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DDT CONTENT IN POLISH SOILS — CURRENT STATE
AND ATTEMPTS OF RHIZO-BIOREMEDIATION

Summary

Soil and some plant products are still found tacbataminated by DDT residues or metabolites 30 yedter its total ban.
In order to ensure high quality of organic produatsd their compliance with the EU rules, followiagnonitoring carried
out to assess DDT and its metabolites residuesd iedfferent soils, we started a research progréortest some methods
of soil remediation, using fungal and bacteria amntis. in association with Cucurbita pepo L. vaucthini - giromontiina
plants. Results of the monitoring program showeat #bout 80% of the soil samples collected fronhtelpivodeships
contained DDT residues. The consortia utilizedhie bioremediation trials showed to favor DDT uptélethe plants and
its translocation to above ground organs. Rhizordiaion strategy seems thus to better sustain giake and accumula-
tion of DDT residues by plants.
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ZAWARTO SC DDT W POLSKICH GLEBACH — STAN OBECNY
| PROBA JEGO BIOREMEDIACJI

Streszczenie

Gleba i niektére produkty stinne nadal mog by¢ zanieczyszczone pozostaiami lub metabolitami DDT po uptywie 30
lat od catkowitego zakazu jego stosowania. Aby wapewysol jakas¢ produktéw ekologicznych i ich zgodda@ przepi-
sami UE, po przeprowadzeniu monitoringu w celu gcaawartaci pozostatéci DDT i jej metabolitéw w rénych glebach,
rozpoczlismy program badawczy w celu przetestowania niektdrgetod ich ekstrakcji z gleby przy zastosowannsto
cjow mikroorganizméw (bakterie i grzyby mikoryzowepot,czeniu z upraw roslin cukinii odm. Soraya. Wyniki monito-
ringu wykazatyze okoto 80% prébek gleby pobranych na tererimio wojewddztw zawierato pozostédoDDT. Konsor-
cja mikroorganizmow wykorzystywane w probach bi@iacyjnych wykazaty korzystny wplyw na pobierd¥l przez
rosliny i ich przemieszczaniegsilo czsci nadziemnych. Strategia rizomediacji wydajevespomaga pobieranie i akumu-
lacje pozostatéci DDT przez rgliny.

Stowa kluczoweCucurbita pepo, cukinia, DDT, bioremediacja, mzediacja, rolnictwo ekologiczne

taining DDT residues in Poland has prompted thed riee
assess the current status of DDT pollution in adtical

soils and to search methods that could reduce isfeof

plant contamination. A monitoring was carried oams

pling soils of different physico-chemical characstics and
trials applying different remediation strategiesrevger-
formed. The present paper is reporting the resufitthe

monitoring and of the preliminary tests of remeidiat

1. Introduction

Dichloro diphenyl trichloroethane (DDT) was com-
monly used in Poland as a plant protection produing
the ‘50-70s of the last century. However, with igoduc-
tion on the market of new, relatively less riskgtiee sub-
stances (e.g. organophosphorus and other orgame co
pounds), the use of highly toxic chloro-organic stahces,
especially those containing DDT, started to be bdnn
Even though almost 30 years passed since that nipsain
and some plant products are still found to be cuomtated
with residues of DDT and its metabolites [5]. Besithe
environmental hazard as both water, soil and varkedi- In order to assess the occurrence of DDT and &s m
ments are prone to bioaccumulation of these subssan tabolites in the soil and in growing plants, 53sjtin 8
p|ants can also accumulate Compounds be|0nging']eo tVOiVOdEShipS, characterized by 0rganic certifiedlds and
group of chlorinated pesticides [6]. Marketing afrigul- ~ Crops were monitored, sampling soil and the growing
tural products for food or animal feed is allowéthe resi-  Plants. Soil samples were collected according eortieth-
dues content is within the maximum residue leveR@y ~ 0dology given in the Regulation of the MinisterAgricul-

2. Material and methods

set up by the EU Regulation 396/2005. However aisecof
organic production, regulated by EU Regulations/20@8
and 899/2009, the finding of accidental presenc®DfT
residues in soil, eventually contaminating orgagiaducts,
can result in the loss of organic certification.

The finding, during the normal controls carried by
certifying bodies, of some samples of organic potsigon-
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ture and Rural Development of 27 November 2013then
sampling of plants, plant products or objects &stihg for
residues of plant protection products” (OJ 20131%19).
Various vegetative organs (aboveground and rootspar
were harvested from the crops, collecting at |85 g,
during different periods of the growth season, froon-
trolled or field trials (see below).
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Time-->

Trials on soil remediation were carried out in gneen-
house of the Plant Protection Department of theeReh
Institute of Horticulture in Skierniewice. Soil daminated
with DDT DDT or its metabolites was collected fram
ganic plantations and further added of 10 mg ofydical
grade p,p.-DDT, which brought the total concentratup
to 0.826 mg/kg. The prepared soil was inoculateith \we-
lected microorganisms’ consortia (Table 1) wherppriang
the potting mixture, thoroughly mixed to it. In easf the
EmFarma and EmFarma Plus consortia, the soil wéseiu
inoculated two weeks later. The contaminated sa8 wsed
to fill plastic pots used for bio- and rhizoremeitia ex-
periments. For the latter, seeds of zucchini cvagm were
sown in the pots. Samples of soil and plant mdtefiam
both trials were collected at the end of the grgnéeason,
about 53 days after sowing, and immediately pramb$sr
analysis.

Residues determination of DDT and its isomersrapd
tabolites (p,p’-DDT, o,p"-DDT, p,p’-DDD, o,p"-DDb;p’-
DDE, p-p’-DDE) in soil and plant material was madue
gas chromatography (Agilent Technologies 6890N)gia

was cleaned-up by dispersive solid phase extragtitin25
mg of amino sorbent (PSA) and 150 mg of magnesiuim s
fate for removal of residual water. Triphenyl phiosge
(TPP) solution was used as internal standard. &tth dvere
determined using certified analytical standardkintainto
account specific matrix effects, corrected by inéérstan-
dard. Data for plant materials were adjusted festirmass,
while those for soil were adjusted to dry massl (@njing
was obtained with heating 24 h at 80°C).
Typical chromatograms of DDT isomers and metab®lte
the level of 0.1 and 0.01 mg/kg are shown in Fig. 1

The monitoring of DDT content in the several soils
sampled, which resulted to be mainly Luvisols, sbdwhat
more than 80% of the samples (i.e. 43 out of &&gitoni-
tored) contained DDT or its isomers and metabolites
trace amounts (Table 2), thus confirming early repo
about the time persistence of these compoundd f&.ma-
jority of sample had a content at the levelugfkg, with
only four samples having a higher residues levédom
0.101 to 0.268 mg/kg. Even though the ratio betwiwen
different isomers and metabolites differed amongdes,

Zebron™ ZB-MultiResidue™-1 chromatographic column,DDM was never detected (Table 2). Differences anldvel

with mass detector (5975B Inert XL MSD). Extractioh

of DDT soil detection may be due to the type of,sthie

the compounds was carried out according to the @QUEC crops normally grown on the field (i.e. the neednsiecti-

ERS method (EN 15662:2008). In brief, after sangam-
minution and homogenization in the presence of idey
10g (soll, fruits, vegetables) or 5 g (roots, stetaaves)
aliquots were taken for extraction. After additiohan ex-
traction solution (10 ml water, 10 ml acetonitrifdeg mag-
nesium sulfate, 1 g sodium chloride, 1 g trisodicitnate

cides for crop protection) and the frequency o#timents
using DDT [4].

Despite the quite wide detection of DDT in thel i
the monitored sites, only four root samples of ptaent
grown in these sites were found to contain tradeB®T
(Table 2). However, it should be underlined that thot

dihydrate and 0.5 g disodium hydrogencitrate sesqusystem of three of these plants (cabbage, celetyemk) is
hydrate), the sample was shaken intensively andricen normally not used for human consumption and thateisé

fuged for phase separation. An aliquot of the cigahase

Table 1. List of microorganisms’ consortia usedhia trials

Tab. 1. Wykaz zastosowanych konsorcjéw mikroorgahiz

dues were detected in other plant parts (datahmws).

Product name / nazwa produktu

Dose equivalent

/ dawka
Micosat F (CCS Aosta) (a consortium of mycorrhizalguand bacteria) 60 kg/ha
Micosat Fito (CCS Aosta) (a consortium of mycorrhizaigi, yeasts and bacteria) 60 kg/ha

EmFarma (ProBiotics Polska Sp. z 0.0) (Culture e&lMicroorganisms SCD ProBio ORIGINAL®)

1% of a 5%
inoculum solution

+Phototropic bacteria)

EmFarma Plus (ProBiotics Polska Sp. z 0.0) (Cultdileve Microorganisms SCD ProBio ORIGINALGE

1% of a 5%
inoculum solution
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Figure 1. Chromatogram of DDT isomers and metadobit the level of 0.1 mg/kg (A) or 1 mg/kg in so#trix (B)
Rys. 1. Chromatogram izomeréw i metabolitow DDTadesiu 0,1 mg/kg (A) i 1 mg/kg (B) w glebie
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Table 2. Amount of DDT residues in the soil of @esites and on plants collected from these sites
Tab. 2. Poziom pozostatd DDT w glebie i w rélinach na niej uprawianych w jedenastu lokalizatjac

Sites of soil sampling Content of DDT and its metabolites Total DDT contenl
and plant samples Soil type o,p- DDH p,p- DDE | 0,p- DDO p,p-DDD | 0,p-DDT]| p,p-DDT [ma/kg]

found with residues LOD (limit of determination) 0.002 mg/kg 9%g
Brzostéwka 1 Sandy clay loam nd 0,011 nd 0,0055 nd 0,0091 0,028
cabbage, roots nd 0,005 nd nd nd nd 0,006
celery, roots nd 0,023 nd 0,0039 nd| 0,0083 0,038
leek, roots nd 0,006 nd nd nd nd 0,007
Brzostéwka 2 Sandy clay loam nd 0,0054 nd 0,0028 nd nd 0,009
Cetyh Sandy clay nd 0,017 nd nd nd 0,021 0,040
Dabrowiec nZdzary Sandy clay nd nd nd nd nd nd nd
Debowa Goéra Clay loam nd 0,037 nd 0,025 nd 0,126 4,19
Jastrzbna n/Sztabina Sandy clay nd 0,004 nd 0,0041 nd d n 0,01
Kamion 1 Sandy clay nd 0,017 nd 0,0041 nd nd 0,023
Kamion 2 Sandy clay nd 0,028 nd 0,0082 nd 0,025 069,
Kolonia Hotowienki Loam nd 0,0064 nd nd nd 0,0054 0,013
Rosocha Clay loam nd 0,016 0,0022 0,018 nd 0,061 0,10
Skierniewice 1 Sandy loam nd 0,025 nd 0,0083 nd 02@®, 0,057
Skierniewice 2 Sandy loam nd 0,0053 nd nd nd ®006 0,013
Skierniewice 3 Sandy loam nd 0,028 nd 0,014 ng 1D,0 0,058
Stepniczka Sandy clay loagm nd 0,072 0,0306 0,14 nd nd 0,27
Suliszew Sandy loam nd 0,0033 nd nd nd nd 0,004
carrot, root nd 0,0089 nd nd nd nd 0,010
Tchorznica Clay loam nd 0,015 nd 0,009% nd 0,032 049,
Wysokienice Silt loam nd 0,0016 nd nd nd 0,0022 000,
Zabowko Sandy clay loamm nd 0,029 0,0061 0,023 nd nd 0,064

nd - not detecded / nie wykryto

Source: own work Zrodlo: opracowanie wlasne

Furthermore, DDT residues were not found (data ndfirms the inadequateness of their use in caseg#roc pol-

shown) in any edible part of the different planecps,
which are following specified, that were sampleahnirthe
11 contaminated sites: apple, blackberry, carrain,cdill,
fennel, cucumber, green beans, lentil, mixture efeals,
parsley, parsnip, potato, pumpkin, red and whitemmmred
beet, rhubarb, sorrel, sour cherries, sweet clgrienato,
zucchini. Even though early studies showed theipitisg
of uptake of DDT by plants [3], significant transédion

from roots to shoots has been demonstrated onlyCfor

pepo[10].
3. Results and discussion

The soil inoculation with consortia of microorgsmis
induced a reduction of soil DDT residues in congami to
the initial level; however, a similar reduction walsserved
also in the control at the end of the experimerab(& 3).
Microorganisms’ consortia containing mycorrhizalngi
have been mainly exploited for bioremediation of\he
metals pollution [2], thus the lack of their biogaladation
activity in absence of plants shown by our expennton-

lutants. However, when considering the amount ofTDD
measured in inoculated plants, all the inocula dagdured
the uptake of DDT, even more than doubling the arhou
present in the plant in case of Micosat F, in corgpa to
plants without inocula (Table 3). The capacity led plants
to accumulate DDT was particularly related to risgues;
translocation to above-ground plant tissues wasraetfec-
tive in case of both Micosat consortia (Table 4anPin-
oculation with mycorrhizal fungi, also in consorteith
rhizosphere bacteria, is used to increase the eptélsoil
nutrients due to the increased soil volume expldrgdhe
fungal hyphae and to active metabolic pathways Tte
same mechanisms could thus be involved to explaén t
higher uptake of plants colonized by these fungi,ol-
served in our experiment, also considering the igynwith

C. pepometabolism [9, 10]. The discrepancy between the

sum of DDT recovered from the soil and the planthat
end of the experiment and the total amount preattie
beginning can be accounted to volatilization oeffiects of
soil absorption [7].

Table 3. Effect of inoculation with different comda of microorganisms on DDT content in the s@id&ucurbita pepc-

zucchini plants

Tab. 3. Wplyw stosowaniazidych konsorcjéw mikroorganizméw na zawaft®DT w glebie i rélinach cukinii

Content of DDT and its metabolites Total DDT

Treatment o,p-DDE | p,p-DDE | o,p-DDD | p,p-DDD | o,p-DDT | p,p-DDT content

LOD (limit of determination) 0.005 mg/kg [mg/kg]
Initial soil nd | 0,074 | nd 012 | nd | 0,61 0,826

Soil

Control nd 0,058 nd 0,057 nd 0,223 0,351
(no inoculum)
Micosat F nd 0,049 nd 0,068 nd 0,216 0,345
Micosat Fito nd 0,049 nd 0,057 nd 0,182 0,299
EmFarma 0,023 0,060 0,033 0,10 nd 0,081 0,322
EmFarma Plus nd 0,049 0 0,044 nd 0,310 0,414
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Cont. of Table 3

Content of DDT and its metabolites Total DDT

Treatment 0,p-DDE | p,p-DDE | o,p-DDD | p,p-DDD | o0,p-DDT | p,p-DDT content

LOD (limit of determination) 0.005 mg/kg [mg/kg]
Initial soil nd | 0,074 | nd | 012 | nd | 0,61 0,826

Plant

Control nd 0,072 nd 0,040 nd 0,061 0,186
(no inoculum)
Micosat F nd 0,12 nd 0,080 nd 0,170 0,395
Micosat Fito nd 0,11 nd 0,050 nd 0,078 0,253
EmFarma nd 0,070 nd 0,046 nd 0,079 0,207
EmFarma Plus nd 0,084 nd 0,055 nd 0,073 0,227

nd - not detecded / nie wykryto

Source: own work Zrodio: opracowanie wiasne

Table 4. Effect ofCucurbita pepe- zucchini plants inoculation with microorganismsnsortia on accumulation and trans-

location of DDT

Tab. 4. Wplyw stosowania konsorcjum mikroorganizméawromadzenie gi przemieszczanie DDT fiinach cukinii

Treatment and Content of DDT and its metabolites Total DDT con

plant organ analysed 0p-DDE _ [p,p-DDE [ 0,p-DDD | p,p-DDD_[ 0p-DDT | p,p-DOT tent [mg/kg]
LOD (limit of determination) 0.005 mg/kg

Control (no inoculum)

Shoots and leaves nd 0.010 nd 0.006 nd 0 0.018

Roots nd 0.062 nd 0.034 nd 0,061 0.168

Micosat F

Shoots and leaves nd 0.007 nd 0.008 nd 0.026 0.043

Roots nd 0.115 nd 0.072 nd 0.145 0.352

Micosat Fito

Shoots and leaves nd 0.009 nd 0.009 nd 0.031 0.051

Roots nd 0.098 nd 0.041 nd 0.047 0.202

EmFarma

Shoots and leaves nd 0.005 nd 0.005 nd 0.012 0.024

Roots nd 0.064 nd 0.041 nd 0.067 0.183

EmFarma Plus

Shoots and leaves nd 0.009 nd 0.012 nd nd 0.023

Roots nd 0.075 nd 0.043 nd 0.073 0.204

nd - not detecded / nie wykryto

(4]

DDT residues were detected in approximately 80% of
soil samples taken from different sites located 8n
Voivodeships across the country. However, only 2686
the plants grown on polluted soils contained DD3idees,
and only in root tissues. Inoculation with micrdbiansor-
tia favored the uptake of DDT b@ucurbita pepoplants,
which showed also the capacity to translocate thie- s [6]
stances to above-ground organs, thus indicatingssilple
soil remediation strategy.

4. Conclusions

(5]

(7]
(8]
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