550 TR T IR 244R 5 17% 5 59 20235 5 3

Eco-Environmental Chinese Journal of Vol. 17, No.5 May 2023
Knowledge Web Environmental Engineering
@ http://www.cjee.ac.cn E-mail: cjee@rcees.ac.cn S (010) 62941074

DOI 10.12030/j.cjee.202211019 425 X703 SCHRARIRGS A

W2, SRIKREL, A B0, A5 TP TS VR XTG4k A dek - AR R Y e e R HLTRI D], PR AR A, 2023, 17(5)2 1641-1650. [YANG Lei, GUO
Linkai, REN Yongxiang, et al. The stress response mechanisms of activated sludge exposed to CdSe quantum dots[J]. Chinese Journal of

Environmental Engineering, 2023, 17(5): 1641-1650.]
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M At L AEF MY g Al sl £ 7R
L VG2 B R PP A I TR T N S0 00 38, PH 42 710055; 2. P22t SRl B s, Wik /K RIS R A
HE I E S E, Vi 710055

T IR (CdSe) it F i (quantum dots, QDs) 7E S 44 FRbi (R 22 Hh iy A= Wy s VRN, ASWF 5T LATE R 15 Tl
MR X4, FiT T CdSe QDs(0.1~10 mg- L) < 1) 5 55 %o J3* 0t 35 U8 S I # is AT 2 R . 15 VR MR BE L & ik
WARE R s o S5 R, 7E S008I VR B B N, K COD A RV R £k U sh B K, T A AL AR FH 52 i 5%
/N, HLAKFIE CdSe QDs [ 7776 Ji# T NH,-N 9 F%# 1 mg-L ™" CdSe QDs #5 V3 & F L F H 2.2 mg-(L-h) ' 425
F33mg(Lh)'s R4 CdSe QDs & 51T Hi 7K 1t B mE s hir s (E5 Je U b 1k RE IR A 4 F5 82 . CdSe QDs R Z 515
RFEMM C—0—C., C—0., C—C MBEMRIEA LS, HRBEINEEYMERZERISE QDO E K, FE, M4y
2338 1 4 W0 B R R I LR SR e e . DR Ak, 3 MRS TR Rl T R R 2 BE M 152 CdSe QDs R, {H
i 5 2 9 B CdSe QDs A FI| T Nitrospirae F#H%F 42 B A3 7. PICRUS2 FiI 7 , (80 2E 9 6 3 I A 35 0 38 4% 435 L 4k
B 5C 1 £ 1 38 [t 3457 3] CdSe QDs 11 i 59 il - A% fi A 51 5 0 A I80 30 I8 3 B8 S5 2 43 0 F B & 32 552 N1
7876, FEUT YA H 7K COD {H Fifi 5 85 39 1 A9 4 S0 T2 i s K. Ht, CdSe QDs i i Bt 2% 13 A M B % 435 44 Al o)
A 52 0 Vi M V5 VR A LA 1 ZSBRASCR , (EUR R Ak S K V5 U8 2R RN T P B R S A T AR

KHIR AR T RS A KSR AEY; MU YRETE

ULAER, & B L (quantum dots, QDs) PRUHE S A G i R M | B AT 4R RN FE R B R Y
S Re AL B T S G AR L FEAE A . WAy o O T ALk S AR IR U TR &R
QDs 4 R RS g Ml 1 FH DR R B0 1 G s 281 B 5 b ) o sl XIS, 3 i 98 DR HE o A9 7K AR B T RO R
FRUNE R EWKE . 5 QDs UK B HEK M 68 1) B SR EREE , B e EMAEY, WMyt
15 KA BT 1R Bl 147 2 QDs HE A SR PR (19 SCHE— 3, W A 00 258 % o) 775 7K Ak B 5 1Y) 52 i)
BRHEE

TG VETS )8 R GE 2 15 KR BT S8 5 K AL i A% 0 B 50, R A8 & 3L, 40 K UKL (TiO,,
Zn0, IR L) it NG TS I f5 23 38 2ok ) AL 27 W B 454 FTH DK A 35 3% s e b s 421, kg
SN GE BRI S FDRE , & A KK BUBAR D R U S R Wl R R
Vo 25 ¥ LA I T 8t K A8 AR B U X R AR T /N (2~10 nm) . B 5 iF A2 B B R A T R
(CdSe. CdTe/CdS. CdSe/ZnS)'"™, HAEi5 e N v H Y BREE XU il REBE e it o HRl, A HFFE A B
CATE R R QDs WAV REMENI ST, (HEFRAY) (AL 05 . 55 f F1 /D BRI F S ge 25
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R U AR A A R G A R BEALON 1 RN B, 4R R QDs X5 K Ak B T AL BRAK E Y 5 e AN
VERBLEIAE R AT A, R, A5 65 B 55 2 QDs X ¥5 K AL 3 ) KoK Bt . T5 98 Rt s vk L &
T MR IE SE R RE 0, DT A QDs 1922 4= b7 FH RN HE i L BRS040 o

A 5E o VAT K AR BRALCR . TS e B DI VE MR . ML AN R A W (extracellular polymeric
substances, EPS)¥J{LERAE, oAz Wik 75 45 ¥4 N AR I DI RE X CdSe QDs K 49 i 388 (1) Wi B, 4= 11 45
7 CdSe QDs X 14 15 Je (4 8 P 2w S N FERLEL , # QDs M IREEAT M iF 98 e I 2 58 KU pE Ak £
HEHS S
1 MR57F%
1.1 #RAHI & RAE

K FH K MR A 32 11 £ 7K I8 P 19 CdSe QDs!, K5 il &L Ak &l (NaHB,) AR (Se) 4 T s 4808 4l
K, 15 S AL B (NaHSe) ¥ o 8 20 pL Fi 3 4 R T 2 mmol-L™ 50 mL S fb 5% (CdCL) J5, H
1 mol'L™" & 48 b4 (NaOH) ¥ W % 75 pH & 10, JFH m2i A (N,, 99.999%) 5l 30 min, K ifil & 15
F P F W T 500 mL = IR NIE G, WIWRIE ARG T /KRB A 4h, 1535] CdSe QDs ¥ -
22 R VR AN R TR AL B, B & £ 15 3] CdSe QDs M AR o A T 3 B35 S WL T B 0M0BE (Tecnai
G2 F20, [ FEI/A R FI9¢ 64366+ (FP 6 500, H A4S JASCO 2\ ) I 5 A b 1Y 22 1 T2 30 e 1
BRI
1.2 EMISRMIINMLEF

ARSI R A TAEZRFUR 5 LBy )74k 2006 M V58 ) I 4% (sequencing batch reactor, SBR)., X
N g B . BEARE . WA A FE R TS VR H A VS T A 4 VoK TR AR, KR
FHON TR A5 KN, 5y MR AN R . 80 mg L' BSR4l (CH,COONa-3H,0), 26.32 mg-L™
WEmR — S (NaH,PO,-2H,0). 150 mg L™ % b% (CH,,00). 150 mg- L' k. 114.6 mg- L™ G fb %
(NH,Cl). 444 mg-L ' # B2 & Al (NaHCO,). 10.6 mg-L' 5 fk 5 (CaCl,). 180 mgL™'#i MR %
(MgSO,-7H,0) DA }2 0.38 mL-L"! f st R W . 117 A AL 45 k7K 0.25 h, BES 10.5h, TTUE 1 h,
HEZK 0.25 ho V5K HERL L R-0.5, K J3455 88 B[R] Y5 e s 43931 o4 24 h T 30 do K5 55 2o A I ik 4R il
TE 4~6 mg-L™", IR W2 I 145 2 Wk B (mixed liquid suspended solids, MLSS) f# 5 7E 3 000 mg-L™
AiAy, NN NaHCO, fif pH 4ERF7E 7~8 MUTEH N .
1.3 CdSe QDs KEAZE X AN E RS

s Ve YL 58 T . BN % B 4235 4T 120 d, LATT 30 d Jo CdSe QDs 78 il By B /E Sy % R4
CdSe QDs &AM L2847 90 d, 217 N AR 30 d 39 miE /K CdSe QDs i ik, 4% b BE i i ik
FE43 A 0001 1AL 10 mg L' SEER BB 3 d g 1 vk KK AN TS R Ui REMERE . A B BE 4l
SRR X A S K B AR A R A7 2 Wl . 7 SN AR IS AT AR 30, 60 T 90 K HE BTG R A kAT
Ji G A 2T /G % (fourier transform infrared spectroscopy, FTIR). EPS DA A fif A= #) B 45 46 A 22 k¢
PEAHT -
1.4 S5 E

Hi 7K K B (NO,-N, NH,"-N. NO,-N. COD. PO/-P). MLSS #1735 Jig 7 F1 35 % (sludge volume
index, SVI) 4% M8 AR 7K Wi 43 #r 7 k ) (55 4 W) mP b o D ik R A3 5 10, M K ok 3R ok
JE Y (Model 2 100 AN) 5 o 1 JF 8 5L 21 40 6 135/ (IRPrestige-21, Shimadzu) %t 1% 1 15 Je B i 32 1
BRI AT M AT, BOSJe B R FE A S TR IR B RIR G 35T, FE R R AL R R il
X, FRTEE 4 000~500 cm™', S HFAR 0.8 em ™, A HE 2.5 kHz, EPS 42 BOR FHAE i) #4251,
HARZ BRI . 4% 30 mL Y8 /K IR 4 W 5.0 10 min (4 000 rmin"), 245 F W5 A 0.05% NaCl &
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30mL, EE LRSI K, REKIRS AR AL 30 min (60 C), £8E5.00F1 0.45 um [ iR £F
AR PR E1RR0) EIE W ED R EPS, 383 9 43 6O B i (FP 6 500, JASCO) M H = 4E 2850k
i (three-dimensional excitation and emission matrix fluorescence, 3DEEM), i i X} 56 i A< [A) X 35 £ 43
Xt EPS #f 17 X 3 ¢ 6 B 43 (fluorescence regional integration, FRI) 43 #71 . 15 J& DNA K Hl E.ZZN.A.
®Tissue DNA Kit (MoBio Laboratories, Carlsbad, CA) X7 &$2H, DNA (R, §48 0 aifk
WP ZHE LA T TR AR A R AR ZE . G 19 338F(5-ACTCCTACGGGAGGCAGCAG-
3') #ll 806R(5'-GGACTACHVGGGTWTCTAAT-3") ¥ 1 16S rRNA #t A V3-V4 X , ifi i Illumina
Miseq =5 8 & I ¢ S 5 90 52 028 90 16S rRNA JE K, R I QIIME(1.8.0) %k £ #k £ 8 ¥5 4 4 . A H
PICRUSH2 3 {4 it — L%t 16S rRNA 5y 38 1 i /3 204k AT DhRe il , 56T KEGG $ds e, 580D
PO A S LM B . %0 B AE & % % SRA B85, 5 H 5 5 PRINA941489,
2 #ER5iTR
2.1 SBRIZ{TRHEXT CdSe QDs Ay ffil M) 7

AHETE i 45 (9 CdSe QDs f-F- I Ki4E K (2.54+0.7) nm (18] I(a,. b)) I H I KA B K K 521 nm
(K 1(c))o 5 A ] Jot B ¢ & CdSe QDs #2113 SBR 1, Hx [ I #9217 1 BE 14 52 i 41 14 2(a) 7 o
7£ CdSe QDs £ 2 7% 90 d SLIG ], W Al A6 A T AHES T X IR AL JL-F- AN 32 52 . NH,'-N K FR %
=ik 99%, JL-F-JC NO, -N L2, NO, -N it i W B fe 8 78 35 mg- L™ 247, R WA A AF HI X CdSe
QDs JF AU 17 A7 55 94 K JI0RL H) 5 38 2ok 310 i 2048 L 4H T (Witrosomonas) T 1, 1T 52 NH,™-N 1
FBRPY, X SBR iz 17 W] A9 i 7K COD fE, % #R 2.4 7K COD fH 2 #£ 106 mg-L™', 1fij 0.1 mg-L™
CdSe QDs 5 5 20 W &b 25 3 AIC S 1 2% HAE SR A WLTS ey iy & i, 17K COD B R 127.1 mg L™ FEK 2
71.7 mg-L™'o X AT REVA R T304 4 i Bk 2% A Rony B, A W R RE A WILTS e 0 R N . R
iMii, Ffi& CdSe QDs % FE FI U E— 1N, 7K COD (HHR S I T, HZ5A%) 1247 mg- L,
ZIGR R W] i 5 1 CdSe QDs £ #l il 1 M 15 e AL Wy X A ALY ) A g T o

SBR A iz 17 ] 4] 4 7K Bt W4 B an 1] 2(b) ff s . CdSe QDs Y 77 76 il 33 T NH,™-N A [ fift
TE 1 mg-L™' CdSe QDs i & Z %A fb # #EH 2.2 mg-(L-h) ' 3§ K # 3.3 mg-(Lh)'c [ B, %0 CdSe
QDs BE 5 A R B AL NO, -N (19 BFUT Hbve B, 72 AW B @A 44 F NO, -NJL ¥ RAFE, It
Pb. B NOS-N AR G ¢ A B CdSe QDs i ik 4% J52 A 8 I i 385 o DA 55 R KW, CdSe
QDs X it F A7 PR AR EVE . B, SR N THAR R T, 1 T X S 5 AR 1 F R g
T W R P R PR AL A SN IR ) T AR S A 0 HE Y, B, D CdSe QDs X AH 4k
VA A2 2 AT e I DR F LA Dy W 2 A ] sl vl A% 3 i R

18 8000
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Fig. 1 TEM images, particle size distributions and PL spectra of CdSe QDs
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Fig. 2 Variations of effluent water quality during the whole operation and a single cycle in SBR

2.2 CdSe QDs X175 e ¥4t 435 14 B9 22 i

1) 15 R L EEPEREXT CdSe QDs B r i i . . CdSe QDs X} 5 Ifé 22 £E UL MERE Ay

Z AR T CdSe QDs(0. 0.1, 1 F110mg-L™)
e, SEPETSIERY SVISr A EAE 36.8., 33.6.
312 f1 312 mLg' oAy . WA, CdSe QDs 1y
AR & TSR DL RE J7, i H 75
SR i) SVIK - B F e . XAl g2l T
CdSe QDs #i7 4% (2.54 nm) % /N, W Sl i i5 R
00 00 4 R B Ak 2 0 B AR T A OK AR i B &
SR, WS E, TG IRUTRERE 10,
AR5 91K G R BE % A R TS e TR M
REMY 518 — 8™, Ak, ZHE T CdSe QDs 4%
P B H K R B E AE 2.92 NTU, 1 T % R4
() SF- 25 9 BF (1.51 NTU), ZH & n g2 h T

MU 3 fr s o
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Fig.3 Variations of SVI and effluent turbidity during
operation in SBR
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CdSe QDs fE{5 R R R H KL, M 75X K EFRY B, LAl T A S48t T
THAEWRE, REOST LR TR, K%M,

2) i 4B 4 Wy % CdSe QDs H kit R 37 o S [ 71 5 CdSe QDs 5% & /£ F EPS /i 3D-EEM [&] i
Kl (E 4, EEASOREOEREEN (% B, Ex/Em=280~290 nm/330~365 nm), - fi% 2k 2 & 1
("% A, Ex/Em=225~235 nm/300~350 nm) F1 /i 54 2 2 ) BT (% C, Ex/Em=340~370 nm/440~460 nm). JC
CdSe QDs % 8 451+ '~ EPS i A Fll B By 2G50 B4 500 1517 F12 515, K% CdSe QDs R P itk
FERIYE R, W& MR 2S5 W) ot 09 9 O W4 o B B T [ . 7E 1 mg-L ™' H1 10 mgL " CdSe QDs if}iE T,
g A JLT-HR . ZME TR R N B R IR IS E A S CdSe QDs fEH#RZL i Sk A 2R K™, 1t
4h, CdSe QDs MFETESS b 3G N EPS Wi MRS 1Y & i, 0§ B 2GR BEHL N 2 515 3% % 3 969,
BRI, PN RERSIIEE LA Y R4, /D5 QDs LM AL, A28 M40 K etk . ZHANG 4520
IR Thalassiosira Pseudonana 7] LLil 1 43 3 K& PN 2% fift CdSe/ZnS QDs fEEMEMN A . HIL, M (4
QMR E ARG A Y &t CdSe QDs Hl 3 i) EZAE W o 7534, BE#E CdSe QDs % 7 i 1t Vi
FERIE, JEFERR Y B & TN, R4S BE C IR

; ZOURE o ey ECHIT B O B KBV B KRV
10 mg- L' QDs ——
L galiiam 100,
4000 1 e 6.1 8.0
1 mg-L"'QDs -
_ i~ 80
3000
2 000 .60
1000 =
200 20+
o o 28.5
o 16.9
) 1o 114
%y 250 300 v 0
%y i 200 600 0 0.1 1 10
CdSe QDs #¢ i /(mg - L)
(a) 3DEEMIH A b7 (b) FRIZHT

4 AEREIRE CdSe QDs 8 T HIAEIN R & 48 3D-EEM K% 1 FRI 4347
Fig. 4 3D-EEM spectral analysis and FRI analysis of EPS exposed to different CdSe QDs concentrations

FRI W = 4E 56O 10 = 4 IXCEUR G BL B R e o 5 AN KB, AR T . A RE N
KW R ACK B & B2 Ex/Em: 220~250 nm/280~330 nm); X I . 7% &/ & A Y R BEE A R
Ex/Em:220~250 nm/330~380 nm); X 31 . 285 B #2259 i (Ex/Em:220~250 nm/380~550 nm); [X 35
IV 4 U= (Ex/Em:250~400 nm/280~380 nm); X3k V . JE 5 BRI W i (Ex/Em:250~400 nm/
380~550 nm)®" U] 4(b) F, BB WA BT EE MR BERE N, IXCBR T R AR Y B & L R 15.3% T R
3 8%, ZMAE G AIRE UK IE A DGR NS R 2. 1A, BRAREYFAE EPS th
BTk R e, 43R 52.6% . 48.1%. 28.3% F135.5%. XFT EPS i & HERAKY i, H&EILF
52 CdSe QDs (LR . AHEE T X HEZH, CdSe QDs %52 F X s IV 8 = W AR i 7= 0 1 o5 Lo 204 i 44
i, A ETEE 25%, AL, VXA R B9 RE G R S W B & i AR AL KL 5 BT 4(a) TR C POG5R
JERIAS AL R — S, 7F 5 TR CdSe QDs 2 72 7 4 1 K i R

3) 150 FTIR 43 #r . AN[A] CdSe QDs Wi it & ¥k B F 6 P V5 Y I 2L A ik an 18l 5 s . 4R
2T AT R AL U BT (67 B LA [R], U CdSe QDs A9 ik H 25 52 M 15 1 V5 U8 3 1 1k 2 25 A A 5
o, MASBUE AL A H M, 3292 em™ A A7 AR 1 BT 2 8 O—H Fll N—H i 3 JE i Y 9 e 2,
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2 930 cm™ Ab FF TE R W T C—H i 45 4 2 ¢
g 1638 cm™ Al 1544 cm ™" Ab M 2R 1 J5 Ik i
(E5Y C=0. C—NF N—H A 45 Ik
B P, 1 403 em ' fEE R B C—OM
C=0 MIIRFNMULEY, 1229 em™ b Al W i i
REEAFPEMEN P N—H, C—N 84§
BHIEEY 1040 em ' &b H R A I Wi 0 BN R
ZHE C—O0—C. C—O Fl C—C WX PRk 46
PRBNCYS /T 1000 em™ Y W AT I 2 ol T A 1A
) A 4 P 20 B

CdSe QDs 2= 5% W) it & A= AH B AEH
12 0.1 mg'L™" 9y CdSe QDs &t i i 35 Ik 55 & 1>
Ak 2 Fe A PR IR o 1 1 mg- L™ A1 10 mg-L™' A9

0.1 mg - L' QDs

10 mg - L' QDs LTl
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Fig. 5 FTIR spectra of activated sludge exposed to CdSe QDs

I 36 SO R R K Ak A R A B R 25 RO AN . b, 1641 em (BRI T A BERE T ) b i (4R o
JE 1 B AIG 1 — 25 F B I R 2R R & 2 0 T R AT B S e A A P, R, 1110 em A
420~470 cm™" WA (1) 45 A% sl 56k 5 L CdSe QDs 7l i 4 35 i 2 B0 R A PR A sk 55, #E DU CdSe QDs 7
TG e R ) E B AN E C—0—C. C—=0. C—C AR FEMA .
2.3 EMFhE AR FITIREXT CdSe QDs 1 HA 5 5 49 BhB M R

1) YRl ZREPE R R & AR . W CdSe QDs M4 PE 75 TR I A= ) 2 5 B M RE PRI SR, AR

58 X AN TRl 17 By BE 15 Je ke A HE 4T Alpha 4
Bro RILGREIR, CHENEERIYTE 9%
P b, AR KRR 0y RE A T 5 R il ihy, JF:
HLW Py 235 SR i A8 0 o B 1 3% P S e T A 4 1Y
FLICIRML . A58 i Chaol AT ACE 48 £k &
fiE=E'E &, i#1d Shannon F8 BRI LR, B
%, MiZ CdSe QDs Jit £ ¥ & 135 K, W 1y 4
Hris 2]/ OTUs FlF FI K B, kW H A7 5
5 ) CdSe QDs A= ¥k, 1LAL, Chaol. ACE
F1 Shannon & %% ¥4 [A CdSe QDs A4 £ i 1fij ¥
/N, Ui B85 T CdSe QDs 3 P15 e i 1y b 3=
/T Z PR 2 A

2) R TS e A RELS AL (e B . ASTR] CdSe
QDs Jip 38 JiT 5t BT 10 3 1 T U8 AR W B TR
K2 5 i 6 iR . S5 R Bos, 248
JE 1] (Proteobacteria) 7 fix =2 L BB BE
4 B I8 T i Ak BE R A O R R GA F 65.4%.
45.4% . 38.8% V) J 47.5%. Proteobacteria | 17
FETHEMEFRARG T, % 8w e X
RIRBERCRA EE W, ] (Patescibac-
teria) % CdSe QDs % 5% it = Vi BE Y35 K, H:
TR T LU WS K, 3008 14.4% . 14% . 27.3%

i

R 1 CdSeQDs BB TiEM S RMEMEE LMY
Table 1 Alpha diversity indexes of activated sludge exposed to

CdSe QDs
CdSe QDsfFif: (e
; FrH%
N # OTUs Shannon Chao 1 ACE %
0 65288 1720 7.07 1720.0 1739.5  99.9
0.1 43101 881 746 8821 9513 997
1 40025 805 674 8059 8813 997
10 32356 700  6.69 701.1 8017  99.6
100 oth%{sz
[
— N S— Chlamydiae

80 Armatimonadetes
(Unassigned)
Gemmatimonadetes
60 Verrucomicrobia
Chloroflexi
Actinobacteria
40 b Nitrospirae
Firmicutes
| A?idobacteria
| Planctomycetes
20 Bacteroidetes
Patescibacteria
W Proteobacteria

0 0.1 1 10
CdSe QDs#¢Ji#/(mg - L)
[ 6 CdSe QDs fi8 T M ¥ 85% 1K P LM 53 4
Fig. 6 Analysis of microbial compositions at phylum level
under the stress of CdSe QDs
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128.2%, MeAh, HAWE S BEBES LG AT B 1] (Bacteroidetes: 3.6%. 12.5%. 13.3%. 6.5%). %%
W ] (Planctomycetes: 1.4%. 11.4%. 6.3%. 6.3%). %L '] (Actinobacteria: 2.4%. 52%. 3.9%.
3.6%) FNIEBEG ] (Firmicute: 1.4%. 2.6%. 3.4%. 3.3%). it 6 25\ 1Y 5 BB TR L B & ik
95%. K Tt W8 i€ B '] (Nitrospirae) 76 16 15 Je 10 & w5 /N, UM 2%, 2.6%. 3.4%. 1.5%, 30
mg-L™' CdSe QDs i = & 3R 80 th — % (19 38 5 )
TEJE 7KV b A Wy B v 22 S 0 W i (1A

others
7). % T CdSe QDs MifHET5 R, LY 1007 O s Absiosphaera
AR EEASE B A MR B (Mesorhizobium : 80 = = NcioboNglus
75%. L1%. 09%. 29%). FKBHREIE & o " e S Perichio-Shigell
e iz Rhodobaci

(Amaricoccus: 6.5%. 0.1%. 0, 0), ZLF )& h Sail;bgcctteerr

= 40} W Amaricoccus
(Rhodobacter: 2.4%. 0.8%. 0.8%. 0.9%). fii £ 2 irowira
1k 12 i€ B )R (Nitrospira: 2% . 2.6%. 3.4%. 207 Runclla
1.5%). # F AR E B Runella: 12%. 4.5%. S /% TR NIRRT e )
5.9%. 1.3%) FHH 2 B 5 R )& W (Sphingopyxis : CdSe QDsHe E/(ing - L)

01%. 0.9%. 49%. 63%)%. &, BT 7CdSe QDs 8 T i MBER Bk AR L3 47
Runella F1 Sphingopyxis, #8735 A= W) #f ~2 F) Fig. 7 Analysis of microbial compositions at genus level under
CdSe QDs A9 41 i . Sphingopyxis Fll Runella %% the stress of CdSe QDs
N B R 0 PR BT B PR, Sphingopyxis e W62 Wk A6 T 43 I O BE I A 22 b A Wy s P o B,
Runella %F 100 mg L™ 5 &0 LA KRR 0 0 R JBURLAL 38 30 B nm Pr R B, W 7R A 5% v X
CdSe QDs [ £ B B0sm 1t 32 M . AN, Amaricoceus J& T Proteobacteria, 578 WL A P8,
R R T B R B T N AR K COD (E % #i 3 KIS . Nitrospira J& T Nitrospirae, % #
J& W CE W ] 2 5 A R £h 1 A AR ET, [ERE, 10 mg-L™' CdSe QDs X Nitrospira H) 3 il 7 FH %k BH
i, XAHERE T SBRIZTTE 1 (90~120 d) fiff b iR R 18 1) 4 .

3) T 2B W A 3 38 B A N . PICRUSH S 2 58 T CdSe QDs 3 24 1 1 16S rRNA % [H 7 41| #£
KEGG U4l FE R AT B, B 22645 30 GlCA= 0 A3 % 1) BUI 45 2R . an &1 8 Jiz, TG PR is Je vh i A= 4

EZ0mg-L'QDs| E=0.4mg-L'QDs KA 1 mg-L"' QDs A 10 mg - L' QDs

700 000 |
560000 L AR EAEEE BALEE iﬁ%ﬁ%ﬂ‘fﬁ N ) i it HWLEYG
.‘E{
& 420000}
&
By
280000 |
140 000 | ; :
ity . o %%hh e _
a0 40 4n 40 2 A O B R oL s & H B RER MR MW B A & W N HE &
MM M HiaE 55 BRI R M MOEQRZ K fh ok BB MR B b2 B W w4 B g
N ORERE ORI B B 4 A BHEMWIE MR LR MR EAM®R L RWE R AR
KHEEE » ST #H©B B T A A WA FRZE R Y % RN 44
1 o fif ZI =) I At ) TR OEA OB R S
3t " AR R ¥ Bt & 4 2 fift
T BB H V] LY/ '} £ R 5
oA fE iy 5 EN A 1t
LYY H S 1t O} il
Y| Wt 1t
& il
%

8 CdSe QDs il T~ £ F PICRISt2 T 49 & #4X 144 18 2%
Fig. 8 Gene metabolic pathway predicted with PICRISt2 under the stress of CdSe QDs



1648 ok L B ¥ W EEAVE S

M1 RIRE)Z E AN R . RGBSR S BAL B | AN JSBR R BRI, WK,
e PR AR U0 0 I = B e R R R B R, IR T RE X5 A W i A A R A K B TR P, CdSe QDs I
FRRAR T II68)2 T 11O Re S A 2 B, ik S8 T D) RE LR V5 e I R BRACR . =
0 B R CdSe QDs Z5 i AL W A WL BE J1 48 22 . LAk, BRBE(E BN FR TN B2 T Y A%
(9= BE N 85 944 [ %2 32 552, JFfEMEE R 1 S B H 18 563 [ % 7 876, 1Z M4 Al figH [K T CdSe
QDs A 20 i I3 o5 200 it A 4 0% e 2 i) 3 M VR AR 9 22 1) G W TR A2 I R B . DL b
455 F ] CdSe QDs K 11 5 58 X 1 A= AR 30 Dy 6 ) W60V 2, 1T S TS VS R TE I S R AR
PERE
3 #ig

1) CdSe QDs 1 1 28 @8 X 16 P15 U6 R o8 17 80 B8 % e /N . 34 A3 17 3 8] il fk 42 17 850
5, H CdSe QDs AYAEAE AT 5 NH,-N Fl NO, -N By AL s 2, (H 758 W J& W3 5040 T A LY K i
A ) 2V RE 38 32 B — s AR A A .

2) 24 CdSe QDs 5 i 11 75 8 2 1 1) W ffH32 5 (C—O—C . €C—0. C—C MM EH) 48 n, &
T B TR MR R VA /L, i A R IS B 1 S VAR RV EPS (8 SR 2 B 1 O R
RKRIE I,

3) CdSe QDs #F A4 )5, it —2 THi5 R EAEY R EER, WREER . Kb aY .
NG K AT TR AR . [RIBY 5 3R 8E 45 8 b PRAN 5 AL (5 S A0 BEAH SC AR it 22 2 B B, 28
CdSe QDs K- 1] 5 52 25 | 6 4 i B 24915405 DNA, B AR G2k 0 10 33 1k S 6H A BILTS e 0 10 25 [k fik

4

2 % X M

[1] CAI Q Q, WU D, LI H K, et al. Versatile photoelectrochemical and wastewater and wastewater sludge-evidence and impacts[J]. Waste
electrochemiluminescence biosensor based on 3D CdSe QDs-DNA Management, 2010, 30(3): 504-520.

nanonetwork-SnO, nanoflower coupled with DNA walker amplification [7]  LIHX, XU SS, WANG 8, et al. New insight into the effect of short-

for HIV detection[J]. Biosensors and Bioelectronics, 2021, 191: 113455. term exposure to polystyrene nanoparticles on activated sludge
[2] ZHAO Z J, LIU Z L, ZHU Z X, et al. Ultrathin zinc selenide nanosheet- performance[J]. Journal of Water Process Engineering, 2020,
based intercalation hybrid coupled with CdSe quantum dots showing 38:101559.

enhanced photocatalytic ‘CO, reduction[J].. Chinese Chemical Letters, [8] WEI L L, DING J, XUE M, et al. Adsorption mechanism of ZnO and

2021, 32(8): 2474-2478. CuO nanoparticles on two typical sludge EPS: Effect of nanoparticle
[3] LIANF, WANG C G, WANG C X, et al. Variety-dependent responses diameter and fractional EPS polarity on binding[J]. Chemosphere, 2019,

of rice plants with differential cadmium accumulating capacity to 214:210-219.

cadmium’ telluride ~quantum dots (CdTe QDs): Cadmium uptake, [9]  Dhigr, B Kook, SRR, 4. YK B T4 v IR S S S AL B B E B Y 52 )

antioxidative enzyme activity, and gene expression[J]. Science of the [J]. P EEFREERLE, 2022, 42(6): 2619-2627.

Total Environment, 2019, 697: 134083. [10]  FAtit, 3, THRT, 5. ZoOGH K ORI SBRIGHETS VR I5 HEAY 5
[4]7 YU z, HAO R, ZHANG L, et al. Effects of TiO,, SiO,, Ag and i[T]. HEFREERLE, 2014, 34(10): 2575-2580.

CdTe/CdS quantum dots nanoparticles on toxicity of cadmium towards  [11]  Z5#lG, IS, 41615, 45, 4K ZnOWa T SBBRIG YL 4 = K fE

Chlamydomonas  reinhardtii[J]. Ecotoxicology and Environmental A IR M (D). P R R, 2022, 42(8): 1-8.

Safety, 2018, 156: 75-86. [12] YANG Y, QUENSEN J, MATHIEU J, et al. Pyrosequencing reveals
[5] LIUF, HU X M, ZHAO X, et al. Rapid nitrification process upgrade higher impact of silver nanoparticles than Ag' on the microbial

coupled with succession of the microbial community in a full-scale community structure of activated sludge[J]. Water Research, 2014, 48:

municipal wastewater treatment plant (WWTP)[J]. Bioresource 317-325.

Technology, 2018, 249: 1062-1065. [13] HU L, ZHONG H, HE Z G. Toxicity evaluation of cadmium-containing

[6] BRARSK, VERMA M, TYAGI R D, et al. Engineered nanoparticles in quantum dots: A review of optimizing physicochemical properties to


http://dx.doi.org/10.1016/j.bios.2021.113455
http://dx.doi.org/10.1016/j.cclet.2021.01.004
http://dx.doi.org/10.1016/j.scitotenv.2019.134083
http://dx.doi.org/10.1016/j.scitotenv.2019.134083
http://dx.doi.org/10.1016/j.ecoenv.2018.03.007
http://dx.doi.org/10.1016/j.ecoenv.2018.03.007
http://dx.doi.org/10.1016/j.biortech.2017.10.076
http://dx.doi.org/10.1016/j.biortech.2017.10.076
http://dx.doi.org/10.1016/j.wasman.2009.10.012
http://dx.doi.org/10.1016/j.wasman.2009.10.012
http://dx.doi.org/10.1016/j.chemosphere.2018.09.093
http://dx.doi.org/10.1016/j.watres.2013.09.046
http://dx.doi.org/10.1016/j.bios.2021.113455
http://dx.doi.org/10.1016/j.cclet.2021.01.004
http://dx.doi.org/10.1016/j.scitotenv.2019.134083
http://dx.doi.org/10.1016/j.scitotenv.2019.134083
http://dx.doi.org/10.1016/j.ecoenv.2018.03.007
http://dx.doi.org/10.1016/j.ecoenv.2018.03.007
http://dx.doi.org/10.1016/j.biortech.2017.10.076
http://dx.doi.org/10.1016/j.biortech.2017.10.076
http://dx.doi.org/10.1016/j.wasman.2009.10.012
http://dx.doi.org/10.1016/j.wasman.2009.10.012
http://dx.doi.org/10.1016/j.chemosphere.2018.09.093
http://dx.doi.org/10.1016/j.watres.2013.09.046

W& TS VX LR BT

a1 E i AL 1649

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

23]

[24]

[25]

[26]

(271

diminish toxicity[J]. Colloids and Surfaces B:Biointerfaces, 2021, 200:
111609.

LU T, ZHANG Q, ZHANG Z Y, et al. Pollutant toxicology with respect
to microalgae and cyanobacteria[J]. Journal of Environmental Sciences,
2021, 99: 175-186.

ZHENG N Y, YAN J H, QIAN W, et al. Comparison of developmental
toxicity of different surface modified CdSe/ZnS QDs in zebrafish
embryos[J]. Journal of Environmental Sciences, 2021, 100: 240-249.
YANG Y, YUAN Z, LIU X P, et al. Electrochemical biosensor for Ni**
detection based on a DNAzyme-CdSe nanocomposite[J]. Biosensors and
Bioelectronics, 2016, 77: 13-18.

BT, ZE0kA, X IT. SBRIT S ZLBRASAIIN 1T Y5 /K HosUis A RO B2
[J]. BREEI5 YL 5 B3R, 2008, 30(10): 23-27.

FE K IRE LRA BB . KRR A M A BT 77 B M. 4. bt o PR
Rh2 L, 2002.

YIN C Q, MENG F G, CHEN G H. Spectroscopic characterization of
extracellular polymeric substances from a mixed culture dominated by
ammonia-oxidizing bacteria[J]. Water Research, 2015, 68: 740-749.
DONG Q, LIU Y C, SHI H C, et al. Effects of graphite nanoparticles on
nitrification in an activated sludge system[J]. Chemosphere, 2017, 182:
231-237.

GUO L K, YANG L, Ren Y X, et al. The response and anti-stress
mechanisms of nitrifying sludge under long-term exposure to CdSe
quantum dots[J]. Journal of Environmental Sciences, 2024, 135: 174-
184.

WANG C, LIU S Q, HOU J, et al. Effects of silver nanoparticles on
coupled nitrification-denitrification in suspended sediments[J]. Journal
of Hazardous Materials, 2020, 389: 122130.

ZHANG H M, CAO J, TANG B P, et al. Effect of TiO, nanoparticles on
the structure and activity - of catalase[J]. Chemico-Biological
Interactions, 2014, 219: 168-174.

PN, 5%, SRR, 45, AR My DR IR AR D00 1 P 0% k9 e
fERIBTIE[I]. FREERILE, 2012, 33(8): 2766-2772.

ZHAO J F, LIU S X, LIU N, et al. Accelerated productions and
physicochemical characterizations of different extracellular polymeric
substances from Chlorella vulgaris with nano-ZnO[J]. Science of the
Total Environment, 2019, 658: 582-589.

ZHANG S J, JIANG Y L, CHEN C S, et al. Ameliorating effects of
extracellular ‘polymeric  substances excreted by Thalassiosira
pseudonana on algal toxicity of CdSe quantum dots[J]. Aquatic
Toxicology, 2013, 126: 214-223.

HO, SRR, Wids, 5. KA TAHUIERT T HUSNE G Y B

(T4 % 5. W )

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

VEIURLAL RS2 R[], PR T AR 244, 2021, 15(4): 1321-1332.

FELL, FRLLYE, B, 55 HIANR G YA CA(TT )RR R RERTF
FE[T]. FREE T 244, 2010, 4(10): 2185-2189.

K, B, RN, SF T HETS VXS PO I ) U B HLER O], FREE TR
271, 2016, 10(7): 3707-3714.

ZHENG S M, ZHOU Q X, CHEN C H, et al. Role of extracellular
polymeric substances on the behavior and toxicity of silver nanoparticles
and ions to green algae Chlorella vulgaris[J]. Science of the Total
Environment, 2019, 660: 1182-1190.

HAN F, WEI D, NGO H H, et al. Performance, microbial community
and fluorescent characteristic of microbial products in a solid-phase
denitrification biofilm reactor for WWTP effluent treatment[J]. Journal
of Environmental Management, 2018, 227: 375-385.

WANG X L, ZHANG L, PENG Y Z, et al. Enhancing the digestion of
waste activated sludge through nitrite addition: insight on mechanism
through profiles of extracellular polymeric substances (EPS) and

microbial communities[J]. Journal of Hazardous Materials, 2019, 369:

164-170.
Wi B0, RPDCA, SEHADS, 45, BB AT A ) SO N T8 HI5

7K Ab BRSSO HE T B AR MR S (D). PR,
2022, 43(3): 1492-1499.

SHARMA M, KHURANA H, SINGH D N, et al. The genus
Sphingopyxis: Systematics, ecology, and bioremediation potential - A
review[J]. Journal of Environmental Management, 2021, 280: 111744.
WANG Z Q, GAO J F, DAI H H, et al. Microplastics affect the
ammonia oxidation performance of aerobic granular sludge and enrich
the intracellular and extracellular antibiotic resistance genes[J]. Journal
of Hazardous Materials, 2021, 409: 124981.

WANG Q, ZHOU G Y, QIN Y X, et al. Sulfate removal performance
and co-occurrence patterns of microbial community in constructed
wetlands treating saline wastewater[J]. Journal of Water Process
Engineering, 2021, 43: 102266.

MANNACHARAJU M, SOMASUNDARAM S, GANESAN S.
Treatment of refractory organics in secondary biological treated post
tanning wastewater using bacterial cell immobilized fluidized reactor[J].
Journal of Water Process Engineering, 2021, 43: 102213.

K, TRTE, R, A RIS URRAL B IR TS T A A A i
HTIRESM L], LRI 2AR (A SRR AR), 2021, 57(5): 927-937.
LIU N, TANG M. Toxicity of different types of quantum dots to
mammalian cells in vitro: An update review[J]. Journal of Hazardous

Materials, 2020, 399: 122606.


http://dx.doi.org/10.1016/j.colsurfb.2021.111609
http://dx.doi.org/10.1016/j.jes.2020.06.033
http://dx.doi.org/10.1016/j.jes.2020.07.019
http://dx.doi.org/10.1016/j.bios.2015.09.014
http://dx.doi.org/10.1016/j.bios.2015.09.014
http://dx.doi.org/10.1016/j.watres.2014.10.046
http://dx.doi.org/10.1016/j.chemosphere.2017.04.144
http://dx.doi.org/10.1016/j.jes.2022.11.016
http://dx.doi.org/10.1016/j.jhazmat.2020.122130
http://dx.doi.org/10.1016/j.jhazmat.2020.122130
http://dx.doi.org/10.1016/j.cbi.2014.06.005
http://dx.doi.org/10.1016/j.cbi.2014.06.005
http://dx.doi.org/10.1016/j.scitotenv.2018.12.019
http://dx.doi.org/10.1016/j.scitotenv.2018.12.019
http://dx.doi.org/10.1016/j.aquatox.2012.11.012
http://dx.doi.org/10.1016/j.aquatox.2012.11.012
http://dx.doi.org/10.1016/j.scitotenv.2019.01.067
http://dx.doi.org/10.1016/j.scitotenv.2019.01.067
http://dx.doi.org/10.1016/j.jhazmat.2019.02.023
http://dx.doi.org/10.1016/j.jenvman.2020.111744
http://dx.doi.org/10.1016/j.jhazmat.2020.124981
http://dx.doi.org/10.1016/j.jhazmat.2020.124981
http://dx.doi.org/10.1016/j.jwpe.2021.102266
http://dx.doi.org/10.1016/j.jwpe.2021.102266
http://dx.doi.org/10.1016/j.jwpe.2021.102213
http://dx.doi.org/10.1016/j.jhazmat.2020.122606
http://dx.doi.org/10.1016/j.jhazmat.2020.122606
http://dx.doi.org/10.1016/j.colsurfb.2021.111609
http://dx.doi.org/10.1016/j.jes.2020.06.033
http://dx.doi.org/10.1016/j.jes.2020.07.019
http://dx.doi.org/10.1016/j.bios.2015.09.014
http://dx.doi.org/10.1016/j.bios.2015.09.014
http://dx.doi.org/10.1016/j.watres.2014.10.046
http://dx.doi.org/10.1016/j.chemosphere.2017.04.144
http://dx.doi.org/10.1016/j.jes.2022.11.016
http://dx.doi.org/10.1016/j.jhazmat.2020.122130
http://dx.doi.org/10.1016/j.jhazmat.2020.122130
http://dx.doi.org/10.1016/j.cbi.2014.06.005
http://dx.doi.org/10.1016/j.cbi.2014.06.005
http://dx.doi.org/10.1016/j.scitotenv.2018.12.019
http://dx.doi.org/10.1016/j.scitotenv.2018.12.019
http://dx.doi.org/10.1016/j.aquatox.2012.11.012
http://dx.doi.org/10.1016/j.aquatox.2012.11.012
http://dx.doi.org/10.1016/j.scitotenv.2019.01.067
http://dx.doi.org/10.1016/j.scitotenv.2019.01.067
http://dx.doi.org/10.1016/j.jhazmat.2019.02.023
http://dx.doi.org/10.1016/j.jenvman.2020.111744
http://dx.doi.org/10.1016/j.jhazmat.2020.124981
http://dx.doi.org/10.1016/j.jhazmat.2020.124981
http://dx.doi.org/10.1016/j.jwpe.2021.102266
http://dx.doi.org/10.1016/j.jwpe.2021.102266
http://dx.doi.org/10.1016/j.jwpe.2021.102213
http://dx.doi.org/10.1016/j.jhazmat.2020.122606
http://dx.doi.org/10.1016/j.jhazmat.2020.122606
http://dx.doi.org/10.1016/j.colsurfb.2021.111609
http://dx.doi.org/10.1016/j.jes.2020.06.033
http://dx.doi.org/10.1016/j.jes.2020.07.019
http://dx.doi.org/10.1016/j.bios.2015.09.014
http://dx.doi.org/10.1016/j.bios.2015.09.014
http://dx.doi.org/10.1016/j.watres.2014.10.046
http://dx.doi.org/10.1016/j.chemosphere.2017.04.144
http://dx.doi.org/10.1016/j.jes.2022.11.016
http://dx.doi.org/10.1016/j.jhazmat.2020.122130
http://dx.doi.org/10.1016/j.jhazmat.2020.122130
http://dx.doi.org/10.1016/j.cbi.2014.06.005
http://dx.doi.org/10.1016/j.cbi.2014.06.005
http://dx.doi.org/10.1016/j.scitotenv.2018.12.019
http://dx.doi.org/10.1016/j.scitotenv.2018.12.019
http://dx.doi.org/10.1016/j.aquatox.2012.11.012
http://dx.doi.org/10.1016/j.aquatox.2012.11.012
http://dx.doi.org/10.1016/j.colsurfb.2021.111609
http://dx.doi.org/10.1016/j.jes.2020.06.033
http://dx.doi.org/10.1016/j.jes.2020.07.019
http://dx.doi.org/10.1016/j.bios.2015.09.014
http://dx.doi.org/10.1016/j.bios.2015.09.014
http://dx.doi.org/10.1016/j.watres.2014.10.046
http://dx.doi.org/10.1016/j.chemosphere.2017.04.144
http://dx.doi.org/10.1016/j.jes.2022.11.016
http://dx.doi.org/10.1016/j.jhazmat.2020.122130
http://dx.doi.org/10.1016/j.jhazmat.2020.122130
http://dx.doi.org/10.1016/j.cbi.2014.06.005
http://dx.doi.org/10.1016/j.cbi.2014.06.005
http://dx.doi.org/10.1016/j.scitotenv.2018.12.019
http://dx.doi.org/10.1016/j.scitotenv.2018.12.019
http://dx.doi.org/10.1016/j.aquatox.2012.11.012
http://dx.doi.org/10.1016/j.aquatox.2012.11.012
http://dx.doi.org/10.1016/j.scitotenv.2019.01.067
http://dx.doi.org/10.1016/j.scitotenv.2019.01.067
http://dx.doi.org/10.1016/j.jhazmat.2019.02.023
http://dx.doi.org/10.1016/j.jenvman.2020.111744
http://dx.doi.org/10.1016/j.jhazmat.2020.124981
http://dx.doi.org/10.1016/j.jhazmat.2020.124981
http://dx.doi.org/10.1016/j.jwpe.2021.102266
http://dx.doi.org/10.1016/j.jwpe.2021.102266
http://dx.doi.org/10.1016/j.jwpe.2021.102213
http://dx.doi.org/10.1016/j.jhazmat.2020.122606
http://dx.doi.org/10.1016/j.jhazmat.2020.122606
http://dx.doi.org/10.1016/j.scitotenv.2019.01.067
http://dx.doi.org/10.1016/j.scitotenv.2019.01.067
http://dx.doi.org/10.1016/j.jhazmat.2019.02.023
http://dx.doi.org/10.1016/j.jenvman.2020.111744
http://dx.doi.org/10.1016/j.jhazmat.2020.124981
http://dx.doi.org/10.1016/j.jhazmat.2020.124981
http://dx.doi.org/10.1016/j.jwpe.2021.102266
http://dx.doi.org/10.1016/j.jwpe.2021.102266
http://dx.doi.org/10.1016/j.jwpe.2021.102213
http://dx.doi.org/10.1016/j.jhazmat.2020.122606
http://dx.doi.org/10.1016/j.jhazmat.2020.122606

1650 ok L B ¥ W 175

The stress response mechanisms of activated sludge exposed to CdSe quantum
dots
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Abstract In order to reveal the biotoxicity of CdSe quantum dots (QDs) in complex environmental systems,
activated sludge was taken as the research object to study the effects of long-term exposure to CdSe QDs
(0.1~10 mg-L™") on the operation efficiency, sludge performance and microbial metabolism in sequencing batch
reactor (SBR). The results showed that COD and nitrate concentrations in effluent fluctuated greatly under the
stress of CdSe QDs (0.1~10 mg-L™"), but nitrification performance was stable. Low dosed CdSe QDs accelerated
degradation of NH,"-N, and 1 mg-L™" CdSe QDs could increase average oxidation rate of NH,"-N from 2.2 to
3.3 mg:(L-h)". Although CdSe QDs caused a slight increase in effluent turbidity, the sludge sedimentation
maintained stable. CdSe QDs mainly bound to C—O—C, C—O, C—C and phosphate group on sludge surface,
and caused the fluorescence quenching of tyrosine-like protein in extracellular polymeric substance. Meanwhile,
microorganisms also secreted tryptophan-like proteins to alleviate stress. Besides, both abundance and diversity
of microbes in activated sludge were inhibited by CdSe QDs, but low level CdSe QDs were conducive to
abundance of Nitrospirae. The results predicted by PICRUSt found that the metabolic pathway for metabolism
and genetic information processing was significantly inhibited by CdSe QDs, and the abundances of the
metabolic pathway for membrane transport and signal transduction finally decreased to 32 552 and to 7 876,
respectively. That might be the reason for the increase in effluent COD with the rise of exposure dosage.
Therefore, CdSe QDs affected the organic matter removal by changing the structure and function of microbial
community in activated sludge, but showed no obvious negative effects on nitrification, sludge settling and
flocculation.

Keywords CdSe quantum dots; activated sludge; biological nitrification; extracellular polymeric substances;

microbial community
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