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Abstract—Concrete sewer pipes are known to suffer from a 
process of hydrogen sulfide gas induced sulfuric acid corrosion. This 
leads to premature pipe degradation, performance failure and 
collapses which in turn may lead to property and health damage. The 
above work reports on a field study undertaken in working sewer 
manholes where the parameters of effluent temperature and pH as 
well as ambient temperature and concentration of hydrogen sulfide 
were continuously measured over a period of two months. Early 
results suggest that effluent pH has no direct effect on hydrogen 
sulfide build up; on average the effluent temperature is 3.5°C greater 
than the ambient temperature inside the manhole and also it was 
observed that hydrogen sulfate concentration increases with 
increasing temperature. 

 

Keywords—Concrete corrosion, hydrogen sulphide gas, 
temperature, sewer pipe. 

I. INTRODUCTION 

ULPHIDE induced corrosion in concrete sewer pipes is 

considered to be one of the dominating factors affecting 

the structural vulnerability of pipes, leading to premature pipe 

wall failure and possible subsequent collapse [1]-[4].  

The corrosion problem is recognised in countries with 

increased urbanisation factors (i.e. use of hot water and the 

discharge of household detergents containing sulfur and toxic 

metals by industries) [5]. For example, in the UK, the gross 

replacement cost for sewer mains has been estimated at £104 

billion [6]. In Belgium, the cost of sewer corrosion has been 

estimated at £4 million per year, representing around 12% of 

the total cost for wastewater asset management [7]. In 

Germany, the costs of concrete sewer rehabilitation due to 

corrosion were estimated to be €100 million [8].Where it was 

estimated that the annual cost of water and wastewater asset 

concrete corrosion in the USA is costing $36 billion [9]. In the 

Sydney area, Australia there are nearly 900km of concrete 

sewer pipes, with an attendant rehabilitation programme 

costing AUS $40 million annually; much of the deterioration 

is caused by pipe corrosion [10]. 

A number of models have been created to address the 

problem of pipe corrosion and timely predict possible failure 

[11], however these models lack reliable filed data and 

interaction between key parameters which this paper reviews. 
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II. BACKGROUND 

The process of sewer pipe corrosion has been studied since 

1940th and a set of representative knowledge has been gained 

over years, which are referred to as microbially induced 

concrete corrosion (MICC) [12]. The bacteria class 

Acidithiobacillus thiooxidans [12]-[14] which are active in the 

effluent biofilm [15] convert sulphate to sulphide [16]. Some 

part of sulphide is released in atmosphere as gaseous hydrogen 

sulphide (H2S) [16]. Further, the hydrogen sulphide is 

oxidised [17] to sulphuric acid (H2SO4), which subsequently 

attacks susceptible pipeline materials [18]. Fig. 1demonstrates 

the chemical reaction of microbially induced concrete 

corrosion process in sewer pipe.  
 

 

Fig. 1 Microbially induced concrete corrosion in sewer [19] 
 

Limited works on corrosion process in pipes show that the 

corrosion may establish slowly, however when commenced it 

may rapidly accelerate and result in dry incrustation, gypsum 

[20] and loss of pipe wall and crown [13] and [15]. Further 

works confirm that severe concrete pipe corrosion occurs at 

points of high turbulence and constant releases of H2S into the 

atmosphere even at steady state condition of all parameters 

[21] and [22]. Experimentally it was concluded that corrosion 

process accelerates when the pH of pipe wall surface drops 

below 4 [23] and [24], pipe surface if flushed from time to 

time to remove corrosion layer flocks [25], and when 

temperatures are in range of 10-30°C and H2S are at 3-

400ppm [14] and [16]. 
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III. FIELD DATA COLLECTION 

A. Manhole Location 

For the purpose of these experiments two manholes with 

concrete sewer pipes known to suffer from corrosion process 

were selected in Rochester and Maid stone, Kent area, UK. 

Manhole No.1 (Man1) was located in Chattenden residential 

area 4676m, 2415m and 2037m downstream from three 

pumping mains with direct T-type injection connection 

discharging into this manhole. Manhole No.2 (Man2) was 

located in Mote Park, Maidstone, further away from 

residential area however in the vicinity of industrial estate 

and336m away from the discharge manhole, where the 

pumped main is 2572m away. For both manholes the concrete 

sewer pipes were of 300mm external diameter and 35mm wall 

thickness. Man1 and Man2 were located 19.6km apart.  

B. Data Collection 

In each of the manholes an H2S sensor (GAXT-H-DL from 

Environmental & Gas Monitoring) temperature sensors to 

measure effluent and ambient temperatures as well as effluent 

pH (Madgetech pHTemp101 and Madgetech pH-1 pH), was 

inserted and secured by the use of stainless steel cables above 

the manhole. The reading of H2S sensor was sampled at 

5secand the reading from temperature sensors and pH were all 

sampled at 5min. Additionally concrete cube samples were 

placed in the manhole above the effluent to record the relative 

rate of corrosion over time of experiment. The results reported 

in this paper are for a 2 months deployment in Feb-Apr. 

IV. RESULTS 

A. Effluent pH 

The effluent pH values were measured to be fairly constant 

in range of 6.7-7.1 with no severe variations. This is thought 

to be dictated by large amounts of fats carried within the 

wastewater which is specifically high in both areas of the 

manhole’s location.    

B. Effluent Temperature 

The effluent temperatures for both manholes were found to 

follow very similar daily trend, however each of them has 

individual hourly pattern. Fig. 1 represents the data of effluent 

temperature recorded at a manhole 1 and manhole 2 in 5 days 

period in the beginning of April, where zero is set at 10am. 
 

 

Fig. 1 Effluent temperature for Manhole 1 and Manhole 2 for a 
period of 4 days in the beginning of April shown in hours 

 

The data on Fig. 1 and for all other graphs was resampled to 

represent an average value for each given hour. Overall, in 

Feb-Apr the temperatures measurements minimum, maximum 

and mean for Man1 and Man2 were, 10.8°C, 17.1°C, 13.2°C 

and 11.6°C, 17.6°C, 15.1°C, respectively. In general the 

temperatures in Man2 are found to be higher and this is 

thought to be influenced by a closer location to the rising 

main, pumping station and generally the industrial sector 

which have larger use of hot water.  

C. Ambient Temperature 

The ambient temperatures for both manholes were found to 

follow overall an identical pattern. The general pattern of this 

behavior for both manholes is illustrated in Fig. 2, with zero 

set at midnight. From Fig. 2 it can be noted that the 

temperature in Man 1 is generally slightly lower for that 

compared with Man 2, with mean temperature values of 9.3°C 

and 10.6°C, respectively. Overall, in Feb-Apr the temperatures 

measurements minimum, maximum and mean for Man1 and 

Man2 were, 7.6°C, 12.9°C, 10°C and 8.7°C, 13.8°C, 11.2°C , 

respectively. The temperatures increased over the day with 

peak times at 11pm-4am after which they declined. This 

coincided with the discharge of overflow in the pumping 

station which generally takes place at midnight or when the 

chamber is full. However each manhole had manhole-specific 

minor pattern which is thought to be governed by house hold 

and industry activity in the area. 
 

 

Fig. 2 Ambient temperature for Manhole 1 and Manhole 2 for a 
period of 1 week in the beginning of March shown in hours 

 

D. Concentration of H2S 

The concentration of hydrogen sulphide for both of the 

manholes was measured with the sensor being placed in the 

middle of the manhole at 600mm above the effluent. The 

measurements of H2S are presented on Fig. 3, where the data 

is shown for the same time period as in Fig. 2. From the figure 

it can be noted that the pattern of H2S concentration is similar 

for both manholes even though they were located far apart and 

governed by different rising mains and pumping station 

conditions. Although, it should be noted that the operational 

time for all pumping stations in experimental area is the same. 

Graph identified large peak ofH2S at Manhole 1 at 91ppm/ % 

vol, where manhole 2 identifies only 29ppm/%vol. A similar 

peak tends to appear app. every 48h closer to midnight. 
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Fig. 3 Hydrogen sulphide concentration for Manhole 1 and Manhole 
2 for a period of 1 week in the beginning of March shown in hours 
 

Overall, in Feb-Apr the measurements of the H2S 

concentration minimum, maximum and mean for Man1 and 

Man2 were, 3, 134, 12 and 0, 168, 12, respectively. Even 

though the minimum and maximum values of both of the 

manholes varied, the mean of 12ppm/%vol was observed in 

both, whereas in most of the times a value of 3-5ppm/%vol 

was recorded.    

E. Interaction Between Parameters 

The interaction between parameters of ambient temperature, 

effluent temperature and concentrations of hydrogen sulphide 

was investigated. Fig. 4 demonstrates the recorded data for the 

above for first four days in April for Manhole 1, with zero 

starting at 10am.  
 

 

Fig. 4 Temperatures and hydrogen sulphide concentration for 
Manhole 1 for a period of 4days in April shown in hours 

 

The data suggests that there is a relation between the 

ambient and effluent temperatures as they follow the same 

hourly pattern (which is governed by the effluent temperature, 

which in turn is related to domestic and industrial activities) 

and daily trend (governed by effluent temperature and general 

temperature of air outside the manhole). Furthermore, it can be 

noted that the H2S level peaks together with the general 

decrease in temperature inside the manhole in late evening and 

early morning hours (during this time the general household 

and industrial actively is minimal, the flow levels are low to 

moderate which allows for gas build-up). Furthermore, there is 

an apparent 10h shift in H2S level increase and decrease 

behavior compared to temperatures. The above findings were 

confirmed for both of the manholes during Feb-Apr period.   

V. CONCLUSION 

In the above study effluent pH, effluent and ambient 

temperatures, as well as hydrogen sulphide gas were collected 

in two manholes in Kent, UK for a period of two months in 

order to establish a relation between parameters. Below is the 

summary of key observations and findings: 

1) Effluent pH values do not have a direct influence on 
hydrogen sulphate concentration. 

2) Ambient temperature is influenced by effluent 
temperature which both are thought to follow general 
trend of the temperature outside the manhole. 

3) Hourly temperature patterns are individual for each 
manhole, whereas the general daily trend is similar that is 
governed by the domestic and industrial use as well as 
discharges from rising mains and pumping stations.   

4) On average effluent temperature is higher by 3.5°C than 
the ambient temperature. 

5) Concentration of hydrogen sulphide was found to peak 
with the decrease in temperature inside the manhole as 
well as during times of low wastewater activity and have 
a 10h shift in general pattern. 

To supplement these findings further work will focus on 

correlating H2S and temperature parameters, where an easy-to 

use model will be proposed, as well as relation to parameters 

of humidity, CO2 and flow rate will be investigated. 

ACKNOWLEDGMENT 

Authors would like to thank EPSRC under which grant, 

EP/I032150/1 - ‘Assessing Current State of Buried Sewer 

Systems and Their Remaining Safe Life’, the above work was 

made possible and Mr Keith Nixon of The Clancy Group 

working for Sothern Water for granting manhole assess. 

REFERENCES 

[1] Alani, A. Faramarzi, M. Mahmoodian, and K.F.Tee, “Prediction o 
sulphide build-up in filled sewer pipes,”in Environmental Technology, 
2014. 

[2] E. RecioOviedo, D. Johnson and H. Shipley  “Evaluation of hydrogen 
sulphide concentration and control in a sewer system,” in Environmental 

Technology, 33, vol. 10, 2012, pp 1207-121.  
[3] L. Zhang, P. DeSchryver, B. DeGusseme, W. DeMuynck, N. Boon and 

W. Verstraete, “Chemical and biological technologies for hydrogen 
sulphide emission control in sewer systems: A review,” in Water 
Research, 42, vol. 1-2, 2008, pp 1-12. 

[4] H.S.Jensen, A.H. Nielsen, P.N.L. Lens , T. Hvitved-Jacobsen  and J. 
Vollertsen, “Modelling of hydrogen sulphide oxidation in concrete 
corrosion products from sewer pipes,” in Water Environment Res., 81, 
vol. 4, 2009, pp 365-373. 

[5] A. Romanova, A. Faramarzi, M. Mahmoodian  and M. A. Alani, “An 
evolutionary polynomial regression (EPR) model for prediction of H2S 
induced corrosion in concrete sewer pipes,” in Prof. of Int. Conf, 

Hydroinformatics, 2014. 
[6] OFWAT. Maintaining Water and Sewerage Systems in Englandand 

Wales, Our Proposed Approach for the 2004 Periodic Review. London. 
2004. 

0 12 24 36 48 60 72 84 96 108 120 132 144 156 168
0

20

40

60

80

100

Time [h]

H
2
S
 [
p
p
m
/%

v
o
l]

 

 

Man1

Man2

0 10 20 30 40 50 60 70 80 90
10

11

12

13

14

15

Time [h]

[o
C
]

 

 

Air temp

Eff temp

0 10 20 30 40 50 60 70 80 90
0

10

20

30

40

50

Time [h]

[p
p
m
/%

v
o
l]

 

 

H
2
S

World Academy of Science, Engineering and Technology
International Journal of Civil, Environmental, Structural, Construction and Architectural Engineering Vol:8, No:6, 2014 

623International Scholarly and Scientific Research & Innovation 8(6) 2014 scholar.waset.org/1999.3/9998420

In
te

rn
at

io
na

l S
ci

en
ce

 I
nd

ex
, C

iv
il 

an
d 

E
nv

ir
on

m
en

ta
l E

ng
in

ee
ri

ng
 V

ol
:8

, N
o:

6,
 2

01
4 

w
as

et
.o

rg
/P

ub
lic

at
io

n/
99

98
42

0

http://waset.org/publication/Influence-and-Interaction-of-Temperature,-H2S-and-pH-on-Concrete-Sewer-Pipe-Corrosion/9998420
http://scholar.waset.org/1999.3/9998420


 

 

[7] E. Vincke and E. Van Wanseele ,“Influence of polymer addition on 
biogenic sulfuric acid attack of concrete,”  International 
Biodeterioration& Biodegradation , 49, vol.  4, 2002, pp. 283-292. 

[8] W. KaempferandM. Berndt, “Polymer modified mortar with high 
resistance to acid corrosion by biogenic sulphuric acid,” in Proc.of the 

IX ICPIC Congress, Bologna, Italy, 1998, pp 681-687. 
[9] G. H. Koch, M. P. H.Brongers, N. G. Thompson, Y. P. Virmani, and J. 

H. Payer,  “Corrosion Costs and Preventive Strategies in the United 
States,” in NACE International, 2002. 

[10] Sydney Water, Annualexpenditures 2012/2013, 2014.  
[11] C. D. Parker, “The Corrosion of Concrete .1. The Isolation of a Species 

of Bacterium Associated with the Corrosion of Concrete Exposed to 
Atmospheres Containing Hydrogen Sulphide,”in Experimental Biology 

and Medical Science, 23, vol. 2, 1945, pp. 81-90. 
[12] C. D. Parker, “Species of Sulphur Bacteria Associated with the 

Corrosion of Concrete,” in Nature, 159, vol. 4039, 1947, pp. 439-440. 
[13] D. P. Kelly and A. P. Wood,“Reclassification of some species of 

Thiobacillus to the newly designated genera Acidithiobacillus gen. nov., 
Halothiobacillus gen. novandThermithiobacillus gen. nov,” in 
Systematic and Evolutionary Microbiology, 50, 2000, pp. 511-516. 

[14] H. Satoh, M. Odagiri, “Microbial community structures and in situ 
sulphate-reducing and sulphur-oxidizing activities in biofilms developed 
on mortar specimens in a corroded sewer system,” in Water Research, 
43, vol. 18, 2009, pp. 4729-4739. 

[15] T. Mori, M. Koga, et al., “Microbial Corrosion of Concrete Sewer Pipes, 
H2s Production from Sediments and Determination of Corrosion 
Rate,”in Water Science and Technology, 23, vol. 7-9,1991, pp. 1275-
1282. 

[16] J. Vollertsen, A. H. Nielsen, et al., “Corrosion of concrete sewers - The 
kinetics of hydrogen sulphide oxidation,”in Science of the Total 
Environment, 394, vol. 1, 2008, pp.162-170. 

[17] C. D. Parker, “The Corrosion of Concrete .2. The Function of 
Thiobacillus-Concretivorus (Nov-Spec) in the Corrosion of Concrete 
Exposed to Atmospheres Containing Hydrogen 
Sulphide,”inExperimental Biology and Medical Science, 23, vol. 2, 
1954,pp. 91-98. 

[18] Unitracc. PrinzipiellerAblaufbei der BiogenenSchwefelsäure-Korrosion 

in Anlehnungan. [Prof. Dr.-Ing. Stein & Partner GmbH]. 
[19] C. D. Parker, “Mechanics of Corrosion of Concrete Sewers by Hydrogen 

Sulphide,” inSewage and Industrial Wastes, 23, vol. 12, 1951, pp. 1477-
1485. 

[20] E. Vincke, N. Boon, et al., “Analysis of the microbial communities on 
corroded concrete sewer pipes - a case study,” in Applied Microbiology 
and Biotechnology, 57, vol. 5-6,2001, pp. 776-785. 

[21] J. Vollertsen, A. H. Nielsen, et al., “Corrosion of concrete sewers - The 
kinetics of hydrogen sulphide oxidation.,” in Science of the Total 

Environment, 394, vol. 1, 2008, pp. 162-170. 
[22] J. S. Weiss,The occurrence of hydrogen sulphide in districts truck 

sewers: Relationship to sewercrown corrosion, County Sanitation 
District of Los Angeles County, Compton, Calif.  

[23] C. G. Jin and. D. L. Won, Master plan for joint pitfalls, Rep. to Chf. 
Engr. And Gen. Mgr. Of County Sanit. Dist. Of Los Angeles, 1989. 

[24] A. H. Nielsen, J. Vollertsen, et al., “Influence of pipe material and 
surfaces on sulphide related odor and corrosion in sewers,” in Water 

Research, 42, vol. 15, 2008, pp. 4206-4214. 
[25] A. H. Nielsen, J. Vollertsen, et al., “Aerobic and anaerobic 

transformations of sulphide in a sewer system - Field study and model 
simulations,”in Water Environment Research, 80, 

World Academy of Science, Engineering and Technology
International Journal of Civil, Environmental, Structural, Construction and Architectural Engineering Vol:8, No:6, 2014 

624International Scholarly and Scientific Research & Innovation 8(6) 2014 scholar.waset.org/1999.3/9998420

In
te

rn
at

io
na

l S
ci

en
ce

 I
nd

ex
, C

iv
il 

an
d 

E
nv

ir
on

m
en

ta
l E

ng
in

ee
ri

ng
 V

ol
:8

, N
o:

6,
 2

01
4 

w
as

et
.o

rg
/P

ub
lic

at
io

n/
99

98
42

0

http://waset.org/publication/Influence-and-Interaction-of-Temperature,-H2S-and-pH-on-Concrete-Sewer-Pipe-Corrosion/9998420
http://scholar.waset.org/1999.3/9998420

