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This ar ti cle re ports on emerg ing or ganic com pounds (EOCs) dis cov ered in ground wa ter sam ples col lected within the na -
tional ground wa ter mon i tor ing net work of Po land. EOCs are very toxic sub stances that can sig nif i cantly dis rupt the func tion -
ing of liv ing or gan isms. Mon i tor ing of EOCs is not yet reg u lated within EU ground wa ter leg is la tion, and so is rarely
un der taken at na tional lev els. In Po land EOCs are mainly mon i tored at lo cal scales, usu ally un der taken by ac a demic cen -
tres, ex cept for the Pol ish Geo log i cal In sti tute – Na tional Re search In sti tute (PGI), which un der takes stud ies at broader
scales, col lect ing sam ples from the na tional ground wa ter mon i tor ing net work. Data col lected in 2016–2017 proved the pres -
ence of phar ma ceu ti cal sub stances in 53% of mon i tor ing sites. Be tween 2022–2024 PGI con tin ued sam pling for
pharmaceuticals, nonylophenol, 17-b-estradiol, PFAS, sol vents and che lat ing agents. The re sults dem on strated the pres -
ence of EOCs in ground wa ter in Po land, es pe cially in ar eas ex posed to ag ri cul ture and in dus try, and in ur ban ag glom er a -
tions. Pharmaceuticals have been found in 21%, PFAS com pounds in 19% , nonylfenol in 17% and sol vents and che lat ing
sub stances in 45% of the bore holes sam pled. Four sub stances were found suf fi ciently fre quently to be placed on a list of sub -
stances to be reg u lated at EU level. These were carbamazepine, PFPeA, nonylfenol and 2-Ethoxy-2-methyl pro pane
(ETBE).
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INTRODUCTION

Emerg ing or ganic com pounds are syn thetic or nat u ral or -
ganic com pounds such as pes ti cides, pharmaceuticals, oes tro -
gens, sur fac tants, per sonal hy giene prod ucts, food ad di tives
and in dus trial ad di tives, which are com monly used in many sec -
tors of the econ omy and in dus try world wide, and which en ter
the en vi ron ment as a re sult of anthropogenic ac tiv i ties. They
com monly pose a threat to the health and life of or gan isms by
caus ing changes in the hor monal, im mune, and en do crine sys -
tems and lead ing po ten tially to the de vel op ment of se ri ous ill -
nesses. Re search on the pres ence of EOCs in ground wa ter
and their in ter ac tions and neg a tive ef fects on liv ing or gan isms
has been con ducted for sev eral de cades (Seiler et al., 1999;
Sacher et al., 2001; Kolpin et al., 2002; Cordy et al., 2004;
Verstraeten et al., 2005; Barnes et al., 2008; Zuccato et al.,
2008; Loos et al., 2010; Vulliet and Cren-Ol ive, 2011; Stu art et
al., 2012; Lapworth et al., 2012; de Je sus Gaffney et al., 2015)

but it is the last de cade that has pro vided the most in for ma tion
about their wide pres ence in ground wa ter (Bexfield et al., 2019;
Bunt ing et al., 2021). This is linked to the de vel op ment and im -
prove ment of an a lyt i cal tech niques ca pa ble of de tect ing small
con cen tra tions of EOCs. In Po land, mon i tor ing of emerg ing
con tam i nants in ground wa ter, de spite over all good aware ness
of this prob lem world wide, is still not in cluded in the frame work
of the State Mon i tor ing Programme. As such, fund ing is lim ited
and the prob lem is ad dressed only in re search pro jects. As re -
ported by Œlósarczyk et al. (2021), only 14 sci en tific pub li ca -
tions on the pres ence of pharmaceuticals and per sonal care
prod ucts in Pol ish ground wa ter were avail able by 2021, the ma -
jor ity of which had lim ited spa tial ex tent, be ing fo cused on lo cal
prob lems. Since then, four more pub li ca tions ap peared, and
these were also fo cused on lo cal prob lems such as land fill
leach ate (Œlósarczyk and D¹browska, 2025), drink ing wa ter
qual ity (Sikora et al., 2025; Œlósarczyk et al., 2025) and gen eral
char ac teri sa tion of ur ban ground wa ter in the Kraków area
(Rusianiak et al., 2021). Most of the Pol ish pub li ca tions on
emerg ing con tam i nants re port stud ies of pharmaceuticals and
per sonal care prod ucts (Caban et al., 2015; Kapelewska et al.,
2016; Kuczyñska, 2017, 2019; Kuczyñska and Janica, 2017;
Kruæ et al., 2019a, b, 2022, 2023; Szymczycha et al., 2020;
Kmiecik et al., 2020; Rusiniak et al., 2021; Œlósarczyk and
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D¹browska, 2025; Œlósarczyk et al., 2025). Stud ies on other
groups of emerg ing con tam i nants, such as in dus trial chem i cals
in clud ing PMT (per sis tent, mo bile and toxic) and PFAS (per-
and polyfluorinated) sub stances are still very few (Kapelewska
et al., 2016, 2018; Sikora et al., 2025).

This ar ti cle re ports the re sults of pi lot mon i tor ing stud ies fo -
cused on a to tal of 72 emerg ing con tam i nants ana lysed by the
Pol ish Geo log i cal In sti tute – Na tional Re search In sti tute (PGI)
be tween 2022–2024, as a fol low up of EOCs stud ies car ried out 
by PGI in 2016–2017 (Kuczyñska, 2019). This in cluded 11
phar ma ceu ti cal ac tive sub stances, 16 PFAS com pounds,
nonylophenol, 17-b-estradiol, and 43 sol vents and che lat ing
agents. Sam ples were taken from mon i tor ing bore holes in -
cluded in the na tional ground wa ter mon i tor ing net work. As
such, de spite the pi lot char ac ter of the re search, the re sults pro -
vide more na tion wide cover than the other stud ies so far re -
ported from Po land.

PROPERTIES OF EOCs INCLUDED IN THE REVIEW

Pharmaceuticals are chem i cal sub stances that are bi o log i -
cally ac tive and used in hu man and vet er i nary med i cine. High
pro duc tion and con sump tion of drugs is re cog nised as a global
prob lem, caus ing pharmaceuticals and their me tab o lites to pol -
lute the en vi ron ment, in clud ing ground wa ter (Kuczyñska,
2017). Per- and polyfluoroalkyl sub stances (PFAS) are a large
class of thou sands of syn thetic chem i cals that are used
through out so ci ety. Their global use started in the 1940s and
led to en vi ron men tal pol lu tion that is linked to neg a tive ef fects
on hu man health. Due to car bon-flu o rine bonds be ing one of
the stron gest chem i cal bonds in or ganic chem is try, PFAS are
re sis tant to deg ra da tion pro cesses. For that rea son they are of -
ten called “for ever chem i cals”. Most PFAS are also eas ily trans -
ported over long dis tances in the en vi ron ment. Nonylphenol
(NP) is an an ionic surfactant, a sub stance sim i lar to de ter gents
with a wide range of ap pli ca tions, lead ing to their com mon pres -
ence in the en vi ron ment. NP is pro duced in large quan ti ties and 
is used in both in dus trial pro cesses and in con sumer laun dry
de ter gents, per sonal hy giene prod ucts, prod ucts con tain ing
poly vi nyl chlo ride (PVC), au to mo tive ap pli ca tions, in la tex
paints, ep oxy and phe no lic res ins, and in lawn care prod ucts
and pes ti cides (Lacorte et al., 2002; Soares et al., 2008). NP is
highly toxic to aquatic or gan isms. It can ac cu mu late in tis sues
and leads to the feminization of aquatic or gan isms, re duc ing
male fer til ity, and im pacts the vi a bil ity of young in di vid u als.
17-b-estradiol (E2) is a nat u ral oes tro gen that is known to cause 
en do crine-dis turb ing ef fects, be ing toxic to aquatic eco sys tems
and dan ger ous for hu man health (SCHEER, 2022). Spe cif i cally 
it has been as so ci ated with in creased rates of breast and pros -
tate can cer, de creased sperm qual ity, pre ma ture meno pause
and virilization in young girls. Estradiol is widely used for oral
con tra cep tion and in post-meno pausal hor monal ther apy. Sol -
vents and che lat ing agents are syn thetic or ganic chem i cals of
com mon use in many fields of in dus try. Due to their in trin sic
prop er ties, such as per sis tence, mo bil ity and tox ic ity they are
very dan ger ous to the en vi ron ment and to hu man health. They
can travel long dis tances and stay in the en vi ron ment bounded
to soil, which makes them a long-last ing threat to drink ing wa ter
re sources (Hale et.al., 2020).

MATERIALS AND METHODS

Data re ported in this ar ti cle were gath ered within three sep -
a rate sam pling cam paigns, for which sep a rate re search ob jec -
tives and fund ing were set, hence the num ber of sam pling lo ca -

tions and the num ber of ana lysed pa ram e ters in ev ery cam -
paign were dif fer ent. Some cam paigns in cluded more than one
group of chem i cals.

ANALYTES

The se lec tion of phar ma ceu ti cal and PFAS com pounds
ana lysed in 2022 was based on rec om men da tions given by the
CIS Work ing Group Ground wa ter in 2019 (CIS, 2019a, b) and
re flected pa ram e ters con sid ered in the se lec tion of can di dates
for ei ther in clu sion in the vol un tary ground wa ter watch list or in
reg u la tions un der the Ground wa ter Di rec tive. This in cluded the
fol low ing sub stances (Ta ble 1): pharmaceuticals – sulfadiazine, 
erythromycin, clatromicin, clopidol, crotamiton, primidone, sota -
lol, ibuprofen, diatrozoic acid, sulfametoxazole and carbama -
zepine; PFAS com pounds –  perluorobutanoic acid (PFBA), 4:2 
monoPAP, perfluoropentanoic acid (PFPeA), perfluorohexa -
moic acid (PFHxA), perfluorobutane sulfonic acid (PFBS), 6:2
monoPAP, perfluoroheptanoic acid (PFHpA), perfluorodecyl -
phosphonic acid (PFDPA), perfluorooctanoic acid (PFOA),
perfluoro hexane sulfonic acid (PFHxS), perfluorononanoic acid
(PFNA), perfluorooctylphosphoric acid (PFOPA), perfluorode -
canoic acid (PFDA), perfluorooctane sulfonic acid (PFOS),
perfluoroundecanoic acid (PFUnA) and perfluorododecanoic
acid (PFDoA).  Ac cord ing to anal y sis done by the CIS Work ing
Group Ground wa ter these pharmaceuticals and PFAS com -
pounds ei ther fre quently oc cur in ground wa ter or have large po -
ten tial to be pres ent in ground wa ter across the EU and there -
fore re quire fur ther mon i tor ing (CIS, 2019a, b). NP and
17-b-estradiol were cho sen for the study in 2023 be cause of
con cerns over their endoctrine-dis rupt ing prop er ties, which was 
ad dressed in Drink ing Wa ter Reg u la tion 2020/2184. The group
of 43 sol vents and che lat ing agents sur veyed in 2024 was se -
lected fol low ing a meth od ol ogy used by ex perts of the CIS
Work ing Group Ground wa ter, who se lected them from a group
of PMT (per ma nent, mo bile, toxic) sub stances as de fined by
the Ger man Fed eral En vi ron men tal Agency (Neuman and
Schliebner, 2019) for the pur pose of se lect ing can di dates for ei -
ther in clu sion in the vol un tary ground wa ter watch list or in reg u -
la tions un der the Ground wa ter Di rec tive. The list of sub stances
in cluded: 1,1,1-Trichlorethane, 1,1,2,2-Tetrachlorethane, 1,1,2-  
Tri chlor ethane, 1,1-Dichlorethylene, 1,1-Dichloroethane, 1,2,3- 
Tri chlor benzene, 1,2,4-Trichlorbenzene, 1,2,4-Trimethylben ze -
ne, 1,2-Dichlorobenzene, 1,2-Dichloroethane, 1,2-dichlo ro pro -
pa ne, 1,3,5-Trimethylbenzene, 1,4-Dioxane, 2-Etho xy-2-me -
thyl pro pane, ben zene, bromdichlormethane, car bon tet ra chlo -
ride, chloro ben zene, chloroethane, chlo ro form, chloromethane, 
cis-1,2-Dichloroethene, dibromochlormethane, di chloro metha -
ne, diethylene gly col dimethyl ether, diisopropylether, EDTA,
ethylbenzene, isopropylbenzene, n-butylbenzene, n-nropyl -
ben zene, NTA, tert-butanol, tert-butyl methyl ether, tetrachlo -
roethene, tetraglyme, tetrahydrofuran, to lu ene, trans-1,2-
Dichloroethene, tribromomethane, trichloroethene, trifluoro ace -
tic acid and vi nyl chlo ride.

SAMPLING LOCATIONS

Lo ca tions se lected for ground wa ter sam pling were cho sen
from the points be long ing to the na tional ground wa ter mon i tor -
ing net work used for WFD wa ter qual ity mon i tor ing and lo cated
through out the en tire coun try. To op ti mise re sources for the re -
search, sam pling was done in par al lel to the op er a tional mon i -
tor ing. For that rea son the ma jor ity of sam pling sites were lo -
cated within GWBs iden ti fied to be at risk of not achiev ing en vi -
ron men tal ob jec tives, which is ei ther in GWBs be ing of poor sta -
tus or where pres sures threat en ing the sta tus were iden ti fied.
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T a  b l e  1

Char ac ter is tics of chem i cals and an a lyt i cal meth ods de scribed in the ar ti cle



Sam pling points were ana lysed in terms of lo ca tion and the
con struc tion of the bore hole, fol low ing the cri te ria: a. shal low
oc cur rence of the mon i tored aqui fer with no or a lim ited con fin -
ing layer; b. lo ca tion within or in close prox im ity to ur ban ag -
glom er a tions or unsewered ru ral ar eas; c. lo ca tion at short dis -
tances from doc u mented con tam i na tion sources such as cem -
e ter ies, hos pi tals, sew age treat ment plants; or, at short dis -
tances from sur face wa ter courses. Sam ples were taken in a to -
tal of 268 lo ca tions sit u ated within 96 GWBs. Pharmaceuticals
and PFAS com pounds were sur veyed in 106 mon i tor ing points
that were lo cated within an area of 63 ground wa ter bod ies
(GWBs). Nonylfenol and 17-b-stradiol were sur veyed in 151
mon i tor ing bore holes spread within 72 GWBs and sol vents and
che lat ing agents were stud ied in 56 mon i tor ing bore holes lo -
cated within 29 GWBs. Mon i tor ing bore holes were mostly
screened in po rous de pos its (over 90% of mon i tor ing points) of
Qua ter nary age (75%). Depth to the aqui fer var ied from 0 to
240 m b.g.l; how ever in 75% mon i tor ing bore holes did not ex -
ceed 25 m b.g.l. Char ac ter is tics and lo ca tions of wa ter sam -
pling lo ca tions are pro vided in Fig ure 1 and Sup ple men tary
data Ta ble 1, re spec tively.

SAMPLING PROCEDURES AND TRANSPORTATION

To col lect rep re sen ta tive ground wa ter sam ples, the wells
from which wa ter sam ples were taken were pre vi ously pumped
us ing por ta ble pump ing sets, suc tion pumps, or Gigant or
Gigant & While type pumps. Dur ing the pump ing, mea sure -
ments of the sta bi li za tion of the fol low ing pa ram e ters were

made: tem per a ture, pH level, and elec tro lytic con duc tiv ity (EC),
which aimed to es tab lish in flow of fresh wa ter from the aqui fer to 
the well. De pend ing on the sta bil ity of the sub stances mon i -
tored, the vol ume of wa ter pumped from the wells ranged from 3 
to 5 times the vol ume of stag nant wa ter. Sam ples were col -
lected ac cord ing to “clean hands-dirty hands” pro to col. Wa ter
sam ples for pharmaceuticals, nonylophenol, 17-b-estradiol and 
PMT sub stances were col lected into dark brown glass bot tles
(40–1000 ml vol ume), sam ples for PFAS were col lected into
HDPE bot tles of 1000 ml vol ume. De pend ing on the analyte,
sam ples were con di tioned with HCl, Na2SO4 or H2SO4. The
sam pling team was asked not to use any pharmaceuticals,
sunscreen or other per sonal care prod ucts on the day of sam -
pling. Sam ples were de liv ered to an a lyt i cal lab o ra to ries packed
in coolboxes within 24 hours from sam pling.

ANALYTICAL PROCEDURES

Wa ter sam ples for pharmaceuticals, PFAS, NF and
17-b-estradiol were ana lysed in the Chem i cal Lab o ra tory of
the Pol ish Geo log i cal In sti tute us ing the LC-MS/MS method
with SPE ex trac tion.  Sam ples for sol vents and che lat ing
agents were ana lysed in an ex ter nal, com mer cial lab o ra tory
and the an a lyt i cal meth ods used in cluded LC-MS/MS, LC-UV,
HS-GC-MS and LC-MS/MS. Lim its of quan ti fi ca tion for ev ery
analyte were de fined based on in for ma tion gath ered in re ports 
from CIS Work ing Group Ground wa ter, which col lected a large 
amount of data on an a lyt i cal meth ods dur ing the vol un tary
ground wa ter watch list pro cess (CIS, 2019a, 2024). For
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NF and 17-b-estradiol the lim its of quan ti fi ca tion were de fined
to ful fill rec om men da tions of the Drink ing Wa ter Di rec tive
2000/2184 (Pol ish ver sion). In the Pol ish ver sion of the di rec -
tive, rec om mended guid ance val ues for NF and 17-b-estra diol 
were 0.3µg/l and 1µg/l and there fore LOQ lev els for these sub -
stances were de fined at 0.1µg/l and 0.3µg/l. It was later dis -
cov ered that in the orig i nal, Eng lish text of the di rec tive, the
guid ance value for 17-b-estradiol was 1 ng/l and there fore the
LOQ value for the study was too high to de tect it. Pa ram e ters
of an a lyt i cal meth ods used in this study are given in Ta ble 1.

RESULTS

The re search on pharmaceuticals car ried out be tween
2022–2024 showed the pres ence of their ac tive sub stances in
22 out of 106 mon i tor ing bore holes, which is 21% of the sam -
ples. 7 out of 11 pharmaceuticals in cluded in the study were
found: these were diatrozoic acid, sotalol, clopidol, primidone,
sulfametoxazole, carbamazepine and ibuprofen. The phar ma -
ceu ti cal that was most of ten found was carbamazepine, which
was re corded in 10 lo ca tions (9% of sam pling lo ca tions). The
sec ond most of ten found was sulfametoxazole, re corded at 4
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Fig . 1. Sam pling lo ca tions



lo ca tions (4% of sam pled sites). Other pharmaceuticals were
found in 1 or 2 mon i tor ing bore holes only. With re spect to con -
cen tra tions, these were gen er ally low. The high est con cen tra -
tion of an ac tive sub stance was carbamazepine, found at
0.23 µg/l (Ta ble 2).

Out of 16 per- and polyfuoralkyl sub stance se lected for the
study, 8 were iden ti fied in sam ples col lected in 2022. These
were PFPeA, PFBS, 6:2 monoPAP, PFDPA, PFOA, PFHxS,
PFOPA and PFUnA. The sub stance most of ten found was
PFPeA, which is used in pro duc tion of grease and wa ter proof
pack ag ing, car pets and fur ni ture tex tiles. It was found at 15 lo -
ca tions (14% of all sam ples). Other PFAS com pounds were
found in 1–3 lo ca tions. In to tal PFAS com pounds were lo cated
in 20 mon i tor ing bore holes (19% of all sam pling lo ca tions). With 
re spect to con cen tra tions, the high est, at 0.12 µg/l, was found
for PFPeA. The re main ing analytes were found at lev els of
<0.01–0.03 µg/l (Sup ple men tary data Ta ble 2).

NF and 17-b-estradiol were sur veyed in 151 mon i tor ing
bore holes. NF was found at 25 sam pling lo ca tions, which con -
sti tutes 17% of all sites. 17-b-estradiol was not found in any of
sam pling points in cluded in the study, most likely due to the too
high LOQ. Con cen tra tions of NF in the ground wa ter sam ples
var ied from 0.14 to 0.93 µg/l, Sup ple men tary data Ta ble 3.

The last study of sol vents and che lat ing agents re vealed
their pres ence at 25 out of 56 sam pling lo ca tions, which con sti -
tutes 45% of all points in cluded in the study, Sup ple men tary
data Ta ble 4. Four teen chem i cals from this group were found
and these in cluded 2-Ethoxy-2-methyl pro pane (ETBE), ben -
zene and car bon tet ra chlo ride, chlo ro form, cis 1,2-Dichloro -
ethene, dibromochloromethane, di chloro methane, EDTA,
ethyloben ze ne, NTA, tetraglyme, to lu ene, tribromomethane
and trichloro ethe ne. 2-Ethoxy-2-methyl pro pane (ETBE) was
the most of ten found chem i cal (11 out of 56 sam pling lo ca tions,
20% of sam ples).  ETBE is an ad di tive to pe tro leum prod ucts.
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T a  b l e  2

Max i mum con cen tra tions of analytes in cluded in the study



Its high est con cen tra tion was at 0.17 µg/l. To lu ene, which is a
sol vent used in many in dus tries in clud ing paint pro duc tion, cos -
me tics (nail pol ish), phar ma ceu ti cal and mil i tary prod ucts, was
found in 8 lo ca tions (14% of sam ples) and its high est con cen -
tra tion was at 2.5 µg/l. TFA, a com monly used or ganic acid of -
ten found in ground wa ter, was not de tected in this re search,
prob a bly due to a too high LOQ level.

In to tal, emerg ing or ganic con tam i nants were found in 69
out of 268 sam pling points (26%) in which the depth to the aqui -
fer var ied from 0 to 69.7 m b.g.l. 87% of these bore holes were
screened in po rous, Qua ter nary de pos its. Only 9 rep re sented
fis sured aqui fers. At over 90% of these points, depth to an aqui -
fer was <20 m and in 45% <5 m depth. The wa ter ta ble was
phreatic in 71%, which shows that the most vul ner a ble aqui fers
are shal low and un con fined.

DISCUSSION

The re search was di rected to wards de liv er ing in for ma tion
on the pres ence of se lected emerg ing con tam i nants in ground -
wa ter in Po land. The re sults re ported here fol low pre vi ous pi lot
stud ies  un der taken within the na tional ground wa ter mon i tor ing 
net work (Kuczyñska, 2017) and cor rob o rate the pres ence of
emerg ing con tam i nants in ground wa ter in Po land.

Re turn of sam ples with pos i tive re sults of emerg ing con tam -
i nants was rel a tively high, though sam pling was un der taken at a 
lim ited num ber of places. The se lec tion of mon i tor ing sites was
aimed at places where im pact from anthropogenic pres sures
was an tic i pated and where hydrogeological con di tions would
fa cil i tate their oc cur rence. It is ex pected that re turns would be
lower if more mon i tor ing bore holes were in cluded in the study
and if they were spread more evenly across the coun try. Since
sam pling was done at se lected sites, draw ing con clu sions
about the cor re la tion of re la tion ships with the con di tions of oc -
cur rence seems un jus ti fied and could dif fer if the num ber of
points cov ered by the stud ies were larger.

None the less, ac cord ing to the meth od ol ogy of the CIS WG
Ground wa ter strat egy (CIS, 2019b) for se lec tion of chem i cals to 
be rec om mended for con sid er ation of in clu sion into the
Ground wa ter Di rec tive reg u la tion, the num ber of sites with a
pos i tive re sult per coun try was de fined at 10 per sub stance. Oc -
cur rence of a sub stance in 10 sites in at least 4 EU coun tries
makes a sub stance ful fil the cri te ria of so-called List Fa cil i tat ing
(LF), which in cludes sub stances con sid ered to be of high con -
cern for ground wa ter qual ity at EU level and as such to be reg u -
lated at Eu ro pean level. Based on the pi lot stud ies re ported in
this ar ti cle, 4 sub stances meet these cri te ria, which are carba -
mazepine, PFPeA, NF and 2-Ethoxy-2-methyl pro pane (ETBE). 
Carbamazepine, PFPeA and ETBE are al ready in cluded in LF
based on in for ma tion gath ered from other EU coun tries (CIS,
2019b, 2024). NF has not been ana lysed by the CIS Ground wa -
ter WG. 

The other fac tor lim it ing pos i tive re sults in this study could
be the lim its of quan ti fi ca tion. Chem i cals cov ered in this re -
search are gen er ally ex pected to oc cur in low con cen tra tions,
hence  an a lyt i cal meth ods with low lim its of quantifications are
needed to de tect them. Lower lim its of quan ti fi ca tion are of ten
as so ci ated with in creased un cer tainty of re sults. For that rea -
son the an a lyt i cal meth ods and their lim its of quan ti fi ca tion
should be cho sen with re spect to re quired guid ance val ues. Un -
for tu nately, the ma jor ity of sub stances cov ered in this re search
are not yet reg u lated un der EU and na tional reg u la tions. Lack
of reg u la tions de fin ing ac cept able lev els of con cen tra tions of
these sub stances makes it dif fi cult to de cide what limit of quan -
ti fi ca tion is re quired, even for a pi lot study. De spite ef forts taken
to as sure the best LOQ for the study, it is still pos si ble that for
some sub stances the lim its of quantifications were set too high,
in clud ing 17-b-estradiol and TFA.

CONCLUSION

This ar ti cle pres ents pre vi ously un pub lished re sults of con -
cen tra tions of emerg ing con tam i nants in ground wa ter in Po -
land, con firm ing their pres ence in ground wa ter within the na -
tional ground wa ter mon i tor ing net work. The pres ence of a wide
range of dif fer ent groups of chem i cals in di cates the ne ces sity of 
car ry ing fur ther in ves ti ga tions and sci en tific re search, es pe -
cially with re spect to chem i cals that are not reg u lated in na tional 
and in ter na tional legislations, but are al ready doc u mented to be 
harm ful to the en vi ron ment and to have in trin sic prop er ties al -
low ing them to travel across large dis tances and to bioac -
cumulate in the sub soil en vi ron ment. The pres ence of these
sub stances may be harm ful not only to hu mans and an i mals via 
drink ing con tam i nated wa ter, but also to micro fauna liv ing un -
der ground (stygofauna), which in flu ence mi cro bi o log i cal pro -
cesses tak ing place in the ground wa ter en vi ron ment. These re -
sults dem on strate fur ther that reg u la tions of emerg ing con tam i -
nants in ground wa ter are ur gently needed as well as  reg u lar
mon i tor ing of these com pounds in ground wa ter. One shall also
ex pect that when reg u la tions are in place this will im pact upon
our per cep tion of ground wa ter qual ity and groundwater status
across Poland and EU, which will result in a need to develop
new strategies towards the protection of groundwater.
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Supplementary data Table 1. Charateristics of sampling points 

Groundwater 
body 

Water 
table 

Monitoring 
borehole depth 

[m b.g.l.] 

Depth to aquifer 
top [m b.g.l.] 

Depth to aquifer 
bottom [m b.g.l.] 

Stratigraphy Aquifer type Pharmaceuticals PFAS Nonylofenol 
17-β-

estradiol 
Solvents 

Chelating 
agents 

91  phreatic 90.0 28.2 90 K2 porous-fissured yes yes         

79 confined 114.5 70.5 109 Pg+Ng+Q porous     yes yes yes yes 

71 confined 69.7 14.7 69.7 K2 porous-fissured     yes yes yes yes 

91  phreatic 60.0 12 60 K2 porous-fissured yes yes yes yes     

  9  phreatic 20.0 3.2 18 Q porous     yes yes     

51  confined 57.5 31 55 Q porous     yes yes     

54  phreatic 53.5 5.06 50 Q porous yes yes yes yes     

66  phreatic 59.0 5.4 55 Q porous     yes yes     

64  confined   12.8 15 Q porous yes yes yes yes yes yes 

95  phreatic 23.0 5.7 21 Q porous yes yes yes yes yes yes 

110  phreatic 95.0 2.6 87 Q porous     yes yes     

94  phreatic 7.0 4.8 7.3 Q porous yes yes         

44  confined 312.0 240   K fissured-karstic     yes yes     

153  phreatic 21.3 2.4 18.3 Q porous     yes yes     

15  confined 38.0 15 36 Q porous yes yes yes yes     

63  confined 205.0 105 205 K2 porous-fissured     yes yes     

110  confined 50.0 23 50 T1 fissured-karstic     yes yes     

128  phreatic 139.0 23 139 T2 fissured-karstic     yes yes     

110  confined 253.0 36 248 T1+2 fissured-karstic     yes yes     

48  confined 174.0 127.5 173 K+Pg+Ng porous     yes yes     

13  phreatic 5.8 2.5 15.6 Q porous yes yes         

52  confined 151.0 103 151 Q porous     yes yes     

39  confined 98.0 49 100 Q porous     yes yes     

74  confined 100.0 40 100 K porous-fissured     yes yes     

75  confined 62.0 34 62 Q porous     yes yes     

64  phreatic 60.8 4.5 61 Q porous     yes yes     

54  phreatic 35.0 2 35 Q porous yes yes         

90  confined 100.0 32 100 K2 porous-fissured     yes yes     

121  phreatic 80.0 27.2 80 K2 fissured-karstic     yes yes     

49  phreatic 70.0 27.6 72.5 Q porous     yes yes     

22  confined 76.8 35 72 Q porous     yes yes     

31  confined 51.0 25 47 Q porous     yes yes     

32  confined 38.8 17 35 Q porous     yes yes     

56  confined 156.0 133 152 PgOl porous     yes yes     

51  confined 81.5 62.5 80.6 Q porous     yes yes     

110  confined 167.0 54 167 T1+2 
porous-fissured-

karstic 
    yes yes     

130 spring       J3 porous-fissured     yes yes     

110  phreatic 70.0 2 67 Q porous     yes yes     

159  phreatic 8.0 1.85 6 Q porous yes yes         

72  confined 37.0 13 38.8 Q porous yes yes         

47  confined   21 36 Ng porous     yes yes     

101 phreatic   22.29 60 D2 fissured-karstic     yes yes yes yes 

39 confined 21.0 6 20 Q porpus         yes yes 

43  confined 43.0 14 43 Q porous yes yes         

21  phreatic 14.5 0.95 11 Q porous yes yes         

119  phreatic 21.0 1.4 18 Q porous yes yes         

141  phreatic 14.2 6.5 14.2 K2 fissured-karstic yes yes         

127 phreatic 11.0 1.5 9 Q porous         yes yes 

34  phreatic 7.2 2.5 6.5 Q porous yes yes         

76  phreatic 40.0 2.6 38 Q porous     yes yes     

79 phreatic 13.7 2.6 14 Q porous     yes yes yes yes 

79  phreatic 22.0 5.9 20 Q porous     yes yes     

158  phreatic 12.0 1.5 9 Q porous yes yes         

131  phreatic 21.5 9.9 21 Q porous yes yes     yes yes 

15  confined 32.3 14 31 Q porous yes yes         

39  confined 50.5 36 48.5 Q porous     yes yes     

127 phreatic 37.0 2 36 Q porous         yes yes 

60  phreatic 18.0 1.99 16 Q porous yes yes     yes yes 

111  phreatic 70.0 22.7 70 T1+2 fissured-karstic     yes yes     

110  confined 149.0 89 149 T2 fissured-karstic     yes yes     

64 phreatic 14.2 1.9 13.8 Q porous         yes yes 

49  phreatic 15.0 1.1 11.2 Q porous yes yes         

47 confined 18.0 12.1 18.7 Q porous         yes yes 

47 confined 96.0 16 96.7 Q porous         yes yes 

45  phreatic 15.0 1 14 Q porous yes yes         

13  confined 150.0 127 150 K2 porous-fissured     yes yes     

101  phreatic 25.0 0.9 19.3 T1+Q porous yes yes     yes yes 

115  confined 20.5 16 20.5 NgM porous-fissured yes yes         

65  phreatic 85.0 0.5 82 Q porous yes yes         

65  phreatic 15.0 0.6 16 Q porous yes yes         

65  phreatic 5.7 0.6 16 Q porous yes yes         

39 phreatic 30.0 3.1 30 Q porous         yes yes 

13  confined 21.5 15 21 Q porous yes yes         

20  confined 87.5 69 87.5 Q porous     yes yes     

39  phreatic 63.0 34.91 63 Q porous     yes yes     

83  phreatic 87.1 13.1 87.1 K2 porous-fissured yes yes     yes yes 

13  confined 166.0 144 161 PgOl porous yes yes         

115  phreatic 42.0 17 37 NgM porous-fissured yes yes         

65  confined 30.0 9.4 27.5 Q porous     yes yes     

71 phreatic 80.0 0.14 80 K2+Q porous         yes yes 

76 phreatic 28.0 0.89 28 Q porous         yes yes 

105  phreatic 11.6 1.2 11.6 Q porous     yes yes yes yes 

23  phreatic 8.8 1.1 6.8 Q porous yes yes         

60  phreatic 21.5 3.3 20.5 Q porous     yes yes     

25  phreatic 30.0 5 30 Q porous     yes yes     

111  phreatic 24.0 10.56 31 T1+2 porous-fissured yes yes         

50  phreatic 29.4 2.4 30.2 Q porous     yes yes     

91  phreatic 45.0 2.7 45 K porous-fissured yes yes         

84  phreatic 15.1 1.8 9.6 Q porous yes yes         

  3  phreatic 15.0 1.5 20 Q porous yes yes yes yes     

15  confined 33.4 18.3 33.7 Q porous yes yes         

12  phreatic 20.0 5 20 Q porous yes yes         

15  phreatic 5.0 2.4 5 Q porous yes yes         

15  phreatic 50.0 0.9 50 Q porous yes yes         

15  confined 17.65 8.5 18.1 Q porous yes yes yes yes yes yes 

15  phreatic 7.0 1.52 6 Q porous yes yes         



14  phreatic 20.0 3.1 20 Q porous yes yes         

62  confined 9.0 3.3 9 Q porous yes yes         

163  phreatic 10.0 1.2 8.1 Q porous yes yes         

157  phreatic 23.0 14.3 21 Q porous yes yes         

142  phreatic 17.8 1 13.8 Q porous yes yes         

44  phreatic 10.5 1 10.5 Q porous yes yes         

17  confined 26.5 18 38 Q porous     yes yes     

152  phreatic 5.0 3.7 5 Q porous yes yes         

140  phreatic 7.0 1.73 4.5 Q porous yes yes         

129 confined 24.6 13.1 20.7 Q porous         yes yes 

146  confined 82.0 36 82 T1+2 fissured-karstic     yes yes     

112  phreatic 53.2 13.6 53.2 C porous-fissured yes yes         

146 phreatic 28.0 13 24 Q porous         yes yes 

66  phreatic 10.0 5.1 10 Q porous yes yes         

  5  phreatic 74.0 30.5 78 Q porous     yes yes     

55  confined 106.5 68 101.5 Q porous     yes yes     

57  confined 132.0 90 130 Q porous     yes yes     

111  phreatic 130.0 21 130 T2 fissured-karstic     yes yes     

129  phreatic 23.0 5.7 23 T+Q porous-fissured     yes yes yes yes 

112  confined 35.0 28.4 32.4 C3 porous-fissured yes yes     yes yes 

130  confined 45.0 23 40 P porous-fissured     yes yes     

146  confined 88.0 34 88 T2 fissured-karstic     yes yes     

147  phreatic 60.0 35.7 60 T2 fissured-karstic     yes yes     

147  phreatic 23.0 10 19.7 Q porous     yes yes yes yes 

24  confined 22.0 12 19 Q porous     yes yes     

18  confined 38.0 16 35 Q porous     yes yes     

24  phreatic 23.5 9.8 20 Q porous yes yes         

29  phreatic 17.0 2.1 14 Q porous yes yes         

29  confined 55.3 32 54 Q porous     yes yes     

60  confined 90.0 58 88 Q porous     yes yes     

60  confined 150.0 129 150 NgM porous     yes yes     

60  confined 78.5 45 78.5 Q porous     yes yes     

60  confined 61.0 32 61 Q porous     yes yes     

60  confined 88.0 46 86 Q porous     yes yes     

60  phreatic 30.5 17.9 24.5 Q porous     yes yes     

60  confined 76.0 51 76 Q porous     yes yes     

76  confined 40.0 21 40 Q porous     yes yes     

76  phreatic 30.5 1.6 29 Q porous     yes yes     

76  confined 15.0 7 13 Q porous     yes yes     

76  phreatic 32.0 1.1 35 Q porous yes yes yes yes yes yes 

76  confined 40.0 14 39 Q porous     yes yes     

76  confined 41.0 23.5 38 Pg+Ng porous     yes yes     

70  confined 40.0 27 38 Q porous     yes yes     

60  confined 108.0 82 107 NgM porous     yes yes     

70  phreatic 26.0 11.5 21 Q porous     yes yes yes yes 

70  confined 89.0 68.6 87.5 Q porous     yes yes     

61  phreatic 14.5 1.5 10.5 Q porous yes yes         

60  phreatic 48.0 8.23 22 Q porous     yes yes     

79  phreatic 62.0 6 61 Q porous     yes yes     

79  phreatic 42.0 15 40 Q porous     yes yes     

79  confined 34.0 14 32 Q porous     yes yes     

79  confined 69.0 57 61 Q porous     yes yes     

79  confined 45.0 19.1 50.2 Q porous     yes yes     

79  phreatic 33.0 2.6 30.5 Q porous     yes yes     

79  phreatic 68.0 13.3 86 Q porous     yes yes     

79  confined 48.0 12 46 Q porous     yes yes     

79  confined 39.0 24 37 Q porous     yes yes     

79  confined 43.5 35 42.5 Pg+Ng porous     yes yes     

79  phreatic 40.0 9 40 Q porous yes yes yes yes     

79  confined 56.0 13 56 Q porous     yes yes     

79  confined 29.5 15.6 26 Q porous     yes yes     

79  confined 77.0 51 75 Q porous     yes yes     

110  confined 69.0 42 65 T1 fissured-karstic     yes yes     

127  confined 83.5 27.5 75.5 T1 fissured-karstic     yes yes     

127  confined 72.0 50 70 T1+2 
porous-fissured-

karstic 
    yes yes     

110  confined 108.0 70.9 108 T2 fissured-karstic     yes yes     

110  phreatic 34.0 1 34 Q porous     yes yes     

110  phreatic 24.5 8 23 Q porous     yes yes     

127  phreatic 60.0 9.3 60 T2 fissured-karstic yes yes yes yes     

141  phreatic 70.0 36 67 Q porous yes yes         

129  confined 173.5 52.5 167 T2 fissured-karstic     yes yes     

128  phreatic 126.0 61.9 126 T2 fissured-karstic     yes yes     

110  confined 101.0 54 101 T1+2 fissured-karstic     yes yes     

111  phreatic 35.0 14 33 T2 fissured-karstic yes yes         

129 confined 75.0 30 73 Q porous         yes yes 

130 phreatic 39.0 16.7 39 Q porous         yes yes 

130  confined 70.0 11.8 70 C porous-fissured yes yes         

112  confined 48.0 32.5 46 P porous-fissured     yes yes     

111  confined 19.0 13 20 Q porous yes yes     yes yes 

130  confined 88.0 8.5 88 T2 fissured-karstic     yes yes     

  1  confined 35.0 14 35 Q porous yes yes         

  1 phreatic 32.0 0.44 32.4 Q porous         yes yes 

105 confined 36.0 18.5 20 Pg+Ng porous         yes yes 

105  phreatic 35.0 5 29 Pg+Ng porous yes yes     yes yes 

12  confined 23.0 11.5 23 Q porous yes yes         

135 phreatic 24.5 3 22.5 Q porous         yes yes 

135  phreatic 13.0 1.9 11 Q porous yes yes         

67  confined 49.0 30 48 Q porous     yes yes     

35  confined 65.0 29.5 63.5 Q porous     yes yes     

135  confined 19.0 4.5 17.1 Q porous yes yes     yes yes 

14  phreatic 20.0 1.15 20 Q porous yes yes         

145  confined 8.0 2.9 4.90 Q porous yes yes     yes yes 

145  phreatic 29.0 8.61 30 C3 porous-fissured yes yes         

112  phreatic 11.5 5.1 11 Q porous yes yes     yes yes 

  9  phreatic 19.4 10.6 19.4 Q porous yes yes         

130  confined 101.5 8.5 94 T2 fissured-karstic     yes yes     

127  confined 88.0 21 80 Ng porous     yes yes     

31  confined 9.25 6.7 9.25 Q porous yes yes         

  1  phreatic 33.6 6.08 36 Q porous     yes yes     

34  phreatic 9.5 1.6 13 Q porous yes yes         

55  phreatic 9.7 1.3 9.1 Q porous yes yes         



55  phreatic 7.0 0.9 7.2 Q porous yes yes         

60  confined 75.0 63 74.5 Q porous     yes yes     

42  confined 44.0 15 45 Q porous     yes yes     

  7  confined 78.0 58 79 Q porous     yes yes     

60  phreatic 33.0 11.5 30 Q porous     yes yes     

60  confined 59.0 39 56 Q porous     yes yes     

143  phreatic 44.5 0.8 41 Q porous yes yes yes yes yes yes 

110  phreatic 85.0 10 85 T2 fissured-karstic     yes yes     

88  phreatic 80.0 45.9 80 K2 porous-fissured     yes yes     

128  phreatic 17.0 7.2 12 Q porous yes yes yes yes yes yes 

130  confined 117.4 50 117.4 T1+2 fissured-karstic     yes yes     

59  confined 80.0 41.5 79 Q porous     yes yes     

143  phreatic 13.0 1 11.5 Q porous yes yes yes yes yes yes 

145  phreatic 33.0 4.4 29.5 Q porous yes yes     yes yes 

33  phreatic 9.7 1.8 10 Q porous yes yes         

115  confined 8.7 1.2 5.6 Q porous yes yes         

31  phreatic 7.0 1.78 15 Q porous yes yes         

150  phreatic 5.0 2.5 4.6 Q porous yes yes         

70  phreatic 10.4 1.2 9.3 Q porous     yes yes     

70  phreatic 12.0 0.8 12 Q porous yes yes yes yes     

128  confined 210.0 41.5 208 T1+2 fissured-karstic     yes yes     

83 phreatic 8.3 1.15 26 Q porous         yes yes 

81  phreatic 8.0 1.34 5.7 Q porous yes yes         

81  phreatic 7.4 3.43 6.6 Q porous yes yes         

13  phreatic 15.4 1.2 15.4 Q porous yes yes         

12  confined 7.15 2.34 8 Q porous yes yes         

78 phreatic 40.0 3.03 55 Q porous         yes yes 

82  phreatic 13.0 5.3 13 Q porous yes yes         

54  phreatic 16.5 2.8 13 Q porous yes yes         

34  phreatic 6.0 2.5 11 Q porous yes yes         

33  phreatic 23.8 4 21.6 Q porous yes yes         

34  phreatic 33.0 10.2 23.5 Q porous     yes yes     

  1 phreatic 8.0 0.3 9 Q porous         yes yes 

  1 confined 19.0 15 31 Q porous         yes yes 

94  phreatic 13.0 6.43 11.3 Q porous yes yes         

95  confined 51.0 39 49 Ng porous     yes yes     

95  confined 97.5 81.5 93.5 Ng porous     yes yes     

33  confined 64.3 33 60 Q porous     yes yes     

82  phreatic 10.8 5.1 9.5 Q porous yes yes         

54  phreatic 30.0 1.8 31 Q porous yes yes         

94  phreatic 22.0 5.9 21 Q porous yes yes         

39 confined 80.0 69.7 80 K porous-fissured         yes yes 

39  phreatic 10.5 3.9 7.6 Q porous yes yes     yes yes 

95  phreatic 18.0 7 14.2 Q porous     yes yes     

17  phreatic 43.0 5.2 43 Q porous     yes yes     

147  phreatic 8.0 1.29 8 Q porous yes yes     yes yes 

51  phreatic 20.7 1.4 20.7 Q porous yes yes         

62  confined 60.0 45.5 60 K porous-fissured     yes yes     

72  confined 104.0 14 104 K porous-fissured     yes yes     

79 confined 18.0 14 18 Q porous         yes yes 

132  phreatic 80.0 7 80 K2 fissured-karstic     yes yes     

101  confined 90.0 74 90 T2 fissured-karstic     yes yes     

30  confined 76.0 54.5 76 Q porous     yes yes     

44  phreatic 15.9 5.7 15.8 Q porous yes yes         

14  phreatic 11.0 1.29 11 Q porous yes yes         

163  phreatic 12.0 3.5 8 Q porous yes yes         

146  phreatic 17.0 6 14.7 Q porous yes yes     yes yes 

105  phreatic 16.0 5.1 12 Q porous yes yes     yes yes 

164 confined 24.0 3.2 22 Q porous         yes yes 

23  confined 20.0 14 20 Q porous     yes yes     

76  phreatic 27.0 6.5 25 Q porous     yes yes yes yes 

78  phreatic 28.5 8.92 26.5 Q porous     yes yes     

70  confined 33.0 8 30 Q porous     yes yes     

130 phreatic 31.5 8.5 33 J3 porous-fissured         yes yes 

83  confined 31.0 26 33 Q porous     yes yes     

135  phreatic 28.0 4.6 25.8 Q porous     yes yes     

124  phreatic 88.0 81 86 P porous-fissured     yes yes     

  9 confined 20.5 14.8 18.2 Q porous         yes yes 

39  confined 32.0 18 30 Q porous     yes yes     

39  phreatic 23.5 5 21.5 Q porous     yes yes     

60  confined 59.0 41 56 Q porous     yes yes     

       106 106 151 151 56 56 

 



Diatrozoic acid Sotalol Sulfadiazine Clopidol Primidone Sulfametoxazole Carbamazepine Erythromycin Clatromicin Crotamiton Ibuprofen PFBA 4:2 monoPAP PFPeA PFHxA PFBS 6:2 monoPAP PFHpA PFDPA PFOA PFHxS PFNA PFOPA PFDA PFOS PFUnA PFDoA

 [µg/l]  [µg/l]  [µg/l]  [µg/l]  [µg/l]  [µg/l]  [µg/l]  [µg/l]  [µg/l]  [µg/l]  [µg/l]  [µg/l]  [µg/l]  [µg/l]  [µg/l]  [µg/l]  [µg/l]  [µg/l]  [µg/l]  [µg/l]  [µg/l]  [µg/l]  [µg/l]  [µg/l]  [µg/l]  [µg/l]  [µg/l]

0.05 0.01 0.01 0.01 0.01 1,00 0.01 0.01 0.01 0.01 0.05 0.05 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01

No. ID Monitoring 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27

1 4786 <0.05 <0.01 <0.01 <0.01 <0.01 0.01 <0.01 <0.01 <0.01 <0.01 <0.05 <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01

2 1048 <0.05 <0.01 <0.01 <0.01 <0.01 0.02 <0.01 <0.01 <0.01 <0.01 <0.05 <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01

3 6135 <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.05 <0.05 <0.01 <0.01 <0.01 <0.01 0.02 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01

4 502 <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.05 <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01

5 2500 <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.05 <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01

6 5772 <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.05 <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01

7 5771 <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.05 <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01

9 1047 <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.05 <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01

10 2223 <0.05 <0.01 <0.01 <0.01 <0.01 0.04 <0.01 <0.01 <0.01 <0.01 <0.05 <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01

11 6051 <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.1 <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01

12 1283 <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.05 <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01

14 6789 <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.05 <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01

15 7106 <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.05 <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01

17 914 <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.05 <0.05 <0.01 0.02 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01

18 1161 <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.05 <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01

21 4826 <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.05 <0.05 <0.01 0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01

22 4182 <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.05 <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01

23 6718 <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.05 <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01

24 2247 <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.05 <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01

25 1092 <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.05 <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01

26 244 <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.05 <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01

28 2357 <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.05 <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01

29 6432 <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.05 <0.05 <0.01 0.02 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01

33 1261 <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.05 <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01

37 546 <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.05 <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01

41 433 <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.05 <0.05 <0.01 0.02 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01

42 8494 <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.05 <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01

43 2381 <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 0.23 <0.01 <0.01 <0.01 <0.05 <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01

44 2385 <0.05 <0.01 <0.01 <0.01 0.03 <0.01 <0.01 <0.01 <0.01 <0.01 <0.05 <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01

46 690 <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.05 <0.05 <0.01 0.01 <0.01 0.02 <0.01 <0.01 <0.01 <0.01 0.02 <0.01 0.01 <0.01 <0.01 <0.01 <0.01

49 6927 <0.05 <0.01 <0.01 <0.01 <0.01 0.01 <0.01 <0.01 <0.01 <0.01 <0.05 <0.05 <0.01 <0.01 <0.01 <0.01 0.02 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01

50 7258 <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.05 <0.05 <0.01 0.01 <0.01 <0.01 <0.01 <0.01 0.02 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01

51 6705 <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.05 <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01

52 6704 <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.05 <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01

54 74 <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.05 <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01

56 7110 <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.05 <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01

57 76 <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.05 <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01

58 1075 <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.05 <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01

59 2388 <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.05 <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01

61 2480 <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.05 <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01

62 6310 <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 0.02 <0.01 <0.01 <0.01 <0.05 <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01

63 2460 <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.05 <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01

64 8505 <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.05 <0.05 <0.01 0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.03 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01

65 2061 <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.05 <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01

66 6908 <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.05 <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01

67 576 <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.05 <0.05 <0.01 <0.01 <0.01 <0.01 0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01

68 704 <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.05 <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01

69 7652 <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.05 <0.05 <0.01 0.02 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01

70 6811 <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 0.07 <0.01 <0.01 <0.01 <0.05 <0.05 <0.01 0.02 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01

71 3560 <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.05 <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.02 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.01 <0.01

72 203 <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.05 <0.05 <0.01 0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01

74 2248 <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.09 <0.05 <0.01 0.09 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01

75 2249 <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.05 <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01

76 2244 <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.05 <0.05 <0.01 0.02 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01

77 2250 <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.05 <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01

78 2251 <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.05 <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01

79 6714 <0.05 <0.01 <0.01 0.02 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.05 <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01

80 8409 <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.05 <0.05 <0.01 0.12 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01

81 2252 <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.05 <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01

84 5291 <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.05 <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01

85 4926 <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.05 <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01

86 5290 <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.05 <0.05 <0.01 0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01

87 2225 <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.05 <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01

88 1969 <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.05 <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01

89 57 <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.05 <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01

90 6 <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.05 <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01

91 2172 <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.05 <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01

92 524 <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 0.01 <0.01 <0.01 <0.01 <0.05 <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01

93 4587 <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.05 <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01

95 3322 <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 0.04 <0.01 <0.01 <0.01 <0.05 <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01

96 421 <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.05 <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01

97 5749 <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.05 <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01

100 6029 <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.05 <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01

102 830 <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.05 <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01

103 1016 <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.05 <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01

104 2420 <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.05 <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01

105 8349 <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.05 <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01

107 7312 <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.05 <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01

109 5916 <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.05 <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01

110 5899 <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.05 <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01

111 8520 <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.05 <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01

112 3464 <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 0.01 <0.01 <0.01 <0.01 <0.05 <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01

113 3472 <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 0.01 <0.01 <0.01 <0.01 <0.05 <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01

114 3381 <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 0.01 <0.01 <0.01 <0.01 <0.05 <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01

115 3441 <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.05 <0.05 <0.01 0.03 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01

118 3413 <0.05 0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.05 <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01

119 2608 <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.05 <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01

120 3477 <0.05 <0.01 <0.01 0.04 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.05 <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01

122 2490 <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.05 <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01

123 3483 <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 0.06 <0.01 <0.01 <0.01 <0.05 <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01

125 5510 <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.05 <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01

126 3704 n.o. <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.05 <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01

127 298 n.o. <0.01 <0.01 <0.01 <0.01 <0.01 0.01 <0.01 <0.01 <0.01 <0.05 <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01

128 91 n.o. <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.05 <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01

129 3330 n.o. <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.05 <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01

130 3486 n.o. <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.05 <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01

131 5929 0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.05 <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01

134 1076 <0.05 <0.01 <0.01 <0.01 0.03 <0.01 <0.01 <0.01 <0.01 <0.01 <0.05 <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01

135 1077 <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.05 <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01

136 128 <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.05 <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01

137 5913 <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.05 <0.05 <0.01 <0.01 <0.01 0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01

139 5629 <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.05 <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01

140 7669 <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.05 <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01

144 726 <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.05 <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01

145 489 <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.05 <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01

146 6916 <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.05 <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01

Analyte

unit

LOQ

Supplementary data Table 2.  Results of pharmaceutical and PFAS study

Strona 1 z 1



Supplementary data Table 3. Results of nonylfenol and 17-β-estradiol

17-beta-estradiol 4-nonylfenol

ug/l ug/l

0.3 0.3

No. ID Monitoring 1 2

1 5915 <0.30 <0.30

2 8 <0.30 <0.30

3 29 <0.30 <0.30

4 57 <0.30 <0.30

5 66 <0.30 <0.30

6 69 <0.30 <0.30

7 74 <0.30 <0.30

8 75 <0.30 <0.30

9 76 <0.30 <0.30

10 91 <0.30 <0.30

11 123 <0.30 <0.30

12 151 <0.30 <0.30

13 173 <0.30 <0.30

14 203 <0.30 <0.30

15 206 <0.30 <0.30

16 231 <0.30 <0.30

17 232 <0.30 <0.30

18 233 <0.30 <0.30

19 238 <0.30 <0.30

20 263 <0.30 <0.30

21 276 <0.30 <0.30

22 279 <0.30 <0.30

23 291 <0.30 <0.30

24 297 <0.30 <0.30

25 300 <0.30 <0.30

26 305 <0.30 <0.30

27 307 <0.30 <0.30

28 309 <0.30 <0.30

29 312 <0.30 <0.30

30 314 <0.30 <0.30

31 315 <0.30 <0.30

32 321 <0.30 <0.30

33 331 <0.30 <0.30

34 333 <0.30 0.54

35 336 <0.30 <0.30

36 439 <0.30 <0.30

37 446 <0.30 <0.30

38 665 <0.30 <0.30

39 679 <0.30 0.93

40 685 <0.30 0.86

41 786 <0.30 <0.30

42 857 <0.30 <0.30

43 858 <0.30 <0.30

44 1027 <0.30 <0.30

45 1112 <0.30 <0.30

Analyte

unit

LOQ

Strona 1 z 4



17-beta-estradiol 4-nonylfenol

ug/l ug/l

0.3 0.3

No. ID Monitoring 1 2

Analyte

unit

LOQ

46 1127 <0.30 <0.30

47 1297 <0.30 <0.30

48 1941 <0.30 0.61

49 1978 <0.30 <0.30

50 2018 <0.30 <0.30

51 2148 <0.30 <0.30

52 2225 <0.30 <0.30

53 2250 <0.30 <0.30

54 2427 <0.30 <0.30

55 2489 <0.30 <0.30

56 2541 <0.30 <0.30

57 2545 <0.30 <0.30

58 2546 <0.30 <0.30

59 2580 <0.30 <0.30

60 2605 <0.30 <0.30

61 2609 <0.30 <0.30

62 2611 <0.30 <0.30

63 2615 <0.30 <0.30

64 2616 <0.30 <0.30

65 2640 <0.30 <0.30

66 3306 <0.30 <0.30

67 3335 <0.30 <0.30

68 3347 <0.30 <0.30

69 3349 <0.30 <0.30

70 3355 <0.30 <0.30

71 3358 <0.30 <0.30

72 3364 <0.30 0.41

73 3366 <0.30 0.53

74 3372 <0.30 <0.30

75 3375 <0.30 <0.30

76 3377 <0.30 <0.30

77 3379 <0.30 <0.30

78 3381 <0.30 <0.30

79 3383 <0.30 <0.30

80 3384 <0.30 <0.30

81 3388 <0.30 <0.30

82 3392 <0.30 <0.30

83 3403 <0.30 <0.30

84 3411 <0.30 <0.30

85 3415 <0.30 <0.30

86 3422 <0.30 <0.30

87 3426 <0.30 0.37

88 3427 <0.30 0.44

89 3428 <0.30 <0.30

90 3430 <0.30 <0.30

91 3431 <0.30 <0.30

92 3433 <0.30 <0.30

Strona 2 z 4



17-beta-estradiol 4-nonylfenol

ug/l ug/l

0.3 0.3

No. ID Monitoring 1 2

Analyte

unit

LOQ

93 3436 <0.30 <0.30

94 3437 <0.30 <0.30

95 3439 <0.30 <0.30

96 3441 <0.30 <0.30

97 3444 <0.30 <0.30

98 3448 <0.30 <0.30

99 3450 <0.30 <0.30

100 3455 <0.30 <0.30

101 3456 <0.30 <0.30

102 3459 <0.30 <0.30

103 3460 <0.30 <0.30

104 3461 <0.30 <0.30

105 3462 <0.30 <0.30

106 3464 <0.30 <0.30

107 3473 <0.30 <0.30

108 3474 <0.30 <0.30

109 3476 <0.30 <0.30

110 3485 <0.30 <0.30

111 3492 <0.30 <0.30

112 4644 <0.30 <0.30

113 4648 <0.30 <0.30

114 5609 <0.30 <0.30

115 5610 <0.30 <0.30

116 5712 <0.30 <0.30

117 5869 <0.30 <0.30

118 5870 <0.30 <0.30

119 5873 <0.30 <0.30

120 5894 <0.30 <0.30

121 5897 <0.30 <0.30

122 5899 <0.30 <0.30

123 5909 <0.30 <0.30

124 5910 <0.30 <0.30

125 5913 <0.30 <0.30

126 5914 <0.30 <0.30

127 5916 <0.30 <0.30

128 6431 <0.30 <0.30

129 6432 <0.30 <0.30

130 6530 <0.30 <0.30

131 6918 <0.30 <0.30

132 7026 <0.30 <0.30

133 7027 <0.30 <0.30

134 7029 <0.30 <0.30

135 7329 <0.30 <0.30

136 7592 <0.30 <0.30

137 7929 <0.30 <0.30

138 7935 <0.30 <0.30

139 8269 <0.30 <0.30

Strona 3 z 4



17-beta-estradiol 4-nonylfenol

ug/l ug/l

0.3 0.3

No. ID Monitoring 1 2

Analyte

unit

LOQ

140 8272 <0.30 <0.30

141 8273 <0.30 <0.30

142 8936 <0.30 <0.30

143 8938 <0.30 <0.30

144 8939 <0.30 <0.30

145 8942 <0.30 <0.30

146 9409 <0.30 <0.30

147 9410 <0.30 <0.30

148 9412 <0.30 <0.30

149 9730 <0.30 <0.30

150 9732 <0.30 <0.30

151 9990 <0.30 <0.30

Strona 4 z 4



1,1,1-Trichlorethane
1,1,2,2-

Tetrachlorethane
1,1,2-Trichlorethane 1,1-Dichlorethylen 1,1-Dichloroethane 1,2,3-Trichlorbenzene 1,2,4-Trichlorbenzene

1,2,4-

Trimethylbenzene
1,2-Dichlorobenzene 1,2-Dichloroethane 1,2-dichloropropane

1,3,5-

Trimethylbenzene
1,4-Dioxane

2-Ethoxy-2-

methylpropane (ETBE)
Benzene Bromdichlormethane Carbon tetrachloride Chlorobenzene Chloroethane Chloroform Chloromethane cis 1,2-Dichloroethene

Dibromochloromethan

e
Dichloromethane

Diethylene glycol 

dimethyl ether
Diisopropylether EDTA Ethylobenzene Isopropytlobenzene n-Butylobenzene n-Propylobenzen NTA Tert-butanol Tert-butyl methyl ether Tetrachloroethene Tetraglyme Tetrahydrofuran Toluen

trans-1,2-

Dichloroethene
Tribrommethane Trichloroethene Trifluoroacetic acid Vinylchlorid

µg/l µg/l µg/l µg/l µg/l µg/l µg/l µg/l µg/l µg/l µg/l µg/l µg/l µg/l µg/l µg/l µg/l µg/l µg/l µg/l µg/l µg/l µg/l µg/l µg/l µg/l µg/l µg/l µg/l µg/l µg/l µg/l µg/l µg/l µg/l µg/l mg/l µg/l µg/l µg/l µg/l µg/l µg/l

0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.5 0.02 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 1,00 2,00 1,00 0.25 0.25 0.25 0.25 1,00 2,00 0.5 0.25 0.03 0.05 0.25 0.25 0.25 0.25 10,00 0.25

No. ID Monitoring 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43

1 8 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.50 <0.02 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <1.00 <2.0 <1.0 <0.25 <0.25 <0.25 <0.25 <1.0 <2.0 <0.50 <0.25 <0.03 <0.05 <0.25 <0.25 <0.25 <0.25 <10 <0.25

2 29 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.50 <0.02 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <1.00 <2.0 <1.0 <0.25 <0.25 <0.25 <0.25 <1.0 <2.0 <0.50 <0.25 <0.03 <0.05 <0.25 <0.25 <0.25 <0.25 <10 <0.25

3 76 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.50 0.03 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <1.00 <2.0 <1.0 <0.25 <0.25 <0.25 <0.25 <1.0 <2.0 <0.50 <0.25 <0.03 <0.05 <0.25 <0.25 <0.25 <0.25 <10 <0.25

4 91 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.50 <0.02 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <1.00 <2.0 2 0.41 <0.25 <0.25 <0.25 <1.0 <2.0 <0.50 <0.25 <0.03 <0.05 0.33 <0.25 <0.25 <0.25 <10 <0.25

5 446 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.50 <0.02 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 0.41 <0.25 <0.25 <1.00 <2.0 <1.0 <0.25 <0.25 <0.25 <0.25 <1.0 <2.0 <0.50 <0.25 <0.03 <0.05 <0.25 <0.25 <0.25 <0.25 <10 <0.25

6 486 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.50 0.02 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <1.00 <2.0 <1.0 <0.25 <0.25 <0.25 <0.25 <1.0 <2.0 <0.50 <0.25 <0.03 <0.05 <0.25 <0.25 <0.25 <0.25 <10 <0.25

7 569 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.50 <0.02 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <1.00 <2.0 <1.0 <0.25 <0.25 <0.25 <0.25 <1.0 <2.0 <0.50 <0.25 <0.03 <0.05 <0.25 <0.25 <0.25 <0.25 <10 <0.25

8 679 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.50 <0.02 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <1.00 <2.0 <1.0 <0.25 <0.25 <0.25 <0.25 <1.0 <2.0 <0.5 <0.25 <0.03 <0.05 <0.25 <0.25 <0.25 <0.25 <10 <0.25

9 704 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.50 <0.02 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <1.00 <2.0 <1.0 0.28 <0.25 <0.25 <0.25 <1.0 <2.0 <0.50 <0.25 <0.03 <0.05 01.lip <0.25 <0.25 <0.25 <10 <0.25

10 814 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.50 <0.02 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <1.00 <2.0 <1.0 <0.25 <0.25 <0.25 <0.25 <1.0 <2.0 <0.50 <0.25 <0.03 <0.05 <0.25 <0.25 <0.25 <0.25 <10 <0.25

11 830 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.50 <0.02 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <1.00 <2.0 <1.0 <0.25 <0.25 <0.25 <0.25 <1.0 <2.0 <0.50 <0.25 <0.03 <0.05 <0.25 <0.25 <0.25 <0.25 <10 <0.25

12 865 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.50 <0.02 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <1.00 <2.0 <1.0 <0.25 <0.25 <0.25 <0.25 <1.0 <2.0 <0.50 <0.25 <0.03 <0.05 <0.25 <0.25 <0.25 <0.25 <10 <0.25

13 993 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.50 <0.02 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <1.00 <2.0 <1.0 <0.25 <0.25 <0.25 <0.25 <1.0 <2.0 <0.50 <0.25 <0.03 <0.05 <0.25 <0.25 <0.25 <0.25 <10 <0.25

14 1004 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.50 <0.02 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <1.00 <2.0 <1.0 <0.25 <0.25 <0.25 <0.25 2 <2.0 <0.50 <0.25 <0.03 <0.05 <0.25 <0.25 <0.25 <0.25 <10 <0.25

15 1047 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.50 <0.02 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <1.00 <2.0 <1.0 <0.25 <0.25 <0.25 <0.25 <1.0 <2.0 <0.50 <0.25 <0.03 <0.05 <0.25 <0.25 <0.25 <0.25 <10 <0.25

16 1083 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.50 0.04 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <1.00 <2.0 <1.0 <0.25 <0.25 <0.25 <0.25 <1.0 <2.0 <0.50 <0.25 <0.03 <0.05 <0.25 <0.25 <0.25 <0.25 <10 <0.25

17 1161 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.50 0.02 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <1.00 <2.0 <1.0 <0.25 <0.25 <0.25 <0.25 <1.0 <2.0 <0.50 <0.25 <0.03 <0.05 <0.25 <0.25 <0.25 <0.25 <10 <0.25

18 1315 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.50 <0.02 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <1.00 <2.0 <1.0 <0.25 <0.25 <0.25 <0.25 <1.0 <2.0 <0.50 <0.25 <0.03 <0.05 <0.25 <0.25 <0.25 <0.25 <10 <0.25

19 1924 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.50 0.05 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <1.00 <2.0 <1.0 <0.25 <0.25 <0.25 <0.25 2 <2.0 <0.50 <0.25 0.13 <0.05 <0.25 <0.25 <0.25 <0.25 <10 <0.25

20 1941 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.50 <0.02 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 01.lip <1.00 <2.0 <1.0 <0.25 <0.25 <0.25 <0.25 <1.0 <2.0 <0.50 <0.25 <0.03 <0.05 <0.25 <0.25 <0.25 <0.25 <10 <0.25

21 2250 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.50 <0.02 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <1.00 <2.0 <1.0 <0.25 <0.25 <0.25 <0.25 <1.0 <2.0 <0.50 <0.25 <0.03 <0.05 <0.25 <0.25 <0.25 <0.25 <10 <0.25

22 2483 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.50 <0.02 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <1.00 <2.0 3 <0.25 <0.25 <0.25 <0.25 <1.0 <2.0 <0.50 <0.25 <0.03 <0.05 <0.25 <0.25 <0.25 <0.25 <10 <0.25

23 2491 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.50 <0.02 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <1.00 <2.0 <1.0 <0.25 <0.25 <0.25 <0.25 <1.0 <2.0 <0.50 <0.25 <0.03 <0.05 <0.25 <0.25 <0.25 <0.25 <10 <0.25

24 2605 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.50 <0.02 <0.25 <0.25 <0.25 <0.25 <0.25 13 <0.25 <0.25 6 <0.25 <1.00 <2.0 <1.0 <0.25 <0.25 <0.25 <0.25 <1.0 <2.0 <0.50 <0.25 <0.03 <0.05 <0.25 <0.25 01.sty <0.25 <10 <0.25

25 2608 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.50 <0.02 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <1.00 <2.0 <1.0 <0.25 <0.25 <0.25 <0.25 <1.0 <2.0 <0.50 <0.25 <0.03 <0.05 0.35 <0.25 <0.25 <0.25 <10 <0.25

26 2616 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.50 <0.02 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <1.00 <2.0 <1.0 <0.25 <0.25 <0.25 <0.25 <1.0 <2.0 <0.50 <0.25 <0.03 <0.05 <0.25 <0.25 <0.25 <0.25 <10 <0.25

27 3381 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.50 0.08 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <1.00 <2.0 <1.0 <0.25 <0.25 <0.25 <0.25 <1.0 <2.0 <0.50 <0.25 <0.03 <0.05 01.sty <0.25 <0.25 <0.25 <10 <0.25

28 3403 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.50 0.04 0.26 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 01.lut <0.25 <0.25 <1.00 <2.0 6 <0.25 <0.25 <0.25 <0.25 <1.0 <2.0 <0.50 <0.25 <0.03 <0.05 <0.25 <0.25 <0.25 01.sty <10 <0.25

29 3479 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.50 <0.02 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <1.00 <2.0 <1.0 <0.25 <0.25 <0.25 <0.25 <1.0 <2.0 <0.50 <0.25 <0.03 <0.05 0.38 <0.25 <0.25 <0.25 <10 <0.25

30 3482 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.50 <0.02 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <1.00 <2.0 <1.0 <0.25 <0.25 <0.25 <0.25 <1.0 <2.0 <0.50 <0.25 <0.03 <0.05 <0.25 <0.25 <0.25 <0.25 <10 <0.25

31 3486 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.50 <0.02 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <1.00 <2.0 <1.0 <0.25 <0.25 <0.25 <0.25 <1.0 <2.0 <0.50 <0.25 <0.03 <0.05 <0.25 <0.25 <0.25 <0.25 <10 <0.25

32 3703 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.50 <0.02 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <1.00 <2.0 <1.0 <0.25 <0.25 <0.25 <0.25 <1.0 <2.0 <0.50 <0.25 <0.03 <0.05 <0.25 <0.25 <0.25 <0.25 <10 <0.25

33 3704 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.50 <0.02 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <1.00 <2.0 <1.0 <0.25 <0.25 <0.25 <0.25 <1.0 <2.0 <0.50 <0.25 <0.03 <0.05 <0.25 <0.25 <0.25 <0.25 <10 <0.25

34 3860 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.50 <0.02 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <1.00 <2.0 <1.0 <0.25 <0.25 <0.25 <0.25 <1.0 <2.0 <0.50 <0.25 <0.03 <0.05 <0.25 <0.25 <0.25 <0.25 <10 <0.25

35 4584 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.50 <0.02 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <1.00 <2.0 <1.0 <0.25 <0.25 <0.25 <0.25 <1.0 <2.0 <0.50 <0.25 <0.03 <0.05 <0.25 <0.25 <0.25 <0.25 <10 <0.25

36 4786 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.50 0.03 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <1.00 <2.0 <1.0 0.36 <0.25 <0.25 <0.25 <1.0 <2.0 <0.50 <0.25 <0.03 <0.05 <0.25 <0.25 <0.25 <0.25 <10 <0.25

37 4926 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.50 <0.02 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <1.00 <2.0 <1.0 0.43 <0.25 <0.25 <0.25 <1.0 <2.0 <0.5 <0.25 <0.03 <0.05 02.maj <0.25 <0.25 <0.25 <10 <0.25

38 5291 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.50 <0.02 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <1.00 <2.0 <1.0 <0.25 <0.25 <0.25 <0.25 <1.0 <2.0 <0.50 <0.25 <0.03 <0.05 <0.25 <0.25 <0.25 <0.25 <10 <0.25

39 5899 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.50 <0.02 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <1.00 <2.0 <1.0 <0.25 <0.25 <0.25 <0.25 <1.0 <2.0 <0.50 <0.25 <0.03 <0.05 <0.25 <0.25 <0.25 <0.25 <10 <0.25

40 5913 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.50 <0.02 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <1.00 <2.0 <1.0 <0.25 <0.25 <0.25 <0.25 <1.0 <2.0 <0.50 <0.25 <0.03 <0.05 <0.25 <0.25 <0.25 <0.25 <10 <0.25

41 5916 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.50 <0.02 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <1.00 <2.0 <1.0 <0.25 <0.25 <0.25 <0.25 <1.0 <2.0 <0.50 <0.25 <0.03 <0.05 <0.25 <0.25 <0.25 <0.25 <10 <0.25

42 5929 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.50 0.02 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <1.00 <2.0 3 <0.25 <0.25 <0.25 <0.25 <1.0 <2.0 <0.50 <0.25 <0.03 <0.05 <0.25 <0.25 <0.25 <0.25 <10 <0.25

43 6684 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.50 0.17 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <1.00 <2.0 <1.0 <0.25 <0.25 <0.25 <0.25 <1.0 <2.0 <0.50 <0.25 <0.03 <0.05 <0.25 <0.25 <0.25 <0.25 <10 <0.25

44 6743 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.50 0.04 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <1.00 <2.0 <1.0 <0.25 <0.25 <0.25 <0.25 <1.0 <2.0 <0.50 <0.25 <0.03 <0.05 <0.25 <0.25 <0.25 <0.25 <10 <0.25

45 6919 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.50 <0.02 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <1.00 <2.0 <1.0 <0.25 <0.25 <0.25 <0.25 <1.0 <2.0 <0.50 <0.25 <0.03 <0.05 <0.25 <0.25 <0.25 <0.25 <10 <0.25

46 6920 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.50 <0.02 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <1.00 <2.0 <1.0 0.26 <0.25 <0.25 <0.25 <1.0 <2.0 <0.5 <0.25 <0.03 <0.05 46266,00 <0.25 <0.25 <0.25 <10 <0.25

47 7311 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.50 <0.02 0.4 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <1.00 <2.0 <1.0 <0.25 <0.25 <0.25 <0.25 <1.0 <2.0 <0.50 <0.25 <0.03 <0.05 <0.25 <0.25 <0.25 <0.25 <10 <0.25

48 7312 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.50 <0.02 0.33 <0.25 02.sty <0.25 <0.25 <0.25 <0.25 0.8 <0.25 <0.25 <1.00 <2.0 <1.0 <0.25 <0.25 <0.25 <0.25 <1.0 <2.0 <0.50 <0.25 <0.03 <0.05 <0.25 <0.25 <0.25 <0.25 <10 <0.25

49 7652 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.50 <0.02 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <1.00 <2.0 <1.0 <0.25 <0.25 <0.25 <0.25 <1.0 <2.0 <0.50 <0.25 <0.03 <0.05 <0.25 <0.25 <0.25 <0.25 <10 <0.25

50 8129 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.50 <0.02 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <1.00 <2.0 3 <0.25 <0.25 <0.25 <0.25 3 <2.0 <0.50 <0.25 <0.03 <0.05 0.47 <0.25 <0.25 <0.25 <10 <0.25

51 8505 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.50 <0.02 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <1.00 <2.0 <1.0 <0.25 <0.25 <0.25 <0.25 <1.0 <2.0 <0.50 <0.25 <0.03 <0.05 <0.25 <0.25 <0.25 <0.25 <10 <0.25

52 8520 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.50 <0.02 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <1.00 <2.0 <1.0 <0.25 <0.25 <0.25 <0.25 <1.0 <2.0 <0.50 <0.25 <0.03 <0.05 <0.25 <0.25 <0.25 <0.25 <10 <0.25

53 8869 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.50 <0.02 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <1.00 <2.0 <1.0 <0.25 <0.25 <0.25 <0.25 <1.0 <2.0 <0.50 <0.25 <0.03 <0.05 <0.25 <0.25 <0.25 <0.25 <10 <0.25

54 8938 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.50 0.09 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <1.00 <2.0 <1.0 <0.25 <0.25 <0.25 <0.25 <1.0 <2.0 <0.50 <0.25 <0.03 <0.05 <0.25 <0.25 <0.25 <0.25 <10 <0.25

55 9270 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.50 <0.02 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <1.00 <2.0 <1.0 <0.25 <0.25 <0.25 <0.25 <1.0 <2.0 <0.50 <0.25 <0.03 <0.05 <0.25 <0.25 <0.25 <0.25 <10 <0.25

56 9573 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.50 <0.02 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 <1.00 <2.0 <1.0 <0.25 <0.25 <0.25 <0.25 <1.0 <2.0 <0.50 <0.25 <0.03 <0.05 <0.25 <0.25 <0.25 <0.25 <10 <0.25
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Supplementary data Table 4. Results of solvents and chelating agents


