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Effects of trace elements and low-temperature on nitrification performance of biofilms. LI Qi', YAN Deng-ke', FAN Yan-yan',
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Abstract: To explore the influence of trace elements and change in environmental conditions at low temperature on the nitrification
performance of biofilm reactor, a simulated wastewater containing NH,~N was treated. The effects of trace elements, low
temperature, aeration rate and flow rate on nitrification performance of the biofilm reactor were studied. The microbial community
structure was analyzed by 16S rRNA high-throughput sequencing technique. The results showed that trace elements significantly
affected the nitrification performance (P<0.0001). After adding trace elements to the influent, the removal load of NH,'-N increased
from 0.93kg/(m>d) to 1.63kg/m’-d) and the generation load of NO;—N increased from 0.23kg/m’-d) to 1.21kg/(m>d). Low
temperature can affect nitrifying bacteria. Nitrite oxidizing bacteria (NOB) are sensitive to low temperature shock, while ammonia
oxidizing bacteria (AOB) are resistant to it. The decrease in aeration rate led to a lack of dissolved oxygen (DO) in the reactor, which
further affected the nitrification performance. The change in flow rate had no significant effect on the nitrification performance.
Analysis of the microbial community structure at low temperatures showed that the nitrobacteria of Nitrosomonas and Nitrospira
were enriched during operation, which ensured that the reactor can still have stable nitrification performance. The research provides
experimental evidence and theoretical guidance for improving the nitrification performance and enhancing the low-temperature
resistance of biofilm reactor in wastewater nitrification treatment practice.

Key words: nitrification; biofilm; trace elements; low temperature; aeration rate; flow rate
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Fig.1 Schematic diagram of the nitrification biofilm reactor
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Table 1 Quality of the synthetic wastewater

NH;N  NO,-N NO;-N PO, -P CaCO; i
(mg/L) (mg/L) (mg/L) (mg/L) (mg/L)

e

pHE

53.30+ 221+ 232+ 1.87+ 444.82+ 7.84+
9.70 1.93 1.36 0.22 25.66 0.19

F G Y H T e A 4N T A e 17 K A 3
]t TR G RV [ AR FE (MILSS) 4 3850mg/L.
SN 4% )3 Bl 2R B RS e IO s 8% R I e
IR AF SRR AL 5 PG Je T4 R A B
€A 0.8L/min [t 3d,Hi H 2 BIFIRE I EFGE,
Z G RN A AR IE SL i Kis AT
1.3 SERHEAT R

SR I 2 NMSATH BB AT B 1 o
AT BRI 0 26 AL AR i s B g g
(5% M DA K s 1 s K B AT 2R B B T W fIGiR E
ITH B BRI o o R0 A AR A X £k
I e I s BB TR R WA B AT 7 R R 2 TR,

F2 FTWEBITAR
Table 2 Experimental operation scheme

EATEL WG T Y HRT(y ACC) Fdmhy B R
(L/min)
I 0~16 08  3.0~10.0 23-25 10 EAIN
17~107 0.8 2.0~4.0 23~29 10 s
Il 108~146 0.8 3.5~5.0 10~18 10 s
147~183  0.2~0.7 5.0 12~16 10 s

184~338 0.2 45~50 10~21 12~55 i

1.4 8T H SR 5%

NH, N K94 B FDE EEL 2 NO, -N R
I N-(1-28355)- 2 e E 8 NOs N R
ANy I EETHED E PO P SR HIAHERSL /Y et
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ZAF N NHy N LBRFfr. NOy, N A 5 47 faf
NO; N A= e 87 far ALE CHLZE(TIN) 25 B 2 AH S H R
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1.5 Ik
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15 BRI R)h; by by B N #85A0 B TARARRRLL; 1, Dy k)
U ARALL.

2 FER51E
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Fig.2 Nitrogen removal performance and operating parameters during the operation of nitrification biofilm reactor
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Statistical analysis of operating parameters and nitrification performance of the biofilm reactor

1 1
0.3~0.8 L/min 0.2 L/min

kxR P<0.0001,***P<0.001
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Sh BRI S AT A A A A B s 1 s
(5%, EFS 148d T 4R 12 WK R < 3 M 0.8L/min
WA 0.2L/min MRS M 0.8L/min R4 0.3L/min
F R, Je N2 N DO B 7.92mg/L [ &
6.70mg/L, J .45 Pk e A 2 2 B g m (B 3(0)),
NH, N 2 & 6 47 48 ¥ 76 0.82~1.01kg/(m’-d),
NO; -N AR ERFLE 0.75~0.93kg/(m’-d). 4IRS,
%4 0.2L/min B, H 7K DO 54 5.5mg/L PLF, I
I 52 I 48 PE i 5 A 75 NH, N LRk 0.60~
0.96kg/(m’-d),NO; -N /£ [ 9 4 & 0.46~0.76kg/
(m*-d). b AP IR B ARIE S 550 T TIN (56
F (K 3(d)), 4B &4 0.3~0.8L/min 14 TIN 2
BRER 7.21%, 4IRS EES 0.2L/min I, 134 TIN
LN 15.44% SR BRAK— 7 TH 2 5 ik
BTGP, 5 — 7 T ] RE 2 FRARAE DI N 8 DO R,
AN TR 33 s i A v AR K A 7 AR R P T ) 25
Tt S A A A 0 M S A 3 TIN 53 26022230,
2.4 ORI A0 AR AL e N 2 1 RE IR S R
SN PRI S T A A R R A DA O,
TR N BT e LS T S 5 4 185~282d,
T B 10m/h #2754 55m/h, 5 283~338d, i
BT 55m/h R AE 10m/h AR AR ST 2 I
BT % B IR IS, 1T 36 2 0 3o A8 X Ak A 40 3 i
i A BEAE SV AS IS AT, i n] U Mk S A e N
HEPR LR U SO AT B A T R A 3 1)
SR AR IE S R (0.2 /min) B W 8¢5/ 05 7K
PR B8 59 , F AR U 0 e 44 v Y R 184 o £ it
SRR AR BN A AT 5 T it T
2.5 WAEMSH
2.5.1 EPS ot Wl 4 Pros, s ie b
PR A EPS 1) 32 B RO A PNLIX 5 K2 )T
ek 320 SRR YA B, AR R A
HHEZ PN Fl PS.FFUEE B, EPS J2& 521 AWM TE 1k
)5 B2 N 5, PS $RAE S E AL PN B R B i,
25 330d AEMEFEA S5 267d ML PS & BB E
%, 25 PN/PS Ft iy AWK W] PN/PS K, A
L HFURLGE Al B | JRE SRR e P8 T A S T A
SR BI7K I BT D) ) 284k A5 AR A RS 5 40 AR 15 S5 2.
252 TAEMITREZREME T R 3 g
5B Ace $5%%. Chao F5ZUF! Shannon 5435 K



6 3] B R O ICE AR BB AR BE IR 3033

TLEVIREAR, H. Simpson FEEUN TAMIRFEA, R
WA A PR AS rh B R T R 22 P AR 3%
ot Y8 3K 32 B th T 2RV e AR 0 2B A
L AFAE 72 5 AR MR N B AR A A ) A PR A
{10 % 34 52 JRAT™ WIS Wi 3K A A9 58 4 e 0 B 22 I Ik
HE ) W T IR e RS e AE AR 1 Shannoneven
PR oy, A WA L e 2 20 I e AR 1) G0 A 1)
S E A I 38 50 BRI, E B S AR
JERA AN A AR IR LR AT R, T B E Wi
T AN

PN @ PN/PS

PSHEIPN & H(mg/gVSS)

K4 CEIREAH PS RPN 75 & PN/PS
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Table 3 The o diversity index of microbial samples

FEA Ace Chao Shannon  Simpson Shannoneven

PeRhiGUe 264037 254779 6.27 0.01 0.80
#267d 173041  1616.17 4.71 0.03 0.65
3 330d  1567.53  1506.71 4.64 0.03 0.64
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Fig.5 Upset plot of the OTUs for microbial samples
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