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ABSTRACT

Sewage sludge is a semisolid residual material resulting from the sedimentation of the suspended solid during
the wastewater-treatment processes. Since large amounts of sludge are being produced, different ways of
disposal have been introduced. One tempting option is to use it as fertilizer in agricultural fields due to its high
contents of inorganic nutrients and organic materials. However, the presence of contaminants considerably
restricts the application of sewage sludge for the fertilisation and reclamation of soils. Because of the high
toxicity of organic pollutants and their irreparable effects on the environment, the aim of this study was to
investigate the diversity of organic pollutants in sewage sludge, their limit values for agricultural lands, and the
fate of them in the soil. Also methods of analysis of organic trace compounds have been compiled. Some of the
most frequently detected contaminants in sewage sludge are polycyclic aromatic hydrocarbons, polychlorinated
biphenyls, di-ethylhexylphthalate, nonylphenol and nonylphenol ethoxylates, linear alkylbenzene sulphonates,
adsorbable organic halides, polychlorinated dibenzodioxins and furans. These pollutants in the soil may
undergo sorption by mineral particles, degradation by soil organisms or transportation with water or soil
particles over long distances. Extraction of the sludge sample, subsequent clean-up of the extract and final
analysis by either gas or liquid chromatography are methodologies for determining the concentration of organic
pollutants in sewage sludge. Novel techniques in extraction such as ultrasonic extraction, microwave-assisted
extraction, and pressurized liquid extraction require less solvents reagents and smaller sample siz, are more
automated and reduce the number of analytical steps. This study show a better understanding of variety of
organic pollutants in sewage sludge, their analytical methods and limit values that is imperative to restricting
legislation and specification suitable properties of sludge for land application.
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8 Solid phase extraction

9 Gel permeation chromatography

10 Combined extraction and clean-up

11 Selective pressurized liquid extraction
12 Tetrabutylammonium

1 Ultrasound assisted extraction

2 Focused ultrasound solid- liquid extraction
3 Pressurized liquid extraction,

4 Pressurized hot water extraction

5 Microwave-assisted extraction

6 Matrix solid-phase dispersion

7 Sulfur elimination
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1 in situ clean-up

2 Gas chromatography (GC)
3 Electron capture

4 Flame ionization

5 Mass spectrometry

6 Tandem MS

7 Veterinary drugs

8 Liquid chromatography



OAR L o503l gl Jhg ) 9 g yw s g 1] Ko g g llac

el o dale )5 45 SLS 5 51 5 b 5IUT (51 MS L ous

Y gama glgl aloxjl wijls jga> 2 10 (o5 2 p,54b)

Lo tiS 1y (2 (5939 il (sloy30 )90 (Sl (oal)]

Zuloaga et al., 2012; ) el ouds oolazwl gg,ls dlge glsil 4
.(Garcia-Alonso and Perez-Pastor, 2020

GSoilul alize Jzle 3l slaods (V) S o

5 by, 2 a8 Cewl odal dals lae jo JT slaoasV]

Sled oo A1) iS B ooliiul 050 slo B9, (2 Fete

s.:—;:g n;l._a.:-

Soxhlet
USE
PLE

PHWE
MAE

3 Oemed it sl IS8T o 3,015 s MSIMS 4 MS
(FLD) " Gl 5k 5L IS8T 5l ouplonsl sl 15751 g0l olss
;> FLD #3ly ;o .(Zuloaga et al., 2012) cowl oals oslazul
Flotron et al., 2003; Santos ) PAHS 3JGT glp o lge yiias
Bengoechea ) LAS 4 (et al., 2007; Barrado et al., 2012
el sy ol (and Cantarero, 2009; Santos et al., 2007
Tage 558955 O 2 53 LAS oYL e s o
s mSo;5lsl ;o (CE-DAD) Yogs wl,] 5l a1 b oos o
ca> LC (Villar et al., 2009) cowl 423 ,5 1,8 oolatwl 5,50

si-Sy s U

GS/MS
GS/FID
LC/MS

Sulfur elimination
SPE

Mixed-mode
sorbents
GPC

LC/FLD
HPLS/FLD

MSPD

~
r

SPLE

OB g oy jo ‘sﬁ ‘slbo.\}..a}li G50l alize gy g, aods Y JSLi

—o)“&‘ 9 C‘)M‘ 5&5) L)"‘ )‘ oél.é.’;.w‘o)s.n L}J).:o.\.wd.\}Lw
b ge o 55,1 bS5 g WPAH (5,5
pravae ‘5” u_él.uS); uam 6‘)” WLA.A oo ul?u.)‘
S5 b 5 g b o 53 S5 il o
SlaS 5 paeid @mly b9y 6B Bl sileg S el Hais g0
LS 5 6l GS 5l eolaiuwl & yg0 0 el )8 s g 8 JT
S9y &lp Talinsl d> o SO ol a5 el oY 15 e JT
- Pl 2yl sliie ol sl o 55 ol lociged
LS 55 0590 50 a0 7 Oldee oy il sla STy
S b ol e (S5 gleg S sl eolanal 18 8 g (olad
SlS 5 Gl owb s glocdale i uen )l
Hhs <85 aS HPLC el (sole jol G LC jlonlaul b JT
A ookl 3550 (haB g 58 DLaS 5 6ln yiie )l (YL
599790 (5 pS 03Il slaslSiws glgil b Slsl IS 10 0,5 oo
Sl el Wlg oo g pSoslail 8,90 OloS 5 Sleogas
28,5 I slooss¥T 5 u5o5lail jo 580 g 4 j2aS slo g,

Sl Bg 0 SOXNIEL 43 45" (6 .50 Lac o5, (5 s0s08

5 el Lo sl sVl gl el sl lej 59, S Jila
ceslie S5 g S (Byre 5 Sl (SWIL a5 cabs
oolawl .cdl rals celw g0 4y (yloj SOXEEC g, ,o b JH>
Oley SRl el g295,5Le 5 Sigul sl aiilen ool )
e laghe) cnl plimes Lol ol addo Ve 5 4 gl
Ll 53, 2 508 5Ly o jo (g pSoslae 5l any a5 aazils
Soslaiwl b a8 wis S sawlice ylawstie dslol (5 .0,.5 & 00
et Lo S5 (65 5l Wged (310 H9e 9 cnlin sladl
S elie CB0 b g o) g anie (n S b ol
s ys oSSl 5l o MSPD g, 0,5 gzl 1) Gus
54255 Oy90 yidon 0 olwlid alide SlLuS 5 (6l p oowlio
ol olul yy P QBUH (g, (l yo 28,5 )58 0 )8
Sl &5 SLS 5 sl diged plste 4 Col Bon U
sads oolil liog, S s b o)liSe gla > wils (5 ,meS
sl Pl ol condad ool L SLaS 5 6l Jilie [0 ol
S es S ool Sype Jsilie L bl e gl

4 Derivatization
5 Silylation

1 Fluorescence detection
2 Capillary electrophoresis
3 Diode array detector
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