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stz o)l Yl 0 40l B g g . Blasl L ol

T Jaddaosedl sl EEC/75/442 o8 oyl
Slgd e Jsandl pzy bosie o3 e olladl i
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Waste Framework Directive) (il oyl o)
sl sy (issued by the EU, 86/278, EC

o 5ol ziaS yotiall 150 yo ol byl las
(OIS g dia Balazal

Ll O laallg olazally Lol dalyd | g
o3 plactuall aluseiadl ale] lada) laydlgi Carlgll
Jodll (B asel il dpyal b el b yall sl
Sldacs edlof $arbio 2Ls3] 63030 iyl
a2y by I8 plasciadl sle] dolo woy) Slgalg
i delanadl e Blasl T o Gudadll
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s>all B yall alla ¢ 63 (duelio of 4320) 8algll

JM' oY iea) J,‘.Q“U.H f:Ub.'sg (datin 9? d&w)

ol (&3 ] log (SRT) slasd] 1550 yac g cdidadll
dases i slan 3l lasdl dadlee )b ylas|

dodlaall

dloall dagag dlaall ggi 3.1

dlall slgall 3555 olyny Blasdl ddle elall Sy

L3l eSlasdl . Blall 59 1 o sale d8la
ol 201 dgandl b doui g0 Blasl ¢l il calisial
L ol 18l algall po IS0 5T Blasdl oSS
ladiall Blasdl ¢ 35120 i ya) Az 9o ] dodlnall

el 8yl sla dadbs (33155 G glgs sl

dloall 4o dalivo glgil ailjall gailnall .1 Jgaall

Digestibility
Other physical (Amenability to
cellany properties further biological

stabilization)
Primary Gre Slim Extremely Readily digested
sedimentation Y Y offensive yag
Chemical Black red surface Slimy, gelatinous, Slower rate
precipitation if higH in iron gives off Offensive than primary
(primary) considerable gas sedimentation

Activated sludge

Brown, dark if
nearly septic

Flocculent

Inoffensive, earthy
when fresh,
putrefies rapidly

Readily digested

Trickling filter
humus

Brownish

Flocculent

Relatively
inoffensive,
decomposes
slowly

Readily digested

Digested sludge

Dark brown to
black

Contains a very
large quantity of
gas

Inoffensive if
thoroughly
digested; like tar
or loamy soil

Well digested

Septic tank sludge

Black

Offensive (H2S)
unless very long
storage time

Mostly stabilized

Source: Loehr and Jewell (1979) cited in Polprasert and Koottatep(2017)
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dalixe Juaiiig cililac ¢lgil o aailill dloall clinsg aibjall pilnall anagaill cilill .2 Jgaall
yunll wpnll abo dallocl

Specific Specific Dry solids, kg/103 m3
Treatment operation or process gravity of  gravity of ]
solids sludge Range Typical

Primary sedimentation 14 1.02 110-170 150
Activated sludge (waste biosolids) 1.25 1.005 70-100 80
Trickling filter (waste biosolids) 145 1.025 60-100 70
Extended aeration (waste biosolids) 130 1.015 80-120 100a
Aerated lagoon (waste biosolids) 1.30 1.01 80-120 100a
Filtration 120 1.005 12-24 20
Algae removal 1.20 1.005 12-24 20
Chemical addition to primary tanks for
phosphorous removal

Low lime (500-350 mg/L) 19 1.04 240-400 300b

High lime (1600-800 mg/L) 2.2 1.05 600-1300 800b
Suspended growth nitrification - - - -Cc
Suspended growth denitrification 1.20 1.005 12-30 18
Roughing filters 128 1.02 -d
a Assuming no primary treatment.
b solids in addition to that normally removed by primary sedimentation.
c Negligible
d Included in biosolids production from secondary treatment processes
Adopted from: Metcalf and Eddy (2003)

Slgall 2 oloudl Jrosedl eldf g li] wiy g

4l (Yactual) _laall sSlall 55y Lo 5ale .4y gnsll

. (heterotrophic i)iomass) Liodl Lgae dygll
=oly (kgVSS/kg CODbiodegraded) 0.5-0.6 39>
160-85% -y 8ole Slasl) dyg3ld] &y gunall Balall ggimeo
o¥ama Sle Jo¥l oyl 3929 pas ol 399 35
dLall slgall Gaols 18 . 451l dyg el dlusdl )
deayial) Soeall Byallolia 3 5392 gall dllsll
e¥ana o 133y las Lol I B3 ) (Beo
oty Ola>g 3529 pac Yl 8. Ggildl Blasl L)
8lasdl &gli dlazsby ST alazal el co e Jof

. (Veenstra, 2002) 4 yUI

o390l £LeaS)l OS5 493 o asl e
l2all 40 8308 ilaS 4 o5 dagiagally plsdl Blasl)
callall 4Ll slgally ol S gy 1yl

3u Slandl e Lo 125 a3 Blasdl L3 ol I
il pslaall o el i)l plasiuad] Bsley doalia
ool olie oyl of cdicluall Slay yadl] e dnil
hyal i ddiaall yslaallg dyygyall Oblegsdl of
e 55 e dsle dlg (septage) bl wilalse

13 Slasdl plascrusl ale] aa] of 4Ll slaall

oy 3:STdladia o B yo dabily dagasiall dabaall
Sy oo Byo dabaily agasall ell
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ity 3l @l e el a9l Blasl 7 15] Jaa oSy e 4393l Blasel) Gy G oo dy gunl Al yini

(sludge yield) lasl 13| Joamen oluof e lgsluas alall 2> ool Lagondll dlas) 23S ga Lol azy
50 839> sall @allall dLall slgall 33al dovgs ellig 5ale duiddll Gaie Lygeod! ALK Yo dygall
639380 0 Ll Al oy el Byl sLio (kgVSS/kg CODbiodegraded) 0.5-0.6 Jssas

¥ Lasse dlisy 4yo3ll Blasl) Jazoeall gl daalys g3l Blasl b dygnall slgall sgina dous gl ying
Adaall 3 Jo¥l Cpnydll oo ppaini dygundl Blasdl zlnl Jasa 5Tz .85% I 60 e ole
Lo Bule dose oo oyl (Blonl g g3 dygslall

anll wpnll al dallao Glhao (né dailil dgilillg ddgill dlasll (naagaill cubyill .3 Jgaall
i (Metcalf and Eddy, 2003)

Untreated primary Digested primary l;gg\?:::g
sludge sludge sludge
Range Typical Range Typical Range
Total dry solids (TS), % 5-9 6 2-5 4 0.8-1.2
Volatile solids (% of TS) 60-80 65 30-60 40 59-88
Grease and fats (% of TS):
Ether soluble 6-30 - 5-20 18 -
Ether extract 7-35 - - - 5-12
Protein (%TS) 20-30 25 15-20 18 32-41
Nitrogen (N, % of TS) 1.5-4 25 1.6-3.0 3.0 2.4-5.0
Phosphorous (P205, % of TS) 0.8-2.8 1.6 1.5-4.0 25 2.8-11
Potash (K20, % of TS) 0-1 04 0-3.0 1.0 0.5-0.7
Cellulose (% of TS) 8-15 10 8-15 10 =
Iron (not as sulfide) (% of TS) 2.0-4.0 25 3.0-8.0 4.0 -
Silica (Si02, % of TS) 15-20 - 10-20 - -
pH 5.0-8.0 6.0 6.5-7.5 7.0 6.5-8.0
Alkalinity (mg/L as CaCO3) 500-1500 600 2500-3500 3000 580-1100
Organic acids (mg/L as HAc) 200-2000 500 100-600 200 1100-1700
Energy content, kJ/kg TS 23,000-29,000 | 25,000 |9000-14,000| 12,000 | 19,000-23,000

a Adapted in part from U.S. EPA (1979)
Note: kJ/kg x 0.4303 = Btu/Ib
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dognigallg plall dlaall (nilioyall cuyAjill .4 Jgaall

ltern a Raw Primary Sludge b Digested Sludge
Range Typical Range Typical

Total dry solids (TS), % 2.0-7.0 4.0 6.0-12.0 10.0
Volatile solids (% of TS) 60-80 65 30-60 40.0
Grease and fats (ether-soluble, % of TS) 6.0-30.0 - 5.0-20.0 -
Protein (% of TS) 20-30 25 15-20 18
Nitrogen (% of TS) 1.5-4.0 25 1.6-6.0 3.0
Phosphorous (P205, % of TS) 0.8-2.8 1.6 1.5-4.0 25
Potash (K20, % of TS) 0-1.0 04 0.0-3.0 1.0
Cellulose (% of TS) 8.0-15 10.0 8.0-15.0 10.0
Silica (SiO2, % of TS) 15-20 - 10.0-20.0 -
pH 5.0-8.0 6.0 6.5-75 7.0
Alkalinity (mg/L as CaCO3) 500-1,500 600 2,500-3,500 3000

a Refer to sludge settled in primary sedimentation tanks.
b Mostly refers to anaerobically digested sludge.
Source: Loehr et al. (1979) cited in Polprasert and Koottatep (2017)

dloall dun4 3.2

allal &Ll slgall 40 70% of (o14:80 dsasall dalgill dloall jliil illano 3.2.1
Polprasert and) o3l cowydl (oloat 13 anyss

zoly5 (US.EPA &8y 5031 &l dla> W1So) Bog
.(Koottatep, 2017

70 ¢yo @llall Llall slgall o asdl 7 LYl o¥ass
s -podl B y8/dalall dlall slsall o e 110 )
dLall slgall o @ 75-50 o3l 8lasdl z L5l Jase
L3903 Copnyd 8215 oIyl agdl 8 3 y3/a I3l
aslasall Ll oY seall 030 )lis xicg 65% AL
8395 ol Koy 13> dsaiye o853 030 6 Ligyol yo
Lol 3 oda deaisall 4ol 8lasdl 7] dasa

e Lealidl Ll 3 Blasll sy Elsall 3L
By alf ellas ¥ oyaall e 3 Wggus dx-lio
Slhaa ] omell Byl oo Jid dpaslin s
et JS o 35 Sy cell3 pag 43S all dlsal
0 B3l &Ll 83lall cyo @S 40 )] 25 oy Lo ity
025 800 9> of (435/DS o 109-68) Uges 8lasll

338/ 2.2) Bgrn (Sl g550 95%) Aoyl 8lasl p0
.(Polprasert and Koottatep, 2017) (p5! °

Ayl ol B sammall lasl 2] gl pbrdd B
37932942 5;'95'” Q.Lc u.;.b...u.l.‘) el poac L,Qg 3yeg
2] glars (PWA, 2014) Lagy 23l 83l cya Laly>
closlpgac LBg 83k dyyall daall b Aoyl slasl
Leagy 538/y 1.929 0559 3.5 Mgl Ll cpulnld

o>-Uaa) Gladl gal ol plasizasdl )] &5 3091 8aoxzall
olea lgad sl dd o3l Blasdl daS alus i gecdaall
ngoJ'f:UQJE_gJ L;.Qg bg_)giua @JJJ‘&@J';Q)@J'
Alodzall ool b yall dalasl Lab pasciual suall
40 ¢y dovzzall (TSS) dallall dlall slgall laz] = olyiy
b,:z.o.”g_é).o.” mh)iusg‘eleuQ.s)AU LZIPSOL’J!
2833 5] .poll/ayall/ax 60 JI Jai o Sy S yziuall
dlall slgall yo @ 30 | dodll lasl 5] Jae
slgall iy @2 409 oo I agll 5 35l @l
ool Byall dabul 8 gl 8 ssall @il alall



Loy a5 o)l lasdl & 55a 1039 A g3l oyl Ll
245 35T dliag Bazaall Lyogal) Jdicdl ooy awy
o las ple K0 dadiall Blasdl z L] odass e
Qs plasil e Gl lasdl L] wilasa plasl
F/M

A gl Alac o 6931l Blasd] Z15] 3405 o Say
slgall jl5zal Loy o9 (biomass synthesis) 49l
a)le)l dlall sl gall 318 43 dens ddazall dallall 4Ll

TSS/BOD) sgonll cpamnuaSHl e llall 3,855 I
Blasl 5] a8 3l Say (ratio) (Popel, 1993
dadaall slasdl Olasa ;3 (WAS) 8 gagall dnicall
Slgall dunS 7 olyig Al bl F/M s oy Ay
Slgall cpa @25 0.4-1.2 1 & 3gad] dlall dlall
S92l pmaSHl e Cdlall 0 xS/ aallall dlall
Ui (kg TSS/kgBODremoved) (Gray, 1990) 3l
Ji8 &dodl capunyill plonl alastral (plydl e
Andiall Slasdl 7Ll Blozy lagd . 4y o) gl 4o lall
Capdni 48 Bazianll dyggill dalail 3 (WAS) 5ygagall
3Ll Blasl 25| deaS 1) G sall &Ll sl gall
Qe g ladylaie . I3 oyl Ol oo ellg

T slasdl zL5l Jama slaiy F/M

o655 d(Trickling filters) yJagl clocis ya) 4wl
&58a ya3) 1385 .y 8T 0311 Blasdl L] erdase
Lol LSl )18 e pall B 38 el Bl
Bl Ilg) oo 1> ] (stabilized) yizus

Slasdl 73] e¥asa glig ("l slas" Sale lgude

oo paS/aallell Llall slgall oyo @S 0.4-0.5 d3 gadll
0.6-g sl Juasdll 13 &l yall (gl3] @i BOD
8 yhasizall cilowis yal) d8llall 4lall slgall e @5 0.7
{(Veenstra, 2002) _Jlall Jsaxcdl w13
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(SAW) dugilill loall jliil csllano 3.2.2

Balall 2ol Jagonill doess 90 &ygilall Slasl 7 ]
dlodl duaSl gl dsle iy gundl 4T )| dyguanll
Sl yo @S 0.5-0.6 1y Lyl gy SIS
Ioezall 2 gl S o1 ALl yo eonS g
iadlas llasma b el gag .(Horan, 1990) i slse
ol gl AL 3] 55 ol Byl oo
:(Veenstra, 2002) 4l dd8> ooy slef

355 BT 4 5] oMolsay (nitrifiers) & yuall
! Je ealus gy (lower yield coefficients)
ple Ky &gl Al
Byl sl po Ldiall ddllell Llall slgall Guatli o
S 5382 lan Lyg ol dssIl Basy Byl gll sl
4aS! )l 4Ll dlall sl gall Msvjubl 8L}
e sl Iy Y5 ey dggdl o> s
c¥isa daelas 48 .5.513)1 slasdl 7] odass
dlall slgall o @250.8-1.2 )] 8lasdl zL3)
> 5)50 ozl BOD 10 @xS/dallall
Lol 4yo31all dygodl @)l 7 1] edama 5l
glasyl I 8ylyadl oy Bl 6355 .8yl yadl d s
ol e el Ao g (k) sl sl Jolso
oo J8T 419il6 Blas L1 y0 38 3 Ldlgeadl
(Popel, 1993) @znall 5yl &lanys 315 ylal
Jos Loz dgyall Joull B Sl oo lia o5 48
Sl Bylol 3l andl 3oliall a Loyt g sl
dlasdl dabaid &l cpdniddg oy e gy Joo
@i yall Blasl yae of dnasiin F/M (s &l dniizall
Sl b yg daal yiST a1 slasd] uss pcy

.(Metcalf and Eddy, 2003) <:Saall &leS il y0
Slas o ol Bl ol el el s
Ul poly A IS5 U3 b Loy alSCll slagyizell e
Jedilly

dlaall @lloo 3.3

doado 3.3.1

lie (S el 8 yall olse dodlas llaa dlos
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Total solids Tempg;’ature Equation Notes
D No heating of small
. 131,700,000 i
2%7 20 50C 220 min =— particles .by Wa”T‘ed
10014t gases or immersible
liquid
D Small particles heated
2%7 2° 50C >15 sec - 131,700,000 by warmed gases or
10014 immersible liquid
D
<%7 >° 50C 215 sec to <30 min - M
100.14t
D
<%7 20 50C 230 min _ 131,700,000
100.‘14t
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ol Y bl @i gl dauwlg lalys JMs
6355 5Bl 3 Olledl Byl g SLLII Ol gaed
Harrison) ,Luidl dowa) 4818 dylas> 4555 3 xSlg) ]
(et al., 1999; Vesilind, 2003; Doula, 2017

sl B ol ceon 33 e Lghedald oy S
pollutant ceiling) <G glall _Je 3l ety Syl &gl
daSlydl i glall Ve cdasag (concentrations
394> of (cumulative pollutant loading rates)
.(pollutant concentration limits) & gla)l 1.5 45
ol dadadll (bulk) 8leall yut dygod! 4l 7 lins
U glall 3555 3ga> A di I ddjuall @ilasdlg g sall
ol delall Lol Alall slgall b of cany

5531 3935 5331 Sliglo of Ll ST b i gaall
ghacs mmpg sBiglall Lle¥l i3Syl of ol alall
oiaso e satey gl gorad] il plasiial Jasay
503 4l a4l aelgd)l oo gay . 4y gendl U glall Jiass
ol oo dadll plastial e ghoall 598 s .
Lgolasciand 43538 @8 g0 slad Lle Joasdl a3l d
& gl dawct) yalaa Loyl dlyaall 3l gl g
8392l Blasw e Lo yoleall Jaisg (6 Jganh)

W) dima 1555 g3 i il EQ) "d bl
il SUslall o o o sl 3 i X e a3
o aol llbaza ) 28LoYL (gl das )
.u’ob,ogi C_'JB@UQ u'ob.oﬁ‘ k)l./.uu.ﬂ

dllag go 503 cjall pilgl (ad (walall gjgll gulwi) (udljill (ad doaiwall ciliglall 3gas .6 Jgaall
(Doula, 2017) &x4upoill diwdl dlon

c 01: :éh%:i?itn c9:<§;er:ilnggion 3%%?:5::2;'9 Annual pollutant
Pollutant in EQ in blo_sollds loading rate loading rates,
biosolid (mg/kg) | af“%p(ﬂfg /tfg) limits (kg/ha) AT

Arsenic 41 75 41 2.0
Cadmium 39 85 39 19
Copper 1500 4300 1500 75

Lead 300 840 300 15
Mercury 17 57 17 0.85
Molybdenum - 75 - -
Nickel 420 420 420 21
Selenium 100 100 100 5.0

Zinc 2800 7500 2800 140

1: Applies to bulk biosolids & bagged biosolids;

2: Applies to all biosolids that are land-applied;

3: Applies to bulk non-EQ biosolids;

4: Applies to bagged biosolids not meeting EQ limits.
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(i)l

Nutrients, %

Product
Nitrogen Phosphorous Potassium
Fertilizers for typical agricultural use a 5 10 10
Typical values for stabilized wastewater
biosolids (based on TS) 33 23 03

a The concentrations of nutrients may vary widely depending upon the soil crop needs

Source: Metcalf and Eddy (2003)
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