDOIIGHKTOREE
ULEoER»MSH/EON - RELESLEE, O
WLERFI L CH;0H, QKISEEOpHIE 7, @i
FEAY 500 [Al#5-min™, @MERA|ORIEITE LR
FEHT 4, ORJSERIT 3 K, ®/KiEIE 28°C
T, KEUAMIB. 1. 1 LRLEHETH D,
FEEED TPk % AT Z 0% TF Ty
WME R ZIT -7 2 A, ERFERICELA 7 T-
N BREDENELNT-OT, LLTF ol EER %
1To7,

3. 2 EHFNERER
3. 2. 1 I EHRUEBERICKIBREDR
AFEBRIT TIHPEKEZFAKELT, [ 0LH F8R
Z 5 EHEH IR L, 2B, FEAKDO T-N
TEEEIL 1,000mg- 1t TH o 7=,
PR FE R & T-N BRZESE K OMLER KD T-
N 8 D BEf% % Fig10 (2”7,

100 1 C——3T-N concentration 80
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Fig.10 T-N removal ratio and T-N concentration
by the semi—continuous processing

a5 Bl B JEER T, T-N FRERITIAT
IZBWT 94~97% (CEXIFRER 906%) & BAFT
Hotz, £z, WHEAKDO T-N EEIX, 26~58
mg- It CESE 38 mg- 1) T, EUEELLAT
ol

FEBRICH W TSR T, RO I 2
2 50N MEATHoT-2 L, SS HNIE
EAEEENTWRZ CEOBENDL, BRI
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3. 2. 2 EHRUEBERICKLIBREDR
HGEALEL EBR Z 51 B AR EERT & T-N BREHR

T OVLER K > T-N 2 0 BA4% % Fig11 2R,
728, JFAKO T-N X 1,100 mg- It TH - 7=,

C—T-N
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Fig.11 T—-N removal ratio and T-N concentration
by the continuous processing

T-NBRERIL, RAICIETL, 8Kk (EBRKT
SEERI% D) BAtATR, 1 FFERIEZ T, 12I1E
—EDK 90% & 72 o7, T-N BRERIL,
UBRFEER L T, K6 WKL oz, F72, AL
HKO T-N B, SKEZIZ 72 mg It ThH-
7o, RENMrAIZEA L, 1.5 REEEZICIX
FEVEE 2 5 T4 % 105 mg- It fiite & 72 o 7=,

AT EH B AP R & T, T-N BRE
MBRITIBREF TR o720, THITRIGE IR A
L7z LG HE KO —EH 23+ 75 72 88 2 B3I HE
L7zl EZ BN D, ZOIEND, HHEREHE N
W, REMICHEMRTE D X D TR &2 % E
THEOEBLREZITZAIE, BELBBLRE
HRBREHREPEFECEZ LD EEILND,

4 F&H

AKHFZEIE, EHEE NOs-N SAHPIKDEHRE
& LT, RO & AEREER 2 M A G o T Tk
DB LN, B OZDOE&MET ToERYEKD
BrREZDRIZONT, FEERAKIREEZ AW
BEt L7z, £OREE, LTFDO X ) RN E
i,

1) SE4MR L CH0H A G b -k
SOUWNTIE, WIS 1,000 mg- It DBEA T-N Bk
RN 98U L BIFTH 72728, DD H,0,% D
MARDLETRHIFLEALEREDRENSAON A
nolz,
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2) %4ME & CHOH Z /A A b - ek o
Bl LB S5 1%, pHAY 7, CHsOH/NOs-N /L
TEE LS 4, AMEREERIAS 3 KERLLE K OUKEN
28CHTHoTz, BEHEEIZOWD TG &
WHlhol-ZtbboT, HBILEEZLAELTH
BiFCThHotz, LoL, #@IEMKSKEIX 100 ml
FRRE LSRN T T O IR T e o T2,

3) T-N BREFRZIRT 2 LEWEITEA
FUNERbBRELS, ROTHRETEESTH -7,
AIE LR GICE > TV Z SIS X DR %8
DILEFE R OZREILEN R E W L7272 & B 2
biLh,

4) FEEEO THPEKZ 7 S LR T
TOHHFALEEER T, T-N BRERITFEHT
96% & RAF CTdb o 7o, LB ERR TITA 6 Wik
W 90% TH Y, T, WHEHKITETORELER
WAR SN, HEELAEIZOWTIE, +oEE
LEWEFHEH Lz b2 s, &
BREEICL S TREFRBREDIRPIFRETE S
boLtEZOLND,

SRAMER & ALFRERAI D CH30H Z A5t 7= AL
LT, 1,000 mg- 1™t & O NOg-N % B AT
WCBRETEHZENDholz, LvL, 2E5 4
Z T O T D ROSRED D720 T & o
5, 4%, ERALEXD DI % R 72
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