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ABSTRACT

HEALTH RISK ASSESSMENT FOR THE LAND APPLICATION OBIOSOLIDS IN ANKARA,
TURKEY: INGESTION PATHWAY

Kendir, Ece
M.Sc., Department of Environmental Engineering
Supervisor: Prof. Dr. F. Dilek Sanin
Co-Supervisor: Assoc. Prof. Dr. Elgin Kentel

January, 2013, 75 pages

Biosolids are valuable products which can be berafy used in land application. However, the
possibility of serious health effects on humans tueeveral pollutants in biosolids creates a big
concern. To address this issue, risk-based metbgidsl are commonly used to evaluate health effects
associated with the land application of biosoliditis study aims to investigate the health risks
associated with ingestion of biosolids or soil ndixgith biosolids by a child. This study is the firs
health risk assessment study in Turkey for landlieggon of biosolids. Monthly sludge samples
taken from Ankara Central Wastewater TreatmenttRIR8WWTP) in 2012 were analyzed for seven
heavy metals (Cd, Cr, Cu, Hg, Ni, Pb, and Zn), &vd organic contaminants (PCB and NPE)
concentrations. To calculate health risks, methogies developed by U.S. Environmental Protection
Agency (U.S. EPA) and French National Institute fodustrial Environment and Risks (INERIS)
were used. With both methods, cancer and non-caisterfor the ingestion by a child pathway were
determined and found to be below the acceptableectaand non-cancer risk levels suggested by U.S.
EPA and INERIS. Additionally, same health risk céédions were conducted for sludge and soil limit
values provided in Turkish Regulation for the UdeSmwage Sludge in Agriculture (2010) to
determine what the maximum health risk would betlf@r worst case scenario in Turkey. According
to the results, even if the concentrations arehatrhaximum possible regulatory levels, the health
risks are still low.

Keywords: Biosolids, Land Application, Health Ridkgestion Pathway
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ANKARA'DA (TURK 1YE) BIYOKATILARIN TARIM UYGULAMALARI IGIN SA GLIK RiSKi
DEGERLENDIRMESI: YUTMA YOLU

Kendir, Ece
Yuksek Lisans, Cevre MiuhendigliBolumi
Tez Yoneticisi: Prof. Dr. F. Dilek Sanin
Ortak Tez Yoneticisi: Dog. Dr. Elgin Kentel

Ocak, 2013, 75 sayfa

Biyokatilar tarim alanlarinda yararli bgekilde kullanilabilen dgerli Grinlerdir. Ancak, birtakim
kirleticilerin biyokatilarda bulunma olasili nedeniyle, bu kirleticilerin insan gagina ciddi etkileri
blylk bir endje tekil etmektedir. Bu sorunu ele almak amaciyla, batlarin tarimsal kullanimiyla
iliskili saglk etkilerini dezerlendirmek icin risk bazli yéntemler yaygin kekilde kullaniimaktadir.
Bu calsma biyokatilarin ya da biyokatilarla kgrrilan topr&in ¢ocuk tarafindan yutulmasiylagkili
sazlik risklerini incelemeyi amaclamaktadir. Bu gata, Tirkiye'de biyokatilarin tarim alanlarinda
kullanilmasi icin yapilan ilk ggik riski degerlendirmesi cajmasidir. Biyokati drnekleri Ankara
Merkez Atiksu Aritma Tesisi’'nden 2012 yilinda ayhllarak alinmgtir ve yedi &ir metal (Cd, Cr, Cu,
Hg, Ni, Pb ve Zn), ve iki organik kirletici (PCB&\WPES) konsantrasyonlari analiz ediini Sagslik
risklerini dezerlendirmek icin ABD Cevre Koruma Ajansi (U.S. EP¥¢ Fransiz Ulusal Enstitlsu
Endustriyel Cevre ve Riskler Birimi (INERIS) tanafian gektirilen yontemler kullanilmgtir. ki
yontem ile de cocuk tarafindan yutulmasi maruz kajolu icin kanser ve kanser olmayan riskler,
U.S. EPA ve INERIS'in 6nergi kabul edilebilir kanser ya da kanser olmayan gekiyelerine goére
disuk olarak bulunmgtur. Ek olarak, Turkiye'de en kotu kolda, en fazla @k riskinin ne
olacainin belirlenmesi icin, Evsel ve Kentsel Aritman@alarin Toprakta Kullanilmasina Dair
Yonetmelik (2010) kapsamindagéanan aritma ¢amuru ve toprak sinigeideri icin ayni sghk riski
hesaplamalari yapilgtir. Elde edilen sonuclara gore, konsantrasyonlantemel en fazla yonetmelik
seviyelerinde olsa bile, gk risklerinin hala d§ik oldusu belirlenmitir.

Anahtar Kelimeler: Biyokatilar, $ak Riski, Tarimsal Uygulama, Yutma Yolu
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CHAPTER 1

INTRODUCTION

Sewage sludge is the solid, semisolid, or liquisicge generated during treatment of sewage (U.S.
EPA, 2002). As the amount of treated wastewaterimagased in the world, the amount of sewage
sludge production has also increased and diffatisposal routes have come into effect. Thirty years
ago, ocean disposal was considered as the commihani®r sludge disposal. However, after ocean
disposal of sewage sludge was banned worldwider athernatives such as landfilling, incineration
and land application were taken into consideratidong with the development of beneficial use
alternatives, new terminology for sewage sludge walas introduced to fix the bad image and to
promote the beneficial use of sewage sludge. Theage sludge that has gone through proper
stabilization processes and which has high queditybe beneficially recycled. For this type of ged
the term ‘biosolids’ was started to be used intexaater industry and adapted by U.S. EPA. Due to
this reason in addition to the term ‘sludge’, teem ‘biosolids’ can also be seen in books and other
references.

According to the economic status, available infiature, and quality of sludge, countries apply
different disposal alternatives for sludge. Langlegation is one of the most commonly used disposal
routes. Sludge can be used beneficially on land tdués organic matter and nutrient content.
Agricultural lands, grazing land and forests arensoof the application areas for sludge. Land
application of sludge has many advantages on tlaitguwf soil and crop. In addition, it is an
economical alternative since it can be used insté@atpensive chemical fertilizers.

Even though sludge has many benefits; it may consaveral inorganic, organic and biological

pollutants. As a result, use of sludge on land heay to potential risks for human health and the
environment. In order to prevent adverse effectdaofd application of sludge, some countries

established regulations for the use on land. Tuddeg has a regulation named ‘Regulation for the
Use of Sewage Sludge in Agriculture’ which has baeapplication since 2010. The main aim of

these regulations is to set limit values and previtanagement standards for pollutants in sludge in
order to protect public and environmental health.

To set limit values for land application of sludge to determine potential adverse effects before
application, risk assessment studies are commapifeal throughout the world. U.S. EPA conducted
an extensive study to determine risk-based poltutarits for heavy metals and established 40 CFR
Part 503 Rule. This regulation has heavy metalupamtit limits, pathogen limits and operational

standards, and management practices for land afiplicof biosolids. French National Institute for

Industrial Environment and Risks (INERIS) and therMegian Scientific Committee for Food Safety

(VKM) also assessed extensive studies associattd peissible risks for public health due to land

application of sludge.

In Turkey, land application of sludge is not a veonmon disposal route and it should be evaluated
in terms of its benefits on soil and crop qualindaconomical value. However, in order to provide

safe use of sludge on land and provide valuablernmition for decision makers, health risks

originating from the application of biosolids netedbe known. In Turkey, health risks due to land

application of sludge are not well-known and hesltk assessment studies related to land applitatio
have not been conducted yet.

The aim of this study is to investigate possiblaltierisks associated with land application of geid
samples from Ankara Central Wastewater TreatmesmtRIACWWTP) through ingestion pathway.
This study is the first example of health risk asseent study associated with land application of
sludge in Turkey. The findings from this study wpkovide valuable information in terms of
possibility of land application of sludge samplesti ACWWTP and will serve as a model for future

1



health risk assessment studies related to landcagiph in Turkey.

In this study, seven heavy metals (Cd, Cr, Cu, RigPb, and Zn), and two organic chemicals (PCB,
and NPE) were analyzed in monthly sludge sampléleated from ACWWTP. The results were
compared with pollutant limit values provided inrkish Regulation for the Use of Sewage Sludge in
agriculture, in terms of possibility of the usetlis sludge in land application. After that, thdlp@nt
concentrations measured in sludge samples wereingehlth risk calculations associated with land
application of biosolids through ingestion pathwdsor health risk calculations, methodologies
developed by U.S. EPA and INERIS were used. Withatailable data and assumptions, health risk
calculations were done and the results were disdussterms of possible adverse health effects.



CHAPTER 2

LITERATURE REVIEW

2.1. Definitions of Sewage Sludge and Biosolids

Sewage sludge is one of the constituents produaddgdwastewater treatment plant processes. It is
defined by U.S. EPA as ‘the solid, semi-solid, iquid by-product generated during the treatment of
wastewater at sewage treatment plants’ (U.S. ERA2P In order to distinguish raw sludge from
processed sludge which can be used in land applicathe term ‘biosolids’ was first used in
wastewater treatment industry. After then, the teras adopted by U.S. EPA for high quality sewage
sludge which is not raw and do not contain larg@wamh of pollutants (Jacobs and McCreary, 2001)
and defined as ‘the primarily organic solid prodyitlded by municipal wastewater treatment
processes that can be beneficially recycled’ (NaidResearch Council, 2002).

2.2. Components of Sludge

Type of wastewater treatment and the quality oftexaater are the main factors affecting the quality
and quantity of sludge (Sanét al, 2011). Generally, sludge contains 40-80% orgamatter in dry
weight and loading is mostly due to human fecaltenaSchowanelet al, 2004). In addition to
organic matter, it also includes plant nutrientdrggen and phosphorus), macronutrients (calcium,
potassium, and sulphur) and micronutrients (coppérzinc) (European Commission, 2008).

Sludge may also include pollutants from mixtureoodanic, inorganic and biological contaminants
from domestic, commercial, and industrial wastewatal formed compounds during the wastewater
treatment processes. Metals and trace elements'sPdiBxins, steroids, pharmaceuticals are among
the contaminants found in sewage sludge (NatioredeRrch Council, 2002). Furthermore, PAHS,
solvents, flame retardants, plasticizers, detesjgrsticides, and personal care products arethiee o
contaminants that can be detected in sewage s(dgepean Commission, 2008;Singh and Agrawal,
2007).Apart from inorganic and organic pollutandésease causing organisms, which are called
pathogens and vectors are also present in sewadgesds well (U.S. EPA, 1994a).

2.3. Quantities of Sludge

In the past 30 years, the main aim for wastewagatinent has been centered upon the enhancement
of the effluent quality of wastewater with the adeved treatment methods. Use of advanced
wastewater treatment technologies has increased pmeluction of solids and biosolids
(Tchobanogloust. al, 2003).

Around the world, the amount of sludge productias been observed in huge amounts. In U.S., 6.2
million tons of sludge was produced in 2004 (UN-HABT, 2008). According to European
Commission (2008), approximately 10 million tonsshiidge in dry matter was produced between
2003 and 2006 in EU. The production of sludge reenlkincreased over the last 20 years in some EU
member states due to implementation of Urban Wastil reatment Directive. On the other hand, in
some state members such as Germany and Denmarlarmtbent of sludge production has been
stabilized or decreased due to decrease in watesuagption and use of advance technologies in
sludge treatment.



In Turkey, according to Oztiirk (2010), in 2008, wrd 1.1 million tons dry matter (DM) of sludge
was produced in Turkey and the amount of bios@lidsluction has been increasing in the following
years (Figure 2.1).

3500
3000

2500
2000
1500
1000
500
0
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Figure 2.1: Total Sludge Production in Turkey (Oztiirk, 2010)

2.4. Management of Sludge

Sludge produced in wastewater treatment plants bgyaconcern in terms of quality and quantity.
Sludge has high water and organic matter contérdlsb includes several organic and inorganic
contaminants, pathogens and vector attraction pateifhe quality of sludge is the most important
factor that affects the ultimate disposal routeshifdge. Sludge can be disposed of with different
routes. However, to be suitable for ultimate digposeatment processes are applied to sludge (Wang
et al, 2008; Tchobanoglowet al, 2003).

In the following sections, main treatment procedsesludge and its disposal and beneficial use are
discussed in detail.

2.4.1. Treatment of Sludge

Sludge can be treated with several different tymds processes. Thickening, stabilization,
conditioning, and dewatering are the four main gludreatment processes operated in wastewater
treatment plants to meet economical and regulatuirements (Wangt al, 2008; Tchobanoglous

et al, 2003).

Thickeningis generally the first process in sludge treatmkrgims to reduce volume by the removal
of water from sludge. Volume reduction is requifed the reduction of size of tanks and pipes
required for downstream sludge treatment, amourhefmicals used in conditioning and operational
costs of treatment plants (McFarland, 2001; Tchobkus et al, 2003). Gravity thickening,
dissolved air floatation thickening, centrifugaicttening, gravity-belt thickening, and rotary drum
thickening are the major thickening processes usetlidge treatment (McFarland, 2001).

Stabilizationprovides pathogen and vector attraction reductamigr elimination, and reduction in
putrefaction (Wanget al, 2008). Additionally, volume reduction of sludgaethane gas production
and dewaterability improvement can also be achielgdstabilization (Tchobanogloust al,
2003).Stabilization processes can be biologicamibal or thermal (Andreokt al, 2007).Alkaline
stabilization, anaerobic digestion, aerobic digestiand composting are the main stabilization
processes used in wastewater treatment plants faclogloust al, 2003).

Stabilization is especially important for land apation of sludge beneficially. In order to reduce
health risks due to pathogens and vector attraghiotential in sludge, before land application,
stabilization should be applied (Andreetial, 2007).
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Conditioning is mainly used to increase dewaterability of sludgeplying conditioning before
dewatering process increases the capacity of watapval and solids capture (McFarland, 2001).
Physical, chemical and biological conditioning msges can be applied in sludge treatment (Véang
al., 2008).

Dewateringis applied in order to decrease the moisture cordéthe sludge. Dewatering reduces
transportation costs of sludge to the ultimate aksp site. In addition, dewatering enhances the
calorific value of sludge which is important forcineration and prevents leachate production after
landfilling of sludge (Tchobanogloust al, 2003). Belt filter press and centrifugation ane most
commonly used processes in sludge dewatering. hé&umbre, drying processes can be also used in
order to decrease the moisture content of sludggin® beds and thermal drying are the main
processes used in sludge treatment (Andetdi, 2007).

2.4.2. Disposal and Beneficial Use of Sludge

The disposal of sludge in a safe way is an imporeavironmental concern in the world (Singh,
2007). In the past, ocean/sea dumping of sludgeceasidered as a common disposal route and 20
million tons of sludge had been disposed by thishog annually in 1980s (Laturnes al, 2007).
Sea/Ocean disposal of sludge was banned in U.$dBan Dumping Ban Act, 1988'due to adverse
effects on quality of water and ecosystems (U.SA,EF012).In addition, ‘1996 Protocol to the
Convention on the Prevention of Marine Pollutionbymping of Wastes and Other Matter, 1972’
was established in 1996 to prevent ocean/sea dispbsludge. The convention has been accepted by
42 countries throughout the world so far (Intermadl Maritime Organization, 2013). Since the ban
on sea/ocean disposal, other disposal methodsasuitandfilling, incineration and land applications
began to be applied throughout the world (Laturaual, 2007). Each country has different sludge
disposal priorities (Table 2.1)

Table 2.1:Sludge Disposal Alternatives in the World (%) (Eagan Commission, 2008; Laturnets
al., 2007;UN-HABITAT, 2008)

Agriculture Landfill Incineration Other
Austria 15 50 35 -
Canada 66 4 0 30
(Western)
China 45 345 3.5 17
Denmark 55 2 43 -
Finland 12 6 - 80
Greece - - >90
Germany 30 3 38 29
Ireland 63 35 - 3
Italy 32 37 8 22
Netherlands 47 - 20 33
Poland 14 87 - 7
Sweden 10-15 - 2 85-90
UK 64 1 19.5 15.5
U.S.A. 41 17 22 10

In Turkey, the most common disposal route for stugandfilling (UN-HABITAT, 2008). However,
due to beneficial contents of sludge and poor soiiditions in Turkey, there is a potential for
agricultural use (UN-HABITAT, 2008). From this poionwards, the main emphasis will be placed
on land application due to the aim of this studinfehe risks originating from the land applicatioi
biosolids.



2.4.2.1. Land Application of Sludge

Land application is defined by U.S. EPA (1994b) ‘s spreading, spraying, injection, or
incorporation of sewage sludge, including materggasived from sewage sludge (e.g., compost and
pelletized sewage sludge), onto or below the sarfat the land to take advantage of the soil
enhancing qualities of the sewage sludge”. Biosotien be used in agricultural land, forests, and
rangelands or on disturbed land in need of reclamgt.S. EPA, 2000).

Land application of sludge provides many benefitsdoil and crop. It is a source for nitrogen and
phosphorus which increases crop production. Orgardtter in sludge enhances water infiltration,
water holding capacity of soil, and soil granulatidacobs and McCreary, 2001). Additionally, land
application of sludge decreases soil compaction emdion of soil. It also has benefits for living
organisms in soil and plants such as being a sdarcenergy and nutrients (Jacobs and McCreary,
2001). Furthermore, as an economical point of vigwgan be substituted for expensive chemical
fertilizers (Wanget al, 2009).

Although sludge has several benefits for soil dyalnd crop production, it can pose potential liealt

risks to human and ecological receptors such amalsj plants, and organisms since it contains
metals and trace elements, PCB’s, dioxins, sterpidarmaceuticals, pathogens, bacteria, viruses, an
disease vectors (National Research Council, 2008).pollutants may result in contamination of the
environment and this lead to consideration of pidérmnealth and safety implications in order to

prevent adverse effects (World Health Organizatki))4).

2.4.2.2. Regulations on Land Application of Sludge

Many countries have different regulations assodiatéh land application of sludge. In U.S.A, EPA
established 40 CRF Part 503 Rule on February, 993 iinder the Clean Water Act (CWA). The rule
is composed of five subparts:

e Subpart A: General provisions, Applicability andrpase etc.

e Subpart B: Requirements for Land Application

e Subpart C: Requirements for Surface Disposal

e Subpart D: Requirements for Pathogen and Vectoaétibn Reduction
e Subpart E: Requirements for Incineration

The subparts of Part 503 Rule mainly include mameege practices, pollutant limits for metals and

technology-based operational standards for pattsogeprotect public health and the environment. In
addition, general requirements, reporting, monitgyirecordkeeping, operational standards for total
hydrocarbons or carbon monoxide and pathogen actdrveeduction are also included (Figure 2.2).

General Requirements

Reporting Pollutant Limits
Pathogen and Vector
. lid Attraction Reduction (Land
Biosolids Application and Surface
Frequency of \A / Disposal)
Operational
Monitoring Standards Total Hydrocarbons or
>/ \4 \ Carbon Monoxide
Management (Incineration Only)

Recordkeeping
Practices

Figure 2.2: Elements of Part 503 Rule (U.S. EPA, 1994a)



In the Part 503 rule, risk assessment for biosakdsonducted for three disposal methods: land
application, surface disposal and incineration &iednine risk-based pollutant limits. In land
application, heavy metals found in biosolids applie the land must meet risk-based pollutant limits
whereas operational standards are applied for patf'and vectors (U.S. EPA, 1995). However, for
trace organic pollutants such as PCBs, PAH eteretlare no limit values in Part 503 Rule. These
chemicals were evaluated in risk assessment; hawévey were eliminated due to the following
three findings: ban on use of these chemicals BLAJ.their low percentages in sewage sludge, and
lack of available data (Harrisaat al, 2006).

In EU, the Sewage Sludge Directive (86/278/EEC) esimblished in 1986 to increase the use of
sewage sludge in agriculture and to avoid detrialezffects on environment and human health. The
Directive was prepared using available data in $980d COST 68 program for determination of
risks. It includes limit values for heavy metalssiudge and soil to be treated with sludge. After
establishment, EU countries adopted this directavsd some countries implemented stricter limit
values for heavy metals and included organic patitg which are not included in the directive (EU,
2008). After 86/278/EEC, a draft document (Workibocument on Sludge “Draft) was prepared in
2000 for the use of sludge for agricultural purpode includes additional organic pollutant limit
concentrations for sludge to be applied to lanfedifht from 86/278/EEC and new proposed heavy
metal limit concentrations (European Commissior@@®0However, this draft document has not been
accepted as the new directive yet.

In Turkey, Regulation for the Use of Sewage SlumigAgriculture was put into force on August, 3,
2010.It aims to take necessary precautions foruge of sewage sludge in soil in a manner to
determine compliance with the objectives of susthi@ development. It covers technical and
administrative procedures for controlled use ofagsvsludge in soil without any harmful effects on
humans, animals, and plants (Regulation for thedd&€ewage Sludge in Agriculture, 2010).

Table 2.2 and Table 2.3 provide the comparisonimoft lvalues for heavy metals and organic
pollutants in various regulations in U.S., Europel &urkey. As can be seen from Table 2.2, for
heavy metals, stricter limit values are includedthie Netherlands except for Cadmium (Cd). The
strictest value for Cd belongs to the regulatiodehmark. Arsenic (As) and Selenium (Se) are only
included in U.S. regulation (Part 503 Rule). Fogaic pollutants, U.S. EPA Part 503 Rule and
86/278/EEC do not have any limit values. HowevenKkish Regulation and Working Document on

Sludge & Draft have the same limit values for organic pwlfus. Additionally, as an EU member,

France has limit values only for three organic yaihts and Denmark has limit values for four
organic pollutants.

Table 2.2: Heavy Metal Limit Values (mg pollutant/kg biosdidDW)for Land Application of
Biosolids in the World (European Commission, 20BQfopean Commission, 2008; U.S. EPA, 1995;
Regulation for the Use of Sludge in Agriculture 12D

Heavy u.s. EU EU Turkey France Denmark Netherlands
Metals 86/278/EEC Working

Document

on Sludge,

3 Draft
As 41 - - - - 25 15
Cd 39 20-40 10 10 20 0.8 1.25
Cr - - 1000 1000 1000 100 75
Cu 1500 1000-1750 1000 1000 1000 1000 75
Hg 17 16-25 10 10 10 0.8 0.75
Mo - - - - - - -
Ni 420 300-400 300 300 200 30 30
Pb 300 750-1200 750 750 800 120 100
Se 100 - - - - - -
n 2800 2500-4000 2500 2500 3000 4000 300

-: Not included



Table 2.3: Organic Pollutants Limit Values (mg pollutant/kegpsolids DW) for Land Application of
Biosolids in the World (European Commission, 20BAropean Commission, 2008; U.S. EPA, 1995;
Regulation for the use of sludge in agriculturel @0

Organic uU.S. EU EU Turkey France Denmark
Pollutants 86/278/[EEC ~ Working Document
on Sludge,
3" Draft
AOX?! - - 500 500 - -
DEHP? - - 2600 2600 - 50
LAS® - - 100 100 - 1300
NP/NPE* - - 50 50 - 10
PAH?® - - 6 6 Fluoranthene: 4 3
Benzo(b)fluoran
thene:2.5
Benzo(a)pyrene:
15
pPCB® - - 0.8 0.8 0.8 -
PCDD/F’ - - 100 100 - -
(ng toxic equivalent  (ngtoxic equivalent
(TE)/kg DW) (TE)/ kg DW)
-2 Not included

1 Sum of halogenated organic compounds.

2Di(2-ethylhexyl)phthalate

3Linearalkylbenzenesulphonates.

“Nonylphenoland nonylphenolethoxylates with 1 ot groups

® Sum of the following polycyclic aromatic hydrocambpacenapthene, phenanthrene, fluorene, flourarthen
pyrene, benzo(b+j+k)fluoranthene, benzo(a)pyremazo(ghi)perylene, indeno(1, 2, 3 c,d)pyrene.

°Sum of congeners 28, 52,101,118,138,153 and 180

" Polychlorinated dibenzodioxins/ dibenzofuranes

Apart from the limit values for biosolids, thereedimit values for heavy metals in soil in order fo
proper land application with different pH valuesBb) and Turkish Regulation (Table 2.4). In U.S.
Regulation, there are no soil based pollutant $irfot land application of biosolids.

Table 2.4: Limit Values for Heavy Metals in Soil (mg pollutatkg dry soil) for Land Application of
Biosolids (European Commission, 2000; Regulationtf®e Use of Sewage Sludge in agriculture,
2010)

Heavy EU EU EU EU Turkey Turkey
Metals (86/278/EEC)  (Working (Working (Working 6<pH<7 pH>7
6<pH<7 Documenton  Document on Document on
Sludge, & Sludge, & Sludge, &
Draft) Draft) Draft)

5<pH<6 65pH<7 pH>7
Cd 1to3 0.5 1 15 1 15
Cr - 30 60 100 60 100
Cu 50 to 140 20 50 100 50 100
Hg 1tol5 0.1 0.5 1 0.5 1
Ni 30to 75 15 50 70 50 70
Pb 50 to 300 70 70 100 70 100
Zn 150 to 300 60 150 200 150 200




2.5. Health Effects of Pollutants Present in Sludgen Humans

Possible health effects (carcinogenic and non-gagenic) of the specified pollutants in biosolids

should be known before land application. Within Huepe of this study, health risk assessment for
seven heavy metals (cadmium, chromium, copper, leadcury, nickel, and zinc) and two organic

pollutants (PCBs and selected NPEs) are conductggh@vided in Section 3.2. Thus, in this section,

health effects of these selected pollutants audsed in detail.

2.5.1. Health Effects of Heavy Metals on Humans

Heavy metals enter wastewater treatment systemdobyestic, industrial, commercial, and urban
runoff sources. The majority of heavy metals armined in sewage sludge during wastewater
treatment processes (EU Commission, 2001). Whemgewsludge is applied to land as a disposal
method, heavy metal content in sewage sludge mag pdverse health effects on humans. Each
heavy metal has different acute, chronic or cagémic health effects in different doses of exposure

Cadmium (Cd): Cadmium is not an essential element for humans raag have toxic effects.
Domestic sources such as rechargeable batteriésts,pdood products, detergents, body care
products, and photography are the main sourcegddmium contamination in sewage sludge. In
addition, launderettes, small electroplating, cwatishops, and plastic manufacturing are the
commercial sources of cadmium (EU Commission, 2001)

Some acute and chronic health effects can be ge=rcadmium exposure. Acute health effects may
be seen as cough, shortness of breath, digestet itritation, colitis, vomiting, and pulmanory
edema followed by bronchopneumonia. For chronidthesfects, kidney, liver and testicle damage,
hypertension, respiratory effects, carbohydrateabraism, teratogenesis, anaemia, softening of the
bones, osteoporosis, and ‘“itai-itai” or “ouch-oudisease resulting in bone pains are the possible
effects after exposure to cadmium (Epstein, 2008ropean Commission, 2001; World Health
Organization, 2010).

For carcinogenic effects, cadmium is classifiedcasup B1 (See Appendix A) by U.S. EPA. There is
limited data for human carcinogenicity for inhadeti Lung cancer was observed in some studies for
cadmium smelter workers (U.S. EPA Integrated Rigkrination System (IRIS), 2012). In addition,
prostate cancer is observed due to exposure toigadin some studies. However, the evidence is
weak (U.S. EPA, 1985). Except for inhalation expesthe data is inadequate for oral exposure (U.S.
EPA IRIS, 2012).

Chromium (Cr): In biosolids, the chromium is found as Cr (lll).i# essential for humans and
animals for lipid, protein, and fat metabolism. Mover, it is important for insulin action in pergral
tissue (U.S. EPA IRIS, 2012). The sources of chunmin sewage sludge are diffuse sources such as
preservatives, dying and tanning in leather prangg&uropean Commission, 2001).

The data is limited on non-carcinogenic effectsGuf (Ill) in humans. There are no studies for
reproductive and developmental effects in human§&.(BPA, 1998) and very limited data indicate
respiratory tract and renal effects of Cr (1l1l) BJEPA, 1998).

As data on non-carcinogenic effects, the animaltamdan data is inadequate for the carcinogenicity
of Cr (lll). There are studies performed for inHada exposure; however, data is inadequate for
determination of carcinogenicity of Cr (lll) on hams. In addition, the animal data obtained from
studies for oral and inhalation exposure routessdoet provide a sufficient determination of
carcinogenicity of Cr (ll1). So, Cr (Ill) is clag®@d as in Group D (See Appendix A) (U.S. EPA IRIS,
2012).

Copper (Cu): Copper is also an essential micronutrient for hisn&towever, some adverse effects
can be seen when excess or deficient amounts giec@ve in human body. Copper contamination is
mainly due to corrosion and leaching of plumbingjngs, fungicides and wood preservatives. In



addition, electronic, plastics, plating, paper,titex printing industry are also main sources (EU
Commission, 2001).

After single oral exposure of copper, metallic éastpigastric pain, headache, nausea, dizziness,
vomiting, haematuria, massive gastrointestinal dilegg liver and kidney damage, and death have
been reported (International Programme on ChenSed¢ty, 1998). Kidney and liver damage can
also be seen due to long term (chronic) exposuaraddition, in high levels of exposure, anemia can
be seen (New Hampshire Department of Environm&galices, 2005).

For carcinogenic effects, no human data is avalabld animal data is inadequate to determine
carcinogenicity of copper (U.S. EPA IRIS, 2012)SUEPA classifies carcinogenicity of copper in
Group D (See Appendix A) (New Hampshire DepartnoériEnvironmental Services, 2005).

Lead (Pb): Lead may enter wastewater treatment processesldyiping systems, old paints,
batteries, solder, cable covering and PVC piping Eommission, 2001).Lead has adverse effects
such as neurotoxicity, developmental delays, ingghirearing acuity, impaired hemoglobin synthesis,
increase in blood pressure, decrements in glomefiltiation rate, colic (abdominal pain, cramps,
nausea, vomiting etc.), male reproductive impairmneffiect on kidney functions and mortality due to
cerebrovascular disease in long term exposuregad Workers) (U.S. EPA IRIS, 2012; U.S. EPA,
2007a). In addition, some neurodevelopmental effeatusculosketal effects, hepatic effects, and
renal effects may also be seen.

Lead mostly affects children due to their hand-touth behavior. The exposure risk is very high for

children (U.S. EPA, 2007a). Neurological effectxtsias dizziness, malaise, forgetfulness, and
headache are seen in children. In addition, legb®xe may change hematological system. It may
results in skeletal maturation, occurrence of desddes and periodontal bone loss on children (U.S

EPA, 2007a).

Lead is classified in Group B2 (See Appendix Axsithere is sufficient animal evidence. Increase in
renal tumors was observed in studies on rats. Hekéwman evidences are not adequate. All related
studies on humans do not have exposure informationdose-response relationships (U.S. EPA IRIS,
2012).

Mercury (Hg): Mercury is a toxic and nonessential element for &osn In biosolids, mercury is
assumed to be in the form of mercuric chloride (Hg(National Research Council, 200R)ercury

can be included in thermometers, dental practicklspaints and pesticides, caustic soda solutions,
wood preservatives, electrical equipment productod finally transferred to sewage sludge (EU
Commission, 2001).

Mercury has non-cancer effects on humans. As aeffiéets, skin irritation, dermatitis, corrosion of
mucous membranes and digestive tract, gastroinéddtiact, kidney damage, and death may be seen
in humans due to exposure to this compound (U.2, BER94c).As chronic effects, kidney damage,
increased salivation, inflammation in gums, blaok$ on the teeth, renal damage, and pink disease i
children are the possible diseases (U.S. EPA, 1904jdition, in terms of its carcinogenic health
effects, mercury is classified in Group C (See Amjie A). There is lack of data on human and
limited data on animals (rats and mice). In animalmors and adenomas in thyroid follicular cell,
papillary hyperplasia and squamos cell papillormesal adenomas, and tumor have been observed
but the studies are inadequate (U.S. EPA IRIS, R012

Nickel (Ni): Nickel is a micronutrient which is essential fomfman body in small amounts. Nickel in
sewage sludge is due to food processing, sanitestaliations, rechargeable batteries, protective
coating, corrosion of equipment of launderettesyejiery shops, and electroplating shops (EU
Commission, 2001).

As other micronutrients, Nickel has adverse effecthuman health when exposed at large amounts.
Among non-carcinogenic effects, decrease in orgah leody weights, neonatal mortality, chronic
dermatological (nickel dermatitis, hand eczemakpiratory (asthma, nasal septal perforations,
chronic rhinitis and sinusitis, chronic respiratdract infections), endocrine (hyperglycemia), and
cardiovascular effects can be seen due to high éfexposure to nickel. In addition, acute effeats
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seen due to the most toxic nickel containing comglanickel carbonyl Ni (CO) The effects are chest
pain, dry coughing, hyperpnoea, cyanosis, gasesimal symptoms, sweating, visual disturbances,
and weakness (US EPA, 1986).

For carcinogenic effects, soluble salts of niclkaldinot been analyzed. Only three compounds, nickel
refinery dust, nickel carbonyl and nickel subsdfiare classified as carcinogens. Nickel refinerst du
and nickel subsulfide are classified as Group A aiettel carbonyl is classified as Group B2 (See
Appendix A) (U.S. EPA IRIS, 2012; U.S. EPA, 1986).

Zinc (Zn): Zinc is an essential trace element for humans. dniimportant constituent for enzymes
and proteins (Hambridge al,, 1987 cited in Epstein, 2003). In addition, kda part in DNA and
RNA synthesis and cell proliferation (U.S. EPA IRE®12). Zinc and its compounds are detected
in sewage sludge due to domestic sources suchragsiom and leaching of plumbing, water-
proofing products, anti-pest products, wood prestires, cosmetics and pharmaceuticals and
commercial sources such as galvanization proceaBieg,production, battery production, building
materials, plastics, rubber, fungicides, papetjles; and dentistry (EU Commission, 2001).

Insufficient or excessive intake of zinc may resaladverse effects on humans. According to the
studies, excessive oral intake of zinc may resultdécrease in erythrocyte Cu-Zn-superoxide
dismutase (ESOD) activity, copper deficiency, abohaincramps, vomiting, nausea, and low HDL
level (U.S. EPA IRIS, 2012). For inhalation expasunetal fume fever symptom followed by flu-
like symptoms, chills, fever, profuse sweating, dede, and weakness may be seen as acute
effects (U.S. EPA, 2005b). For carcinogenicity afczexposure, adequate human studies are not
available (U.S. EPA 2005b).

2.5.2. Health Effects of Organic Pollutants on Humas

From among the seven trace organic contaminants, ntbst commonly found and currently
analyzable in the laboratory of METU Environmeriadgineering Department are also included in
the health risk calculations during this study. Sdhehemicals are PCBs and Nonylphenols. Below, a
brief discussion of health effects of these chehriage included.

PCBs: Polychlorinated biphenyl is a group of synthetiganic chemicals. PCBs do not have a natural
source in the environment. They were used mainlytransformers, capacitors and electrical
equipment due to their good insulation propertiethe past. They have many carcinogenic and non-
carcinogenic health effects on humans and othergigrganisms (ATDSR, 2000).

According to studies conducted on humans and asitoadletermine non-cancer effects of PCBs, it is
found that they have toxic effects on the immunstay (infection with the Epstein-Barr virus),
reproductive system (decrease in birth weight aestagional age), nervous system (learning deficits
and changes in activity), and endocrine systeme¢gffg thyroid hormone levels in infants) of
humans. In addition, dermal and ocular effectsrease in blood pressure and increase in serum
triglyceride and serum cholesterol levels due trdaasing levels of PCBs in serum are also seen in
humans (U.S. EPA, 2011).

PCBs are classified in Group B2 by U.S. EPA (Sepehgix A) due to their carcinogenic effects.
Human carcinogenicity data is inadequate but sugyge$or carcinogenicity of PCBs. There are
studies conducted on workers to determine the mageinicity of PCBs. Gastrointestinal tract cancer,
hematologic cancer, liver cancer, and gall bladckmcer have been observed in humans during
studies. In addition, due to transformation of PCB#& chlorinated dibenzofurans, a highly
carcinogenic chemical, cancer incidents can besttdzack to PCBs. In Japan and Taiwan, due to
consumption of rice oil containing PCBs, liver canbas been observed since heating up of rice oil
results in formation of chlorinated dibenzofurabkS. EPA IRIS). Tumor promoting activity is also
observed in PCB mixtures and congeners (U.S. ER96)L

Although human data is considered as inadequatmahrmata is sufficient for carcinogenicity of
PCBs. There are studies on rats showing the inceleri cancer risk. Increasing in incidence of
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adenomas and tumors in livers and thyroids has besarved during studies on rats (U.S. EPA IRIS,
2012).

NPEs: NPE is the summation of nonylphenol (NP) and nomgimlethoxylates with 1 and 2 ethoxy
groups. Nonylphenolpolyethoxylates (NPEOs) are omdé the two sub-classes of
alkylphenolpolyethoxylates (APEs). NPEOs are kndwmegrade rapidly in nature, which proceeds
by the removal of one ethoxy group from the molecurhe final products of degradation are
nonlyphenols (NPs). NPEOs are used in many indisssuch as textile processing, pulp and paper
processing, paints, resins, protective coatingsami gas recovery, steel manufacturing and power
generation. In addition, NPEOs are also used inséloolds as cleaning products, cosmetics and
paints. Due to their widespread use they are reteago the environment by wastewater treatment
plant effluents. They have some health effects amdns and other living organisms (Canada
Environmental Protection Act, 2001).

Data on non-carcinogenic effects for humans arg kmeited. Acute toxicity due to oral and dermal
exposure is low. NPs may cause irritation and &ioro (irreversible damage) to skins and eyes on
humans but they do not have a high potential fam sknsitization that lead to an allergic response
after exposure (U.S. EPA, 2010 & UNECE, 2004). Feproductive and developmental effects,
human data are very limited. There is a study gos&d children showing puberty at an early age due
to NP exposure (California Environmental Protectidgency, 2009). For NPEOs, some non-
carcinogenic effect data are available for humalmnylphenol-4-polyetoxylate exposure may cause
erythema. Nonylphenol-9-polyetoxylate may causegeoital malformations; however, the weight of
evidence is very limited. In addition, other norhymolpolyethoxylates (NP6EO, NP10EO and
NP12EOQO) may cause contact dermatitis and contamtbplnsitivity (CEPA, 2001).

Apart from acute effects, NP and NPEOs cause estiogesponses in aquatic organisms and may
have reproductive effects (CEPA, 2001). They imterfwith estrogenic hormones such as oestradiol,
which is an important hormone for female sex charéstics and sex organs (Warhurst, 1995). In
addition, alkylphenolethoxylates containing nongpbls and octylphenols may mimic natural
hormones by interaction with the estrogen recefong et al, 2002).

Since the non-carcinogenic data is very limitediHfamans, the animal data become more important.
The effects of NP on animals are more evident. dlBcutely toxic to fish, invertebrates and algae
(CEPA, 2001). Excessive salvation, diarrhea, lethaerosion of stomach mucosa, skin and eye
irritation and irritation of respiratory tract haumeen observed in laboratory animals (European
Chemicals Bureau (2002). As reproductive and dewekntal effects, decrease in male sex hormone
testosterone and increase in uterine weight anderagfivity may be observed (California
Environmental Protection Agency, 2009). In additi@xposure to NP of laboratory animals may
cause changes in estrous cycle length, timing gineh opening, ovarian weight and sperm count (US
EPA, 2010). There is some evidence showing NP lraneune effects in animals. In addition, NP
may cause nervous system effect such as neurodatjene(California Environmental Protection
Agency, 2009).

The carcinogenic effects of NP on humans are natable. In very low concentrations of NP (as 200
ug/l), human breast cancer cell growth is affecétithurst, 1995). On the other hand, genotoxic or
non-genotoxicmechanisms causing cancer are cossides low due to NP being unlikely to be
mutagenic (European Chemicals Bureau, 2002). The al® limited, so there is no clear evidence
whether NP is carcinogenic or not.

2.6. Health Risk Assessment Methodology

Health risk assessment can be defined as the n@tdgyd which estimates the impact of
environmental pollution on the health of exposegytation (World Health Organization, 2004). It
includes four main steps (Figure 2.3) (Nationaldesh Council, 1983).

In Hazard Identification contaminants that pose a health hazard to huarachgheir possible health
problems are identified (U.S. EPA, 2005a) Dose-Response Assessnaotential risks to humans at
different exposure levels of interest are evaluaeds. EPA, 2005a). IrExposure Assessment
magnitude, frequency, duration and route of exposwe identified (U.S. EPA, 1988). Finally,Risk
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Characterizationthe information from previous steps are put togetherder to provide qualitative
and quantitative expressions of risk (National Resde Council, 1994).

Hazard
Identification

Dose-Response
Assessment

What health problems ':E:-’ What are the health
are caused by the problems at different

pollutant? axposuras?

Risk
Characterization
What is the extra risk of|
health problems in tha

Exposure exposed population?
Assessment
How much of tlla:rnllul:ani
to during

are people expose
a specific time pariod? How
many people are exposed?

Figure 2.3: Steps of Health Risk Assessment (U.S. EPA, 2013a).

2.6.1. Health Risk Assessment for Land Applicationf Biosolids in Different Countries

Due to a number of pollutants present in biosolfisalth risk-based studies need to be carried out
before biosolids are applied to the land to prewasiverse health effects (National Research Council,
2002).Various studies on risk assessment for lgmplication of sewage sludge have been conducted
in the world. The oldest and one of the most extenstudies was conducted by U.S. EPA in 1993
(Part 503 Rule).In Part 503 Rule, U.S. EPA’s heelhk assessment procedure was followed in order
to determine risk-based pollutant limits for heawgtals associated with land application of biosolid
(U.S. EPA, 1995). Then, these pollutants limitsevget into Part 503 Rule.

In France, INERIS (Insitut National de I'Environnent Industriel et des risqué) prepared a document
called ‘Public Health Risk Assessment of Sludged &preading’ in 2008 for European Federation
for Agricultural Recycling (EFAR). The study aime give a quantitative risk assessment
methodology for sludge land spreading by clasgisél assessment methods in accordance with the
sludge land spreading regulatory considerationshivthe scope of the study, health risks assatiate
with land spreading of sludge were calculated lier pathways related to inhalation and ingestion and
the health risks were found to be at acceptableldefor each receptors which are farmers, adulis an
children (INERIS, 2008).

In Norway, the Norwegian Scientific Committee foodd Safety (VKM) prepared a health risk
assessment report named ‘Risk Assessment of Camatsiin Sewage Sludge Applied on Norwegian
Soils’ in 2009 including risks for heavy metalsganic pollutants, and pharmaceuticals due to use of
sewage sludge on agricultural land and park arE®( 2009). The health risks were calculated for
soil environment, aquatic environment, food prodgcanimals and humans (adults and children).
According to the results of the study, all riskghe receptors given above were considered towe lo

Apart from these studies, there are further studieted to ecological and health risk assessment
associated with land application of biosolids fogamic pollutants such as linear alkyl benzene
sulfonate (LAS) (Schowaneét al,2007; Wolf and Feilfel, 1998), polybrominated ligmyl ethers
(PBDEs) (Yanget al,2007; Cincinelli et al,2012), nonylphenol and nonylphenolethoxylates
(Gonzalezt al, 2009) and persistent organic pollutants (POPa}guellet al, 2010).

In Turkey, there are some studies related to he#@th assessment associated with inorganic and
organic pollutants. Health risk assessment of tedements on ingestion of soil (Guneyal, 2010),
exposure and risk assessment of black tea in tefiinace elements (Sofuoglu and Kavcar, 2008) and
exposure and risk assessment for ingestion of ihgntvater (Kavcaret al, 2009) are some of the
studies conducted in Turkey. However, no studidated to health risk assessment for land
application of biosolids have been found. This gtains to fill in the gap on health risk assessment
for land application of biosolids in Turkey and ttetermine health risks associated with land
application of biosolids originating from a metrditen city. In the following sections, the two
different approaches (U.S. EPA and INERIS) usethimstudy are explained in detail.

13



2.6.1.1. U.S. EPA Health Risk Assessment Procedute Land Application of Biosolids

U.S. EPA’s health risk assessment procedure faoltiids includes four main steps (U.S. EPA, 1995)
as explained above. Each one of these steps indpplication of biosolids context is explained in
detail in the following sections.

Hazard Identification

Identification of pollutants is an important step the risk assessment procedure. Intra-Agency
Biosolids Task Force listed 200 pollutants for eaviin 1984 considering the available data on human
exposure and health effects, effects on animalkiding domestic animals, wildlife and plants,
phototoxicity, plant uptake and pollutant occurrerfeequency in the biosolids. After listing 200
pollutants, they were eliminated according to thebpbility of toxicity, the likelihood of human and
environmental exposure, exposure data and professjodgment. After elimination, 50 pollutants
were chosen to be reviewed further (U.S. EPA, 1995)

After reviewing 50 pollutants for further considiéoa, the ratios of estimated concentrations of
pollutants in environment (soil, plant or animadstie, water or air) to lowest concentrations of
pollutants toxic to organism for each pollutant evealculated (U.S. EPA, 1995). The ratios with
values less than 1 were eliminated and remainitigtpats were ranked through a ranking process in
order to determine a priority list. Finally, 24 haénts were chosen for land application of biafwoli
(Table 2.5) (U.S. EPA, 1995).

Table 2.5:Chosen Pollutants for Land Application after Halz8haracterization (U.S. EPA, 1995)

Organics Inorganics
Aldrin/dieldrin Arsenic
Benzene Chromium
Benzo(a)pyrene Cadmium
Bis2(ethylhexyl) phthalate Chromium
Chlordane Copper
DDT/DDE/DDD Mercury
Heptachlor Molybdenum
Hexachlorobenzene Nickel
Hexachlorobutadiene Selenium
Lindane Zinc
N-Nitroso-dimethylamine

PCBs

Toxaphene

Trichloroethylene

The Rule is reviewed biennially and inclusion ofiwas pollutants found in biosolids is evaluated
through assessing available data on pollutantseterchine whether exposure and hazard screening
assessment can be conducted or not. If data afitaldeafor pollutants, the human health and
ecological hazard screening assessment are coddaci potential risks are determined. Three
biennial reviews (in 2003, 2005 and 2007) have lemucted until now and no new pollutants have
been added to the rule.
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Exposure Assessment

Exposure assessments were conducted for all thepesdl methods: land application, monofilling
and incineration. In this study, only exposure ass®nt for land application of biosolids is diseass

The following receptors and pathways are considéethnd application of biosolids

Receptors:

Both human (child, home gardener) and ecologiceg¢p®ors (soil organisms, animals, and plants)
were considered for risk assessment studies of d@pdication. In human health risk assessment of
land application of biosolids, highly exposed indisal (HEI) was used as the receptor. HEI is
defined by U.S. EPA as “an individual who remaias dén extended period of time at or adjacent to
the site where the maximum exposure occurs” (UFA,E.995).

Pathways:
An exposure pathway can be identified as a indaliduechanism by which a population may be

exposed to the pollutants (U.S. EPA, 1988). In Ba& Rule, a total of 14 pathways were considered.
Each one of these pathways and associated recepgossmmarized in Table 2.6.

Table 2.6 Summary of Exposure Pathways and Receptors 8dlegtU.S. EPA (U.S. EPA, 1995)

Pathway

Receptor

1.Biosolids—Soil—Plant-Human
2. Biosolids—Soil —Plant—Human

3. Biosolids—Human

4, Biosolids—Soil —»Plant—Animal
—Human
5. Biosolids—Soil— Animal —Human

6. Biosolids—Soil —Plant—Animal

7. Biosolids—Soil— Animal

8. Biosolids—Soil —Plant

9. Biosolids—Soil — Soil -Organism

10. Biosolids—Soil — Soil — Organism

—Soil —» Organism— Predator

11. Biosolids—Soil —Airborne Dust
—Human

12. Biosolids—Soil —Surface Water
—Human

13. Biosolids—Soil —Air —Human

14. Biosolids—Soil— Groundwater>
Human

Human (except home gardener) lifetime ingestioplats
grown in biosolids-amended soil

Human (home gardener) lifetime ingestionlaf{s grown in
biosolids-amended soil

Human (child) ingestion biosolids
Human lifetime ingestion of animal products (anisnaised on
forage grown on biosolids-amended soil)

Human lifetime ingestion of animal produetsifhals ingest
biosolids directly)

Animals lifetime ingestion of plants grown biosolids-amended
soil)

Animals lifetime ingestion biosolids

Plant toxicity due to taking up biosolidslptdnts when grown
in biosolids- amended soils

Soil organism ingesting biosolids/ soiktoie

Predator of soil organism that have been exposeisolids-
amended soil

Adult human lifetime inhalation of particles (ttacdriver tilling
a field)

Human lifetime drinking water and ingesting fismtaining
pollutants in biosolids

Human lifetime inhalation of pollutants i$&dlids that
volatilized to air

Human lifetime drinking well water containing patnts from
biosolids
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Dose-Response Evaluations

In this step, U.S. EPA used reference dogefD] and cancer potency factorg;) in order to
determine toxic effects of pollutants on humayis are used to evaluate human cancer risks when the
receptor is exposed to a pollutant during 70 yéttsme. Cancer potency factors can be determined
using most sensitive animals in laboratory expent®end conservative extrapolation of data from
high doses of animals used in laboratory experimémtiow dose of human exposuR¢.D can be
defined as the daily oral exposure dose to the hupwpulation that is likely to be without an
appreciable risk of adverse effects during a lifietiand used for non-cancer risk assessments (U.S.
EPA, 2013h)Both RfD andgq; values for pollutants selected in the study amElable in U.S. EPA
IRIS database.

Risk Characterization

In risk characterization, first, risk-based polhittdimits were defined for each pathway and each
pollutant by U.S. EPA. Pollutant limits were namasl RSC (Reference Pollutant Concentration in
Biosolids) or RR (Reference Cumulative Application Rate of PolltifaiRSC is defined as ‘the
pollutant concentration in biosolids that can bgested without adverse effects’. RPB defined as
“the cumulative amount of pollutant that can beliggpto a hectare of land without adverse effects”
(Table 2.7). RSC and RRalues were calculated for each pathway for lglieation of biosolids.
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After calculation of RSC and RP values for eaclhpaly, the lowest risk-based pollutant limits were
selected comparing the results of all pathwayspfatutants. Risk-based pollutant limits and most
limiting pathways values are presented in TableTA®8 pollutant limit values are both given as.RP
and RSC. RPvalues can be converted into RSC values assurhatgatpplication rate is 10 tons

biosolids /year.ha and land application lasts i@ gears (U.S. EPA, 1995)

Table 2.8:Pollutant Limits and Limiting Pathways for Biosdididentified in Land Application (U.S.
EPA, 1995)

Limiting Pathway Pollutant Limit Pollutant Limit
Pollutant (as RR) (as RSC)
(kg-poll./ha) (ug-poll./g-biosolids DW)

Arsenic Child Eating Biosolids (3) 41 41
Cadmium Child Eating Biosolids (3) 39 39
Chromium Plant Phytotoxicity (8) 3000 3000
Copper Plant Phytotoxicity (8) 1500 1500
Lead Child Eating Biosolids (3) 300 300
Mercury Child Eating Biosolids (3) 17 17
Molybdenum Animal Eating Feed (6) 18 18
Nickel Plant Phytotoxicity (8) 420 420
Selenium Child Eating Biosolids (3) 100 100
Zinc Plant Phytotoxicity (8) 2800 2800
PCBs Adult Eating Animal Products 4.6 4.6

(animal ate biosolids) (5)

In Part 503 Rule, four different types of pollutdintits are given (Table 2.9). Cumulative Pollutant
Loading Rates (CPLRs) are pollutant limits calcedain risk assessment study for biosolids land
application. These pollutant limits are only apgli® biosolids applied in bulk. Annual Pollutant
Loading Rate (APLR) values are derived from CPLRu&s. These values can be found dividing
CPLR values by 20 assuming that 20 applicationsdaree at the same rate to a site. APLR limit
values are applied to biosolids that are sold wemgiaway in bags or other containers. Finally, i6gil
Concentration Limit indicates maximum allowable centration that can be applied to lands. These
concentration limits were taken from National Sledgurvey (NSSS) which was conducted by U.S.
EPA in 1990 to identify the type of pollutants et in sludge (U.S. EPA, 1995). Ceiling
Concentration limits were put into the Part 503eRil order to prevent biosolids having high metal
concentrations. Finally, pollutant concentratioimsits were directly taken from risk assessment
results as stated above (U.S. EPA, 1995).

According to the Part 503 Rule, bulk biosolids @selids sold or given away in a bag or container
cannot be applied to land if one of the ceilingaamntration limits has been exceeded. Bulk biosolids
cannot be applied to agricultural land, forestualig contact site, or a reclamation site if anythodé
CPLR limits has been exceed or any of the polluticentration limits has been exceeded. In
addition, it cannot be applied to a lawn or a hayaeden, if any of the pollutant concentration Isnit
has been exceeded. On the other hand, biosolidsosajiven away in a bag or container cannot be
applied to land if any of the APLR limits has baeached or any of the pollutant concentrations has
been exceeded.
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Table 2.9:The Part 503 Rule Concentration Limits (U.S. EP299)

CPLR APLR Limit Ceiling Concentration Pollutant Concentration
Limit (kg poll./halyear, Limit Limit
(kg poll./ha, DW) (mg-poll./kg biosolids, (mg-poll./kg biosolids, DW)
DW) DW)
Arsenic 41 2 75 41
Cadmium 39 2 85 39
Chromium - - - -
Copper 1500 75 4300 1500
Lead 300 15 840 300
Mercury 17 0.85 57 17
Molybdenum 18 75
Nickel 420 21 420 420
Selenium 100 5 100 100
Zinc 2800 140 7500 2800

The risk assessment for organics were evaluatedhdituincluded in Part 503 Rule document since
their use were banned or restricted in United StéteS. EPA, 1995). In addition, the concentration
of organics in biosolids were very low and the tgrof these pollutants were not likely to be exeskd
when applied to land, incinerated or removed afasardisposal (U.S. EPA, 1995).

Equations Used in Risk Characterization

In U.S EPA’s approach, as stated before, 14 patbwasre evaluated. For each pathway, different
equations were used to determine pollutant limitcemtrations (U.S. EPA, 1995).In this study, only
Pathway 3 (child ingestion biosolids) was used tueeing one of the most limiting pathways in U.S.
EPA’s method (U.S. EPA, 1995). In addition, theestpathways were not assessed due to lack of
site-specific data (See Section 3.2.1.2 for disons#n detail). The reason for this is only the
equations of Pathway 3 for both cancer and nonerangks are given in detail.

Non-Cancer Risk Equations for Child Ingesting BiasPathway

Non-cancer health effects were evaluated througlazard IndexI) value (U.S. EPA, 1995).In the
study of U.S. EPA,HI’ term was used in order to define ‘the ratio of fiotential exposure to the
substance and the level at which no adverse effaetsexpected’ (U.S. EPA, 2013d)! can be
determined using the following equation (U.S. ER895):

HI = CixIs*DE*RE
' RfDy*103+BW (2.1)

HI;: Hazard Index of pollutarit

Ci: Concentration of the pollutanin biosolids (mg pollutant/kg biosolids)
Is: Ingestion rate of biosolids by a child (g biosoldsy)

RfD: Oral Reference Dose of pollutalfing pollutant /kg BW.day)

BW Body weight of a child (kg)

DE: Exposure duration adjustment (unitless)

RE: Relative effectiveness of ingestion exposure (@8

10% Unit conversion factor (g/kg)

In the Equation 2.1, for body weight (BW) of a chill6 kg was taken (U.S: EPA, 1995). Moreover,
ingestion rate of biosolids was taken as 0.2 g(tla$. EPA, 1992). Relative effectivene®&E] is the
differences of toxicological effects of pollutanttie to route of exposure such as ingestion or
inhalation. However, it was taken as 1 since theidamited information for deriving the value (U.S.
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EPA, 1992). In addition, for Exposure Duration AstimentDE), there was no EPA-approved method
to adjust exposure duration with respecRjtDs (based on lifetime exposure). So, it was set i 1
EPA Part 503 Rule (U.S. EPA, 1992).

Cancer Risk Equations for Child Ingesting BiosoRihway

Cancer health effects were evaluated througksa value and calculated by the following equation
(U.S. EPA, 1995):

Ci*Is = DE = RE * q1,
BW =103 (2.2)

RiSki =

Risk Cancer Risk of pollutant

Ci: Concentration of the pollutahin biosolids (mg pollutant/kg biosolids)
Is: Ingestion rate of biosolids by a child (g biosoldtsy)

. : Cancer potency factor of pollutantmg pollutant /kg BW.day)

DE: Exposure duration adjustment (unitless)

RE: Relative effectiveness of ingestion exposure (@)

BW Body weight of child (kg)

10% Unit conversion factor (g/kg)

In the formula for cancer risk calculation, for odeight (BW) of a child, 16 kg was taken and
ingestion rate of biosolids was taken as 0.2 g&kg@.S. EPA, 1992). RE value was set to 1 due to
the same reason witth! formula. FOrDE, 5 years of exposure in life-time span (70 yeaa3 taken
and set as 0.0714 (5 years/70 years).

Risk levels are suggested by U.S. EPA betweef dfd 1C° in establishing various regulations

(National Research Council, 2002). For land appibn of biosolids, risk level was suggested by
U.S. EPA as 16 (U.S. EPA, 1995). It means that there is a 1 iB0LBhance of highly exposed

individual getting cancer (U.S. EPA, 1995).

2.6.1.2. INERIS Public Health Risk Assessment Studyf Sludge Land Spreading

INERIS conducted a public health risk assessmeitysin 2008 aiming to evaluate health risks for
sludge land spreading according to regulatory aspée the study, pollutants and suggested limit
values for sludge provided in Proposal for a Dikecbf the European Parliament of the Council on
Spreading Sludge on Land (CEC, 2003) were takem éonsideration for the assessment. By this
way, pollutants and suggested limit values werduewad in terms of their relevance with health
concerns due to sludge land spreading (INERIS, 2008

In the study, public health risk assessment wasuated for both threshold (non-cancer) and non-
threshold (cancer) effects. Threshold effects wadéned by INERIS as ‘the effects for which a
threshold of action exists and for which it is pbksto find a range of dose without effect’. It
corresponds to the non-cancer effects in U.S. ER#fthod. On the other hand, non-threshold effects
were defined by INERIS as ‘the effects for whicmadhreshold of action exists and for each dose,
probability of risk exists’. It corresponds to caneffects in U.S. EPA’s method.

During health risk assessment, four steps (i.ébstsmce selection, toxicity evaluation, exposure
evaluation and risk assessment) were followed RN in conducting risk calculations (INERIS,
2008). These steps are analyzed in detail in thewfing sections.

Substance Selection

In substance selection, the pollutants were chiveem CEC (2003) as stated above. The selected
pollutants are given in Table 2.10 (INERIS, 2008).
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Table 2.10:Pollutants Evaluated by INERIS (INERIS, 2008)

Organics Inorganics
PAH Cadmium
Benzo(a)pyrene Chromium
PCBs Copper
PCDD/PCDF Mercury
NPE Nickel
LAS Lead
Zinc

Toxicity Evaluation

In this step, INERIS identified Toxicological Redeice Values T(RVs) for both threshold (non-
cancer) and non-threshold (cancer) effect&RV” is both used for threshold and non-threshold
effects, however; they do not have the same valllBg.values for threshold effects are used to
determine the threshold effects of a pollutant eemdl be considered & D values used in U.S. EPA’s
method. On the other hanBRV values for non-threshold effects are used to ealbhuman cancer
risks and can be considered@svalues used in U.S. EPA’s method.INERIS identiff®l/ values

for both threshold and non-threshold effects fgestion and inhalation pathways and used them for
the calculation of health risks (INERIS, 2008). E@rmal pathway, n@RV values were suggested
due to lack of toxicological data and risk calcigias were not calculated for this pathway.

Exposure Evaluation
In exposure evaluation, the possible receptorywmts and the substance concentration in sludge
were discussed by INERIS. In addition, exposuraipaters and exposure equations were defined in

order to calculate risks for each pathway and recgNERIS, 2008). Detailed information is given
in the following sections.

Receptor and Pathway Determination

Receptors and pathways identified by INERIS aregiwvn Table 2.11.

Table 2.11The Selected Pathways and Receptors by INERIS (INEFD08)

Pathway Receptor

Soil - human (ingestion) Neighbors, Farmers

Soil - human (inhalation) Neighbors, Farmers

Soil - human (dermal contact) Neighbors, Farmers

Soil — terrestrial animals> human(ingestion) Consumers, Neighbors, Farmers
Soil — vegetables» human(ingestion) Consumers, Neighbors, Farmers
Soil— vegetables~ terrestrial animals> human(ingestion) Consumers, Neighbors, Farmers
Soil— water(ground/surface) terrestrial animals> Consumers, Neighbors, Farmers
human(ingestion)

Soil— water(ground/surface} vegetables» human(ingestion) Consumers, Neighbors, Farmers

Soil— water(ground/surface) vegetables— terrestrial animals Consumers, Neighbors, Farmers
— human (ingestion)

Soil — water (ground/surface}fish— human (ingestion) Consumers, Neighbors, Farmers
Soil— water (ground/surface} human (ingestion) Consumers, Neighbors, Farmers
Soil— water(ground/surface} human(dermal contact) Consumers, Neighbors, Farmers
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Substance Concentrations

Substance concentration is defined as the condiemtraf pollutant in soil which is mixed with sludg
after consecutive applications of sludge on langhsgance concentrations were used by INERIS in
order to calculate associated health risks duend lspreading of sludge. To determine substance
concentrations, both background soil concentratiohgollutants and pollutant concentrations in
sludge were taken into account. As pollutant cotreéions in sludge, the suggested limit values were
taken from CEC (2003). Furthermore, background soiicentrations were taken from database of
European Federation for Agricultural Recycling (E®Aand literature. Both soil and sludge
concentrations were assumed to be constant over(tMERIS, 2008).

According to INERIS, during land spreading of sladgludge is mixed with soil with a dilution factor
(DF). DF depends on the application rate of sludge, deptthefsoil, and bulk density of the soil
(INERIS, 2008). It can be calculated by the equmakielow (INERIS, 2008):

P Application Rate (2.3)
" Soil Depth * Soil Bulk Density

An application rate of 3 tons/ ha.yr, a soil deptt25 cm, and a soil bulk density of 1.3 ton$iwere
assumed by INERIS (INERIS, 2008). Usibg, diluted pollutant concentrations in sludge were
determined after 1 year of application. For cumwuatapplications, the diluted pollutant
concentrations were multiplied by total years oplajation to determine cumulative inputs due to
sludge land spreading. In the study of INERIS, &@arg of application was assumed to occur and the
concentrations reach the maximum level after 7@syehapplication (INERIS, 2008).

For some organic compounds such as NPEs, degradaties were taken into consideration as well

(INERIS, 2008). Substance concentration in yeadue to degradation can be calculated by the
following formula:

Xn = X, * e(~In@+m-1)/half-life) (2.4)

X,,: Substance concentration in yeafmg/kg)
X,: Substance concentration iff lear (mg/kg)

For NPE, half-life was assumed to be 0.41 years.F&@Bs and heavy metals, it was assumed that
degradation did not take place (INERIS, 2008).

After calculation of cumulative pollutant concettimas in sludge applied to soil considere# and
degradation, substance concentration were calculgt¢he equation below:

Substance Conc.= Cumulative Conc.of Sludge + Background Soil Conc. (2.5)

Exposure Equation for Child Ingesting Soil Pathway

For each pathway, different exposure equations weesl and Daily Exposure DosBHED) values
were determinedDEDcan be defined as the daily dose of a pollutantivis exposed by a receptor.
Within the scope of this study, the exposure equdtr only ingestion of soil by a child pathwaywa
considered (See Section 3.2.1.2FDfor the selected pathway can be calculated by ellewing
equation (INERIS, 2008):

Mingestedsoil*Ci*F
DED = —ltgesteasor “t -
BW

(2.6)
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DED: Daily exposure dose (mg/kg.day)

Mot ingestea: Mass of soil ingestion (mg/day)

C;: Concentration of substané€mg substance/kg soil)
F: Exposure frequency

BW : Body weight of child (kg)

In this equation, mass of soil ingestion was taker1 50 mg/day for child (INERIS, 2008). Substance
concentration i) were determined using cumulative sludge conc#oira and background soil
concentrations as stated above. Exposure frequ@fjcyas determined as 0.021 (INERIS, 2008).
This value was derived from an assumption statirag taily time exposure outside as 2 hours /day
and exposure day per year outside as 92 day/yeahifd.

Risk Assessment
Risk calculations were carried out by INERIS forttbohreshold effects and non-threshold effects

usingTRV's andDED values. In the following sections, equations usetsk calculations by INERIS
are given in detail.

Risk Calculation for Threshold Effects

Threshold effects were calculated through a haiatex (HI) value by the equation below (INERIS,
2008):

_ Daily Exposure Dose (DED)

TRVfor threshold ef fects

(2.7)

After calculatingHI for each pollutant, they were classified accordiagtheir target organs and
effects of pollutants and summed up according assification to determine cumulativd (3 HI) for
each receptor.Therj;HI was compared with ‘1’In this study, there was railable information to
conclude the target organs or effects of pollutafterefore, alHI values were summed up due to
lack of information and compared with ‘1’. Summing all HI values resulted in a conservative
approach which was accepted within the scope oftilngdy.

If ¥HI is less than one, it means adverse effects areamsidered to be significant, however, if it is
more than one, it is likely that the pollutant affereceptor adversely (INERIS, 2008).

Risk Calculation for Non-Threshold Effects

Risk calculation for non-threshold effects was base excess of riskER). It was calculated using
the following equation (INERIS, 2008):

ER = Daily Exposure Dose (DED) * TRV for non—threshold ef fects (28)

To determine cumulativéR value JER), ER values of each pollutant which have non-threshold
effects were summed up afER for each receptor was found (INERIS, 2008).For-tiorshold
effects the acceptable risk levelwas taken a¥(INERIS, 2008) which is smaller than the value used
in U.S. EPA approach (1) (U.S. EPA, 1992).

The results of the INERIS’s study stated that thenncontribution to the risk was coming from

ingestion of plants and animal products. In additieackground pollutant concentrations in soil and
food have more contribution when compared to paliitoncentrations in sludge limit values (from
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CEC, 2003). However, the risks due to threshold and-threshold effects were considered as
acceptable for each receptor (INERIS, 2008).

2.6.1.3. Comparison of U.S EPA and INERIS’s Methods

U.S. EPA and INERIS conducted health risk calcalaifor different purposes. U.S. EPA aimed to
determine risk-based pollutant limits to be putHart 503 Rule. Health risks of pollutants were
calculated for each pathway and each pollutanttaadowest pollutant limits for each pollutant were
selected as the risk-based pollutant limits. Ondter hand, INERIS aimed to calculate health risks
for the suggested limit values provided in CEC @08nd to evaluated these limit values in terms of
relevance with health concerns due to sludge landasling. For Threshold (non-cancer) risks were
summed up for each receptor (in terms of chemiaats pathways) and a cumulative threshold risk
was determined. In addition, same calculations \atse conducted for non-threshold (cancer) risks.

Apart from differences in the purposes and methofishe studies, health risk calculations for
exposure pathways have also some differences. HHeigk calculations for ingestion by a child
pathway which is the concern of this study differ both methods. In U.S. EPA’s method, biosolids
which is undiluted is ingested by a child and pwlii concentrations in biosolids were taken into
account for health risk calculations. ConversedyNERIS’s method, soil which is mixed with sludge
is ingested by a child. For the calculation of Healsks, substance concentrations which are the
summation of background soil concentration of pgal and cumulative pollutant concentrations in
sludge were considered. For the calculation of dative sludge concentrations, dilution factor of
sludge, degradation of pollutants and total ye&rgpplication were taken into account. In addition
as another difference, for the calculation of Heakks, in INERIS’s method, an exposure frequency
was assumed. Such an assumption was not includbd Id.S. EPA’'s method aRE was set to 1.
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CHAPTER 3

MATERIALS AND METHODS

This part includes both experimental work and leagk assessment methodology followed in this
study.

3.1. Analytical Work

In this section, the area of the study, samplingtrpatment and analysis of sludge are discussed in
detail.

3.1.1. Area of the Study

Sludge samples were taken from Ankara Central Wt Treatment Plant. Monthly samples were
collected from January, 2012 to December, 2012riemto observe monthly variations in heavy
metal and organic contaminant concentrations idgguand time dependent variations in health risks.

Ankara Central Wastewater Treatment Plant was oacted and set into operation in 1997 with a
design capacity of 765,000°wastewater daily. It has main processes for wastiwreatment such
as preliminary treatment including screening antarambers, primary sedimentation tank, aeration
tank and secondary sedimentation tank (Figure 3FDr sludge treatment, raw sludge (sludge from
primary sedimentation tank and waste activated gduéfom secondary sedimentation tank) is
thickened in gravity thickener first, and then sfamred to anaerobic stabilization tank. After then
digested sludge is carried to the gravity thickesnad finally, it is dewatered by decanter centrifug
system (ASK, 2012).

Influent Primary Secondary Effluent
——»  Prmary [ Sedimentation Aeration | —# Sedimentation |———
Treatment Tank Tank Tank

Return Activated Sludge J

[——— Waste Activated Sludge

Thickening

I

Anaerobic
Digestion

l

Thickening

;

Dewatering [ Sludge Cake
(Centrifuge)

Figure 3.1: Flowchart of ACWWTP
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3.1.2. Sampling of Sludge

Dewatered sludge samples were taken directly fimenottlet of the centrifuge decanter system and
were carried to the laboratory in a cooler. Samplee put into freeze-dryer in order to achievediri
and homogenized samples. After drying, the samptae sieved with 1.7 mm-size sieve and stored
in amber-glass bottles.

3.1.3. Pretreatment and Analysis of Sludge

Before analysis of pollutants in sludge, some pegtment processes should be done. Heavy metals in
sewage sludge cannot be analyzed by atomic adsorpfiectrometry without acid digestion since
digestion transforms metals to free metal form wWwhitan be detected by atomic adsorption
spectrometry. In addition, digestion also helpsptevent interferences due to organic matter in
samples (APHA, AWWA, WEF, 2005).

PCBs and NPEs, on the other hand, should be renfoeedsludge solids by extraction methods in

order to be able to analyze their concentratiomghé following sections, pretreatment and analysis
methods for heavy metals, PCBs and NPEs are dedusgletail.

3.1.3.1. Total Solids Determination

For solids analysis, Method 2540 B (APHA, AWWA, WERO05) was followed and the results are

given in Table 3.1. Total solids are required tawet concentration units to mg/kg dry weight.

Table 3.1: Total Solids (%) of Dried Sludge Samples

Sampling Month (2012) Total Solids (TS%)
January 96.7
February 93.4
March 92.7
April 93.8
May 93.8
June 92.2
July 94.1
August 96.0
September 91.8
October 90.1
November 92.3
December 93.0

3.1.3.2. Acid Digestion and Atomic Absorption Analgis Procedure for Heavy Metals

For digestion of metals, nitric acid (HNQis usually chosen for easily oxidized samplesic8i

sewage sludge samples are difficult to be oxidine@rms of organic matter, perchloric acid (HQIO
addition to HNQ was selected to be used in the study as the @iggstocedure (Method 3030 H)
(APHA, AWWA, WEF, 2005).

For the digestion step (Method 3030H), initiallyplicate samples of 0.5 g dried sludge was weidhte
and put into a teflon beaker. Then, 10 mL of HN@as added to the teflon beaker and it was closed
by a teflon cap. After adding 10 mL of HNOthe teflon beaker was placed on the hot plate,
evaporated for 1 hour until the sample did not kboidl then, the teflon beaker was cooled down. 10
mL of HNO; was added again and evaporated for 1 hour. Thesr, @oling the beaker, 5 mL HCJO
was added to the beaker and evaporated until whitees of HCIQ appeared. After evaporation
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process, the sample was cooled down and filteredidityg coarse filter paper. Then, the digested
sample was poured into the 50 mL volumetric fldskally, sample was diluted to 50 mL with ultra-
pure water and mixed thoroughly. A flow chart of tigestion procedure is given in Figure 3.2.

Weigh sludge (0.5 g)
and put into teflon
beaker

A 4
Add 10 mL HNQ

Evaporate
(1 hour) Cool down
v
Add 10 mL HNQ

Evaporate
(1 hou) Cool down

Add 5 mL HCIQ,

Evaporate
(1 hour) Cool down

Filter

Liquid Phase

A 4

Dilute to 50 mL with
ultra-pure water and
stir

Figure 3.2: Flowchart for Nitric Acid -Perchloric Acid DigestioProcedure

After digestion, the samples became ready for haagtal analysis. In this study, for heavy metal
analysis except for Hg and Cd, flame atomic absomppectrometer (Perkin Elmer 400-AA Analyst)
was used. For Hg, an additional system (MHS-15) atteched to the Perkin EImer 400-AA Analyst.
For Cd analysis, a graphite furnace system (HGA) %0s attached to the Perkin Elmer 400-AA
Analyst to determine Cd concentrations in sludgefdas.

The working principle of atomic adsorption specteten is based on absorption of light due to
atomized element (Figure 3.3).First, test soluiaspirated by nebulizer to flame. Then, atonghbtli
beam coming from hallow cathode lamp is passedsactiee flame and goes to a monochromator.
Finally, sample is transferred to a detector whilgtermines the amount of light absorption by
atomized element included in the flame and absmmptiata is analyzed in data processor for
determination of concentration of the atomized een{APHA, AWWA, WEF, 2005).
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b onochrornator

Detector
Fa— - [renpimiiiey
Huallowy
cathode
lamp Flarne
MNebulizer Test
Solution

Processor
Figure 3.3: Schematic view of AAS (New Mexico State Universi?p12

In this study, for the analysis of five heavy nte{&r, Cu, Ni, Pb, Zn), first, air and acetyleravwes
were opened and a hollosathodelamp (specific for each heavy metal) was set, eandent anc
wavelength were arranged according to the heavalmetbe analyzed. It took -20 minutes fol
hallow cathode lamp to warm up and energy sourdeetbalanced. After, the flame was ignitecd
the system was waited for stabilization. At first, of blank sample (2% HN; v/v) and calibratior
standards using High Purity Standards, 27 were prepared. Calibration standards were pe€|
for 0.1 ppm, 0.3 ppm, 0.5 ppm, 1 ppm, 2 ppm, 3 ppnd < ppm. For each heavy metal to
analyzed, three calibration standards were usedr@iog to recommended conditions providec
software system of the analyzer.After blank anébcation preparation, blank sample was aspirate
the nebulizer and analgd. Calibration standards were also aspirated atibration curve wa
obtained. Correlations for calibration curve webserved between 0.999 and 0.995. After calibre
was done, triplicate samples were analyzed and efach sample AAS processed ficate
concentrations. By this way, for each sample, emgcentration values were measured. Betweer
samples, blank sample was aspirated to clean zebul\fter operation, analyzer and flame was
off, remaining gas was ejected, and acetylene ir flows were turned of{Method 3111B) (APHA
AWWA, WEF, 2005).

Hg concentrations in sludge samples were analyzéith wolc-vapor technique since
concentrations could not be detected with AAS fitddHS-15 Mercury/Hydride System was attact
to Perkin Elmer 403%A Analyst to be able to determine Hg concentragiomdigested samples. T
system includes a reaction system and quartz gstés (Perkin Elmer, 2012). The reaction sys
includes two flasks. One of them includes Ng (3% wi/v) which is ged as the reducing agent. 1
other one is for samples. As NaBid transferred to the sample flask with a connepipd, mercury
is reduced in its metallic state. After then, meycin metallic state is carried by argon gas to
quartz cell for analsis (Method 3112 B) (APHA, AWWA, WEF, 200

In the analysis, first, blank (1.5 % HCI v/v) araibration standards (High Purity Standards, 10-

1, 100pug/mL Mercury in 5%) were prepared. Calibration s@mls were prepared for 5 ppb, 10 |
and 20 ppb Then, AAS was turned on and source lamp wasexpémwarm up. At this time, argt
gas and air was turned on. After warm up, 10 mblahk sample was placed to the M-15 system.
Additionally, NaBH, was also placed to the system. N¢ was injected tadhe blank samp for 5

seconds and waited for analysis of the blank sanfdter that, three calibration standards (10 r
were analyzed with same procedure and the calibraturve with a correlation of 0.985 w
obtained. Finally, triplicate samplesOmL) were analyzedwith the same procedure. Just bel
analysis of samples and calibration standardsdome of KMnC, (5% w/v) was added to the samp
for stabilization After operation, analyzer, argon and air flows weir@ed off

Cd concentrations in sludge samples were also zedlyith a different technique which is HGA ¢
Graphite. HGA is used for electrothermal atomizataf pollutants which are below the detect
ranges of AAS. The main units of HGA system areaphite urnace with a power unit and -800
autosampler (Perkin Elmer, 2003). The working princijglehe similar with flame atomic absorptic
Only one difference is the use of graphite furnfceatomization rather than burner system inclu
in flame atomicabsorption. In graphite furnace, the samples aa¢eldemore than one stage. In
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first stage, graphite tube is heated and sampdiiésl at about 120 °C. In the second stage, organic
matter and other matrix components are destroyéu avhigher temperature (850°C) and in the third

stage; atomization for the element to be determimzxlirs at 1650°C. In the final step, the tube is

cleaned at 2400°C to be ready for next analysik{P&lmer, 2003; APHA, AWWA, WEF, 2005).

For the analysis, first, the AAS system, HGA systam cooling system were turned on. In addition,
the flow of argon gas was also turned on. Sounecw laf Cd was selected for the analysis and waited
for warm-up. The auto sampler was aligned beforalyars in order to prevent sticking of auto
sampler arm to the graphite tube or auto sampégr. thfter, the calibration standard was prepared
with High Purity Standards, QCS-27. The concergradf calibration standard was 5 ppb. Calibration
was done with three standards which were 1 pplpiBand 5 ppb. The analyzer was able to dilute
5ppb to 1 ppb and 3ppb.So, in the analysis, only calibration standard (5 ppb) was prepared. In
addition, blank sample (0.2 % HNOv/v) was also prepared. A matrix modifier was duge this
analysis to eliminate interferences. As matrix rfieds, Palladium and Mg (N£» were used and
prepared according to technical note provide bkiRdEImer. 5 mL Pd (1%) standard (Perkin Elmer)
and 3 mL Mg (NQ), (1%) were prepared for this analysis. Blank samptalibration standard,
matrix modifier, and samples were put into the asaonpler tray in order and the analysis was
conducted. First, blank sample and calibration ddats were measured and calibration curve was
formed with a correlation of 0.984. During samplelysis, the samples were diluted in the ratio of
1/20 automatically to be able to read by the amalyklethod 3113 B) (Perkin Elmer, 2003; APHA,
AWWA, WEF, 2005).

3.1.3.3. PCB Extraction and Analysis Procedure

A 0.5 g of freeze-dried sludge was added into an22glass vial. Glass vial was sealed with PTFE
screw cap. As extraction solvent, n-hexane was aseldextraction was carried out on a shaker by
shaking the samples for 16 hours. PCB analysisdeag with GC/ECD (Agilent/6890 N) and the
concentration was determined by the use of a pusiygprepared calibration curve. Other details of
the procedure can be found at Kaya (2012).

3.1.3.4. NPE Extraction and Analysis Procedure

A 0.5 g freeze dried samples was added into a 1Zmher vial. Then, the sample was extracted with
sonication based extraction method (5 min) usingta®e as solvent. In addition, samples were
derivatized by BSTFA +TMCS. For analysis, GC-MS weed. A previously prepared calibration

curve was used for the determination of conceminati NPE which is the sum of NP, NP1EO and
NP2EO was measured. Other details can be foundnar@lu (2012).

3.2. Health Risk Assessment Methodologies Follow&d This Study
Health risk assessment study for the land applinatif biosolids originating from ACWWTP was

carried out using two different methodologies aoahentioned above; U.S. EPA’s and INERIS's.
First, the health risk assessment study conduciearding to U.S. EPA’s methodology is explained.

3.2.1. Application of U.S. EPA’s Health Risk Assesgent Methodology for Sludge Samples of
ACWWTP

As mentioned in Section 2.6.1.1, this is a foupgieocedure. Below is a discussion of the work done
under this four-step procedure.

3.2.1.1. Hazard Identification

In the hazard identification step, the contaminasitsconcern (COC) needed to be selected and
identified. In this study, both heavy metals anaed organic pollutants were included within the
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scope of Turkish Regulation for the Use of Sewalgel@® in Agriculture (2010). Seven heavy metals
(Cd, Cr, Cu, Hg, Ni, Pb, and zZn) and two of theamig pollutants (PCBs and NPEs) which were
readily measurable in laboratories of METU Enviremtal Engineering Department were chosen.
The pollutants are listed in Table 3.2. The othexcd organic pollutants were not taken into
consideration since the equipments and methodbéainalysis were not available in the department.

Table 3.2 Pollutants Chosen in Hazard Identification

Inorganic Pollutants Organic Pollutants

Cd PCBs
Cr NPEs
Cu
Hg
Ni
Pb
Zn

3.2.1.2. Exposure Assessment

U.S EPA identified 14 pathways in total (See Tablg). Out of 14 pathways, Pathway 3 (child
ingesting biosolids) is one of the most limitinglpaays included in U.S. EPA’s method and also it is
the most limiting pathway for human health in teroidheavy metals (See Table 2.6). Most limiting
pathways in U.S. EPA’s study were chosen accortbnigwest-risk based pollutant limits for each
pollutant comparing all risk-based pollutant limfies all pathways (U.S. EPA, 1995). Pathway 3 does
not require any site specific parameters to calelthaalth risks. Therefore, Pathway 3 was seldoted
this study to calculate associated health riskslae application of biosolids.

One of the other limiting pathways (Pathway 8), abhis ‘plant phytotoxicity’ were not included in
this study. To calculate risks for Pathway 8, thodd phytotoxic concentration of pollutants in glan
tissue and uptake slope of pollutants should bevkndiowever, required data were not available
during the study. Additionally, this pathway detéres the toxic effects of biosolids application on
the growth of plants. Main goal of this study iseealuate possible health risks on humans. Thus,
Pathway 8 was not taken into account in this study.

In this study, the ingestion of biosolids by a dhilas assumed to last for five years and is adsacia
with two possible scenarios (U.S. EPA, 1992). Biiolsocan be ingested by a child from the surface
of land which biosolids are applied or can be itggdrom a bag or container near to land applicatio
area which includes biosolids. For both scenaribsyas assumed that biosolids is undiluted and
directly ingested by a child. It was also assuntet soil and other materials are not ingested by a
child during ingestion of biosolids(Figure 3.4).

SOURCE
BIOSOLIDS DUE TO
LAND
EXPOSURE
APPLICATION O RE Riﬁfgopg
SOURCE INGESTION
BIOSOLIDS IN

CONTANIER OR BAG

Figure 3.4: Conceptual Scheme of the Exposure Assessmentfud Application of Biosolids
Originating from ACWWTP with U.S. EPA’s Method
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3.2.1.3. Dose-Response Evaluation

In this study, for the calculation of non-canceks,RfD values (See Equation 2.1) were used. On the
other hand, for the calculation of cancer risksyalues (See Equation 2.2) were used. Heavy metals
and organic pollutants may have non-cancer andincer effects. For the selected heavy metals in
this study, only non-cancer effects are observedraling to US EPA IRIS database and for most of
the heavy metalBf D values are available (Table 3.3). For cop@iD) is not available in U.S. EPA
IRIS database. However, Recommended Dietary AlleedRDA) value for copper is determined as
0.125 mg/kg.day (U.S. EPA, 1992). This value wasduim this study as suggested by U.S. EPA
(1992). Additionally, for lead, there is riRfD value provided in U.S. EPA IRIS database and U.S.
EPA documents.

For organic pollutants including PCBs and NPEsretere noRfD values available in U.S. EPA’s
IRIS database or any U.S. EPA document. Therefame;scancer risk calculations were not conducted
for PCBs and NPEs. For cancer-risk calculatigfisis only available for PCB. Therefore, cancer risk
calculations were done only for PCB.

Table 3.3:RfD andq; Values of Heavy Metals and Organic Pollutants (EEBA IRIS and U.S.

EPA, 1992)

Pollutant RfD (mg/kg.day) q; (mg/kg.day)y*
Cd 0.001 -
Cr 15 -
Cu 0.125 -
Hg 0.0003 -
Ni 0.02 -
Pb - -
Zn 0.625 -
PCB - 7.7
NPE - -

-: data not available

3.2.1.4. Risk Characterization

In this study, both non-cancer and cancer risksewealculated in risk characterization step. As
discussed above, non-cancer risks were calculatedrly heavy metals except for Pb and cancer
risks were calculated only for PCBs.

Non-Cancer Risk Calculations

In this step of the study, for non-cancer risksgsquation 2.1H1 values were calculated. However,

in biosolids, there is more than one pollutant #relH/ values should be summed up to determine
the cumulative non-cancer effects. In U.S. EPAlggt pollutant limits were determined assuming
thatHI is equal to one for each pollutant. However, ddolids are ingested by a child, not only one
pollutant, all pollutants enter the body of theldhand the child is affected by all pollutants.

Therefore, non-cancer risks should be summed ug.BPA, 2007b). In this study, for a single

exposure pathway and multiple chemicals ‘Cumulativezard Index’ term was used with an

abbreviation o HI.
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Y'HI can be found using the formula below (U.S.EPA, 2007

YHI = Z HIj (3.1)
j=1

Wherej is chemical anch is the number of chemicals in the assessmtifvalue is analyzed
whether it is less than 1 or not.J#H]I is less than 1, adverse effects of concentratfdheopollutant
areconsidered to be insignificant for the recepBamversely, iy HI is more than 1, adverse effects
of the pollutant may be concern for the receptor. this situation, a more detailed analysis shdad
conducted for the determination of chemicals inalitdrives the risk indicator (U.S. EPA, 2007b).

For the calculation offl and}HI, assumptions used by U.S. EPA (1992) were appii¢lis study.
Soil ingestion rate was taken as 0.2 g/day and baalght of a child was taken as 16 kg. In addition,
DE andRE values were also taken as 1. As contaminant corateEms, the concentrations in sludge
samples of ACWWTP were used (Figure 4.1). For @dlly metals apart from Pb, thHé values were
calculated. The results arepresented and discusskedail in Section 4.2.1.1

Limit values provided in Turkish Regulation for thkise of Sewage Sludge in Agriculture (2010) were
also analyzed in terms of non-cancer effeéisand} HIvalues of this section are presented and
discussed in Section 4.2.1.3.

Cancer Risk Calculations

Risk valueswere determined by using Equation 2.2. $gjéstion rate was taken as 0.2 g/day and
body weight of a child was assumed as 16 kg. Furtbee, DE was taken as 0.0714 aR& was also

set to 1 as suggested by U.S. EPA (1992). The Rilikes are presented and discussed in Section
4.2.1.2.

As non-cancer risks, cancer risks also can be suhupeand cumulative cancer risk can be found.
The following equation is used for cumulative camigk calculation (U.S. EPA, 1989):

Risky = z Risk, (3.2)

Risky: the total cancer risk
Risk;: the risk estimated of th& substance

In this study, for cancer riskRisk was evaluated only for PCBs since only PCBsdjasalue among
other selected pollutants (See Table 3.3). Theegidtisk;values were not calculated for this study.

In addition to calculation of cancer risks of bitide originating from ACWWTP, PCBs limit value
provided in Turkish Regulation for the Use of Seev&judge in Agriculture (2010) was also analyzed
in terms of cancer effectBisk value for the PCBs limit value is presented arstulsed in Section
4.2.1.3

3.2.2. Application of INERIS’s Health Risk Assessnmé Methodology for Sludge Samples of
ACWWTP

In this study, as a second approach, the methatlhus&NERIS was followed and the following four-
step procedure was analyzed in detail.

3.2.2.1. Substance Selection

In this step, same methodology used in step 1 BA'& method was followed. Thus, the pollutants
given in Table 3.2 were selected as substancesnaicn.
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3.2.2.2 Toxicity Evaluation

For the selected heavy metals in this stdtR¥ for threshold (non-cancer) effects (mg/kg.day)ealu
are available and given in Table 3.4. However, tiwashold effects cannot be calculated for selected
heavy metals sincERV values for non-threshold effects (mg/kg.dagie not available.

For the selected organic pollutarif®Vs for threshold effects (mg/kg.day) are availabld #mweshold
effects were evaluated for PCBs and NPEs in thidystOn the other handRV's for non-threshold
(cancer) effects (mg/kg.day)are only available for PCBs (Table 3.4). Therefanon-threshold
effects were calculated only for PCBs.

Table 3.4: TRVs for Threshold Effects and TRVs for Non-ThrelshEffects of Selected Heavy
Metals and Organic Pollutants (INERIS, 2008)

Pollutant TRV for threshold effects TRV for non-threshold effects
(mg/kg.day) (mg/kg.day)*

Cd 0.001 -

Cr 1.5 -

Cu 0.14 -

Hg 0.0001 -

Ni 0.02 -

Pb 0.0035 -

Zn 0.3 -

PCB 0.00002 2
NPE 0.0045 -

3.2.2.3. Exposure Evaluation

Receptor and Pathway Determination

INERIS identified 12 pathways for land spreadingshfdge (See Table 2.8). In this study, out of 12
pathways, only one pathway, which is ingestionaif @mended with sludge by a child, was selected.
For other pathways, there were no available siezifip data to calculate associated health risks.

This pathway is different from the pathway choserJiS. EPA’s method in terms of source of the
exposure. In this pathway, child ingests soil mixéth sludge (Figure 3.5). On the other hand, m th
pathway of U.S. EPA’s method, the child ingestsblils directly without dilution.

SOURCE
SOIL MIXED WITH EXPOSURE PATHWA RECEPTOR
SLUDGE DUE TO INGESTION CHILD
LAND APPLICATION

Figure 3.5 Conceptual Scheme of the Exposure Assessmehafat Application of Biosolids
Originating from ACWWTP with INERIS’s Method
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Substance Concentrations

In this study, substance concentrations are cdtmllausing Equation 2.5. Background soil
concentrations are taken from the literature. Rilgi al(2002) provided two types of soil pollutant
concentrations (i.e. minimum and maximum) whichobgl to soils near ACWWTP (Table 3.5). In
this study, maximum concentrations were taken attoount to be more conservative. For PCBs and
NPEssoil concentrations are assumed to be zere smmeasurements are available.

Table 3.5:Background Soil Concentrations near ACWWTP (Bilgiral.2002)

Pollutant Minimum Soil Maximum Soil
Concentration (mg/kg) Concentration (mg/kg)

Cd 0.16 0.24

Cr 33.7 137

Cu 26.9 42.5

Ni 24.8 198

Hg 0.02 0.08

Pb 7.02 13.03

Zn 41.0 54.1

To determine cumulative sludge concentrations, tiditu Factor DF), degredation and cumulative
inputs of pollutants in sludge were taken into aetoln Turkey, land application of biosolids istno
very common and there is no data for land appbeatate for biosolids. To calculate Dilution Factor
(DF), same assumptions provided by INERIS (2008) wsed and application rate was taken as 3
tons/ha.year, Additionally, the soil depth was taks 0.25 cm, and the soil bulk density was talen a
1.3 tons/m. With these assumptions dilution factd?F) was calculated using Equation 2.3. For
degradation, among selected pollutants, it wasntai® account only for NPE and half-life of NPE
was taken as 0.41 dayDegraded concentrations of NPE were calculatecEgyation 2.4. To
determine cumulative inputs of pollutants in sludigevas also assumed that sludge is applied to the
soil during 70 years and child exposure occursndulast years of application to be conservative. It
means, between B%nd 78 years, the child exposed to soil amended withgg#ud his assumption
was also used by INERIS for child exposure. Cunidasludge concentrations were calculated for
between 68 and 7' years (for 6 years) considering dilution factod ategradation. Then, average
cumulative sludge concentration was determinedgusaiculated cumulative sludge concentrations
between 68 and 78' years. Finally, Substance Concentrations wereulzkd for each selected
pollutant (See Equation 2.5). The results of sulzstaoncentrations are given in Section 4.2.2.

Exposure Equations

In this section, Equation 2.6 was used to definelyDBxposure Dosd{ED) foreach pollutant
assuming that mass of soil ingestion as 150 mgéalyexposure frequency is 0.021.The calculated
DED values are presented and discussed in Section 4.2.2

3.2.2.4. Risk Calculation
Risk calculations were processed using Equatiorfdt. threshold effects and Equation 2.8 for non-
threshold effects. MoreoveX,HI or Y ER values were calculated in this study for the itigasof soil

amended sludge by a child pathway. The resultgpereided and discussed in Section 4.2.2.1. and
4.2.2.
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CHAPTER 4

RESULTS AND DISCUSSION

4.1. Pollutant Concentrations in Sludge Samples

In this study, for the calculation of health risks|llutant concentrations in sludge samples shbeld
known. Measured concentrations of seven heavy mé@d, Cr, Cu, Hg, N, Pb and Zn), PCBs and
NPEs in sludge samples originating from ACWWTP presented and discussed in detail in the
following sections.

4.1.1. Heavy Metal Concentrations in Sludge Samples

In ACWWTP, 10% of wastewater entering the treatmelant is industrial wastewater. Industrial
wastewater originates from Sincan OSB, zinc-platinggtal industry, mine industry, and textile
industry. These industries are the main sourceshé&avy metal concentrations in sludge of the
ACWWTP.

Heavy metal concentrations were analyzed in t@éplicsamples and for each sample, Atomic
Absorption Spectrometry (AAS) processed three coimadons which means for each sample, nine
heavy metal concentration values were measuredra@yeeconcentrations and standard deviations of
selected heavy metals on yearly basis are giv&igire 4.1. In addition, the pollutant limit valufes
sludge provided in Turkish Regulation for the U§e&Sewage Sludge in Agriculture (2010) are given
in each figure at the top of the x-axis (See Figufg As can be seen from the Figure 4.1, the stahd
deviation values are usually very low showing thproducibility of the measurements. The results
also show that in a one year time frame, heavy Imatancentrations in samples show some
fluctuations. In addition, no common trend for akavy metal concentrations can be observed
monthly or seasonally. Irregular heavy metal inpfritsm the industries may be the reason for
observing such differences in trends between heaeyals and fluctuations in heavy metal
concentrations.
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Figure 4.1: Graphical Demonstrations of Heavy Metal Concemtratin Sludge Samples (mg/kg)
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Table 4.1:Minimum, Average and Maximum Concentrations of HelMetals for 12-monthly

Samples
Heavy Minimum Average Maximum Standard Pollutant Limit
Metal Concentration Concentration Concentration Deviations Values(mg/kg)*
(mgrkg) (mgrkg) (mg/kg)
Cd 2.3 4.5 6.9 0.7 10
Cr 144.0 262.9 356.1 47.6 1000
Cu 147.1 188.8 230.3 154 1000
Hg 0.4 0.8 1.3 0.1 10
Ni 69.7 78.4 89.9 5.0 300
Pb 35.1 60.7 85.2 15.6 750
Zn 1174.7 1683.8 2499.9 195.9 2500

*Limit values are taken from Turkish Regulationtfog Use of Sewage Sludge in Agriculture (2010)

To be suitable for use in agriculture, heavy metaicentrations in the samples should be below the
limit values given in Turkish Regulation for the éJ®f Sewage Sludge in Agriculture (2010).
According to the results, the concentrations of @dich is one of the most critical metals in sludge
concerning land application, vary between 2.3 arfdrog/kg (Table 4.1). Especially in winter, the
concentrations are higher when compared to the otbaths. However, no Cd concentrations exceed
limit value for Cd (10 mg/kg) given in the regutai

The measured concentrations range for Cr is 144grtg/356.1 mg/kg (Table 4.1). Cr concentrations
are observed as higher in May, June and July.drother months, the concentrations are much lower
and all the concentrations are below the limit eafor Cr (1000 mg/kg) given in the regulation. Cr
concentrations can be considered as safe for Ipptication of biosolids when they are compared
with the limit value.

Cu concentrations are measured between 147.1 nagi@230.3 mg/kg (Table 4.1). Measured Cu
concentrations are higher in the first three mowottthe year which are January, February and March.
Similar to Cr, all measured Cu concentrations &e much lower than the limit value (1000 mg/kg).

Hg is one of the other heavy metals concentratiohsvhich were measured in samples. Hg
concentrations vary between 0.4 mg/kg and 1.3 m@llable 4.1). The higher concentrations are
observed in December and November. Similar to dtkevy metals, all measured Hg concentrations
are also below the Hg limit value (10 mg/kg) giverthe regulation.

Ni concentrations are observed between 69.7 mgikig8®.9 mg/kg (Table 4.1) and not showing a
wide range. The highest Ni concentration belongsvitay. The limit value for Ni given in the
regulation is 300 mg/kg and according to the resiti concentrations are not seen problematic for
land application.

Pb concentrations are between 35.1 mg/kg and 8§/RgfTable 4.1). Decreases in Pb concentrations
are observed from the first month of the year ®Itst month of the year. As the Pb concentrations
are compared with the limit value (750 mg/kg) givienthe regulation, it is obvious that all Pb
concentrations are much lower than the limit vdbrePb.

Finally, Zn concentrations vary between 1174.7 mgénd 2499.9 mg/kg (Table 4.1). The Zn
concentration increases sharply in August and higlneconcentrations are observed from August to
December. The highest Zn concentration belongsaeelhber, which is approximately 2500 mg/kg.
In addition, in September and October, the conaéotis are more than 2100 mg/kg and approach to
the limit value (2500 mg/kg). The findings of thegudy show that Zn seems to be the most critical
pollutant for land application. Zn concentratioh®sld be followed carefully before land application
in order to check the compliance with the regufatio

The measured concentrations were also comparedswtitar studies found in the literature. Ozsoy
(2006) conducted a study to evaluate agricultumatemtial of four wastewater treatment plants
including ACWWTP in terms of heavy metals and pgthms between 2005 and 2006The results of
this study show resemblances except for Zn. Zn extnations were observed between 1695 mg/kg
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and 4065 mg/kg in Ozsoy (2006). However, in thisdgt the highest Zn concentration is
approximately 2500 mg/kg. Such a decrease in Zrcemrations may be due to advances in
application of treatment technologies or changesoperation processes of the industries which
discharge their wastewater into the wastewaterectiin system of Ankara. In addition, Ankara
Water and Sewerage Administration (ASknay have set stricter control limits for industriin terms

of heavy metals to discharge their wastewaters.

4.1.2. PCB Concentrations in Sludge Samples

PCB concentrations were measured as congener bHEsedneasured concentrations include sum of
seven congeners (PCB-28, PCB-52, PCB-101, PCB-RPTB-153, PCB-138, and PCB-180).The

concentrations range between 0.004 mg/kg and Odg)Bgr(Figure 4.2). According to the results, in

summer months (June, July and August, 2012), tmeedrations are higher when compared to
results from other months. However, all the conediuns are below the limit value (0.8 mg/kg, sum
of the same seven congeners) set in the TurkishilRgn.
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Figure 4.2: Graphical Demonstration of PCB Concentrations ud§é Samples (mg/kg)

4.1.3. NPE Concentrations in Sludge Samples

NPE concentrations (sum of NP, NP1EO and NP2EOXxlimige samples were analyzed and the
results are given in Figure 4.3. NPEs concentraticary between 5.3 mg/kg and 25.5 mg/kg. After
August, a sharp increase is observed. The highe&sNoncentration belongs to November. As the
NPEs concentrations are compared with the limitegdb0 mg/kg, sum of NP, NP1EO and NP2EOQ)
set in Turkish Regulation, it is obvious that alhcentrations are below the limit value.

18 -

NPEs concentration (no/kg)
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Figure 4.3: Graphical Demonstrations of NPE Concentrationslinige Samples (mg/kg)
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4.2. Results of Health Risk Calculation:

In this study, health risk calculations due to lapgplication of biosolids originating from ACWW1
were conducted using two different methodola (U.S. EPA and INERIS) for both cancer and -
cancer effects as mentioned before. The resultiseohealth risk calculations for both methodolog
are given and discussed bel

4.2.1. Health Risk Calculations with U.S. EPA’s Mdtod

Health risks dudo land application of biosolids were calculatedtlie current stuc only for the
ingestion of biosolids by a child pathway. Healtskrcalculations were performed for six hei
metals (Cd, Cr, Cu, Hg, Ni and Zn) for r-cancer effects. Moreover, cancesks were calculated f
PCBs. For Pb and NPEs, neither cancer nor-cancer risks were calculated due to lack RfD
andy; values in U.S. EPA IRIS database (See Section.3).

4.2.1.1. Health Risk Calculations for No-Cancer Effects

In this section, firstHI values were calculated for each sample and eaaly lmatal for no-cancer
effects. The results are given in Figure and detailed calculations are given in Append. The

results of noreancer risks showed tiHIvalues ofCr were approximately an order of magnitt
lower than theHIvalues of the other heavy metHIvalues of Cu were also considered low w
compared to other heavy metals. HigtHI values were observed for Cd and Ni among all tleah
metals.HIvalues of Hg were also high even though the Hg entrations in sludge samples were

lowest among other heavy metals. Additionally, @liph Zn concentrations were much higher w
compared to other heavy metals, Hlvalues of Zn were lower thafivalues of Ni and Cd. As ce
be seen from Figure 4.1, higher concentrationsnateassociated with highiHI values of different
heavy metals. This is due to differeRfD values of different heavy metals.

As the second step, alllvalues of heavymetals were summed up to determine cumulative-
cancer effects for each sampling month  HIvalues were calculated (See Section 3.2.1.
details). TheXYHI results and contribution of each heavy metHlare given in Figure 4.
Y:HlIvaluesvary between 0.16 and (5. The highesy HIvalue is observed in Decemb
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Figure 4.4:YHI Values and Contributions of Heavy Metal} HI
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Y'HI values should be checked whether they are morelthamot (U.S. EPA, 2007b).According
the results, the calculated values are much lowan tl. It can be concluded from these res
thatadverse nonancer effects of heavy metals in sludge samoriginating from ACWWTP are nc
significantto develop for a child who ingests biosolids. Hoeg\it does not mean that the le
application of biosolids does not result in any -cancer effects for the child since, this study ¢
indicatesyHI due to hgestion of biosolids. The child may also consunaats which are grown c
soil amended with biosolids, or may consume anpnatlucts which are affected by biosolids. Het
if site-specific data are available, all pathways shouldcbesidered as a wte and health ris
calculations should be carried out consideringpathways

4.2.1.2. Health Risk Calculations for Cancer Effes

In this sectionRisk values were calculated for PCEFigure 4.5)only for child ingesting biosolid
pathwayand given in detail in Appendix. According to Figure 4.5, thRisk values vary betwee
3.9¥10" and 2.5*1F. These values are very low when compared to thepaable risk level (1%
selected by U.S. EPA in cancer risk calculationstfe land pplication of biosolids (U.S. EP/
1995).
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Figure 4.5: Risk Values for Sludge Samples of ACWWTP

Generally, U.S. EPA uses acceptable risk leveladen 1(* and 1¢ in cancer risk studies (Nation
Research Council, 2002). Even if an acceptableleis&l of 1(°is chosen for ingestion of biosoli
by a child pathway, th&iskvalues will under this acceptable risk level. Itans cancer effects a
not considered to be significafiatr child due to PCBs for ingestion of biosolidgtpaey alone

4.2.1.3. Health Risk Calculations for Limit ValuesGiven in Turkish Regulation for the Use of
Sewage Sludge in Agriculture with U.S. EPA’s Metho

The non-cancer andancer risks were calculated for the sludge sampleSCWWTP and result
showed that the land application of biosolids wounlat result in significant health risks due
ingestion of biosolids by a child pathw

Here, health risks were also determined for linaiiies provided in Turkish Regulation for the Usi
Sewage Sludge in Agriculture related to the langliagtion of biosolids in order to evaluate whet
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the regulatory limit values are adequately prdive for human health. Fdrealth risk calculatiot,
only child ingesting biosolids pathw was included in this study due to one of the lingitpathways
in U.S. EPA’s method and not requiring any -specific dataSee Section 3.2.1.. In addition, the
pollutants included within the scope of this st@ge Table 3.2) were selected and their limit \&
were taken as pollutant concentrations (See TaldlpA&sociated health risks were calculated
ingestion of biosolids by a child pathway with UEPA’'s method. During calculations same F
andq; values were used (See Table 3.3).-cancer risk calculations were conducted for se\eavi
metals (Cd, Cr, Cu, Hg, Ni, Pb and . and given in detail in Appendix BiI values were calculated
for each limit value and they were summed up toemeine YHI. Furthermore, cancer ri
calculations were catucted for limit value of PCBs and given in detaiAppendix B

According to the results of n-cancer risks (Figure 4.6), the highégtvalue is observed for Hi
which is followed by Ni, Cd and Cu. After calculagi HI values for each heavy metal, they w
summed up angHI was determined as 0.89. This value is very highnidmmpared tQ HI values
obtained forsludge samples from ACWWTP. However, it is lessitbae, which means adversen-
cancer health effects are not considered to befisignt for child. Apart from child ingesting ¢
biosolids pathway, there are other pathways (Sé#eT25) which child my be exposed to heavy
metals in biosolids due to land application. Oth&thways are not the concern of this study; howe
it is important to mention that they should alsogvaluated to be able to see cumulative healtls
for child due to multipleexposure pathway

1.0 - Hg
0.8 - ®Zn
3 = Ni
T .
T 06 / .
0.4 - BCr
= Cd
0.2 -
0.0

Limit Values

Figure 4.6 Y HI Value for Limit Values in Turkish Regulation fore¢hJse of Sewage Sludge
Agriculture

Risk for PCB was also calculated as 5.5° using the limit value provided in the regulai only for
child ingesting biosolids pathw. This cancer risk is lower than the acceptablelgsel suggested k
U.S. EPA (1995) which is 7. With this acceptable risk level, it can be coudeld ttat cancer risks
are considered as insignific. for child ingesting biosolids pathway alordowever, as stated befo
acceptable risk levels can be betwee™ and 1& (National Research Council, 2002). If risk leve
chosen as 1f) the result is higher than the risk level and Inees a concerfor the child’s health. I
addition, cancer risks associated PCBs intakestalwgher pathways are not considered here.
fact should be kept in mind. If the acceptable isskhosen as %, the limit value for PCBs will nc
be protective for child ealth associated with land application of biosolaldy one pathway i
considered. Thus, more detailed studies for PCBgdqsired to assess cancer risks associated
land application of biosolid

4.2.2 Health Risk Calculations with INERIS’s Methaod
In this section, health risks for both thresholdn-cancer) effects and ndhreshold (cancer) effec

due to land spreading of sludge were calculonly for ingestion of soil which is mixed with slud
by a child. For calculation of health riskirst, average substance concentrations were ctddu{&e
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Section 3.2.2.3 for details). The results are gifegrheavy metals and organic pollutants in Tabk 4
and Table 4.3, respectively.

The results for both heavy metals and organic patiu suggested that average substance
concentrations in soil mixed with sludge were mlaker than pollutant concentrations in sludge due
to dilution of pollutants in soil (one of the distt assumptions of the method). For NPE, degradati
was also taken into account as well and the coretéonts were further lowered (See Section 3.2.2.3).

Table 4.2: Average Substance Concentrations for Heavy Méteoil Mixed with Sludge Samples
of ACWWTP (mg/kg)

Sampling Heavy Metal Concentrations (mg/kg)
Month
(2012)

Cd Cr Cu Hg Ni Pb Zn
January 0.59 160.01 57.38 0.11 203.73 17.86 151.9
February 0.66 152.89 56.13 0.11 203.09 18.11 143.9
March 0.60 153.31 56.62 0.13 203.03 18.51 144.8
April 0.55 151.71 52.01 0.12 202.95 17.99 133.2
May 0.42 155.58 53.69 0.14 203.80 16.84 130.0
June 0.51 161.46 54.74 0.15 203.23 17.24 142.5
July 0.42 161.51 54.27 0.14 203.11 17.65 147.5
August 0.46 150.79 5451 0.12 202.65 16.73 191.6
September 0.48 146.41 55.21 0.13 203.13 16.36 194.1
October 0.38 154.16 53.94 0.13 203.49 16.40 178.5
November 0.58 147.24 55.09 0.16 202.97 15.26 215.6
December 0.69 146.30 52.71 0.17 202.97 15.30 180.5

Table 4.3: Average Substance Concentrations for Organic Rwoits in Soil Mixed with Sludge
Samples of ACWWTP (mg/kg)

Sampling Organic Pollutant Concentrations
Month (mg/kg)
(2012)

PCB NPE
February 0.0011 0.0077
March 0.0002 0.0080
April 0.0003 0.0086
May 0.0005 0.0096
June 0.0027 0.0096
July 0.0040 0.0136
August 0.0037 0.0219
September 0.0026 0.0097
October 0.0019 0.0097
November 0.0003 0.0114
December 0.0013 0.0096

Substance concentrations for selected pollutante wetermined to calculate Daily Exposure Dose
(DED) values.DED values using Equation 2.6 are calculated and pregém Table 4.4. According to
the results, th®ED values change betweenand 10'° mg/kg.day.
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4.2.2.1. Health Risk Calculations for Threshold (Nn-Cancer) Effects

In this section, health risks were calculated tigftoHI values for threshold effects for only ch
ingestingsoil mixed with sludge pathw (Figure 4.7 and See Appendix Zyriations ol HI values
for each pollutant are directly related to averagbstance concentrations. NPEs have the loHI
values among other pollutantd/ values of NPEs were only calculated with INERIS’sthod. In
U.S. EPA’s methodRfD value for NPEswas not suggested. Most critical pollutant for threst
effects is Ni since it has the highéat values.

HI values were summed up for each sampling month YHI dat were obtained. The resu
ofYHI values are given in Figure7. According toyHI results the values vary between 035 and
0.0038. Highest HI is observed folMarch. In U.S. EPA’'s method the high&gil belonged to
December. The main reason for such a differ is that, TRV of RfD values were used in ric
calculations which have different values for sonfiehe heavy metals such as Hg, Cu and Zr
addition, non-cancer risks réda to Pb and NPE were included in INERIS's methamtd
consideration of Pb in calculations may also reisuttuch a differenc
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Figure 4.7: Y HI Values and Contributions of the Selected Pollutso Y HI

Y'HI values should be compared whether they are more thar not (INERIS, 2008).The resu
showed tha} HI values are much less than 1. As a result, it cacobeluded thaobservingadverse
threshold effects are insignificafitir a child who ingests st mixed with sludge. However, it
obvious that the results only include one pathwHyere are other pathways that a child may
exposed. Therefore, other pathways should alsak@Entinto account for comprehensive evaluatio
threshold effects.

As the soil background concentrations and sludge cdratéms were compared with each othe
terms of contributions t§HI, it can be seen from Figure 4.8 that all of the heavy metals
contributions from soil ikiigher tha contributions from sludgét means that soil has a higher risk
child than sludge due to ingestion.
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4.2.2.2. Health Risk Calculations for No-Threshold (Cancer) Effects

Health risks for northreshold effects were only calculated for PCBgssithere are no TRV valu
provided in INERIS'’s study for other polluta (See Appendix C)The Excess of Rit (ER) values
for PCBscalculated for only child ingesting soil mixed wistudge pathwe are given in Figure 9.
In June and JulyER values are higher due to high concentrations of £CG#wever, all resuli
indicate that northreshold effects due tngestion of soil mixed wiit sludge by child are insignifice
since allER values are much less than the acceptable risk pewelded by INERIS, which is 7°.
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Figure 49: Graphical Demonstration &R for PCB
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4.2.2.3. Health Risk Calculations for Limit Valuesin Turkish Regulation for the Use of Sewage
Sludge in Agriculture with INERIS’s Method

In this section, sludge limit values included ire tilurkish Regulation for the use of sludge in
agriculture (2010) were also calculated with INERIBethod in terms of their possible health risks
(See Appendix C). Health risks were calculatedhbfoth threshold and non-threshold effects for the
pollutants which are included within the scopetu$ tstudy (See Table 3.2) and for just one pathway
which is child ingesting soil mixed with sludge €éS&ection 3.2.2.3). To calculate substance
concentrations, the limit values included in thgulation were taken as pollutant concentrationg (Se
Table 2.1). In addition, soil background conceitrag were also taken as the soil limit concentregio
for heavy metals included in the regulation. It me#hat soil limit concentrations were summed up
with pollutant limit concentrations to determinebstance concentrations. In the regulation, thesge ar
two types of soil limit concentrations for heavy tale depending on the pH of the soil (See Table
2.3). To be more protective, the highest backgrosei concentrations standing for pH>7 were
chosen for health risk calculations. For organidlysants, no background concentrations were
assumed since there are no soil limit values feseatpollutants in the regulation.

For calculation of threshold and non-thresholdsjsame steps used in Section 4.2.1.3 were followed
and the results are given in Table 4.5. Accordimghe results for threshold effects, highést
belongs to Pb. The main reason for this is Pb hksvar TRV value for threshold effects, which
makesHI value higher. On the other hand, lowést belongs to NPEs due to lower substance
concentration and a highRV value for non-threshold effects. &5 values are summed upHI is
found as 0.015 which is a higher value when compaoethe Y HI results of sludge samples of
ACWWTP. However, it is much less than 1 which meaith the ingestion of soil mixed with sludge
pathway, threshold risks are considered to be mvefild. It means the limit values for both sailda
sludge are protective for child health due to inigesof soil mixed sludge. However, presence of
some other pathways (See Table 2.10) that mayfeetiafy the child must be emphasized again.

Table 4.5: Calculated Parameters for Limit Concentration§urkish Regulation for the Use of
Sewage Sludge in Agriculture

Heavy Metal Pollutant Background Saoll Substance DED HI
Concentrations  Concentrations  Concentrations (mg/kg.day)

in Sludge (ma/kg) (ma/kg)

(mg/kg)
cd 10 15 2.1 4.5*10 4.5*10"
Cr 1000 100 164.6 3.4*10 2.3*10°
Cu 1000 100 164.6 3.5+10 2.4*10%
Hg 10 1 1.6 3.5%10 3.5¢10°
Ni 300 70 89.3 1.9%19 9.4*10*
Pb 750 100 148.5 3.1*10 8.9*10°
Zn 2500 200 361.5 7.6+10 2.5*10%
PCB 0.8 - 0.06 1.5*19 5.4*10%
NPE 50 - 0.05 1.1*18 2.6*107

YHI  0.015

If the sludge and soil concentration limit valuee a&ompared with each other to see their
contributions toY Hl, it is observed that for all selected pollutantd, due to background soil
concentration is dominant (Figure 4.10). The mag@ason for this difference is that sludge
concentrations are diluted during spreading to lamtl concentrations are lowered although
cumulative inputs of sludge are taken into consitien. As a result, pollutant concentrations in soi
are higher than concentration of pollutants in giuéind the health risks associated with pollutant
concentrations in soil is more concerning.
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Figure 4.10: Contributions of Background Soil and Sludge Coneiuns to) HI

As stated above, health risk calculations for-threshold effects were also conducted and the
value for PCBs is calculated as 2.2°8. According to the result&R value for PCBs is very low d
nonthreshold effects are considered to be insignificfor this case since it is three orders
magnitude lower than > which is suggested by INERIS as the acceptable lgskl for land
spreading of sludge.

4.4.Comparison of the Results of Two U.S. EPA and INERB’s Methods

In this study, two different methods were used Health risk assessment for sludge samples
ACWWTP. According to the results, for both methotte cancer (ncthreshold) and nc¢-cancer
(threshold) effects were found to be acceptablelidd ingesting biosolids or soil mixed with sl
pathway. However, the results of the U.S. EPA’shods gave higher cumulative r-cancer risk and
cancer risk estimates when compared to the rest INERIS’s method. It is mainly due to differen
in the ingestion of the pollutant source by a chitdthe U.S. EPA’s method, child ingests ‘biossli
directly from land applied area or biosolids frorhay or a container. Conversely, the pollutantce
of the INERIS’s method for the selected pathwaisd@sl which is mixed with sludge’. For this cas
dilution factor and degradation (for only NPEs aignéhe studied chemicals)were taken into acc
and it resulted in smaller pollutant concentratiin the soil although the application is assume
happen for 70 years and cumulative inputs werenték® account. The method of U.S. EPA is
protective for human health since wi-case is considered as the type of the pollutantsowhich is
ingested by a child. Other reason that causes differesults is that in U.S. EPA’'s method, for
calculation of noreancer risks exposure duration adjustmbDE) was set to 1 since no appro\
method is applied by U.S. EPA within the scope aift 303 Rile to determinedDE value for children
(U.S. EPA, 1992). In the study of INERIS, exposfiegjuency F) of child ingesting soil mixed wit
sludge is assumed in health risk calculations almhiered theHI values calculate

If non-cancer effects of thpollutants are evaluated for both methodologiesamdi Cd seem to be t
most critical pollutants with the U.S. EPA’s methachong other heavy metals (Figi4.4). On the
other hand, with INERIS’s method, Pb is the modtical pollutant (Figure4.7). In U.S. EPA’s
method,RfD value was not available for Pb. So, in this study;-cancer risks could not be calcula
for Pb with U.S. EPA’s method. In addition, r-cancer risks for NPE and PCB could not
calculated with U.S. EPA’s method due to | of RfD data. As the results of both methodologies
compared, it is observed that I-cancer risks calculated with U.S. EPA’s methodraoge than twc
orders of magnitude higher than the -cancer risks calculated with INERIS’s method due
differences in these approaches as mentioned ¢
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Cancer risks were also calculated by both method®iily PCBs. According to the results, cancer
risks were lower with INERIS method compared to .UEPA’s method due to the same reasons
mentioned above.

In this study, apart from the determination of teaisks for sludge samples of ACWWTP, the sludge

and soil limit values in Turkish Regulation for thise of Sewage Sludge in Agriculture were also

used to calculate health risks. In U.S. EPA’s métlamly sludge limit values were used. On the other
hand, in INERIS’s method, both soil and sludge fimlues were taken into account and summed up
to determine substance concentration. Accordintipéoresults, the cancer risks and non-cancer risks
calculated with U.S. EPA’s method were much highan the results of INERIS’s method due to the

same reasons explained above.

If two methods are compared in general, it is obsithat U.S. EPA’s method is more protective than
INERIS’s method. Although U.S. EPA’'s method gavgh@r cancer and non-cancer risk results, the
health concerns do not pose a significant rislofdy ‘child ingesting sludge’ pathway.

4.5. Discussion of the Health Risk Assessment Resul

For both methods, health risks associated with Emglication of sludge samples originating from
ACWWTP were found to be acceptable for the ingastid sludge by a child pathway. The results
show similar tendencies with other health risk assent studies found in literature. In the study of
INERIS (2008) health risks due to ingestion of siaénd soil mixture by a child was also determined
as acceptable and the cumulative health risks determined as acceptable as well. In the study of
VKM (2009), the health risk due to ingestion oflsmixed with sludge by a child was also found to
be very low.

In this study, there are some limitations. Thisdgtonly gives the health risk results due to child
ingesting the sludge (or for INERIS approach iniggstthe mixture of the sludge and the soil)
pathway. There may be additional health risks duether pathways such as ingestion of animal
products and plants and drinking water. Howevdreopathways were not taken into account and the
health risks due to other pathways were not caledldt should be remembered that child ingesting
sludge pathway was identified as the most consee/giathway by U.S. EPA (1995) for 5 heavy
metals regulated by Part 503 Rule. In additiorgtal tof 9 pollutants were considered throughout the
study since those were the only compounds thatdcdnd analyzed at METU Environmental
Engineering Department laboratory. There might theeropollutants which have carcinogenic and/or
non-carcinogenic health effects and they may |eaddditional health risks for child. These are the
uncertainties of this study. In order to reduce lthetations, more comprehensive studies should be
conducted.

In this study, health risks due to ingestion ofdglel by a child pathway were determined and to be
below the acceptable risk values recommended by EP3\ (1995) and INERIS (2008).However,
other pathways should also be taken into accourdetermine a cumulative health risk for each
receptor. As a result, whether the sludge sammesbe used in land application or not requires a
more extensive study.
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CHAPTER 5

SUMMARY & CONCLUSION

This study is the first study conducted in Turkeynecerning health risk assessment for land
application of biosolids. All heavy metal concetitvas (Cd, Cr, Cu, Hg, Ni, Pb, and Zn) and two of
the organic pollutant concentrations (PCBs and NRiEsd in the current Turkish regulation were

examined monthly in sludge samples collected froBWWANTP for the year 2012.Then, health risk

assessment methodologies developed by U.S. EPAN&ETRIS were applied for the samples and both
non-cancer and cancer health risks were evaludted.the calculation of health risks only one

pathway (ingestion of sludge by a child) was take#a consideration. The main conclusions that can
be driven from the study are as follows.

e The results of heavy metal concentrations and décgaollutant concentrations showed some
fluctuations and no particular trend was obsernredray all concentrations.

0

Cr concentrations ranged between 144 mg/kg andl356/kg. In May, June and
July (2012), the concentrations were observed toidiger than the other samples.

Cu concentrations were measured between 147.1 nagiég230.3 mg/kg. In the
first three months of the year (2012), the coneiuns were observed to be higher
than the other samples.

Hg concentrations varied between 0.4 mg/kg and mggg. In December and
November, the Hg concentrations were higher whanpaoed to the results from
other months.

Ni concentrations were observed between 69.7 mafikh89.9 mg/kg. The highest
Ni concentration was observed in May(2012).

Pb concentrations were between 35.1 mg/kg and 88/&g and a decrease was
observed between concentrations from the beginofrthe year till the end of the
year (2012).

Zn concentrations ranged between 1174.7 mg/kg d@98.9 mg/kg. After August
(2012), Zn concentrations were observed to be highd in November (2012), it
reached the highest concentration.

PCBs concentrations were observed to be very lawaned between 0.004 mg/kg
and 0.06 mg/kg.

NPEs concentrations were measured between 5.3 ragk@5.5 mg/kg.

All the PCBs, NPEs and heavy metal concentratiowg@ for Zn are much lower
than the limit values dictated by the Turkish Ragjoh for the Use of Sewage
Sludge in Agriculture (2010). For land applicatiomgst critical pollutantseemed to
be Zn. Even though it did not exceed the regulatomit (2500 mg/kg), in one
sample, the concentrationwas as high as the liaditev given in the regulation.
Therefore, it is recommended that Zn concentratghmild be observed attentively
before land application.
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e Health Risk Calculations with U.S. EPA’s Method fagestion of Biosolids by a Child
Pathway:

(o]

Non — cancer risk3he lowestHI values were observed for Cr and highest for Ni
and Cd, respectively}HI values were calculated to be between 0.16 and B@5
all months, the findings suggest that the heattksrdue to ingestion of biosolids by
a child alone due to heavy metals is lowand doésemult in adverse non-cancer
health effects with respect to acceptable risklegsaggested by EPA and INERIS
(U.S. EPA, 1994; INERIS, 2008).

Cancer risksThe Risk values were calculated for PCBs between ??

107 and 10°. When these risks are compared with the acceptigidevel (10
which is suggested by U.S. EPA (1995), they arendoto be very low. Cancer
effects due to PCBsdo not pose a significant risk dhild ingesting biosolids
pathway.

Health risk calculations were conducted for theitlimalues set in Turkish
Regulation for the Use of Sewage Sludge in Agrigelt(2010):
= The highestHI was observed for Hg limit concentration (10mg/kg)

provided in the regulation. The highésH!I value was calculated as 0.89
which was very high when compared to the resultssfodge samples of
ACWWTP. However, since this value is less thandh-oancer effects are
not considered to be significant for ingestion mfsblids by a child due to
seven heavy metals considered in this study. Timit Walues can be
considered as adequately protective for child ifiggsiosolids pathway.
However, to have a more accurate conclusion, oftethways and
receptors should be also taken into account.

= Risk value for PCB was calculated as 5.5%10his value is lower than 10
* which is suggested by U.S. EPA (1995) as the aabéprisk level. On
the other hand, if acceptable risk level is chaseri(P(National Research
Council, 2002) and it may become a concern fordthihealth.

« Health Risk Calculations with INERIS’S Method fogéstion of Soil Mixed with Sludge by a
Child Pathway:

(0]

Threshold (non-cancer) riskAmong all pollutants (Cd, Cr, Cu, Hg, Ni, Pb, Zn,
PCBs and NPE), Ni had the highélt value. According to) HI results, the values

varied between 0.0035 and 0.0038 and all the vale lower than 1. Soll

concentrations result in higher risks when compaiedisk caused by sludge
concentrations. However, the results indicated thegshold risks due to selected
pollutants are low for child who ingests soil mixeidh sludge.

Non-threshold (cancer) risk&€R values for PCBs were calculated between 9.8*10
Yand 1.7¥10. The acceptable level suggested by INERIS (2098p7. According

to results, adverse non-threshold effects due tBsP@ould not pose a significant
risk for child ingesting soil mixed with sludge.

Health risk calculations were also conducted ferlitmit values provided in Turkish
Regulation for the Use of Sewage Sludge in Agrigelt(2010):

= LowestHI was observed for PCBs and high&dt was observed for Zn.
According to the results, contributions of soil kgound concentrations to
HI are much higher when compared to pollutant comagans (limit
values) in sludge.
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= >HI was calculated summing up &l values and determined as 0.126. As it
is compared with 1, it is very low and developirfglreshold effects are
considered to be insignificant for a child ingegtsoil mixed with sludge.
The limit values can be considered as adequatetggtive for only child
ingesting biosolids pathway. However, other pattsvand receptors
should also be taken into account to give a congrsifie result.

= ER value was calculated as 2.2¥hich is three orders of magnitude lower
than the acceptable risk (J0suggested by INERIS (2008). The limit
value for PCBs is considered to be protective fbildchealth due to
ingestion of soil mixed with sludge.

Both cancer and non-cancer risk estimates wereshigith U.S. EPA’s method. In general,

U.S. EPA’s method is more protective than INERIB'sthod. Different assumptions about
pollutant source of the pathway, duration of expesand exposure frequency are the main
reasons causing different results for both methods.

There are some limitations related to health ridks to other pathways, receptors and other

pollutants present in sludge samples in this studlg. reduce uncertainties, more
comprehensive study should be conducted.
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CHAPTER 6

FUTURE WORK

In this study, the health risks associated wittdlapplication of biosolids were conducted for only
one pathway, which is child ingesting biosolidssoil mixed with sludge, due to limited data. This
study is the first work conducted to assess thdtthe#&ks associated with land application of
biosolids. In order to investigate this subjectiier, some future work can be done as follows.

o It is possible for the child to be exposed to palhis through other pathways. Health risks
for other pathways may also be calculated and suhupeto be able to have more accurate
total risk estimation results. In addition to chilsther human receptors such as adult and
ecological receptors such as animals, plants aindgmnisms may be also considered to
calculate risks due to land application of biosalid

o Other studies associated with land applicationio$dlids may also be analyzed in detail to
come up with the most appropriate health risk a&ssest method. For instance, Norway
conducted an extensive study for land applicatibhiesolids in 2009. This study may also
be evaluated and compared with U.S. EPA and INER$&idies.

o A number of site-specific data are needed in heddth assessment for land application of
biosolids. With limited data it is not possibledwaluate all possible health risks due to land
application of biosolids. Required data for caltiola of health risks through other pathways
and receptors may be gathered or a substructurdoenagt up in the future.
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APPENDIX A

CARCINOGENICITY OF POLLUTANTS

Table Al Weight of Evidence Characterization of PollutdiotsCarcinogenicity (U.S. EPA, 1986)

Classification Groups Definition of Groups Data Avadlability
Group A Carcinogenic to humans  Adequate human data
(typically  epidemiologic
data)
Group B1 Probably Carcinogenic toSufficient evidence from
Humans animal bioassay data, but
either limited human
evidence
Group B2 Probably Carcinogenic toSufficient evidence from
Humans animal bioassay data, and

little/no human data

Group C Possibly Carcinogenic toLimited animal evidence
Humans and little or no human data
Group D Not Classifiable as toNo adequate data either to

Human Carcinogenicity support or refute human
carcinogenicity

Group E Evidence of Non- No evidence for
carcinogenicity for carcinogenicity in at least
Humans two adequate animal tests

in different species/both
adequate  epidemiologic
and animal studies
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