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Wastewater-based epidemiology for the management of community
lifestyle and health: An unexplored value of water infrastructure
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ABSTRACT

Traditional wastewater research mainly focuses on 1) estimating the amount of waste entering sewage treatment
facilities, 2) evaluating the treatment efficiency of sewage facilities, 3) investigating the role of sewage treatment
effluent as a point source, and 4) designing and managing sewage treatment facilities. However, since wastewater
contains a variety of chemical and biological substances due to the discharge of human excreta and material used
for daily living into it, the collective constituents of wastewater are likely a reflection of a community’s status.
Wastewater-based epidemiology (WBE), an emerging and promising field of study that involves the analysis of substances
in wastewater, can be applied to monitor the state of a defined community. WBE provides opportunities for exploiting
indicators in wastewater to fulfill various objectives. The data analyzed under WBE are those pertaining to selected
natural and anthropogenic substances in wastewater that are a result of the discharge of metabolic excreta, illicit
or legal drugs, and infectious pathogens into the wastewater. This paper reviews recent progress in WBE and addresses
current challenges in the field. It primarily discusses several representative applications including the investigation of
drug consumption across different communities and the management of community disease and health. Finally, it
summarizes established indicators for WBE.

Key words: Wastewater-based epidemiology, Sewage chemical-information mining, Community health management,
Bio-marker, Aptamer
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Fig. 1. Schematic of the population catchment area and methodology employed to convert measured concentration of substances
in wastewater to mass loads or doses consumed per day per normalised population (reprinted from Australian Criminal

Intelligence Commission (2017)).
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Table 2. Health and disease-related biomarkers

Category Biomarkers Target Disease Reference
Pharmaceuticals ~ Antibiotics Amoxicillin, Ampicillin, Azithromycin, Bacterial infections ~ Castiglioni et al., 2006; Gracia-Lor et al,, 2012;

Chloramphenicol, Chlortetracyline, Ciprofloxacin, Gros et al., 2010; Hirsch et al., 1999;
Clarithromycin, Dicloxacillin, Doxycycline, Erythromycin, Huang et al., 2011; Jelic et al,, 2012;
Metronidazole, Minocycline, Norfloxacin, Oxacillin, Kithne et al., 2000; Petrie et al., 2015
Penicillin G, Penicillin V, Roxithromycin, Ofloxacin,
Oxytetracycline, Sulfamethoxazole, Sulfapyridine,
Sulfasalazine, Sulfathiazole, Tetracycline, Trimethoprim

Benzodiazepines  Alprazolam, Bromazepam, Chlordiazepoxide, Clobazam, Anxiety and Sleep  Baker et al.,, 2014; Borova et al., 2014;
Clonazepam, Clorazepate, Diazepam, Flunitrazepam, —disorders Ferndndez et al., 2014; Herrero et al., 2015;
Flurazepam, Lorazepam, Lormetazepam, Medazepam, Kosjek et al., 2012; Petrie et al., 2015;
Midazolam, Nitrazepam, Nordazepam, Pinazepam, Racamonde et al., 2014; Smith-Kielland et
Prazepam, Temazepam, Tetrazepam, Triazolam al., 2001

Others Acetaminophen, Acetylsalicyclic acid, Allopurinol,  Gouty, Broussard, 2004; Castrignano et al., 2016;
Atenolol, Bezafibrate, Carbamazepine, Clindamycine, Hyperlipidemia, Dickenson et al., 2011; Funke et al., 2015;

Clofibrate, Cloribric acid, Codeine, Etofibrate,
Etofyllinclofibrate, Crotamiton, Diatrizoic acid,
Diclofenac, Dilantin, Diltiazem, Diphenhydramine,
Fluoxetine, Furosemide, Gabapentin, Gemfibrozil,

Howell et al., 1993; Huschek et al., 2004;
Jjemba, 2006; O'Brien et al., 2014;

Petrie et al., 2015; Riva et al., 2015;
Vazquez-Roig et al., 2014

Central nervous
system, Pyrexia, etc.

Hydrochlorothizaide, Hydrocodone, Ibuprofen,
Iopromide, Meprobamate, Metamizone/dipyrone,
Metoprolol, Naproxen, Nifedipine, Primidone,

Propranolol, Propyphenazone, Sulfapyridine,

Metformin, Venlafaxine, Valsartan

Endogenous Compounds

Ammonia, Androstenedione, Creatine, Chloesterol,
Cortisol, Eicosanoids, Serotonine, 1-aminopropan-2-one,

Stress or normal
metabolism, cancer,

Been et al., 2014; Chen et al., 2014;
Thai et al., 2014

a-fetoprotein diabetes and
cardiovascular
disorder
DNA DNA/RNA sequences Obesity, Pathogenic  Le Chatelier et al., 2013; Mclellan et al., 2013;
Viruses, metabolic ~ Ryoo et al., 2013; Webb et al.,, 2015
disorders
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BAAA 24, @A 2 BAY & mYEHT HlolH,
A i W o]5A, ME A T ARE £dx
AL, HHEZRAL AEZAL CEHE 52 53 RE I
87} 9t} (Gao et al., 2015). o]&3F AR = 45 &
ARt dlofEl sfjAo] Fasttt thEo Rz shaeA 2o
i Be 27)2d @71z 24 &894 NEE
AHFt Alm HF = T2 FsA 7ITHeF 10~154)
ottt Az S A Fshe AHE Al & A $7](auto-sampler) S
o] g3t 24A17 FF A&LH o o|Fo KTt AH
gt A EE dEY Be 94 29 & % 1

Sl

OE

AA, W B2 B 3L 55 5o A WA
AXA Ak o)F 717] B2 Fa) AR W chr
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B2 B AR el d A B R
7k Qo & 7] whe] Ty e kA
SR 4 ol pH B £E Ao AlnE Tl

Sl= Zlo] Sa3tth (Lai et al, 2011). A3 Al2=
F2 HPLC-MS(A/ds oA Azut=Eldo]- A
AH) == HPLCMS/MSE ARg-3to] 243ttt (Gao
et al, 2015). 7|7]2 BA7 S5 4 19 ¥of 2+
1,000 A ok HHTFS I A 4Hback calculation)
8} 2= oIt} (Gatidou et al., 2016). 7FekabA] Wrababm,
bobE 15E 5RO U o & AL B
Fa Rel did dd d3dE st o
& AleE AREShe] BAshaL, T ]l
Aol 2AT A A mAT AR G
T 1,000 °oFE A F F(mg/day/1000%) 2]
Fat) oh o SRR RS 9T 9%
2 BIARE AL B

s

ok

2 ox
o

d

s

(X0
il‘
rlr

A

i rlo o @ >
2

fob 1@ o

lo ooy A 8 BN n Ok g
lo
I
o2
18 of

Y
ox, l‘_,>1

i

3% [mg/d-1000)] = ()
OFEE 24 B (gh) x 35§ L)/10° x BYAL

o A AZA /100

2.3 3l U A=F Py Exiet ptE AT

Aol B3t SFERIL AN ShAHE 3 chakElA
ORE T B E 1 Ty e thabikEe]
of mgEo] WiEAC ueh BAstg sk o4
292 oJEF 5 gt volonpAR off BAS 43T
A se7lrelstel glo] Zastc wiEE WaEe
SRS Bl SeA PO o B B 4B

=
A 23l E= =Ee

sshA W3k AR 4= 9lth (Damien
et al, 2014). 7|9 A= 3k W oFE A& 9 AL
AFEEO] Ao gt= 7Hgste] EQITE EE 124]
Zb o)Ak A E-E QLo B|RE A thAREES]
6-oLAEZT 0] A 2°Col| A 12417 & Z+2F 66%<} 26%

Tash= Ao 2 93X = 5 (Baker et al, 2011) k<3t
F2F AT B sl walel 2

ol ol E ke
© v EAE ES A s o) oFERo) 29
Hesh ewot pH o) 27le] uhet gelchs o7
7} 2R = Qi ch (McCall et al., 2016; Senta et al., 2014;

Devault et al., 2017). o|& E9], 2HY L 5} A
4AITE Al = A&(10°C)oll= oF 16%7F ol Wi,
1220°C)0)1 = oF 33%7} 23] %] 1T} (Senta et al, 2014).
E3F pHE oF=9] QYo FaFa Tt (McCall et
al,, 2016). A& =°l, dHET} F=12) H-- T4
pHOlA & Qg Zlolglom, F71919] -9 4Md 27 (pH
2)oll A o et A o] 21Tt (Gheorghe et al., 2008; van Nuijs
et al, 2011; van Nuijs et al,, 2012). 2q} o} 2} sl 9]
L3 Ar sl f oRER POl A & 4= itk
oS =°f, stA W 43 =4 (pH 5.0~6.5)2 AF
14 226~31°C) 2. & Q3| &t 7oA 7]E o &
2ol vjsf skpbA7E whEA k=St A sk W OFE
dto] WA EaiE o Qlrk o]= 1%t sh9] &4yt
o Y ol th EE9] ARsteol Fak nid

4> It} (Damien et al., 2014).

7F AlEshe shehA- =T 185}= Aol
ste7IRb st A28 A8 fofR g dde T
A Qiek S22 B2 Afolof A Al
ofFt &2 of=d, 54 Aol ot Au 2 3
o= 3 FAEE(DNA, RNA 5) 5 H4 A7y E<
Ay 9l A7 i ARE AlESte vt ek
" _

(Daughton et al.,
2012), o] Bferd Ei gEetd S HAgow
Y Jot. E

y

L
oo Ju okt

o jany
M
ﬂoﬂ

=
U zhel olsl A EE Akt 2
-

2008; Nordgren et al., 2009; Eggimann et al., 2017).

A W oA eEto| A aTlRE BRe} o], sk Rtk
& Y AFUEE i 5 Sl sk B ST
25 AFstL, o2 RE AT AxEHS A0}
o, 2% FERRE ARUE ALY T Al
4 S-S AMshs A AT o2 A A H
2l Ee Eot] ARrUEY A7,
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| OF7IEES 0183 7IRLIEl d2d 2 g 2ol 2 eZele| MEF T

A EA B glo]TAERAS BAElaL, o]t A
A A TLof w2 225 dAEkE, 22]9]
o) Al=AF D EA, QG & HiES
ol ZlstA "ok A AR !
shp7|Hbedshe &-857] fleie AR O A
=7t B e A e A xS AEsHA A%
slojol Bt} E3L S}l thoksl TAARS Ay

?l.
2
oo » ol > e

of 942 740l ok Tel, ko] oS4l uf
2} EA47)7]o A9 7Hd(interference), WEZ A &3}t
(matrix effect) 50| Th2A YelS 7o) w0802,
a4 o] wek Ajgker Azl MAz 9 7171
of Aol LR 4 Uk b0, A7 AR

o QI g
sh Zlo] Zasih =& 34 W9IE ARUE 2
M A7 ol @A) gstolof s] uEolt.
QA S7IRtelste Aiel azate] AfUE WAlol
e 27k vt Qe AN 2 W oot v
R P EER e P
o A BRAL §33 B 5 gk AT F A EE
Ml A 9IS APESHE delt Wy o § EL
2% A ol9le] ARUE BH(H], AFEE, AF
o] AXBA WPl 1A Pl hAME F2

O

| a1e§3flo]oF 3t} (Daughton, 2012).

= o]&% ARFUES A 9 A%
AE 252 vjwE Lo Ako] o]Foxl
oFR, ofz] Ao R 7| Ao WEy Sty o
A dA7EA] 9] A= olHdt AEE A7 A
S A FEE Ao 23& W =] $frh of7
o= strERY ARUEY Wy W A% AEES
3 5317] Yot Q= AxEHY ST A7t
A AAE Fo FEH diste] A4HEEE i}

N
e
= 0
)i

—

3.1 ZIRLEl 2Y 3 AZ FItofl Helket XIE=ZE2|

=
=F

A A FEA Ao 235t} (Choi et al, 2018).
QIZto] Hulgt Edo] A egor =774
WY 38l olsstiA B T dEE B &2
HEE 4 L, AEY AR Be W] webA=
E4Y w7t gepd 4= Qe o] F Almo] Bk, A
A, EAolet= ¥ 1A

webA] AEEEE A4
AtgFEo] alefEojof gt 4 1) 484 A= ol
Ate 2R ujEEolof st 2) shgroA HE|
7heRt GO ujEEofoF 51, 3) Shrof| Ao 4
o] djiF o golsfjoF gttt EIL 4) 17Ee] thAbit
Eolojof alH, 5) QI =EE O] FH| o]Q]o] = (4]
&, BRA Y A=t He F)EFRE A==
o] AthA oz A oo} 5}l 6) sk oA QHEA
Edolojof gtr}. 1 Hio= 7) 1Y 18lo] viEs}e
o] W37t #ofok ki, 8) AHo G T A
A1} Z2 gelo] viEe] Fo3t S A %=
4% AxEdE AAsoF gth (Daughton, 2012;
Gracia-Lor et al., 2017). &]& Hofo| ] o]F o2 A
S X%, 71E SRR ol aEAAE U4F
= WSSt A EEEo] ofTl AAEe| gron, &2
= x4l FF= HoleupALL et
(aptamer)E A|A|SFaL o]of tfs A e|ste] F 29 3 3
of Z+z} A|Als3ict.

F e o

3.2 A2 7iset XESE H H0|201H

shol ol A7 87 AEa A Aol ol
g wore o AAEAY MR AResE o

SEdR, A, A% 24 F8 A del AR
e A5 =+ Aok

wol ubA L & 29} o) 2oy B,
|, DNAS] 37b4 2 2] L8e 4 9ick
Lo A ARt 34 4SS S8 A9
FYAL BN FFD 2L oJof
E

X

i
o o o <
2
© o ox oXx

1 P

lo

g o <3
w3t} vhol oulAR AL
Aol of3) Tx @]

24

o £ Horlrorle
=
rO
o
it
s
flo °
A
offl
)
ol
L
i
1l>
i)
[>

o
o
4
s
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g
z

ol ook 1) A, 2) FAlE 9
= W2t o}A H(benzodiazepine) I} 3)
;  27ke) Aol Abg s
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Table 3. Health and disease related aptamers
Category Target molecule Disease Reference
Chloramphenicol aptamer Chloramphenicol Genetic toxicity, Embryo and Fetus toxicity, Mehlhorn et al., 2018
Carcinogenesis Possibiility, Anemia

Nucleic acid aptamer Epithelial cell adhesion molecule Colorectal cancer, Influenza Chang et al.,, 2017;

(EpCAM), H5Nx virus Nguyen et al., 2016
Biotin-streptavidin interaction HIV-1 Tat protein HIV Tombelli et al., 2005
aptamer
HBsAg (Hepatitis B virus surface =~ Hepatitis B virus HBV Xi et al., 2015
antigen)-specific DNA aptamer
Az o2 voloulr o] B4E o WAL ARY  HE ooFES T Hrh 487 ARE 9L
S el ALys, 48 dAes 54 g A
3 7k o= = :

= 95T = vk
A A 04] of S-8E= HfolontA F ofFAl
Al (amoxicillin}S H|E3SE oF 2530 A2 BEF
Eu, o5 Ao wiEd uf AL wFo] Yot
A o=t AHLS 7T (Castlghom et al., 2006;
Huang et al., 2011). ZE3L 28 A] AU A} 289
deow 54 drHbES ’\E*JOV] ofj ol st
O] A Fif Lof| A& 54 diAMES vl
SHH, sk A3 B A= YA AA 585 &
AAE 2T 5= Ut olddt E45 ol&sl i
AFUE S A T Aol wlj) sh4=of
A 58 E= A w=F Hlwstd 1 ARYEY
FAA Otk FEolvt o8 HARE 7T 5 Qe
7He/dol ok shR|NE @A o7 FofolA E-E-E L
9= o) wolealA} sl elN AgHom =
AHer] ol ofn wWaksA walxA ggron
2, sglnesie] 4857 FAE olsh B
A7k wag Aol
EA FPARlRE AETeATE F
geizet 4 o9 298 29 85 B
1z gRist SRR olFold Awsjo] A4
& 71Tk ole% Sae chol A4 s o
QupARA 2 AEols ARUEel A9 o2l 1
ZopA|go] AHEE 4 e A& 501—1—‘4 a
Goll = oF 3959 olorEEol HlolentslR A4
4 okl 48 A Qe (Gracia-Lor et al., 2017), &

AollA FeE= HIE E4= s4E 53 1
79 A oo 3t ol 20} & ofol s
3 2 AEk(isoprostane)S H]E3] ¢F 10F0] =3},

AA2 Ay deholuy g, o 22 ARS A
sh= dloll o9t £ W &do] ARHAL Uk
(Grama—Lor et al,, 2017). 2904 EA9 A9 A==
Oh]rﬁ JZJ’Q /%}‘:Hx—q.?_ Fkol YulE zh=

WA o 4
Aas), A e 74%»11:4 7o
Aol © 2 ojulg 2

ool aehe (el B B4 by Bl
A AR7E AYE L Qe hEAC BAR, WYL
o ofef Wiz wie] AR e|e] AlstiEd s

o|Zof ALEE 4= (Gracia-Lor et al., 2017). A5}
AEGAL Hlul, ndok AdY A3 e 7o
T d54 A WsHA o= 7H & adlolH,
Shpof] 2ok ofolaZ 2 ARS A FA Al
of w2 L@r‘%ka —%2‘4%‘ 745, Lol HlEg ARFYE
o] TAAFA
O}—O]/\_LE/\IE]— )\H/\%J,]- §‘j |
Arsha) Aol o8] Wy shset AHEAEAN, Eu
A3t $)o| vy s =g 4 9o

Zz]Lol&= PCR(polymerase chain reaction) 7| E+=
NGS(next-generation sequencing) 7%+ EXAYESHE] 7]
¥ 55 DNARNA 97149 £40] 28l 4w,
DNAZ ol gd] 7ARyee] HgkeL) §eld upol2

ES
Hh o] iFe] oJofEEo] ghAn] Z39=(racemic mixture) 2, AR oot FE A% ZAIE S5 4 A H
2 A E 7] wF o) (Petrie et al., 2015, Vazquez-Roig Ak o]E &3 U-Q¢elA vlolenlA 2o DNA E
otal, 2014) Yot o HUA| HAL olg3 SlEAOR T A% Atk Wsl wlolouiAR 27 Fuu
shpof HiEEE ooFEEY AWE sHet F s I Qleh
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2 FABA F shtel 2ay
U Z(chloramphenico) & 7 &3het], o] wi e
MUz Asjge 2= W4 dEnE olgd
(Mehlhorn, 2018). E3k, M-13 dhg|g] e ulx|& Al

Aetm o] A9 i diAS Zka gl v e ent
A& HolF= 7]
dyt gk ko] $-8¢ &= Ut (Kim, 2016).

o] Qo= FHZel=E I 7|4<] SPR(surface plasmon
resonance)¥} QCM(quartz crystal microbalance) 7|4 5
& Qrepe o] Y=a AESo] 4FshEA wr}
wo #AlS Wy Qith ¥ 2] © 2 biotin-streptavidin
interaction JEFH 2] 79~ o]2|3t Wie7|eS A&l HIV
ko] A3E-8g]aL (Tombelli et al., 2005), A U=gI=}
71EE =8 dA Yol ARgskal 3= ELISA
(enzyme linked immunosorbent assay) 7]&=Xt} U 52
e o2 BY 119 vhol2| g HEshe Aol Aust
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