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Fig. 1 Schematic diagram of the experimental device
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Tab.1 Operating parameters of each unit
— \ ey G/ e 3/ MR/ DO ke FE/
ML HRCEBUL HRT/b mREWE s S S mmE/C pH
(mg+ L1  (remin"!") (mLe*min"!) (mg+L1)
IR RSN A 6 24 61 5 600 20 — — 3242 8.0
R &L 6 — — — 80,180 — — — —
SNAD #4t 4 24 21 7 000 30 10~15 0.1 3242 7.8~8.1
VREEM . AE 180 r * min ',60 min;80 r » min !, [k 1 h.

30 min (9451 AT IR BE SN

SNAD Z 4t . i &b Bl (9 28 K 26 22 6 Bk A
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JAAE 12 he PE/K 12 min(2 L) LS 9 h
(10~15 mL « min '), UL IE 40 ~ 60 min, H} 7K
12 min(2 L) (W& 2 h. 32 i DR 4 s A A0 s B i
PELSE 10 S 3 TF 46 18] 8K B X (2o, /tor = 10 min/
5 min, B 10~15 mL « min ') 10 h, § & K
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Tab.2 Water quality analysis of foam wastewater

in seafood processing

HiH WIEWEH/ (mg « L7
TP 1 .000~1 500
COD 5 000~8 000
BODs 4 .000~4 900
TN 800~1 000
NH; -N 200~400
NO; -N 0~10
NO; -N 40~50

3 RMITE R %

Tab. 3 Analytical items and methods

i H ST A A BT v

TP HHERE P EO6 R k GH AR B T6 1] WA et
COD R A bk
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) ST
NO- N ANy 6k B L (UV5500 -2 41 /0] WL 43 o o i
3 7
1)
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2 iR h5ivrie
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24 [E] 5 7K A I R B R R 0 A DL A0 R
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Fig. 2 The treating effect of wastewater in the

pretreatment unit
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COD A 45 %6 A7 1Y 25 B » o s DR 4 2 S A 71 1 I
B AL TR TG PR 3 . H KR R T B R & 366. 23
mg + L IR S 2 25~30 mL « min ', il
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Fig. 3 Change of N and COD concentration and

removal efficiency in SNAD system
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T #5300 mL KA A AT 42 A5 e T Ak
0.4 kg« (kg + d) ', FEAREES &N 15~20 mL «
min~ 'R DO W EAE 0.1 mg « L' BHiE &
fifer 255 45 RS, B LB ETHE 0%,
SNAD RGERE 1T, 55 46~80 J& I LR 15 B 0 47
BTSN, SNAD RE R E1T, BA LK
RIGAIRREAE 65 %0 LA b e vl ik 73,27 %, [A) B
COD £ BRFLRFFFE 45% ~55%.

B BE 1T Ry 52 b 0 /K A B BE L 3 5400 1 B B
K PR AW E K 588, 15 mg « L1, COD ¥ Ji
9 657.39 mg + L7 s AT & 97 AW, AL
B Ak B U Bl A 2 B SR AT AT R RRAE 6006 LA
R T S BR R K K AN R L TS B Y K
NH, -N ¥ 7E 500~850 mg » L' A Krif 5. 24
A SNAD R % 0 2 & vk ik B 720. 38
mg « L' J5.SNAD &G\ ARE . 25 123
W BAEBREC A TR 27%, K| NH; -
N.NO, -N JF & 2 B ik B2 53 5 267, 78,
291.23 mg » L ', NO; -N ¥ K 51. 71 mg *
L' e g8 N DO W EE A 0,15 mg » L1,
pH 2 7. 2., p B 1 e A AT #3000 2 10 25 IV il Ak s
L AN A 2 R 55 Sk T BK 5 e s UK R COD R B
9 800. 65 mg « L', Wang 2% fl 8 5% 26 1 3 7K
 COD & 55, 235 SNAD T 25 0 B &%
S [ B Ko 19 A LR R 23 128 A S5 35 A TR okt SR AR
1) NO, -N s 7] G I8 T 5 5% B B i 1 11 i) i 2
RAAAE . DL 25 3R B SNAD R G4 = e i
COD FRA A Mt rhdiae 1A IR, TR Fa e
FIHER S A BB IR R R G AR 2 19 COD FlLE A &

o124 IR (B, A EHIKE
SNAD T 25 v PR AR B Y 35 1 52 B s 45 1k
B 5 #EK 24 h, DUK S S N # IR SR R 5 8%
oAb B A R K R OR RS, 4 NHL N MR R R
530.58 mg * L7 \COD ¥R [% % 310. 29 mg + L',
BEEE C/N 2924 0. 6, PR $F 7K T 45 B B B R A%, DA
B 15 mL « min ' .4, /t,s =10 min/5 min [f]

RS, HOH K SNAD R 4. B E)G R
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LN NO; -N W EFE PSR, SRR ERE L 1.00

T SE R LG G ERE BN 140 F
WIRF 3k 8] T 55. 57%. % 155 JE W AF, oK 5
NH, -N,NO, -N, NO; -N ¥ & 43 % 5 105. 53,
53.10 F120. 19 mg « L1, I I 2% P06 R0 25 B
K EFFE 72.71%,COD £ ZikF 56.70% , 1
Bl SNAD Z Gik &2 i i fa e 8 17
2.2 SNAD LZWNH/A%5br

TG T N A D R Al iR X T
W TETS TR AT T A W 2 R 1 4 B L 45 -
Kl 4 Fros. 2Rl 31035 e A 5 (SNADYUD) i,
IR S AR T (AOB) L IR A2 AU AL T (AnAOB)
KO AEACTE (DNB) & 5 43 51 R 1. 46 0.8, 26 %6
2.11%, AnAOB N Candidatus Kuenenia ; JZ W
240165 JH W )5 19 5 I K (SNADYU2)
AOB., AnAOB } DNB % & 4 %k 2. 62%.
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TFAT L ) 28 08 R R ) VB b H 7 32 1R %
JHE G A R JE 5 A, B R B T XA HLER B R Y
AL E RIS e BE TR X COD ¥ ¥ 4%
ARG T. 24 % AOB S EdBA — ERE
3E R HEFE T4, o0 AnAOB 24 TR T
iR Eh. REh COD M L BRE T 5 3% W 1/E A
bR [ AL B b RGP Limnobacter MBryobacter
i A — o R Y 3 S, Wang B9 BIF5RH S
FHEREAE R A R G P Limnobacter
Bryobacter 5 Candidatus Kuenenia & — Fh 34
KR TR AnAOB %52 43 ML) Y 52 . ik
Gh WA FE S B NOB & & 43 il o 0. 460% 5
0.136% , R WIZ R Gt b B A7 (e AL 1R L (BT &
SR/, DL RS R R R BT T
[Fi) B 7 2 S35 A AT DR A 4L A T R S A £ T 55
58 R 1 SNAD R SE . Ak 52 IR [m] B /3 260 53 Ak 1)
Tifie. HAb R S S R T B A T A L B
i TR, B RGN B A K Z 8O E it
TR 4R SR AL B 25 BR 1.
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Fig. 4 Relative abundance at the genera level in the

suspended sludge of the SNAD reactor
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(1) 24 ) )% 7K 28 2k IR 400 - Ak 2 TR B 19 b
BlE L EK R COD FIH 7 802. 69 mg « L' [%
% 439.12 mg + L', COD £ %N 94, 37% ; I
7K IE W R Wk BE 22 VR BE AT 1 000. 14 mg -«
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oAk B S5 9 7K T AT DA R R SR A AL T2
K TE K.
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12 min, W& 1 h. REZE1TH SNAD T.ZH BH
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SNAD .25 v 3= 9 Ji U304 W) A il Ak 1L R
B AT R SR AL TR DR R R TR R
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(3) b B J5 14 36 25 1) 2B /K BV B85 A1 COD
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fif. 5 AIRIEKLRA T2 A AL BSCR AR B L K
R B AR A AEFETE X A 5 b B =

=
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Treatment of seafood processing wastewater using
anaerobic digestion-chemical coagulation-SNAD combination process

YU Hongmiao, WANG Chao, WANG Xiaojing, YANG Fenglin®, ZHANG Shushen

( Key Laboratory of Industrial Ecology and Environmental Engineering, Ministry of Education, School of Environmental

Science and Technology, Dalian University of Technology, Dalian 116024, China )

Abstract: An anaerobic digestion-chemical coagulation-SNAD combination process is designed for the
treatment of the high-concentration foam wastewater in seafood processing. The removal rate of COD
in wastewater by anaerobic digestion is up to 94. 37 % , with an average of 89.77%. The conversion of
organic nitrogen and polyphosphate results in an increase in the concentration of NH, -N and PO} -P,
which reaches 85%-90% of total nitrogen and total phosphorus, respectively. 20 g « L7! of
polyaluminum chloride can remove 99. 83% of total phosphorus in the wastewater with total
phosphorus content of 1 000 mg *+ L™'. The content of phosphorus in the medium is only
1.70 mg * L™'. The control temperature in the SNAD system is 32-35 ‘C. The air flow rate is
10-15 mL * min 'and the way of aeration is intermittent (f,/tes = 10 min/5 min). The DO
concentration is about 0. 1 mg * L', and the pH is 7. 5-8. 0. HRT is 24 h. When the operation is
stable, the wastewater with total nitrogen content of 655 mg * ™' can be treated. The total nitrogen
and COD removal rates are 72. 71% and 56. 70% ., respectively. The results of high-throughput
sequencing indicate that SNAD system is formed in the reactor, and the contents of AOB, AnAOB

and DNB are 2.72%, 2.09% and 1. 46 %, respectively.

Key words: seafood processing wastewater; anaerobic digestion; chemical coagulation; SNAD;

carbon, nitrogen and phosphorus removal



