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The aim of this study was to check the extent taclvtthe sampling method and the
volume of sewage (size of the wastewater treatrpéant) influence the determined
daily average concentrations of pollution composeWithin three days of dry weather,
the composition of two raw sewage wastewater treatnplants was continuously
monitored. The WWTPs were designed for the flow880D n¥/d and 51000 Aid,
respectively. The concentrations of pollutants waemasured in samples taken both in
time-proportional and flow-proportional ways. Thistained values show the possibility
of taking the samples mixed at equal time intenais in proportion to the flow as
reliable sources for design values of concentratidie size of WWTP, i.e. the amount
of investigated raw sewage, was of no significanpdrtance to the obtained results
regarding concentrations of pollutants.
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1. INTRODUCTION

Amendments and adaptation of legal regulationdhi¢oBU requirements forces
operators of sewage treatment plants to carry oetige measurements of
qguantity and analysis of physical-chemical compasitof sewage. Technical
progress and abundant offer of devices allows tetrtieese requirements. Yet,
usefulness of measurement results for further pgiog is determined by
accuracy of measuring devices and skills of thdyahavho performs the test,
but also but whether the sample can be considereprasentative sample. Lack
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of ,good measuring material” is the reason why pttesstate-of-the-art devices
and qualified staff, test results frequently cahlve considered reliable. Devices
which help meeting of the reliability criterion, crurthermore, significantly
facilitate the laboratory technicians’ work, arengders.

In accordance with the Polish Norm PN — ISO 56610--1997 ,Water
quality, Sampling, Guidelines for sewage samplitigére are:

— Random samples - indicating physical-chemical patars of the sewage at
the moment of sampling.

— Qualified random samples — consisting of at leassatples. Interval
between individual sampling must be at least 2 pesmidong, whereas the
duration of such sampling cannot exceed 2 hoursquAlified random
sample, taken and analysed regularly, provides wtwaie more complete
quality image of the measured utility. A definiteadtback of this sort of
sampling are its time and labour requirements.

— Time-proportional samples — are characterized kingaof a small sample
volume, performed at specified and permanent iatervSuch form of
sampling does not take into account changes irflthe rate. Yet for an
accepted, possibly short, interval, the taken sampd relatively
representative. This method is characterised by ftlewing features:
regular sampling, permanent volume of single sam@ed permanent
frequency of sampling.

— Quantitative-proportional samples — are charaadriby combination of
sampler with a flow meter. The are characterizegpbymanent size of the
taken sample, perfumed at intervals which resuifrflow of specified
volume of sewage. In order to control the sampjration, a quantitative
measurement signal is required. This type of sarmgptirovides good and
representative results, because it considers thaldtow.

A drawback of this solution is the fact that theseno correlation
between the taken sample and the contamination(lesmkcially with high
flow fluctuation). This problem occurs often in dingewage treatment
plants, where at nigh-time, the flow drops almaskéro. In such situation,
the sampling is performed at relatively long intdsy which can prevent
disturbances in the plat operation from being réedr Quantitative-
proportional sampling is currently becoming inciegly popular. This
method is characterised by the following featusesnpling after a specified
quantity has flown, constant volume of single saspand changeable
frequency of sampling.

— Flow-proportional samples — are taken by combinisgmpler with
a flowmeter. Such mode of sampling is characteribgd collection of
variable volume of a single sample, depending oe turrent flow.
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Moreover, the sample — as in the time-proportiomalde — is taken at
constant intervals.

This method of sampling provides very good, repregese results, and
the results are the best with fluctuating flow aratiable contamination
load. Unlike the quantitative-proportional samplihgre the sample is taken
even if the flow is very low. In practice, this nmsaa possibility of detecting
all disturbances in the treatment plant operatidrhis method is
characterised by the following features: changealsdume of single
samples and permanent frequency of sampling.

— Event-proportional samples — make use of samplexparating with
appropriate meter, e.g. pH. In this mode, the samphits for an ,event”
Only when this event occurs, the sampling is itetla An impulse which
triggers the sampling can be exceeding of a boyngdue (e.g. liquid level,
pH, conductivity, etc.) As long as the "event" $sthe sampling is
performed at specified intervals.

This sort of sampling is particularly recommended $ewage quality
control, as long as we are not interested in thg fact of exceeding some
boundary values, but rather in the reason of stafe ®f affairs. With the
previously described modes of sampling, seizingrapde taken during the
“event” is difficult. This method is characterisbg the following features:
sampling depending on the event, permanent volunsingle samples and
permanent frequency of sampling.

— Combined sampling programs, i.e. event-proportieaahpling can be made
parallel to other modes (e.g. with the quantitapveportional method).
Advances of the combined mode are the resultathefemployed, single
modes of the sampler operation. This method is atherized by the
following trait: combination of time-related, qudative and event-based
criteria of sampling.

Modernization works and optimization of sewage ttresnt technologies
as well as treatment plant classification expressitthi PE (equivalent of
population) require determining of equivalent comitzation loads, which shall
be the basis for further calculations and studis. optimal solution for
measurement for quantity of sewage and determmatiophysical-chemical
composition of the sewage, and, as a result, otaconation loads, is a
permanent measurement (on-line) of flow and comagah of factors
significant for operation of the treatment plans lang as the flow measurement
is not difficult, systems which measure concentragiare still rather unpopular,
due to technical capabilities and costs.
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In the case of an existing system of sewerageatiient plant — receiver,
an archival database, containing information abh@ltme and composition of
sewage which comes into the treatment plant, id.use

An order of the Minister of environment regardingquirements for
introducing sewage into waters or ground, and diggrsubstances particularly
harmful for water environment (Journal of Laws 2086. 137, item 984), as
well as Directive 91/271/EEC regarding treatmentohicipal sewage state that
representative values of concentration are thodedted in medium samples
resulting from mixed samples, taken manually ooenatically within 24 hours,
at intervals not longer than 2 hours, proportiotlthe sewage flow. Yet,
automatic samplers in treatment plants usually take-proportional samples,
at regular intervals (as a rule every 2h), a conistalume of single raw sewage
samples is taken, which are then merged.

The aim of this study was to check the extent tactwithe sampling
method and the volume of sewage (size of the wadtgwtreatment plant)
influence the determined daily average concentratad pollution components.

2. MATERIAL AND METHODS

Monitoring of the quality and quantity of raw sewagarried out in two
wastewater treatment plants: designed for flow 20 8r’/d (WWTP1) and
51 000 n¥d (WWTP2). Sampling and measurement was perfomitn three
days (Monday, Tuesday, Wednesday) of dry weather.

Every two hours, starting from°7on the first day of research, a raw
sewage sample was taken before the drum sieve,aiyatt WWTP1 and using
automatic sampler at WWTP2. Physical-chemical patam within the range
of: total suspension, BQDCOD, TKN, N-NH,", total phosphoruéP,,) were
marked in each of the 12 samples during subseqiagmstof monitoring.

3. RESULTS

3.1. Quantity of sewage

The volume of sewage influent into the WWTP1 wittlinee days of permanent
monitoring varied between 347 and 42#dnwhereas the volume of sewage
delivered via vacuum trucks within 24 hours wasd @8 ni/d. The share of the
delivered sewage in the general volume of sewalfigeint into the wastewater
treatment plant within two hours did not exceed 12%
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Whereas WWTP2 received from 1428%drto 14720 rifd, and the share
of the delivered sewage was 2,9 to 3,7%. Osciltatiof raw sewage inflow to
WWTP1 and WWTP2 within 24 hours are presented gn Ei

Within three days of testing, the amount of sewdigaving into a
WWTP1 varied from 3 fth to 33 ni’h, and for WWTP2 from 338 ih to 784
m*/h. In both wastewater treatment plant after 11 quantity of sewage
decreased to about 25% of maximum flodourly average of quantity of
sewage was 16 ¥n and 607 rith, for WWTP1 and WWTP2 respectively.
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Fig. 1. Changes in raw sewage inflow to WWTP 1 @AY TP 2

3.2.Characteristic of raw sewage

Pollution concentration values, marked in raw seasgmpled in WWTP1 and
WWTP2 are presented in Table 1.

Data analysis explicitly indicates high unevenneds volume and
concentration of raw sewage for WWTP1, as well @sies of pollution index
concentration higher, than for WWTP2, which coukd daused by significant
share of delivered sewage. In particular, thesterdiices were observed for
concentration of TKN, ammonia nitrogen, and tptabsphorus.

Were also found large changes in concentrationpatiitants in raw
wastewater. For example, COD determined in insteettas samples collected
every 2 hours changed in the range from 640 mytdm840 mg/drhand from
240 mg/dm to 1040 mg/drf) for WWTP1 and WWTP2 respectively.
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On the basis of the obtained pollution concentration 12 samples for
each day, average daily concentrations were cagalavhich, in accordance
with the Polish Norm PN-ISO 5667-10, reflect valupsmarked in time-
proportional and flow-proportional samples (table 2

Table 1. Characteristic of raw sewage influent t&/W\P 1 and WWTP 2

WWTP1 WWTP2
s-gmglﬁfg Flow | COP | TKN “H4 Plo st]?[gzlns Flow | €OP | BODs | TKN “;44 Plo SJSSiLs
m?/2h m?/2h
mg/dn? mg/dn?
7%° 10 960 | 175| 90 45 630 1108 440 189 8 54 |11 720
g 9 640 | 140| 78 44 822 1461 480 226 70 41 (11 890

11° | 42 | 1560 196 | 176| 68 646 1470, 520 152 7( P ) 360

4
13° | 45 | 1560| 154 | 123| 42 730 1401 640 263 7( 58 7 480

4

5

15| 34 | 1200| 182 | 106| 42 492 1298 520 226 7Q 6 T 160

17° | 48 | 1560| 280 | 238| 41 588 1270, 480 152 54 # b 40(

1st day

19° | 44 | 1680 140 | 91| 35 522 1346 84p 374 P1 680

50

[=)

21| 20 | 1840| 126 | 86| 41 992 1462 600 268

230 | 44 | 1840| 126 | 94| 39 516 1317 440 189 80

92

o
13,1

o O O

3% 14 | 1480| 112 | 97| 35 1360 67 440 189

7
5
5
1% | 27 | 1440| 126 | 89| 49 894 878 400 11% 5
5
5

o7
N
~

50 10 | 1760| 154 | 93| 38 754 704 400 189 86D

7% | 12 | 1120| 119 | 93| 34 378 1201 56p 115 112 63 780

9® | 40 | 820| 112 92| 31 728 1496 680 132 70 B2 |7 240

11°| 33 | 1080| 147 | 144| 51 976 1464 1040 152 56 | 51 8 1040

13| 45 | 1380| 112 | 112| 44 778 1385 320 189 98 54 5 108D

> 15° | 50 | 1120 147 | 113| 32 236 1328/ 680 152 70 5 5 58(

g 17| 19 | 1260 105 | 88| 27 324 129 600 189 56 49 6 300

o 19°| 33 | 1320| 105 | 92| 38 516 132 800 268 56 53 6 300
21| 50 | 1340| 105 | 82| 42 520 1417 320 226 M %8 4 220
23°| 33 | 1120 105 | 85| 39 564 1408 80D 78 56 45 3 60p
1% 38 | 1320] 105 | 95| 36 356 999 320 26| 70 48 B 400
3% 8 1120| 112 | 84| 43 448 733 240 152 56 48 2 88D
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5° | 6 |1040| 105 | 85| 44 214 7070 240 189 7p 5§54 3 20p
7° ] 10 | 736| 105| 78 27 338| 1185 880 203 4 @42 (16 860
g% 28 848 | 112| 83 24 154 1568 840 203 H8 44 5 830
11%° | 47 | 1088| 140 | 132 33 618 1489 560 175 84 38 B 94(
13| 50 | 688| 119| 97| 28 208| 1371 480 148 56 @41 |3 460
15° | 56 896 | 140 103 22 300 1282 560 175 84 4p B 160
§ 17| 32 928 | 119| 94 35 622 1247 720 312 56 45 2 360
& 19°| 40 | 8s0| 112| 78 19 444| 1330 680 230 T0 43 |5 840
21| 66 | 928| 105| 77| 26 414| 1401 320 148 %6 {44 |3 100
23| 18 | 1136| 112 | 74| 29 728 1359 240 208 56 43 4 400
1% 19 896 | 105/ 71 29 202 914 560 175 56 42 2 600
3% | 37 | 864| 140 80 37 220 710 540 120 42 B6 |2 600
5% 21 896 | 123| 78 29 224 709 560 94 56 A0 |10 900
Table 2. Average daily values of pollution concatitms determined for flow-
proportional samples and time-proportional samples
WWTP1 WWTP2
Parameter/test type ist | 2nd | 3rd | 1st | 2nd | 3rd
day day day day day day
flow-proportional sample 153¢ 1189 899 532 585 580
m%%% time-proportional sample 146p 1170 899 516 550 580
rggtfﬁg%gcgf thr‘:]"gl‘?:g 4,9% | 1,6%| 00% 30% 60% 0,0%
flow-proportional sample - - - 217 154 188
BODg
mg/dn? time-proportional sample - - - 210 15y 18R
e | | | - | se] 10| s
flow-proportional sample 169 117 122 66 70 6D
m‘l;;/((;\ln? time-proportional sample 159 11% 119 65 70 a7
difterence Zztr‘;]"sl?r’]‘g 59% | 1,7%| 25% 11% 00% 3.2%
flow-proportional sample 127,0 1000 91/0 498 52,%41,9
n’\1|;/\ld|_r|1413 time-proportional sample 1130 970 87,0 49,8 52,41,6
rggtfﬁg‘fjgcgfzztr‘g’gﬁr’]‘g 11,0%| 3,0% | 4,4%| 00% 04% 0,7%
Pot flow-proportional sample 43,9 38,4 28,11 8,B 52 47
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mg/dn time-proportional sample 431 384 27|18 77 50 4,7

difference between
methods of sampling

1,8% | 0,0%| 1,1% 7,29 3,8% 0,0%

flow-proportional sample 680 540 382 58B 587 583

Total
suspension|  time-proportional sample 745 503 38D 596 552 5p2
mg/dn? difference between

-9,6%| 6,9%| 0,5% -22% 0,9% -1,5M0

methods of sampling

Determined authoritative concentrations of polltgaim the wastewater
influent to analyzed wastewater treatment plantevekfferent in the subsequent
days of measurement for both: time-proportional #ma-proportional samples.

For both WWTP the highest values concentration offupons were
obtained in the first day of testing (on Mondayjes$pective of the method of
sampling.

4. CONCLUSIONS

The calculated differences between values calalffate flow-proportional and

time-proportional samples are 0 to 11%, but for trs@mples they come to
about 4%. This indicates good assessment of theblelconcentration values,
both for sampling of permanent sewage volumes @gtlae intervals, and for
volumes proportional to the flow.

There was also no evidence of any significant eritte of the size of the
treatment plant, and thus unevenness of raw sewdlgay, on the calculated
pollution concentration values.

It is also obvious that pollution concentrationseadped in random
samples reflect the physical-chemical parametetiseo$ewage at the moment of
sampling, and in no circumstances can they be adftion for calculations
which require reliable concentrations. For exammlencentration of TKN
marked within the first 24 hours of the monitorifty WWTP1 changed from
112 to 280 mg/dih Such a large range of values indicates the piigsibf
making significant errors in the design, if you lvbe taken into account the
instantaneous values. On the other hand, it is itapbto provide buffering
capacity of the inequality of pollutants influento wastewater treatment plant.
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WYZNACZANIE MIARODAJINYCH STEZEN ZANIECZYSZCZEN
W SCIEKACH SUROWYCH W OPARCIU O R@NE METODY POBORU PROBEK

Streszczenie

Nowelizacja i dostosowywanie przepisow prawnych wigmaga UE wymusza na
eksploatatorach oczyszczalftiekbw wykonywanie precyzyjnych pomiarow §6b i
analiz skfadu fizyko-chemicznegéciekéw. Posfp techniczny oraz bogata oferta
producentéw urgdzen umazliwia sprostanie tym wymaganiom. Jednak o przydatino
wynikéw pomiarowych do projektowania oczyszczakuiekOw obok doktadnai
urzadzeh pomiarowych decyduje fakt, czy prapkciekbw mana uznd za probk
reprezentatyws Czesto pomimo najnowoczaiejszych uradzen i wykwalifikowanego
personelu wyniki badanie mog by¢ traktowane wiarygodnie.

W artykule na podstawie pomiaréw o i analiz sktadusciekéw surowych
zweryfikowano w jakim stopniu metoda poboru prébataz ilas¢ doptywapcych
sciekow (wielk@g¢ oczyszczalni sciekbw) wplywa na wartd wyznaczonych
sredniodobowych gten wskaznikbw zanieczyszcze W ciagu trzech déb w pogodzie
suchej przeprowadzonoagty monitoring sktaduciekéw surowych w oczyszczalniach
zaprojektowanych na przeptyw 820%dh (OS1) i 51000 n¥d (OS2). W prébkach
zbieranych czasowo-proporcjonalnie i przeptywowogarcjonalnie wyznaczono
stgzenia miarodajne wskaikow zanieczyszcze Uzyskane warkei wskazuj na
mozliwosci przyjmowania do projektowania ¢gen miarodajnych wyznaczonych w
probkach zlewanych w jednakowych interwatach czgstwijak i proporcjonalnie do
przeptywu. Nie stwierdzono rowridstotnego wpltywu wielkéci oczyszczalni, a tym
samym nierownomierroi doptywu $ciekdw surowych na obliczone wastd stzen
wskaznikdw zanieczyszcze





