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Hygieia (also Hygiea or Hygeia), the Greek goddess of
good health, cleanliness and sanitation

The term ""hygiene™ is derived from her name

Hygiene — prevention to exposure to infectious agents
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Health and sanitation .
Bioforsk

Hygienic refers to practices for the preservation of health and www.bioforsk.no
healthy living.

Sanitation is the hygienic means of promoting health through
prevention of human contact with the hazards of waste materials.

Hazards can be either physical, microbiological, biological or
chemical agents of disease.

Wastes that can cause health problems are human and animal faces,
domestic/industrial/agricultural wastes/wastewater/runoff.

Hygienic means of prevention can be by using engineering
solutions (e.g. wastewater treatment), simple technologies (e.qg.
latrines), or by personal hygiene practices (e.g. soaping and
washing hands).
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Hygiene — prevention to exposure to infectious agents

Group Examples of infectious agents

Symptoms and diseases

Bacteria
Escherichia coli
Salmonella Typhi
Campylobacter jejuni
Helicobacter pylori
Enterococcus faecalis
Clostridium perfringens

Viruses
Hepatitis viruses

Enteroviruses

Rotaviruses

Urinary Tract Infection (UTI), Haemolytic Uremic
Syndrome (HUS), haemorrhagic colitis with
diarrhoea

Typhoid — fever, malaise, aches, abdominal pain,
diarrhoea or constipation, delirium

Campylobacteriosis - diarrhoea, occasionally bloody
and severe. Cramping abdominal pain, fever, malaise

Acute gastritis leading to gastric mucosal atrophy,
intestinal metaplasia and gastric cancer

Endocarditis and bacteraemia, urinary tract infections
(UTI), meningitis

Symptoms typically include abdominal cramping and
diarrhoea

Hepatitis - cytological damage, necrosis and
inflammation of the liver (HAV). Fever, nausea,
abdominal pain, anorexia and malaise, associated with
mild diarrhoea, arthralgias, scleral icterus.

Aseptic meningitis, herpangina, paralysis, exanthema,
hand, foot and mouth disease, common cold, hepatitis,
infantile diarrhoea, acute haemorrhagic conjunctivitis

VVomiting, abdominal distress, diarrhoea, dehydration,
fever

(Mara and Horan, eds., The Handbook of Water and Wastewater Microbiology, 2003; Pond , Water Recreation and Disease Plausibility of
Associated Infections: Acute Effects, Sequelae and Mortality, 2005; WHO, Guidelines for the Safe Use of Wastewater, Excreta and Greywater.
Excreta and Greywater Use in Agriculture, 2006.)
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Group Examples of infectious agents  Svmptoms and diseases
Protozoa
C'ryprosporiditim parvian Crvptosporidiosis - water diarrhoea, abdominal cramps
and pain, mild tever
Giardia lamblia Grardiasiz - acute onsget of diarrhoea, abdominal
crampg, bloating and tlatulence, malaize, weight loss
Helminths
Ascaris lumbricoides Agcantastg - lung inflammation and tluid retention.
(Nematodes — Roundworms) mfiltration of the larvae into gensitive tigsues, such as
the brain, migration of the adult worms nto various
body structures where thev produce abscesses and
toxic mamtestations. Wheezing, coughing, fever,
diarrhoea
Diphvilobothritmn Latim Diphvllobothiiasiz - diarrhoea, abdominal dizcomtort
(Cestodes- Tapeworms) and pain, flatulence, vomiting, naungea, and weakness,
anaeimia
Fasciolopsis buski Fazciolopsiasiz - abdominal pain, as well ag diarrhoea
(Trematodes - Flatworms) and nausea alternating with constipation, general body

wealness and tluid retention

(Mara and Horan, eds., The Handbook of Water and Wastewater Microbiology, 2003; Pond , Water Recreation and Disease Plausibility of Associated Infections: Acute
Effects, Sequelae and Mortality, 2005; WHO, Guidelines for the Safe Use of Wastewater, Excreta and Greywater. Excreta and Greywater Use in Agriculture, 2006.)
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Ecclogical Indicators 23 (2012) 140-142

Folior st d Cantents lists available at SciVerse SciencaDirect
o Ecological Indicators B ' o ors
AR

El SEVIER journzl homepage: wew.elsevier.com/locatefecalind
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Short communication

Specific features of Escherichia coli that distinguish it from coliform and
thermotolerant coliform bacteria and define it as the most accurate indicator of
faecal contamination in the environment

Fekale indikatorbakterier

KI:Ill-f':II'I'I'IE‘. LETthG'E[aI'ITE '-h::-n bppssr Eaxmbakiorior § vom-  KoESaklerier
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“E. coli has historically been used as an indicator of faecal = 1o L ﬁ:‘?&i’"ﬁﬁ“ﬁ@hﬂ it o e e
contamination since it is the only member of CB and TCB that ' I e n ottme s ﬂﬂrﬂfg;ﬁm Eﬁ'
is found exclusively in faeces and does not multiply e T e e e
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E. coli is the only member of the coliform group that satisfies
most of the criteria for an ideal bacterial indicator of faecal
pollution (Environment Agency, 2002). Thus E. coli is "'lin 2
regarded as the most sensitive indicator and the most E (;911‘1 1¢3_ R ?Il_nug Eidﬂt farhg
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Enteric viruses generally pose a higher risk than bacterial pathogens ‘(
(WHO, 2004). Viruses are smaller and have a lower infective dose. Bi(%)rsk
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- 1225 nm '.
\ p .', Human red blood cell
Bacteriophage T4 7 i 10,000 nm in diameter
Adenﬁvirus r
St Bacteriophage M13
800 x 10 nm :
Chiamydia elementary body
- 300 nm =
Tobacco mosaic virus — \ BaCte rio p h ag es
Bacteriophages 250 x 18 nm AT )
f2, MS2 v 9 ST e VA Serve as an
24 nm | ‘,r'}—*--/\./ / -.\.I._. ) -
Feena s “
&) i \ indicator of
TG e A . .
= : il RS enteric viruses
Poliovirus : R NI
SGnm Vaccinia virus _‘T )‘k,,»;f“- > Ebola virus N \
300 x 200 x 100 nm s : — 970 nm
E. colf \ Plasma membrane
(a bacterium) _ of red blood cell
3000 % 1000 nm | 10 nm thick

(Tortora, Funke and Case, Microbiology: an introduction media update, 7t edition, 2002.)
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X rconcical

available at www.sciencedirect.com

1
ENGINFIRING

oile . .
=.” ScienceDirect

EVIER journsl homepage: www.slsevier.com/locatelscalang

7 A high-performance compact filter system

Figure. Layout of the Norwegian wastewater treatment compact filter system: 1 — inlet (domestic treating domestic wastewater

wastewater), 2 — septic tank, 3 — pump well, 4 — effluent from the septic tank, 5 — aerobic pre-filter
(biofilter), 6 — effluent from the biofilter, 7 — upflow saturated filter tank , 8 — outlet (effluent from the +Dep ot el Siences e oruosgian Uniysrsiy of Life Slences, B0, Eae 5003, 1431 As, sy
whole system).  Bigforsk Seil and Enviranment, Fraderik A. Dahls vel 20, 1432 As, Norway

Arve Heistad®, Adam M. Paruch®*, Lasse Vrdle?, Kinga Adam?, Petter D. Jenssen®

Table 1 - Indicator bacteria and bacteriophage removal (Heistad et al., Eco. Eng., 2006.)
Effluents April 2003 June 2003 November 2003 May 2004

(E. coli/100 mI)* (TCB/100 mI)® (E. coli/100 ml)? (E. coli/100 ml)® S.c.t
Septic tank 20E+05 4 719E+05 2.0E+05 -
Biofilter 8.8E+02 - 17E+04 1.0E+04 -
Upflow filter nd* nd. nd. n.d. nd.

* Filter membrane method.

b TCB, thermotolerant coliform bacteria (MPN, most probable number method).
¢ Somatic coliphages (presence/absence test).

4 (no sample).

® n.d., Not detected.
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Constructed wetlands E. coli (MPN/100 ml)
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Long-term Hygienic Barrier Efficiency of a Compact On-site Wastewater Treatment System ’
Blc%)rsk

° | Arve Heistad,* Razak Seidu, and Andreas Flo Horwegian University of Life Sdiences
Adam M. Paruch Biofarsk Sil and Ervironment

Jon F. Hanssen Norwegian Universty of Life Scences - WWW. b | OfO ) k .No

T
Thorfxel Stenstrom Norwegian Univensity o Lit2 Sdiences, Stockholm Enwironment Institute

Table 1. Average concentrations of bacterlophages pfumL-') and Escherichia coll (log,, MPN per 100 mL) = 5D In samples taken from different
stages of the treatment and the corresponding fractional retentlon values.

Blofilter Up-flow filter
Pathogen Indicator Septic tank effluent  Blofilter effluent  fractional retentiont  Up-flow filter effluent  fractional retentiont
S128Bt 63+58 49+ 44 058514 2710 0.0383
X 1744 53+ 456 i6+20 0.5805 15+08 0.0154
E.colif 54+ 40 33132 09912 29130 0.0060

1 Relative to septic tank effluent concentration.

$ Septic tank, n = 4; biofilter, n = 7; up-flow filter n = 4.

% Septic tank, n = 4; biofilter, n = &; up-flow filter n= 4.

{ Without spiking. Septic tank, n = 2; biofilter, n = 3; up-flow filter, n = 3. (Heistad et al., J.Environ.Qual.., 2009.)
Escherichia coli was used as an indicator organism for faecal bacteria removal, whereas bacteriophages $X174 and
Salmonella typhimurium phage 28B (S.t. 28B) were used to model enteric virus removal.

An overall decrease in E. coli removal occurred from a complete (approximately 5.6 1og10) reduction during the first 3 yr
of operation to 2.6 log10 reduction. The removal amounts of the bacteriophages $X174 and S.t. 28B were 3.9 and 3.7

log10, respectively.

From an operational point of view, the biofilter with unsaturated flow regime serves as the most consistent hygienic
barrier in this treatment system because it removes a larger fraction of E. coli, S.t. 28B, and ¢ X174 entering from the

septic tank.
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Contents lists available at ScienceDirect

Ecological Engineering

J

EI.SEVIER journal homepage: www.elsevier.com/locate/ecoleng

Bi (%)rsk
Filter bed systems treating domestic wastewater in the Nordic countries —

Performance and reuse of filter media WWW. b | Ofo IS k no

Petter D. Jenssen®*, Tore Krogstad?, Adam M. Paruch®, Trond Mahlum?®, Kinga Adam®,
Carlos A. Arias9, Arve Heistad®, Lena Jonsson®, Daniel Hellstrém®, Hans Brix4,
Markku Yli-Hallal, Lasse Vrile®, Matti Valve$

Table 2

Concentrations in the inlet and effluent from the pre-treatment and saturated filter beds and total removal (%). Standard deviations are expressed in the parentheses. Number
of samples evaluated - n.

Specification Norway Denmark Finland Sweden

N1 N2 N3 D1 D2 F1 F2 51 52

Fecal indicator bacteria/100 ml
Bacteria type a b

- a a c C
Filter bed effluent 0 0

= <3 0 <10 <300 0 0
* Septic tank effluent; *Thermotolerant coliform bacteria (fecal coliforms); ©E. coli; *Enterococcus.

=2
(=

(Jenssen et al., Eco.Eng., 2010.)
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Long-tenn survival of Escherichia coli in lightweight

aggregate filter media of constructed wastewater i ’
treatment wetlands B 10 OrSk

A M. Paruch
- www.bioforsk.no
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The length of the survival periods differed among temperature regimes from@ andweeks in

material stored atanrespectively.
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Rev Environ Sci Biotochnol {2010) 9:51-58
DO0 TOIOOTsL L 157-000- 918 1=

| MINI REVIEW |

Possible scenarios of environmental transport, occurrence
and fate of helminth eggs in light weight aggregate
wastewater treatment systems

Adam M. Paruch

Published online: 18 November 2009
& Springer Science+Business Media B.V. 2009

Abstract This work discusses the potential routes
of transport, possible occurrence and predicted fate of
parasite eggs corresponding to human pathogens in
on-site wastewater treatment systems with Light
Welght Agoregates (LWA) media. The discussion 1s
mainly based on scientific evidences supported by
practical outcomes derived from a survey of helminth
eggs in the specific LWA materials—typical filter
media of constructed wetlands (CWSs) treating domes-
tic wastewater in Norway. The scientific evidences
showed that the greatest reduction In the egg
concentrafions occwrs In septic tanks. The eggs that

Bi cy;rsk

www.bioforsk.no

could pass through the tank trap can be accumulated
and effectively eliminated in the filter media of CWs.
The practical outcomes did not show any accumula-
tion and the consequent contamination of the LWA
media with helminth eggs. Because the outcomes
characterised a survey that was carried out for the
first time ever on the above-specified filter media and
was not replicated, the absence of parasite eggs in the
CW filters cannot be definitely stated. However, it
could be theoretically assumed that the possibility of
finding human parasite eggs originated from domestic
wastewater in the LW A filters should be negligible.
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Average contents of heavy metals in examined filter media were compared to the maximum www.bioforsk.no
allowable concentration of these elements in materials used on cultivated areas (40 and 20
t/ha/10years for class 1 and class 2 respectively), in accordance to the Norwegian standards

(Regulation F-1029).
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Average contents of heavy metals in examined filter media were compared to the maximum www.bioforsk.no
allowable concentration of these elements in materials used on cultivated areas (40 and 20
t/ha/10years for class 1 and class 2 respectively), in accordance to the Norwegian standards

(Regulation F-1029).
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The results obtained from analyses of LWA filter media collected from selected horizontal
subsurface flow constructed wetlands did not show any contamination with TCB, in accordance to

the Norwegian standards (Regulation F-1029, 2003).
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