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H I G H L I G H T S

• First time quantification of hydrogen
sulphide levels atwastewater treatment
plants in Curitiba, Brazil.

• Indoor and outdoor levels above the
WHO guideline values.

• Indoor/outdoor ratios pointing to H2S
accumulation inside residences.

• Life-time risk analysis indicates a signif-
icant non-carcinogenic risk.
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The hydrogen sulphide (H2S) levels from wastewater treatment plants (WWTPs) in Curitiba, Brazil have been
quantified for the first time. H2S generated by anaerobic decomposition of organic matter in WWTPs is a cause
for concern because it is an air pollutant, which can cause eye and respiratory irritation, headaches, and nausea.
Considering the requirement for WWTPs in all communities, it is necessary to assess the concentrations and ef-
fects of gases such as H2S on populations living and/or working nearWWTPs. The primary objective of this study
was to evaluate the indoor and outdoor concentration of H2S in the neighbourhood of twoWWTPs located in Cu-
ritiba, as well as its human health impacts. Between August 2013 and March 2014 eight sampling campaigns
were performed using passive samplers and the analyses were carried out by spectrophotometry, presenting
mean concentrations ranging from 0.14 to 32 μg m−3. Eleven points at WWTP-A reported H2S average concen-
trations above the WHO recommendation of 10 μg m−3, and 15 points above the US EPA guideline of 2
μg m−3. At WWTP-B the H2S concentration was above US EPA guideline at all the sampling points. The I/O
ratio on the different sampling sites showed accumulation of indoor H2S in some instances and result in exacer-
bating the exposure of the residents. The highestH2S concentrationswere recorded during the summer inhouses
located closest to the sewage treatment stations, and towards the main wind direction, showing the importance
of these factors when planning aWWTP. Lifetime risk assessments of hydrogen sulphide exposure showed a sig-
nificant non-carcinogenic adverse health risk for local residents and workers, especially those close to anaerobic

Keywords:
Hydrogen sulphide
Air pollution
Odour
Anaerobic wastewater treatment
Health risk

Science of the Total Environment 610–611 (2018) 583–590

⁎ Corresponding author.
E-mail address: rhmgodoi@ufpr.br (R.H.M. Godoi).

http://dx.doi.org/10.1016/j.scitotenv.2017.07.209
0048-9697/© 2017 Elsevier B.V. All rights reserved.

Contents lists available at ScienceDirect

Science of the Total Environment

j ourna l homepage: www.e lsev ie r .com/ locate /sc i totenv

http://crossmark.crossref.org/dialog/?doi=10.1016/j.scitotenv.2017.07.209&domain=pdf
http://dx.doi.org/10.1016/j.scitotenv.2017.07.209
mailto:rhmgodoi@ufpr.br
http://dx.doi.org/10.1016/j.scitotenv.2017.07.209
http://www.sciencedirect.com/science/journal/00489697
www.elsevier.com/locate/scitotenv


WWTPs. The data indicated that WWTPs operated under these conditions should be recognized as a significant
air pollution source, putting local populations at risk.

© 2017 Elsevier B.V. All rights reserved.

1. Introduction

Human activities have contributed significantly to increased emis-
sions of air pollutants at global, regional and local scales. It is important
to know the source and concentration of pollutants for better pollution
control and to assess the potential effects on human health.

H2S is a colourless gas with a strong odour of rotten eggs produced
under anaerobic conditions by organic matter decomposition from
both natural (petroleum, volcanic) and anthropogenic sources (oil re-
fining, wood pulp production, tanning industry) (WHO, 2000). Anaero-
bic wastewater treatment plants (WWTPs) and the degradation
processes in landfills are significant sources of H2S (Redondo et al.,
2008; Capelli et al., 2009; Muñoz et al., 2010). Of the ten largest
WWTPs existing in the world, eight are operational as anaerobic treat-
ment facilities (Reynolds, 2012). Under anaerobic conditions, the bio-
logical reduction of sulphate to sulphide essentially occurs in the
submerged part of sewers (Parande et al., 2006). Hydrogen sulphide
emission is a physicochemical process involving both the water and
air phases of sewer networks and is dependent on pH, temperature, hy-
draulic conditions of the water phase (Yongsiri et al., 2005). Only H2S
can be transferred to the air–water interface, resulting in an increase
in the emission of H2S from wastewater to the sewer atmosphere (Fu
and Shen, 1990).

Unpleasant odours from WWTPs may cause acute social and eco-
nomic conflicts due to poor quality of life and economic depreciation
of the neighbouring real estate (Stellacci et al., 2010). Nuisance com-
plaints about the odour emitted by WWTPs are registered in different
parts of the world (Aristu, 2009; Billings, 2012; Wall, 2011). Besides
the obvious unpleasant odour, the dominant cause for concern regard-
ingH2S pollution is its documented toxicity to humans. H2S pollution ef-
fects are dose-related and can be detrimental to the nervous,
cardiovascular and respiratory systems. Acute high-level concentration
exposure can lead to eye damage, olfactory paralyzingperception, respi-
ratory irritation, as well as pulmonary oedema, convulsions and even
death (WHO, 2000). The long-term exposure to low-level concentra-
tions also affects human health negatively, e.g., causing nausea, head-
aches and respiratory problems (Lebrero et al., 2011).

As the nuisance H2S odour threshold has been reported to be in the
ranges 0.7–200 μg m−3, it is recommended to maintain levels at or
below the lower limit to avoid community complaints (WHO, 1981).
It has been established that daily inhalation exposure to H2S has to be
below 2.0 μg m−3 to ensure lifetime risk abatement (USEPA, 2003).
Having said that, the World Health Organisation recognises the fact
that information on the affects that long-term low dosage exposure to
ambient H2S is scanty (WHO, 2000). It therefore remains of interest to
evaluate the air quality in terms of its H2S content close to WWTP's.

This paper aims to provide data on the indoor and outdoor concen-
tration of H2S in the neighbourhoods of two WWTPs in Curitiba, Brazil.
This provided baseline data that could serve as a reference point for fu-
ture research. The data obtained were used in a risk-assessment proto-
col to estimate the likely effect on human health of the residents over a
lifetime of exposure. This information can be used to aid local govern-
mental policies, provide baseline data that could inform future changes
in operation, as well as assist in future planning for new plants.

2. Experimental

As there have been complaints regarding unpleasant odours at and
around the plant, the investigators decided to start the analysis of the

air quality by monitoring H2S levels, as it is also the main pollutant
from degradation processes causing nuisance odours.

2.1. Sampling methodology

To protect the identity of theWWTPs, theywill be referred asWWTP
“A” andWWTP “B”. These plants treat wastewater volumes of 560 L s−1

and 1680 L s−1 for A and B, respectively. Both wastewater treatment
plants (WWTP) process mainly domestic Municipal wastewater
through a conventional setup. The preliminary treatment aims to re-
move bulky and large solids, thus preconditioning the effluent for the
following treatment steps, including screening, flocculation, and flow
equalization. In sequence, within the named primary treatment,
sedimentation and/or flotation are employed to remove effluent's
suspended and colloidal fractions. At the secondary treatment, the or-
ganic matter is removed through a biological process called Fluidized
Bed Anaerobic Reactor (FBAR, or RALF in Portuguese), a Brazilian ver-
sion of the Upflow Anaerobic Sludge Blanket - UASB. The hydraulic re-
tention time at this step is only 8–10 h, resulting in 65–75% organic
matter removal efficiency. With the tertiary treatment, using iron
chloride, some nutrients such as nitrogen and phosphorous, residual
suspended solids, inorganics, and refractory organics that may have es-
caped from previous stages, are removed. Finally, the disinfection
removes pathogens by chlorination. The sludge produced at the second-
ary step is also treated through thickening, dewatering, drying, and di-
gestion in order to reduce its volume as well as to biologically stabilize
the final product, which is usually then sent to landfills (although it
also may be used as fertilizer).

H2S was sampled using radial diffusion passive samplers (Radiello®,
Fondazione Salvatore Maugeri, Padova, Italy). This sampler comprises a
zinc acetate impregnated polyethylene adsorbing cartridge, surrounded
by a cylindrical microporous diffusive body mounted on a supporting
plate. When H2S contacts the zinc acetate, it is converted to stable zinc
sulphide, which is later extracted and assayed by sulphide ion
(Pavilonis et al., 2013). Sampling took place for seven consecutive
days. The temperature was recorded every 20 min during the weekly
sampling campaigns.

Sampling was performed in houses and schools near the two
WWTPs, which are located in two different residential areas in Curitiba.

Eight sampling campaignswere carried out, as listed in Table 1. Sam-
plings locationswere assigned as A1 to A13 forWWTP “A”, and B1 to B5
forWWTP “B”. Besides point A1 that was assessed during all campaigns,
locations of WWTP “A” were evaluated in campaigns 1 to 4, and points
of WWTP “B” in campaigns 5 to 8. Residential accommodation near the
WWTPs has little or no insulation between the roof and walls, allowing
easy diffusion of H2S into the house.

The sampling points were chosen based on three basic criteria: loca-
tion with respect to the pollution source (WWTP) and the main wind
direction, electrical support, and security against vandalism and theft.
Table 2 presents the sampling points distances from the WWTP's.

Cartridges were installed at a height of 1.5 m inside residences, after
permissionwas gained from residents. To enable a comparison between
inside and outside air quality, samplers were positioned on the outside
of the residences at an average height of 2.0m. Radiello shelters (specif-
ically designed for the diffusion tubes) were used to protect the sam-
plers from precipitation. The Radiello samplers were exposed to air for
a period of 15 days, after which the cartridgewas removed from the dif-
fusive body, sealed in its original tube and stored below4 °C for analysis.
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