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Mechanism of action of steroid hormones — estradiol
« 1nvolves binding of estradiol to a steroid hormone
/ receptor — note similarity to,mechanism of action of

dioxins (\M3 P=a¢ W'O) i
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«  estrogen receptor found in females especially in liver and
ovaries: two forms, ER-« and ER-§. (Q_Q\TOSQ.A gQ/Cép*’ or, R ¥ lg>
« estrogen mimics bind to the ER, either leading to
estrogenic effects (agonist) or blocking them (antagonist)
«  to be an estrogen mimic, the molecule must:
—  be the correct size and shape
— normally have polar groups (especially —OH)
located to hydrogen bond with amino acids in the
active site
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The ER Binding Domai
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Brzozowski, Nature, 389, 753 (1997)
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ER Binding Q “ide-reug wq 7€

« ER binding site described as “catholic”: other ligands
make contacts with different aminoacids in the binding

domain
«  Presence of at least one —OH group 1s normally
important (K%PD

«  Relative binding affinities, rat hiver ER-o vs 178-
estradiol = 1 &

Tamoxifen 3.3 [ 7a-Ethynylestradiol 2.0
Diethylstilbestrol0.9 Estradiol-3-benzoate 0.4
o-Zearolenone  0.11 Fstrone 0.08
Estriol 0.05 Tetrachlorobiphenylol0.004
0,p-DDT 0.0001
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Other estrogenic compounds
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« application of the TEF concept to xenoestrogens
TEQ = 2(c; x TEF)) where the TEF of estradiol = 1

« relative binding affinities (RBAs) sometimes taken as a
surrogate for TEF: why are they not the same?
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*  reproductive effects
«  decreased fertility %Mrhﬁm d
«  genital deformities lAO% s
«  carly puberty
«  endometriosis
* low sperm count
. breast, uterine, prostate and testicular cancers
*  thyroid malfunction - lasting effects on growth and
development
*  short-term memory loss
«  planning ability
«  attention deficit disorder
»  problems with metabolism and blood pressure
e neurological disorders
«  abnormalities in behavior
« difficulty in learning
«  distorted sensory functions
« immunological disorders
»  susceptibility to disease
«  hypersensitivity
« allergies

Effects possibly linked to endocrine disruptors
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Vitellogenin Production in Fish Shutbeford

woteS
+  vitellogenin is an egg yolk protein normally produced in
mature female fish by estrogenic stimulation
«  vitellogenin production in male or immature female fish is
taken as an indicator of estrogenic exposure
«  this effect has been observed in fish exposed to domestic
and industrial effluents
«  European study of various effluents found many induced
vitellogenin production
« in some domestic sewage most estrogenic effects were
attributed to estrogenic steroids from human excretion
*  asignificant portion was due to ethinylestradiol
(active ingredient in birth control pills)
« inindustrial effluent there were no estrogenic steroids,
but found other estrogenic species:
¢ nonyl phenol and related compounds derived
from industrial surfactants _
«  bisphenol A (BPA) used in manufacturing of
plastics and epoxy resins
e hydroxy phenyl hexanoic acid found in effluent
from chemical manufacturer
«  study found that most raw sewage influent was highly
estrogenic, but effluent varied
e some sewage treatments may be better than
others at removing estrogenic compounds
. secondary (biological) treatment and residence
time found to be major factors




The pulp and paper industry

wood pulp contains both cellulose fibers (—> paper)
and hignin (extracted and discarded). Lignin 1s polymeric
— biosynthesized from phenylalanine, CYP 73, a
cinnamate-4-hydroxylase, catalyzes a key step in the
conversion of phenylalanine into lignin.

HO
NH,
—_—» —_—
COLH CO,H S cogH

hardwoods contain ~25% lignin; softwoods ~30% lignin

lignin building blocks
NS
HO HO
conifery! alcohol OCH; sinapyl alcohol

lignin formed by polymerization catalyzed by
peroxidases and laccases 1n the plant —> free radical
processes

controversy over whether lignin is a directed structure or
a random structure

paper-making requires removal of the lignm:
deligninification: Kraft pulping; sulfite pulping;
thermomechanical pulping
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Partial lignin structure
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Separated pulp 1s bleached to make fine paper

bleaching with chlorine —> traces of dioxins (a concern
in the late 1980s)

bleaching with chlorine dioxade

bleaching with hydrogen peroxide

endocrine effects down stream of pulp muills are similar
for bleached and unbleached pulp —> a natural

component of the wood. Most likely candidate 1s B-
sitosterol
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«  Unlike organic contaminants, metallic components cannot
be “destroyed”

«  The speciation of the metal may significantly affect its
toxicity, and hence its environmental impact.

_Metals in the Environment CL‘AQW \O

Issue #1: Mercury

«  Mercury occurs as the element or as the sulfide (HgS, two
forms: cinnabar and vermillion). Roasting in air gives the
element directly

HgS(s) + Oy(g) —> Hg()) + SOg)

«  Hg(D), b.p. 357°C, has a significant vapour pressure at
ambient temperatures, 2.4x107° atm

Calculate this in mg/n’ at 298 K and compare with the

TLV of 0.05 mo/m’ LO,, Ha®™ SOOO wa kg™
4 F / % s HaOhe. \O00 v kA

de (:Q.w(s

< . Hall 20
f « 1, Toxicity of mercury: the metal a%g 11%)rgamc sa ts\faﬁre much
V]2 less toxic than alkylmercury compounds; arylmercury
45 3 compounds (antifungal seed dressings) are not as toxic
= }ﬂ Typreak Arinking waterstoudards cae ~1-0pgqL” (lep E)
E 3¢ Methylmercury compounds are formed in the environment
0 b . L . . : . . .
o y microbial alkylation, involving cobalamin (Vitamin B,)

which has a Co—CH, bond
Le:. bioloS\‘CaQ MQH»S\CJ’(OM S CKSH&" awdh
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some \,uouH.«s after (g%

At e Erowr wercury poisoning
\ hauviua CCH;§,_H% Seep t‘b.rouéA labex 3 oves, lLAQzQ
«  C-Hg bonds are non-polar —> organomercury compounds

are hpcfhlhc and bioaccumulative auxdd able o cross
LGlood - rreun armer. Heuce qTR Vxeuro\o%\CaQ sywpbmg

«  Mercury and its compounds: neurotoxins and renal toxins

Pt fooh 2, Fq 101 Fext
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Handwriting of an Italian who worked in a mercury mine

Renal toxicity due to strong H;%JQS bonds: metallothioneins
small proteins with a high percentage of —SH groups,

Hg—metallothioneins deposited in kidney
\—:rs 0.2 ted
»  Mercury is a cumulative poison:
1000 - - e e ____ o _ - Lethal dose
£ \bg>/ ,
i‘,{ 100 r&%\/g"‘/"” T T e Toxic dose
8 - &62' e
| ;“\/\@/
10 4- 4 7 - gt . — s
S %/ Qt\é\g}ét/b/. No effect CHLOH .
0 100 1000 10000 b
Days ' CHLQ
Accumulation curves for different levels of mercury in the diet /f\
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Exposure to mercury compounds: rmD\«emg
«  Historically, gilding mirrors, alchemy (Newton), hat-making
(the Mad Hatter) --- erpesure fo Mo uitate vsed G telt Cor

) . S Wakg
Mining ‘ar}d lefmm% mercury £ Ha Forws au amalaqn wi
+  Gold mining (Amazon basin)© Uz symall aold pastrcles . Then

«  Dental amalgams (dental offices a major source of mercury %%
in Toronto’s sewage) D deive

«  Scientific equipment and old science labs (brbrc‘c oft HS

A b pl
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Mercury in the wider environment;
«  Burning coal (mercury 1s volatile and not trapped as a flue
dust) ... also volcanoes
«  Garbage incineration: especially the use of Hg batteries for
cameras, hearing aids (also landfills for the same reason)
Mercwg ba\’&av/ !
Steel/Zn | ZnO/aq. KOH | HgO | Hg/Steel
for which Coverqu L R N I Hq06) —>2ulb) %HSEQ).
AG = AG" + RTInQ
Q = 1 because all components are pure (s) or (/), hence E_,,
not change with time Q = E\(Haﬂ). a (Ru0is) \\
(2 rewmcius ol \-3SV QC?,M‘S>.QCH§O‘5> £ _@_:é:'@m Q
«  Use of organomercury fungicides (minor) v

does

WA \AG\'QE
« - The old flowing mercury cells for chloralkali process =
(1960s, losses of 200 g Hg per tonne of Cl, produced:

-9
reduced to 0.15 g/tonne by 1980): Canadian example: Reed o
3
O

Paper Co in Northern Ontario: White Dog and Grassy
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Mercury in fish: the limit of 0.5 ppm was set in the 1970s

when Hg pollution was more of a problem but analytical
methods were less advanced

35 3_ . e _1‘
3- / 1970
c 2 4 1974
= 1979}
15 - / 083
1_.
1988?
0.5 ~
/
O _4_ 'T T T 7 T )
20 30 40 50 60 70 80 X
Fish Lengtf (cm) /7 n Prepyn of CHB(,HO
‘ ‘ ‘ (%ﬂ. bdou]}
«  Use of mercury as an industrial catalyst: Minamata Disease
?wfreiiq (Japan): 1500 cases in the 1950s, 200 deaths; neurological v
‘P‘:'hf >symptoms; easily associated with shellfish but originally not
Y

cm th clear whether this was a disease condition or a chemical
Y poisoning. Euewl"upcuj \‘FQLQA "0 chewn. qun&, Mq{c;ﬂCHgﬂc)
Hg™ /H : \
HC=CH + H,0 —> CH,~CH=0

Note the preceding two examples as historical only, these
problems have been largely resolved

V\«eVlﬂ\mercuv
(o w&\)oum(g , iwctucémﬁ

Tokeretion Cusk Sympoms (g Ha=SCH broacedm.
obceroed tWcaks Q\)\( re'a.ug in feh o ca- \OO?PW\'
ke diccarded g ,’,> ke b3 Mo locale -

- "A"‘M‘()QOK ovound )}—w‘l\'c

L

faun vw CC\“C\QS1 arnd (:(qu“Bl rew H»ewageiueg 3% H-Q
Lakesr aud drowwod




Ele
Principal problem remaining today:
— air pollution due to coal burning and incineration

US EPA documents (1997) on mercury releases (1994/95 data):

/téncaacﬂ/‘CS/repor‘fs/VOfumeé‘, df «
http://www.epa.gov/H#nloarpa/t3ireportst 7 P e\c%gzg;"‘og

yoluwmes | > € wiercariy
Total of combustion sources ~140 t/yr: includes (major)
. Coal-fired electric power plants ~ 50 t/yr
m‘;:{f}fﬂ \' Coal and oil fired industrial boilers ~ 30 t/yr
waste ~MSW incinerators ~30 t/yr
Medical and hazardous waste incinerators ~ 30 t/yr

Clean Air Act Amendments expected to reduce emissions from
incinerators

Total non-combustion sources ~ 20 t/yr
Chloralkali now ~ 5 t/yr
Cement production ~ 5 t/yr

Natural and anthropogenic releases of Hg are of similar orders of
magnitude ﬁ Hawail vehecanseos natoucd axk  ~ 70 gwx’-5
volcanoes %te\ito Env  Protecdton Sexs zof"j w2 (2%1‘3

T eoLa CUT ~ 1O waw
flooding (including hydroelectric dams)

Recent article on Hg and cerebral palsy in Ontario: Globe &
Mail, Saturday June 12, 2004.



