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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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Hygienic refers to practices for the preservation of health and 
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.g. 
latrines), or by personal hygiene practices (e.g. soaping and 
washing hands). 

Health and sanitation 
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Hygiene – prevention to exposure to infectious agents 
 

Group Examples of infectious agents Symptoms and diseases 

Bacteria   
 Escherichia coli Urinary Tract Infection (UTI), Haemolytic Uremic 

Syndrome (HUS), haemorrhagic colitis with 
diarrhoea 

 Salmonella Typhi Typhoid – fever, malaise, aches, abdominal pain, 
diarrhoea or constipation, delirium 

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

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

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

 Clostridium perfringens Symptoms typically include abdominal cramping and 
diarrhoea 

Viruses   
 Hepatitis viruses Hepatitis - cytological damage, necrosis and 

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

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

 Rotaviruses Vomiting, 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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Hygiene – prevention to exposure to infectious agents 

(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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“E. coli has historically been used as an indicator of faecal 
contamination since it is the only member of CB and TCB that 
is found exclusively in faeces and does not multiply 
appreciably in the environment (Edberg et al., 2000), while 
other members of these bacteria are also found naturally in 
water, soil and vegetation… 
 
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 
regarded as the most sensitive indicator and the most 
appropriate measure of faecal contamination in the natural 
environment of water, soils and plants (Edberg et al., 2000; 
Haller et al., 2009; Stevens et al., 2003).” 
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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. 

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

Bacteriophages 
serve as an 
indicator of 

enteric viruses 
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Figure. Layout of the Norwegian wastewater treatment compact filter system: 1 – inlet (domestic 
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 
whole system).  

(Heistad et al., Eco. Eng., 2006.) 
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Constructed wetlands 
I-inlet 

O-outlet 
E. coli (MPN/100 ml) 

Holt 
I 3,50E+04 

O <1,80E+02 

Dal 
I 4,50E+01 

O <1,80E+01 

Tveter 
I 2,00E+01 

O 2,00E+01 

Haugstein 
I 4,00E+02 

O <1,80E+02 

 



www.bioforsk.no 

Avløpskonferansen 2012 - Campus Ås, 25. - 26. april 2012 

8 
7 

5 
3 2 

1 4 6 

Escherichia coli was used as an indicator organism for faecal bacteria removal, whereas bacteriophages ϕX174 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 log10) reduction during the first 3 yr 
of operation to 2.6 log10 reduction. The removal amounts of the bacteriophages ϕX174 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 ϕX174 entering from the 
septic tank. 

(Heistad et al., J.Environ.Qual.., 2009.) 
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(Jenssen et al., Eco.Eng., 2010.) 
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Inflow 

Outflow 

Filter bed 

Biofilter 



The length of the survival periods differed among temperature regimes from 23, 44  and 61 weeks in 
material stored at 22°C,     4°C     and   10°C, respectively. 
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Average contents of heavy metals in examined filter media were compared to the maximum 
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 
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). 

Nickel (Ni)

23,6 21,6
17,2

21,3

40,8

15,1

38,4

46,7

30,0

50,0

0,0

10,0

20,0

30,0

40,0

50,0

60,0

70,0

Tveter Haugstein Haugstein/Sand Dal Holt

m
g/

kg
 d

ry
 w

ei
gh

t o
f m

at
er

ia
l 2000 2004 class I class II

Chromium (Cr)

18,0 16,6
22,2

30,5

64,9

21,1

45,6

88,9

60,0

100,0

0,0

20,0

40,0

60,0

80,0

100,0

120,0

140,0

Tveter Haugstein Haugstein/Sand Dal Holt

m
g/

kg
 d

ry
 w

ei
gh

t o
f m

at
er

ia
l 2000 2004 class I class II

Cobalt (Co)

4,6

5,6
6,0

4,1
4,6

5,3 5,4

3,4

0,0

1,0

2,0

3,0

4,0

5,0

6,0

7,0

8,0

9,0

Tveter Haugstein Haugstein/Sand Dal Holt

m
g/

kg
 d

ry
 w

ei
gh

t o
f m

at
er

ia
l 2000 2004

Vanadium (V)

17,0 16,4

31,2

16,7
14,3

30,6

17,0
14,2

0,0

5,0

10,0

15,0

20,0

25,0

30,0

35,0

40,0

45,0

Tveter Haugstein Haugstein/Sand Dal Holt

m
g/

kg
 d

ry
 w

ei
gh

t o
f m

at
er

ia
l 2000 2004



www.bioforsk.no 

Avløpskonferansen 2012 - Campus Ås, 25. - 26. april 2012 

4,
86

E+
00

3,
44

E+
01

2,
31

E+
00

3,
16

E+
00

1,
95

E+
01

2,
30

E+
00

3,
40

E+
00

9,
78

E+
002,

11
E+

01

1,
19

E+
01

2,
09

E+
00

3,
53

E+
00

3,
46

E+
00

4,
64

E+
01

1,
09

E+
01

3,
83

E+
00

3,
33

E+
00

1,
10

E+
03

2,
86

E+
00

2,50E+03

1,00E+00

1,00E+01

1,00E+02

1,00E+03

1,00E+04

Tveter Haugstein Haugstein/Sand Dal Holt

Nu
m

be
r o

f t
he

rm
ot

ol
er

an
t c

ol
ifo

rm
 b

ac
te

ria
 in

 m
at

er
ia

l (
TC

B/
gT

S) 
  -

 10cm  30cm  50cm  80cm  2,50E+03 - Limit of TCB/gTS

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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- 75% 

- 1% 

Source separation of domestic wastewater  
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Thank you 
for your attention ! 

A.M. Paruch 
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