»
)
EF 508 ‘g
Eco-Environmental
Knowledge Web 6

ENVIRONMENTAL SCIENCE

ISSN 0250-3301 CODEN HCKHDV
HUANJING KEXUE

BREESE VARG BRIFELMER

FE, BigH, IFRE, PEE, BRiK, M5

KR SIER

-

2021578
N

N mas BT1H
& Vol.42 No.7




w % # 3 WA % BT

( HUANJING KEXUE) ENVIRONMENTAL SCIENCE 2021 467 A 15 H

H &
ﬂ&ﬁﬁ%(ﬁﬂlﬂf%ﬁ&ﬂﬂ%ﬁumli ......................................................... ?Fﬁ j‘rgj iEF E/ijtjf,_ Xﬁ}i. %Tk ﬁ}:&:fﬂ (3091)
Bl R B R 44 #FIDHFJ?)’U‘WCXTPM“B’JE [ ooeeeeerennnnn e FHE, }"ifL% E%XJ@, 5, PR (3099)
FHTRRE K= %PMZSQEQHHI?&XEX&F‘ ........................................................................ J J i%/& :]*57‘&;\((3107)

ARIMA I ] ) 40 BRI 7 L AR FE PR R M TIR FERI I FI «vvevvereeemmemmeene et
HPEK ST 58 A RERERTS Y IE BB IRAIAT - vveeeeerrrreee e

......................................................... BE, 20, Taf, BEE, BOE, AFa, H4, x4k, TEE, TRE (3127)
P11 P, R 25 PSR B S B AT oo YR, KER, SR, REE, 585, A%, HA (3136)
T 5 2 B T S S A AR BT oo M, KEF, KRR, ERE, AR (3147)
R%&mﬁﬂmﬁ%&ﬁi%ﬂm&ﬁﬂmiﬁﬁ%mf ........................................................................ £TH, 48 (3156)
LT R K AP T e 5 8 R AR G <+ e vereereere e et K BE, BER, BEE, £ (3166)
T 2 A TE K UM I BRI - 7K K B AE R S AR AT +oveveeereerersesersesessesestes et sttt
..................................................................... ?{ﬁﬁiﬁﬁ,}%?ﬂ% if E g&%{«w( %]}t ﬁ%/ﬁ Egﬁ— ?ﬁ» ?%(3176)
BT T B A4S LT b AR TR B B LB M IE BB YLIEH oeververveereemmeeeemrcnie e
.......................................................................................... }?ﬂg% %%ﬁ:i, ;;J% HH%QI Adelaide Angela Dadzie (3186)
A B S MU 2 A OE SRR, oo AAN, £25, kB, $F, Ko, BFA, AEE, RER (319)
i S D V0 T8 4 05 e A B B AR oo A, Kk, WILE, K, TRE, 4B, AF, HH (3206)
BRIV SR P L - SR 4 25 A0 A A S IR AR oo kB, BAZ, AFR, WHE, AHH (3215)
THAR TSI X 26-H0 T AR BB AT ovvvvvvereevsssssssssssssssssss BEI, T4, ALK, Bk, BE (3223)
BB FATAS ISR -ovvvvveersssssvennnnnees REA, TEE, 230, £WW, 259, hEL, AKX, B (3232)
EUSES STt U] 3P (S 1 ) Y [ T, BIE, A%, LBF, HER, BER, ZAX (3242)
AR B PR RC T AT AE BB T oo %m,ﬁ%,%%@,%ﬁﬁ,ﬂ%,@ﬂx(nﬁ)
ﬁﬂ{ﬂ{ﬂf %rﬁ ﬁi%ﬁnga{&kﬁmﬁ%)\mmf‘ ......................................................... }%i}i, ﬁﬁ, %7’]:5 r?‘.j (A (3263)
MK SRR SR PR B IO RAFIE oo REM, Lok, BEF, BRA, 2HK, KK, ﬁ#ﬁfiﬁﬁ(nn)
TR TR AR oovveeseoeenessn £H, £%0k, £k, KB, THE, FRE, THHR, 5% (381)
KT U T ALK K5 S O B IR - LI ] ovvvvvesesoen INE, £9, PR, THE, BEY, REL (391)
KT TR R XK K FE AR T (TG LRI e veeeveveereereeneemenenien e NXE, kEE, @%& KX, T (3304)
jg-ﬂjﬁj/jlhﬁk Fﬁum%ﬁ% %Eﬂjtﬂﬁﬂ .......................................................................................... /j_“ ﬁﬂﬂﬁ (3316)
R K AR AT T BORA 00 SRRIR R - BOL5 MR, BEA, BE%, HEE, ﬁ%g i#ﬁ 57 (338)
SET BTV B R KRB BRI cvvvveersssomennnensscsnnn %%, WEk, B, THE, TIUL, BT (3338)
ﬁﬂ*ﬁmﬁf7krﬁiﬁ$m*E’J%[‘?ﬁ‘@ ............................................................... @i%& Kéii %HI\;E)’L, %@[}/}‘% (3348)
V5 KA NG BT T K P B4 B S LG IR B AT AT weeeeeererrerreme Fba, A, NG (3358)
ST HEHALHAR T MBR BERFYERGIR AR covveeeeeoeeeeeee UM, £, £0k, %90%, Kk, Re#, 245 (3366)
e A s B et L R B Sl O S E AT Ry s 8 L
.............................................................................. BERT, YT, Bk, xMA, BB, 2AA, BIEE, A (3375)
— B RO R R SMBBR AL SRR HE BRI oovvveevovenevnnnnsnsensecss BIEL BRI, TRA, AR BER, B2 (335
AT B B I T S e AL T 2 BRI RE e vereeeemereeme et et et st B, BEX, AR, T, #HAl (3392)
SLABRNS SBR RGUTG LI AE BB A BRBE AT ooveovevereenees Bk, ktEE, Kk, k8, BhE, XK, £XFH, 5 (3400)
H%ﬁﬁ%ﬁ?ﬁ&ﬂﬁﬁiﬁ%ﬁﬂﬁﬁmﬁ%ﬁ&% --------------------------------------------- KEE, £4, Titk, KEE, ki (3405)
SRR B R R BUE BRGSO wovvvvvs oo R, AR, BE, FAN, KHE, BEA (3413)
ﬁ/%%ﬁﬁ%%ﬂ%ﬁmﬁm EYRHE GRS MIBMT s BUR, TR, R A (3422)
B IR T TS TR B A ERIEAL  eererreeesreesers et %ij,ﬁmﬁ BRE, BKK (3430)
2000 ~ 2018 4F-K =i + MRS FLF 4 2 5 REEECHERCHO I oo EXH, BN, k%4, BE, BE, IHE, T8, 24 (342)
KA Bl BL P KR LRV G S HE IR v BE, GIE, BAL, BEE, A, HHE (3451)
TR A BN P B X X245 CH, F N, O FHETBUIBEII v v eeereenr e e e
............................................. éé;ﬁ}( E[Sﬂi)fi é{;{)’;ﬁ; XBL)@L\ gﬁ‘ﬁk ﬁ};{% %ﬁk XJJXj‘ E;\E ﬁ% J%?7k91€(3458)
T4 K R 7 B B TR RRAE T R AR oo B, BE, R, W, NEE, KEWK, THA, BE (3472)
BB R Ak SFURES A IR MR 3 SRR BN < oeeeeememmmemrmnssseiees B, HRE, RigE, ﬂxﬂ KR4, LKE (3482)
et LT E Ph A Cd A BNEME IR I GIFM ooeereereesees HE, XU/X;@*« X, FHE, BERE (3494)
S ARHT 5 LR A S M T A% 125 () 2 A Je BRI D R AR BRI R ] oo Afe, EI, TEF (3507)
TRYITTA [] 1210 1 4 B PR S G AL BARE +ooveveeerermereemeeneneeens W, Ribd, A, g, RBE, K#E, T (3518)
Hﬂ}&;@ﬂsi% Cd #1 As M‘;ﬁﬁﬁ"ﬁﬁ ....................................... Eﬁﬂﬂ_’ ;{J»ﬁ—}\ ,,.‘XXIE EHIj’— %ﬁ%’ m? gigﬂc //\_JFJ%’T (3527)
PRk A A 5 e e P - e A ![%!EHB/J"EWJCVE ................................................... &ﬂé %%3\ K@ﬁ% ;\;’H.glg "JriE%(3535)
TR ARG IR L AU RRER AT JFIE oeeeeeeeeieeeenes XA, Ak, B4, RTX, #RW, Fh, AT, REH (3549)
I T e 1 Mt P 38R 8225 ) A3 A5 B MR IR AT +oeeeeeeemeeeeeneenens Mk, 8L, Fk, BER, Fak, BE, ZER (3555)
A DU R AR A 5 s B, T8, U, 44, K%, £54, £0 (3565)

(EREVETTIR S (3315)  (PERAYVIERMIN(3357)  f5B.(3391, 3441, 3564)



)
IET-HUFE‘ In BB R = 5424 7 2021487

Eco-Environmental
Knowledge Web Environmental Science Vol42,No.7 Jul.,2021

iGIKARIE AERIT T Z/KPEERENEGAKBALR
vr it

FALIN2 ) ) R/ INER
(L INARRZEAER S TSR, H5 266237; 2.7 MR RIE X IREERIFEBE, PRI = MUK E 2 50 A EHES
SLERE, UM 510006)

FEE . LU E PR T15 K AL B LA 3% K T2 i 9 AR [RIAC R 5T T 20 A s X 4 | i 2o e Bl A 55 2 1A
JR RV (ICP-MS ) FHURE H B 5 55 B TR BT V5 (SP-1CP-MS ) 43 51 % 75 7K A 38T AN [ Ak B8R B0 T 2 v ) o 4 s o
R ) K EE 4 0 K R ) 50 vk B ORI AR A A AT T 400, TR SE T ORIl b 3BLBA T T2 X T 4 I T B M EE 4 R oK AR
PIRBRBCR. G5 RR R RIA AT T 22X A R E A IR ITE M EBRBURAEE 257 X Fe JUE R 0 3%, EEA DL
P 2B, JeBR A 98.53% 5 AN RN TE T2 AN A 51 45 JB G K UKL Y L BRAICRAFAE B 25 5% 6 Ni, Pd il Fe K5
LI S B Ay 0, AN TR) 4 i A K OB AE AN [) b BILEA ST 28 (MR UTb Tt — IO R = S8 L Ve i ) v Bl 2o B s o 4 J 4 K
KEAEAN R AL BT T H BPRLAR 73 A1 0 23. 28 ~ 147. 83 nm , AN [F] b B BATT T 204N 2 %8 4% B < J 290 K URE Fr) R A28 T Bl 25 52
Wi s pH 5 Fe JTLR AN Fe RIPUR S R E A ICOC R BR Fe TTR M Fe PURURISN, HAL TARJm TR 'i,kLéVﬂxK%"ﬁ**ZJEﬂi’JE
AN EEM S R RAL BRI T 25X 8 4 8 T 5 A 408 KRBk E’J%I&%M%Jf?éﬁ i
SEEER . VTKAR B AN TS s A RADKIRER R s L / =
FESES: X703 XEIRIRE: A XERS: 0250- 3%01(2021)07 3358-08 DOI: 10, '13227/j. hjkx 202012013 &

i i L r

Distribution” of Heavy Metals a-nd “Their Correspondlng Nanopartlcles in
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Abstract, Total heavy metal concentration, heavy metal hanopanicle concentration, particle size, and the removal effect of different
treatment unit processes on heavy metals and heavy metal nanoparticles were analyzed in this study. Inductively coupled plasma mass
spectrometry (ICP-MS) and single particle inductively coupled plasma mass spectrometry ( SP-ICP-MS) were applied in nine treatment
units performing continuous wastewater treatment processes in the Chengdu Shuangliu International Airport sewage treatment plant.
Results showed that different treatment unit processes had different effects on the removal of different total heavy metal elements, with
the effects on Fe being the most significant; Fe was mainly removed in the secondary sedimentation tank at a rate of 98.53% . The
removal effects of different heavy metal nanoparticles varied in different treatment unit processes, with the effects of Ni, Pd, and Fe
being the most significant. Heavy metal nanoparticles removal varied by treatment unit processes ( aeration grit tank, secondary
sedimentation tank, and high-efficiency sedimentation tank ). The particle size distribution of heavy metal nanoparticles in different
treatment unit processes was 23.28-147. 83 nm, and different treatment unit processes did not have a significant impact on the particle
size of each heavy metal nanoparticle. In addition, pH exhibited a significant negative correlation with Fe and Fe nanoparticles.
Excluding Fe and Fe nanoparticles, other heavy metals and their nanoparticles were not significantly related ; thus, different processing
unit processes exhibited different removal mechanisms for heavy metals and their corresponding nanoparticles.

Key words:sewage treatment plant; treatment unit process; heavy metal nanoparticles; speciation; removal
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Fig. 1 Sewage treatment process and sampling distribution
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Table 1  Number concentration detection limit (LODy,) of different heavy metal nanoparticles
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B H AR U A M A R A0 K JIURE A A 56
PEVEAT T 4381 WK 3 W LLEH, pH 5 Fe JTTR M
Fe 44K Uk 52 I 25 7 AH OCOC &, AHOC R B0 5 R
0.994(P <0.001) F10.983(P <0.001) , 5 Mo JGE
B EIEMCCR X RECN0.810(P <0.05),

£3 FRALEBRETTIZHESELETNESBHKTRNBXRIES T

Table 3 Correlation coefficient between concentration of heavy metal and heavy metal nanoparticles in different treatment unit processes

pH Fe Ni 7n ZIr Mo Pd Ag Fe-NPs  Ni-NPs  Zn-NPs  Zr-NPs Mo-NPs Pd-NPs Ag-NPs
pH 1
Fe -0.99%4 1
Ni -0.712 0.852* 1
Zn -0.615 0. 676 0.989 ™ 1
Zr 0.337 -0.408 0.439 -0.153 1
Mo 0.810" -0.985"" -0.822" -0.559 -0.396 1
Pd -0.573 0.835* 0.772*  0.357 0.649 -0.838" 1
Ag 0. 584 -0.536  -0.461 -0.410 0.928 *** 0.561 0.250 1
Fe-NPs -0.983 ™ 0.995 ™ 0.471 0.693  -0.291  -0.957" 0.679 -0.98"" 1
Ni-NPs 0.257 -0.200 0.29%4 0.389 -0.237 -0.296 0.603 0.614 -0.270 1
7n-NPs 0.514 -0.393  -0.745 0.262 0.393 0.434  0.131  0.393 -0.789 0.422 1
Zr-NPs 0.314 0.270 0.865° 0.729 0.441 -0.736  0.308 0.314 0.038 0.246 0.634 1
Mo-NPs 0.527 -0.553 0.513  -0.564 0.078 0.707 -0.658  0.536  0.231 -0.788 0.280 0.589 1
Pd-NPs 0. 698 -0.600 -0.393 -0.863" -0.148 0.554 -0.341 0.087 -0.304 0.324 0.182 0.148 0.782 1
Ag-NPs 0.327 0.631 0.889" 0.893™ 0.734 -0.892" 0.644 -0.565 0.591 0.059 0.238 0.730 0.347 -0.393 1

1) sex Forn B EVEKF, P <0. 001 ; x Frm B EMEIKF, P <0. 01 5 + Frm B E K, P <0. 05
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