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Antibiotic resistance of bioaerosols from wastewater treatment
plants: pollution characteristics, sources, and potential risks
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Abstract: Wastewater treatment plants (WWTPs) are the major sources and sinks of antibiotic
resistance genes (ARGs) and antibiotic resistance bacteria (ARB), and bioaerosols are the key
carriers for the emissions of ARGs and ARB from WWTPs to the surrounding environment. The
systemic review about the pollution characteristics, sources, and potential risks of the antibiotic
resistance of bioaerosols from WWTPs remains to be carried out. We reviewed the research
status of antibiotic resistance pollution in bioaerosols from WWTPs from the perspectives of
sampling and detection methods, escape characteristics, sources, and potential hazard and risk
assessment. Inertial sampling and filtration were the commonly used methods for collecting
antibiotic resistant bioaerosols from WWTPs. Metagenomic sequencing, assembly, and
binning can probe into the composition, mobility, and hosts of ARGs. The ARGs conferring
resistance to multidrug, bacitracin, aminoglycoside, tetracycline, beta-lactam, sulfonamide,
macrolide-lincosamide-streptogramin, and glycopeptide were widely detected in PMy, PM; s,
and PM, o from WWTPs. The main emission units of ARGs and ARB loaded by PM;y, PM; s,
and PM,, from WWTPs were screen rooms, biochemical reaction tanks, and sludge treatment
units. The existence of pathogenic ARB in size-segregated bioaerosols from WWTPs increased
the difficulty of antibiotic treatment, and sewage and sludge contributed to the release of ARGs
and ARB. Furthermore, relevant prospects were proposed in terms of research content, research
technology, and control strategies, so as to provide references for monitoring and protecting
against bioaerosol antibiotic resistance pollution in WWTPs.

Keywords: wastewater treatment plant; antibiotic resistance; pollution characteristic; source;
potential risk
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Table 1 Sampling methods of ARGs loaded on bioaerosols from wastewater treatment plants
KRR R A KA RAET A RAEIS ] A7 5 12 2% 3k
Sampling Collecting Samplers Flow Sampling Analytical method References
principle vector (L/min)  time (h)
SURI$73 A Yl TH-150 B2 BRI RAESR: 100 24 K R [9]
Filtration Quartz filter TH-150 suspended particle Metagenomic sequencing
method samplers
BRI K Sartorius MD8 25 <% kEge 125 12 qPCR B ARMZEZILHA  [19]
Polytetrafluoroet Sartorius MDS airscan air NES
hylene samplers qPCR assays,
Metagenomic sequencing
Binyl [P Reuter B0 HUEERY 100 1/60 ZREF AP [21]
Agar medium Reuter centrifugal sampler Metagenomic sequencing
VgL TH-150 & MR YR FESE 100 24 T HE 2 Iy [25]
Quartz filter TH-150 suspended particle Metagenomic sequencing
samplers
T B £F 4 XT-1025 R4 1000 48 5 R 21 I [26]
Glass fiber filter XT-1025 air samplers Metagenomic sequencing
SRt i T TE-5200 R k%% 1500 24 IR AP [27]
Polycarbonate TE-5200 air samplers Metagenomic sequencing
filter
AR TH-1000 2 V2 BRCRAEZS 1000 24 qPCR AR | ZHEHAH  [28]
Quartz filter TH-1000 suspended particle M)F . AR5 56
samplers qPCR assays,
metagenomic sequencing,
assembly and binning
BHERAEE 2 ROIER RERNHE A R 283 1/2 B SRR MBI R [20]
Inertial PR R AR RN
sampling Gram-negative  Andersen 6-stage impactor Culturable technique,
bacteria antibiotic susceptibility
selective test
medium
EETK WA i AOR AR 12.5 1/2 T HE DR 2 Iy [21]
DI water SKC BioSampler Metagenomic sequencing
AR 2% vh il WA s 2OR A 12.5 1/12 qPCR $i AR [29]
Phosphate buffer SKC BioSampler qPCR assays
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Table 2 Potential antibiotic resistant pathogens in bioaerosols from wastewater treatment plants

TR BT R RAR  BiAE RPUMEBORE PUE R 27 3CHk
AR I Antibiotic resistance pathogens Drug classes References

WWTP size-segregated
bioaerosols

PM,,

PM; s

PM, o

Acinetobacter, Alcaligenes, Enterobacter, Beta-lactam, gentamicin, nitrofurantoin, and [20]

Klebsiella, and Sphingomonas
Citrobacter

Escherichia

Pantoea and Pseudomonas

Acinetobacter baumannii
Acinetobacter nosocomialis,
Mycobacterium avium complex, and
Senotrophomonas maltophilia
Acinetobacter pittii
Aeromonas hydrophila
Alcaligenes faecalis
Clostridium perfringens
Corynebacterium singulare,
Enterobacter hormaechei,
Saphylococcus epidermidis
Corynebacterium urealyticum
Enterococcus faecium
Escherichia coli

Gordonia terrae
Macrococcus caseol yticus
Pseudomonas aeruginosa
Ralstonia insidiosa

Ralstonia pickettii
Saphylococcus aureus
Acinetobacter, Actinobacillus,

Actinomyces, Arcobacter, and Kingella

Aeromonas and Bacillus

Bacteroides

Enterobacter
Neisseria

Pseudomonas

Saphylococcus
Mycobacterium and Proteus
Corynebacterium

tobramycin

Beta-lactam, nitrofurantoin, and trimethoprim
Beta-lactam and levofloxacin

Beta-lactam, gentamicin, levofloxacin,
nitrofurantoin, and tobramycin

Aminoglycoside and multidrug [28]
Multidrug

MLS

Fluoroquinolone

Aminoglycoside, MLS, and tetracycline
Glycopeptide and tetracycline

Aminoglycoside

MLS and phenicol

Glycopeptide, MLS, and tetracycline
Aminoglycoside, MLS, multidrug, and phenicol
Multidrug and tetracycline
Aminoglycoside and MLS

Phenicol

Beta-lactam, multidrug, and peptide
Beta-lactam and multidrug
Aminoglycoside, MLS, and multidrug
Beta-lactam, MLS, multidrug, and [9]
sulfonamide

Beta-lactam, MLS, multidrug, sulfonamide,
and tetracycline

Chloramphenicol, MLS, sulfonamide, and
tetracycline

Aminoglycoside

Aminoglycoside, beta-lactam,
chloramphenicol, and multidrug
Bacitracin, beta-lactam, multidrug, and
tetracycline

Chloramphenicol, MLS, and tetracycline
Beta-lactam

MLS and multidrug
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rh A s AU AR ) R IR WA W T LA T
o B, Yang ZEPV R IS KA PM, o ki rp
24 34.22%—42.55%1) ARGs 1 17.32%—37.76%F¥)
ARB SR TH 523 S HACRKR IR AR 1
58 YRORL RN B R BE AR AE R T R AR
fib A RS AR T AR IR, V5K sk Tt =
DA ALh B B 5 S A 5 AT A I I v AR ) R I AR
A ARGs il ARB iz 21 5 5 22 A PR sk
AR b, BT EKE YR X TG KA A
SRR OR B FEE A IR TRk, B, T57K
ALBET A S I S 15 K B85 e BT AR E bk
HAFAER R WAL 5 TRIIS, J5 7K A0 BE T AR )
SIS HA R I 2 A4S ARGs 1 ARB 920
AAEAE B E 2D, fildn, Xie ZPM&H
15K BT 53T . UTHERY PMa s H ARGs 41,
AR D EVERZE 5, OXA, emrA Fil emrB Z8 2+
1 PM, s F¥5 /71 ARGs, vanR., mdtB F1 ermC
A 2T PM, s HARAEE ARGs, 1 bacA. rosB
1 smeE 2 15 /KL HL PM, s H#H#5IPE ARGs.

5 AR AN AR E
FMLE S B B £

19K AL B B AR BB o) BRI 3R

SR AL R G S e B0 J5 K b BT
A W SR I B AR R B M Y LE S0 R Y
FEFE, M TR MR MR, K TR
I7 20 DA R B TR) B R IR T AN PR R 1
AT fildn, BB BTG KA A
A S AT S BN RN B P T S B 1 S TR A TR
(Arcobacter sp.)%f 2 2452 | PUIR R IR IA N iR
FePi A RAFAEDUED s AT 30000 R G B Y
{5 B8 T8 (Pseudomonas sp.) Xt & 25 254t 4: R A7
FEFUPECT, AT FEON ™ F R B I 1) 29
FFF& (Bacillus sp.) X U1 2 A i i A b A= R A7
FEPUELS

HHET, XT ARGs HYXUS AL F 24045 3 A
D FET R 0 KU BEAG T STt
P 56 DR A RN A: 0 A A7 56 2R TS 2 XL
FRESTI DU SEF FIFIRGE S 2 ARGs A4S
RN TG 7, 35 I 2 79 1 XU TR A AR 4 <
B3 ARGs £, PRI | BRI
B R AR . BZ KB B RN 2 A IR R S5
TR i A P | Rz B AR 3
12 FR % ARGs W7 &, iAW ARGs (1%
TG A072 ) y5 K BT 713 ARGs B2EHIS
Vs JBC WP I 3% 440 2 R ) 02 A R T B IR B Ml
Fl43¢0 yan UV A 5% tetW, sull Fil ermC
X3 BRI IR A R, B3 R R A
BRI 0000 PN R A0 B A 2 (R 48 A R, b
TAE N GORIBR T R R A AR . STt A
T Py 21 A7 56 R AEA T BTt 24 4 XUBS TEA
L4 ARGs . MGEs FI A 2880 18 16 22 3 [H
HAH XS R[] — contig b YILAFE R R DT
Mg g R AET ", AR R, AR T T b
X RV L X, 5 K AL B PM, s BEAS (TS
PR E e Y 2T EPEIRGE S 2R ARGs )
AR GG TP Aty 2 308 o W B 5 7K A B TN
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Zielinski ZEU7E V5 K AL BT 51 T2 A9 B R K A
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