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Nitrate Removal from Groundwater Using Permeable Reactive Barrier
Amended with Sawdust and Zero-valent Iron

Wang Zhen Zhang Zengqiang Li Ronghua Xiao Ran
(College of Resources and Environment, Northwest A&F University, Yangling, Shaanxi 712100, China)

Abstract: To investigate the effects of different packing modes, inoculation quantites and hydraulic
retention time on nitrate removal, permeable reactive barriers ( PRBs) packed with sawdust, zero-valent
iron (Fe”) and active carbon were tested in laboratory. The PRB filled with completely mixed sawdust
and Fe’ showed higher nitrate removal efficiencies than those filled with sawdust and Fe” in layer modes.
Nitrate removal efficiencies and dissolved organic carbon (DOC) in effluent increased with hydraulic
retention time increased. Within limits, increasing the amount of inoculum quantity of PRB could
increase nitrate removal rate. Nitrate removal efficiency, DOC concentration and the number of bacterial
colonies in effluent decreased with the initial nitrate concentration increasing, whereas the accumulation
of ammonium showed an opposite trend. Addition of active carbon not only could promote the reduction of
nitrate,, decrease ammonium concentration but also could improve outlet water chroma. Furthermore, the
nitrite could be nearly detected in the effluent, while the number of bacrteria colonies changed from
10° CFU/mL to 10° CFU/mL.
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Yy A4k A R A A A BB U5 O 320K} G PRB
R KRB G H AR CAERK S E R Z RNz k1,
PL Fe’ AT PRB AMUAEIR R NO, 4515 S TR AR
BT e AT LR E H A JE (40 As (Cr(VI) (Pb Al Hg
85 DA R — S AR X R A 0 A ML AR i Rk
M F AR ) BAh, Fe Ji it f =
A1 H T DI A & B 3% SO A0 4 B R B VR, A
TS Y i A R A0 LR Fe® A JRYE Y
WEAERAR pH (A T JEAT, i H s N iy =2
PRI AR WS e, T R S
YRS AL S 5 % RS AL R B 3% RO Ak P 2 i
BTSN R I LA RS B A LA
TR 1O SR Sy SR A AN B A 7 SR R KR TR A
R K SR 1 A B 5 PRB K £k FH A AT
BUBIE SR RAF AL, AR 5240 (AN oK) B AR e
(AR ER L B 26 M BB B PE R AR AR 22
SEF I I AE KK S B A ST SR G )
T ER R K R TEALER (4 o, \HCO; ) Al
SN ESAE A AR IR (F B Sk R AT AR ) A
PRy 7" AT AR IR S R A W SR Ak
— T AR B A i (BRI R K AR A R Y
TOC FVAH B BB 2% 7 5 T I 1 — A ) i, 36
F AW A A A I A A8 52 T K i R SR
TS TS HAEAE R IR R A=) A2 2 BT ikgh &

K, X FHUT K SRR 1Y) 25 B $Adh 25 7= A AR 1Y
YER, RN 7 L 45 6 G i D A il . AR SC LA
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1.1 SEIg#rat

JIT PR R 22 56 W 11 5 43 BT 46, S50 K o 2
Bk, 3K A R R % W B KNO, #il KH, PO, LA
N/P Jife kb 22+ 3 e il i . 0 4 R (A BL Ak
52.3% ) K A % ATk, 2 XTI B i
1.0 mm i, KICBBEZH 0. 27 ¢/em’ , Fe’ Rt K&y
50 wm, JESCEE AR 3,18 g/em’, WG PE IR A K
RRAEZ 100 ~ 150 H, %8 0.65 g/cm’, FEFf
PR [ P ARAMB R e P i 2% 30 em DAUF &%
AL (S KEN 16.23%), M
1.0 mm i, Y6 FHAR HC1 123 24 h, 1 A kK ok 2
WP 2 B Pk oh ik 3 Wk, fE 40 b T, 2%
JEH1.59 g/em’, 3t 2.0 mm FAHLAD , 2R
WYk, H R IKR 25 8 F oK v Uk B T 8, mE N
1.56 g/cm’,

1.2 XEWHE
1.2.1 LR

FEAD TR 37 R FH I8 0 ST 915 380 A e D0 M A
A, BRI = fAfrh im A 1 000 mL JiT Wk B
50 mg/L BYAHAS A (NOS -N) IEH (Hrp N/P R
HJ22:3)FEMA5.736 2 ¢ HEAR .6 g Fe, ffifh & rh
C/N Jiiit t R 60 Fe/N Jitit bR 120, 5001 7 ¢ 16
Pl AR, = ME T 25°C fHR R R4
R IS A S A (R 1) HEMAIES
ROE R (5 10 K) JFUR3EEF PRB,

®1 EFRUHRWHLEE
Tab.1 Denitrification of cultivation mg/L

RRMEER 1K PSR TR HOK HIOK

NO; -N 50.0 4,748 0.337 0 0

NO,; -N 0 13. 832 6. 527 0. 003 0

1.2.2  SCHdeE S5

SEYHEE N R 50 em  \NAR 5.2 em Y PVC A,
TRERHEA E A (AR S FE IR % B4 5 T — AR A 3
AN S AR K T, MRYESCI0 T 22, 7E 8 MR N
F:(R1.R2 .R3a R3b R3¢ .R3d R4 R5) H143/2%E A
SN AR, TR AU ER Y Bl — 2 H VD i — 2 4ivd, T
TRUDZ AL SE AR R, VD 2 R o e R (B
BRI AN 1 R 2 o) o ROV AR SE R IS
IR L RD 55 7 YN AL 4F 19 R W, R1,R2 . R3a R4 | RS
BRI 120 mL, 2 24200 77 =X 452 B8 ) )
KB 25 85 e B % PRB 25 B3 il 25 &L 52 1
Ak, R3a ~ R3d Ay I 5 AR [R] , BV n 2 43 5
120 150,180,200 mL, %5 A [i] 42 Fb i A4 52 il
FERD 6 R S AR S 1) B RO AT HOIA 300 mL J5 i
WP R 50 mg/L AT A FKRE, e AK 1A H 7K
AFE3 d, SRIGFTIFAKOFME KT LL 0.5 ml/min
(R E K i HERE 1000 mL J5 1EE84T PRB, 4524 h
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Fig.1 Schematic diagram of reactor column
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Tab.2 Media configuration of reactors
PRB %i 5 I 1 I \%
R1 70 g FLUS 65 g v 105 g #EAR 105 g Fe® 419 g 4IVMRA
R2 70 g MY 65 ¢ MYy 105 g Fe° 419 g 4HVbIR%) 105 g #i K
R3a ~ R3d 70 g MV 65 g 4Ny 105 g Fe” 419 ¢ 417D 105 g HEAIRS] A%
R4 70 ¢ MLV 65 ¢ 417> 105 g Fe® 419 g 417 105 g $EAIRS] 43.2 g JIVD 10 g THPESIRS)
RS 70 g ¥V 65 g 4N 105 g Fe® 419 g 4175 105 g 4R A 10 g WG HEHIRS) ANI%E

4 h, P A AR B, = & (NO; =N, NO, -N,
NH,' -N) Al A LR (DOC) 1 H 7K BRVE 58
1.3 SthAE

NO, -N flE™ 2B, U102 RIS
AU (R FERAAUERABRA D) .

NO, -N 5 2 N-1-Z5 8- 2 T oG B B AE I
K 540 nm FM%E .,

NH, -N 5 2 e i 5 e (32 26 9% 1K 636 nm
TE

DOC 5 > . R R 4Tk k

PR TR R A AR L

2 GRSt

2.1 BEEAXTHESRERENI M

J Wiy JEAE PRB 4 43 A A 6] i) g S B0k
P A BB AN Y ) DT 5% ] S A Ak R 2SR, T
BT BOA [F] A D3l 2B W sl b 2 I o5 AR L BB
M, &2 R, WA S A A BT W B 50 me/L
NEEE] R 100 PR, 45 SO 2% H s S R LT
HIR E R T 95% [ LBk, Ud B[R] s % Jin [ 447 411
WM Fe® Y9 PRB HUR T AR 4 A A 25 0 5 BR AR
PRB 4R Fe (1305 7 2UA ], A A 2 £ B
SR AT, B AR Fe® TR A IHZE R PRB (R3a ~
R3d.R4 \R5) TSR M LBRR Y& T #H 4 2
e PRB, RI1 SRR K FE e 28 o A S Rf 1 A=
YRGS R RS 2ot Fe® b2k JFL A Fe® i ok
FRA R A A SRR A AR R2 A A I AR 4
5 R1 *H%ﬂii%ﬁ%‘ﬁ?&ﬁ%&%%*ﬁ%ﬁdn@ R2

98 r
96

94
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B2 AN [RFCRE AR X A R BRI

Fig.2 Influence of packing mode on nitrate removal rate
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IRA B D HR AN 5 T e it T RE TR
JEARE T SRR ASAL T Fe® AALAT LA AR 5 h
MR IR LA S H,0 kA A i v ™= A &
AP RO RS R
5C +4NO; +2H,0—2N, +4HCO; +CO, (1)
2Fe’ + 0, + 2H,0 — 40H™ + 2Fe’*  (2)
Fe’ + 2H,0 — H, + Fe’* + 20H™  (3)
B gt AR T IR, R & A B 3¢
FAEA SR A T H (A T B SRS AL TR S A TR
BTSSR R R CO, AT DRl | 5%
FASAC BRI, 0 A T 25 SO AR & T A I Co,
5 HCO; . 5340, i T A R RAig A L REIHAE TR 70 7
TR = 1 CO, , A3 IH CO, AT LL4ERR %
P FI A ZR 38 1 pH AE, AR T Fe JB i A 52k
AT, DA S A R S A R R R ROR it T
AEVIRAEAL R AR, BRI Z Ah K R ik ] R & A
(R I A
5Fe’ +2NO; +6H,0—5Fe*" + N, +120H"  (4)
4Fe’ +NO; +7H,0—4Fe’" + NH,; +100H™  (5)
8Fe’* +NO; +10H"—8Fe’* + NH, +3H,0 (6)
BARRZ A FT W, Fe® i BRI R 4 B2 16 3K
(1 pH B FEA7 2077 S A7 Sk th A5 IR 9T & BLAE Hh
SRR T Fe® ] IR JRAS R SR>, AR s
KK pH {ETE 6.8 ~9.0 Z [al 484k, 1 H. 7K o
RN B AL = g NH, -N, BB IAR R Fe® SRR 4L &
A TR SN
H T ZE G PR 58 T RAH AL 27 LA N,
F=UO BT RL B9 K R RTRS I NO, -N BT R
AN 0. 764 mg/L, e M 1. 285 mg/L, HAlh PRB
A K R LA A 3], 1B 3 B, B0 7 =0%
NH, -N B9 R m 5K, 78 W AR & B NH, -N 2k
JETF LR LR &SR . ON 0 fe/E . QSRR L1
SRR, QFe’ SRk e i, REZWF5R
HR ) P P R A A i 2o 8 23 AR 5 ek
R4 [R5 P51 M ok 1 AS [] R J7 =000 il 285 & 2
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REAS ) 2l KK BT 1 T (E 2 X il 25 AUy 25 B
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Fig.3 Ammonium accumulation in reactor effluent
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450 mg/L BYSRAET , HEAFRINTE] 10 h #1118 h X
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I AR R T A AR L BRI P e, HrhomiE vk
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i TRt Jgfe 2 184 0 T s TR A 5 4% SN A JoE 1) 4 fk
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R3a ~ R3d "7 {5 R AFE] R 10 b, 27K Al 25 ZU5 =ik
&4 50 mg/L i 5544 T, 38 2k ek 2% s i Ak TR 1) 42
Fofr iz K 28 B [l HE A AR R TP RS AU KRR Y

S, K45 W, 7E— o Y I N i A ] LA
PR AR LR TEA SE R AR FR 4 bl o
150 mL B, ANER RE AR 2F A 25 A 00 25 B, i 52 3%
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Fig.4 Influence of hydraulic retention time on

nitrate removal rate
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Fig.5 Influence of hydraulic retention time on

ammonium accumulation
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PRI T LB KK B, e S g ad fe v B
H KA TR CRITIR TR A S R, (RS N 5 M A i
IR BRI B A B B, TR WA LU BR . ¥R
TP e RE N DR R E8 Y 25 B, — 7 1 mT REJE T
B b5 Fe® B LS HL AR T A 5k 0 A
et T AR A PR 3 D5 53— 5 T A 5 ) WO R
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AR By, DA T e I R 2 A E DR B3 e
T REAER . B 6.7 W FEAE R ETE Y 18 h
RIZEPET A U0 2 Bk 4 B 4 HA00 B o e J3E 119
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Fig. 6 Influence of initial nitrate concentration on

nitrate removal rate
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Fig.7 Influence of initial nitrate concentration on

ammonium accumulation

2.4 H7k DOC FIEZEHHT(

fEsfTid R R2 B K R VR B — L T A
N a% , KFEPRE £ A5 1.5 x 10° CFU/mL, 3X A
Al e LRy e 1, RO LR AR IR 2 i B R
SEMAEY AR N RIFEIA 82 S FIRG BN
SYMRA R B IE A HUEY R BE . MRS
(1% HE 7 PR 5 50 G At 52 7 8 1) 3 K TR 7 BRRAIG, —
HAEFTE 5.0 x 10° CFU/mL 247, — 7 il i T4
() NH, -N ¥ B2 ma i 2 o i A Y 5 — D vl
RBSE 20T SN A4 2 b ) ELA R B S e ) 3 1
HARGERT . BT K B T AR TR K AR e T LA
Ab B KRR B IS FH T SEPR I N A — 25 Ab 3, DA
B8 il LA, 7 2 /K A 2 U0 B MR A 50 me/L
(2T 45 B B TRl A Hh /K % DOC s . X T
RS PR W FERS R AR o Mk 8 — i IR L T, B
AL B B R — 2 1, S PR SR TH FE 8 —
JEBT, SO SRR | SR 4 0 AR T T R R
I, AT 5 ZEHAR R B SR B>, 189 B, 7R
P EABTEIA 18 h W25 E T, il R 56 3 vk i b iy
K DOC J v BERRAIG, iX R 2R FRUEY
Rif At o VIR S A TR R T BT FE TR 2B L, S04
AR B, RS [ 17K H DOC 5 HoAth 52 17 75 #R A
UL G PE I 50 53 A0 T SO e T AU B TR A
R EBR A B T A% 1 7K 59 DOC, 76 S b 4%
R I P e T LD B e S A BT

3 #Fig
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Fig.8 Effects of hydraulic retention time

on DOC in effluent
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Fig.9 Effects of initial nitrate concentration on

DOC in effluent
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W Z AR, FE— Yo B P B it m] DL = i
BRI LR, Y GG E, AMEABERE S
R LB B M2 K H SRR

(3) PRB HaR I s AN AT UG A A U
Bk BRR R b S AR AT L oK
&, TR TR —E DL T, A A R bR A
K DOC T £ Vi B B 5 400 4y Wk 88 1 5 o v o
I, A A R0 R SRt B i 5 R VA P 388 o ot 34 o, A
S, 7K TRV BB 5 00 G i 28 2RV B T 34 i g
fik.

(4) 1€ PRB iz f7ad B v, il 48 280 2 B e i 1ot
95% , 7K H TLF-AG A B0 Al 25 480, /K B T T
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