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Abstract: To explore the impacts of long-term Hg( I ) exposure on the recovery performance of an
interrupted CANON process, two reactors, namely one without Hg( Il ) exposure (R1) and the other with Hg( 1T
exposure (R2), were employed to prolong the hydraulic retention time and regulate the dissolved oxygen to
0.1 mg/L, and the nitrogen removal performance was restored when the influent ammonia nitrogen was 200
mg/L. After 55 days of operation, the total nitrogen removal efficiency and total nitrogen removal rate of
R1 recovered from —24.7% and —0.201 kg/(m*+d) to (68.8+10.8)% and (0.273+0.043) ke/(m*- d) respectively.
However, the total nitrogen removal efficiency of R2 consistently remained below 30% after 52 days of

operation, while the nitrite nitrogen accumulation rate was (93.5+6.5)% , and the CANON system was
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transformed into a partial nitrification system. Hg( Il ) was detected at a concentration of 6.0 wg/L in the

R2 effluent during the initial stage of recovery, and the anaerobic ammonia-oxidizing bacteria (AnAOB)

were constantly inhibited by Hg( I ). The outcomes of high-throughput sequencing indicated that the

relative abundances of AnAOB and aerobic ammonia oxidizing bacteria in R1 were 16.0% and 0.6% prior

to cut-off, 9.4% and 21.0% before recovery, and 4.8% and 4.8% after recovery, respectively. The

corresponding values in R2 were 10.3% and 0.5% before cut-off, 10.8% and 0.5% before recovery, and

8.4% and 11.9% after recovery. The idle sludge after long-term exposure to Hg( Il ) was unable to restore

high nitrogen removal performance, but could be utilized as a source of partial nitrifying sludge.
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Fig.1 Schematics of experimental setup
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Tab.1 Main operating parameters of each reactor
SV g B Bt A a]/d AA/mg-L)|  HRT/h B R/(L - min™") DO/(mg-L™) pH
I 1~8 6 7.9
I 9~17 8 0.1 0.1 7.9
R1 200
I 18~38 12 7.8
\Y 39~55 12 0.2 0.1 7.8
I 1~3 6 0.1 0.6 7.8
R2 I 4~24 200 12 0.075 0.2 7.8
I} 25~52 12 0.05 0.1 7.9

1.2 SEIGAK

Sy 7K SR N T B AR 7K, EAR 3
% 200 mg/L 9 NH,'-N[ i1 (NH,) ,SO, #& it ] . 1 600
mg/L B A% B (F NaHCO, $241t) .68 mg/L Y CaCl, .68
mg/L i KH,PO, . 150 mg/L f) MgSO, . 1 mL/L ) {3 &
JCEREW LML, H, e Rmm i [ sy
4:5 000 mg/L Y EDTA .5 000 mg/L ) FeSO, , {5 T
ZAw L B4 44 15 000 mg/L 4 EDTA 430 mg/L
Y ZnS0,+7H,0 . 240 mg/L ) CoCl,-6H,0 . 990 mg/L
19 MnCl,-4H,0 , 250 mg/L ) CuSO,-5H,0 220 mg/L
A4 Na,MoO, - 2H,0 . 190 mg/L ) NiCl,-6H,0 ,210 mg/L
M Na,SeO, - 10H,0. JIr A7 5255 24 i 40 [ BT 4 T 3k
FIABRAF]
1.3 SmBSAE

NH, =N R A [ 40066 BE D 7 ,NO, -N
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A, SR 16S rRNA 1= 38 20 77 4 AR D 3 A= P i V%
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R1 SR e VR 2 2o B2 14 32 47 3508 i 2 Fr s
1E55 T BB (1~8d), /K Jjf5 B I [E (HRT) M 6 h,
HEIK R R O 195, 1 me/L, £ I B <
0.1 L/min, DOFIWKE R 0.1 mg/L. 5 1~3 K, &
REBFFIME A 47. 4% , X i 25 KIYLUR G
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ZEFRITT, REGR W R N AL
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T 5 R -24. 7% .~0. 201 kg/(m*-d) , 1] fE 54T
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THAE W R AE SO s Th i AR T A B
K TN MR B = T ilbK . 58175 d, K E Rk E
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TIHFHEA FHAOB KB AT ENE, WSS
TR Ry (91, 3+5. 2) % , 1X 156 B WV A iR 46 4201k
(NOB ) 7 Wi 97t 40 1] DR Bl = 25 o 2w 90 K, Pk 2 400 40
RENEERMER EZE AOB. 7855 T BBt (9~
17 d) , PREFIRS RS JEK HRT % 8 h, i/ EY)
HREFT oM, 55 1B, BKEA
W v I T 39. 0 mg/L, (B A R T
AR RRE TN KB PETH B 25

FEE T B (18~38 d) , 5 PR FEmE < i A AR, 4k
ZLJEK HRT 2 12 h, A A 5 TN L BR 3 530 51 K
(41.2+19.1)% .(25. 7+18.9)% , WA S A ER T
R 22 50. 4%, AR I ) D B i A . 4D AT fE 2
AnAOB G WK G B 5 , 145385 B A0k LBk
HH KR W EDE &S . WAL E AOB
AnAOB By G M, 7E55 VBT BL(39~55 d) ¥ B < 4
{22 0. 2 Limin, KRBTSR FFAE , DO -1k
FEAS A 0. 1 mg/L, 16 HA 25 T [ B3 %) B A< S 2 DAL
AR VP, e B K B RR S
R, G A HI TN 22508 DL Ky TN 5B S a2 i s, 1)
AL & S AR =4 41 K KA T
TH A RS AR B 5300 R 24. 2.22.5.15. 8 mg/LL,
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Fig.2 Operation effect of each stage in R1 reactor
2.2 Hg(Il)RE R NFWRENRE 4EE

R2 J 1 #i PR &2 3 A8 0 ds A7 ROR W 81 3 s o
BB (1 ~3 )i 55 RUAHR R 6 h
1 HRT F10. 1 L/min ABESCE, SOV 2% N DO -3k
JE 0. 6 mg/L, 1 R1{A 0. 1 mg/L, 6B R2 1916 74
TGIRTHFE A D I A A i P25 . KA CF
vk B A 186. 3 mg/L, H 7K G AUV il 725 & 44 e
JE43 00 134.7 .45, 8 me/L, A EBR RV E N
27. 7%, iX i 2 KUK IS AOB A AR B8 T —3

AR B o == = R v A = B = EN B 3 8
TLRIME R HF N 47, 4%, 359 R1H AOB BT
PERE T R2, X 5 KW 48 0 DO W Y 22 57— 50, i
IK TS ECT- U K 2. 2 mg/L, TN 2 B R 5 17
faf - Y9 (E 2 5 M 3. 6% 0. 027 kg/(m*+d) , )i B
AnAOB A B H 16 P , 3 P75 U6 78 W i /it Heg (1)
T ML B S /E T, AnAOB 36 P57 2™
FERREAEMS . WA A R R ME N
96. 1%, Ui W] NOB 75 & Gt #3105l 35 v vk, 78
KIS 2 50 R IR AU B RE 32222 AOB,
HRIAAF . Chen Z > HAFR R, R A AR
S e se AR He( 1) (<10 mg/L) (1) 252,
M He (1) e 5 3] 20 me/L I, ZE 80 Y 5 2 099 )
YEF, A UL UL A AR5 oh He (1) A 28 588 X K 00Uk
Je RS AT VeI T R 2 2A AR5

—a— KA o KA A KIS S A o KIS A
| m

240 1

200
T Pt
—
: 160
£
® 120 7
> 80
=
40
00~¢
0
t/d
a. o KRR B
®
& 100 0
gﬂ{"' o \.\.\ /.0.0.’00../&300 .oo.... ...‘.,..o.\./.\. ‘./o\..‘ . ~
]_:> I L 1] /‘ H OO ]]I % Lc
& 80 Y .
i % Poo, [} 7
! 60 \ /\0 %7 o Po R /O O%O/ O"OO\ 0.6 .E
Frind e / WAYAS o o
S ? ] o 9 % =
- & [V EmanE =
M‘ 40t o | o ° | —o—%@?’@:ﬁ?f #E/
V. TR o5 §
HZ(l 2r / *\*/**\ *\* /*\/** haVa P \/ Hoe * %
* N =
H% 0 *:Q} /:Q\Qfﬁ\f\ /:\/* tﬁa*k’ ﬂﬁaﬂ{%ﬁﬁ%a‘*ﬁ”ﬁ#‘}*‘w‘*ﬂ*ﬁ g
4 7 2es! )
= * VY
® 70 20 30 40 %0
t/d

b. L2 BRI X R 1
E3 R2RMHF/BEMEBMEITHR
Fig.3 Operation effect of each stage in R2 reactor
TR BBt (4~24 d) K HRT H i 2 12 h, JE T
AnAOB A AE R 32 K i ¥k B2 1) DO, 4 B U I 4 h
0. 075 L/min, DO BEZ [ 0. 2 mg/L. 1K & K

« 87 -



%405 F17H

OE 4 K HE oK

www. cnww1985. com

GEN RREAR, K il A R v B A 3 £ 22~24
K, WA LB R K 86. 4%, 5 ] AOB 7 P15
B TR 5 TN BRI 9. 8%, 15 W] AnAOB
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W /NBE S AR & 0. 05 L/min, 4 AnAOB 2 fit IR 40 31
B2, DOk B Z %4 0. 1 mg/L, /K 0 A/ B
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HIIEAT , 38 3ok B AR 7K 2800 Af A DO Ve B 1) 73k ik
17 CANON T Z 9K & , TN 22 bR R IR AKX T 30%,
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Fig.4 Distribution of microbial communities at genus level
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AERE ST R HRT M 24~48 h R &S] 12 h, TN £ 45
T 90% T FEH 80%. TEAHBEFEH, R1 1Y HRT M\
551 BBy 6 hak s im 2565 M By 12 h, TN 2
M —24. 7% 14 N % (25. 7+18.9)% , AnAOB 4 %)
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