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°C.C/N N 4:1 JASALiEN HRT 9 6. 0 h FIBE S AEHuEt HRT 9 7.5 h B95F T, AE#SE NOS-N JFi i ¥ )3 7 35 90. 00 mg/L
HJFOKFEAL PG , NO; -N vk B [ 2 24 2. 92 mg/L,NO, -N Fis i FE21°4 0. 26 mg/1.,COD,,, FUEIRELAIN 1. 7 mg/1, VEMUE
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Efficiency and Safety of Multistage Filtration Process for Nitrate Removal in Groundwater

ZHAO Hanging', LIU Yongze" *, ZHU Lin’>, ZHANG Liqiu', FENG Li'
(1. College of Environmental Science and Engineering, Beijing Forestry University, Beijing 100083, China;
2. China Architecture Design & Research Group Co. , Lid. , Beijing 100044, China)

Abstract In this study, multistage filter process including denitrification filter, biological aerated filter, quartz sand filter and
activated carbon filter was proposed to remove NO3-N in groundwater, and its treatment efficiency was investigated. Taking simulated
groundwater as raw water and sucrose as external carbon source, the effects of temperature, NO-N concentration, C/N ratio,
hydraulic retention time on the NO3-N removal efficiency by multi-stage filtration process were evaluated. And the operation parameters
were optimized. The results showed that the multi-stage filtration process had high removal efficiency for NO;-N removal. Under the
conditions of 90. 00 mg/L. NO;-N, the temperature of 25~30 C, C/N of 4:1, HRT denitrifying filter HRT of 6.0 h, and biological
aerated filter HRT of 7.5 h, the quality produced water was that NO;-N was about 2.92 mg/L, NO,-N was about 0.26 mg/L,
COD,,, was about 1.7 mg/L, turbidity was about 1.8 NTU, and the total number of bacterial colonies was about 2 CFU/mL after
disinfection, which could meet the Standards for Drinking Water Quality (GB 5749—2006) at home.

Keywords groundwater nitrate multistage filter influence factor safety evaluation
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AR, bl R E 28 D p k2 i Pk & 8 | Al
RE et it P, o AR TG T K S Tk R KA
R K b R T MR K B NOG-N §5 e H 25 ™
T AT A RN X R 7K R NOS-N A
BWEEERIA 112.7 mg/L?

Pageit, L ELH 70% N0 LU TR Ky 3225
KRR, NO-N A B 5t ARG E /N, (HAE A
PRSP NO, -N 3 17 5 1l 20 26 (1 S0, T
S R R I 2T P R ) IR R S AR R T,
TR & KB NOS-N 8 NOS-N AY/KIE , 2%
IR B, A LB 288 I I OK S5 5 W 5t
MY AR GE . A2 F ISR ER 5 AR B ) fig
JUdk BRI R PR 2 R — e iR

H AT, B NS EBRHL T K NOS-N Y 22051k
YR SR W S R R K
) NO;-N Frs 9% e , HAE 2B MR /K NO;-N
AL FE S LA e B, 3 AR SR T R T g
NO; [RIHBE Bk, BbAbh, 28k BB BT
AL NG NOS WRARTEA sk W, bR 1 JF
TR H AT 00V 3 2 B3k 5 7 R 8 A VR AN ASURUA 5
T ELAEP RIME S fhpad G 52 H AR 252 FiE
JEF (4R Fe Al 45 ) K¢ NO-N i 5L, e Pk 25 bR

NO;-N 3 i 2 S 4508 (H S 51 AKT I Ak 27 24 57
VE R 3 5500 25 5 0% 20 10 5% R 7, 1 R IR
Y,

H AT, A=Wk 81z W H 57K 1 NOS-N (2%
B, AT B AH CF s /0, HANRR T J0 4 1 Bz
IR AR ORI S5 A VR ok A 0 % o ik R
)L, (H LA e/ | s Ak B A o o A o
dr A e R O L HE T AR AR
FIRMARRTHLIX PRI, AR 22 350K 2 W 1A
ALPRYG 7K NOS-N [ R BB T2, IR R A Wik
LT K AR B0 AT RE 1, 25 A NOS-N K BRAL
REANH K 22 e Ak o DL 2 g i o 4k T
BTG K H B NOS-N, #F 58 AN [6] R & 41 NOS-N
WU W BE 7K 77 45 B3 B () ( HRT) | i B A & b
(C/N) 2R F 7K NOS-N 2 B3 25 4 5% i 10 A
S A vk N TR 7K NOS-N BRIt — 2 1
ISR AR L HF,
1 RREsS
1.1 KKK

BFXHT T4 B B RS HiL DX Hl T 7K i R R ™
PRI, X2 b X b /K 57 T REAILEURE I8 2, 45 7K
AR RR N 1 Fis

R AT A FEAN # DR KK BHE bR i A

Tab. 1 Investigation on Groundwater Quality Indices in Rural Areas of Liaoning Province

o [Tz rizEaN wAY AR CODy, ERLYES i BER AT H K

/(mg-L™")  /(mg-L7')  /(mg-L™')  /(mg-L™')  /(mg-L7") /NTU N /(m*-d)
1# 59.9 106. 5 0.48 0.12 0.7 0.7 7.50 260 15.6
24108 32.9 34.7 1.19 0.16 0.8 0.7 7.25 400 26.0
3l 23.7 103.3 0.36 0.15 0.8 0.7 7.36 630 37.4
ey 44.5 79.1 0.34 0.10 1.0 0.7 7.51 1200 72.0
s#fL 112.7 117.0 0.20 0.12 1.0 0.8 7.22 500 30.0
A 54.7 88.1 0.51 0.13 0.86 0.7 7.37 598 36.2

T AR A R R S PR B Rk P S TG Hh R

RIS JFK R #0524 h J5 19 H S AN A Y iR
AT I TR, AR RN S NOS-N SRR i i 24
h DA BR B R K b (i 29 &l e il 57K o NOS-N
Jr R B R 60. 00 mg/ L (ARG 45 1 75 oK 7T i 4%
Bkt BER R R R E 2k 85 me/L, ALY
HREZA N 0.55 mg/L, AT EWKIEA N 0.15
mg/L,COD,,, BTt 2R 1.0 mg/L, 2R it ik i

290 0.1 mg/L, 5 BT BEZY°8 0. 1 mg/L, VML
254 0.8 NTU, pH {HZ14 7. 3, AT1E R 2R A 5 B4
K
1.2 RAWEIT 5T

R 1 T 7K U5 i T 5 R AR = AL
Jo et e A A G At 7K 5 F8 A 35 A BR (R LA DY 19 AR
S PR AR W S 9% IR AR Y R R H R K
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NO;-N #47 KBx, Btk %) 25 e 1 FH <« B filh 1k
by — B A ) 1 b — A0 Rt 1) — R S 1B A B
Tz,

TR0 A A AE Mgk S R A e R A
AR BUATERL, BRI Ry B kL, il @Ot T, 3%
HCIE R — 2R, R EL S 1~3 mm, 5
JA B R B R RO 240 mg/L B BERE (COD, 2y
R 270 mg/ L) VE R 7E 3= B A58 R K A A
B S ARG JFK DL 80 mIL/h BRI 8 2 ik A
Y% E N BIWHELSEETT 21 d DA A: 9 i it g
B LR, s T ENE R AR AE 25 °C, ik
TEMAER R A S, H DO AR E /N T 1 mg/LL, 1
SAEYEM AR AR HE R DO B ik AE 9
mg/L,

2521 d WESEEAT)E , AR AT UL s Akt Py

AR IR B AR AE R, O BIE K X7 4R T K
S B AU N A T R AR R,
UERE B A IR B Sy 20 1.8 ~3.2.1.6~3.0
mm, TEPI IR 25 3 AP ATREEDT 16S rRNA
o 3 T AR IS A A Tt 5 A A U b
B L E R AR 1 BRI 1 (a) ATAL,
i T /N R 7 S T B A -
( Proteobacteria, 5§ 66.8%) 5 B & W [
( Actinobacteria, 5 15. 6%) , EATIER F Feth: 7 35 Y
A4, B R A DL R R R e 1 .
K 1(b) I B AR Mt b i LA S 28 08 T
[T ( Proteobacteria, 5§ 38.6%). L #F & [
( Bacteroidetes, 5 20. 8% ) 5 JEBEE [T ( Firmicutes,
5 19.6%) , ENTHR A7 B At COD % Br A LA Y
RN,

< I G720

Fig. 1 Composition of Microbial Communities

IR A SN K 2 =gkl T 20
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UEMLAE I 58 B, AR T2 8 B R AF I A R £h 2 BR
RUBE

ZRUEIREAS T NOS-N R B BH B B AR, (2 i
LK COD, YR JE 5 ¥ AR IR i =5 , B < AE W)
DB TTANRESE 42 25 B R A e, A U vt Xof i I 4 2
Pkt O E R 5 AR R AR e YRR B
SR BRI, D 7E = Z st ) Bl b P i —
PRAPUEN S ISR g, S 5 R 7E RBRAEIRER
14 [ B PR UE e 26 K 2 4k

1.3 RBIZ5%E

T 29 A% O T2 MRI 058 & B, KM
fe kit Ry 25 NOS-N (1 580 B AR W g b i
g MR FEALK  COD BTt ik B, PR ZLib gt o] LAA
SRR R WA A b K R B B L R R R AR
KRR T M e U b AR Ay R s U L B 6% i — 2D 2%
B S A it v TE VR 5 A BRI A B, SR K &
it 5 RN T LS T T KBRS T I (AR TR K
FHK TUAEARAEY (GB 5749—2006) . Kk, A WFFEAL
TR “ B2 il Ak U8 it — B S AE ) 08t - — SR g
th— A UE - TG M U S 5 G e FHAE
EFRT 2 e B ARl 2 iR,

R E S BESHUT

SABACTE . 2 F R BRK i NOS-N, 76K
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Fig.2 Diagram of Multistage Filtration Test Device

ASME T AT REH P DO R IE /N T 1 mg/L;
U RL R A A W Bk LU A W R A 5 A
TasR IR BERE 4% BEAIK AR R 48 i N &2 R AR R
O Ji5 A P S R S5 ARG A TR U
BhNHEA 180~450 mg/ L(ARPEAIR 5K ] 4758 ) ; %
TF HRT 24 2. 0~6. 0 h(BREEFEK R/ NVEM) 45 6 d
FCHPE—R, BFR 5 min, KPESREE N 6 L/ (m*+s)

WS AR e . BT R BRK T R AR R, 7E
RS T84T, 2 90 mg/h, RAIEH A DO J5
WV R T 9 mg/L; U AR % 28 A2 W B ok 15211
HRT 4 2.5~7.5 h(BRBESE K= R/INVEL) 43 d
MYE—R AR 5 min, ZKPESREEN 10 L/ (m?+s) .

PG RD IR . 32 TR LA kit
A BT 5% T 1 DA B AR A A 26 1R K RV ok B 3
V128 RAZ f st 0] — 2D IE A 9. 0~26. 0 b, 2
UEHLN 9.2~28.0 h, Py ERFf K 8K /NEL, IF H
THEY N3 d eIk, BFK 5 min, KGR
A 10 L/(m*-s),

T U . FH T B R A g i 5 e < A P
b Tk 58 4 BRI RS ERER S ALY , WK H o B
BEYT T BEAR Kb B ; A8 AR fi i
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1.4 NG E

JKEEH DO He R COM280 {3 #5287 it 2.
FEASGHEA T S 40 A PRI 5 5 COD, Y BE R 1 H 4% iR
BV YE (GB 11914—1989) 1l 5E ; COD,,, ¥ R
LH-3BA AUEEANAT UL B Y 2 S B0K Bl & {7

S A PR S 5 TN JoiE o VA 5 SR PR e 3o R 4 T
LM G REEE (HT 636—2012) MI5E ; 2 AR %
FAGAEIAFA 4366 BE 1k (HT 535—2009) 5 ; NO;-N
WRER I ER IR — 2 FLRl 1R 55 0 3 O REVE (HI 346—
2007) i 5E ;NO,-N Bt B R ] N-(1-5558) - & i
AR EE (GB 7493—1987) 1l 5 5 7K HH 240 T 7 7%
BRIV 50 (GB/T 5750. 12—2006) 5
VEMUE R LH-3BA BUE4M AT WA B2 2 S 40K i
A TS s e
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AT Ak TR A5 40 A 1% S W TG P | 2 7 52 1) 28] 22 9% 0%
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31.00.22.00.15. 00 mg/L, Bt AP AD B it XoF
NO;-N JUFTe KBRAE T, B Ak gt 5 0 1 e
LR T2 FE AR IT, X 51 MR AR
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RGN HEKNOS -N B 4 60. 00 mg/L C/N( Rt ) M 3:1 ik HRT 5 2.0 h
B3 R gtk N0 -N NO;-N F1 COD,, & 5

Fig.3  Effect of Temperature on Concentrations of NO3-N, NO;-N and COD,, in Multistage Filtration Process
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TR/ NOJ-N AR 58 430 58 N, 1 # ALk 1
NOS-NU T P2 b e A 0 B VR e e B AN 2
TokSE e A A, 29 E T 2% COD, 133
PR B R P B TP = [ 1 3 (e ) T, B Al
A gt T S s fkat B rhIEFE T KdE COD, , 7E 25~30
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K, 290080t T A A BRI K Ty ffar 5 C/N
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K NO3-N J5t i ¥ JZ 73 5 2 60. 00, 75. 00, 90. 00
mg/L B, 290081 T 2% NOZ-N e K 25 B8R 4
WM 75.2% 53. 8% F 52.5% ., H1IAT UL, AR HEK
NO3-N B T = B, T 28 SR FH A 4K 45 B Bsf (i) sl 50
2 RRIR A7 PABEXT NOS-N 78 5 8 i 2 B,
PEUL 2. 1.3 /N9 AN 2. 1.4 /NS TRl B A= 4 0k
i K TR NOS-N Y v EE W = T SRS Ak D8 i
NO;-N i B B AR T s fb g [ K1 4(b) ] X

S PR R S AR U S v R A KR SR RO,
#B4r NOS-N #4544k A NO3-N,

HE 4(c) AN, BfiZE 7K NOS-N ¥ BE T+, I
fif§fk & b XF COD, 1 $5c KA w7 B AIK, iR
58. 9%% 2 47. 7% ;WS A W ug i i K i COD, it
HIREM AT, BEAH S mg/L THE 23 mg/L;
2K COD, TR /NF 5 mg/L, X 2R
FAE C/N(JHTt ) PREFANE I 550 F , S I v
B 23 bt K NOS-N W BE A £ 0 i, BE e <
AWuEit HRT i, TS F 4 COD,, A EB 2Bk,
TEPER M 224 T A COD, 155 T ik 224k

BRI RN 25~30 °CLC/N( Bt IE) b 3:1 Ak HRT 29 2.0 h
4 HEKNO;-N ¥R BEXT 2 g T2 1 /KNO; -N \NO; -N 1 COD,, HJ5%m
Fig.4 Effect of Initial NO3-N Concentration on Removal of NO;-N NO;-N and COD, in Multistage Filtration Process
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ELAER A B Z2 I8 M T 22 B RO AL AL RE B AT AR
FetbR e 4k, 1l b o300 5 86N TR C/N (5T

) (3:1.4:1.5:1) F, %&b 1K NOS-N,
NO,-N il COD, ¥Rk, 25U 5 FiR

IR 6 45 F  HE/KNOS -N e BE N 90. 00 mg/L IR N 25~30 C K Hlfk HRT 4 4.0 h
5 C/N(BUh H) X 24k T2 HNO; -N \NO,-N il COD,, Hy5Z i
Fig.5 Effect of C/N (Mass Ratio) on Removal of NO;-N, NO;-N and COD,, in Multistage Filtration Process
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RIS HEKNOS -N BT 90. 00 mg/L JEE K 25~30 °C .C/N(Fii ) N 4:1
B 6 HRT X £ iEHh T Z;HNO;-N NO;-N Hl COD,, HIF4Ni
Fig. 6  Effect of HRT on Removal of NO;-N NO;-N and COD, in Multistage Filtration Process
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7K NO3-N vk B~ 90 mg/L IR EE Ky 25 ~30 °C i
C/N(BTELL) 2 4 15T, ki HRT =
6.0 h BES AWM HRT=7.5 h, —H Wk
HRT=13.5 h JEH K AU HRT=14.0 h if
PEARIEM HRT=21.0 h (50T, 2 7K NO;-N
A B2l 2,92 mg/L, NOS-N Jfi i #k iE 49 Hy
0.26 mg/L,COD, Brim ¥k EAX T 5 mg/L,COD,, [t
HWREZAN 1.7 mg/L, LRk S 50350 2 3K =
SRR BAERRAE) (GB 5749—2006) FRAE.,

A T AR P 5 bR R K NOS-N, Z 8
it T2 A AE R PR UL E G, AR T AT
PR AP UE Tt 5 175 4 A U Tt 11 1 KR P L V5 314K
P TR VR BRI e SR 7 b T~ T RT
7o TR A Tt S K A B TR Y R A O T I
e — 2Rt 7K A R R AR A
CLToIk T s b uE b K b A0 B R R
KT 500 CFU/mL; 3% P4 ¢ % 3l H 7K 7 oK T 25 10 4%
P K T 20 T TR 7 S B2 D 496 CFU/mL, (I,
S PRUE 22 0 b HH 7K 0 A e 4 X6 A e g it
KA NaOCL(INEEh 5 me/L) #71H 8, 1H B
JEAERANE 7 H IV R, TR E T K S A
BT M2 h 2 CFU/mL, JLT WA 51 W 5 i
YR PV, W2 TR B RIS IR K AR RRIE) (GB
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Fig.7 Colonies Number in Multistage Filtration Process
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F2 PRI BN RRER T 2MA L4
Tab.2 Cost Comparison of Different Treatment Processes

for Nitrate Nemoval
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