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Abstract

VITEZ, T.,,KUKLA, R., TRAVNICEK, P: Physical properties of sand from the waste water treatment plants. Acta
univ. agric. et silvic. Mendel. Brun., 2010, LVIII, No. 4, pp. 233-238

The work isfocused on characterization of selected physical properties of sewage sand from the waste
water treatment plants. Sand is transported into wastewater mainly in areas with a combined sewerage
system - principally in connection with rainfalls, in case of which it is transported through the sewer-
age system together with rainwater, but also (within smaller extents) due to leakages of sewerage sys-
tems or bad conduct of natural persons and legal entities. The main attention was focused on basic
physical parameters such as content of total solid, ash free dry mass, density and granulometry. These
material parameters are very often underestimated so the set of quality data is completly missing, as
well as a background for designers of wastewater treatment plants. This paper should be quite useful
e.g. for the purpose of technological equipment design in the region of South Moravia.

sand, waste water treatment plant, density, granulometry

INTRODUCTION

Municipal ~wastewater contains  significant
amounts of organic and anorganic materials so—
called sewage sand, which should be separated
mostly in mechanical treatment at the wastewater
treatment plant by sand traps. As a consequence,
more or less large quantities of this sewage sand ar-
rive in the subsequent clarifying equipmentand can
lead there to caking or, in the extreme case, even to
operating disturbances. A recycling of the sand is
possible when a substantial reduction of the organic
content is achieved, and if basic physical parameters
are known. Mineral composition of sand captured
in a mechanical treatment of the wastewater treat-
ment plants is very diverse. Density of the sand var-
ies depending on its composition. Sand that is in-
cluded in the waste water is mostly inert material,
which the rain washes away from the roads and side-
walks to sewerage system. Mineral composition of
these materials is highly variable and differs from
the location of the site. Among the minerals that are
in this materials in varying proportions represented,
such as granite, limestone, gabrodiorit, sand, etc.
Densities of these materials are very similar and they
are in the range 2510 kg.m>-2630kg.m" for granite,
2520kg.m~>-2630kg.m>for limestone, 2610 kg.m=—

2720kg.m" for gabrodiorit (Pytlik, 2000). The sand
density is approximately 2620kg.m-* (Torgal and
Castro-Gomes, 2006). It can therefore be assumed
with some probability that, the quality of the phys-
ical properties of sand from the mechanical treat-
ment of the wastewater will be very similar to
crushed aggregates. The crushed aggregates are
used in civil engineering for preparation of the vari-
ous concrete. The values of concrete density lies be-
tween 2600 kg.m-2700kg.m? (Topcua and Isikdag,
2008).

MATERIALAND METHODS

Total solid, ash free dry mass

Ten samples of sewage sand from various Waste-
water Treatment Plants in South Moravia region
were used. The collection of samples was based on
CSN-ISO Standard No. 10381-6:1998 Soil Qual-
ity — Sampling - Section 6. On the day of collection,
the respective samples were transported to Men-
del University laboratory. The methodology appli-
cable to physical analysis of sludge, i.e. determina-
tion of the total content of solids annealing residue
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and ash-free dry mass is stipulated in CSN Standard
No. 83 0550 (Section 3).

Total solid content and ash—free dry mass in se-
wage sand samples were determined by use of elec-
tric muffle furnace LMH 07/12 which is designed
to measure incineration processes, drying, degra-
dation, re—heating, thermal treatments etc. Ana-
Iytical laboratory balances Radwag AS 220/X, for
precise weighing with readability to 0.0001 g has
been used. A well-mixed sample (10g) was evapo-
rated in a weighed dish and dried to constant weight
in an electric muffle furnace at 103°C to 105°C.
The increase in weight over that of the empty dish
represents the total solids TS [%]. After total solid as-
sessment the dish with sample is put back to elec-
tric muffle furnace at 550°C. The increase in weight
over that of the dish after total solid assessment rep-
resents the ash-free dry mass [%].

Density measurement

Analytical laboratory balances Radwag AS 220/X,
for precise weighing, readability to 0.0001 g has been
used. The below described method may be used for
aggregates. A sample of sewage sand is to be depos-
ited in water for 24 hours, then its surface is dried
and it is weighed (m,). A sample treated in the afore-
mentioned manner is put into a glass pycnometer of
volume 50ml and the pycnometer is filled with wa-
ter. All air bubbles are removed and water is filled
up to the calibrated volume. The external surface of
the pycnometer is dried and the whole pycnometer,
including the sample, is weighed (m,). Following its
emptying, the pycnometer is weighed filled with wa-
ter (m,). The sample on a dish is dried at 105°C and
it is weighed (m,). Subsequently, the density value is
calculated.

pu'm4 _
p,=—————[kg-m~], (1)
Pomy - mg+m,
where:
Py density of sand [kg-m~3]
p, . density of water [kg-m~]

m, ..weight of sample of sand inserted in pycnome-
ter [kg]

m,..weight of dried sample of sand [kg]

m,..weight of pycnometer containing sample of
sand [kg]

m,...weight of pycnometer containing water [kg].

Granulometry

Important characteristics of aggregates are parti-
cle size distribution R(x), cumulative distribution
P(x) and frequency distribution y(x). These distri-
butions characterize aggregates and can be very im-
portant in the design of mechanical equipment at
wastewater treatment. The method used for granu-
lometry was sieve analysis, in accordance to CSN EN
933-1. Considering the nature of processed mate-
rials, the following set of standard screens was suffi-
cient for our purposes: 0.063 -0.125-05-1-2-4
-8-16 [mm].

Particle size distribution

For a mixture of sewage sand grains particle size
distribution indicates the weight of sand grains x,
larger than mesh size of the sieve x depending on
the total weight (Rosin and Rammler, 1933).

Am-(x_>x
R(x) _Ambox) (-], (2)
m
where:
Am ....weight of sand grains with mesh size x and
larger [kg]

L/ B— total weight of the sample [kg].

Course of particle size distribution is approx-
imated by Rosin-Rammler formula (Rosin and
Rammler, 1933):

R(x) =" [-]. (3)

Of the two known values R(x)) a R(x,) and with
the elimination of parameter b is possible to deter-
mine the coefficient of homogeneity of the sample.

_ In|InR(x,)| - In|InR(x,)]|
)= Inx, - Inx,

[-]. “4)

Theoretically, the coefficient n varies within
the limits (0, ). Value n = 0 characterizes polydis-
perse mixture of grains with a constant value of R(x)
= e'. The value n = @ characterizes monodisperse
mixture.

Cumulative distribution

Cumulative distribution indicates the mass ra-
tio of grains sized x_<x smaller than the mesh size of
sieve x depending on the total weight.

Am-(x_<x)
Plx)=—F—I[-], (5)
m
where:
Am ....weight of the sand on the sieve with mesh size
equal with x [kg]

([ B— total weight of the sample [kg].

Frequency distribution

Frequency distribution can be derived from
the particle size distribution. Mass of grains of size
0 to x is just P(x). The grain size interval (x, x + dx) is
therefore the mass percentage dP(x). Mass ratio of
grains fall on unit interval defines the frequency dis-
tribution. Area under the curve y(x) over the interval

(%, . %, is equal to one.
dP(x)
y(x) _W[m 1. (6)
RESULTS AND DISCUSSION

Samples of sewage sand collected at wastewater
treatment plant contained different amounts of to-
tal solids and ash free dry mass. The results of basic
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measurements are shown in Tab. I. The results show
the variability of organic material in the sewage
sand, which, apart from the potential risks with re-
gard to the presence of pathogenic micro-organisms
can also cause problems in processing and utiliza-
tion of sand in civil engineering, etc.

I: Content of total solid and ash—free dry mass in sewage sand sam-
ples

Sample from Total solid [%] A;}::::Fy?]ry
Tetcice 95.40 2.15
Stielice 86.53 3.29
Zbraslav 91.81 1.58
Ofechov 77.19 7.15
Namést nad Oslavou 48.10 37.29
Blansko 76.10 20.93
Boskovice A 72.00 21.37
Boskovice B 85.34 4,51
Letovice 20.59 68.49
Jedovnice 20.03 56.64

Density of sewage sand

Samples of sewage sand collected at wastewater
treatment plants contained various amounts of to-
tal solids and ash free dry mass. The obtain results of
basic measurements are listed in Tab. II. Density of
samples from Namést nad Oslavou, Jedovnice and
Blansko could not be established due to the high
content of organic solids, see Tab. I. Results shown
in Tab. II are particularly important in regard to
the dimensioning of the sand traps are often placed
incorrect values of density 1500kg.m what is ap-
parent density of the sand (Pytlik, 2000). This can
cause particular problems in mechanical treatment
at the waste water treatment plant especially sedi-
mentation of organic material with the sand which is
undesirable.

Screening analysis of sewage sand

Granulometry analysis results are shown in
the figures 1-3 which are given various functions,
particle size distribution R(x), cumulative distri-
bution P(x) and frequency distribution y(x) respec-
tively. An approximation of particle size distribu-
tion and cumulative distribution has been done
with results shown in table TIT. The results show that
most samples were obtained with satisfactory coeffi-
cient R? for aproximation of logarithmic function of
the general equation:

y=a-Inx)+b[-]. 7)

For other hypotheses will be necessary to test
the data set expanded to include other long-term
analysis to would clearly confirm or refute the fin-
dings made.

Coefficient of homogenity

Samples of sewage sand collected at wastewater
treatment plant have different values of coefficient
of homogenity. The results are listed in Tab. IV, we
can say that sewage sand is polydisperse mixture of
grains with a constant value of R(x) = e, acquiring

IL: Density of sewage sand samples

Sample from Density [kg-m~3]
Tetcice 3152
Strelice 2494
Zbraslav 2390
Ofechov 2410
Namést nad Oslavou -
Blansko 2564
Boskovice A 2530
Boskovice B 2337
Letovice -
Jedovnice -

R(x) [-]

—e— Boskovice B
—&— Tetcice
—a— Stfelice

—@— Zbraslav

—— Ofechov
N Blansko
0.2 1 —a Boskovice A
0 : : : )
0 0.5 1 1.5 2 2.5

x; [mm]

1: Particle size distribution of sewage sand samples
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—— Boskovice B

—&— Tetlice
—a— Stfelice
—@— Zbraslav
—4— Ofechov
—o— Blansko
~—m— Boskovice A
2.5
x;[mm]
2: Cumulative distribution of sewage sand samples
2500 -
—e— Boskovice B
2000 4 —#— Tetlice
—ai— Stfelice
= 1500 -
'E —&— Zbraslav
§ 1000 - ~—4— Orechov
—0-— Blansko
500 - —u— Boskovice A
0 - ‘ ‘ : ‘
0 0.5 1 1.5 2 2.5
x; [mm]

3: Frequency distribution of sewage sand samples

I11: Values of the R? coefficients for individual samples of sewage
sands

IV: Coefficient of homogenity of sewage sand samples

Sample Coefficient of homogenity
Sample from R? P [-]

Tetcice 0.9421 Tetcice 1.92
Stielice 0.9664 Stirelice 135
Zbraslav 0.8954 Zbraslav 137
Orechov 0.8932

s Ofechov 1.29
Namést nad Oslavou -
Blansko 0.9771 Namést nad Oslavou -
Boskovice A 0.9407 Blansko 1.40
Boskovice B 0.9311 Boskovice A 0.89
Letovice - Boskovice B 1.67
Jedovnice - Letovice -

Jedovnice -

values were in interval (0.89-1.92) containing va-
rious fractions showing no equitable distribution of
these fractions. These may be an important finding

for further possible of sewage sand utilization.
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SUMMARY

Work deals with selected physical parameters of sewage sand. These physical properties are very im-
portant to design equipment for mechanical treatment of waste water and dimensioning of techno-
logical processes used there. The measurement of physical properties of sewage sand is often ne-
glected, so the main aim of this work is to add the missing information.

Samples of sewage sands were collected from ten different wastewater treatment plants across Sou-
thern Moravia. First of all the organic portion of the sample was removed by washing in fresh wa-
ter. Subsequently, individual samples were dried at 105°C for 12 hours. Density was determined
using a glass pycnometer, values are 2337 kg.m?-3152kg.m, corresponding to values of minerals
reported in the scientific literature (Pytlik, 2000; Torgal and Castro-Gomes, 2006). For the granulo-
metry the sieve analysis method has been used. The sieve analysis was carried out according to CSN
EN 933-1. Functional dependence of granulometric characteristics — particle size distribution R(x),
cumulative distribution P(x) and frequency distribution y(x) was performed according to the Rosin-
Rammler. Having compared the results of individual samples there is showed considerable variation
of the function. The course of particle size distribution is nearly identical for samples from Boskovice
and Blansko, where the values of R(x) for individual fractions are almost identical. The only excep-
tionis 0.5 mm fraction, where the variation is about 25%. Coefficient of homogeneity indicated that all
samples are polydisperse mixture. The highest conformity to size fraction, depending on the value
of R(x) or P(x) was achieved with a logarithmic dependence on the sample of Blansko (R? = 0.977),
the lowest then for the sample of the Zbraslav (R? = 0.895), other samples has values varied around
the values R?=0.950.

SOUHRN
Fyzikalni vlastnosti piskt z ¢istiren odpadnich vod

Préce se zabyva vybranymi fyzikdlnimi parametry ¢istirenskych piskd. Tyto fyzikélni vlastnosti jsou
velmi dtlezité pro konstrukéni navrh zatizeni pro mechanické p¥ed¢isténi odpadnich vod a dimen-
zovani technologickych procesti. Dosud bylo mé&feni fyzikalnich vlastnosti €istirenskych piski spise
opomijeno, proto si prace klade za cil tyto chybégjici informace roz3ifit.

Vzorky &istirenskych piskit byly odebirdny z vybranych €istiren odpadnich vod na jizni Moravé. Bylo
vybrano celkem deset ¢istiren. Odebrané vzorky byly nejdfive rozplaveny, aby organicka ¢ast z mé-
Feného vzorku byla odstranéna. Nésledn€ byly jednotlivé vzorky po dobu 12 hodin suseny pfi tep-
loté 105°C. Mé&rna hmotnost byla zjisténa pomoci pyknometru a pohybovala se v rozmezi 2337-
3152kg.m>, coz odpovidd mérnym hodnotdm mineraltt uvddénych v odborné literatute (Pytlik,
2000; Torgal and Castro-Gomes, 2006). Pro granulometrickou charakteristiku byla vybrina sitova
analyza, jeZ byla provedena dle CSN EN 933-1. Funkéni zavislost jednotlivych granulometrickych
charakteristik — rozsevova kiivka R(x), kfivka ¢etnosti P(x) a k¥ivka propadu y(x) — byla provedena dle
Rosin-Rammlera. Po srovnani rozsevovych funkci pro sledované vzorky se ukazala zna¢na variabi-
lita jejich prib&hu. Prabéhy rozsevovych kiivek jsou témé¥ totozné u vzorkt z Boskovic a z Blanska,
kde hodnoty R(x) ujednotlivych frakei jsou takika stejné, vyjimkou je jen frakce 0,5 mm, kde odchylka
Cini pfiblizné 25%. Koeficient stejnorodosti naznagil, Ze viechny vzorky jsou polydisperzni smési.
Nejvyssi shody v pFipad€ zavislosti rozméru frakce na hodnoté R(x), potazmo P(x), bylo dosazeno
pii logaritmické zavislosti u vzorku z Blanska (R? = 0,977), nejmensi potom u vzorku ze Zbraslavi (R?
=0,895), hodnoty R? pro ostatni vzorky se pohybovaly kolem hodnoty R?=0,950.

pisek, ¢istirny odpadnich vod, mérnd hmotnost, granulometrie
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