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Abstract: The health risks posed by pathogenic microbial contamination in drinking water are
becoming increasingly apparent. Following exposure to pathogens via water, the human body may
experience reactions ranging from infection and illness to death. However, the current Standards
for Drinking Water Quality (GB 5749—2022) primarily rely on indicator microorganisms to
evaluate water quality, lacking precise targets for pathogen control and load levels, which makes it
difficult to accurately assess the actual hazards posed by microorganisms in drinking water.
Therefore, clarifying the relationship between the intake dose of pathogenic microorganisms in
drinking water and the risk of human infection is of great significance for safeguarding public
health. Quantitative microbial risk assessment (QMRA) can be employed to evaluate the health
risks posed by pathogenic microorganisms in drinking water. It is currently combined with high-
throughput molecular technologies such as real-time quantitative PCR, digital quantitative PCR,
metagenomics, and metaviromics, overcoming the limitations of conventional culture-based
methods in identifying pathogenic hazards and demonstrating significant advantages in pathogen
hazard identification and multidimensional traceability. This paper reviews the research progress in
the quantitative monitoring and risk assessment of pathogenic microorganisms in drinking water.
On the basis of the distribution patterns and quantitative detection of pathogenic microorganisms,
QMRA is employed to conduct risk prediction, screen high-risk pathogens, and identify critical
control points, and thus a systematic approach for precise prevention and control and full-chain
governance is ultimately established. This approach integrates multi-omics technologies, big data
analysis, and health impact assessment, achieving a transition in water quality safety management
from reactive response to proactive prevention and providing robust scientific support for ensuring
drinking water safety and the health of vulnerable populations.

Keywords: drinking water; pathogenic microorganisms; quantitative microbial detection;
quantitative microbial risk assessment (QMRA)
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IR N LA A R R AR AR, IR K
YA EIET NI SR . EsesE, Ak
JERGL AR A, e R AR T G 1 K R R
Fow MEBFLR) F R E 22— KRR TR
s SR A T G B AR R A T AR 2 A K
PRk . ¥ il %5 A1 6 (Legionella pneumophila) . il
2R AR B 1R (Pseudomonas aeruginosa) 5 AF 45 ¥
41 B T B (non-tuberculous Mycobacteria, NTM)
25 H12> BUW 7 (opportunistic pathogens, OPs) 7 fic
IK R G855 HEHUAR R A P I B G B R
ftl F H (Cryptosporidium) F1 ¥ U %% & (human
Norovirus, HuNoV) 7E# 5 [ 1 . 4 W i 5 A B
afg A Bk A T 3 A I e SRR R,
Tk S IR G AE W) TS YLK A AT REAE
2 M XU 2 01 977 7K A% 406 9 s 1) O B 2% o BAT
W A4 AT LU Ge A I B AR R T4 F A
R o T RS T A kg T R S B R E AL
PEVEM i B AR, (B e EAE S i
[, RIS B sl R AR A A AN B, M
DL A% R Wi A W s, k2 SR AR E R
DA R 554t o UG 1) 2 o O RN I A FR .
2 A W) KU P £l (quantitative microbial risk
assessment, QMRA)7E UK 45 Bl gL 3 Hh 1E H 2532
BHES:, AR 1Y OCHETE J 4 th AE R AR AT Y
ARk S AT e s EUO FE LSRR L, B
DU A 7 DA B — g A 45 L 2 1] < T o) fie R DU
HZ A W, Bk ATV R AR 2 5 K
PRI, R B SR ECA R R
ok SR I AEEE , B T2 AR R SR
SEER AU, A B 55 46 A T T QMRA
1) 5% i 2005 AR 1Ak s 1)

TR R LA FH 7K Tl 2 0 XU A 000 R B 4% T
AR, Rk 2y, ARG,
T TH XN 5 2R W SEBRAE O, o £ A 0 XUR: T
fXE LAV S MELIAS B4R RIS L, AR geidE
YR I 45 5L 5 58 T4 2R W 2 00 R R R 4
SEIAERUE IR S QMRA M S, @Atk
PEAbFE bR, BT B - T WS it - 2 R T

P4 A B o DS s 00 22 B, ) ] S 3 AT 3 3
(AR FH K AR 0 XU Vi BRAE SR, 36 T A 0 A8 IR
RUK R AP e 2O B, EH RO K
LA, PR E R E TR

1 RR AH 7E R IR

W EIATEE bR CERIRHK BAPRE)
(GB 5749—2022) X {4 Wy 2 446 10 1 BH A i 2
W Akt S K EES KR & KA
(Escherichia coli), JBRITH 7% S8k, LhORREAL
IKA I Y PA: e A P 5 DA 41 41 (World
Health Organization, WHO) ik JH7K K 548 /e (57
SRR A G FR R ARSI AU A ol
I UG R ey, 38 ST g R H AR I S K
471Kl (water safety plan, WSP)iE 17 Hp2L45 FHL
Wt B2 00 R AR K O S 8O A 78
(=B E ey Tl SO =9 A [ S ZP A D LN S B = Y AR UL BT
S | SR S N

o2 5 A, EK S H 7 W TR R R
IR P46 bn 0 B AR S AR 3R T, (BAEAK
RHAEFHEIK . NRIK T R A 7K DL S 225 4%
AR 2R, DIERTE R X ),
2020-2022 AFESLWEIN 460 H3FEM, AP bRTE
FAABIR A R AL (83.26%); AIRIZKIFISH
HHEFAWRrREER B E . FRITTRIK
U5 (96.88%) =5 T /K J&E (85.06%) 1 H: Aih 7K Y&
(54.17%); HiliZK 1R W A Bk SRR AN 1 ik A5 38
BT A (=14.03, P<0.001); [5]—/KJE7E
MK AR A AL SRR 34(90.63%), 1=
FF KW (81.25%) M, X EZERPLIR, KIEIR
P ZET AR AL 5 B As 1T R 5 W U W ik bR
MG HE AR 5, TR LR W S as R B rh
Ly 2= S e R . SR, ok A3k
] A AT kK B — A B R A SR . B AE
e bR AR R, HIL 2 B0 R AR O S R )5
wk i, HAEEMEZRAN L SWERA
e B e NIRRT, —uk
9o SO 0 an R PP B BT i (Pseudomonas) . 24
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K #F B (Mycobacterium avium) . i B K B J&
(Acanthamoeba) 545 7 TR U0 KN 35 Ay EG R 17 3k 1A
5 DUBCE A B B BERT 8 10°-107 9200, R 2
T IR RN K BT A S B[R
A7/ I R G = 9 Y ) I T RS O
FRAE SRS 2 B UEA T S AL W S

2 R A e TR

FEEPHOKSEM ARG, g2 MEER
B . BCOK R G R A P DA R R KR 4 7 1
o3 I W A R B T AR FH K S R 2R
S K TR R 5K 35 A G B K e A 38 S
YL FER FH K B K S N 2R G i W5 e n 3 248
TNBE o K AR R K AR AZ R A W
B RE AR, T i 38 5 TR A W) i U A A A
RS 5 KM 3 A EG A 25 75 e A R S PR 4 R
B, K R KR N TR TS, 5
51 % Gtk R R e E, WY
SR A A AR ) 2 R T B T R
KU, AR SCRES T KRR R A Y . RER iR
18 T P9 AR SR K AR HEARE NE (T 1) TR E
CEWERHK BARRE) (GB 5749—2022) 20K i
KIGEBER KGR A IR AR, e R
T SBRMED, (AR TP K S v gk
BT 2K i R A B, X 2 Fhw
DGO W ¥ EL A v e XU, R AT Y
B R fEEE

HRMIERE AR, AR, e
P TR R 25 A AT B S AL BOW TR 2 AR I
KA T R SRR RS K 1 A P b K s e, il
B TR R AR . B E I sl R A F KT WY
FEAIER, MR R AR o W T4 AT A T
IS TR 2 BAPERT I, Al A B R
Ji2 5 | A A AL RN A I v B, B AT YR K
WA IR EERFERL . K (BHKIES)
P B A B ) R W S FES 80, P RSk LA
251 000 CFU/L fE AT E{E . At (5 o i
R PGSR B, R AR B T 52 BE
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71, STEBKRG S B ARN A B rh R 27
FEUT AT FAE AR AR N R A9 T AL
SEGREY, T2 5 YK AR A
Bild . PRUGGE RN E AR wEaR
HETK A I ) ] 2 Al BB T AT LA LAY A R AT 1
7 IR 45 (viable but non-culturable, VBNC) $F 2L 7
FEUS VT A G R R A B S A
2 [ BE B AR H 7K SR 2 48 vh 43 15 S 00 0 S
24 S AR B TR L s B — A AR T R RO A
BRI, RS54 4 R AT B EL A AR BE R K L ifit 37
B E SR Z SRR, FERLK R G AT HUR
R A= P R e G it [, 58 0 TR A IR
We B, PR 5 SR e A XURSE 5 o
REMFR R, RRE . AR IKEE AT
ARG AL SRR TR - BE T, BESRAR A T A
B R A i 20 B PN R S 4 B B it
5 BEIK R GEAH G I AR S5 4% 43 ROFT TR AR A5 M e
fitiA .

et A SRR 205 B D A B AR %) 7K U5
R EY) o BRgh - IR S SR )
i, wlad kA 2 15 Qe K SR 20k B
RPN RTKIRIE Y E B . R AB
Ab BTSRRI, AR R XU 2 T . WHO
FHOCSCAEAN 2022 Wit CRHZKK Bifa /) 4 i 4
J5¥E I (L R0 Jir o A %6 5 25 B (log reduction value,
LRV) B K S84 i B A OB, s K
B om 2 i T 202 sea =/ 5 e, H Ag
2 R F R AR BROKRE W 40 Jo 1 AT 4 8 W 07 5
(immunomagnetic separation, IMS) %% Y it} 73 5%
THEL, BRI H S8BT 2¢Ot 2 & PCR (quantitative
real-time PCR, qPCR)IZEA T4 Fh FISE R BU 4S5

e B B IR i PR AR E PR
MZ IR R AES] ) R eBRArEE R
PRI Z —, TEBUKZIEMEIE Y A A E
HRE R T AR RS, Ed HiRoK
BRI A5k . 2022 R RAILH A 3G
HEIK K2 2024 4B BE Zo b (1) 18] A8 2 1F S35 AN 2
15 Y AR K 5 X SR 2 & 2 DA O e gk
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Overview of waterborne pathogenic microorganisms, exposure routes, and drinking-water standards

Bacteria Viruses Protozoan
Escherichia coli, Human Norovirus Cryptosporidium spp
g Legionella pneumophila (HuNoV) . ’

Exposure routes

A%

Exposure routes and representative outbreaks

Typical water pollution events
Legionella pneumophila can cause
Legionnaires’ disease and Pontiac fever
through inhalation of bacterial aerosols

NN In 2022, a Norovirus outbreak was triggered by
contaminated public drinking water in northern Italy

Ingestion Dermal Cryptosporidium oocysts are chlorine-resistant, have a

€xposure low infectious dose, and can cause acute gastroenteritis
via ingestion of contaminated drinking water i
.'é Regulations and guidelines for microbial drinking-water safety =
| Indicator China USA EU :
: Escherichia coli Not detectable Not detectable 0/100 mL !
T T e = = E = B EE e = | e T e e T e e o e '
\ Pseudomonas aeruginosa 0 CFU/250 mL No mandatory limit Not detectable in 250 mL

Bl KEMHREHEY. REZRREXKAKRERR

Figure 1

g 155 il 5 71 B 0 (Centers for Disease Control
and Prevention, CDC) [ Z¢ £ 95 28 & Wil
4t (National Outbreak Reporting System, NORS)%{
e s, IR RE R R AL TR fiisty, JFdon
TROK AR G 2% 2 T8 0% UE1 Ry B TS T A T 1R
T B IR KA AL TR AGE I 5 2 A MR . e R
P oL B 98 S U 2 — E MK R H VR A
BRI P, H 5 R0 35 R B R A Y vy 2 )
PR, BRI K B R K, b5 RIO) W 7K O
PEATERWETE . AR BAWTFE A B TR 22 4

Overview of waterborne pathogens, routes of exposure, and related drinking water standards.

KERUERI LI . A RAEIT TAEF, B
PR R RERIN 7 AT AR,

RIK RS P AP AR 2R I A9, &
FEFEMERE R . HLPEEON T . RN EESE,
ARG R K AL Je i A A AR AT, Al S 3K
L HEYS . MR AR E I IEAER, del g AR
NN AN SRR PR S P T N ST B =
QB RGBS FHIET, B UM B 0 3 T A: fi R
A SRRE o FEAR UK Aol I A W 1 75 %
IRV IR AR IR R g e AR, R B A KA
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T PRBREROH K 22 i) SCBERT B2, DRI X ik £
o IR A R DA A I oG . AR IR A
PR LR K T i SRR G 7 o B ZE AT B 4
ZRARCAMU R L ARG BT B A L2 BUW B
P2 At HOMITRT U 25 2 L 7 K PR 5 SR
Ay, HETEAT WA R 2 2 U G IRk
O35 A W R I T 1 R e e e I Tk O
LRI BRI A IRV A T R
YRR, AEE i A e R I FE IS . X IR
W95 5% LR AR A U R BRI S AN B e LA L%
J Wl A 0 16 AP R O 23 B Bl A D A s 20 O T
i RRE XU, S i OGRS 25 R R X S8 i A —
SEFEE FRRE X BT 20 s . R R
QMR K R GRS LR, o A T
PR e R, TR R P AR AR
IR AR B T B ST SR AT FE T 1]

3 AR ASRA M I BR

3.1 BEMEENEAR

DL 3 € (membrane filtration, MF), £245 &
fi% (multiple-tube fermentation technique, MTFT)5
5+ 7% I 7% S %% (heterotrophic plate count, HPC)
RFWIEFERMAEDRIME R A . LR
RS Ir e R TS e BT X R R TR i A
KIGwRE . KA (S rY Bl U8 5 & Bk A
(i NN T X T T = R SR 7 - e I £ D O g 7
4. VBNCPUE M B AL S A7 7R B PE A
R Z R AR, 7R AR R
B FAL KRR 50 Bk G . 5555+
B deos, SRR BRSO AKR ). K
W, BRE . T KIRE T 2w R 5 R
REE B A o, EARENkmRIS
ELPACRAE i (PRI 5 PO
3.2 ETHFEPZNESHENFAR

B S E f PCR (digital PCR, dPCR)f)44
X R T APTIIE AL B, O A R AR K R
RIS RGEVEAL, B LATR A qPCR FEAIRHK
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EIAEAE T IR 220 7 P BA B Ao 338 S S
PCR (real-time reverse transcription quantitative
PCR, RT-qPCR) FL 2 SR T 7 5 B R - 65 T %
KA FE 4 W (Crassostrea gigas) ' HuNoV I A
JEALIE % 7 (human sapovirus, HuSaV)A975 4L /K
S, R W v B R Y s g kB
P15 25 52 I 5O R i B8 8 Tl 20 (viability
quantitative real-time polymerase chain reaction,
viability-qPCR) 3 &K 72 5 #& M LI 2Ot e R &
it 5 2 52 W (capsid integrity quantitative real-time
polymerase chain reaction, ci-qPCR)H FHEBRFE A
FARTEATEAE S, AT o745 s e« %
FERRGAE o AR BAE X PR ) ] o A1 B B TR
FFR T —KZH PCR FillHAR, Rk Ay
Hrn Anpa e 5 5 5 10° CFU/mML, i HA TR A8 1
PLTHRRE N, EoRon Mg AR, FERE il
ZEP I qPCR RZINZE SR H] T € S A=A
B PEAN AT, SR qPCR 538 1:1 AYfRSF B3 R
U, IRAE I T W MR R % € viability-qPCR
PAREAR S Al KU . 255K % , dPCR H viability-
qPCR Z5 B AL G35 3% 1Y HAERE SR 5 A7 ) T XU 3
it A5 N A R
FHEHAIMAK 168 rRNA FE P a] T
BT ICK RGO REVE . FHE0Sh DL R i e
JEAH DG AL 5 B PRI al i PR AH rp o 0BT 7 22 e UK
IR E I THEW IR S L4k . 2024-2025 4F
22 TRUIT T K ik 245 55 R 20 5 1 2 5] B 3hast 14 0T
4 (mobile genetic elements, MGEs)— Jf- fift #7115,
AR AT BA X 28 i P K A P AR G Y 5 R DR AH BF
% s T A BB ST P Y TR 24 Ak A (antibiotic
resistance genes, ARGs) I Mif 24 il T4 (antibiotic-
resistant bacteria, ARB)[FiEH, J& 1 F FHZ 3
PRI 2H 2 M 000 0, 25 TR P K Ak 32 8 v A A AR i
PPEAETE o AR R, i 5l e Sk A
AR TOHKAE BT ARGs Fil ARB 43
M REfE, JF & B ARGs D315 32 ok i 4 K 1A
(Staphylococcus spp.), HAEHr £ 254 ARGs e N
HOL (e s AR S BT R K S
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Jelg ol , A R oK B R R R RUE T
JEH B, K82 K I (oxford nanopore
technology, ONT)ZETN 25 JE K . AR Bl JT 4 1 ¢
AR M A RO N 38 i A 3 HE
G AR T 245 B DB & G, DL R W il g
KA 5 R D RERRAER), Ak, AT
5% AT B3 X 2 1t 7 BE L A0 AT 1 IS ™ i I
K, l BTG Z RN K G L bR (R
w53 IXE, JE 79 SRINER), AR AR T S
SREARIEE S SRR IO, SCEL T el
L RS EARDT R Ik, R A
AN B S5 0 P AR AP TE A 7 . XE L) 4
OCHRIE P 5 B U L 5 B AR A A 422 TR U 4
[, ok vz H

1E 28 W 20 40 ffg R (online flow cytometry,
online-FCM) 5 7 £& = #§ W2 I # (adenosine
triphosphate, ATP) W5l fig LA 738 22 /NS 2 53 52
PRER SN . RS AR R EYE, T
PEPUE | H 3 T 20 (R RO TR 0 IE 5 R A K
“SERAEHHI, ZHRE S5 R, 5%
Gi SRR T B LG, online-FCM RS B R
b A7 P K A B sk R v Y S BB OK B Bl
ok 45 6 Ui 2 A0 i 20 B 3 SO L 4 o
(Bray-Curtis index), JF&% M 5% & &
TR AT L, nl T AR s YR S B R
KT B A R 43 FEKEY s R, ATP A6 25
R 5 7 T v SR E 0 TR AH DG M K2 S
i AR AT UK A ke e M2 ] Y OC &R 48
HETARHED, SR, R H R i T Bk
i, ALEE T BRBEE 5 A M o BEAF O e . 5
B ARG — . AR BA A Y 45 3 n] LU 2
DLKCS B K Bk R bR 1 e (R

IS 755 R AR ] s e [ SC o 52 ) 1) - DG B A 1
(clustered regularly interspaced short palindromic
repeats-associated, CRISPR/Cas) %% & 4 il K &
fiff ' 44 47 K (recombinase polymerase amplification,
RPA). ¥4 & % i 4 15 £ R (loop-mediated
isothermal amplification, LAMP) 45 45 i 4™ 14 A]

SEELPGE . HRS . Al I AR IR AN 5 A AT BA
A B 5T & R e B K R 9 4 (helicase-
dependent amplification, HDA) ¥ Jll & 4t 5 {1 {1k
f) CRISPR/Cas12a ¥ &5, JI & T #i &l “HDA-
Cas12aFQ™F-f5, AITE 2 h PRSI /K Ay i 4 i
HEETY s RGLERIAN T EAR R A Y
FER - U R 1] R i [ S 5 3] DG IR 2R
12a (RPA-Cas12a)7E7 J5 37 6 I i 1F Je 5 1 1k
SR R IR G T K S IR K R R Y
LB AW, 5 — Oy, 2R R R B O
(surface-enhanced Raman scattering, SERS)f# #515%
A BC A AUZ A B e 4 AT A 30 min P X2 AR A
A G SE LRI 43T, KB T 35 10 CFU/mMLMY
A F b 2 A D (o 4] e AR 0 L T 1
F23 3 JE4A) 75 — UM L AR 1 52 PR R o
R IR AR AR ROK ) B B S PR T R
BN . ARAEY S R L B AR
HZ @, BENS . Kmlg . Y5ZRs
I RARERT.
3.3 FiEREE. REEHISREN

THCEE W ARG 0 5 2 A R 7K v 1) 9 Dt A )
WUBS PEAG rh & 4% T B AR, i o A R UK
R, R R ZE AR 2, REAS
BIAL VFAN IR KR il B £ BRERURS: o 8K, 34T
FIRY A I 8 A K 3k A A A P L X IR K -
LI Y DA KB W R BRAR S AN BURR . ELL
P RO E TG L 5 R KU G i IR T
R BR, PR T ARE T 2R K TR
WK R G815 YL ik i XURSE PR3, 33X R )
A4 THT AR 2RO 2K B A P A DN e AR 4 T B S
SRS T3 17 o

B IR s A VR A LR 5 ) 5] T
Heo YR E B KU (A QMRA) AT A7 5+
(REUBLK RGEARM . AV S AR,
ARG W H 0y 53 S B 3R . Oy TR FITE
2RI I 1o S 0 8] Eb X 5 A 4 R ORI
INTTEERARTENE . B ZE R AR RO (RO
IKFRA) T SRV LIRSS Fa il Jhy BEAl Y 56 Uk S8 %
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e hgs . iR . ik ml EAb, 2025 4F
I EM MU TSk B S E R
g — s 507 ik ) R fE S K 5
2 A ) LR PPA TE 22 0R K i L TR L 5%
R[ET LN T BERG R, 1T
RIS, A, RERFEES TZ
A0 R B S B — I AR R s S8 (A L X
PEBE . BT AR S B L B X R S R
50 G X 5 qPCR B # D1,
viability-qPCR, 3% F% Id 7% J& B 5 {37 (colony-
forming unit, CFU)MZ45 & BE, IF25 ki
A IR SHEITEAL ;. FELA TR S
5 55 4 4b & R 1 AE L 72 JF (standard operating
procedure, SOP)BX 21 ; i 1] 22 1 fl A 0 XU 1PA
T 25 BT IR AN e P S 5 2 O AR
SRR TR AR E R A AR, IR At S,
R 1R IR 9 22 498 A 0 XU
ZZENR T AR SRR RE, B
A=W bR A P e LA 2 Y At S RO K 2 4
ok, WA PR E S U E XS AR R,
AR R XU . SCHE IR B, S Ak
R E R R AR AR

=1 RAKEEEENEAR

4 RARKBEYRNEIFN S
QMRA

KPR RER R K Z, K U A= )
Z30F ARt B 3 B0 T UM o 7 S B ]
SR A T A W v BEOKF L R ) I EL
Joa g A5 PR3 i e A S B B HAR AR W .
Hui R Z A 53 e m e AR, EHEE
S 2 B KA S0 4 KUK 3 # (microbial risk
assessment, MRA) 37 i) PUAL AR IR (045 i 1
. REEVHL L IR RN R . KU R AE) B
A BCE FEPRH A2 K. QMRA RESRTE
W el BT R 5835, DB 800 fa 3 Ul
TREEVENY . - RNV DL ORUS RAIE . R4S
QMRA 7E[E N F & 58 A 20732 A
S, AR R K D A A il v AT A AR A
Kr W 7 2CAS ) A 25 R 2 5, LR (iR
KR4 $BaAEEAK . KT Bk I
(1) 4Bl 4545 BRI XU W 9 55 T BT 95 [ 3R
B4 3 (U.S. Environmental Protection Agency,
USEPA) 2025 XU BEERESR 25 HY AT B4 ] T30
HARBI S RSO0 . RPECE 8 H br 5

Table 1 Microbiological monitoring techniques for drinking water
Method Testing features References
Traditional cultivation Standardized for regulatory and routine monitoring, low-cost and easy to use, but [27-28,30]
methods prone to false negatives, with long testing cycles and results highly susceptible to
processing variables
dPCR and dPCR allows absolute quantification with strong anti-interference, suitable for [5-6]

viability-qPCR

low-concentration samples. Viability-qPCR and ci-qPCR distinguish live and dead

cells and viral activity, indicating infectivity. However, equipment is costly, conditions
need optimization, and differentiation may be incomplete

High-throughput
sequencing and

Comprehensive analysis of microbial communities, functional genes and pathogens.

[29,33,35-36,49]

Very high cost; hard to link activity with infection risk; difficult to meet regulatory

metagenomics standards

Online flow Online, rapid monitoring of total and intact cells and biological activity. Thresholds [7,38-39]
cytometry and ATP and classification are subjective; alignment with regulations unclear

monitoring

Portable and novel Fast, portable, suitable for on-site use; aptamer sensors allow sensitive quantification [8,42-45,50]

biosensors

of target bacteria. Lacks on-site reference materials and quality control; mostly at

prototype stage with few standardized applications
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From MRA to QMRA: health-based risk assessment and
management framework for drinking-water systems

v

Identification of microbial
pathogens (WHO)

Exposure route

Mechanisms they damage
human health

Health-based targets

Hazard identification

[
|
v

Exposure assessment

WHO guidelines for
drinking-water
quality, 4th edition
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Legionella
Norovirus
Cryptosporidium
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Selected dose-response
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decisive evaluation,
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Management decision
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Management decisions

Selected
dose-response model:
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Risk compared
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Figure 2 From MRA to QMRA: health-based risk assessment and management framework for drinking water

systems.
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& control
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data, and machine learning
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666060
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treatment and distribution for
targeted control
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water microbial
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4.2 Precision prevention
strategies: develop targeted
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pathogens and control points

4.3 Health-oriented risk
management: integrate QMRA
with public health decisions to
support standards, emergency
response and long-term planning

Figure 3 Framework for future drinking water microbial safety governance.
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