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COMMON, BUT MISTAKEN IDEAS YOU MAY HAVE

Selentum 1s not essential for survival.

The brain doesn’t need selenoenzymes to function.
Mercury only harms those with low selenium intakes.
Selenoenzyme activities in rats are different from 1in humans.
Inorganic selenium does not reflect activities of organic forms.
Selenium binds mercury and thus prevents it from causing harm.
Mercury causes oxidative damage through Fenton-type reactions.

Selenoenzymes only counteract oxidative damage caused by mercury.
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MERCURY BINDING WITH SULFUR
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CH;Hg Cysteine CH,Hg-Cysteine

Intracellular thiols are ~300,000 uM, but methylmercury 1s toxic
at 1 uM and severely toxic at 2.5 uM. This confused toxicologists.
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CONVENTIONAL HYPOTHESIS: Maternal mercury exposures
from eating seafood during pregnancy harms the health of children

MeHg Effects on  Retain Does not Reject
Study location Child Outcomes  Hypothesis  Support Hypothesis
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These and many more recent epidemiological studies indicate mothers should eat
more fish during pregnancy to improve their health and that of their children.



MERCURY EXPOSURE EFFECTS ON CHILD HEALTH

CONVENTIONAL HYPOTHESIS: Maternal mercury exposures
from eating seafood during pregnancy harms the health of children

MeHg Effects on  Retain Does not Reject

Study location Child Outcomes  Hypothesis  Support  Hypothesis
Minamata severe harm \

Iraq severe harm \

New Zealand subtle harm \

Faroe Islands subtle harm \

Seychelle Islands IQ benefits \ v
United Kingdom IQ benefits \ v
United States IQ benefits v \
Denmark IQ benefits v \
Spain IQ benefits V v

The Conventional Hypothesis has been conclusively disproven.
This does not necessarily mean it is wrong. It may simply be incomplete.



SELENIUM

-

Selenium 1s required to make selenocysteine (Sec), the 215 genetically
encoded amino acid. Humans express 25 genes that incorporate Sec.



SELENIUM PHYSIOLOGY

* Selenoenzymes are expressed 1n tissue specific distributions in all
cells of all vertebrates.

* Many selenoenzymes prevent and reverse oxidative damage to lipids
and proteins. Still others participate in controlling calcium, thyroid
hormone and other physiological functions.

* Selenoenzymes restore antioxidants such as vitamin C, thioredoxin,
and glutathione to their functionally active forms.

* Selenoenzymes are particularly important in brain and other tissues
with high lipid contents and high metabolic activities.
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SELENIUM

-

The average concentration of selenium in the body 1s ~1 uM.



MERCURY SELENIDE

- $O
CH;Hg Selenocysteine CH;Hg-Selenocysteine

Mercury does not cause oxidative damage to proteins and lipids.
Toxic (1 uM) and severely toxic (2.5 uM) mercury inhibits the
selenoenzymes that normally prevent and reverse oxidative damage



MERCURY SELENIDE

3.5

CH;Hg Selenocysteine CH;Hg-Selenocysteine

Ocean fish are so rich in selenium, eating them prevents mercury
toxicity by preventing the induced selenium deficiency which would
keep brain selenoenzymes from performing their essential functions.



DIETARY SELENIUM AND GROWTH

Body Weight (g)

500 male Long Evan Rats

400 | — 1.0 yM Se

200

100

Weight gain in weanling

— 0.1 uM Se

—=10.0 uM Se
All were healthy and gained

weight at normal rates.

These dietary Se concentrations reflect the normal
physiological range of selenium intakes in humans.
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Weight loss noted: Group 
split into 4 sub-treatment
groups (10 rats/group) 
to initiate therapy study.
See next figure.
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		0		0		0		3.0413812651		3.0413812651		3.1972210155		3.1972210155		3.029484738		3.029484738

		7		7		7		3.0296681153		3.0296681153		2.7098585449		2.7098585449		2.8174062145		2.8174062145

		14		14		14		3.7429934544		3.7429934544		3.0552323061		3.0552323061		3.1028660586		3.1028660586

		21		21		21		3.2878564446		3.2878564446		3.9368628232		3.9368628232		3.3040379336		3.3040379336

		28		28		28		3.8007309239		3.8007309239		5.6209923995		5.6209923995		3.5440090293		3.5440090293

		35		35		35		4.4348368378		4.4348368378		6.7888797963		6.7888797963		4.0960685758		4.0960685758

		42		42		42		5.3480006648		5.3480006648		7.9867250972		7.9867250972		4.4899888641		4.4899888641

		49		49		49		5.5152314347		5.5152314347		8.6067802729		8.6067802729		5.1602110207		5.1602110207

		56		56		56		5.8799092964		5.8799092964		9.9219173774		9.9219173774		5.8576635463		5.8576635463

		63		63		63		5.8286647985		5.8286647985		11.1265448366		11.1265448366		6.6973460747		6.6973460747

		70		70		70		6.4108415118		6.4108415118		11.555710469		11.555710469		7.8190650194		7.8190650194

		77		77		77		7.4033776076		7.4033776076		12.0979796293		12.0979796293		7.8130944218		7.8130944218

		84		84		84		6.9433421347		6.9433421347		13.2227077409		13.2227077409		7.8672316181		7.8672316181

		91		91		91		7.5930523799		7.5930523799		13.5466272965		13.5466272965		11.0325276644		11.0325276644
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		119		119		119		11.0979978174		11.0979978174		15.1978068593		15.1978068593		12.0607720409		12.0607720409

		126		126		126		10.7320910254		10.7320910254		15.3893541847		15.3893541847		12.4617191609		12.4617191609
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Weight loss noted: Group 
split into 4 sub-treatment
groups (10 rats/group) 
to initiate therapy study.
See next figure.
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		7		7		7		3.0296681153		3.0296681153		2.7098585449		2.7098585449		2.8174062145		2.8174062145

		14		14		14		3.7429934544		3.7429934544		3.0552323061		3.0552323061		3.1028660586		3.1028660586

		21		21		21		3.2878564446		3.2878564446		3.9368628232		3.9368628232		3.3040379336		3.3040379336

		28		28		28		3.8007309239		3.8007309239		5.6209923995		5.6209923995		3.5440090293		3.5440090293

		35		35		35		4.4348368378		4.4348368378		6.7888797963		6.7888797963		4.0960685758		4.0960685758

		42		42		42		5.3480006648		5.3480006648		7.9867250972		7.9867250972		4.4899888641		4.4899888641

		49		49		49		5.5152314347		5.5152314347		8.6067802729		8.6067802729		5.1602110207		5.1602110207

		56		56		56		5.8799092964		5.8799092964		9.9219173774		9.9219173774		5.8576635463		5.8576635463

		63		63		63		5.8286647985		5.8286647985		11.1265448366		11.1265448366		6.6973460747		6.6973460747

		70		70		70		6.4108415118		6.4108415118		11.555710469		11.555710469		7.8190650194		7.8190650194

		77		77		77		7.4033776076		7.4033776076		12.0979796293		12.0979796293		7.8130944218		7.8130944218

		84		84		84		6.9433421347		6.9433421347		13.2227077409		13.2227077409		7.8672316181		7.8672316181
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		7		7		7		4.0955260142		4.0955260142		9.4280904158		9.4280904158		3.2754982657		3.2754982657

		14		14		14		5.4		5.4		11.2447518623		11.2447518623		3.3459760244		3.3459760244

		21		21		21		6.8222674628		6.8222674628		12.5720147771		12.5720147771		4.0365001342		4.0365001342

		28		28		28		8.5313148654		8.5313148654		14.2442971045		14.2442971045		4.7070868557		4.7070868557

		35		35		35		10.1274654063		10.1274654063		14.4083309235		14.4083309235		5.2982177297		5.2982177297

		42		42		42		10.5971170084		10.5971170084		16.8311879821		16.8311879821		6.0726161304		6.0726161304

		49		49		49		11.7236702634		11.7236702634		16.4468842034		16.4468842034		6.9797325641		6.9797325641

		56		56		56		12.7568717865		12.7568717865		19.1960644115		19.1960644115		8.8219423409		8.8219423409

		63		63		63		13.0018802059		13.0018802059		20.6999731615		20.6999731615		9.2673860632		9.2673860632

		70		70		70		13.2215732801		13.2215732801		22.6148918488		22.6148918488		10.3090575062		10.3090575062

		77		77		77		13.4826637658		13.4826637658		24.7217852646		24.7217852646		10.9516614671		10.9516614671

		84		84		84		13.5910101006		13.5910101006		27.5093923355		27.5093923355		11.5352599547		11.5352599547
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		112		112		112		15.0656341829		15.0656341829		32.227662376		32.227662376		13.7906570627		13.7906570627
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0.1 µmol Se/kg

1.0 µmol Se/kg

10 µmol Se/kg

Study Day

Body Weight

Effect of Dietary Selenium on Rat Growth

127.9

128.1

127.9

142.8

144

140.2

188.4

192

188.2

234.1

235.5

230.4

270.5

269.7

264.3

297.9

297.4

290.6

322.1

322.8

314.1

343

342.5

332.5

364.4

361.6

350.4

383.4

378.6

368.8

396.1

391.1

383.1

409.4

405.5

393.5

419.6

419.1

407.8

433.6

429.9

420.1

437.3

438.1

427.9

450.4

446.8

437.7

453.8

452.8

444.4

461.2

463.4

450.1

468.9

473.7

458.6



Sheet2

		0		0		0		3.0413812651		3.0413812651		3.1972210155		3.1972210155		3.029484738		3.029484738

		7		7		7		3.0296681153		3.0296681153		2.7098585449		2.7098585449		2.8174062145		2.8174062145

		14		14		14		3.7429934544		3.7429934544		3.0552323061		3.0552323061		3.1028660586		3.1028660586

		21		21		21		3.2878564446		3.2878564446		3.9368628232		3.9368628232		3.3040379336		3.3040379336

		28		28		28		3.8007309239		3.8007309239		5.6209923995		5.6209923995		3.5440090293		3.5440090293

		35		35		35		4.4348368378		4.4348368378		6.7888797963		6.7888797963		4.0960685758		4.0960685758

		42		42		42		5.3480006648		5.3480006648		7.9867250972		7.9867250972		4.4899888641		4.4899888641

		49		49		49		5.5152314347		5.5152314347		8.6067802729		8.6067802729		5.1602110207		5.1602110207

		56		56		56		5.8799092964		5.8799092964		9.9219173774		9.9219173774		5.8576635463		5.8576635463

		63		63		63		5.8286647985		5.8286647985		11.1265448366		11.1265448366		6.6973460747		6.6973460747

		70		70		70		6.4108415118		6.4108415118		11.555710469		11.555710469		7.8190650194		7.8190650194

		77		77		77		7.4033776076		7.4033776076		12.0979796293		12.0979796293		7.8130944218		7.8130944218
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split into 4 sub-treatment
groups (10 rats/group) 
to initiate therapy study.
See next figure.
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Weight loss noted: Group 
split into 4 sub-treatment
groups (10 rats/group) 
to initiate therapy study.
See next figure.
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		42		42		42		10.5971170084		10.5971170084		16.8311879821		16.8311879821		6.0726161304		6.0726161304

		49		49		49		11.7236702634		11.7236702634		16.4468842034		16.4468842034		6.9797325641		6.9797325641

		56		56		56		12.7568717865		12.7568717865		19.1960644115		19.1960644115		8.8219423409		8.8219423409

		63		63		63		13.0018802059		13.0018802059		20.6999731615		20.6999731615		9.2673860632		9.2673860632

		70		70		70		13.2215732801		13.2215732801		22.6148918488		22.6148918488		10.3090575062		10.3090575062

		77		77		77		13.4826637658		13.4826637658		24.7217852646		24.7217852646		10.9516614671		10.9516614671

		84		84		84		13.5910101006		13.5910101006		27.5093923355		27.5093923355		11.5352599547		11.5352599547

		91		91		91		14.7431339952		14.7431339952		27.2455908767		27.2455908767		12.0170711906		12.0170711906

		98		98		98		15.6063021458		15.6063021458		26.5348827018		26.5348827018		12.2160641052		12.2160641052

		105		105		105		16.1108658985		16.1108658985		31.7238080942		31.7238080942		12.866018982		12.866018982

		112		112		112		15.0656341829		15.0656341829		32.227662376		32.227662376		13.7906570627		13.7906570627

		119		119		119		15.6018517419		15.6018517419		34.2416250912		34.2416250912		15.1198544967		15.1198544967

		126		126		126						39.2033161863		39.2033161863



0.1 µmol Se/kg

1.0 µmol Se/kg

10 µmol Se/kg

Study Day

Body Weight

Effect of Dietary Selenium on Rat Growth
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446.8

437.7

453.8

452.8
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450.1
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473.7
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Sheet2

		0		0		0		3.0413812651		3.0413812651		3.1972210155		3.1972210155		3.029484738		3.029484738

		7		7		7		3.0296681153		3.0296681153		2.7098585449		2.7098585449		2.8174062145		2.8174062145

		14		14		14		3.7429934544		3.7429934544		3.0552323061		3.0552323061		3.1028660586		3.1028660586

		21		21		21		3.2878564446		3.2878564446		3.9368628232		3.9368628232		3.3040379336		3.3040379336

		28		28		28		3.8007309239		3.8007309239		5.6209923995		5.6209923995		3.5440090293		3.5440090293

		35		35		35		4.4348368378		4.4348368378		6.7888797963		6.7888797963		4.0960685758		4.0960685758

		42		42		42		5.3480006648		5.3480006648		7.9867250972		7.9867250972		4.4899888641		4.4899888641

		49		49		49		5.5152314347		5.5152314347		8.6067802729		8.6067802729		5.1602110207		5.1602110207

		56		56		56		5.8799092964		5.8799092964		9.9219173774		9.9219173774		5.8576635463		5.8576635463

		63		63		63		5.8286647985		5.8286647985		11.1265448366		11.1265448366		6.6973460747		6.6973460747

		70		70		70		6.4108415118		6.4108415118		11.555710469		11.555710469		7.8190650194		7.8190650194

		77		77		77		7.4033776076		7.4033776076		12.0979796293		12.0979796293		7.8130944218		7.8130944218

		84		84		84		6.9433421347		6.9433421347		13.2227077409		13.2227077409		7.8672316181		7.8672316181

		91		91		91		7.5930523799		7.5930523799		13.5466272965		13.5466272965		11.0325276644		11.0325276644

		98		98		98		8.7231492784		8.7231492784		14.1374600893		14.1374600893		11.0959952736		11.0959952736

		105		105		105		9.6853268172		9.6853268172		14.746148273		14.746148273		10.9366356801		10.9366356801

		112		112		112		10.4616229886		10.4616229886		14.8057421293		14.8057421293		11.4978741997		11.4978741997

		119		119		119		11.0979978174		11.0979978174		15.1978068593		15.1978068593		12.0607720409		12.0607720409

		126		126		126		10.7320910254		10.7320910254		15.3893541847		15.3893541847		12.4617191609		12.4617191609



0.1 µmol Se; 50µmol MeHg/kg

1.0 µmol Se; 50 µmol MeHg/kg

10 µmol Se; 50 µmol MeHg/kg

Study Day

Body Weight

Effect of Dietary Selenium on MeHg-Dependent Growth Impairment
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359.5

311.8

338

377.7

317.8
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320.9

366.7

418.4

320.9

377.5

433

320.9

387.8

445.4

315.9

401

459.5

307.6

402.7

465.9

296.5

408.6

477.1

287.3

412.1

484.3

275.9

416.8

493.2

271.4444444444

424.1

500.5



Sheet3

		0		0		0		3.613093473		3.613093473		10.7129205479		10.7129205479		3.3580748453		3.3580748453

		7		7		7		4.0955260142		4.0955260142		9.4280904158		9.4280904158		3.2754982657		3.2754982657

		14		14		14		5.4		5.4		11.2447518623		11.2447518623		3.3459760244		3.3459760244

		21		21		21		6.8222674628		6.8222674628		12.5720147771		12.5720147771		4.0365001342		4.0365001342

		28		28		28		8.5313148654		8.5313148654		14.2442971045		14.2442971045		4.7070868557		4.7070868557

		35		35		35		10.1274654063		10.1274654063		14.4083309235		14.4083309235		5.2982177297		5.2982177297

		42		42		42		10.5971170084		10.5971170084		16.8311879821		16.8311879821		6.0726161304		6.0726161304

		49		49		49		11.7236702634		11.7236702634		16.4468842034		16.4468842034		6.9797325641		6.9797325641

		56		56		56		12.7568717865		12.7568717865		19.1960644115		19.1960644115		8.8219423409		8.8219423409

		63		63		63		13.0018802059		13.0018802059		20.6999731615		20.6999731615		9.2673860632		9.2673860632

		70		70		70		13.2215732801		13.2215732801		22.6148918488		22.6148918488		10.3090575062		10.3090575062

		77		77		77		13.4826637658		13.4826637658		24.7217852646		24.7217852646		10.9516614671		10.9516614671

		84		84		84		13.5910101006		13.5910101006		27.5093923355		27.5093923355		11.5352599547		11.5352599547

		91		91		91		14.7431339952		14.7431339952		27.2455908767		27.2455908767		12.0170711906		12.0170711906

		98		98		98		15.6063021458		15.6063021458		26.5348827018		26.5348827018		12.2160641052		12.2160641052

		105		105		105		16.1108658985		16.1108658985		31.7238080942		31.7238080942		12.866018982		12.866018982

		112		112		112		15.0656341829		15.0656341829		32.227662376		32.227662376		13.7906570627		13.7906570627

		119		119		119		15.6018517419		15.6018517419		34.2416250912		34.2416250912		15.1198544967		15.1198544967

		126		126		126						39.2033161863		39.2033161863



Weight loss noted: Group 
split into 4 sub-treatment
groups (10 rats/group) 
to initiate therapy study.
See next figure.

0.1 µmol Se, 50 µmol Hg/kg

10  µmol Se, 50 µmol Hg/kg

10 µmol Se, 0 µmol Hg/kg

0.1 µmol Se, 0 µmol Hg/kg

Study Day

Body Weight

Effect of Selenium Treatment on Response to Mercury Toxicity
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316.5

9.1484667811

9.1484667811

9.398345008

9.398345008

3.6007715223
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313.9
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11.5925742516
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9.5373534647
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9.534090879
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287.3
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316.6
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320.7
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10.07108071
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6.7757738385
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332.3
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9.4518663648
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10.3871715752

381.7

387.5

343.2
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1.0 µmol Se/kg

10 µmol Se/kg
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		0		0		0		3.0413812651		3.0413812651		3.1972210155		3.1972210155		3.029484738		3.029484738

		7		7		7		3.0296681153		3.0296681153		2.7098585449		2.7098585449		2.8174062145		2.8174062145

		14		14		14		3.7429934544		3.7429934544		3.0552323061		3.0552323061		3.1028660586		3.1028660586

		21		21		21		3.2878564446		3.2878564446		3.9368628232		3.9368628232		3.3040379336		3.3040379336

		28		28		28		3.8007309239		3.8007309239		5.6209923995		5.6209923995		3.5440090293		3.5440090293

		35		35		35		4.4348368378		4.4348368378		6.7888797963		6.7888797963		4.0960685758		4.0960685758

		42		42		42		5.3480006648		5.3480006648		7.9867250972		7.9867250972		4.4899888641		4.4899888641

		49		49		49		5.5152314347		5.5152314347		8.6067802729		8.6067802729		5.1602110207		5.1602110207

		56		56		56		5.8799092964		5.8799092964		9.9219173774		9.9219173774		5.8576635463		5.8576635463

		63		63		63		5.8286647985		5.8286647985		11.1265448366		11.1265448366		6.6973460747		6.6973460747

		70		70		70		6.4108415118		6.4108415118		11.555710469		11.555710469		7.8190650194		7.8190650194

		77		77		77		7.4033776076		7.4033776076		12.0979796293		12.0979796293		7.8130944218		7.8130944218

		84		84		84		6.9433421347		6.9433421347		13.2227077409		13.2227077409		7.8672316181		7.8672316181

		91		91		91		7.5930523799		7.5930523799		13.5466272965		13.5466272965		11.0325276644		11.0325276644

		98		98		98		8.7231492784		8.7231492784		14.1374600893		14.1374600893		11.0959952736		11.0959952736

		105		105		105		9.6853268172		9.6853268172		14.746148273		14.746148273		10.9366356801		10.9366356801

		112		112		112		10.4616229886		10.4616229886		14.8057421293		14.8057421293		11.4978741997		11.4978741997

		119		119		119		11.0979978174		11.0979978174		15.1978068593		15.1978068593		12.0607720409		12.0607720409

		126		126		126		10.7320910254		10.7320910254		15.3893541847		15.3893541847		12.4617191609		12.4617191609
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Weight loss noted: Group 
split into 4 sub-treatment
groups (10 rats/group) 
to initiate therapy study.
See next figure.



		






MERCURY AND SELENIUM CONTENT OF SEAFOODS

Pilot Whale

Mako Shark
Swordfish
Thresher Shark .
B Selenium
Chinook Salmon
B Mercury
Coho Salmon
Albacore Tuna

Bigeye Tuna

Yellowfin Tuna

Skipjack Tuna

0 5 10 15 20 25 30 35
uM concentration




SEAFOOD SELENIUM HEALTH BENEFIT VALUES (HBVs)
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MATERNAL METHYLMERCURY EXPOSURES IN EXCESS OF SELENIUM INTAKES
RESULT IN ADVERSE CHILD DEVELOPMENT OUTCOMES

Effects on Calculated
Child health Approximate Retain Does not Reject
Study location  Qutcomes Se-HBV Hypothesis  Support Hypothesis
Minamata Severe harm  -5,000 v
Iraq Severe harm  -800 v
New Zealand  Subtle harm 14.4 to -123 \
Faroe Islands  Subtle harm 4.0 to -83 v
Seychelles Beneficial 17.3 V
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United States Beneficial 14.4 V
Denmark Beneficial 20.2 v
Spain Beneficial 20.2 v

Results of epidemiological studies of maternal methylmercury exposures are
consilient with the selenoenzyme inhibition hypothesis.



SUMMARY

* As the most potent intracellular nucleophile, selenocysteine is the
primary target of soft electrophile neurotoxicants including mercury.

* Ocean fish are rich in selenium and have positive HBVs. Only certain
types of shark or large specimens of swordfish or halibut do not.

* Therefore, eating ocean fish improves selenium status and protects
against effects of high exposures to soft electrophiles such as mercury.



SUMMARY 1.0

* As the most potent intracellular nucleophile, selenocysteine is the
primary target of soft electrophile neurotoxicants including mercury.

* Ocean fish are rich in selenium and have positive HBVs. Only certain
types of shark or large specimens of swordfish or halibut do not.

* Therefore, eating ocean fish improves selenium status and protects
against effects of high exposures to soft electrophiles such as mercury.

* The ocean is selenium rich, but freshwater bodies depend on local soil
selenium levels. Soil selenium can be highly variable.
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SUMMARY 2.0

Mercury bioaccumulation in freshwater fish and risks associated
with mercury exposures are both inversely related to selenium.

There 1s an urgent need to assess mercury-selenium relationships
and evaluate risks to freshwater fish consumers, particularly
among subsistence populations living in low selenium areas.

Primum non nocere (First, do no harm) should guide all aspects
of public health including when establishing regulations.

In other words, the precautionary principle 1s recursive. While
minimizing risk, adverse effects due to lost benefits must be fully
considered by public and environmental health policy makers.
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