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Start-up of a full-scale system for short-cut nitrification and
Anammox in treatment of pharmaceutical wastewater

Shuang Ding', Ping Zheng', Zonghe Zhang®, Huifeng Lu*, Meng Zhang*, Datian Wu?
and Zegao Wu?

1 Department of Environmental Engineering, Zhejiang University, Hangzhou 310058, Zhejiang, China
2 Jinhua Tianyi Environmental Protection Technology Co., Ltd, Jinhua 321017, Zhejiang, China

Abstract: In order to broaden the application area of the new nitrogen removal technology, a full-scale system for short-cut
nitrification and anaerobic ammonium oxidation (Anammox) was investigated in the nitrogen removal from a
strong-ammonium pharmaceutical wastewater. When the influent ammonium concentration was (430.40+55.43) mg/L,
ammonia removal efficiency was (81.75+9.10)%. The short-cut nitrification and Anammox system could successfully
remove nitrogen from the pharmaceutical wastewater. The start-up of short-cut nitrification system took about 74 d and the
nitrite accumulation efficiency was (52.1149.13)%, the two-step mode using synthetic wastewater and actual wastewater
was suitable for the start-up of short-cut nitrification system. The start-up of Anammox system took about 145 d and the
maximum volumetric nitrogen removal rate was 6.35 kg N/(m*-d), dozens of times higher than those for the conventional
nitrification—denitrification process. The strategy achieving Anammox sludge by self-growth and biocatalyst addition was
suitable for the start-up of Anammox system.

Keywords: full-scale reactor, short-cut nitrification, Anammox, pharmaceutical wastewater, start-up
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Fig. 1

Short-cut nitrification system (A) and Anammox system (B) with sequential biocatalyst addition.
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Fig. 2 Short-cut nitrification tank.
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Fig. 3  Structure diagram (A) and picture (B) of
Anammox reactor.

1.3 #E#ISR

x1 EMEREAELER
Table 1 Physicochemical properties of seeding sludges

SS VSS Diameter

Seeding sludge SS/VSS
EYNE @y @ (mm)

Anacrobic 5120 43.50  0.85  1.00-3.00
granular sludge
Nitrification-dent =5, 5 1930 064  Bio-floc
trification sludge
Anammox sludge 46.80 40.20 0.86 1.00—2.00

http://journals.im.ac.cn/cjben

1.4 [EIKLBRK
1.4.1

*2 EERENELEKER

Table 2 Composition of synthetic wastewater in
short-cut nitrification system
Composition Concentr?tion Composition Concentration
(kg/m’) (gL)
Substrates Trace elements
NH;-H,O Add asneeded EDTA 50.00
Na,COs Add as needed FeSO, 7H,O 5.00
Minerals CoSO4:7H,SO4 1.90
KH,PO,  0.025 MnCl,-4H,0 5.06
CaCl, 0.005 6 CuS0,.5H,0 1.57
MgSO, 0.10 ZnS0O4-7H,0O 5.00
Zlf;;ms 50.00mL/m’  Na,MoO,;2H,0 110
1.4.2
3

®3 RE[EMRLIEKEAN

Table 3 Composition of synthetic wastewater in
Anammox system
Composition Concentr?tion Composition Concentration
(kg/nr) (gL)
Substrates Trace elements
(NH4),SO;  Add asneeded EDTA 10.00
NaNO, Add as needed FeSO, 7H,O 5.00
Minerals H;BO; 0.014
KH,PO, 0.010 MnCl,-4H,0 0.99
CaCl, 0.0056 CuSO,-5H,0 0.025
MgSO,4 7H,0 0.10 ZnSO, 7H,0O 0.43
NiCl,6H,0 0.19
;Zﬁzms 5000 mL/m’  Na;MoO,2H,0 0.2
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1.4.3
(PHBA)
4
500—-550 mg/L
COD 500 mg/L
1.5 SHrists
pH PC-1000 pH
N-(1-  )-
SS  VSS

[13]

2 ZERE5R#
2.1 SEIERIL RGBT

211

( 4 Phase 1)
( 4 Phase?2)

DO

( )
50.89-295.72 mg/L

R4 BIHEAKKEKER

5.01-62.46 mg/L
0.01-8.71 mg/L
2.34-266.26 mg/L
(65.95+24.96)%
(1.89+1.71)%

(0.027+0.021) kg N/(m*-d)
(0.020+0.019) kg N/(m’-d)
A/O

344.6-641.8 mg/L
94.28-256.84 mg/L
19.03-275.43 mg/L
106.25-343.72 mg/L
(68.24+6.07)%

(34.81£25.31)% pH
HRT DO [14]
[1,15-18]
1:1

(0.13+0.03) kg N/(m’-d)
(0.089+0.021) kg N/(m*-d)

Table 4 Quantity and quality of pharmaceutical wastewaters

Wastewaters Quantity (t/d) Temperature ('C) pH COD (mg/L) NH,4"-N (mg/L)
PHBA washing water 20.00—-30.00 20.00—-30.00 <1.00 721.60 8423.40
Glutamine crude liquid 5.00-10.00 20.00-30.00 6.60 600.00 102.00
Integrated wastewater 100.00—-150.00 25.00—30.00 7.80 801.00 11.10
Boiler cooling water 300.00—400.00 35.00—45.00 6.60 33.30 10.50

cjb@im.ac.cn
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#5 ARMEEEHELEENENSH
Table 5 Control prameters of short-cut nitrification reactors in different phases

Short-cut . . Nitrogen loading rate
nitrification Phase  Time (d) Temperature ('C) pH HRT (d) DO (mg/L) ke N/(m®-d)]
Synthetic Phase 1 1-19 30.00-35.00 7.50-8.50 4.17-5.56  7.00—8.00 0.009-0.071
wastewater  phage 2 90-47 30.0-35.00 7.50-8.50 3.33-4.17  0.80-1.00 0.08%—0.19
Real Phase 3 1-33 30.00-35.00 7.50—-8.50 3.33 0.80—1.00 0.10-0.20
wastewaler  phase 4 34-74 30.00-35.00  7.50-8.50  1.98-333  0.80-1.00 0.12-0.26
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9.0 - . I-ll "a " - 2 - -
8.5 _..- n '-'..'-'l - O L S ) o0 500 " -lh.l.
" - ° "o g na "
8.0 5 ot ° .. e \; 400 mm
Z7s5p o T et 2 300 T
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Performance parameters of short-cut nitrification system using synthetic wastewater.

(

(
5

5 Phase 3)

Phase 4)



THE SRR RS AL E ARSI K AR B

A = Influent pH e Effluent pH

100 Phase 3 Phase 4

9.5 LY

9.0 | -‘ . L -ﬁ. =

8.5 mm 'h. -~

[ H n

80 = L Y
jun 75L L) coveme od o H':::,. ﬂa.l
9'7’0 °° aee o Joo' © .- e %o

6.5

6.0 |

55+

5.0 1 1 1 1 1 1 1

0 10 20 30 40 50 60 70 80
t(d)

C’:\ = Ammonium removal efficiency
S 100 —* Nitrite accumulated efficiency
Iy Phase 3 Phase 4
=
L n
3 -
% 7 .Irl- - .f. " u ® o - : ne?
— L] -~ . s my " e :-
3 " -.-‘..nl L e &
= 50 F l~~ o . ® u - Y
E ’ b ° .. ~~.l. L
g le® o ® O on
= a o® o 4
3 25te ° ~
= ¢ e
=
2 ot
g 1 1 1 1 1 1 1
~ 0 10 20 30 40 50 60 70 80

£(d)
B 5 LIHZAEKEITERELRENEESE

Fig. 5 Performance parameters of short-cut nitrification system using pharmaceutical wastewater.
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336.70—614.90 mg/L

94.2-268.1
65.7-148.97 mg/L
101.50-265.70 mg/L
(66.94+7.82)%
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(52.119.13)%

11
(0.19+0.03) kg N/(m*-d)
(0.11£0.02) kg N/(m’-d)
22 REAELRKNEDN
221
[19-20]
( 6 Phasel)
( 6 Phase?2) ( 6
Phase 3)[21'22]
6

12.00—57.74 mg/L
22.33-68.47 mg/L

(-41.88+33.58)%

*6 ATREMBEREFEMRIENETHSH
Table 6 Control parameters of Anammox reactors in different phases

17.55-66.74 mg/L
0.43-33.05 mg/L
21.19-62.81 mg/L
0.20—43.56 mg/L
(83.59+16.65)%

) /

(NO, -N/NH,"-N;) (-3.59+2.22)

1.32 /
(NO; -N,/NH,;"-N,) (3.63+2.49)
0.26
(0.23+0.052) kg N/(m’*-d)
(0.080:£0.039) kg N/(m’-d)
6

9.00-83.85 mg/L
0.30-84.87 mg/L
(37.48+33.62)%

17.29-72.91 mg/L
0.00—40.89 mg/L 13.05-55.29 mg/L
0.24-59.78 mg/L

(69.49+28.08)%

Nitrogen loading rate

Anammox Phase Time (d)  Temperature ('C) pH HRT (d)
[(kg N/(m’-d)]

Svnthett Phasc 1 1-73 30.00—35.00 7.00-7.50 _ 6.00-8.00 0.089-037

yntaetie Phase 2 74-206 30.00-35.00 7.00-7.50  5.45-8.00 0.13-0.66
wastewater

Phase 3  207-358 30.00-35.00 7.00-7.50  2.08-8.00 0.33-3.42

Real Phase 4  1-60 30.00-35.00 7.00-7.50  2.00—4.00 0.52-3.08

wastewater Phase 5 61-145 30.00-35.00 7.00-7.50  1.43-2.17 2.12-6.96

http://journals.im.ac.cn/cjben
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Fig. 6 Performance parameters of Anammox system using synthetic wastewater.
NO, -N,/NH,"-N, (1.93+1.80) 44.89-136.26 mg/L
132 NO; -NyNH; -N, 2.91-53.47 mg/L
(-0.91£1.68) 0.26 (77.92+7.33)%
46.72—161.64 mg/L
1.03-57.58 mg/L
(0.37£0.14) kg N/(m3'd) 33.54-55.56 mg/L
(0.20+0.14) kg N/(m3'd) 37.40-64.38 mg/L
(81.23+8.11)%  NO, -N/NH,'-N,
(1.23+0.16) 1.32
NO; -N,/NH4 -N,
6 (0.076+0.033) 0.26
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33.90-67.80 mg/L 2.65-35.15 mg/L
(1.66+0.93) kg N/(m’-d) 0.00-31.19 mg/L
(1.32+0.77) kg N/(m*-d) 41.67-84.88 mg/L
(82.91+7.50)%
(87.43£5.41)%  NO, -N/NH, -N;,
2.2.2 (1.31£0.17) 1.32 NO; -N,/NH,'-N,
10 d (0.180.049) 0.26
HRT 2.00-4.00 h
( 7 Phase 4) (1.98+0.46) kg N/(m*-d)
( 7 Phase5) (1.67£0.33) kg N/(m’-d)
6
61.02-141.78 mg/L 60%
2231-168.62 mg/L
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Fig. 7 Performance parameters of Anammox system using pharmaceutical wastewater.
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6 3 4
79.93-206.96 mg/L
102.43-276.33 mg/L

25.88-60.13 mg/L 2.45-59.78 mg/L

1.51-76.64 mg/L

44.42—85.69 mg/L

(81.75+9.10)%
(87.36£8.34)%  NO, -N/NH, -N,

(81.75+9.10)%
(3.66+0.96) kg N/(m’-d)

33 2

74 d
(1.45£0.17) 1.32
i X (52.11+9.13)%
NO; -N,/NH, "N, (0.200.032)
0.26 HRT 1.43-2.17 h
(4.31%£1.07) kg N/(m’-d)
3.66+0.96) kg N/(m*-d
( ) kg N/(m”-d) 145 d
(81.75£9.10)%
3 (87.36+8.34)%
6.35 kg N/(m’-d
g Nm=d) 6.35 kg N/(m*-d)
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