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Migration and Transformation of Nitrogen in a HRAP Treating Domestic

Wastewater in Rural Area
HUANG Xiang-feng, WEN Yue, HE Shao-lin, CHEN Guang, LI Xu-dong: YANG Dian-hai, ZHOU Qi

(State Key Laboratory of Pollution Control and Resource Reuse, College of Environmental Science and Engineering, Tongji University,
Shanghai 200092, China)

Abstract: The migration and transformation of nitrogen were studied in a high-rate algal pond (HRAP) treating domestic wastewater. Total
nitrogen varied from 17.13 mg/L to 133.2 mg/L while ammonia ranged from 1.85 mg/L to 108.3 mg/L in domestic wastewater. At HRT of 8
d> the annual average removal efficiency for TN and ammonia were 29.4% and 91.6% > respectively in the two-stage HRAP. The treatment
performance ranked in a descending order as follows: summer, autumn, spring; winter. The major mechanism for the migration and
transformation of nitrogen in HRAP were nitrification, assimilation by algae and others such as ammonia evaporation. Nitrification contributed to
more than 50% of ammonia removal. Despite the possibility, the contribution of ammonia precipitation was negligible in HRAP. The total
nitrogen was mainly removed through assimilation into particular organics and subsequent separation. The contribution of ammonia evaporation
to total nitrogen removal was marginal. The overall removal of TN can be improved by recycling some treated effluent to the upstream septic
tank or by upgrading a polishing hydrophyte pond.
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Fig.1 Experimental set-up and flow sheet
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Table 1  Characteristics of the influent feed to HRAP/mg®L ™!
CoD AR A TR 58 P58 SS pH
554.9+123.5 62.93£35.12 85.01 £20.15 4.65+1.24 6.95+4.21 98.21 +£30.2 7.85+0.87

1.4 FRCEEIER R B

KM AR VG K AR B IR R, R it rh g K
N HRAP, 2/KE N 0.5 m, JT 238 it #E2E &5 18 %
TG KL TR ANIRZS, S EIE N 0.35 m/s. HETRA
W1, HRAP ot /K BE R 55 2 d I TR A HE L 7Rk
Zrtt, JT R DR HEAK, 95 3 d S R 2P ER T,
FIG IR G B A SR AR I A D0 B DY R Al
( Scenedesmus quadricauda ), J& T 255 [ TS & . 5% A
Chl-a ¥4 0.28 mg/L.

2 HRE5HR
2.1 AHWIRBEN B

#*2 4 coD M PE coD(DCOD) HJ B it 1%
B RIS, HRAP R 48 COD 25 BRI AT, A2 4F
HEKF) COD b 554.85 mg/L, EBRZEHN 80% » -
HWZEH BT RAPIZE . coD I LBk R 24 e
eSS AR S S R A B BRI 4% HRAP % COD
() 2 R AR AN B A2, {2 DCOD 1742 46 1) 11, HRAP
WK ) DCOD K 554k h B 1% coD, M
KA R A ) B S I B O AR 92 BL T oD 1
ABERR KA EERYYEH /K oD %2 S8+, X
R ZEREAC T 100 mg/L, 1H 7K A= w5y 55 18 9 3 oK
DCOD WUZEIIYERFAE 70 mg/ LA AT, 454 H /K ik — 2
FeB SSCHEZS A ), n] LUK B HE R .

%2 HRAP &% COD 71 DCOD £ RV

Table 2 COD and DCOD removal in each unit of HRAP system

. COD(DCOD)H S /mge 1.~ ! A BERR

K 33t H 7K —%% HRAP /K 2% HRAP Hi/K T3 K /%
#ZE=Go~11 D 341.1+98.3 306.4 +21.4(185.4)  213.0+12.5(76.26) 217.2+16.5(68.59) 111.1+10.2(66.58) 67.4
XE(12~1 ) 447.2+113.2 259.1+25.4(175.8) 223.8+13.6(124.52) 228.5+14.5(84.73) 146.0 + 11.4(70.84) 67.4
HEG~5 ) 730.3 £210.2 314.5+35.1(202.2)  263.7+17.4(83.55) 261.0+21.1(81.08) 102.5+5.15(72.49) 86.0
HFEG~8 ) 636.1+145.2 266.5+15.4(176.9)  264.9+19.5(73.23) 264.0+16.1(61.89)  95.5+4.25(68.91) 85.0
AAE 554.9+123.5 289.4+20.1(186.9) 243.2+21.5(87.45) 244.1+15.8(73.87) 110.9 +10.2(70.52) 80.0

D55 M4 DCOD i

K TP RN 1.7 ~ 17.1 mg/L, BB K, /K
e SR K TP B H P IIME R 1.83 ~ 4.44
mg/L. WREFIAKZEN TP L BRSO br, k8] T
65% ~10% ; %-ZEFE 2 TP 1) 2 bR R BAK, 200 0

8.9% M 16.5% . T = BT a0 ik i B i 2R Aok 4Bl
W 1 1) Ak R e 1 S 45 3 25 e
2.2 R

HRAP R A ZBRAUM WA 3. A A 7575 7K
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ZN 20 ~ 85 mg/L, ZHE N 12 ~ 50 mg/L' . B2 AT
FOARTE ST, PEAC B K RN % 1R K &5 850k T
HbTHT SR AR B I, e LA s BRSCERE 1035 7K LA o il v
KA, BB E M . 3R 3 7] %1, HRAP R 4¢
MAEF T LB EN 51.8%, FLBRELIR
70% » 5 ZET BRBORIT N E T > KE > HE >

A7 AT EAE— 2 HRAP FI /K = 56 tE U Y
bR HHARTE B R (DIND 2 4E — 4 HRAP %, 5
COD 125 BRAUAARAL, DTN 76 —%2% HRAP P94 31
AR R R U 2 TE7K A S S5 R ) W P i o i B
DU IR R B KA B o K S m A
SRR A 40.96 me/ Ly BEHEORRE VA7 22 8

33 HRAP R4 TN 1 DIN £RRIRY
Table 3 TN and DTN removal in each unit of HRAP system

- TNCDTNOV S /mge 1L~ MERR
HEIK 23t H 7K —2% HRAP 7K 2% HRAP Hi7K P HE K /9%
*ZFEo0-~11 AD 91.40+22.13  90.28 +26.45 (83.48) 67.09+11.34 (59.99) 57.85+8.46 (48.92)  39.72 +4.58(36.72) 51.2

£ZF(12~1 D 88.38£21.45  78.12+24.33 (71.76) 78.44 +8.68 (68.38)
HEG~5 ) 89.95 +20.14
HFEG~8 D) 80.37£19.48  66.29+18.38 (59.89) 45.02 +8.30 (35.26)
AR 85.01 +20.15

69.20+6.77 (64.04)  65.70 +3.58(59.29) 25.7

73.79 £ 17.50 (65.79) 56.70 + 14.80 (45.32) 53.52+11.92 (42.78) 38.71 +5.48(36.61) 57.0

41.13+10.02 (31.47) 25.58 +5.45(23.87) 68.2

76.75+22.88 (69.57) 60.76+16.22 (51.01) 54.19+13.55 (45.17) 40.96 + 4.58(37.91) 51.8
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Fig.2 Seasonal distribution of various nitrogen species in each unit of HRAPs
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Fig.3 NH, -N removal of each stage of HRAPs

2.3.2 SRR A AL AR

SRR 0 T ER A - ORISR R AR AR
M QARIE K s QK R @2 EDTIE .

(D At A

WFFE KT HRAP & S A7 AE A AR B VA —
. Yakup™ A4, HRAP i T/ pH Al DO I
ASAY AL A B Ak 40 T 0 LA ZEAE A B AR D e
Picot Z578 1 R KR B AL L% B Mclean 257" 1)

W5 2 I A 3 5 BAS 56 4 i A B 5 I A
FLZD IR, Picot 257 BT FE+ pH A DO 224k
FtH 2, pH £ 8.0 ~ 10.0 Z 8. DO 7£ 0 ~ 35 mg/L
R IX R BT 4 R A 4 R AR K T RE
PEAR /N T Cromar 25 FHF5TH DO 4 6 ~ 10 me/L
pH A 7.4 ~10.8, BIE A it 41 & B K AR5,
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AP AR THE.

ANTRIZETT W9 0 HRAP 24 ZUAS AL B 20 LE L3R 4,
T A A8 4 E  H KA A R 25 (8 B 2 (R B
% 4 nl %0, Al A0 AE & HRAP ZU AU 01 3 205
1, IR IR A AR AL LE 1 93 )k 61.6% AN
70.9% .~ 2% HRAP 2 AL H 4 b DL A& ZR o5, B
UK ZE R 25 | Garcia 251" 1 % B HRAP £
A= HRT = 8 d W AHALAE B B LA AN
Z 1 R Z2 G A Pl A8 1 = i DR A % s U AL
AR BT AR K A IR A AR T Ak
I FRJREAT , AR IR A A A B AR AR, D' HE O 99 1
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Table 4 Seasonal variations of nitrification contribution of each stage of HRAP/ %

BRI KZE0~11 D XZF(12~1 1) HFEFGB~5 ) H7F(6~8 ) A4
—% HRAP 63.0£3.5 93.5+1.5 50.8+3.5 49.3+4.2 61.6+10.5
%% HRAP 56.2+4.1 83.9+3.2 87.5+2.6 48.0+4.1 70.9+£8.9

o LA % HRAP IS AL BE 7, 75 AN TR 2515 1)
H [1]C06: 00 ~ 18: 00, AN K454 N HERE 2 h il &
ZNO; -N F1 NO, -N.10 H k345 R wi &l 4 fros,
RYKiR 16.4 ~ 18.8°C, MLSS “F- ¥4 110 mg/L. H
Kl 4 A5, — OB RIEVIIH 2 AN 14.80 mg/L, 2 A
LPE TR NO, -N B4 AN K, NOy -N 2180 FTHiE
P YRV A AN 1.55 mg/L, TEVI4H 4 h
WEA FTHWHE, £ 1 mgLL N2 5 K%,
NO, -N 2559 F &%, Noy -N &0 EFt 45 kit
IR N, L HRAP iFf 25 S0 2 B I i) AR 5 4
PEAAL, — 5. 2% HRAP WAL R T FE A y =
0.1362x + 14.42  (» =0.8927), y =0.101 6x +
22.54 (% =0.9002) . M4 A Ak 38 R 7 RE A s —

e\ — 2% HRAP 25 FAH fb 18 2 4r il O 0.136 2
mg/(Leh) F10.101 6 mg/(Leh), Fb il 4k 34 2 53 5l Ay
1.238 2 mg/Cg*h)F10.883 5 mg/(g*h).
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LA RE ORFF— 5 (1P, 5 0 DA B L g A5 m] A K
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BEDR 2%, KU KO R R A R A A 2 B AR I
W HRAP W pH B, BRI TR AK
AW LI, % S R R 41 Konig 2515 I £
HRAP 1, pH 24 9 A1 10, BT & 2 8 AFE I A
ELA51 23 590 40 9% F1 80% . Picot 257 sz BL i P 475 Al
004 36. 1% 46.3% MR« 41557, IF 4N 2
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Fig.4 Diurnal variations of NH; -N> NO; -N and NO; -N concentrations in each stage of HRAPs
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Fig.5 Experimental set-up for determination of

ammonia volatilization rate in the HRAP

TR0 E = AT, B T A 24 1, K
AN 5.97 mg/L, pH A 7.65, 7K#L A 31.9°C, 7K it
40.5 m/s, SN TEFXGE A 1 m/s R R R
HAERHE N RBTI R RO SAT R, 2 i 2
B ROE MR (83.0 £5.7) mg/(m’ = d) . i
HEE A5 R A3 9 KA 0.5 /s, LUK A 2 )
AN E P XGE K 0.5 m/s. Weiler 25119 (RITIF 57 £ 9,
G5 5 A7 AR B 1 DG B/, BB XU 1Y I 20 14 R
I TR TR, WA RE N 2 ~ 3
m/s, F I XGH 2.5 m/s K8 IE 28 R K%, ZUA
PER T 20 2 5 N & 1E R 415,01 mg/(m?+d), R
0.83 mg/(Led)UKIEN 0.5 m).

R A OUBEA% i B, (B AT A5 WA 58 TR A OK
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Wi 25 FEAE P 5 BRI A 7K D 9 0 0 XL T R DAL e 7 3 s
TR T 5% A A% T3 26 2 B8 K Jie g s A s AL
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[NH," -N A 380 Hh 2 JH BE (mg/ 1)

H R 50 e 2 R B  pH R KR ST 38 18 B U
FERIHF 0.83 mg/(Le DA, AIKH g EH
0.381 1.4 % Z= 15 PR RGEBILL 2.5 m/sih, B %A
T 1R 2 B BE L pH AR F 30 43 AR N 2 (2)
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WUy A 2 > B > KF > &5 ZFEWHR HRAP  29.6% A FR BRI K HEAM /N, £ A B HAL T
BRI RER AR R B ey, AN HRAP SR 1%.
B AR o W R A S R 10.0% (3) HE[R IR

#5 PR HRAP RRIELLLHIGE

Table 5 Ammonia volatilization percentage of NH, -N transformation in the HRAPs

5 —%% HRAP %% HRAP

e A7 R H AAF hE A7 HE HE LA
pH 7.69 7.78 7.75 7.56 7.70 8.47 7.82 8.05 8.02 8.07
1C 16.16 5.26 16.32 29.56 17.8 13.86 4.56 16.65 29.98  17.7
A E /mge L™ 12.59 28.11 20.27 8.34 16.83 3.42 11.44 8.05 1.23 5.96
BAIER R /mge (mP =) =1 41.41 11.84 78.91 299.98 79.06 39.91 4.56 65.77 131.63  62.81
BRI R % 1.0 0.5 3.1 10.0 2.7 7.3 0.4 8.6 29.6 8.8

BRAERA A T 2R I T A A S i
JRE R R B A R A S 32X o R i i 1 0
JRZ 5, IR FERL 2 Ak RS R H R A A
20 M P e 2 S5 o R S A R AT BIL SR T

E

20
—4% HRAP PY
15
- o0
g or '0. o0
b .o"oo g
2 st ° o 00
& o0 ®
0 o °*
ol @
| | | | | |

0 0.2 0.4 0.6 0.8 1.0 1.2

Chl-a/mg-L!

T2 BRI, 7K AR i SR P B B 6 HRAP HE K i L
FUNMI 2B 2 X 2 & 6 I W4t HRAP MUK A
MURMREE Y Chl-a WREE DG &R 0] UG Y, B0k A HL
RIS IE N Chl-a BHEATEERY) A

20
_ [ J
4% HRAP
[ 4
s p o ® L ad
: P
80 L] ®
élo— ° ye b %
= : . e%e
§ 5 ..'.:¢ [ ]
o ) @
ol ® 0 o
L L ! ! !
0 0.4 0.8 1.2 1.6 2.0
Chl-a/mg-L!

6 M HRAP BRI AN EKRES Chl-a REMXR
Fig.6 Relationship between particular organic nitrogen and Chlorophyll a in two-stage HRAPs

(4 @RI

Nurdogan ST g HRAP # IE B9 6 0 2 0T
PUZE BGOTIE P il CaNH, PO, A1 MgNH, PO, . fif 5 24 ¢
AR, TERR Pk 45 A N 2 Vi A B IR A BE I U T
BRSO Mg PiN=1.3:1:1.

A TAESE HRAP 2 B U iE 1 v] g vk, vt
NS B2 HRAP R & W, FH 0.25 pum 8 i
V& T R A A A T TR A R WA 5 ) S i 5 3% 4B
W ERA W pH 2210, 2 J5 20 T pH 2 5, I
I WAL 0 0 SRR 5 Tl IR ok S8 AR A

RE 25 R UL 7.4 pH E 8 LA ARLKI, /K
RAIRIE LW B N RS, IF T WOt Y s pH
M 8.0 B 5.0 I, 2 2 TH IR [ T, {H 50 45 R
I 1) 2 0 82 5 ) A B AR AR BRI 22 S, 1K TR Oy
Uy pH A F) 10,0, SH A K, FET A
U I 7K TR Ak < 8 1 AR b A BRI A AL AR

20 10

o L -
~ 18 7\X\ —x— AR :—]
l X H o0
= AN P 46 &
ERd x_ —A— R 7
B 16 [ N 14 §
®

15 4 \x =

—_— 1, &
14 |
13 ! 1 1 ! 1 0
0 05 10 15 20 25 30 35 40
RE I )/

7 SEAELREGRESR

Fig.7  Conditions and results of ammonia precipitation
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