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B E HNARTESREE RIS KL B R G b i 78 e AL BB 18 A B A 3 — [ AU, 5 5 97 M 0 D SR 0
KA, B R A T S A K E FWIERE AW 5 KA RS (A/A/0 L20) h Ry AR . DRS04 R R0, 72 505 K 8
SR A A RORBORE 25 S L (A 24, e BE 23 93 g 39. 28 mg/L Al 41. 24 mg/ L, JOHL AU I Ak 25 S 2R, L 93. 2%
(36.61 mg/L) , A HLA S B, LN 2. 67 mg/L f%ﬁ*jj‘ﬁﬂﬂﬁméﬁttifﬁk,%ﬁ%- 58 % (39.83 mg/L) . fEHEA
— AL A R R R A R AL AR/ T BORL S A HLR A T 45% , SRR 22 i T 0K A AL R0 1o 0 vE R 2 B
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hE SRS X703 XHktRiRaE A XEHRS 1673-9108(2015)09-4193-06

Transformation characteristics of different forms of nitrogen
nutrients in process of wastewater treatment

Jin Pengkang Song Li Ren Wuang

(School of Environmental & Municipal Engineering,Xi’ an University of Architecture & Technology,Xi’ an 710055, China)

Abstract The aim of this study was to investigate the transformation process of different forms of nitrogen
nutrients by filed measurement and simulate test in the whole city sewage treatment ( A/A/0O) system. The study
showed that influent dissolved nitrogen and particulate nitrogen proportion were almost the same, concentrations
of 39.28 mg/L and 41. 24 mg/L, respectively. Dissolved nitrogen was mainly composed of dissolved inorganic
nitrogen, which portion constituted 93. 2% (36. 61 mg/L) , but dissolved organic nitrogen concentration was very
low (2.67 mg/L). The particulate organic nitrogen portion constituted 96. 26% of the particulate nitrogen. Dis-
solved nitrogen changes was very small in the process of the whole primary treatment, but particulate organic ni-
trogen decreased 45% . Particulate organic nitrogen was removed due to precipitation, which resulted in lower to-
tal nitrogen. Filed measurement and simulate test showed that dissolved organic nitrogen was significantly re-
duced by anaerobic microbial degradation in the anaerobic and anoxic compartments of the secondary treatment,
whereas a slightly increase of dissolved organic nitrogen concentrations was observed in the aerobic compartment.
Secondary effluent nitrogen mainly composed of inorganic nitrogen, through the further optimization of process pa-
rameters, we can enhance system nitrification/denitrification to remove the residue of inorganic nitrogen in the
wastewater.

Key words nitrogennutrients; urban sewage treatment system; transformation process
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4% (dissolved nitrogen, DN) A L4 K 0.45 pm 3
DX o3 o 78 fifp 285 8 A 45 1 i 25 A PL AL ((dissolve-
dorganic nitrogen, DON) £ 1% fi# 2% JC ML & ( dissolved
inorganic nitrogen , DIN) ; $Uk7 75 & 02 45 BURL S H HL
A ( particulate organic nitrogen, PON) £ /b 1 W [ff 7
URE b 0 s A 25 AL, B A U P &L (adsorption of ni-
trogen, AN )

HUS500 mlL ¥5 7K, SR 21 05 W S K R A
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UE A 0 8 RN DR A AR o W O R R A
(TN,) FE T HLA (TIN) , a4 NH,-N NO; -N #
NO, -N. K g i FH Al K Pl 2 100 mL 2
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5 min'" % J5 E 255 100 mL, 5t 0.45 wm JEE, I
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Sewage treatment plant processes and sampling points
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Fig. 2 Different types of nitrogen component diagram
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Fig. 3 Reactor, reaction time and sampling time

TETE RS 40 3 B BLs AT, 4 2 IR Ak
P BN 2 b RS T RO S. 5 h IR T I
N9 h FE N G R e B AR AL R . IR A R A S
(2 h) A in A K%y 10 mg/L KNO, , If HAE
U S BT IR I T PR &, i 25 3 v 0 A Sk 3
2 mg/L DL b, ISR A A/A/0 Ab 35 78 . HURE
I E A0 3 Bran , JF A 0. 45 pm & U8, U 5 TN
NH, -N .NO; -N il NO, -N,

2 HR5WR

2.1 —ZRBREPEEFVNSE
2.1.1 FRFRAHSHTH

M1 0] LLA 2K BRSOl (80,52 +
1.4)mg/L, PN #1 DN & & 43 %] & 41.24 mg/L Fl
39.28 mg/L, Ll 43 5k S1.24% F1 48. 78% , A~ [F)
WERKERW /A 1 s, Hd DIN j& DN
) F RSy, el 93.2% (36.61 mg/L) , H L)
AN F . 1M DN A HLA (DON) & & AR, A
2.67 mg/L, PN F % iy PON 4 i, fr 5 kb ) /5 3k
96.58% ,Hi4x 3.42% &y AN, AN =54 fil§ 75 & M
DON, > % 5 AN % 53.19% #1 27. 66% , 1iii &, & 1F
AN By & Bl D,

VIR U (N s = 25 7 0 | B N A (O
KA &N 73.43 me/L, PN il DN & &4 9
35.04 mg/L f138.39 mg/L, L 43 51 Ky 47. 72% Fil
52.28% . AFIEBRREFRY MWL 2 s, H
DN F 200 2 DL A N £, PN koK A T

6.2 mg/L (I FFPE AL (AN) 35 BLF BeA 2L .
FE— G K (R0 H 7K P SV B i 60. 46
mg/L,PN F1 DN it J& 2k PON F1 DIN 2 3, fir (& Ho 4
PRT 90% . ok EAPLA (PON + DON) ik &
o 24.3 mg/L, 5 BRI 40.19% , Hid 1L PON g
F, K% 5 TON 1) 90. 16% (W% 3), X5 Czer-
wionka * [{ BF 5T 45 HAW) &, HoXE 8 45K (BNR
TE) —HHRPAPLRMAT TR, BFTERY, —
F K A PR (TON) &8 AE 15.5 ~35 mg/L Z
], b S 24% ~45% L £ 2L PON Oy L 10
50% VA b, e KAk E] 78% o
2.1.2 WRRF KBS A
LRV P i R RE SR Yl Loy 9 PON I AN,
[Fi st B2 B 280 (AN 2 4 DON 2 L il 25 I il
AR SR R BT A LTS I8 TN
435K 12.66 mg/g F139.1 mg/g, ULIETS Ve H A A
®1 ESKkPREAESEERYI AR
Table 1 Different types of nitrogen nutrient
distribution in raw sewage

BB A e HAo L
(mg/L) (%)
S HILA 2.67 6.8
A AA 35.64 90.73
BMALHNA  WHER 0.94 2.39
TS A A 0.03 0.08
WORLAS A ML 39.83 96.58
HHLA 0.39 0.94
i 25 4 W AR 0.24 0.58
’ TSR 0.75 1.82
DIRTFSY A 0.03 0.08
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Table 2 Different types of nitrogen nutrient

x2

distribution in aerated grit chamber

b A e "ol

- (mg/LL) (%)

BmESAILA 2.45 6.38

A AA 34.87 90. 83
BMASTIA AR 1.05 2.73

WA A 4 0.02 0.06

RS A HLA 33.74 96.29

HHLA 0.54 1.54

Bk A W AR 0.19 0.54
= MAA 0.56 1.6

WS A 0.01 0.03

®3 MNMHKPRARESEEFRY S BRI
Table 3 Different types of nitrogen nutrient

distribution in primary settling tank

. e "ol
AREE
(mg/L) (%)
BmESAILA 2.39 6.38
A AA 33.8 90.18
T mmAENA  mAA 1.27 3.38
DRESEA 0.02 0.06
RS A HLA 21.91 95.34
HHLA — —
RS K B £ 0.53 2.30
= MAA 0.53 2.30
WAHS A 0.01 0.06

FE UL PON B 3UA7 A, 72T UTRS b DT IE AR 0Tt
TUHEH PON 3531 5 BUAUD 94.31% (11. 94 mg/g) Al
70.69% (31.16 mg/g) o Wi AN & ARME, Horh 32 %
JERH A A DON, £ B UL i UU3E ) P JLF- B A
S SR 25 A7 AE , 7E 9] U0 U0 E H & 20T o5 [
BIAE] 20% , WA SR ILFRA (LFE4) . 454G
1.2 M3 AT RIA ), AN T2 20 A HLS&URI i 25
A AA G EWMD , WHERILT A

x4 MERPARAESEEFTUIHERER

Table 4 Different types of nitrogen nutrient

distribution in precipitation mud

BB e H 43 L

T (mg/g) (%)

OB S LA 11.94 94.31

W LR HHILA 0.22 1.74
s AR — —

RILR WG BhE P &

WIE BMER L 0.5 3.95
WA A — —

WORLS A HLA 31.16 70. 69

HHLA 3.61 9.23

YL T E - BA 1.41 3.61
LR IR 2.89 7.39

WS A 0.03 0.08

2.2 —FR/BERGEPENRERERSW

A R TR R R TN B 21 43 10 78 4k 155
WE 4 frs . KSR AE 2 TR ith AR i it
5 Ay B T 7. 09 mg/L Fl 12. 96 mg/L, i PN
SyRIE0 T 6.2 mg/L Fl 12.06 mg/L, DON Fl4& A

FEEAAKR,

120r 4
3% ©PON —~ 35
100} B#  ®DON g 2%
DA BAIERAE 5% 1%
— 80f 1
3 R 03
@ Bk M A
2 oo "R ik
= 5
L
20F

K IR oK Itk
B4 — Ak R R

Fig. 4 Nitrogen fractions in primary treatment

325 Ry R S UORD Hh B w0 b ST 1 43 BT 45
R G S A5 R DTS O TE U R TN Sy
12. 66 mg N/g, #5340 B FH5 /K UL VE 4 6. 51 mg
N/L( ATN x ASS/1000) , [ B %7 Wi 1t 370 3 44 %0 By
12.51 mg N/L, 4541 4 o] 0, #ek BB AE & T B
YU AW DT IS, 43 > T 7,09 mg/L
12.96 mg/L, 5 U0 3E Jé & & & A 22 A K, H it AT
A, — AL B R 5 K TN 920 J& i T PON 14
FEUTVEANE 2B i), Sattayatewa. 211 71 Mulholland
VBT W], PON REAS T 1 LU IR B Lok i A
B LR, AE— G b B PON L BR 50% A7,
DON HBEAEA: W) 1.2 o il ao 2 fb FHK i 25 B o

x5 —BREVPETEIN
Table 5 Nitrogen balance analysis in the primary treatment
R b AL B EELD K K AL
SS(mg/L) 1186 672 514
R Tk N 80.52 73.43 7.09
L SRR (mg N/L)
ULIEPEH TN B B 6 51
(mg N/L)
SS(mg/L) 672 352 320
o Yk 73.43 60. 46 12.96
EURAR(A TN(mg N/L)
YLIER - - 1251
TN(mg N/L)

TE UL TS U P TN Oy 55 kL o
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B S A LUEH, KA 2.46 mg/L DON i# AE
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Yy N, DON AE JRAR X [R] 4 DX [R] 43590 s 2D 1
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Fig. 5 DON concentrations changes in the secondary treatment

TH A5 AT, DON A IR 48 X Ja] Ak 481X [8] K
A, TIAE S S X (8] DON H BE T — & A5 2 19 3
(WLIE6) , X Fh A S F 5 K T MR BT
DON f PR S B 58 Hh ] B [ fig oA /1N 73— 490 Jo i 4 1t
PERICR T TR DON e JR AL IX i) A ik 4
DX [R] e 2 [ AR 2 PR O WA W e e 17 o T e 41X [
B ey DON Al BER T LU R LA T : (1) f T
AP A 2 A TR A HLAG (2) A R IX A Y
W A G SR T K AR B 3l g 55 5T 0 3 fe O A A
P58 UKL 2 1 (Y 75 A 1L A BL ORI B 75 K
(3) Wit P 114 JRE 25 A7 AL 280 Bl A 0 7 Ak O
AR AR A B @R/ 4
X3 4 DX [R) 3 0 1) DON 34 5 22 3JF — 25 WF 5% A R v
B A R PR LA B 4538 43 BT o Ee A

TGk R R R T R R DL S LA (A
AR R 3, 5 KT g K R a2 & H K
BRI 65% LA L, 1 DON A5 B A~ 15 K 4k By A o
AR EEAR N KR BE AL (1.94 £0.26) mg/L, 4
HKER 15% ~20% , [F] I 7 A 9 b B4R 5T 25 A a]
G LR D BRI R R LA, I TR — P R
R 7K R, T L i R A ) A B R G R A S
R (g < T9 TR A5 B D) AR AR TS K 2R UK A

AU i A% mmiE A% ——DON

' {15 =
5 \ KN
g \ I &
# N T
X \ 11 =
¥ \ || =
B s . o5 ®
N ,Z NN &
0 1 2 45 55 115 165
‘ PREIX. l fﬁki?ilxil tf?tlxj

IK$16] (h)

K6 RAIERA/BE/IFE 3 DB BENEL
Fig. 6 Changes of nitrogen compounds in

anaerobic/anoxic/aerobic compartments
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(1) 5K SR AT L4324 DN A PN, 78 Bk K
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L, b BB A A 24 . DIN J& DN ) 3 25 43, 1fi DON
F AR AU 2. 67 mg/Ls PN F 247 PON 415, 4
96. 58% (39. 83 mg/L) .

(2) HE—ZH B, DN A AR/, BA
FEAR F= 22 th T PON 3 1 4 34 e e ke 2 B3 i 52 3
W, KW T 17.92 mg/L, KRN 45% .
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K AL (B 22 sk oK) & 7 2o Ak &R 40 i A AL
F BN BK TS HLABR B .

2 % x #f

(1] £k, TATE. W5 KB A BRBEEORDI . b
¥ LR R, 2014, 32(7) : 28-31



4198

A

-
i

T

e

o
=

il 9%

[2]

(3]

[4]

[6]

[7]

Wang Juanting, Yu Yanzhen. Research progress of nitrogen
and phosphorus removal in municipal sewage. China Re-
sources Comprehensive Utilization, 2014, 32 (7). 28-31
(in Chinese)

df. A EOK BRI S Y £ G B A O P [ SRR
2, 2007, 27(5) . 712-716

Meng Wei. The strategy of comprehensive pollution preven-
tion and cure of water environment in Chinese watershed.
China Environmental Science, 2007, 27(5): 712-716 (in
Chinese)

AR SRS ARTE 15 /K AL B b B T AR RS TR
2#,2013, (3):29-30

Yu Linkang. TN indicators explore the importance of
wastewater treatment. Straits Science, 2013, (3): 29-30
(in Chinese)

JAKAF, ZE4 BRHE, FBOKEYRASARTR
PR, SR E 5EOR, 2014, 12(3) : 10-12

Zhou Yongli, Zuo Jiaolan, LiYijun, et al. Research ad-

a2

>

vances of nitrogen removal by biotechnology in wastewater
treatment. Experiment Science and Technology, 2014, 12
(3):10-12(in Chinese)

EFR, Bn, B S EREKEYEEEARS KRG
# WIERl2E 5 H, 2011, 36(9) : 108-112

Wang Zebin, Ma Yun, Ma Qiang. Advance and trend of
biological nitrogen removal technologies in wastewater treat-
ment. Environmental Science and Management, 2011, 36
(9): 108-112(in Chinese)

R, EiE, K, & B8 AA0 T AWM EAS
JE1T5 8. PSR, 2004, 20(9) ; 5355

Fu Gang, Dong Bin, Zhou Zengyan, et al. Design charac-
teristics and operating parameters of inverted AAO process.
China Water & Wastewater, 2004, 20(9) : 53-55(in Chi-
nese)

AN I )2 DL AR T M A AL AR AR A )
ARCEREFE. AL AT R PR R A 58 B B L o i iR
3, 2013

Zhao Yali. Study on the characteristics an bioavailability of
soluble organic nitrogen of surface sediments in Erhai
Lake. Beijing: Master Dissertation of Chinese Research A-

cademy of Environment Science, 2013 (in Chinese)

[8]

[10]

[11

[

[12]

[13]

[14]

[15]

[16]

Czerwionka K. , Makinia J. , Pagilla K. R., et al. Char-
acteristics and fate of organic nitrogen in municipal biologi-
cal nutrient removal wastewater treatment plants. Water
Research, 2012, 46(7) : 2057-2066

SattayatewaC. , PagillaK. , SharpR. , etal. Fate of organic
nitrogen in four biological nutrient removal wastewater treat-
ment plants. Water Environment Research, 2012, 82
(12) . 2306-2315

Mulholland M. R., Love N. G., Bronk D. A., et al.
Establish a research agenda for assessing the bioavailabili-
ty of wastewater treatment plant-derived effluent organic
nitrogen in treatment systems andreceiving waters//Pro-
ceedings of the Water Environment Federation, Nutrient
Removal. Alexandria, Virginia, USA, 2009. 13-14
MkiniaJ. , StenselH. D., CzerwionkaK. , et al. Nitrogen
transformations and mass balancesinanaerobic/anoxic/aer-
obic batchexperiments with full-scalebiomasses from BNR
activatedsludge systems. Water Science and Technology,
2009, 60(9) :2463-2470

Dignac M. F., Ginestet P. , Rybacki D., et al. Fate of
wastewater organic pollution duringactivated sludge treat-
ment: nature of residual organic matter. Water Research,
2000, 34(17) :4185-4194
Gulyas H., von BismarckR., Hemmerling L. Treatment
ofindustrial wastewaters with ozone/hydrogen peroxide.
Water Science and Technology, 1995,32(7) .127-134
Sharp R., Dubanowitz N. , SattayatewaC. , et al. Biode-
gradabilityof effluent dissolved organicnitrogen: Impacts of
treatmenttechnology, process variables, and other effluent
waterquality parameters//Proceedingsof the Water Envi-
ronment Federation “ NutrientRemoval 2009 ” Specialty
Conference. Washington, DC ( USA) : Water Environment
Federation, 2009 :1117-1126

ParkinG. F., McCarty P. L. Production of soluble organ-
icnitrogen during activatedsludge treatment. Journal of
Water Pollution Control Federation, 1981,53(1) . 99-112
Parkin G. F., McCarty P. L. A comparison of thecharac-
teristics of soluble organic nitrogen in untreated andacti-
vated sludge treated wastewaters. Water Research, 1981,
15(1) :139-149





