University of Applied Sciences and Arts of Southern Switzerland
Water, Sanitation and Hygiene Competence Centre

B

SUPSI

Basics of water quality

SWP Learning event 2018
Claudio Valsangiacomo (www.supsi.ch/go/wash)

O

Schweizerische Eidgenossenschaft
Confédération suisse
Confederazione Svizzera
Confederaziun svizra

Swiss Agency for Development
and Cooperation SDC



World Health
Organization

1. Introduction

A conceptual framework for implementing

the Guidelines

Health-based targets

Water safety plans

Surveillance

Application of the Guidelines in specific

circumstances d

Microbial aspects FOLIRTH ELNTIN

Chemical aspects

Radiological aspects

0. Acceptability aspects: Taste, odour and
appearance

11. Microbial fact sheets

12. Chemical fact sheets

13. Annexes

D oA W

= © 0N




Types of portable laboratories and
sampling




Del agua and WAGTECH Kkits for water testing

Only turbidity, free
residual chlorine and
coliforms.

More difficult to use than
SHA water lab
(preparation of sterile
artificial media.
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SHA kit for water testing —

and Cooperation SDC

Intruments and equipment for Intruments and equipment Instruments and
sampligns and oganoleptic, for the bacteriological equipment for the
physical analyses analyses chemical analyses










SUPSI Titolo principale della presentazione

Sampling of water for bacteriological analysis

Principles

Wash hands and use sterile bottles / receptacles
— Sterilization (15 @ 121° C) or by boiling

Pump and purge the system (borehole, network, tap,...) during 10 minutes
— Temperature, pH, conductivity stabilisation

Rinse (with the sample) the bottles and recipients 3 x

— Guarantees that the sample is well the one of the collection
2 sterile bottles / receptacles of 100 ml per sample
— Avoid unpleasant surprise (bottle which breaks,...)

In-situ measures or for a quick use (max. 24 h.)

— Temperature ° C, pH, conductivity, color, smell, turbidity, residual free chlorine

2 sterile 100 ml receptacles




Analytical Parameters and sources
of contamination




Sources of contamination

Sources and impacts of contamination
— Human origin sources or after a natural disaster

— Non-exhaustive list Drinking water and intense
pesticide uses : risks of pollution

Cities, villages Pathogenic agents
Sanitation infrastructure -

(latrines, septic tank, sewage,...)

(virus, bacteria, protozoons)

Wastes,...

Agriculture Nitrates
Animal dung

Agricultural chemicals products

™ Pesticides

Industries 000

Chemicals flows and sludges —

Tanks

— Heavy metals
Sewage systems A

Energies and transportation
Fuels storage

Organic contaminants

|

Management of the waste
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Drinking water quality control

Microbioliogical
aspects

Disinfection

Chemical
aspects

Pathogenic agents from

faecal origin
(excreta : sources of bacteria, virus,
protozoons and helminthes)

Destruction of microbial

pathogenic agents
(chemical reagent: chlorine)

Provoke harmful effects due

to prolonged exposure
(apart for some exceptions presenting short-
term risks)

Radiological
aspects

Aspects of
acceptability

Presence of radionucleids in

the water
(rare)

Organoleptic parameters
(According to the senses of the consumers)

taste, smell and appearance

Drinking-water Quafity

Fmimy pxerrrome

T
[




Main analysis parameters during emergency

Analysis Analyte Sample Result Requirements
(WHO)

Bacteriologic | E. colias 100 ml water (sterile sample | CFU/100 ml 0 CFU/100 ml

al analysis indicator of collection, analyze within 24 | (Colony

with Compact | fecal h, no thermal shocks, use Forming Units

Dry EC contamination | thiosulfate soln. if chlorine | in 100 ml)

treated).

Free residual
chlorine

Free residual
chlorine
(FRC)

Just fill the vial as required
(analyse on the spot, no
sterile conditions required)

ppm (parts per
million) or mg/L

> 0.5 ppm (for
humanitarian
situations > 0.2
ppm (BUT:
Turbidity
requirements
satisfied)

Turbidity

Turbidity

Just fill the turbidimeter
(analyse on the spot, no
sterile conditions required)

NTU
(Nephelometric
Turbidity Units)

<5 NTU (for
humanitarian

situations < 10
NTU)




Chemical versus Bacteriological contamination

1. Presence of E. coli means presence of fecal
contamination, during Cholera or other
diarrheal epidemics the risk to get sick is high

2. Presence of total coliforms indicates bad
disinfection practice of water (only
Escherichia coli accurately indicates fecal
contamination!).

3. Presence of chemical contamination has a
variety of different meanings. Usually risk to
get sick is very low (if consumption only for
short period)

| i
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FRC and turbidity during emergency

If

A. Free Residual Chlorine > 0.5 ppm (> 0.2 ppm for
humanitarian situations)

and

B. Turbidity < 5 NTU (< 10 NTU for humanitarian
situations)

Then: No need for bacteriological water testing

P.S. Be sure the pH is within the ideal range 6.5 — 8.5



Selected chemical parameters and
interpretation of results and its

meaning for health




Reference values for chemical contamination:
basics of toxicology

With experiments on animals LOAEL (Lowest observed adverse effect
level) and NOAEL (No observed adverse effect level ) are determined.
The animals are fed for the whole life with a specific concentration of the
substance.

100

75

50

SOGLIA CRITICA

Effetti avversi osservati (a.u.)

Sostanza tossica (a.u.)
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Extrapolation of reference value from experimental
toxicology — Example for Hg residues in water

» Critical treshold for animals NOAEL ]

» Critical treshold for human beings

» Critical treshold for particularly susceptible\ s A2
human beings (intraspecific susceptibility) o

 Legal reference value




— O : origin — H : health — NH : not linked to the health

Parameters WHO guideline values Interpretation (see following section)

Arsenic (As) 0.01 mgyl O rocks, industrial waste (iron and steel, precious-metal processing industry)
H: proven carcinogenic effect (skin cancer)

Chlerine (Clg) 5 mg/ O: water disinfection products

Copper (Cu+t) 2 mgi O cormrosion of copper pipes, agricultural
MH: colour and bitter taste if > Bmg/l

Fluorides (F) 1.5 mgf O rocks, fertiliser, food (fish), industrial pollution {aluminium manufacture)
H: dental and bone fluorosis

Lead (Pb) 0.01 mgil O natural (galena), chemical industry, lead pipes cormosion,

surface treatment
H: cumulative neurclogical toxicity
Manganese (Mn) 0.4 mg/ O: iron-bearing rocks
H: toxic effect on nervous system when = 20 mg/l
MH: turbidity and taste when = 0.3 mg/

Mitrates (NCy) 50 mig/ O: faecal contamination, organic matter, soil leaching, feriliser, wastewater
H: child methasmoglobinaemia
Nitrites (NOs7) 3 mg O: organic maitter

H: child methasmoglobinasmia

— essential elements: Na, Mg, K, Ca, Si, P, S, Cl,H,C,O;
— toxic elements: As, Pb, Cd, Al, Ag, Sb, Hg, U, Rn ;
— toxic essential elements only if high concentration : N, F, Cr, Mn, Fe, Co, Ni, Cu, Zn, Se, Mo, Ba, Be.




"2)15E] 10ale Aew /6w OFE 2A0gE S[2A2] 2[IUM ‘19212 SAEXE| B 3SNED
Aew 7/Bw pp| 2A0qe sj2Aa7 /W OF S W papUSWILWIOIal ay |

") 2INP3J |IM SHUN UCHEISIP PUB SISOLWSO 2S12A3) m___.?
‘UoneNUaIUDD WNIpos asealoul Ajlensn saoiasp Buluayos 1s1ep) @10N
“‘ueisAyd 1nok ynsuod 1gnop

ur y] Bw Q7 S1 W papUawWIWoIal 3y} ‘aseasip Yeay Jo ain|ie) yeay
annsabuoo ‘uoisuapadAy woly Buuayns asoyl 1o siaip pajousal-]jes
uo ajdoad 104 "3uEye pue wuem siisiem aug) i Apenomued wa)sAs
Aiddns J21eMm 24) Jo uoisoLOD asned Aew pue ybiy pasapisuod si

/6w ooz J2A0 yyeay poob u 2idoad o1 puezey waledde ou si 213y |

J3EM 3] Ul SPIOS panossIp
1O JUNOLUE [B10] 3] AuUILR12p 0] pasn st AUAnaNpuUoD) "Wd/Sn 000z
Moj2q sluawainsealw Aiananpuod aaey siaiem Buuup 1sopy

"21SE] 121Ig
e pue swa|gold Buljeas sjea1d Aell Gg SA0QE S|2A3| 3|IUM ‘DAISOLOD
2q Aew g g moj2qg s|ana Auueyie Jo Alpioe J121em saInseall

Hd "g'g 01 5 g usamiaq st Jagem Buryuup o) abuels ajgejdaooe ay |

WNISSY.1Od

WNIaos

ALIAILONANOD

Hd



‘siajlog pue ‘sizleay ‘sadid w susodap

2|eas 0] pea| ose Aew ssaupiey anssaox3 Buuspune| pue Buiyieqg
Buunp deos a1ow 1o} paau au) ul ynsau Aew /6w Qo 200 ssaupley
IYm J3iem  amsou0d il ynsal Aew /Bw 0g uely) ssa| ssaupley
[e10] yuea ayl ybnoiyl sanow 1l SE sjelauil Jaygio pue ‘wnisaubew
‘wniajea Bunejnwinaoe Js1em ayl Woll s)nsal ssaupley 1s1ep)

—/Bw o} pue gg usamiaq sl ssaupley jo abuel apgensap 1sow ay |

121em 241 ul wnisaubew Jo [2A3] aY] 22npal [|IM SI2UaY0s IFJBAN
“paezZey yjeay e jou Ajjewou sing ‘aisel J2q e 1aiem anb Aew
wnisaubew anssadxg “Ialem 10 2]Se] pue ssaupley a2yl 0] SaNguuod
1211 Jjes e s wnisaubepy /6w Qg S 1w papuawiwodal ay |

‘Buiyieq pue bulysem ‘Buuapune] um

swia)qoud 2sned Aew pue Jajem Jo SSaupley 2y} 0] s21nNguUuuod os|e
WNID[ED) "SaU0)s Jappe|q Jo ASupy JO uoneLwwIo) 3u} 0] INgLIU0D
Aew wned anssaixg /6w gz sl i papuawiwodal ay |

SSINCEYH Tv10l

WNISENOVYIN

WNIDVYD



"SaaY puUE siajeay J2lem Ul 2jeIs Jo ucianpold
3y} 0] SINGUILOD SIJBUOGIEDI] AAISS30XT ( 21BUOQIEDI LWNIPOS) ,S3|qqng aNym,
SE paAlasqo usyo si )i ‘sjaas| ybiy u] /6w goo| S Nwi| papuswwodal 3y 3LYNOSHYIIg

"3)se] ey, B aaey Aew Jayeps Apuleye jo
[2A3] 3U) YIIM PIJEIDOSSE BJE Sajeuoqie) /bW OGE SI Wi PapUSWWIoIal 3y | I1YNOSHEYD

‘Buiyieq uaym uns Ayl SSNED pue J2jem 2u) o] 315e] Jey, e aab ose
ued sjaaz| ybiy sisieay Jsjem pue ‘sadid ‘spisuIin jo uonelsnIoUa pue jasdn ALINITY MY
yoewols asned Aew Ajueyje aaiss=2ox3 /0w nos stuw ajgerdanie ay TIVLOL

"SUONEAUIIUOD UG 3ONPal ||IM SHUN [BACLLSI US| “S|2A3)
ILUBNX3 1B SS3|UN W=22U0d Yijeay e 1ou si aiem Bujuup ul uol] euaioeq uod
10 ywmoab sy abeinooua osje sjaas) uol ybiH “sabelasaq ul 215E] 3jgelisapun
asned osje Aew 3} ey uaad pue ‘saumxy Buiquinid ‘Apune jo (umoiq ysippad)
Buiuies w ynsal Aew uon anissadxg /Bw £ SI W papuatuwodal 3y | NOHI



‘SajjufsslE U

ybiy jo a21nos ay) ajeuwIje 0} 1saq sl ) ‘S|aA3] 3yl 22npal 0] “Sajuliu/salenIu
SN0 JOU M Jajem syl Buipog “Sajuliu pue Sajeqiu SA0LWRY JoU Op Slauayos
J21BAN TS2UU)U pUB S3)RIJIU SACLUD) UBD SHUN SISOLLSO 3S1aAa) pUue Uone|nsic
“uabAxo uamiyns Aued o) Aljige s1 sas0| poo|g 3yl Yyaiym ul  3Wcpuls

Ageg an|g, Jo elwseulgo|Bowsewys)y asned o} Ayjge 11sy) jo asnedaq abe Jo
SUYuoW ¢ Japun sjuejul o] Jealy]l yeay snouas e asod pue uawom ueubaud o)
snosabuep aue sjwi papuswwodal ay) aA0QE SUCIJEIUSIUCD I]EIIN PUB JUNIN

"32JN0S 3] 2UILLIASP 0] JNO palues uonebnsaaul ue pue pajadsns ag
pINoys UCNEUILIEIUOD S)SEM [ELUIUE J0/pUE UBLUNY ‘papasdxa aue sHwi| 35241 )

B gl S JWN| PAPUSWILIODaI 3y |
/6L | S1 W] papuswWwWossl ay |

ENUET]
yyeay Aunwwon oA ybnouyy weiboid [pluaq auyl 128U02 ‘uon Lol

2I0W 104 SISOION| [BIUSP JO YSU 3y} 2onpal 0] uaye] 2q Aew sdayg sieaf ¢
0} yuiq jo sabe ay) usamiaq uaup|iyd ul yiea) Juauewuad jo Buipow Jo sisoiony
[eluap asned Aew /6w g | Jano sanjep, /Bw | S1 W papuswiwoaal 3y |

/Bw gpg 1ano 3jgeaonou Ajlensn ‘s)se] Ayes
e Jajem ayy anb sapuojyd anssaoxg /6w QS S Wi papuaLuwodal ay |

J1VdLIN

3LIdLIN

3dldon4d

3dI40THD



Diapositiva 22

wus3 Put in alphabetical order

Chloride as pollution indicator
Windows User; 26/01/2016
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Bacteriological analysis, fecal
indicators




~ W%
Why we do not th A
y we a0 not measure patnogens .
e

« Numerous water borne pathogens

« Individual pathogen numbers may be too low to detect in a reasonable sized water
sample

» Isolation and detection of some pathogens can take several days, weeks, or months

« Absence of one particular pathogen does not rule out the presence of another




Infections

Infection

Pathogenic agent

Diarrhoeas and Dysenteries

Enteric fevers

Poliomyelitis
Hepatitis A
Leptospirosis
Ascariasis
Trichuriasis

Campylobacter enteritis
Cholera

E. coli diarrhoea
Salmonellosis
Shigellosis (bacillary dysentery)
Yersiniosis

Rotavirus diarrhoea
Giardiasis

Amoebic dysentery
Balantidiasis

Typhoid

Paratyphoid

Bacterium
Bacterium
Bacterium
Bacterium
Bacterium
Bacterium
Virus

Protozoon
Protozoon
Protozoon
Bacterium
Bacterium
Virus

Virus

Spirochaete

Helminth
Helminth

protozoaire

amoeba

b e
crysporodium giardia (modéle)

entérite virus

grippe virus

hépatite A virus 1 9




Indicator Organism Concept

« Correlated to the presence of pathogens

« Population large enough to isolate in small
water samples (100 mL)

* Rapid
* Inexpensive
« Safety, not culturing pathogens
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Total coliform

Bacteriological analysis

Looking for an “indicator” of faecal pollution

'Ther'mml er-urri"
Coliform

i i

— E. coli is the main faecal coliform

Estimation and counting

Unit of measure : Colony Forming Units (CFU) / 100 ml.

0 faecal coliforms / 100 ml Drinking water

0 to 100 faecal coliforms / 100 ml Water to be treated

- Highly polluted water : a) find an alternative water
+ than 1000 faecal coliforms /100 ml source OR b) ensure a full treatment process




Bacteriological analysis

. Filtration technique (0.45 um) and incubation (37 or 42, 44° C)

. Micro-organisms present in water : size > 1 um

- Artificial medium (magenta-Gal sugar) allows, with the B-galactosidase enzyma the red/pink coloration of the colonies
= A2 sugar (X-Gluc), with the B-glucuronidase enzyma, colors the E.coli in blue

= The combination of both colorants allows the differenciation between coliforms and E.coli

Faecal coliforms

RED colonies

Distilled water Toilet WC Mineral water Water with 1.2 mg/I Cl, river

Blank and Positive tests Comparative results
— allows to tell if the incubation was successfull



Bacteriological analysis

Treatment

. Filtration, disinfection with chlorine, ozone, boiling,...

Sample PRIOR to chlorination

— massive contamination

Sample AFTER chlorination

— efficient disinfection @
= - "
I ‘:‘“‘3 N

Free Residual Chlorine
1.2mg/l

o
e

o
{3
o

Effects on health and other considerations

. Exposure to bacteria, viruses and pathogenic protozoons varies, but waterbourne diseases: gastroenteritis problems

(nausea, vomititing and diarrhea), usually short-term

. On sensitive persons (babies, elderly or with an immune deficiency)

— more serious, more chronic and fatal effects




Standard operating procedure for
bacteriological analysis of water







Enzyme Substrate or Chromogenic

Substrate Method

« Coliforms have the
enzyme
— [B-D-galactosidase

— (Can be detected with
Magenta-Gal artificial
sugar: Pink

« E. colihas the enzyme

— [B-glucuronidase

— Can be detected with X-
Gluc artificial sugar: Blue




SUPSI Titolo principale della presentazione

Manipulations

=  Samples have to be collected in a sterile = |dentify a clean place to install your =  Prepare samples to be analyzed and plates
vial. If no sterile vial is available, clean WATER LAB. with artificial medium (10-15 samples).
new PET bottles of mineral water (0.3- W Samples and plates must be correctly
= ash your hands. . -
0.5 1) can be used, rinse 3 times with A y o . . fined identified (codes, numbers, dates, etc.).
sampling water. If using an inox vial ) rrange the equipment in a confine = Always include a positive sample (e.g. toilet
than sterilize it with alcohol tissue. space. Power on incubator and attach y b ple (e.g.

or river water) and a negative sample

water pump to funnel. Pretest correct .
(mineral water from bottle).

=  Water testing has to be done during the operation of water pump.

day of collection, never analyze samples . .
collected more than 24 h before. =  Define a small sterile area: surface

corresponding to max. 1 A4 paper
sheet (you can use inox plate by
sweeping it with alcohol tissues).

=  Avoid elevated temperature during
transport of water samples, keep cool
do not expose to sun, do not freeze.

15
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Aanipulations

>oliforms and Escherichia coli only)

. Sterilize filtration funnel and the . Sterilize forceps with alcohol tissues. . Rehydrate medium (Compact EC)
porous filter below with alcohol with 1 ml of sample water (use sterile
tissues. plastic pipette, one for each sample).

16
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Manipulations

= Remove a sterile filter membrane = Place the sterile filter membrane on = Close tightly the funnel (clamps do
(0.45 microns) from its envelope the filtration equipment (do not touch not have to be loose otherwise it will
using the sterile forceps (do not filter with hands). leak!).

touch filter with hands).

17
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Manipulations

= Pour 100 ml of sample water into = Operate the water pump in order to = Remove funnel from filtration
equipment and place filter on

rehydrated medium (plate) by using

funnel. Filtered water is supposed to suck water through the filter.
be sterile, bacteria remains on the

filter surface. forceps. Close with lid.

18
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Manipulations . W ;

COlifom Express results in CFU (Colony
-
‘. . . Forming Units). If more than 100
L
u A CFU express results as TNTC
- -
. " |:> (Too numerous to count).
- .
. .
@\ . Interpretation: drinking water is
-
e E.coli . free of E. coli. Water treated with
. .
chlorine is free of coliforms.
= Incubate plates upside down (to = Count colonies: E. coli are blue,
avoid condensation) for at least 18 h coliforms are pinkish .
Interpretation
f ly 24 h 7 °C. At thi
(preferably 24 h) at 37 °C. At this Potable Water IF :
temperature total coliforms and E.
coli can grow. M EColi<0

AND

— Coliforms =0












water is a symbol of purification
... why should we purify it?
... Wwhy do we pollute it?






