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Studies on reproductive endocrine disruption in the aquatic environment have to date been predominantly concerned with the effects of cestrogenic substances in rivers and
egtuaries. Until recently, the possible release of oestrogenic substan ces from offshore activities had received wery little attention, however reports have suggested that discharges
from offshore production platforms may contain ogstrogen receptor (ER) agonists [|-Z]. The total North Sea discharge of produced water has been estimated at 340 x¢ | 0F m? yr!
[3] and will increase as Morth Sea wells get older [4.5]. The purpose of this study was to characterise and determine the occurrence of & vitro ER agonists in offshore produced

water discharges.

Methods

ER. agonists were characterised by using bicassay-directed
fractionation techniques. Produced water samples (200 Litres)
were collected and extracted in site on two Morth Sea
platforre. The sarple was forced, uging corrpreseed air through
a ghrs wool filkerand the organic load extracted onto resin
EM'+ and otadecylsilane SPE columns placed in series (Figure
I). The samples were then transported under dry ice to the
CEFAS Burnharn Laboratory where they were eluted with
rnethanol and dich lorornethan <.
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The sarnples were tested for osstrogenic activity using the yeast
oestrogen sereen [TES) (Figure 2),and then fractionated using a
cyano-arning (FAC) bonded silica semni-preparative HPLC
colurmn fitted with a silica guard at a flow rate of & ml min ™,
uging HPLC grade hexane, DM and isopropanaol ag a rmobile
phaze. Gradient elution was used aver 30 min. Thirtr & rl fine
fractions were collected at one minute intervals. Al HPLC
fractions were tested in the YES assayw and any fractions

dermon strating ER agonist potency were anakreed by gas
chrormatography-rrass specrometry (GC-M3) using the rmethod
of Thorras et o, [6]. Fractions were analysed uging a Polaris O
ion trap rmass spectrometer operated in full scan mode.

Results and Diseussion

ER. agonist potencies of betwesn 5 and 28 ng E2 L were
deterrmined for the produced water sarmples collected. HPLC
fractionation provided 30 fractions of which 10 tested positive
for the presence of ER. agoniste (Figure ). GC-M3 analysis of
these fractions identified 2 range of allerl substituted phenols
(Table 1.

Subgequent analysis of 81 produced water sarmples are shown
inTable 2. ER agonist potencies ranged fromn below limits of
detection to 7| ng E2 equivalents L~ while total allelphenol
coneentrations ranged from below limits of detection to

1600 pg L.
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A further 8| produced water samples (2.5 L) were extracted
andanalysed using the method of Balsarnand Thormas (in prep).
Sarnples were passced through a | g CI8 colurnn and eluted with
L. Gamples were anabreed for ER agonist potenar and &,-C,
alleylphenal content.
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The sarnples contained isormers of ) 1o C: allglphenals. These
compounds are likely to be petrogenic in origin and are
partitioning into the water phase during oilwater separation.
Cilfwater partition coefficients suggest that allodphenols =C; are
unlileehy to partition into water. |t is therefore unsurprizing that
only allrlphenols <Cs wers identified in thees produced water
sarnples.

If allerlphen ols were exdusively respansible for the oestrogenic
activity thown by the collected PYY effluent samples, then it
would be possible to correlate the two sets of data or
corrponents of the two sets. The correltion between
oestrogenic adtivity and total allodph enol concentration s is low.
It can be concluded that sither a few of the allerlphenal isomers
are particu hrly active and are prescent at differing
concentrations, or that thers are other compounds present that
are responsible for some of the adivity

Tarbda 2 Sumrrry of £F 20 it ot noy and A G b G o o oo ok inT o ns

PREtbrm RN Ogenic MBS ATRIPSEOTT Oy dldphenots (pg !

Achity
MEL) fumc, MG UG SWG, fmG Tof

Edlrncrl 3 104 = 4 £ o0 i)
AHo ) 121 14 4 £ o0 FE
Arckon €0 o = 4 40 L) =)
Fisrce 22 15 = £ 3] o0 -
darice 1 3 151 15 oz o0 2%
Mirizn Coreral 3 24 £ w® L] L) 243
birizn Morth = 3 =3 174 10 o0 e
Eider sipha =0 43 =3 195 w“ a0 FOO
Garratt & 28 =1 =3 2] oo o0 204
Alugm Morth E E = = 19 o0 272
T 5
Gy Cu=LOD {1 gy

100

ket alphs
o [ 10500106
10001

20
@
2
z o
k-]
< an
Z
= =
g
s
O
£ 0.

E

10

[

10 = @ = fe) &5 a0 4L =0 =
Tirre (min)

Fire d: G Ciromatognam of prodiced wnter st

Conclusions

* The conesntration of ER agoniste in the sarmpled produced

waters was equivalent to <L 00 to 71 ng B2 L.

Bioas say-directed fractionation identified Cito Cs and G

allgylphenols as responsible for the rmajority of the adivicy in

one of the samples.

* Total allgylphenal (T to Cs) concentrations of between
<LOCand 1600 pg L were determined in the samples
collzcted,

& Little or no correlation exists between the ER agonist
potency and total allylphenol concentration suggesting that
other compounds may be responsible for some of the
activity.
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