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COMPARISON OF THE SEQUENTIAL EXTRACTION METHODS
FOR SOIL SUBJECTED TO THE LONG-TERM EFFECT
OF SEWAGE

POROWNANIE METOD EKSTRAKCJI SEKWENCYJNEJ GLEBY
PODDANEJ WIELOLETNIEMU DZIALANIU  SCIEKOW

Abstract: The collation and comparison of two sequentialastion procedures: 5-stage Tessier's and less-known
4-stage Sposito’s for samples of soil treated wilstewaters from the low-tonnage vegetable and asifats
production were presented. The subject producticieahnological fats was carried out in a smallboleemical
plant and the presented results are the continuafidhe previous papers. The doses of wastewdirsrsted to
fields used fotesting were limited by total nitrogen concentnatin the total batches not exceeding the threshold
value of 170 kgN/ha - year. The experimental plaése sown in the consecutive years with vegetatiamh as:
oat, rape, triticale and mustard, which were inticetl to the examined soils in bulk in a form ofeeq fertilizer.

In order to compare the changes taking place ip,tilme acreage of the fields used for testing we#lifed with

the separately mixed raw wastewaters after thefatiiley and physicochemical pretreatement. Featilon
processes were carried out on regular basis ogearawithin the period of four years. The soil séeapised for
the analyses were taken from the surface layer fiteenexperimental fields. The obtained resultsdatdi the
significant variability of changeability levels omerning exchangeable and residual fractions detewnin
accordance with the selected sequential extraatiethods.

Keywords: sequentiakxtraction procedures, wastewaters from oleochérpioaluction, exchangeable fractions,
residual fractions

Introduction

Pretreated industrial wastewaters from the produoctf industrial fats of vegetable
and/or animal origin produced in small oleochemahts have the beneficial N:P:K ratio
for the fertilization needs [1]. The essential dtiod for the agricultural use of such
wastewaters is their effective defatting and thienielation of colloidal and suspension
systems [2, 3]. In specialist literature, there soene examples of papers concerning the
issue of agricultural utilization of wastewatersrir the production of vegetable or animal
fats production including the aspect of total ctem@ heavy metal concentrations being
the result of agricultural utilization [4-10]. Hower, there have been only few reports on
changeability of the individual fraction fields @vgsed during many years of carrying out
experiments concerning soil fertilization with suslastewaters. This issue seems to be
particularly essential because the total metalsceatnations do not reflect the changes
taking place with their participation and the papation of wastewaters pollutants’ load
components during many years of providing the wih these substances.

The aim of the paper was the quantitative idemtifan of the dynamics of fractional
changeability taking place in the surface layersofl in case of two fractions: the
exchangeable one and the residual one for thetsdléeavy metals during the period of
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four-year agricultural utilization of defattenedwaand physicochemically pretreated
wastewaters from the low tonnage oleochemical prtiolo. In order to achieve this aim,
one of the frequently used for soil assessmentesgigl extraction methods, that is the
5-stage Tessier's procedure [11] and the less knbatage Sposito’s procedure [12] were
applied.

Materials and methods
Sudy area and soil sampling

Soil from the experimental fields was rated as light soils category with sandy
granulometric composition - sandy clay loam in glowand decayed material layer. The
examined soils were produced from glacial till dinely have the genetic material sequences
typical of the category of brown soil, soil profilap-Bw-Ck [13]. Before the experiment,
the soil reaction was acidic, pH in 1.0 M KCI 3. 02 and the active acidity (in distilled
H,0) measured potentiometrically was pH 6.7 = 0.2e Hverage decay content in the
accumulation layers was 13.21 g/kg and the orgeaniocon 7.66 g/kg, and the total nitrogen
content was 0.70 g/kg, plant assimilable forms lidgphorus amounted 52.0 mgORkg,
potassium 27.0 mg 40/kg and magnesium - 14.0 mg/kg.

Doses of wastewaters directed to fields used &img were limited with total nitrogen
concentration, in portions not exceeding the amo@iif70 kg N/ha- year. The experimental
plots were sown every year in the consecutive yedtls vegetation such as: oat, rape,
triticale and mustard, which were introduced to éxamined soils in bulk in a form of
green fertilizer. Soil samples from the fields ugded testing (50.0 acres each) fertilized
with mixed defattened raw wastewaters and the gmetd ones were taken in accordance
with the Polish standard PN-ISO 10381-2 from thdame layer 0.0-20.0 cm. The soil
reaction sample was determined in accordance with methods given in PN-ISO
10390:1997. The soil material for the analysedeftotal heavy metals contents was taken
within 4 years in equal monthly intervals.

Soil analysis

Soil samples collected from the areas of experiaigribts were sequentially extracted
acc. to Sposito’s and Tessier's methods [11, 12]ubing air dried analytical samples
(40.0 g each) which were treated with extractinlyitsans of increasing extraction power
(Table 1).

After filtering solid parts, the filtrate was anabd by using AAS (apparatus: BUCK
Scientific 210 VGP and Spectr AA Varian 220 SS)e Hoil specimens, washed with water
and dried, were used at the next stage of the aixira- at | (Tessier and Sposito), IV
(Sposito) and V (Tessier) fractions. The resulttheffiltrate analyses for the contents of Cd
and Zn in first and fifth (fourth) speciation frams during four experimental years are
presented in Figures 1 and 2.



Comparison of the sequential extraction methodsdi subjected to the long-term effect of sewagé91

Table 1
Sposito’s and Tessier’s procedures used for fraation analysis
No | Fraction | Extraction steps®
Sposito’s procedure [12, 14, 15]
1 || Exchangeable a-1) 400 ci0.5 M KNG;, shaken at Z& (16.0 h).
a-1.1) 400 crhdeionized water, shaken at’252.0 h).
Il Sorbed b-1) 400 c 0.5 M NaOH, shaken at 25 (16.0 h).
Il Organic c-1) 400 cm 0.05 M NaEDTA, shaken at Z& (6.0 h).
IV Carbonate and sulfide forms| d-1) 400 cmi4.0 M HNQ;, shaken at 8C (16.0 h).
Tessier’'s procedure [11, 14-16]
2 |l Exchangeable a-2) 320 c1.0 M CaCj(pH 7), shaken at room temperature (1.0|h).
Il Carbonate b-2) 320 ci1.0 M CHCOONH, acidifying with 80% CHCOOH up

to pH 7 and shaken at room temperature (5.0 h).

Il Bound to Fe and Mn oxides | c-2) 800 cm0.04 M NHOHHCI in 25% CHCOOH (pH 2) shaken
at 96 + 3°C (5.0 h).

IV Organic d-2) 120 cmi0.02 M HNQ and 200 crfi30% HO, (pH 2) shaken at
85 £ 2°C (3.0 h).

d-2.1) 200 cr™3.0 M CHCOONH, in 20% HNQ (v/v) was added
and shaken at room temperature (pH 2) (0.5 h).

V Residual e-2) 120 criHNO; and 200 crfi30% HO, were added and mixed
(pH 2). The mixture was shaken at boiling point ahthat time it
was treated twice with HNGand HO, up to the moment of releasing
white fumes (1.0 h). 200 ¢i80% HO, was added and was shaken at
boiling point (0.5 h).

¥ sequential extractions were carried out using 4@fied at room temperature soil samples

Physicochemical method for pretreatment of wastewaters from the oleochemical
production

The simplified technological scheme of physicocheahi installation in the
wastewaters treatment plant where the pretreatofemixed wastewaters from the subject
oleochemical production was carried out was preskmtith the detailed description in
paper [1]. Post production wastewaters from thelpetion of fats of vegetable and animals
origin were directed to the preliminary chambebéomixed and averaged and then pumped
into the aerated chamber at the first stage ofrgathent where hydrogen peroxide was
additionally introduced in doses 150.0-175.0 Dim® of wastewaters in order to separate
the protein and fat flotate. Pretreatment at ttomisé, chemical stage was carried out with
lime milk (in unit doses 1.25-1.50 kg CaC/uf the defattened wastewaters after the first
stage of pretreatment) with the final flocculatiaith aqueous 0.3% flocculant solution
(Praestol 859 BC Stockhausen dosed in the amoumtucé component 50.0 giof
wastewaters). The process was additionally aideld eissolved air flotation (DAF) (basic
flotation parameters: saturation time 10.0 minussion pressure 500 kPa, the level of
pretreated wastewaters recirculation 20%) and pedtliwith hydrogen peroxide in doses
235.0-250.0 g bD./m® of wastewaters. After oxidation and separatioptases, the flotate
was directed to the tank to be additionally conddrend next to the plate and frame filter
press in order to be dehydrated, while the predtbatastewaters were directed to the
storage tank from where they were directed to empmntal fields.
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Results and discussion

The subject production of technological fats ofetadple and animal origin was carried
out in a small oleochemical plant located in theakarea, and the presented results of the
research are the continuation of papers [1, 2]. dihe of this study was the quantitative
identification and the comparison of the dynami€€tmnges in two fractions, that is the
exchangeable one and the residual one, obtainedthé application of Tessier’'s extraction
procedures (fractions | and V) and Sposito’s efiwacprocedures (fractions | and V) for
such heavy metals as Cd and Zn. The dynamics eiggsawas analyzed in the surface soil
layer (0.0-20.0 cm) during the period of four-yagricultural utilization of the defatted raw
and physico-chemically pretreated, mixed wastewatitom the subject production.
In order to compare the changes taking place due,tthe acreage of the experimental
fields was fertilized with the separately mixed rawastewaters after their defatting and
with the ones which were physico-chemically predaDuring the experimental period,
the ranges of basic parameters values for the miaedwastewaters after their defatting
and the ones which were physico-chemically predaatere in accordance with the data
given in Table 2.

Table 2
Compilation of ranges of basic parameters valuethidraw and physico-chemically pretreated wastessa
directed to the experimental plots [1, 2]

Item Parameter Unit Crude wastewater|Pretreated wastewatef’

1 Reaction (pH) [-] 3.9-5.0 8.4-9.3

2 Total suspended solids (TSS) [mgRim  477.3-2530.0 18.9-42.7

3 Chemical oxygen demand (CQBP | [mg O/dnv] | 3348.9-10201.6 809.6-440577

4 Biochemical oxygen demand (B@D | [mg G/dn] 905.8-4593.9 467.9-2067.8

5 Total nitrogen (TN) [mg N/dfh 175.3-720.9 88.8-170.7

6 Total phosphorus (TP) [mg P/dn 60.7-220.8 11.3-40.8

7 Ether extract (EE) [mg/dth 703.3-5999.0 3.7-27.3

8 Potassium (K) [mg/dh 149.4-606.2 66.9-483.7

¥range of values after two stages of pretreatnfensing HO,, the values of COD were given as corrected ones:
COD, = COD,—f-c (f = 0.25 based on the data from the study [17, 18])

In case of soil samples being subject to raw dedatvastewaters, their acidity over
time was found from the initial level of pH 6.7 + 0.3 to the final value pH= 5.9 £ 0.4
(there was no liming of this experimental plot, dhd raw wastewaters after the defatting
process have the reaction p+8.9-5.0). In soil samples, where pretreated weastiens with
reaction pH = 7.8-8.8 were applied during the fgaars of experiments, no significant
change of this parameter was found because its Wagwithin pH~ 6.7 + 0.2, during the
whole experimental period. On the basis of theiedrout analyses of the soil samples it
was found that cadmium and zinc concentrations imedaat the level of natural
background in case of the subject soils. There m@ssignificant influence of dosing
wastewaters on the level of the registered valdethese metals. The total load did not
undergo any changes during the experimental pemmtwas roughly in accordance with
the polynomial equatiol©y(t) = at®> + bt + ¢ (where:Cy, - total Cd or Zn concentration
determined with the use of AAS, and paramétareans experimental time expressed in
monthly units) [2].
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Fig. 1. Comparison of changes in exchangeableidraciontents (fraction I) for: a) cadmium and b)cziwithin
the period of four-year fertilization with raw défed wastewaters and the ones which were physico-
chemically pretreated and originated from oleochahproduction
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Fig. 2. Comparison of changes in the residualstimdfraction IV in Sposito’s procedure and fractiV in
Tessier's procedure (Table 1)) for: a) cadmium landinc within the period of four-year fertilizatiovith
raw defatted wastewaters and the ones which weysiqichemically pretreated and originated from
oleochemical production
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Cadmium concentrations registered during the erpental period did not exceed the
level of 1.0 mg/kg dry mass and they were arouedvdiues of 0.6 (+ 0.2) mg/kg dry mass.
The zinc contents in the determined samples respdct fluctuated around
49.7 + 2.7 mg/kg dry mass, not exceeding the vafoesuch type of soils applied to
agricultural utilization [3]. In case of fraction determined for cadmium and zinc, the
results obtained with the use of Tessier's and iBps®xtraction procedures differed both
with regard to results obtained for soil sample=atied with raw, defatted as well as
physico-chemically pretreated wastewaters (Ficad&b).

In case of cadmium, the higher percentage conttieachable fraction determined
with Tessier’'s method was obtained with the indregasrend in its quantity in line with the
time of long-term dosing of raw defatted wastewatddowever, in case of Sposito’s
procedure, no evident tendencies or trends welisteegd over the time of dosing during
the whole experimental period (Fig. 1a). In casehid fraction’s content, determined in
soils treated with physico-chemically pretreatecstewaters, the application of Tessier's
procedure allowed to determine the content with ékielent tendency of its successive
decrease over time and the stable level in casmmtent determined in accordance with
Sposito’s procedure (Fig. 1a). In case of zinc,dbtermined contents of fraction | for soil
samples treated with raw defatted wastewatersrdifén values - the ones obtained in
accordance with Tessier's procedure contained hitghwels of values (from 6 to 14.9%)
than the ones received with the use of Spositaisquure (from 3 to 7%) (Fig. 1b). In case
of contents analyses of this fraction for the s@iimples treated with physico-chemically
pretreated wastewaters equal stable values weraineldt in the experimental period
(Fig. 1b). Therefore, the thesis can be suggedtatl ih case of soil being subject to
long-term treatment with raw defatted wastewatenst Mithout lime there are
transformations leading to the increase in cadmiamexchange resin. This parameter
functionally depends on a range of factors inclgdime reaction value concerning the soil
environment [19-22]. The labile forms of metal tians which are present in soils
significantly influence Cd and Zn mobility, bioassibility and toxicity [15]. Definitely,
the highest percentage participation was registarechse of so called residual fraction
(fraction V in Tessier's method and fraction 1V 8posito’s procedure). In case of soil
samples treated with pretreated wastewaters, cadrad zinc contents in this fraction
were registered at the level around 70% (Tessieeshod) and above 85% (Sposito’s
method). In case of fraction V, being the residaad for soil samples treated with defatted
raw wastewaters, the decrease in the qualitatinéeoo registered over time was observed
in case of any metal (Fig. 2a and b). The lowest was in case of zinc - around 10-15%.
The residual fraction is the load which is the tedetermined with regard to its qualitative
and structural content and its properties signifilya depend on local soil formation
and environmental conditions, which at the sameetimakes it difficult to describe
and interpret it fully and only on the basis of giitative changes taking place over time
[1, 19, 23].

Conclusions

Analyzing the fractional content with the use obtextraction procedures during the
experimental period, different percentage levelghef determined fractions are obtained
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and often the different trends during the timeasfg-term treatment of the examined soils
with wastewaters. On the basis of the comparisoresdits obtained for an exchangeable
fraction and the so called residual fraction, itdifficult to explicitly characterize the
direction of changes taking place between the ivactoads in soils being subject to
long-term treatment with wastewaters from oleoclwainproduction. In case of cadmium,
the phenomenon of significant differences in petage participation of fractional loads
over time should be also assessed with regardntiora scattering of the received values,
considering its relatively low concentration inlg@or Cdyg) = 0.6 (+ 0.2) mg/kg dry mass),
and at the same time the statistical assessmém @btained results.

References

[1] Zak S, Rauckyt&ak T, Laurinaviius A. The influence of treated oleo-chemical wasitter applications on
the metal speciation forms in soils. J Environ Engandsc. 2013;21(2):85-95. DOI:
10.3846/16486897.2013.773259.

[2] Zak S, Rauckyte T. Research on the contents of heatgls in soils subjected to many-year agroutitira
of wastewaters from low tonnage oleochemical prédocEcol Chem Eng A. 2008;15(9):997-1003.

[3] Rozporadzenie MinistraSrodowiska z dnia 18 listopada 2014 r. w sprawiewvkoéw, jakie naley spetné
przy wprowadzanidciekéw do wod lub do ziemi, oraz w sprawie subgtasmrzegdéinie szkodliwych dla
srodowiska wodnego. Dz.U. 2014, poz. 1800. [Regofatiof the Minister of the Environment
of 18 November 2014 on required quality standaodsntroducing sewage to water or soil and on ently
hazardous substances for the water environment r@ouof Laws 2014, item 1800)].
http://isap.sejm.gov.pl/DetailsServlet?id=WDU201a0800.

[4] Paredes MJ, Moreno E, Ramos-Cormenzana A, NemtiJ. Characteristics of soil after pollution
with waste waters from olive oil extraction plant€hemosphere. 1987;16(7):1557-1564. DOI:
10.1016/0045-6535(87)90096-8.

[5] Sierra J, Marti E, Montserrat G, Cruafias R, &amMA. Characterisation and evolution of a soil
affected by olive oil mill wastewater disposal. SEotal Environ. 2001;279(1-3):207-214. DOI:
10.1016/S0048-9697(01)00783-5.

[6] Tardioli S, Banné ETG, Santori F. Species-sfi@aelection on soil fungal population after oliveill
waste-water treatment. Chemosphere. 1997;34(119:2333. DOI: 10.1016/S0045-6535(97)00044-1.

[7] Paredes MJ, Monteoliva-Sanchez M, Moreno EePd; Ramos-Cormenzana A, Martinez J. Effect otavas
waters from olive oil extraction plants on the Iesiei population of soil. Chemosphere.
1986;15(5):659-664. DOI: 10.1016/0045-6535(86)90915

[8] Russell JM, Cooper RN, Lindsey SB. Soil defittdation rates at wastewater irrigation sites reiog
primary-treated and anaerobically treated meatgssiag effluent. Bioresour Technol. 1993;43(1)20l:
10.1016/0960-8524(93)90080-U.

[9] Russell JM. Irrigation of primary treated andaarobically treated meat-processing wastes onstuga
Lysimeter trials. Agr Wastes. 1986;18(4):257-2681D10.1016/0141-4607(86)90071-5.

[10] Russell JM, Cooper WC. Irrigation of pastureitw meat processing plant effluent. Proc.
42 Purdue Industrial Waste Conf. Lewis, Chelsea Ml, 987 491-497.
http://e-archives.lib.purdue.edu/cdm/ref/collectegext/id/39303.

[11] Tessier A, Campbel P, Bisson M. Sequentiatamtion procedure for the speciation of particulatee
metals. Anal Chem. 1979;51(7):844-851. DOI: 10.18290043a017.

[12] Sposito G, Lund L, Chang A. Trace metal chémig arid-zone field soils amended with sewageligk:

I. Fractionation of Ni, Cu, Zn, Cd, and Pb in sqtidases. Soil Sci Soc Am J. 1982;46(2):260-264.:DOI
10.2136/sss2j1982.03615995004600020009x.

[13] IUSS WRB 2006 (IUSS Working Group WRB. (2006Yorld reference base for soil resources 2006.
2nd edition. World Soil Resources Reports No. 103AO, Rome. http://www.fao.org/ag/agl/
agll/wrb/doc/wrb2006final.pdf).

[14] He Q, Ren Y, Mohamed I, Ali M, Hassan W, ZdhgAssessment of trace and heavy metal distribution
four sequential extraction procedures in a contatesh soil. Soil Water Res. 2013;8(2):71-76.
http://www.agriculturejournals.cz/publicFiles/918d8f.



Comparison of the sequential extraction methodsdi subjected to the long-term effect of sewagé97

[15] Hass A, Fine P. Sequential selective extracfioocedures for the study of heavy metals in sedgliments,
and waste materials - a critical Review. Crit RemviEon Sci Technol. 2010;40(5):365-399. DOI:
10.1080/10643380802377992.

[16] Gleyzes C, Tellier S, Astruc M. Fractionati@tudies of trace elements in contaminated soils and
sediments: a review of sequential extraction prooesl Trends Anal Chem. 2002;21:451-467. DOI:
10.1016/S0165-9936(02)00603-9.

[17] Talinli I, Anderson GK. Interference of hydmy peroxide on the standard COD test. Water Res.
1992;26:107-110. DOI: 10.1016/0043-1354(92)90118-N.

[18] Kang YW, Cho MJ, Hwang KY. Correction of hydien peroxide interference on standard chemical @xyg
demand test. Water Res. 1999;33:1247-1251. DOL01®/S0043-1354(98)00315-7).

[19] Lepp NW. Effects of heavy metals pollution plants. Effects of heavy metals on plant function
(ed. LEPP N. W.). London: Applied Science Publish&©81;1:111-143.

[20] Rattan RK, Datta SP, Chhonkar PK, SuribabuSikigh AK. Long-term impact of irrigation with sewag
effluents on heavy metal content in soils, cropd groundwater - a case study. Agric Ecosyst Environ
2005;109(3-4):310-322. DOI: 10.1016/j.agee.200DP2.

[21] Lassat MM. Phytoextraction of toxic metals: raview of biological mechanisms. J Environ Qual.
2002;31(1):109-120. https://clu-in.org/download/esitiasat_article.pdf.

[22] Fitamo D, Itana F, Olsson M. Total contentd aequential extraction of heavy metals in sofigéated with
wastewater, Akaki, Ethiopia. Environ Manage. 2097138-193. DOI: 10.1007/s00267-006-0074-4.

[23] Krishnamurti GSR, Naidu R. Speciation and play&ilability of cadmium in selected surface sofisSouth
Australia. Aust J Soil Res. 2000;38:991-1004. DIDI:1071/SR99129.

POROWNANIE METOD EKSTRAKCJI SEKWENCYJNEJ GLEBY
PODDANEJ WIELOLETNIEMU DZIALANIU ~ SCIEKOW

Wydziat Technologii i Iynierii Chemicznej, Uniwersytet Technologiczno-Rogniczy im. J.JSniadeckich
w Bydgoszczy

Abstrakt: Przedstawiono zestawienie i poréwnanie dwdch pracelistrakcji sekwencyjnej: 5-etappiessiera
oraz mniej znam4-etapow Sposito dla probek gleby traktowardejekami z matotonawej produkcji ttuszczéw
roslinnych i zwierzcych. Przedmiotowa produkcja technicznych ttuszchbd¥a prowadzona przez maty zaktad
oleochemiczny, a prezentowane wynililontynuacy dotychczasowych prac. Dawktiekdw kierowanych na
poletka déwiadczalne limitowano steniem azotu og6tem wadznych porcjach nieprzekraczeych granicznej
ilosci 170 kg N/ha-rok. Poletka testowe corocznie byisiewane rdinnoscia, w kolejnych latach: owsem,
rzepakiem, pszemtem i gorczyag, ktére w formie zielonego nawozu byly w catej neasiprowadzane do
badanych gleb. Dla poréwnania zachagzh zmian w czasie, eksperymentalne arealy nam® oddzielnie
mieszanymi sciekami surowymi po ich odtluszczeniu i podczyszgzoi fizykochemicznie. Nawenie
prowadzono regularnie raz w roku w okresie cztedathPrébki gleby do analiz pobierano z powierzotme]
warstwy z poletek daviadczalnych. Uzyskane wyniki wskagujna znaczce zrénicowanie poziomow
zmienndci frakcji jonowymiennych i pozostatych oznaczanygodnie z wytypowanymi metodykami ekstrakcji
sekwencyjnej.

Stowa kluczowe:procedury ekstrakcji sekwencyjnégieki z produkcji oleochemicznej, frakcje wymienoimaz
pozostatéc¢



