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INTRODUCTION 

The chances of us being exposed t o mercury and its compounds 

are signi ficant. During t he past , f ar mers , ~in ers , and ms.nu.fact

urers have used mil l i ons of pounds of mercury annuall y . 1.'Iercury 

cont a ining agricultural che~ic als are used 1ide ly because of their 

ant ifungal activity and mercury is used extensively in the manufact 

uring of many inorganic and organic che~icals , pulp, f e lt, and elec

t rical appliances . The pollution resulting from these applications 

eventually finds its TTay into our food and ~ater supply . The diff-

erent forms of mercury which get into t h e environment c~n be con-,. 
vert ed to the more d~ngerous methylmercury by microorganisms. The 

0 

ingestion of pol luted freshwater and salt~ater fish is probably [Mf.\tL 
- WniM~ P"°'o\i~ ~ ,IM,&~\i~w. 

t he ~ r~e by rrhich mercury enters the human body , In heav ily'( 

polluted water the nercury level in fish can be v ery hifl',h, . ScA,vu--VHs a,'l"f 
ev,.,c; -\-o.. cett-11\. v 0Vf\ wr,:') 

Me1•cury due to its . ext~n~i v,e m'lr ket is f ound throushout t h e cl~Q(!N<j~)~ 
err dM..~ -\-o ·, {-~ ~l°S 'C. d .~\..:, \,.,i-,o... ~ ¾0111dClA\ t.<- ..e,~ -- ~ 

uorld. Count r ies such as Japan, s·,eden, United States and Canadr-i. 

u'1ich eurol oyed rtercury vridely in agriculture and industry ha.ve 

l earned of i ts hazar dous effects on their ecosystems . Often ,1hen 

environmental pollutant s are being c onsidered, t here is not much 

evi dence of their uotential or proven detri~ental effects on 'ano 
<.l) 

But vri t h mercury the c ase against it is ~·,ell docu.inented as will be 

shown. 



Units f or Expressing Concentrations of mercury 

The different units used for expressin~ concentrations of ~er
cury in various media are s o diverse th~t con.fusion sometir1es results. 
To f a cilitate comparison s , the follm·mg re l at i on~nip ar e uresented . 

Uercury in the air is expressed in nanogr ans of mercury per cubic 
me t er of air , ng/mt A cubic meter of air is about 1~ cubic yards . 

Uercury in the soil or aquatic s ediments is ordinarily exnressed ,/,' 
in nuno6r ams per gr ams or parts per billion (ng/g or ppb) . t'r"' 

·' . ., rtDf1' 
Mercury in fish or gamebirds is much larger but still microsco"Dic., v-i 

:eecau se animals -£ fisla, concentrate mercury in <their bodies. It is ex- 1)11.,._ 

pressed as milligr a_m.s of '11ercury per kilogr::un of body weig..11.t or mg/kg. .\
Mg/kg is the equivalent of parts per million, ppm. 

If yon have and you ,\"ant your mul t iply by 
ans,\·er Lo be in 

µ.g/m3 ng/m3 1,000 
0 µ.g /g ng/g 1,000 

mo-/ krr 0 0 ppm 1• 
mo-fko-o. 0 ng/g 1,000 
mg/m3 ng/m~ 1,000,000 
ng/g mg/ kg 0.001 
ng/g ppb 1• 
ppb 

.... 
._0.001 ppm 

ppb nrr/rr 0 0 1* .. 
ppm ppb 1,000 
ppm mg/kg 1 • 

• In other words, they're equal. 
P' ........ r-.o~r,t"'~ kct,.+(..~1.,c..,f.. f<fh ~~cc..ry 111111 , s1 n r41 C. L"b b .. "' 

JAPAN . I:f you have read about mercury 9 ollution of our environ-

ment, you are urob~bly aware that ~ercuri~l poisonin1 is beco~ing 

a world wide -oroblem. In 1953 fishermen and th.eir f.a~ilies arounc. 

trin::unata Bay in Jauan were stricken with a mysterious neurologic"l.l 



illness which c a-rne to be known as "Mina.!llata disease" • 

Minarnat a disease was caused by eating fish~ ~lJ.Q ~sL 

conta-rninated v7i th mercury . 

Minat~~ta is a small industrial t own near 

the s outhvrest coast of Ky.ushu, the most 

southerly of .the main J apanese i slands. 

The chief industry is provided by a l arge 

chemical f actory, the effluent from which 

empties into Minama.ta Bay . A number of 

villages are located on or near this 

bay , mainl y to t he north and the 

s outh. From the end of 

1953 a mysterious 
0 

Yasue:i 

nervous 

~ ~ 

.....,._,._,, ~ __,__,.__ 

i llness began to affect the vill~gers 

ne~r the bay, and by 1956 it had assumed 

epide~ ic proportions. The outbreak was 

investigated by a number of departments 

of Kumamoto University . -Durinc:,; 1956, 

1 ~ cases (9 adults and 6 children) wero 

admitted t o Ku.nm.mote University 'hospita l. 

The clinical fe atures i nclude <l : t i'le 

..,._,_,,.... 
~ J,,A.,, 

...J......,J 
~ 

~ 

~~ 

~ 'I;:-, 
~ 

"~ 
t-" ~ 

.. -"->-.,,,._ 

. ·f,_;-, 
~ 

_.,._._.,,..,._ 

"10..p 0 ( J<'-r'"' 
T,.,_,i, ,.._,u:te.i.fs of n:-e,wNo.l 
f'0•~-"1 oc<.«.-..<◄ •>< 
tt,"°'_t.,. o~n).- Ni;~.._1 ... 
(1q"-1q6f). 

eo.1c4 o• • ,.. •r , .. ~l11h~ lty -t~._ r1.11,l,c. - l..<-.lt<. depv{",..._..t ot 
K ............ """""·•t) 1<, ,ll1.111 ►•.ie 1~,: .lhf ►1\.«t10~ •('fJ.. c"'~' •f 
MIW\A"-.,,1"6. d.,>tA.>e. 



onset of acute or sub a cuto illn0"s a 1d usun.lly :vithout fev er. In 

all t he adults rnunbne ss f]cvcloD"Hi :i.n the ext remities & sometimes 

ar ound t h e mouth , often 'lCC0',1D"'1i.:-,-'l. or fol l o•·,e d by slurred speech , 

un ste ,q,dy gait and increasi:n1 di ::;':t'".>:i. l i t y. mo s t of the patients 

c ompl ained of de'lfness & uistu r'.:>aices o f vision , a s s o cia ted with 

constriction of the rield of viEJlon. Some c a s e s of dy s phagia ( i m

pairment of t he ab ility to spe '.:l.ld ~ i.ncre1.sed s a livation, insomnia , 

emotional l abilit y in t ho form of euph ori1 or depres s ion was present. 

The · s e riously i ll- patients were ~entally c onfused; drowsiness and 

stupor altern9.ted with periods of restlessness&. shouting . Four 

adult s showed a mil d de~ree of secondary anemia. The c ourse of the 

di seas e fluctui:tt0d & its result s !lcre v a r iable; the most s everly 

af'fecte d died, v,hile o thers r em'lin0d inc ap1.c i tat e d in v arying degr e e . 

Improvement in h os-oital ~-rns oc casionally fol l owe~b rel apse on 
• ?~ _ (! / wLJ _? !...fla}el/~sill / ~I~ !f,_L· ? , P~ ~~ 

return1n~ home. ~ n _ 1 _ , 1 
~ ·, - II'--. ~ ~~ ..u.~ ~ ~~ . 

For p a thol o~ical studies bra i n & ce rtain int e r nal or g ans were 
vJ.Q,;/ e,,, 

available from f our p a tients. Are3.s of necros i s -W-4-B' f ound in t h e 

intestinal muc ous membr ane and liver , ther e ,·ms no abnorma l ity of 

t h e viscera. The main f indings in the central nervous syst em were: 

( 1) cell degene r at ion , vrhich W'l.S most marked in t he g r anul a r l ayer ~,-J .. 
I\ 

of the cerebellum (se e fi '5ures ), whil e changes of varv i ng degree 
~ 

were anparent in t11e b a s al ganglia ( the collective grj:v matter in 

the interior of t he bra in) , h ypot halamus , midbrain , & c ort ex; (2) 

dilatation of t he perivas cula r s naces , ~ith occa s ional softening , 

but n o true demyelination. (3 ) Edem'l. & o c casional small hemorrhage s , 

and 0+) reactive gliosis (prolifer'ltion of neurogliaJ. cell i n c o 11-

ne c tiv0 tissue) . The suin'l.l cord shO\·md minor ch'ln3e s ; the anterior

h orn cel ls o.ppe<1.r¼ unaffected. 



The public health department 

of Kuma~oto University report 

ed 52 natients affected with 

the disease , a l l of whom 

frequently ate fish from 

Min run at a Bay • 
w.t,YL--' 

There .we:a---

appr oximately 52 cases 

within a population of 

1 0 , 0 00 g iving a rate of 

Met.hvl mercury is t.he most toxic anrl 
prc,·;Jent. form of mercury 
contamination of -foocl. For unk1~own 
rea~ons, it lends lo conc~mral~ 111_ , 
specific arc·as of the hnnn-pnnc1pall~ 
the cerebellum," hich r~gul~tes 
bal::tnce, and the calcannc fissure of 
t he vis,ial eurte:--. Lri:~r r amounts of 
mercury f ind their way to otlwr 
r egions, including the frontal lobe 
where they may cause chsturb:rnces 
of personality. (5 ) 

Postcenlral 

0 

about 5 per 1000 . 0:f 

the original 52 patients 

only 3 ~ere able to 

return t o work ,.,i thin 

6 months , 9 imoroved & 

23 were stationary ; 

t here were 17 deaths . 

5ect,0h of c.ei-e.~\li,cM 

C!'.\NUlC CLAW) CELL 

Par,eto-occipi!~I 
f, s,urc 

/ 

LA3KET (ELL 

PURKINJE 

CELL --

I 

l 

I 
I 

CUM NG fliER--

I i ~ ll ll' 12. SI.., h h 111 11., 11wcl1.il ,111 l.1u ol !Ill' In ,1i11 , J,11" 11 111 f if:111 ,. I I. 1 lw g" i all' 
d11,·11I) l.d,c:led. ,.r111t 111'1,r ,11uc1111,, ,1H· i11d1<,t1<·d lJ1 l,·,1d.-1,. 

(") f ro~ · ~o.,-d~ f .. ..,;.. of Ne14solo,y 

WHITE tMflER 

s. 



This gave a c ase mortality of 33~ . 8 patients di ed '.'li thin 2 months 

and 4 within a year . 

Ot her data shovred that with one exception, nanely a b arbe r living 

on t he outskirts of Mina'ilata to,m who fishe d i n his s naretime , all the 

ca ses occurre d i n the nei '?;hb orhood of the b ay . The 52 patients were 

distributed among 40 f amili es . I n 36 of these f amilie s a t le ast 1 

member fished in the b ay, but i n 48 of 68 neighbor ing f amilies who 

wer e un'lffected no one fished . 25 of ' the 40 affe c t ed famili e s every 

day ate f i sh or shellfish whi ch came f rom the b ay & the remaining 15 

f amilies consumer!. fish f rom the b ay 2 or 3 times a week. By contr3.st , 

only 5 of the 68 unaf f ecte d fa.."'11ilies ,·vere in the habit of eatin~ fish 

daily f rom t he b ay, & most of them ate l ess fish per week than the 

affe cted frunilies . Survey of t he publi c hea l th departinent showed tha t 

cooked as r,e l l an r aw fish can cause the di s ease , which suggests that 

t he toxic substance i s thermostable (B,q ) . 

Fish 
s/J<'Cies 

Pike 
l'ikc 

Pn•Jinral ion . 

hoiling 
(1yi11g 

Samf1lc 

~brine Fi,h 

TATIJ.E 5-VII 
METHYLMERCURY CO:"\TE;-.;T OF PIKE 13EFORE Al\D AFTER 

1301 Lli'-G ,\;-.:D l' R YJ.'\G 

IVciglrt of sampl r , g 
J\ fcLl1yl111 e1·c1111• co11Lr 11t, 

7:lJ:! of H g/ kg of fish musrlc 
/Jrfnrr nflc r /,,.fnre nftcr 

f>rc/111rrrtio11 f irrfmrn tion f1rrJ111r11ti,m /1rcJ,arntio11 

!iO.O 
G5.G 

0-0.050 

3:i.5 
!iO. I 

0.52 
0.:,2 

T AilLE 5-\ 'Ill 

0.7(i 

0.7 1 

l\3J.Ji:bcr nf \ am 1,1;;ii·;t11 a J\frlhyln1crrn ry 
Content, Calc11/atrcf n I mg of ll~/hr, 

0.031-0.200 0.201-1.00 1.0 1-2.00 

Frc\hwa1cr Fi,h a nd Inshore Fish 
29 

37 

2:i 
36 

0 
837 

0 
J,11 

1"fcthy /111 err11ry r outcnt 
in f1re/1arrrl fish, 
1a11/r11fot,·cl to 

u11J1reJ1ait'fl, 111.~Jkg 

2 .01-4.00 

0 
38 

O.:i l 
0.5 1 

> 4.00 

0 
10 



An i ntere sting not e is that the dise'.lse also appeared i n animals 

which had e at en fish or shellfish . In the 40 affected f ~~ilies t here 

wer e 61 c at s & SO died between 19 53 & 19S6 , s ometime s in as l ittle as 

2 days . Unste adiness , f r equent falls , circl ing movements, & c onvulsion 
ai: 

were observed; f orced running appear s to have caused some of them to 

ente r t he sea~ be drovme d . The 68 unaffe cted fa"l1ilies 01.•med 60 ca ts 

& of them 2/+ died. 5 pi g s and 1 dog died , also many crows whi ch wore 

in the habit of' settling on a floating landing b aPge Vlhere the return

ing £isher~an tied uu . The ·brains of 10 cats were exrunined, the changes 

wer e s i ~ilar to t hose observed in the hu..m1n material , t he grgnular lay-
<l ) 

er of the ce rebellu..--n being especially affe cted; The di sease cou ld "Be 

readil y pr oduced experirnently in cat s by feeding them for 2 or l~ we eks 

with fish fr om Uina.mat a :Say . 

Through careful investigation certain facts were establi sh ed : 

(1 ) t here exists a close r_elationship bet71een t he eating of fish & the 

occurrance of the disease , (2 ) that t he fi s~ responsible for the outbreak 

had been caught in Minamata Bay . When a ban was. placed on fishing in 

the bay, NoveY'11?er 1956 , no fresh case had been reported . (3) Chemical 

analysis of silt from ·the bay· suss estcd t~1~t the water w::i.s polluted by 
. (511,-,lc,, , ,t,.. .. t ,~i, ;.., N,·,s~~ c.._t., lror~'-) 

effluent from the chemical factory~ (4J c:1aracteris.tically the disease 

affects the neripheral nervous system, the cerebellum, hearing e:, vision, 

& l ess frequently the -pyr amidal tracts . In severe c ases there \7ere 

symptoms of encephalopathy i.e mental confus ion, stupor or con1 ( in 

fat~l c1ses) , convulsion, involunt~ry move~ents of various types , 

inso~mia, ~ intellectual deteriorntion su~; esting progressive brain 

l\t this noint it is almost c crt::i.i!l t h1t 'lnethyl•nercur y c9.used t h e 

C 



Prruntogt 
of numbtr er 
birds tramin•d 
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"7-----'Q J.!o~ lhen 2mg of mtrtury ptr kg livrr. 

0----0 ~•" than 5mg al mn~ry ror ~; liver. 
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Frct:Rk: JQ.J. Sca,011.t l \':triation t,f mercury It \'Cl< in 5ec<lcati11g birch pick.eel 
11p dead in the lidd during l~it,l .\ftcr Doig, \\ .11111torp, Lrnc anti Jlankc, 
1968. 



1.3a. 
The most recent data on the IUnamata Bay outbreak showed 121 cases ni th 

46 deaths. Of the 121 cases, 23 were of a cerebral palsy-like disease 
r? 

of infants who had not consurJ.ed contaminated fi sh; however , their mother 

h ad done so but were apparently free of symptoms of the disease . 

Addit i onal inform.at5.on i n section on 1·'!ercury in the Body, page 48 · • 

There are other cases of mercurial poisoning . A second outbreak 

of "Minamata disease 11 occurred i n Japan. In 1964J the Agano River in 

Niigata prefecture was contaminated by mercury in industr ial effl?ent . 

The result was 47 cases and 6 deaths through 1970. This recurrence of 

t he epidemic was due to the J apanese gov~rnment resisting to recognize 

the cause & failure to ~ake measures to prevent similar outbreaks ot 

toxic substances fro~ enterin~ the environment . In 1956 and 1960 out

breaks of mercurial nojsoning involving hundreds of persons took place 

in Iraq, where farmers ,vho h1d received grain seeds treated with mercu

rial . fungicides ate the seeds instead of planting it. There were simi-
.:i.o 

lar outbreaks l ater in West Pakistan (1961) and in Guatemala (1963). 

SWEDEN In Sweden, poisoning of ga..mebirds & ot~er wildlife due to 

mercury tre~ted seeds began to be noticed in 1960. This poisoning was 

correlated ·with : a) unusually high concentration of mercury in dead 

birds . b) r elatively hig.~ mercury content of Swedish agricultural pro

ducts compared with t h ose of other European countrie s and c) t~e exten

sive use of methyl-dicyanodiamide as a fungicide in Swedish agriculture . 

In Sweden the mercury -problem was first noticed in conne ction with 
(10) 

a study of birds. During the years 1956 to 1963 Borg et al observed 

that pheasrtnts & several other seed eating species were poisone d , some-
f,ee r•g 10 -I ,l Jod< 

times lethally , during or after the sowing periods in S:?ring\ The vis-

ce ra of t he poisone d bir d s contained l ar ge amount s of mercury u.p to 

14-0 m13/ kg :t n the live r &, kidney or phen.sants and one -half t o one-fourth 



t he liver l evel in the muscles. However during t he shooting season 

(October to December) t he mercury content had decreased considerably 

(avers.gs value less t han 1 mg of Hg/kg of muscle). 
(11) 

Westo6 & Noren analyzed five derivatives of mercury compounds in 

animal f oodstuffs by g~s chromat ography (for ·more information s ee ref

erances (1;,_,13., 1'1-) and thin-layer chromat ogr anhy. The ch romatogra:ns shm1od 

that t he mercury in fish, eggs , meat, &. liver (table 5-I ) was present 

mainly a s methylmGrcury compound. 

TABLE 5-I 
SOME TOTAL MERCURY A;\'D :, rETHYL:\fERCURY COi'\TE:-:Ts OF 

SWf.DlSH FOODS 1:-./ 1966 

Foods 

Meat (ox) 
Meal (poultry) 
Liver (pig) 
Liver (pig) 
Egg yolk 
Egg yolk 
Egg white 
Egg White 
Muscle rissue of perch 
i\f11sclc tissue of perch 
Jlfuscle li5sue of pike 
llluscle tissue o( pike 
Muscle tissue o ( cod 
Muscle tissue of cod 

0 

3 

Total M ercury 
mg/Jig 

0.074 
0.023 
0.130 
0.096 
0.010 
0.010 
0.012 
0.025 
0.22 
3.25 
3.35 
0.56 
O.O&l-
0.026 

2 

.\f ethylmcrcurv 
mg of llg/1:g % of tota l I-lg 

0.068 
0.017 
0.095 
0.075 
0.005 
0.009 
0.01 I 
0.02-1 
0.20 
2.99 
3.11 
0.55 
0.0:,5 
0.022 

92 
74 
73 
76 
50 
90 
92 
9G 
91 
92 
93 
98 
86 
85 

F1cuiu: 5-1. Gas ci1.roma1ogram of mct.hylmcrcury ( I) , et.hylmercury (2) and 
rnct.110xyeth ylmcrcury (3) compounds. 

0 0 
0 0 

0 0 0 0 . . . 
1 2 3 4 5 6 7 8 

h c 1•R1: 5-2. ·11ii1i-l.1)c·r thrumat.0gr:rn1 011 si lica gd of au1hc11t.i c mc1hyl
lll.1·1cu1 )' tlilo1idc (I), iodide (.i) , b1u111iclc (:i), ;1nd q.midc (7) 1o~c1ha 
\\'llh the con uponding l Ompou11<l~ p rc:p.1rt·<l from mllll\ l111.:rcury c:-1r.1c1cd 
fr nm pike (!!, •l , (i, 8) . • 

(,5) 
In 1963 Smart & Lloyd 

and in 196~. Te j ning a.Tl.d 
(1'Xo) 

Vesterberg renorted a 

high mercury content 

(approxi~atel y 10 ppm) 

in egg s from hens fed 

0 with seeds containing 

about 6 or l L~ pun of 

methylme_rcury dicyandia-

mide . This comnound v1'ls 

u sed as a seed disinfect

ant in Sweden from about 

19/.~o through January 1966 

&prew,tlyitisno-lused in U. S . 

Of more than t~·ro hundred 

e ~gs bought on the open 

market in Si'10den in 196!1. 

to 1965 all contained 

less than O. 0 5 ·:ig of 

per l.:g , ':Tith an aver a,;e 

of O. 0 29 mg/kg. (-ra'ole.S-Il) 



Eggs with mercury l evels exceeding 0.1 mg/kg were found on a few small 

farms :i.n Sweden. On one f arm eggs contained up to 1. 5 mg of Hg/kg. 

This possibly shows t hat some feeding of seed treated with methy~nercury 

compound t ook place . Eggs from foreign countries '\"Tere also analyzed. 

Except for the Norwe i gn eggs, all foreign egg s investigat ed contained 

l ess mercury than Swedish eggs (Table 5-II) . In Norway as in Sweden 

methylmercury dicyandiamide was used as a seed dis infect ant, whereas in 

Denmark me thoxyethylmercury compounds were mainly used. 

TA ilLE 5-II 
MERCURY CO:'\TE~T OF EGGS ON THE OPEN :".IARKET R~. 80. cJ,,,.,c~I f' .. noi.t 

Number 
Period of Time Country of Eggs 

Mercury Co11tc11t, mg/kg 
Limits Averr.ge 

~'-•16i c;.. kdly I i..tl-t111-y Coht••"-0 
,,. A.,..,...,_\ foo<{J (f~il) 

March 1% 1-Ap ril 1966 
1964-1965 
196-1 -1965 

April I 967-Scpt. 1967 

The 
Mercury 
Food ,Chain 

Urawl11w1 ll> .\frlhuJt\ (Hu1t11w 

3. Chicken f eed made !'1·om the grain 
pn!lscs tlu· mercury on lo the heni.. 

Sweden > 200 0.015-0.0-13 
Norway 7 0.018-0.022 
Other 48 0.004-0.013 
European 
Countries 
Sweden > 200 0.00.3-0.020 

1. Mercury fungicides nre used 
on seed grain. 

4. Mercury i!l concentrnlcd in 
the hen's eggs. 

0 

0.0~9 
0.0.:!l 
0.007 

0.009 

2. Tho gr:1in g-rown fro1>1 the!-!.' 
!-,•r,ls conl:1in~ mercurr. 

G. And fin:11ly, a human rats mrrcury 
in his bt·l•akf:ist r~g-s. 

II 



From Febru9.ry 1, 1966 treatment of seed v,ith methylmercury com

pounds vrns prohibited in Sweden. Instead, the use of me thoxyethylmer

cu.ry compounds Tias allowed. In October 1965, the disinfection of seed 

had been strongly restricted. These two amendments, t ogether with mass 

media propaganda against t he use of mercury compounds, caused a decrease 

in the mercury treatment of seed fr om about 80% to about 12~ (spring 

s o~ing 1967 ). The effec t was that the mercury poisoning of seed eat i ng 
d,e.cr-WJ; eel 

,,,ild animals ceased. Furthermor e, the mercury content of S'.'Tedish eggs 
'l"\O I 

decreased from an average of 0 . 029 mg/kg in 1965 to 0 . 009 mg/kg in 1967, 

which i s similar to t he mercury content of. foreign eggs (Table 5- I I & 

fig . 5- 6). 
AVERAGE MERCURY 

CONTENT, MG/KG 

0 ,06 

0.05 

0.04 

0.03 

0.02 

0.01 
t.wer(pig) 

wver (C!h) 
egg 
Porl< ct.op 

- - -x 

\ 
\ 

\ 
\ 

\ 
\ 

'· 
LJver ((X)' • ...._ 

'Pe.i,,1v1~rk ·o 

This tends to indic~te 

that enough methylmer

cury compound mi~rated 

from the seed to the 

ripened grain to a.f

\\ f eet the eg~s . Th.~t 

t he methylmercury did 

migrate via this route 

was verified by a 

feeding experiment , 

which also indicated 

that grains, gro'7Il 

from seed treated with 

methoxyethylmercury 

salt, when f ed to hens 

had no effect on the 

::iorcury content of 

• 

1965-19(36 1967-1068 YEAR 
F1Gl.RE 5-6. Dccrca~c of rnLl'cu1 ) content o ( animal foods in Sweden, due to 

the 0g~s ( T'lble 5- II I )p114-J 
changes in scccl disinkction. 

x Denmark 
Pork c-hop 

- - - - - - - - r .ivrr /nio\ 

I I • ' ... .. 
C 

.. . .. . . ....... Fgg 
.~ ~ .ll. Ll I i1.. ,. /n~\ 

Rc.f. Sa. Cl.t1•11c,.I F-.lloirt • wc.sToo.G , 11,!1,y/11,0'(M'Y 
c.,,r-.l""""A~ "' 11 .. ,..,aJ ,...i, P1 n .. 
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MERCURY CONTE:'\T OF ~!EAT A Ll \'F.R 

Numbt:rof /lfercury COlllt:111, n1,:li:,:. 
Pei·iod of timt: Country Food Samples Limits 1tnrog~ 

Sept.-Nov. 1965 Sweden Pork 85 0.016-0.130 0.030 
chop 

Oc1ober 1965 Denmark Pork 6 0.002-0.007 0.003 

March 196S Sweden 
chop 
Pork 6 0.OOG-0.016 0.011 

November 1965 Sweden 
chop 
Li,·er 26 0.014-0.183 O.O<iO 

October 1965 Denmark 
(pig) 
Li\'er 6 0.005-0.020 0.009 
(pig) 

J anuary 1968 Sweden Li, er 10 0.011 -0.019 0.024 
(pig) 

Nov. 1!165-Apdl 1966 Sweden Lin.-r 28 0.00.J·0.046 0.016 

Ottober 1965 Denmark 
(ox) 
Lh'er 6 0.003-0.007 0.w5 

March 19GB Sweden 
(ox) 
Liver 6 0.003-0.008 0.005 
(ox) 0 

f ebr. 1!'165-~larch 1966 Sweden Poullt)' 83 0.002-0.038 0.013 
meat 

March ] !)55 Sweden Poullry 
Ji\'eT 

81 0.0JG 0.062 0.030 

Ocl. 1965-April 1966 Sweden Filct 23 0.002-0.074 0.012 
of beef 

October 1965 Denmark l"ilet 6 0.002-0.004 0.003 
of bee( 

0 



The smal l amount of methylmercury present may have emanated from ot her 

pr oduct such a s fish meal. 

TABLE .5-III 

MERCURY CONTENT OF EGGS FRO!~ FE:SDITTG EXP:Eitr:S:LTTS CP-if 8~ 

Grains Fed 

Grown from methoxyethylmercury- treated seed 
Grown fr0m methyl mercury- t reated seed 
Grown from untreated seed 

s 

t1ercury Content, mg/ kg 
Linits A7erage 

0.009-0 . 011 
0. 022- 0 . 029 
0.008-0.01.5 

0 . 010 
0 . 027 
0.012 

Feeding experiments have sho~n1 that some foI'lnati on of methyl ~ercury 

from other mercury compounds can take pl ace in hens. Grains rmre treat

ed with phenyl mercury, methoxyethylmercury_or inorganic mercury compounds 

& f ed to hens . The mercury c ontent increased in both egg white & yolk. 

In all the experiments methylmercury was found in the egg white . In · 

t he yolk, where the concentration of the mercury was up to five times 

higher t han in the white, only a small percentage of.the mercury was 

methylmercury. When h owever corn feed was treated with a me thylmercury 

compound, all the mercury in the egg was methylmcrcury 6 the concentra

tion in the '\'Thite was. 11. t o 5 times higher than in the yolk (?). 

Swedish meat & liver (poultry, ox, pigJ, except pig 's liver , con

tained on t he average less than 0. 0.5 mg of Rg/kg even before 1966, but · 

just as in eggs the mercury content was highe r than in similar products 

fro:n Denm3.I'k. The substitution in 1966 of methoxyethylmercury for 

methylmercury as a seed disinfectant resulted also in a lo,•10r content 

of mercury in these meats (Table .5-IV) , 

Anothe r important problem is the mercury contamin:ition of fish . 

It is lmo-rm fish & shellfi sh accumulate ;:rat er pollutants. As en.rly as 

1931~ St oc k & Cuce l demonstr1.ted thqt mercury leve ls in nari ne finh \7as 
i,.tLr 

0 . 03 t o 0.11 mg/kg and in fresh" fish 0 . 03 to 0 .18 m3/kg. 
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TABLE 10-J! 
HG CO:'\TE:--:T 1:-- ORG ,:--:s or PfKE Sl'ITDfE:-i 

(\\'uc11r ::1 20 ~- T1t"><> LJ,1>i.>, l..~Kr. :-1 ·,1 , ,. , -.. 1/7 19611 

Organ 

Jicall lllllSClc 

Axial muscle 
Lin~r 
Kidney 
01·a1y 
l n1t·slinc 
Epide1 ma! finrars 
Gill 
Brain 
Splcci1 
Scales 

T ,\ 13 LE 5-Vl 

Hg 11g y. 

!000 
830 
i 80 
Cil0 
560 
Cil0 
3!)0 
300 
290 
280 
101 

METIJYl.~1ERCCR Y CO:'\TE:--T 01'. FJSH C.\ CGJIT U PSTRC.\M A:--D 
D O\V:S:$·1 REA.\! FRO.\! OL.TLETS OF ll!FRCGR \' CO.\l l'OL'XDS 

J\felh) /mercury Compounds 
T otal mgof Hg/kg 

I 11/:c, wh ere the Species weight of of fis h % of total 
fit/, ,arc: C(lugh t of fish fish , J,g muse/es mercury 

\ 'irn1, dm,n~lre:im 
11 0 111 paper factory 
Viri·n, down~n rcan1 

Perch 0.12 1.91 ~100 

fir,m pape r [aclory Perch 0.12 2.18 99 
\ 'irc·11, downstream 
r 11>111 pa per faclory 
\ '11,·11, do1n1s1ream 

Perch 0.19 3.02 86 

(10111 paper fac 1ory Perd1 0.41 2.81 91 
, ·;, ""· downs1 rea m 
11""' paper factory 
\ 11c11, downslream 

Pike 0.59 3.13 !J5 

r ,um paper factory Pike 0.91 3.18 92 
Ojl'n, u pslrcam from 
rlic s:nnc fac1ory P erch 0.064 0.18 100 
(\jcn, upstream from 

0.20 91 1 lie ~ame faclo11· Perch 0.071 
i>jl'll, ups1rc:un from 
1hc: same fac1ory P erch 0.10 0.70 93 
lijl'n, upstream frOIJl 

0.14 0.12 ~100 1hc same fac1ory Perch 
(\jcn, u pstream from 

0.40 0.55 98 the s1me factory P ike 
lil'J c I lilkn, downslrcam 
from r<'CI iii er fac1ory Perch 0,015 0.83 · 94 
<>, re H illen, dow11s1rcam 
fro,n rectifier factorv Perch 0.017 1.20 92 
01'le llillcn, downstream 
from rcc1ifier fac1ory 
ch re Hilkn, downstream 

Perdl 0.21 2.48 86 

f1 01111 Lrtilicr f:tc1on· Pike 
O\'n: llilll·ll, downsirca m 

0.40 1.81 95 

f 1 0111 r, ct i ficr factory Pike-perch 0.37 2.39 94 
(l\ re lf illcn , <10,,·nstream 
fro11t n·cli fier fac tory Pike-pcrd1 0.41 2.05 95 
ii,,c ll illt'n,clownstream 
£111111 lt'ctifier factm·y \\.hi1efish 0.033 1.40 100 
ih ,.., I fill cn , do"·ns11eam 
f rum rcct i lier facton• Whitefish 0.067 1.06 ~100 
\ ',h1nan. up~tn:am f~om 
1 he sa mc facto 1 v Eclpoul 0.2·1 0.35 90 
\ •"111a11, 11pslrca m from 
I lie• S,llnt f,tCt<ll )' Eelpout 0.32 0 .50 93 
\';i>111a11, 11psu ca111 from 
I lil' ,.1 Ille f.1Ltory Eel pout 0.32 0.70 95 
\ ';"111:,n, t1µ~ 1rcam from 
I 11<· \,lllll' f,IC'IOT\' Eclpou 1 0.36 0.37 100 
\ ""11:111, II J>~ITC::l lD front 
1 h<· ~ame fat1ory Edpout 0.·12 0.53 7!) 

-tro.., : Cl..t""'-A.I ,4'Jlovt w(,r6o 6 . 1-1 l rl,yh • .,. u,.7 <•""p-dl) i" Au,-~ f,,,Ji ( P) a1 ) 



HIGHEST MERCU l1Y 
CONc2 .. 1rr1ATI O iJ 
FOUND If·! SWEOJSM 
FISH 

C 

PRESENT MERCURY 
LI MIT FOR Fl SH 
ON SALE IN SWEDEN 

SWEDISH f:GG , 
ME/\T AtJD LIVER 
USUALLY fJELOW 
0.05 MG OF HG/KG 

' 

10 MG OF HG/l< G 

C 

t MG OF H0/KG 
a. s I).. s. ~~J ( Dv-1,l.~ 
0.05 MG OF f-iO/KG 

Fir.tiff 5-7. :\lc1h)lme1c11q· k , cl~ i11 cnaa in foods in Swcclcn. 



fuJJ, J~;r~ 
(1qJ \ '"YY, '.Y .J 

Westermark et al in 1965 observed that Swedish fish often contained · 

nuch more mercury than the fish analyzed by Stock . 

that the mercury content of fish increase s with the age of the fi sh. JJlY 

In Svreden _. _ -today the mercury level in marine fish caught far from 

the shore is usual ly well b elow 0.1 mg/kg, as is the mercury level in 

freshwater f'ish c au ght in uncontaminated lakes . i,~arine fish caught lj 
near the shore & especially freshwater fish , often contain 0.4 to 1.0,"-.w 

fre quently 1 to 5, very infrequently 5 to 10 mg/kg. (fig S-7). For ex- ~fa 
ample in the archipelago of Stockholm, samples of pike , perch & Baltic/10 

herring often contain more than 1 mg of Hg/kg. In Va.nern , the largest 

lalrn in Sweden, the mercury content of pike in several creeks exceeded 

1 mg/kg of fish muscles . The high mercury content in fish is us.ually 

caused by indus tri-=tl disposal of mercury into the water or the air. 

Do1mstream from chlorine-alkali factorie s using mercury electrodes, 

pulp-paper mills which were allowed to use phenylmercury compounds as 
0 

a fungicide until January 1, 1966, the mercury content of fish is hi?;h-
<B) 

er than tha t of fi sh caught upstream (Table 5- VI). Today about /~. \7ator 

areas i n Sweden are polluted by mercury t o such an extent that sale 

of fish from these areas are prohibited. Regardless of tho nature of 
0 

the me rcury pollutant, only methylmercury has been found i n the fish , 

which indicates that a methylation of mercury compounds t ·ake s place. 

The follorring are tables showing mercury in food products. 

Fond 

TABLI-: lrI 
:\l1: 1:n:1n ,:,; FPOO>' 

• Smarl, :>; .• \., l !il,,. 
~ (;111th1:11t•1, L .. J., l!lt,I. 
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T .\ fiLE l\' 
~h:HcncY ltt::--11>l'I:$ 1:-; l;u11:-- .\:--ll Fm·1r 1· :--n:i:.1TEll .1:--11 T1:r1-r1:o 

\\'1111 1'111.xn. 2\11 HlTHY F(ll. l \I! :--1'1t1r• 

Commodity 

Hi<·<' 
~l :1111l:1ri11 ur:111~C' 

f-kin 
1'11lp 

Appl<' 
:--I.in 
1'11lp 

Cntrt':lll'tl Trratrd 

20- 100 100- 700 

10 50 30-2-10 
10- -10 

10-50 ;o-:{10 
10- .'jll :)0- J :;0 

TAI3LE \' 
~h:·1•11YL)IEJ1Cl:HY 1:- Ht:L1T10:-: 'l'O TtJTAL 2\!1:HCL'HY 1:- So)n: Sw1:1>1:-11 :\:-n1.1r. P11<1nLTT:;0 

AvC'rage 
level of ~~ 

mcthylmen:11ry Average level uf 

Product Ycnr Sample~ (ug/ g) total mcrcu1y 

P ork rhop 1%! 9 11 97 

Pi!!,'~ li vc-r 1966 3 88 73 

Pig's lin~r 1968 15 JG 65 

l'ig':, kidney 196S 21 14 41 

Pig':; brain 1!)68 G 1 26 
IlC'ef filet l !l66 l 68 92 

B eef liver 1%~ JO 1 23 

Cr11f'1< liver HlGS 13 3 

R eindeer ~addle JYGS- 1\JGO 9 8 86 

Rt>i11d<'cr liver 196 '- 1\16\) 27 4 5 

Hci11deC'r kidnc_,. 196!) 10 2 

H en'· Cl!:!!., white 1966 6 21 92 

Hen's <'ru?:, " ·bite 1()67- 1 OGS 24 1 l 91 

llc11'~ C'):I!, yolk l\J6li 3 s 9 1 

TJc,11',, r~g, yolk H)(i ' G 26 
~lcrgan~er'~ Cl;!!,, whitr 1()69 9 2750 99 

Meq~a11, rr';; egg, yulk 1969 9 3•10 60 

l'il-.e and p~rd1 196{;-HJ(i!l 300 (0 . 0 l -8-100) U9 
rnn~e 

• Wr,stoo, J!HiH, T:tl ,le 1.-,. 
0 

T.-\Ul,E \"I 
To·r.1 I, ~J f'.HC'Tlff C'o:---r1::-T OF C'l.111'.\IX f-:c.1:0:lllX I 1·1.1:,; . \:,; 1)1.\L FOOi> l'H0Dl'CT$0 

Food pruduct, 

Swrdl'n 

Pork c-l"'IJ 
l'ii::'~ liv!'r 
Il<'rf lil('t 
Ilt•n',-. !'~!!! 
lt rimkt·r 
H1•i11cl1·c·r li,·<•r 
J'i).;,, 
( 'r:1~ li,li 

I l1•11111a1 k 
l'nrl. d1•1p 
l'i~·s h1·t"r 
11,,,,f ri I,•, 
] I l'II '_., l 'j![! 

l!IGI 

Hangc 

16- 1:m 
1-1- 180 
. 2- 7-1 
15-,13 
5- 2:i 
!J-+I 

2 7 
:,-:!O 
2- 1 

T ot :ti mcrt11ry (ug, g wet II l) 

tlns,ugh l !166 

.-\vcrnge 

30 
GU 
12 
2!1 
13 
:!G 

;J 
!I 
;; 

I flG7 1 hnu1gh I !160 

Hangc 

1- 16 
3- 49 
J-.'i 

~1- 2:i 
4- 17 

17-270 
-10-~ IOU 

21 U ,,oo 

1-S 
3-28 
2 -8 
5-iO 

6 
21 
2 
9 

11 
!18 



Gerrt1'lll'\1 / 'l34- Gerrnc1n7 (q39 U.S. 1q40 Jap<'.'n I %4 u.s, (<f(o4 

A B C D E 

1-.'f:.AiS .COl -.f•:7 .C'OJ- .02 .C•-~-.044 .31-.~ .001-. 15 

flSH .02- .13 .02:i- .i8 ,0:)16- .014 .035-.54 0-.03 

\'EGCTl,~LES (rRESH) .002-.0-;1 .00:>-.035 0 .03-.00 0- .02 

VEG[lr'.-P,L[S (C'A\:\;[D) .005-.025 .@-.007 

l.",LK (fRi:SH) .co:-::- 01 .OOJG-.CG--1 .◊J3 - 007 .C03-.C07 .000 

sunp .O'..''..' (=,:,;; S) .07 - 23 .14 

CH::ES:: .O'.'-..•-.Cl .ca 
GRAJ: S .02-.(-~,.) .025 035 .0~- 003 .012-.0.:3 .002-.025 

rnulTS (FR[Sl-1) co.: -.{'1 .00:>-.035 .Oi8 .00.:-.03 

l GG \".'HIT::. .08-.125 .01 

[ GG YOLK .33-.67 .002 

tGG {V. HOL!:) .CC? .00? 0 

8~[~ .C\',:,::-; - .0:ll ~ _(X)l -.015 .ro1 

CO:\C:E:\TJ: \TIO:\ I :\ rr1011~ "·:,, r,·po11,·tl 1,) .. \lfr,•cl F.. ~1,,.-l. 
in G,·r111 ,111) in J<J:1 1 <. I , anti J<,;3 1 /J 1. 0. ~- Cil,I,, in 1hc t.;.$. in 
1910 1C1. Y. 1"11ji11111r.1 in J .,p.111 i11 1% 1 • /J , ,,n d the author·,::, .,up 
in 1h c t:.S. in 1% 1 t1: , . . \ li-1in ;, o / ··o·· 11H,; .111- ,i111 ply a 1·1•1H·,·11tr:1-

lion too J.,,.- '" 111' 1l~t,•r1,, J h) ch,• 11a,1hotl 11 ,,.,l. T iu, \\"01 It! 11,•:dlh 
Or;,.111i1.,11i,,11 propo-c,I a p <'rm i» il,J,, upper l i111i 1 ,,r .11.'i p.,rt p,~r 
milli ,,11 for fnucl, ot her 111.111 li-h: t he C.S. l"uvJ anJ Dru~ .\,J. 
min i-11 ,1tio11 ha, ,cl an IIJll'l'r l i111it of .5 parl p.-r 111 i lli1111 f,,r fi- 11. 

0 

C 

U:NITED STATES . In 1969 TI"arni n; of mercury ooisoning ar ose in North 

America . In Alamogordo , Nev: r.~exico , on December L~, 1969, Ernestine 
(;.o)M ._) 

Huckl eby, an 8 year old child went home from school com-plaining of 

dizziness & pai n. During the f'olloYling vreeks she stumbled & sta.g1ored 

about . She was nlaced in a hospital in El Paso , Texas, yet her illness 

rem~~ned unidentified. The g irl lost control of her voluntary body 

funct:i_ons. Two weeks l ater Ernestine's brother Amos c omnlained of pn.in 



in his ne ck, and overnight he lost control of his muscles. His vision 

b ecame t unneled & he could sc0 only straight ahead. Ernestine bec~~e 

blind, her §peech slurred and muscles r,ere more uncontrol lable . Two 

days after Christ mas she drifted into a coma. Ernestine ' s sister, 

22 year ol d Dor othy J ean began to stagger & blurred vision(b ot her ed 
y/1~~01~ ~-

where she was going) The three Huckleby children were. hospitalized ; 

Amos was not only blind but deaf , Dorothy Jean passed out of touch rrith 

the wor ld & began r aving . 

The medical report from the Food Drug Admini stration labor~tory at 

At lanta, Georgia, reported the urine of the ch i ldren showe d high levels 

of methylmercury . Where did the high concentration of mercury come 

f r om?• Guided by the report t hat some hogs in the Huclcleby farm died of 

the "blind staggers", the researchers traced the source of mercury to seeds 

eaten by t he hogs that Ernest Huckleby raised & butchered for his f 9.l1lily 

t able . The seeds had been coa ted with a methyl ni,ercury compound called 

Panogen. The meat fro~ the hog contained 27 ppm mercury and the gr~in 

seeds 32 ppm of mercury. Lois Huckle by who was pregnan"j; ,.,hen she ate 

the pork, gave birth to a blind and retarded child . Tiany of t:ie symptons 

displayeµ by the Huckleby children are similar to those caused by 

Minamata disease. 

Another warning of me rcury Pollu tion c a'1le ear•ly 1970 when it was 
(~lo.)(~~) 

discovered fish cau~t in Lake St . Clair, which connects Lake Huron TTith 

Lake Erie, had levels of mercury as high as 7 .09 pnm, which is 1 11. tines 

more than the safety limit fixed by t he Food & Drug Administr1.tion (FDA). 

The FDA adonted maximu.:'ll allowab l e concentration of mercury in food in

t ended for hu.mnn consumption at 0.5 ppm in~ daily diet. This provides 
--? 

a safety factor of 10. FDA invcstiq~tor located two sources of 

mercury in the area - one a Dow Che'llical chlor-alkali factory _at ~~r»ia, 

~ 40 ? Jlv.- o.r 'P?"' 1-4, ~ 
f:OA i-o k <>--~~ ~~ ~ 



Ontar io ; t h e other Wyandotte Chemical Plant at Wyandotte , Michigm. 

Canada quietly closed its side of Lake St . Cla ir to COil..'ilercial fishin~ . 

Later simil ar action was t aken by TiTichigan. Ohio closed portions of 

Lake Er i e to commercial fish ing of wal leye , white bas s , sheephe1.d, and 

catfish. 

On April 10, 1970 FDA announced inauguration of a country wide 

s tudy to determine : 1) particular 4reas of c oncentr ated mercury pollu

tion i n U. S . water s 2 ) actual levels of mercury in sport and commercial 

f ish caught in those waters & 3) mercury in L"':1.ported fi sh . 

Some data is available . F i gur e 1 shows the :National Pesticide 

Monitor i ng regions. Table 5 shows comparison by region of mercury resi

due in fi shes . ( see next page ) 
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Table 5 

Mercury Residues in Fish - Comparison by Regions 
0 

Mercury Residues - ppm JJ 
Number Number Number 2/ 

of of of 
. -

Location Stations Samples Samples 

Region 1 Pacific 1969 14 39 39 

Region 1 Pacific 1970 23 84 84 

Region 2 Southwest 1969 5 15 7 

Region 3 North Central 1969 9 26 22 
,. 

Region 4 Southeast 1969 12 35 34 

Region 5 Northeast 1969 10 30 27 

};_/ l-1illi grams per kilogram - wet weight, whole fish . 

];./ Mercury residues above detectable limit - 0 . 05 ppm. 
0 

11 Number samples above FDA Action Level. 

Average Median Range 

0 . 25 0 . 15 . 06- 1.25 

0.26 0.18 .05- 1. 7 

0.08 0 . 06 <. 05-. 14 

0.20 0 . 13 <.05-.50 

0.23 · 0.14 <.05-1.0 

0 . 23 0 . 14 <, 05- .80 

\ 
- \ 

,I 

Above}./ 
FDA Action 

Level 

4 

7 

0 

0 , 
2 

2 



MERCURY I N THE LITHOSPHERE • r.ie rcury is f ound everyvrhere . Both 

.nature & man share t he responsibility for mercury production. mer

cury is one of the elements that makes up the planet earth and is 

f ound in the lithosphere (rock & soil}, t he hydrosphere , the atmo

s phere, and t he biospher e (in tissues of plants & animals}. It is 

absorbed & held tightly by a variety qf mat erials such as plant 

fibers & soil . It reacts Y.rith a variety of inorganic ~ organic com

pounds t o form sinrnle &. complex mol ecules r anging f r om cinnabar (mer

curic sulfide , HgS) to metallo- or ganic complexes which have received 

recent world wi de a t tention as wat er pollutants & biological t oxins . 

Although there are more than a dozen mercury bearin~ minerals 

only a f ew occur abundantl y in nature . Cinnabar is the most i mport

ant & contains 86% mercury by we i ght; it is u su:1.lly for111ed geologic

ally at l ow temperatures (less than 300°C ). It is generally found 

in mineral veins or fractures in rocks near recent volcanic or hot 
I 

spring areas. 

Mercury content of a broad categories of r ocks in the earth 1 s 

crust range from 10 to 20,000 ppb._ Parts per billion is equivalent 

to 1 pound of mer _cury uer billion pounds of rock. Igneous rock, thoze 

formed by melt ing & cooling, are the basic s ource of mercury . These 

r ocks aver'3.ge about 100 ppb of mercury . Tables are available shov;

inr.r, the amount of mercury in various types of igneous rocks . Table 

2 shows mercury content in different types of igneous rock samnles 
(l'S1.) 

from various p'3.rts of the world. 

.. 



.,-
TABL E 2.- A nalyses for mercl(ry, in var/s 7Jcr billion, of bu.sci//,, ,,1l•bros, diabase~, a11d1•.silc.~, dac,t,.,, w1d /1paril1s 

Sample 
Number ol 

sample~ 
analyzed 

Dasalt BCH- 1, Washington _______________ _ 
Diabase W- 1, Virginia __________________ _ 
T hree basalts, two dolerites, Iceland, Hawaii, 

and Tasmania . 
Basalts, oceanic sediments near Iceland •. ___ _ 
Gabbro, Quebec _______ __ __________ _ 
Comµosi te 11 gabhros, Germany ___________ _ 
Composite 11 gabhros, Germany ____ _____ . __ 
Gahbros, Yakutia ________________________ _ 
Gabhros, northern Cau~asus _______ _____ _ 
Gabbros __ . .. ______________ __ _____ _ 
Basalt, Germany _ .. ____________ ______ _ 

l 
1 
5 

1 
I 
1 

11 
13 

6 
1 

- ; .. ,.: c;...,1.,1, s,..»~y t.-.1,,,',..,•I P'f•• '11) "°'►<""1""tl.~ Q"" ,, rJ 

[Compare with tal,1, t' 

Range 

:O.lin ~I :., 
---

4 1, 
9-1 :110 

5 ~ J 

180 :wo 

0 :,IJ 
20 :_!:ill 

< 1,100 ;,nu 

.. \\'erage, 

!l 
~:11 

J;J 

J 
100 

() 
~6 

JOO 
~:o 
l ~10 

Fi vr lahs. 
F.ight lahs. 
Ehman11 and LO\'l•ri11i:, !!167 1. 

.-\ irlin 'ya11, Ozrro,·a . and (; i;ip J!l(i:P. 
J o,·:1110,· ic· and lt,•,·d J !lti:- . 
Prc·us.-; I I !J-10 ). 
S t0<·k anti Cu<:111·1 l !1:1 1;1 . 
~ (•kraso,· and '1'11n .. fc•, \ a I !'ti:l ,. 
,\fanas't·,· a nd ,\1di11',:111 l ! l1j l 
Oz(•ro,·a , I !16:! . · 
Stock a11d Cut·uc·I t I !1:; l.1 1. 

Ot her t ab les showing ~ercury content i n igneous & me tamorph ic rocks 

are ava i lab le in Geol ogic Pr ofessional Pape r 713 . 

Mos t s ed i ment ary r ock s have :ne rcury content less t han 200 ppb 
. . 

me r cury, except f or shales , c l'3.ys , & soils which sho·u considerable 

variat ion with aver age c ontents of a f ew hundred p.:i.rts per bi l lion 

mercury . Shales r ich in organic Matter are notably enriched in mer-

cury, suggesting that some of the mercury may be present as or;anic 

compl exes. The mercury content of soil s averages ab out 100 ppb & 

varies ~i t h i n limi ts . Table s 8 , 9 , 10 , 11 , 1~,13, show mercury content 

in variou s t ypes of r ocks & soils. 

TABLE 8.-A nalyses for mercury, in parts 1,cr billion, in limes/011es 

Sample 
Number ol R:rngc 

•amples Avcra,;e Rr•lerence 
nnal}·zetl Mm :O.lu 

Germany_' ________ ___ ____ ___ _______ __ _ 1 33 Stock and Cucuel (l 934a). 
14 28 220 66 H eide and Tli;hm (J 9:i7). 

Nineteen Composites, Russian platform . ___ _ 
:\rs:illaceous marls, Cauascus, 

background = 50. 
Limestone!<, Crimean highlands ______ ______ _ 
::\f arl~ Crimean highlands ______________ • __ _ 
Donets Basin .. _ _ ____ ___ ___ _ 

19 JO 90 31 Ozcrova ant.I Aidin ' yan (1966a) . 
10 8,000 Abuev, Divakov, and Itad'ko IJ!l6,'jJ, 

8 100 6,400 2, 300 Bulkin (1962) , 
5 500 5,000 1 ,500 Do. 

314 < 100 10.000 900 K nrasik and Gondinruv J\1631, 
l,t:rrh-Tnrnan area, near mud volcanoes ___ _ KarasiL ant.I :-.rorowv , J !ili6 . 

0 

Limeslunc>s and dolomites, southern Ferghana 
2,000 5,000 

22 20 150 75 N iki[()rov, :\idin'yan , and I, u,cvith 11 !!61:i 
~orthC'ast Yakutia _______ ________ ___ _ __ 26 <2 70 1 Nekraso\' a11rl Timofr•e\ a l !•G-l 1 
Kaz:tkhst an n00 <20 Fursov, ns quoted by Ozeru\·a a ,d . .\idin'yan 

IJ !JG6bl. 
Marble, \'iet Nam . 1 500 Aidin 'yan, Troitskii, and Bala, skaya I l !Hi I ,. 

----



TABLE 9.- Analyses for mercury, in parts per billion , in samwlones 

Nu mber of Range 
Sample samples---------

a nalyzed Min 1l ax 

2 
Com posi tc of 23 . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 1 
Sandstones, mudstones, Russian platform ____ 45 
Effush·e-sedimentary, Kamchatka __ __ _ _ _ _ _ _ 9 
Kazakhsta11 __________________ ___________ _ n00 

Northeast Yakutia_________ ____ __ _________ 6 
Sandstones, Crimean highlands ___ _________ _ 83 
Conglomerates, Crimean highlands________ __ 10 
Donets llasin ____ ________ ____ _____ ____ ___ _ 
D onets Ilasin __ ____ ___ ____ _____ __ ___ _____ _ 77 
D oncts Ilasin, contact with dike . _ _ ___ .• _. _ 1 
Donets Ilasin, from mercury deposit. ___ _ 
Sandstones with limestones, southern Fer-

ghana. 
Viet Nam ____ . __ . ______ __ _____ ________ . _ _ 4 

26 

0 

<2 
100 
100 
<50 

< 100 

3,000 
3 ,000 

280 

40 

95 

30 
I I ,000 
7,000 
l ,000 
7 ,000 

10 , 000 
]0 ,000 

1,000 

Average 

33 
100 

39 
97 
20 

12 
5,700 
2,300 

300 
870 
600 

6 ,000 

620 

Sto<·k and Cucuel (19:J-la) . 
Preuss !I 9~0 ,. 
Ozerova and Aidin 'yan il!J66h). 

Do. 
Furso,·, quoted by Ozero,·a and Aidin'yan 

!l!J6GIJ1. 
N ckrasu,· and Timof1:eva f 1963). 
B ulkin / 1 %~ ,. 

Do. 
Dvorniko,· and IClit ch r:iko l !161 ) . 
K ara~ik and Gnnc-har,,\· 1 l '.•1,:j . 
Bui urli:,o,· and K orchemagin 11968). 
Bol ' shako\· 'l !16~ 1. 

1~ urmanalie\· !967 ,. 

Aidin' yan , Truitskii, and Ba'.:,Yskaya fl% \ \ . 

T ABLE 10.- Analyses for mercury, in 7iarts 71er Iii/lion , in shales and cloy~ 

Sample 

Composite 36 German shales __ __ . ____ .. __ _ _ 
Composite 26 German shales ______________ _ 
Shales _________ ___________________ ______ _ 

Marly clays ___ __ ------------ - - -- ------ __ . 
Clays, Russian platform ____ __ ______ ______ _ 
Shales, northeast Y aku tia __ _____ . ___ _ . ____ _ 
Shales, sandstones, southern Fcrghana ______ _ 
Shales, Kom i A.S.S.R __ _____ _____ __ ____ __ _ 

Argillites, sedimentary-volcanic, Kamchatka __ 
Bituminous shale, Alaska. ____ ______ . ___ __ _ 
Oil shales, Baltic region _____ __ ____ _____ ___ _ 
Oil shales, P ovolzhe region _____ _____ ____ _ _ 
Oil shales, Tula region ___ ___ _______ ____ ___ _ 
Silurian shale~ outside ore region ____ _____ ._. 
Silurian.shales within ore region ____ __ _____ _ 
Shales, Crimean highlands _________ _______ _ 
Shales, D o nets B~sin ____ ______ _ 
Shales, Donet~ Basin, contact with dikes. ___ _ 
Shales, D onets Basin. __________ __ ______ _ 
Shales, D on<'ts Basin, from mercury de posiL. 
Clays, l,erc·h Peninsula ____ __ ____ ____ ____ _ 
Cbyg, Viet Nam ____________________ ___ _ 

Number o ( 
samples 
analyzed 

l 
1 
4 
3 

58 
6 

36 
26 

11 
2 

10 
11 

2 

48 
0 
8 

55 

4 

- --- :\ \'CragP 
?\fin Max 

130 
100 

0 
15 
20 
42 

630 
170 
200 

50 
< 100 

n0 
< 100 

<50 
<200 
< 100 
l ,000 
< 100 
. JOO 

250 
320 
1:io 

80 
1 :io 
2:rn 

:!.~00 
I. ,,U0 
J . fiOO 

100 
:_!(I() 

,,()()() 

l '.1,UU0 
~o 

,,00 
t<.000 

1;0.0110 
I .001) 

.-,.-,o 

300 
510 
182 
l , 8 
35 
:")Q 
70 

85 

:!.:JOO ,,o 
:ViO 
660 

Preus:; 1!1!0 , . 
Stol"k and Cucuel , l \1:l4:t1. 

D o. 
H eide and B.,hm , I:,:-,, l. 
Ozcr,n·a a rtd .\ idin',·:1n u,,~,-;!1 1. 
l\rkra~u,· and Tin. ,:.-n 1 ,·a l ~•f.l:{1. 
:-S ikifornv, .\ i iin'y:111 and l, CI ~• -,·ic-h 1!1661. 
Za\·' >·al,,\· a 11d \l;il"t,.•\·a. q t:, ,,,,d l..i>· OzNo\·a 

and :\ idi11 ' \·:w , J\Hitil ll . 
Nikifon1,·, AL!i 11 ':::u;. a nd h. 1.,~L•\·id1 •!H66' . 
D onn,·11, T:11i il-ur. a111i "l\,ur ·,,Int l \167 ). 
Ozero\·a and ..\idin",·:111 \!~ll.itih 1. 

D(I. . 
l )o. 

Ozenl\·a l 'lti:! 
l )u. 

B ulkin 1%:! 
D\·ornik<>\" a nd l,ln,· 111•11k,, l 11(i 11• 

n111urli1111\" a r,d l\ 11r,·b·n1a'.!. '. 1!16~d. 
Kara~il, and (iu11 d1aruv 1~0 1 i 
Hol' shal;11,· 11 11;1 
\f l lfDStl\. I ) '.i (i .-, . 
.-\idin'ya11, Tr 1 ,i1:--k i: . :u1d H.1. .. v'.'ka.va 1 ~• ti 1 

TABLE 11.-Analyses ~or mercury, in parts per billion, in miuel/aneons sedimentary rocks 

Sample 

Caucasus, not specified _____ __ _______ __ . __ _ 

Gorny i Altai, not specified __ __ ___ ____ _____ _ 

h:crch-Taman area, near mud v olc-anoe3 
Kcrch-Taman ar<·a, away from mud volc;1~oe;~ 
Cambrian, Tyan-Shan__ _ . ______ __ _ 
Hock sal(, anhydrite, gypsum, D onets B a-si ,;~ 
P hosphorites _ . _ _ . _ _ _ _ ____ ____ ___ _ 
I ron-rich lateritc,;, Viet Nam ___ ___ ______ __ _ 
M angant',;~ ore,;, N ikopol _ _ _ _ _ _. ___ ___ ___ _ 
" anganesc orPs, Chiatura. _. ____ .. . __ ___ _ _ 

anganl'Sl' ort•~. '.\I angyHhlak . _ _ _ _ _ _ _ __ _ 
!UXites _ 

NumLcr of Range 
samples - -----
an,\lyzed 

14 

9 

71 
20 

4 

Min 

40 

500 
400 
70 

<100 
20 

1 ,000 

360 
65 

120 

~1ax 

100 

2,800 
600 

2,800 
4 ,000 

800 
2,700 

530 
9.5 

600 

Average Ref('r<-ncc 

- -- -- -- --
50 Dcmidova, quoted uy Ozerova and Aidin'yan 

O !J6Gb1. 
Shrherhan, <Jl!otcd by OzNoYa and .°l.idin 'yan 

IUJ66h ). 
Karasik and :'.>.Iorowv 11 %13 . 

540 Do. 
Shau alin and Solov'e\·a I I 967 . 

700 Karasik a nd Gnn c-harr,v I I ~61 ,. 
70 Ozero\·a an<l Aiclin'yan 11%<3:t , 1!166b>. 

D o. 
2,800 Do. 

no. 
Do. 

460 D o. 
--- - - - --



TAU LE 12.- A nalyses for mercury, in JJarls 71er billion, in oceanic and lacustrine ~edimenls 

Sample 

Red clay, Atlantic __ _____________ ••••.••.. 

Hed clay, l'arific .. --·····--···-········-·
Red clay, Black Sea. ·-· · -··· -········· ··-· 
Foraminiferal ooze, Atlantic ... ___ •••.•• _. _ 
Foraminiferal ooze, Pacific.---·-·-··· ····· · 
F o raminiferal ooze, Indian.·--·-··-·---··-· 
T errigcnous ooze, Atlantic . __ ·-_ .•.• .•• _ •.. 
Terrigcnous ooze, Indian ...... _ ...• _ ..•..• _ 
D iatomaceous ooze, Pacific . • ---·--····-··-· 
D iatomarcous ooze, India n .•. ·- - -· -·· -····· 
East P acific .. _ .... ___ ._ . __ . . ..•..•...... . 
Fjord sediments .... . ········-· · --·-··-·--
Lacustrine sediments . ······----········· 
Manganese nodules, Atlantic .. . .. ·-······· · 
~tanganese nodules, Pacific .• ·······-······ 
Manga nese nodules, I ndian .. · - ·· -· ··---··· 
Manganese nodules, Atlantic.·- ·-··· · ······ 
Manganese nodules, Pacific._ .• . _ •• _ ••.••. _ 

1 On a carbonat.e·free basis. 

Nurnl>l'r of 
samples 
analyzed 

4 
2 
4 
7 
1 
2 
6 
1 
2 
2 

2 
2 
5 
7 
4 

Range 
Min 

500 
100 
!JOO 
80 

70 
80 

60 

I 1 
1,400 

360 
< 1 
< 1 
<1 

100 

Max 
Average 

1,800 1,000 
300 200 

2,000 
300 

1 ,200 
170 

:iO 
150 110 
550 210 

70 
100 &O 

200 
I 400 

2,000 
810 
810 
775 

3 
2,000 

150 
---

Rcfor~ncc 

Aidin·yan, Ozerova, anti Gipp (1963). 
Do. 
Do. 
Do. 
Do. 
Do. 
D o. 
D o. 
Do. 
D o. 

Bostrcim and FishE>r l !1G'1 1. 
La11dst rorn, ~amsahl, and Wenne r (196!)). 

D o. 
H arriss 1%81. 

Do. 
Do. 

Ozerova and :\idin'yan (I !J66Ll. 
Do. 

T ABLE 13.- A11alyses of soils for mercury, i11 part.~ per billion 

Number of 
Sample samplcR ---------- Av(•r.:tV.C" 

analyzed Min !\tax 

M osl soi ls , California ..•. _._ •. __ .••... 
Soils, Franciscan Formalion, California •. _ .. 
Soils, unmineralized areas, California __ .. _ .. 
Unmineralized areas, Brilish Columbia . . 
N ear m ineralization, British Columbia .•..... 
Very near mineralization, British Columbia _. 
Soils , Germany. . • . __ ..•.. _. . . . . . ___ . . 
Toµsoils, Sweden .••....•. _-· ..• __ ___ . 273 
T opsoilg, Africa . .... ········ · ·-···· · ···- 1'I 
Soils, European U.S.S.R •• ·-· · ···-· •. • .• 130 
Soils, l>onets Basin •.•.•.• _. _. _ ..•.•. _. _. 248 
Soils, no nets Basin . _ ..... _ ....••• ...•.. 
Soils, Kerch Peninsula ........... --·····-· 264 
Soils, Kcreh-Tnman area .. ·-.·- __ ..•.. __ .•. 
Soils, Viet Nam ._ .•... ··-······ ..... . 

20 
100 
40 
10 
50 

250 
30 

40 
<iiO 
100 

< JOO 
240 

20 

10 
'..WO 

60 
;jQ 

~. ~,00 
2, :,oo 

~!JO 

:,. !--1)0 
I() . tHHl 
:!. ltl!I 
:1 . (111 (1 

l . !HIii 
I .OOU 

GO 
2a 

:JOO 
1 .:mo 

aoo 

W illi!'ton ( I !•G~ . 
no. 

Friedrid1 and 11 awkf'» I 11i;r, . 
\\' arren, l)Pl.tvaul t, a11d Harak:-u I !lGt.i . 

))o. 
D o. 

Stork a nd (' 11 .. u" l • I !l:l la l . 
Ancler,.;~1·11 1 l!1t.i, \. 

Tlo 
:\idin'~·:u. Tr,nhKii, and llal.,\~k:tya •! !It.ii 
l h orniknv I !lti:I . 
])\·ornil;11\ and l\•trnv I !I\J I 
'.\! oroznv I !•(i·, . 
K ara~ik :tntl '.\l 11rnz<>\. 1 !II iii•. 
Aidin'.\·:t11, Tr,,it sl,ii, and ll:ila,·:-k a~·a l!•ti I >. 

T AULE 16.-Mercury in coal, in pa;/s per billioll 

Sample 
Number of 

samplt•s 
analyzctl 

Hangr 
:'>1in 

-----
Germany . ······-··-··· · - .•... Jl 
DonHs Basin, U.S.S.R·-··-·-······ ...•. 

l)o . - ·- -····-·····-- .......... -
J>o . . . . . . . . . . . . . . . . . 20G 

D oncts Basin, U.S.S.R. (in lenses within mer- • 

1. 2 
4, 500 

140 
50 

2,500 
cury ore body). 

D onct ::i lJasin, U.S.S.R. ·-·-···--· •.•..... 75 
l)o •. __ ··-·-·······-·--···· · -·-·--
1)0 ••••... _ __ • •• • ----·····--···-···-- 13 

20 
100 
100 

~ \ 3'( 

i)· 
_.) 

70.000 
:ioo, ooo 

IU .000 
6. ;;oo 

~0.000 
7.0UO 

:100. noo 

A ,·,•rar.c· RPfl'.n.•nt.·c• 

-----
12 Stock and C11 .. 11c-l l!l:l la. 

11 . l 00 K:m,,ik and 11tht·rs 1J!JU:! 1. 
16 .000 O ;wrnnt J!l(i:!I. 
I , 100 l)n,rnik11v J!1H:l . 
:J, 700 Bol'shakov l!IUI 

J)\·orllll,11v , I !•ti,a . 
])\·,,rn ikt1, l !1(;:,, 1%7b l. 

• l'(i '()()() Jh-orn1ku,· t I !11;1' . 



MSRCURY I N rr:-IE ATl'iWSPHE~E Mercury is present in the atmos phere, 

with b ackgr ound values of l ess than 1 to a few nanogr a..~s per cubic 

meter . However, over me tal lic ore deposits the c ontents of mercury 

is appreciably higher . Volcanic emanat ions including those of mud 

volcano type, h ave high contents of mercury & must contr ibute a large 

a..~ount of mercury to the .a t mosphere. In addition to such "natural 

pollution 11 one must assume that mercury is added to the atmosphv-e.. 

by the burning of coal & petroleum & very likely from stack gases of 

smel t er s tre ating c opper, lead , & zinc ores . No data are available 

on the amounts added by "man-made· pol lutionfl or on the t ime of r e

sidence in the atmosphere of mercury f rom "natura.1 11 or uman-made 11 

pollution. 

0 

Be cause of mercury 's tendency t o v apor~ize, the atmosphere 

measured a t .ground l eve l near mercury ore deposits may contain a s 

much as 20,000 ng/m3 (nanogra:m/cubic meter)° of mercury in air. One 

nanogram is one-billionth ( 1 : , 0 , ) , of . a gram. Expres s ed on a ,.,eig._rit 

basi s rather t han on a volume basis for co:mp 9.r ison with contents of 

rocks , 20 , 000. ng/m3 represents a l most 16 pounds of me rcury per billion 

pounds of air. The next highe s t ne ar- -'1;round leve1s of at mospheric 

mercury occurs over precious metal ores (up to l , 500 ng/m3
) & copper 

(.2.~) 

ore (20 ng/ m3
) . 

T ABLE 15.-/1,lercury in air and in volcanic ema nations, in nanograms per _culric meter 

(1 nanogram = l o-• grams( 

Sample 
Number or Range 

snmplr s ----- A verag<.' H.C'ft: rcnr r 
analyzed Min M ax ________________ ___.:. ______________ .:.._ _____________ --

''Unpolluted a ir" ________________________ _ 2 -- - - - - --
On•r l'al'ilie Orean, 20 miles offshore __ ___ __ _ 
Cal ifornia, winter ___________ _____ _____ ___ _ 
C a liforni:1 , summer _____________________ _ 
Baek1:1t11,nd, Arizona a 11d California ________ _ 
Chi<-a;:o an,a_ 
h.anwh:nka 
Ill oge,m· and T ula regic,;1; ·(n_o_ ~r; d~positsl ~: 
Over pMphyry copper deposit. .. __ . ____ . __ 

Do _ . _ _ _______ _ . ___ . _. ___ _ 
0 vcr nn:rt·ury deposit ___ __ .. __ . _________ . _ 

22 
10 

Do_______ _ ___ ___ ______ ___ ____ ____ __ ___ _ 
D0 _______ _____ ______ ___ __ ______ ___ ____ _ 

0 . 6 
1 
1. 5 
1.6 
3 

80 
12 
18 .5 
12 
58 

200 

Air 

0.7 
25 
50 
7.2 

39 

300 
30 
53 
57 . G 
66 

1, 200 

8 

4 . 5 
9.7 

190 

18. 8 
28 
3 1. -1 
62 

Stot·k and Cucuel (l!l34b). 
Wil\igton (1968). 

Do. 
Do. 

l\lcCarthy and othr•r~ !l %9). 
Brar and others I I !11;i1, . 
A.idin ' yan and 0 7.Pr<,v;i ( 1 !HiGJ. 

D11. 
M cCarthy and other~ 1[96\l/. 

Do. 
Do. 
Do. 

Karasik aud Hol'shakov , q uo!Pd 1,y 
Aid in ' yan and OzC'rova (1%6) . 



Air of ,·ent breccias of mud volcanoes _____ _ _ 
Gases of mud volcanoes ____ . __ _____ _ . _ 
Gases, J\[endeleev and 'heveluch Volcanoes_ 
Gases from hot springs, Kamchatka and 

l<uriles. 
Condensates from fumaroles and volcanic 

emanatio11s, Kamchatka and Kuri lcs. 
W aters from hot springs, Kamchatka and 

Kuriles. 

• Parts per billion. 

Volcanic 

300 
700 
300 

10,000 

I .2 

I . 5 

700 
2,000 
4 ,000 

18,000 

I 72 

14 

Karasik and Morozov I I !)66). 
Do. 

Aiclin'yan and Ozerova / Hl66). 
Do. 

Do. 

Do. 

TAULE 28.- 1\faximum 111erc11ry concc11/rntio11 in oir mens11rcd at u al/erPd mineralized and 11 011-
111i11cralized areas of the ll"r.,tern 1.: 11iled Stc,tes 

l- --• no du.ta uvailnh1t1
) 

Sample location 

1\-t crcury mlnc::-t 

Ord mine, Mazatzal J\flns ., Ariz . __ _ 
Silver Cloud mine, Ilaltle MLn., Nev ________ _ 
Dome Hock Mtmi., Ariz ___ ________ __ ____ _ 

na~e nnd precious mclal mines 

Cerro Colorado Mtns. , Ariz 
Cortez gold mine, Crescent Valley, Nev __ 
Coeur d'Alene mining district, Wallace, I daho 
San Xavier, Ariz __ _____________ - _ - - - - - ___ - . 

Porphyry cnpper mines 

Silver Bell mine, Arizona ____ ____________ _ ------- ---- - -
Esperanza mine, Arizona__ _ _ _. _. - - - _ .• - - - • - • - - • • • - -
Vekol Mtns., Ariz_ ___ -- ------- -- ---- -- --·- -·- · 
Ajo mine, Arizona ______ . -- - - - - -- ----- --· ---------
Mission mine, Arizona ___ . --------------- -------- --
T win Buttes mine, Arizona _______ __ ____ ___ • ----- - -
Pima mine, Arizona .. . __ _ _. _ - .. - . - - . . • . • • • 
Safford, Ariz __ __ ____ ·····-···-··· - ---·· 

Unminerallt.C'd arc-as 

Blythe, Calif_ ... ___ .... _...... .. . .. - . - • . 
Gila llcnd, Calif. .--------- --- --------· •.... ----· 
Sa]ton Sea, .CaliL ... _ •.•..• __ .. - . - - . - _ ... .• 
Arivaca, Anz ..... __ . _ ------ -- ---- .. 

l\f:uimum Ilg ctinccnt rntiQn (ns:: / 1111) 11 

Ground 
surftlcc 

20 ,000 150) 
2,000 (:")0) 

l 28 (6) 

1, 500 (5) 
180 (60) 

68 (-10) 

20 

400 feet ab,,,·e 
the groun1I • 

108 /4 ) 
24 (8) 
57 (20) 

24 (2) 
55 (-1 ) 

25 (3) 

53 (3) 
32 (31 
32 (-1 i 
30 (31 
24 (3 ) 
22 (31 
13 /:l) 

7 (2 J 

9 120 ) 
4 ( 2 ) 
3 .5 I )! ) 
3 (2 / 

1 ng/ m• = nanograms (10 'gramN) pe r cuhic mt"ler o f air. 1 nc. m1 .,._ 10 - 1 µµh. 
, Number of mP.isurcmcnts &hown 1n pMenLh<"SCS. 
1 Sampleg taken from &in5;lr•t•11~inc aircraft.. 

Natural ~tmospheric mercury responas to meterol o~ical c ontrols 

& ot1er natural l aws . For exa·nnle the maximum amount of mercury in 

air is found at about midday \"ii th much smaller n..ilounts found in the 

morning & in the evening. In both cases, the vapor density or mere-

ury , like tho density of the at·nosphere, is greatest near t 11e surface 

of tho l and & diminishe s ,,i th 1.l ti tuc:1e. For ex3.1nple a concentraticm 



of 20 , 000 ng/ m1 of mercury at gr ound level near a mercur y mine m1y 

diminish to only about 100 ng/ m3at 400 f eet altitude , & ~ ground

level concentrati on of 600 ng/nr at n oon h a s been observed t o drop 
tur ) 

to only 20 ng/mS at 2 : 00 A. M. 

Rain washes mercury f r om t he atmos~phere just as it doe s certain 

other. a tmosphe~ic c omponents . Even near mercury ore deposits , tests 

have shm·m t he mercury content of the atmospher e to be essentiall y 

zero i mmediately after ~ r a instorm. Such scrubbing accounts for the 

fac t that the mercury content of rainwater ave r ages about 0 . 2 ppb . 

Test s in Sweden have shovm tha t mercury carri ed dm·m by rain adds \ 

t o each area of land per year about the sa-rne amount of ~1ercury one } 

would expect t o be added bJ mercury-be'l.ring seed dressinc f or fungal 

control of cereal cro~ . Mercury from either source is held tightly 

by t he upper 2 inches or so of soil. 
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TIIEJ,C J 

Concr:nlrn!ion c:nd Hate -of Outpu t of Mercury 
fro1,1 Smokcstc~c1:.; i11 l!linois and Missouri 

C, .,, 

Concen tration Ranges 
(in billionths of a grnm 

p e r cubic mete r) 

0 

0 
0 
0 
ci - Estimat ed 

0 0 r:: r:: 0 0 0 ts Total O utpu t 
ts C, C, ci 

Location of Plant 

Power Plants 

Smqd,!11. 

Wood River, lll 

Poct :::i,ic des Sioux, Mo. 

Baldwin, Ill. 

Coffeen, Ill. 

Ki ncaid . Ill. 

Sp,ing'ield, Iii. 12/9/70 

Spiingfield, Ill. 1/14/71 

Rockdde, Ill. 

Romeoville, Ill. 

Chicago, Ill (Calumet Pla:11) 

Chica90, Ill (Crawford i'lan t) 

Chicago, Ill. (Ridgeland Plant) 

Chicago, Ill (Stateline Pla:11) 

Chicago, Ill. (Fisk Plant) 

Incinera tors 

St Louis, Mo. (Sou th) 

St Louis, l,1o (North) · 

Chicago, Ill (Lake Calu1:1et) 

Chiccqo, Ill. Sludge Dr;·er (Stickney) 

Industrial 

Mo:1santo, Sauget, Ill. 

Amc:rican Zmc, Taylor Sr,nr: gs, Ill. 

Goldsmith Bros., Chi-::ogo, Iii. 12/ 10/70 

1/ 14/71 
Nationc:l Lead Co. St. Lo..iis, J.l.o. 

Granite City Steel. Gra:11te City, 111. 

Laclede Stec-I. Alton, Ill. 

Shell Oil Co .. \Vocd Ri•:er Ill 

American Oil Co, Wood Hh·er, Ill. 

0 C, c--l -s C, 0 0 C? 
C, N "' - C> 

1/) C> C> C> C, 
1/) C> 0 0 0 C? ~ .,., N .,., 

"3 4 .f i 
2 4 • 

~ 3 6 ; 

2 . 

: 4 J i 
: l 3 , 

f,f .. 5 - 4 
:5 - (I 

;l 
No significan t detedion 

No significan t detection 

: 2, 

Ho significant detection 

[.i4 
.3 

:-2: 3 8 

2 5 4 

~I 6 9 

, I . 3 l. 

·2 -- s~ lL z: 
3 

2 2 l' 
~5 

1 

J 

13 7 1! 

2 2· 

-5 of Mercury 
C> C> Per Year 0 0 0 (in pounds) .,; E 

JOO 

800 

2,400 

3"7'.';'~ 5,300 

600 

950 

450 

500 

550 

13 4.500 

4 ?.,300 
)! 5,t. 00 

570 

li 

· or.e isnmpl0 fro:n th::; ic.-herator drove t!1{" measuring il~strument to its r:icximum 
rcaci1r:g o! !io.r:;o b:llio?.l!i,. oi Q gram rcr cub:'.: meter 

frok: Eh"I-C~~<J Vol ll._ N& . tj- p' 1>'\.. 

0 

The grey bars mark the r anges of c cncentration in which mercury v,as 
found for e~ch of the plants listed in the left column. The nuxnbers 
in 0'<Ch b~r indicate the nnMber of Fi'lmples 1•1hich. gave reading in each 
range of concentrations. 



I/IERCURY IN WAT"3:R . Contact of water with soil & rock durin~ 

storm ru_noff , percolation into the ground , & movements underground 

result s in the natural distribution of mercury in water . The pattern 

of such distribution depends on the dispersion of mercury in the 

earthrs crust and other pr ocesses. Surface ·waters , except where i n 

fluenced by special geol ogical conditions , or recent man-make pollu

tion, generally contain less than 0.1 ppb of mercury . This reflects 

the relqtively low concentration of mercury in ro.inuater & the rela

vely tit:;ht binding of' mercury in organic & inorganic materials over 

vnLich the water passes in its t~avel through the environment . In a 

recent reconnaissance of river waters in 31 states sho~ed (1) 65~ of 

the sa~ples tested had ~ercury contents below 0 . 1 ppb, (2) 15% exceed

ed 1.0 ppb & (3) only 3% wel"'e more than 5.0 ppb, the maJcimum consid-
(z.•H~" 

ered safe for drinkin~ water. 

Limited sampling of oil-field brines in C~lifornia showed them 

to contain from 100 to 200 ppb of mercury . Hot surings in Califor

nia appear to range from 0.5 to 3 . 0 ppb; & one measurement was high 

as 200 ppb of mercury. Vapors issuing from fumaroles & steam conden

sing from hot surings also h ave relatively high mercury contents - as 

~uch as 600 ppb & 130 ppb , res~ectively. Fine-grained muds from pots 

and mud volcanos in Yellowstone Hational Park yield mercury contents 

up to 150, 000 ppb & measurs:ment as high as 500,000 ppb . have been 

made on enriched sedi ments fr om hot s ur i ngs & pools in Yellowstone . 

Because of mercury ' s tendency to attach readily on to a variety 

of e'l.rth materials, particule matter suspended :ln vrater l; bottom sedi

ment of streams are more likely to contain hiBh concentrations of 

1~10rcury th'l.n t he ,1ator itse lf, uhatever t h e s ource may be. 
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TADLE 14.- Mercury conlcnt of natural waters, in micrograms per liter 
[1 microgram per lit.er --1 part J)('f billion merc-ury) 

Sn1nple 

Rhine River ____ ·--- -------- ----- --------Saale River, Germany ___ ____ __________ ___ _ 

Elbe River, Germany ____ __ ______________ _ 
Danube River __ . ________________________ _ 

Sweden ___ . . ------ ---- ------------- --European SSSR . _____ __ _______________ _ _ 
Armenian SSH _________________________ _ 
Armenian SSIL ___ . _. __________________ _ 

Atlantic, Indian, Red Sea, Black Sea, etc __ _ _ 
Atlantic Ocean ______ ___ ____ ___________ _ _ 
Pacific Ocean, Ramapo D eep _____________ _ _ 

D o_ ____ _ ---- - - - -----------------M inamata Bay, Japan ______ ______________ _ 

Rainwater __________ _________ _________ _ _ 
Spring water, Gl'rmuny _______ ___________ _ _ 
Surface watl'rs, Nor th west Caucasus._ _ ___ _ 
Subsurfac·e waters, Northwest Caucasus ____ _ 

Number or 
samples 
analyzed 

8 

1 

4 
24 
7 
6 

300 

14 
9 

4 

Min Max 

Rivert:1 

------ --
0.05 IO .19 

---- ---- ---- - ---
1 2 
. 02 .2 
.4 2.8 

1 20 
1 • 2.0 

.01 3 136 

Sea water 

------ -- ----- -- -
-- - - - . - -- - --- --

0 .7 2.0 
.4 1.6 
.08 . I 5 
.15 .27 

1.6 3.6 

Average 

0.1 
. 07 

.09 
--------
--- --- --

1.1 
4.2 

11. 5 
< .l 

0.03 
. 03 

1.1 
1.2 

. 1 

. 2 

Ground wntcr and mi~c-t'llant'ous SAmplcs 

0.05 
.01 
.27 
.25 

0.48 
.05 
.68 

1.25 

0.2 
-------&. 
----- _., -

Reference 

Stock and Cncucl (1934a). 
Heide and Dohm (l ~57), 

and Bohm (1%7). 
Do. 

and Heide, 

Aidin'yan and Balavskaya (I 963). 
Wikander (19G8) . 
Aidin'yan (1962). 
Aidin'yan (l 9G3). 

Do. 

Stock and Cucuel 11934a). 
Heide and lliihm (H.157) . 
Aidin'yan (1962). 
Aidin'yan, Ozerova, and Gipp (1963). 
Ha maguchi and others (1961). 
Hosohara (1961 ) . 
H osohara and others (1961). 

Stock and Cucuel (193-la) . 
Do. 

Ilaev (1968). 
Do. 

Lerz, 

Springs, Elbrus region __ . ______ ._ ... _____ ._ 
(No data in absti·act on nature of water.). __ . 

f 7 ,000\ 
37 <. 05 

0 
80 = I Krainov, \'olkov, and Korol'kova (1966). 

J-10.000 Jshikura and Shibuya (l!/61:>J . 
Ground water, Kerch, U.S.S.R _________ _ _ 
Ground waler, near mud volcanoes, Kcrch __ _ 
Ground water, Abkhazia, U. '.S.H .• __ ____ _ 
Mine waters, Ahkhazia, U .S.S.R ... _______ _ 
Mineralized waters, Abkhaz.ia, U.S.S.R . _. _. _ 
\Valers of Pe;>rmian salt beds, Donels Basin __ _ 26 

Brines associated with petroleum, Cymrie oil-
field, California. 

< l 
1 

.5 
l 

< l 

100 

2.5 
2.5 

3 
5 

•S.5 

.JOO 

M OTOW\' (I !JG.3). 

<.5 
Karasik and :>.1oro7.0\" ( 1966). 
Zautashvili (I 9G6J. 

... - - - Do. 
Do. 

K arasik. Goncharov, and Vasilevskaya 
/1 !JG5J. 

llaile_v and olhers < I !Joi ) . 

B rine, geothermal well, Sallon Sea, Calif ___ _ l ----·--- 6 Skinner an<l others (1!!67). 

1 The value 0.19 (next highest 0.08) is aocribcd to wa.st.e water from an indu.strial 
plant. 

' Excluding the highC'St ,·alue. 

~ \'alut•~ ahO\'C' 0. 1 JJ1>b wn1• in I lw drain.1.ct• :1.rNt 11f nwr,•ury d£•i,o:-il..~. 
"Another sami,lc, a ("oncc_•rltratt:d bruw, \:1Jntai1u•d 220 ppb Hg. 

TADLE 22.- Mercury concenlralions in thermal u·aters from Yellou:stone National Park 
!Detection limit, 0.01 part p('r billion. N .d., not detected. Analyse• by M. E. llinklel 

-----------------------------------~M~rrcury 

Sample 

Ojo Caliente _____ ____ _ ------- ------ --- --- -- --- - -EarSpring _______ ____ __________ ____________ . -
Bonila Spring ______ ________ ______ -----------
Chinuman Spring _____ - - - - - - - - - - - - - . - - - - - - - - - - - -Steudy Geyser ________ ____________ ____________ _ _ 
Snort Spring. _ _ _ _ __ . _ . __ _____ ___ . __ . _ .•• _____ - _ 
Beryl Spring ____ -- --------- -----------------
Little Whirligig Spring ___ , _______ _____ --------- -
Cinder Pool _... - - . - - - - - - - - - - - - - - - - - - - -
Spring, base of Porcelain Terrace __ - • - •.• - - - - - - - -
E chinus Geyser _ - -- --- -- ------ ---------- 
Cistern Spring ... ---- -------- ------------·-----
Primrose Spring . ____ --- --- ------- -- - ··· ---· • · 
Sulfur Pool_~ _ - .. -- _____ _______ _ .. ---- -- -
GreC'n Spring ____ _ - - - - - - • - -
Blue Spring ------ -- - --------
New Highland 'l't•rrace _____ _ 

Location 

Midway Basin ___ __ ___ __ _ 

_.do_ . ----- - --- - - --- -
__ do __ - --· -- ------- --

_do ___ ------ - - - -- - ---
Lower Basin . ________ _ 
P orcupine llills. _______ _ 
Gibbon Canyon . . . __ . __ 
NorrisBasin __ _________ _ 
. do ___________________ _ 

__ do _____ ------ - -- -- -·-- do _________ __________ _ 

__ do_ ----------
Sylvan Spring area 
. do 

do _ 
do. . 

l\l ammoth Spring 

conc{'ntration 
(in µpb ) 

0.14 
.22 
.07 
.10 
.07 
. I 0 
.18 
.07 
. 28 
.10 
.11 
.08 
. 31 
.27 
.20 
.20 
.0, 



T'ne best e sti"!la.te i s that suspended matter :may contain fror.1 5 t o 25 

time s a s much mercury as the ,1ater around it in areas of industria l 

pollut i on . Sediments immedi ately dm·mctre~"11 of l!:ercury ore deposit s 

& mercury contaminated indu sti->i '.3.1 dischar~es may contain f r om a f ew 

hundred to as much as sever al hundred thousand parts per b i l l ion of 

mercury . T:ie mercury concentr1.tion in sul"face ,11ater downstrea-n from 

a mercury s ource i s likely fo be much l ower bec ause of dilution , vapori

zati on, pr ecipitati on, sorption, & chemical reaction . For example, 

the mercury concentration in r iver TTater near a ~ercury source was 

f ound to decrease f ro~ 135 ppb to o. ol-1- ppb in 30 mile of travel , & 

sedb1ent i n a Wisconsin river near a source of industrial pollution 

h ad mercury content of more t han 500 , 000 ppb whereas sediment 20 miles 

dovmstrea.."!1 from the source of pollution had a content of onl y 400 ppb . 

·The.tendency of mercury to sink rapidly&. combine with ~ulfide in 

anaerobic bottom sediments t o form cinnabar , which is slightly soluble, 

appears to be a major scavenging :mech1Uism. Another mechanis~ vrb.ich 

keeps content of dissoved mer cury low is the relatively.high reac t ivity 

of mercury with organic substances & the resulting uptake by living 

& non-iiving organic matter . Then lakes & ponds serve/ as sediment 

traps & hab itat~for aquatic organis:m.5 & the mercury enters the f ood 

chain. The significance of such a c cumulations of mercury depends 

upon the solubility of the final mercury fo~ in the particular en

vironr.1ent . 



INDUSTRY 
AND 
NATURAL 
SOURCES 

AGRICULTURAL 
FUNGICIDES 

How Mercury Ticach0s Man 
.\Ith 1.::d1 r,·s,•:tr,·h It. , 1 co\\ 1111rou·r<'<l 
lllf' fl! 1m•;p,d ru111, , hy "h;,·h n11•1·c•.1ry 
l'<'adtt·s 111:\11 in a i,, w:n,•r. and f•1nd 
the n·la1 in• imporla11c·,i oi th,· di ff(';·c:nt 
rout,•;; of 1•xpns11 r,i is sti ll not know n. 
A major uncl'rhinly which remains 
is t l.c• iat<- a11d .si1(11i fi,·:tr:c,• oi the 
mo.ssh·,• :.P1011nl" of m,·r.:1n·,· l'<'ic::iscd 
to rhc ai r hy industry, a s,n;l'r<' of 
<'11\'il'tJIHIH·nt:tl ron t:im ination \\'h ich 
has jus t come 1111<fr.1· i1wc::.ligation. 

0 

LIVESTOCK, 



IS 
Although global Rnc1 rc~ion2l transport of' mer cury~lar gely un-

knovm, i t is poss i'ule to c onstruct o. partial mode l of t h e moveme nt 

of mercury among t h e air., soil , and riater c omponents of the environ-

ment. Such a model is depicted in figu.re 2. Table VIII illustrates 

model budget of 1,1ercury in the soi l as it is related t o the a t mos 

phere and runoff. 

Industria l , t'l,ch010• 

Processes ---

ATMOSPHERE 
Tr onsport 

( Ch e mlco l T,cn ,ro, motton 

Mt H; 

• Mt H9 M• 

WATER 

---f----f1qrV tis --

SOIL 

Soi I 
Lif e 

C 
0 

u -0. 

( Chtm,col SEDI MEl'-J T 
Trcns f ormctlGn) 

( C..h,mlccl L ~o c:hlno 
Tran s t ormo11on ) 

Fie:. 2. '.\lercur>' crcll' in the em·iloninenl. 

T .\HU: \"Ill 
:\:,;q· 11. :',. l ,.un "' Br.o(:t:T 

J-:nvirnnm(•n l:11 <·llmp,>11<•111 

~oil tu dc•pt h uf I 111 
1'11•ril'it:1tiu11 1a111111:d :ulditic•ll ti, ,oi l ) 
l :111101T l:1111111:d ''"' f,.,111 ""ii l 
I·:vap,,r:, Ii,'" ( :1111111:11 1 ... , .. r 1'11111 ~oil, 

addi1io11 tu :1lm11, phl"il') 
.\ ,11 \11 .... plit n.• 

Arno\111t l•f 11w1T11 r_,. 
(m~ l i:1 } 

1,000,0UO 
5,000 

.'\0(1 

.J ,;")()() 

0 



TABLE 23.-Mercury conceutrutions from analysrs of petroleum f rom the Wilbur SpriH!IS area, 
· northern California 

(Detect ion limit, 0.01 part per billion. Analyses by M. E. Hinkle) 

Co unty 
~1rrrury 

conccnt r;.Hion Sample 
______________________ ..:.._ ___ ___ _______ (in ppl,) 

Tarry pet roleum, Abbott mine ______ ________ ____ _ Lake _ _ ··-- - -- - --····- 501),000 
l ,000 P etroleum, Wilbur oi l test well __________ •. ___ __ _ Colusa _ 

TABLE 24.- M ercury in selected rirers of the U11 iled Stales, 1970 
(Analyses by M. J. Fis hman (U.S. Geological Survey, wrillcn commun. , 197011 

~i ('r<'ury 
_____________ _______ ________ ~_10_1_,t_h_-d_a;_y _ _ ll_n_ur _ _ Cin ppl,) 

Source and localion 
Time sample collected 

Gold Creek at J uneau, Alaska __ __ ____ ________ ___________ _____ 6- 10 1350 <0 .1 

< . I 
<. t 

Colorado River near Yuma, Ariz . . _ _ .... 
\\'elton ~fohawk Drain near Yuma, Ariz _ .. 

Ouachita River downstream from Camden, Ark 
St. Francis River at Marked T ree, Ark ___ . • 

Santa Ana River below Prada Dam near Riverside, Calif 

Souih Platte River at Henderson, Colo . . . 
Blue R i,·er upstream of Dillon Reservoir, Colo 
F rench Creek near Breckenridge, Colo . 
Animas Hiver at Sih·erton, Colo .. _ 
Cement C reek at Silverton, Colo ·· - · ·· __ _ 
Red Mountain Creek near Ouray, Colo __ .. _ 
Red Mountain Creek at Ironton, Colo _____ • . 

Nuuanu Stream near Honolulu, Hawaii 
Honolii Stream near Papaikou, Hawai i. . 
North Fork Kaukonahua near Wahiawa, Hawaii 

Ohio River near Grand Chain, Ill __ _ 

Floyd RiYer at s ·ioux Ciiy, Iowa _ .. 

Kansas River downstream from T opeka, Kans 

Mississippi River near Hickman, Ky __ 

Merrimack Ri,·er above L owell, Mass • 

\\"olf Creek near Cedar Lake, Mich . 
Unnamed tributary Lo Wolf Creek near Edmore, ;>.I id1 

6- 18 
6- 19 

6-18 
6- 1 !J 

6-29 

5-19 
6 -22 
6- 2'.<! 
6 22 
6-22 
6- 22 
6- 2i 

6-8 
6- 8 
6- 11 

6- 26 

6- 9 

5- 19 

6- 25 

6-8 

6 7 
6 7 

0900 
1000 

1410 

0!l'.10 
1-10.i 
1800 

10-10 

1645 

11 :lO 

10:10 

I 100 

11 00 
1000 

< .] 
. I 

< . 1 

. 3 
<. I 
< .I 

• I 
< . I 
17 
< .J 

.6 
< . t 

. I 

. I 

< . I 
1 ., 

._, . I 
• I 

TABLE 25.-Mercury levels in 11a/11ral u·aters outside the United States 

ConcentrRtion 
level• Rcfc-rrncc Locatio n 

____________ _ ________ <i_n _ppb) _______ ________ _ 

Sea water, '"icinity of llelgoland . __ . . - - -
Lamapa Deep_ _ ----- - -- -- •. 
Ramapu Dr:i'p (P acific Ocean, southeast of 

Honshu, Japan ). 
Minam:na Day, Japan ___ __ _ 
Sea waters of U.S.S.IL _ _ _ 
Volga , Don, Araks, and Danube Rivers 
Rivers of EuropC'an U.S.S. R • _ _ _ 
Armenian ri\·C'rs and Swan Lake (ArmrniaJ __ 
Rivers near the mtrcury deposils of Abkhasia, 

u.s.s.H. 
Natural waters of Germany .. _ _ . - _ - - - . -
Saale H.l\·er, Germany . _. _ _ _ _ . _ - - . ___ . _ 

Uncontaminated rh·e r water,; of haly . 
RivE'rn n~ar mercury d,•posit!! of Italy • 

0 .03 
.08- 0 . 15 
. 15- . 27 

1.6- 3.-6 
.7- 2 
1- 2 

. 4- 2.8 
J- 3 

.ii 3.6 

. 01 - .05 
. 035 .11 5 

/avg .. 067) 
. 01-.0."i 

Up to 1:16 

Slack anrl CuC'uel 11934 l. 
Hamaguchi and otliers (1961 l 
Hosohnra (1961 ) . 

Hosohara and others ( I 961 1 • 

Aiclin'yan ( I 962 J. 
Aidin'van and Ih•lavskaya (1!163) 
Aiciin'\' all (1!)62 ) . 
Aidin'yan (196:J ). 
Zautash\"ili ( J %6J. 

Stock and Cucu<'I II !134 ) . 
Heide, Lerz, and Uuhm (l!l:i7 ) . 

Dall' Ag\io (I !168) . 
I>u. 

0 



Before one declares a water body polluted with ,-,aste mercury 

fr om man 's activit ies, it is n0cessary to know t he n9.tural background 

level of the met al. It appears t hat natura l mercury contents of un

polluted rivers i n ar eas where mercury depos its are not kno,;m are less 

than 0.1 ppb. Tab l e 24 sh ows partial data on the natural backgr ound 

l evel of mercury in se l ected rivers. The samples representing surface 

waters in the United States , r ange in concentr ation from l ess t h an 

0.1 to 17 ppb . Of t he t otal, 34 cont a i ned less t han the detectable 

concentration (0.1 ppb) . Of t he remaining
1

27 s amples ranged rrom O.l 

to 1.0 ppb and 10 samples r anged from 1.0 to 5.0 ppb . Onl y 2 samples 

contained more than 5.0 ppb , the public health s ervice limit f or pot-• 
able water supplies . The fact that many of the s ampl es were t aken 

in areas of suspected mercury contamination i7oul d appear to indicate 

that mercury concentr ation in surface waters generally do not exceed 

tolerable limits except in the immedi ate vicin\ty of wast e outfall. 

Table 25 shov1s t hat t h e mer cury leve l s measured in surface wat ers 

in other parts of the world generally fall in the same low range of 

values as f ound in t he United St ates . 

The Publ ic Health Service'.s limit of mercury in potable Tiate r is 

5.0 ppb . Gener ally n atural mercury contents of unpolluted r i vers in 

ar eas where -:nercury deposits are not lmown are less th2n O.l ppb . 

However sarn:oles from r ivers drainini:; mercury deposits are lmorm to 

have natural mercury contents exceeding 5 ppb. The mercury concen

trations in these i7ater were found to decrease as a function of dis

tance dovmstream f r om the mercury deposits. This can bo seen in mer

cury c ontent of aquat i c organisms (Tab l es 10-I II, 10-IV, 10-V). 

}t. 



TA ilLE 10-11 1 
HG LE\'[L~ l'- ,\Xl.'\L '.\I C.\CCLATCRE OF PIK£ 

(l'l 11' L~CTOR,·, C'l~TltAL $\\'EDDI) 

Al10t·.: Da111: Dr/ow Dam: 
W cigh t,g Hg n~/g W eight, g H g ng J.: 

1964 
395 ! GO 150 2300 
625 260 475 3000 
?25 330 600 1600 

?000 830 1050 1500 

1966 
245 310 1000 2·100 
350 280 1075 2;00 
175 3!10 1400 3100 
5?5 G'.:!O 

TA BLE JO-IV 
EFFECT or P .\PER '.\llLL o:s: T II J: I lg CO:-STJ::S:T I:S: AQUATIC ORGA:\TS~!S 

(l',\l't:R MILL L OC \TI n .\'I' A S'ffil:,\~I JS WU111t:RS s,,·:cncs, Al'R II, 1965) 

M aterial L ocality I-Jg t1g/g 

T ricop1er,l 15 krn abo,·e mill 52 
Tricoptna 11 hill abo,·c mi il 5~ 
Tricop1cra 6 km b elow mill !0i00 
T 1; coptc1a hill below mill liOOO 
Tricopte,a 5 km below mill 5600 
P lecoptc, a sl. l soperla 15 hill ;1ho,·e mill 72 
Plccoptc1,1 sl. l soperl:1. I i km bt!low mill !HOO 
Asellu~ aq11:1.1ic11s I km above mill (i5 
Asellu~ aquaticus 15 hln abo,·e mill :o9 
Asellus aq11a1icus 20 km bcluw mill !!JOO 
Sialis 20 km al,o\'C mill 52 
Sialis J km above m ill 4!l 
Sia !is J km bclm,· m ill 5:iOO 
Sialis G l.m below mill -1:WO 
Fontin:tlis 15 km al>O\ c mill 76 
l'on t i11 a lis below mill 3700 
Water lily, piece of caulis l..111 abo,e m ill J(; 

\ \'atu lil)', p iece of I hi10mc km helow mill !i!!O 

TABLE. 10-V 
EFFECT OF PAPER '.\t!LL o:s: THE Hg co:--.;TE:--:T IN AQUATIC ORGANIS'.\[S 

{THE SA~IC 1·.,1'1'11 ~!ILL A:-.u I.OC.:\I ,n AS IS TAllLL IO- IV-
l\l\1i Rl~L l""RO\I J!Jtij A'-0 1966) 

Malerial L ocality Dale 1-Ig ng/g 
1965 

ll irndinca: 
1-! c lobdclla sp. abo\'e dam 24/8 25 
H clobdclla ~p. b e low dam 23/ S 3100 
Hc lobdcll a ~p. b elow darn 19/8 2600 
1 lclohdell,1 sp. below clam 2o;s· 2350 
lklobJ clla sp. below dam 18/8 1400 
Jnsccta, ·1 ricoptera: 
J lydrop\\ ht' prll11ciclula below clam JR/8 l '.!20 
J lyJrop~\ ht: pcllucidula below da m 20/ 8 1-100 
ll)drops)kc pcllucidula below dam 2'J/ 8 1700 
Pike a 490 g 8 km abO\c Jam 30/ 9 1200 
P ike a 575 g 4 km abon· clam 2719 l 100 
Pike Cj> 2010 g . 4 km ;, b01 c d .1111 . 29/9 JGS0 
l 'ikc 6 5S0 g 4 l..m abO\t: <l,1m 29/9 1220 
Pike 6 300 g 8 km below tlam so·, 9 5i00 
P ike 6 7!!51:: 8 hill IJc:low dam 30/9 !,G,,O 
Pikt• 6 910 g 8 km bdow dam '!.9/ 9 3 100 
l'ihc ~ 1575 g 8 km bt'low dam 26; 9 8000 
Atl a111ic 
1>:ilmon 4770 g 30 hill bdow d,1111 3111\111\11 220 
At lantic 
.tlmon 2000 g 30 hill 

1'16(, 
below dam 3llllllllll 15 1 

l'iJ..c 9 1200 g 20 J..111 hc:lo\\' d.un Sept 9800 
Pi ke !i' 170 g 20 hill bt il"'· d.1111 :-11;:; 6300 
l'ikc ju\' 120 g 20 hlll be low da ,n S,·pt 5600 



l.Iercury containing r iver , oil field brin~s ,therm1.l & min3ral fluids 

may be a n at ural s ource of pollution of surface & ground \,'.lters . 

The fact that the ocean c ontains an estimated 50 r1illion tons of 

mercury suggests that small amounts of the element alway·s mve been 

present in surfa ce waters . 

The potential . .for i ndustrial v,aste rpercury contamination of 

surface waters can be judged i n part from a study of t he use pattern 

of :'!lercury by industry . The norld production of mercury in 1968 was 

8 ,000 metric tons . During t he peri od 1930 to 1970 the total mercury 

mined in the United States was 31, 800 metric t ons~ 39,600 metric 

t ons were imported (t otal 79, 400 metric tons) . It is estimated t hat 

as much as 25% of this t otal (17, 850 metric t ons) may have been 

leaked to t he . enviroIT:nent . 

Table 26 gives data for mercury consumption by various users 

in tho United Stat es during the calender year 1969 . Tne largest 

' comnercial consumption occurred in the manufacture of' chlorine and 

caustic soda, a process thou ght to introduce appreciable &~cunt s of 

waste ~ercury into the environment. For example, Lo.froth & Du£fy 

(1969) estimated tp.at 8 chlorine factories in Sneden lose f'rom 25 to 

35 metric tons of mercury per year. Mercury losses from such oper

ations have been reported in t he U. S . Although considerable effort 
p,-~i)~ 

no"N is being made tor~ their losses of mercury . The second 

largest consumptive use of ~ercury is in the manufacturing of 0lect

rica.l apparatus . 



TAB LE 2G.--.'1, rcury consum]llior1, in l:i/ogw,11.-, i.1 'ilr U11it, d Slr1t,•:, for calendar ycor 1969 and lhe fi rst q1wrler of calendar yrar 19711 

----- --- --- -- -
U6C 

- ------ ----
A,:riru ltur~ 1 _ ___ _ • •• ___ _ __ _ _ ____ __ __ _ __ ___ _ ___ _ - -- • . 

A1nah:arno.tion ____ _______ ___________ __ _______ _ __ _ 

Cutaly-.::t'.'I... · ······--- --·······--- •• ____ _ 
J),.nt:tl pn•parations _______________ ·--·---- _ . 
J•;lc·<•1ricatam,nri:.tU~ ... - -- - --·•------ - ..•• . ••• • 
l :kctrolytic prt p;,r,ltion of chlorine and tllU"ttlf' '}Ocfa. 
r.t•nPral labor.1tory u;,,,_ ...•• .• •••.....• 
)ndustrial and co1a~o1 in!trumcnL1 ____ _________ __ _ 
l'ninL: 

AntHouling .. ....... . .... . ..... ....... ....... . 
Mildrw proofing .. --- - -- - --- - ---· · ·······--- - -- · 

Pa J}('r and pulp rn=-~nufacl ure ........... . - .. ... _ ................. .. 
l' harmareulicals .......... ........ _ ·--- .... _ .. _ .. ___ .................. .. 
OLht::r .... -·--·- ......... .. ... .. ........... ................... .... . 

Primary 

9~. 770 
G.G9:I 

77 .10~ 
,· .3,:1 

.::.7, 470 
(iG 1 ,57,1 
ii~.:,o, 
97. 701 

~ 41~ 
3~7, :lH7 

1:J ,ia1 
12.420 

~~Ill, 73:! 
-

T otnl known ll;.('S ...................... : ....................... . 2,101 .~!1:l 
T (Jtal u:ws unlmown........... .. .. ................ . .... .. ,t,G2:l 

Grand total. . •••.••.••...•.•••••••...•• • :l,1011,916 

1~69 

Hodistillod St•rondary 

~1 
i9.976 4 . ~hS rn .w,~, ~~.,~r, 

13:!,~ti, 52,!HiX 
50.2~f, 

1!1. 1 I• ~. 7~3 
ti0 , 1!*' 22,942 

12, :,.~,'C 
2, 7'1 l 40 . 744 

3-11 ,i~ii !!1-1,fi~fi 
:J,G!ll :10 . 1"x 

3.1·,,,th :?74, i:l3 

---
T otal Primary 

92,77() 26 . ,1 62 
G. 7!!~ 4.o:1r. 

11,i O~I 19 . 9 11 
1%,3t~ 24:l 
G:l,t ,,1t;; 106, 7,~ 
7J 1.~IO 125. 'i!\:! 

711, 4 14 l 'l.6!Hi 
2~t).h l4 16,2~0 

R, 41 X l,t n 
32i , :?67 87 ,X';:.! 

I 9. 2,, 1 9 .2X() 
2 \. 9-;."\ :t.3rn 

~3L~70 140.03r, 
----

2,fi~IJ,5,fi 
~-< .:i()2 . j .j ~ 

2, 72~ ,Os~ '563.902 

1 l nclucic-:s fur.s;i,:-idt--:1 nnd bactcriri<!es frr inrlu~tria! purpn ... ,•"1. 

t The 11..erns clo 11ot. ndd t.o the tot.nl wl,icli has 1.,ecn JOC"rL•,1-:t.-tJ LO covrr nµpro.,imatP tnlal ronsumpt ion. 

------
First q uarter, 1970 --- -- --

H•·di..'f-Lil lc·d Secondary T ulai 

2 1; , 4'i:! 
104 4 . I II/ 
41 4 :!117 20 ;)r,:! 

9 ,832 G.~10 16.2,,1 
20 .4 ~/l 14 ,1>7fi 141 .a 12 

J ,G!I :! 12!.J. 4 1•1 
2,0~6 r, .G!J:! :!0. 4:!4 

20,252 3,0711 39 57:l 

J . 17~ 
b7. " n 

--··621 
9.~,o 

3.416 6 ,:l\ot~ 
5. 175 l . l lJI 14G. al4 

"i : 5~7 .. . a1 :r.20 6 ,f,!j5 

'69.690 :t 4 1 ,C.,;i'.) : 67 1. 6 17 

- --

The vride vaiety of uses of mercury .by Jn'.ln has re sulted in signi

fic ant mercury polJution of natural wat e r b odi e s in many pnr ts of 

the world. I f industri ~l outf alls are not properly scavenged f or 

mercury, or if mercury bearing mat erial s are i mpr operly disposed of , 

s ome of the wa s te inevitably finds its way i nto surface water s . For 

examole, Andersson -neasurod mercury concent r ations of 6 t o 29 ppb 

( dryweigh.t ) in s l udge fr•om Swedish sewa~e- treat~ent pl ants . Obvious-

ly, c <ir e must be exercised i n the disposal of such sludge to avoi d 

contamin <itinr; nater resources . 

Durin~ the surTI"l.er of 1970 , t he U. S . Geol ogical Survey anal y ze d 

more than 500 ~ater simples repre sentative of industrial e f f luents & 

outfa l l s where mercury c onta~inat i on was su spected. Of t he more t han 

500 s amples , 28% h~d l ess than detectable (0 . 1 ppb) mercury concent

r ation s ; an addi tion1l 55~ contai ned between 0 . 1 & 5 ppb. In other 

wor ds , 83~ of al l the samples 1nal y zed had concentrations nhi ch were 

within the r Rnge of public health l;)ervice mercury content allowable 

for drinkin,; wat er supplies despite the f1.ct t hey represented i ndu s t 

ial 'lre'ls . An nfdi tiona.l 1 2~ of tho sa-ni;:iles hn.d niercury c0ntents 

ra...---i3in~ bct··:een 5 <'.:: 100 ppb, less than 5~t had concentrations greater 



thrui. 100 ppb 2,: only t•:o sa':') 1 e>.s of the total h ad concentrations 

greater t h an 10,000 ppb . Sed:Lment s a."'!1ples f r om the Uiss ouri River 

b asin wer e also analyzed for · ,crcury content of t he 15 s amples studied, 

11 h~d mercury contents r1.~zin~ bet~een 40 & 170 ppb . The remaining 

L~ h n.d concentrat ions of 900, l GOO , 3000 &. 3 2 , 000 ppb . 

Conclusion. :!atural surface ·.w.tors contn.in tolerably small concent

r ations of 1:10:::>cury except in areas draining mercury deposits . Indus

trial, agricultural, scientific, & medical uses of mercury & mercury 

c ompounds , introduce additional mercury into surface wat ers. What 

ever its source , the concentration of mercury compounds, dissolved or 

suspended , i s reduced rapidly by sor ption & by complexing reactions 

with clays, p lanl{ton, col lo i dal proteins, htm1ic mat erials , & other 

organic & inorganic coll oids. Thcso r eactiona t end to keep the con

centration o:f dissolved mercury at levels near the normal b ackground 
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UERCURY I N THE BIOSPHERE Inorganic chemical in soil & water are 

the basic substances for living things . In an aquatic environ.~ent , 

such inorganic s generally are util ized by l ovr forms of life ';7hich 

in turn s erve as steps in the food chain for higher forms of l ife 

up the ladder to the vertebrate speci e s, including man. This process 

is thought to be enhanced through conversion of inorc9.11ic mercury by 

certain anaerobes to methylmercury , a more soluble form • • Hou \'las 

this conversion of mercury accomplished? The study of mercurial 

conversion goes back to t he 1.Unamata incident when people died & suf

f ered severe disability after eating mercu.ry-cont amin~ted fish caught 

in r.Iinarnata Bay. T'.ae only source of ~ercury w'ls from a plastic fact

ory. The factory recor d i ndic~ted discharging onl y inorganic mercury . 

Yet chemical an 'llysis of the "9oison0d fish shoned organic methyl :mer

cury. Test of Min amata plastics factory effluent was 1~ me thylmercury. 

In Sweden, Prof. Gunnel Westbo 1965) announced that the mercury found 

in eggs , fish, & some me3.ts was me thylmercury. Where was all this 

methylmercury conin~ from? 

,\ Q l .\ T IC FOOD C:11 .\ IN i, a p rimary 111c,·ha11 i-m l,i "hi,·h mer• 

ruq i, ronc,•n1ra1nl. .\t 1•ad1 1ro phi,· l,•" · l I<'-• 111ern1 r~ i, c:,.,· rl'lcJ 
t l1a11 ingc,ted, ,o 1hat there i. propo>rl iu11:ll d) 111orc 11lcr,·11r~ in 

f1-<>1-, : S<10,,.l,fot. Ai,-~>-•c.o.>. Vol L"\.'j M•S-

~ 
MAN 

al;:ac thJn in 1111· "atcr 1hcy l i, c in. 11111re ,t ill in r,.1, 111.11 !,•<'Jon 
the ..il ;.,Je and ,u 011. l\a,·tcria ancl 1lu• d,·r11) d,.,in I l,ro/..-e11 llrro1cs) 

prv111utc con, cn•iou uf :JII) 1nc-rcur) J>rl· .. cnl into ntclh) 1 111,~rcury. 





Westoo concluded small amounts of i norganic mercury could be convert

ed to methylmercury . in their livers. Without offering proof J ohnels 

& Olson postulated an opinion that inorganic mercury could be convert

ed into methylmercury by md.croorganisms in anaerobic ecosystems such 

as mud in l ake bottoms. In 1967, the prediction was confirmed by 

Jernelov & J ensen. Wood, Rosen, & Kennedi'Jshowed possibity of how 

certain organisms - it1ethanobacterium omelanskii were ab1e to digest 

n1e t allic & inor ganic mercury turning it into poisonous methylmercury. 

Su.~.mary of some steps by which inorganic & compounds are converted in 

nature to methylmercury is sho\m belou. 

''°'f"t.t' 'it.\. _"t'"IG.\-\ o,.... I. •. : 

dlMt.1\., I ,rtvc-r 

METHYL JIIEilCl!HY CO)ll'OC:\DS arc the mo>t injurious ont's. Accord ing to Arne 
J crnclov of 1hc Swcdi.h \latC'r und :\ir Pollul ion Rc-curcl1 Lauoralory. mercury di,rhar j!c<l 
into waler in various form, can ue con\'crtcd b r bacteria in detritus and sediments into 
mC'th yl and dirncth~ l mercury (ri ght I. Phenyl mC'rC'urial, , metal lit mercury and methoxr• 
ethyl mercury (left ur1el bottom) are convened into mcth) I, prinwril) tl, roui;h ionic mercury. 

f...,..,: Sc.i"'-~(I( l't'"-f!Tt<..O.h \roJ. ~-uf Hof. (ro/dw.tut.;J M8r'-"''7 ,~1\t Cil\v1.-.~"'t"1 <pjn) 

After the b~cteria did their work, a long understood process called 

organic complexing spread the methyl.mercury systemically throughout 
~ A 

the aquatic environment . Algae n.te the bacteria and fish ate the alg8.e. 

As the fish grew, so did the methylmercury, for t he mercury h8.d a 

half-life in fish of 200 days . That is, half of whn.t0ver a.'1lount ,-;as 

in-sestcd s_tayed in the fish ' s body for 200 days, the remainin3 half 

st'l.yed for 200 :more do.vs ancl so on. The poison thus 1'7as concontrated 

t 11ousands of times in the :f'ish . )/a ~ '+ ~ ii 
~~ _;,-tl. ~ ~ fa ~ kf-
~ /4:/4 





Men who ate the fish rEltained half of the mercury for 70 days, and 

half of the remaining half f or 70 more day & etc . There w~s plenty 

of tL~e f or the poison t o reach & attack the brain. 

Mercury t ends 

t o concentrate in 

l ivins tissue once 

it has been assimal 

ated & t here i s some 

evidence that t he ex

tent of concentration 

increases uith each 

step up the food 

chain, from plan..'l{ton 

to fish to man. If 

the supply is cut the 

organism tends to 

purge itself of mer

cury, but the effi-

.125 ~---..,..-----,------.----..-----r------, 

1S 

Tl:-..•:::: (DAYS) 

0 

CO::\'\"F:RS!Oi'I of i11 oq:a11 ic iuto metl,~I mercury in ~cdi111c nt ""~ mca,urcJ I,~ ~iircn J,·n• 
sen and J c rnclii,· nl in tl·rrnl,; nftt· r the "ddit ion of JO (trnr) a nd IUO \l.Jlacl:J port,; per mil
l ion o f inoq,:rn i r mercury. At h,"·cr m errnry co11ccnlrJtio11s mcl lt ) IJt!o11 111:iy n ot occur. 

ciency of recovery varies from orga..n to org:in & organis~ to organism. 

One study of fish after 1 0 days of experience to TTater with non l et hal 

concentrations of ethylmercury showed mercury concentrations r anging 

from 4-,000 ppb in nuscle tissue to 22 , 800 ppb in the blood; almost 

complete elimin1.tionof mercury occurred ,1ithin l~S days, except for 

th:it in the liver & kidneys . Similar studies have sho,;m concentratio:n 

factors of 250 to 3,000 ppb in a l gae, 1000 to 10,000 in oce~n fish, & 

as much as 100,000 in other forins of sea life . Birds miich feed on 

fish combine hi:;..1-i intake with high concontr,.,_tion !'actors to yield 

extre:-,io body residues. T'.no eagle oul is a pri!ne exuriple rd th r.,ercury 

contents as hig.~ as 40 , 000 ppb in its fe athers . 



Th ere i s evidence al so t hat e~ch step in the f ood cha in h as a 

ce r tain threshol d f or mercury g_bove ·vrhich permanent harm t o the 

or g1nism occtu;:) In s ome cases , toxic ity app~rently is ca t alyzed by 

synergestic e ff ects of other he1vy metals , such as copper, chr omium, 

zinc , & nickel . Cr i t ical l evels o f mercury in l ower or ganisms , such 

a s pl9.Ilkton, generall y a re thought to be i n the r ange of 5 to 200 ppb . 

al thought some kinds of kelp appear to have tolerance s as high as 
a,'( e.,, 

60 , 000 ppb . The tolerances of fish .i,s... in the range of 20 t o 9000 ppb , 

depending on the p4r ticular species of fish & mer cury compound . Human 

t ol er·ance has not been throughly investigated, but is suspected to be 

comparatively low. 

0 

'l'Alll,E 27.- Lelhal co11cc11lrolions of mercury compo1111Cl-~ for rarinu.~ aquatic organisms ancl man 
{Data summ!.l.rizc<l from num~rous puhlL-;lwU reporLql 

Orr.nnisrn 
I.Nhal 

conrcn ration 
(pph) 

Aquatic or,t:anism 

Bacteria: 
E scherichia coli ___ ______ ____ ___ _____ _ 

0 

Phytoplankton: 
Marine mixture_ . ____ . __________ __ _ 
Scc11edesm11s ___ ___ • __ _____ _______ ___ _ 

Protozoa: 
Jl.licrorc(Jma ____ ___ __ . _______ .. ____ __ • 

Zooplankton: 
Daplrnia 7i/1lcY 
Daplwia may11a_ 

Amphipod : 
l\1arinogammarus mari11us ____________ • 

I sopod : 
l\lcso~phcroma orcgone11s is __ . _______ _ _ 

Flatworm: 
Polycclis ni(Jra _ . __ _______ ____ __ _ 

Polychaere: 
Mcrcicrclla cniomalira __ __ __ • ______ ___ _ 

Mollnsca: Bivalve larnie _______ _ _____ __ ___ _ 
A uslrulorbis glabrat us ____ .. _. __ . ____ _ _ 

Fish: 
Stick le back .• ___ .•.• _. __ . ___ ____ . __ _ _ 

Guppy ________ ______ ___ _____ ____ ___ _ 

Shiner •. 
EeL . _ -
Ch:mnel <:atfo;h 

Rainbow trout__ 

Salmon 

Adult, dcath .• . 
Adult, l'hronic illncs:< 

1 Grom. 

200 
200 
300 
300 
300 

60 
30 

150 

150 
160 

5 
20 
6 

100 

15 

270 

1,000 

27 
1,000 

20 
4- 020 

20 
20 

800 
27 

!)80 
1 , !100 
2,000 
9,:!00 

20 
;;o 

J\tan 

1 I . 0 
I .I 

Mercury compound 

Mercuric chloride. 
Mcrcuric cyanide. 
Ethylmercuric- bromide. 
Phenvlmercuric chloride. 
E thyimercuric oxalatl!. 

l~thyl mercury phosphate. 
Mercuric chloride. 

. Mercur!c cyanide. 

Mercuric chloride. 
Mercuric cyanide. 

Phenylmercuric- acetate. 
Mercuric cyanide. 
Mercuric chloride. 

Mercuric chloride. 

Mercuric nitrate. 

Mercuric chloride. 

Mercuric nitrate. 

Mercuric chloride. 
D o. 

}.forcuric nitrate. 
.t-1 ercuric chloride. 
).fr-rcuric nitr,!lC. 
~I c>rcuric chloridc. 
Ethyl mrrcur~· phosphate. 
).1 erruric thloriclc. 
P henylm .. n·uric· ac·etate. 
Ethyl mrro:ury phogphate. 
l'yridylmcrc·uric- at·Natc. 
). t Prl'uri<· c·hloridc. 
l'lwnvlnwrrurii: at:t'tale. 
).I c>rruric· acct ate. 

:\lt•rc-uric chloridC'. 
Du. 



J.IERCURY IlT THE BODY 
12, 

The effects of alkylmercury in a seed-trt-ttnent 

plant wer•e described in detail in a report of four cases by Hunter et 
(;f,/ 

al (19)-1-0). The clinical fe atures included paresthesias (numbness &: 

tingl ing) of the extremities , mouth & lips; c·oncentric constrictions 

of the visual fields which might progress t o blindness ; loss of hear

ing ; unsteadines s of gai t, loss of coordination; reflexes changes ; 

and in more severe cases , l oss of ability t o speak&: progressive in

t e llectual deterioration . The description of one of the patients in 

the report by Hunter et al provided a critical lead in the recogni

tion of the role of organic mercury in the Minamata Bay catastrophe . 

This patient died years later of pnemnoniA. Autopsy reportedly (Hunter 

& Russell, 1954) revealed the following main pathol ogic features : 

(1) cerebell ~r cortical atrophy, selectivel y involving the granular

cell of the neocerebellum, & (2) cortical atrophy of the area striata 

(calcarine fissure , visual cortical area of the occipital lobe): 

Diagram on page 5. 

Experiments have con.i'irmc d the occurrence of mercury in mammary 

gl ~nds & in mother 's milk of rats fed mercury compounds . Deshimaru 

(1969 ) reported changes in the brains of baby r ats nursed by mothers 

with organic mercury poisoning . Suzuki et al (1967) reported methyl

mercury is more readliy transferred across the placental barrier than 
{&~) 

is mercuric chloride or phenyl mercuric acetate ( PMAJ~ 

Infants can be affected by Mina.'1'!1.ata disease. In a village near 

r.1inam9..ta Ba-v fro·n 1954. to 1959✓ 23 of 359 children born were affected 

with a cerebral p!llsy-lilrn disease . The disease varied in severity, 

some children h'lving 111ild-to- moderate spastici ty & ataxia. ( total or 

pn.rtial in<:>.bili ty to coordinn.te voluntary ,,,usc.ul"lr move ,,cnts ), and 

others hnvin~ severe intcllectu~l ret~rd~tion, seizures , & evidence 



of more generalized brain damage . Several features v10re notenort 1y : 

(1) t he affected infant h ad not eaten c ontaminQted fi sh or shellfish . 

(2) The mothers anparently were not affecte d . (3) The sym:ptons we re 

more varied than case s of I'iinamata disease in .:idults. 

The infants studied h~d abnormal levels of mercury in brain , 

l ivers , & kidney, in the r at io of a bout 1 :7: 8 (a~proxinately t hat 

fotmd in the adult disease). They also showed evidence of hypoplasia 

(a condition of decreased or arrested growth of an organ or tis sue of 

the body ) . and disarrangement & malformation of nerve cells . The 

burden of evidence favors methylmercury toxicity during f etal develop-

ment . 

Drui11 
Species µg/g 

Mouse 28° 
0.'19 

Rat 2.i 
4 
I .i 
0.19 

Rabbit 1.5 
C:ll !) 
n og 3:1 · 
Squirrel 
Monkey 13° 
~f .111 -. .I 

:,• 
J2t 
11 • 
!!.:>· 

•Toxic sigm. 

Sf1ecics 

Mouse 
Ral 
Cal 
D og 
Squirrel 
Monkey 
M an 

TABLE 12-ll o 
METilYU.l ERCURY CO'\CE1'TRATIO~ I~ THE 13RAI:-J AT 

NEUROLOGICAL SIGNS 

N11111ber of 
R a11gc I11divid11als 
µg/g Based Upon Reference 

Jo-GI JO Saito <'Lal. (23) 
49 10 Takeshi ta el al. (27) 

8-1 8 7 T akeuchi ct al (28) 
8-50 5 Yoshino et al. (3·1) 

12- 14 2 Berlin ct al. (8) 
3- 9 2 Lundg1 en, S"·ensson 

12 l H ook ct al. (17) 
9-21 3 T akwchi et al. (28) 

15-66 2 Okin:,ka cl al. (35) 
22-18 I T sucl.i ct al. (32) 

TABLE 12-I 

(18) 

METHYLMF.RCLiRY DJSTRIIIUTION 1:-,i MAM:-.TALS 

Liver KidllC)' nloocl 
µ.g/g Liver/ µg/g J(icl11cy / µg/g Blood/ Number of 

D raiu Brain JJrai11 Animals R cfcrc11cc 

i2 2.6 61 2.3 8 Saito et al. 1961 (23) 
1.7 3.4 1.2 8.5 0.4 0.82 5 Suwki cl al. I 963 (24) 

3.6 14 15 Dcrlin ct al. l 965 (6) 
14 5.2 55 21 44 16 6 Fribtr~ l !lj9 (13) 
16 4 5 1 13 80 20 6 GaA"c J!llil (I I) 
i .3 1.3 2.\ 1-1. 21 12 5 Ul[va1S'1n 1%'.! ('.13) 
0.92 4.8 1.6 21 3 16 -I UJf,arson l !lti'.! (:13) 
2.9 2 2.9 2 3 Swensson I !l",2 ('.!G) 

52 5.8 15 1.7 3 Tal-emhi l !lCi l ,~~) 
12 0.36 3 Yoshino cl al. l!/66 (35) 

JO 0.77 6 0.46 H 0.26 2 Berli n, i'sordh,1g- 1968 (8) 
· 20 4 30 6 I Al1hn;uk IIJIS ('.!) 

1-1 2.8 3 0.Ci 1 0.8 I l.und;;r<·n. ~w,·11-.,,c,n 19 1$ (18) 
3!l 3.3 27 2.3 I l loiik et al. I !lj I (I 7) 
40 3.6 (j(j 6 10 T at..eudli 1%1 ('.!ti) 
2 1 I 51 2 I T sud.1 rt al. 1%3 (32) 

Fro'-, (:.I..._,,., hJIO<.\.t &c .. , t.._..( 
1

f .. G~,;, H R,;'< <>f ... eri.,,..,_~ <"'"'"' "'ll•" "' "'"" <t- h\"-"'"4 ls .- ti-t rt.lo.ll&'\ ~c1 u1«" lto'-y 
9«~ •f "'•11.yl"'<......_rr +-to,i< tf,f<.<f~ (p, U,I -1 .. U) 

" 



There is some availabl0 data on distribution & excretion of mer

cury in man fo llowing oral administration of labeled methyl~ercury 

(.,_
0
1Ig ) t o human volunteers. There W 3.S rapid :upta~rn of l abeled met hyl 

mercury by erythrocytes . The main activity uas localized in the liver 

(.50%), wher eas the head accounted for 10% of the activity . 1.iercury 

was excreted princi!Jally in the feces, wi th lesser amount excreted in 

the urine . Fecal excretion amounted t o about 3-4% the first fe,q days 

& then about 1% per day . Only about O. l ~ per day was l ost in the 

urine . Methylmercury was highl y concentrated i n the hair & epidermis , 

t hese tissues have small excretory r ol es . The biologic half life of 
C 

methylmercury- 203 determined by total body measureme~t was 70-74 days. 

Inorganic mercury salts are less well absorbed than organic 

mercury salts . For methylmercury available data indicate an intestinal 

absorption of more than 90% (Berglund & Berlin 1969). Differences i rJ 

the r ate of absorption & me t abolism, removal 0 fr om tissues, affects the 

runount of mercury entering the brain & fetus. ,~ 
Experimently, in certain plants &i Drosophil a, ore;ani c compounds 

of mercury may produce genet ic mutations & chromosomal aberrations, 

but sµch changes have not been demonstr'lted in test mammals. Hor.rever, 

high levels of methylmercury have produced t e r atogenic effects in test 

animals. C-mitosis , (col chicine-mitosis, refers to the characteristic 

appearance of chromosomes which have contracted more than is usual 

f or mitotic metaph ase &: lie scattered within the nucleus), has been. 
~1) 

demonstrated in cells of Allium cepa roots exposed to concentrations 

of alkyl- & phenylmercury compounds at levels as l ou as 15xl0~1r.r 

(about O.OS upm) . Alkoxyl compounds are less active & require levels 
~1 

higher· '3.S 30xl0 U (about o. 7~1um) for com,)'lrable effects . Althou,,;h 

all the org::mic mercury c ompounds tested produce C-mitosis, tho effects 



Iicthylmercu,.,y is t he most potent a gent lmovm f or causing a cellular 
disturbance called non-di sjunction. When a cell divides, delicate 
structures c alled spindles, sho-::m. a s broken l ines in the drawing , 
pull t he t,vo sets of the ch romos omes to oppos i te ends of t he divid
ins cell. In A, a nornal cell is about t o divide; t h e chromosomes 
are lined. up in pairs a long t he center . In normal cell division, 
shown in B, each d::mghter cell will h ave a comolete set of chromo
sones . In non- disjunction, C, the spin dles ar e da.maged, .and the 
t\10 cells receive an unequal nu..:1.ber of chromosomes . In highe r 
animals this can produce s eri ous birth defects. 



are not identical . Phenyl compounds gi ve rise t o distinctly more 

bridge s & fragment s than do other mercury compounds (Rame l , 1969 ) . 

MethylL'l.ercury & pl1.enylmercur y arc among the most active C-mitosis 

agents knovm, being 200-1000 times more effective t h an colchicine. 

As a result of the C- mitosis action, polypl oid (individual or 

cell with more than 

two full sets of homo

l ogous chromoso~:i.e s) as 

well as aneuploid 

(number of chro~osomes 

i s more or l ess than 

t h e normal diploid 

number) cel ls occur . 

The mercurial conpounds 

c ause C-mitosis tu.mors 

& hook-like growths of 

the root, perhaps re

presenting inco~?lete 

tumorous action. In

organic mercury is 

about 200 times l e ss 

effective than are 

or ganic mercury com-

t 

CHRO:'-!OSO:'l!E D,\:'II .I.GE i , found in pcrrnm with hi ;,h l,Jood lcHb of mercur~ after rx
powre 10 ntcthi I m crrury i n fi, h. Photo!(rnph, of I~ mphoci tcs made h~ 31:dTan Skcrf, ini: 
of th e :3"edi,h :'\atio ual ln , titul c of l'ulilic Hea lth ,ho"' a hroken chro rn o,0111c an,1 ,•:,.tra 
fra gment llop/ :ind three ,ister-chromatid fragment, thJt Ia,·k centronwr e; \bottMn 1. 

t~o ... , S"c--t•f•c.. l"lnt.H CA'\ Vo\ >-"l-~ ..,., ~ldwo(crL.J ~lln:."'1 '" ti,'- t. .. vir, .. ~~T (n '-') 

pounds in the production of C-mitosis . 

In limited experiments with animals , t e r atogenic effects have 

been shorm. t o follow· administration of single hig.11.-levol doses of 

methylmorcury phosl',)hn.te to pregn,::mt r .:1t s on day 10 of pregnn.ncy. 



Th.e treatment re sulted in r educed body rroig.."1.t of offspring &: a 31. 6% 
21<:\ 

incidence of c left pal~te (Oharaza~a, 1968 ) 

Information on l eve l s of mercury in brain tissue of htunan beings 

has been obtaine d fro~ individu~ls dyi~3 after acute exposure to 

methyl.mercury . Val ues r anging from 3 to 4)(g/ g of brain tis sue h ave 

b een reported (Ber gl und~ B~r lin, 1969) . 

Takeuchi (1968 ) i ndic1t ed that the neurones t hrough the cerebral 

& ce rebell1r cortices ~ay b e affected, but t h at preferenti~llv cells 

i n t he calcarine & precentrial regi ons OL the cerebrum & in the gran

ular l ayer of t h e cerebel l um are involved. The intensity of exposure 
0 

& t he age of the patient play some r ole in the distribution of lesi ons . 

In fl'Ii namata, 3 patients had leve l s of mercury in the hair of 515, 

565, & 763xg/ g , respec t i ve l y , ~ 15 me~bers of their famili e s had 

level s r angi ng from 15 t o lµ.2 11 g/g. Bl ood samples do not appear to 

have been obta ined a t the time of intoxication. In t he Niigata in

cident it appears t hat t he lo\·1est blood l evel at TThic"h. symptoms were 

observe d wer e of the orde r of 0 . 2 Jfg/ g of blood & more than 200)1 g/ g 

of h air. Again -r,·1e do not lmow t he degree of exposure of the individ

u a l be t ween t he times of exposure an.d onset of sym:,>toms. In the 

Minrunata inc i dent it h a s been calcu lated t hat severe intoxi c ation 

\'7'1S ure sent at hair l eve ls equivalent to 700 Rg/ g (Skcrfving e t a l 1970 ). 

In the c ase of victims of the accidental U. S . uo i soning (1969) 

se r um l eve ls r athe r t han nhol e - blood l evels ,.7er e measured & t h e s e 
. 

,1ere 1.bout 3 1--tg/g, a s was t h e l eve l i n one snec imen of cerebrospinal 

fluid from an a f fe cted ch ild . Concentrat ions of mercury in t he hair 

wer e de t orMined & wer e as high as 2000-H g/g . Urine leve l s , cons i der ed 

undeucndable, vrnre reported as about o. 2 ppm in the 3 cases . 

C. 



FIGURE l. Rela tion of Methyl Mercury Loveh; in Blood lo Physical H0zard 

Cons umers ol Mercury 

Individuals who have died from 
mercury poisoning. 

Japanese with observed symptoms of 
poisor.i ng from finh consumption 
(N1igata). 

Swedish group in which chromosome 
b reakage was observed. 

Finnish people who consumed large 
amounts of fish and had no symptoms. 

Swedes in polluted area who 
consumed !urge a!".lounts of fi sh and 
had no symptoms. 

U. S. "Weight Watchers" who com;umed 
large amounts of tu1~c 

No rmal consumption - a segment of the 
Swedish population. 

·*t:;olated case in which low level found. 

Sources: 

' 
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HISTORY OF i.lERCURY I,Tercury & cinn·.-,.b3.r (JI -,:J) !rn.ve been lmovm &:. 

u sed for more than 2300 yertrs. The first re . _)rJcd mentj_on of mercury 
,n 

was by Aristotle in the 4th century D. C., ,·frH.m it was used "religious 

ceremon i es . Earlier , man is lmorm to h'lvc -..- 80J vermillion (cinnabar) 
II 

as a decorative & war p'lint 11 (cosmetic) & 1.ma0ubtedl y in religous 

rites . In the 1st century Di oscoridcs Ped-=i.r'dus , a Greek physician, 

and Pl iny used mercury as a medicinal ointTic_.t. From the 6th century 

B. C. on the Egyptians frequently mentioned mercury, its uses & Prep

aration, !:ls ,s;rell as its amal~a'11s v,i th tin cc COj)')er. Amal gamation 

(f ormation of a ll oys with mercury ) evidently rms kno-rm to Pliny, who 

referr ed to the use of quicksilver in recoverin~ n ob l e metals from 
C 

the ear th & in gilding . Rh2ze s (852-932) I'esue (925-1015) & Avicenna 

(980- 1037) used mercury ointment & bichl oric3e of mercury in tre a ting 

itch & various other skin diseases. P'.lracel sus (14-93-15!.µ ) introduced 

the treat~ent of syDhilis uith mercury Cone ni/"l'.,ht on Venus one year 

on ·T Iercury~ • 

Until 1557 \'7hen Bartolome De Uedina invented the patio process 

for the recovery of silver by amal gamation, the consumption of mer

cury was sr:1all c.:. chiefl y for medicinal &, c osmetic purposes. However 

following t h e introduction of t h e patio process, large quantities of 

mercury were used for amal ga"'1ation in I.Texico, Peru, &c other countries. 

The introduction of mercury into scientific research occurred in 

164-3 with t he invention of the b arometer by Torricelli , who used 

mercury to deter:"'line the pressure of t h e a tomsphere . In 1720 Fehren

hcit invented the mercur y thermometer. Prof. Braune of St . Petersburg, 

Russia, fir s t succeeded in freezing mercury in the ~ inter of 1759-1760 

~c this event marked t h e acceptance of mercury as a met al . J c•seph 

Prj estley (1733-1801-1.) initiated another i mportant scientific use of 

C 



mercury by seal ins off watcr·-solubl 8 r;ase s in gas analysis . In 1799 

Howard prepared mercury fub1inato i.:r.ich, used as a detonator for ex

plosives, has played a n in")Ortant. r-rrt in peace & war in the his tory 

of nations . 

Prior to 1850 thr ee cro'lt m:i.r,n s dominated the world pr oduction 
,I 

of mercury; the Spanish Ah1 '1.den; the Idria, n ow in Yugoslavia; &. t h e 

Santa BaPbar a in Peru. Since 1850 four distri cts , t he Almaden, Idria, 

Uonte 11.rniqt a , & Ca liforni s. , hav e do::linated uorld mercury pr oduction. 

Almaden, Arabic f or 11 the mine 11 is in t he prov i nce of Ciudad Re a l 

in Spain, about 150 mil.es Sf"\Uth,est of ?, adrid . Eercury production 

began about 700 B. C. under the Phoenicians ~/or Carthaginians vn~o 

were the first t o d i sti ll mercury on a com:nercial s c '1.le . Since 1500, 

t he first year procucti on for the AL~aden mine uas recor ded, the oper

ation h as u r oduced over 7 mil lion flasks of mercury. A flask i s 76 

pounds of mercury . 0 

The I dria mine , a t one time in Austria, l~ter under Italy & now 
,I 

in Yu goslavia , h '-1s the vmr.ld I s l ongest production ne.:?(t to t he Almaden. 

The mine is in the foothill s of the Julian Alns , province of Slovenia, 

a long t he I dria Rive r . Since 1l.j_70 the mine h a s produced over two & 

one -half million fla sks . 

The Sant a Barb ara mine , depart,nent of Hua.ncavelica, Peru, was 

formally the worlds third l argest mine . Pr oduction \7!:l.S begun b y the 

Spani ards i n 1566 & the p i ne p r oduced nearl y one & one-half million 

flasks until 1790. Only n eglig ible quantitie s ~ere produced thereafter . 

The r,1onte Amiata is a district rather than a s ingle nine . It is 

about 75 miles north of Rome . The first uor1dni:;s ,"!ere by the Etrus

c 1ns, but rediscovery TTas not ~ade until about 136q ryhen the Siele 

mine w'1.s found & reouened . Total ing the output of the Idria mine 



Table 5. \\"orltl Produel ion , n·ury, l!l:.!:i-1\Jli\ i11 fb.,b (7(i lh ) (i-i) 

J!J:?:i 1n:io l !J:fi I!J.H) ]!1-l .i 1 !l.-,o 1 i1.-,.; J()(i0 l Hh-)' 

Norlh Amcrie,t 
Ca11111.h 2 , 0:.!.Jb 

~lc>xim 1,1 :n .J ,!l-Hi (' .,--
l 1 - I I 11 , (i,-,3 Hl,-1-t:l ., -·-., ' I,> I :.!!l,)'o.'- 1 :.!0, 11-l I'-. ll{~) 

l" 11iti•d :--l:ilc·s !l,O.i:l :!I , ,-,,-,;! 17 I .-,is :~7, 777 :in, 71;:1 -1, .-,:i.; I'-, i1:,.; :; t :!:l:) ' " · 7,~, 
i'o111!t A11writ·a 

Bo livin (t•xporh) :?.iO 3 
( '!tile· 1110 '-Ii:.! :111 :·,:?ti :.!, 'i71i :!110 

l'<•r,, :!1)!1 11'- .,.o:n ::, lttkl 
J-:11n1p(: 

( 

01(•,·h,,, Joval,ia :!, 1:..~1 :! . fllill :! . 01) 1 :! .. -.~'..! .J:~.-1 -.,-' _., -.,-
'-·' 

-.,-'_., -:'.!.-, 
( ;,,r111:111y I lli n:,7 
I 1,d_,. ;>::, I;'\! ) :,ti.11\i!I 'J)-, , l!IJ !l l .:.!::o :2.-, , -110 .-,: !, : 1-lli ;,:l. ;,'21, :·,.-l • •I~ •'.1 110, 0()1 I 
:--pai11 :;7, n.-,2 l!l.:!:!I :i:, .. -,.-,\) .-,:!,:.!1 ·1 -l fl , ti! 11 .ii ,,-.;11-.; :l1i.:.'::1 .-,:;, ::nH ti6 0()1 I 

1·,:-,,:--,1:. :2/17 :i, :.!7)-, S,700 S, 7011 7 , :11111 11 . till() I:.'. :11 HI :!.-,, lltHl 35,111111 
Yngo~!:tvia ~, S71i 14 .Ii 1!1 14 . 5l ti I 1 , llti! t 17, \) ~, 

A~i:t 0 

China \):, -.,-,_.) 1, :H:l :l. -111:5 I .'-:!'- 1.-1.-,11 11 .Jilli ~;;,1u .. , 1'3,000 
•
1 0l p: ll I:!! 1-l)'o. :, , :111-l :{ 1 I :;!1 1,::1:.! -1. ~'Ill :1. 7!tl 4 Gui 

Ii:;.·• :; , 11 11 3 .000 
Turkey !I~ :i:37 :!.i .j(ll) ,.-, .... ~HI l , :;:J!l 3, 000 

Africa. 
Algeria. .-,,3 32.} 7UJ :tm 
R• P"bltc of Sou.ch Afr ica .JJ ~.-.:z 

to~Ji' 1'l,Plf, J(l\1 , 0(1() Hl0,00!1 21G,000 l 3:l, 001) I.J:l, 000 , ..... i , t 11111 :!-l:!,000 :!75,000 

~ £~ti~ate ~Total C,.;i nadian prodnl't:on lDHl-10-U, was 54, u:!3 fln~k~. ' Pro<ltt<·t ion from "o1 her 1:onn1 rit's" i11c-l11dcd . 

f,.. • .., ! Kiri< - O't~- ... E"'''f-'op...ti, •t <:l.~-.....,1 Tec.k"4lo,-f Vo\ 13 Pi; 1'1-S . 

0 



when it was I t alian, Ita l y produced about two & one -h alf :r:iillion 

flasks of mercury. It is i nteresti ng to note a c e1rly 1700 a citizen 

of the toYm of Finale in Italy sought an injunction n.g,:i.Jnst a factory 

making mercuric chloride because its f w:1es wer0 ldllir,; neople in the 

to1im . 

Production of mercury in the United States began i:i.1 California 

about 1850 & reached a peak of 80,000 flasks ar.1..""luaJ.ly in 1870 . Its 

early history was closel y associated Yii th that of gold t; the develop-

ment of gol d mining i n California. Production for the period 1850-

1957 was 3,100, 000 flasks . However, in 1967 U. S •. p.oduction· was low~ 

See•t·able s below on worl d production of mercury. Lower table. OV'I pege G'-f

show~ e..si.im'<l~d tr-el"lds_of me.ctAv-y Ll5e.\ V'\ U.S . 
Table 11.- \\'o rld production of mercury, by countries 

(Flasks) 

Country 

Boli,·ia (exports). _. __ ...................•. 
Canada __ _________ _____________ . . ___ ___ _ _ 
Chile ... .•.•.•• _ ...• __ ._ .... _ .. __ ..•..... 
China, mainland r _____ ___ _____ __ _____ ____ _ 
Colombia ............• _ .• _ •••••• . .. • • _. __ . 
Czechoslo\'akia ____ ____ ____ _____________ __ _ 
Italy . .. . _ ..... __ .. ___ ....•...••••••.••.. . 
J a pan ..... . ______ ... _ ... •••.••...•• .... .. 
~IPxico .......•..... - - ..... - •. - ··---· . . - • -Peru __ ______ ___ ______ __________ _________ _ 

Philippines . . .....•.• • . •.•........• - .... . . 
Ru mania ____ __ . __ . __ . . __ __ ___ . _______ - . - -

~~~~~ia _____ . __ _ . ___ ________ - -- - . - .. - - - . -
'fur key _______________ ____ _______ - - - • - •• - -
U .S.S. R . • .... _ ... _ . _. _. ___ •••.... • -- .. - -- • 
United States .. ______ .. ___ ____ ___ __ - . _. _. -
Yugoslavia . ____________________ . _ - --- . ---

1964 

I 32 
73 

267 
26, 000 

3 
775 

57,001 
'4.972 
12 . 561 
3,275 
2,496 

194 
78,322 

87 
2,615 

35,000 
1~, 142 
17 .318 

1965 

52 
20 

'435 
26,000 

46 
8::!5 

57 ,3::!0 
, -1,6~9 
19 . 203 

3 ,117 
2,384 

191 
74. 661 

174 
2 .755 

40 . 000 
19 .5b2 
J G ,•119 

1966 

4 
---------

9G 
26. 000 

f ~9 
875 

53 .5-:9 
4 . 846 

• 22. 104 
3,166 
2,443 

190 
70. 05·1 

25-1 
3 ,•120 

40 .GOO 
22,008 
15 .S96 

------------
'Total '···················· ·········• 256,133 ' 267 ,873 ' 264,994 

• Estimate. • Preliminary. 'Revised. NA Not a vailable. 
1 Purchases by Banco ~! inero. 
'Tptal is of listed figures only. 

1967 

I 145 

184 
20 ,000 

I 210 
900 

48 ,066 
'4.617 

' 14,413 
2 .9,0 
2 ,61 I 

190 
49. 227 

292 
'4.147 
45,000 
:?3,'i.~4 
15 .890 

•232,656 

1968 • 

134 
• 5,000 

5 13 
20 , 000 

2S5 
900 

52 .215 
5 . 0~9 

• 13,230 
3 .125 
3,506 

• 203 
5i, '.!ij:! 

• 300 
4 .320 

-15 .000 
2S.S74 

• 15 . 55d 

255.474 
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PHYSICAL PROPE-aTIES 0-.s' i.1iERCliRY Mercury, has an a t omic number of 80 , 

ato:nic weig}Jt of 200 . 61, i t is t h e only metal which is liqui d at ordin

ary temper2.ture. Below it~ n elting point i t is a white s olid & ab ove 

its boilinG point i s a colorles s vapor. Its symbol is Hg. from the 

Latin hydrar;y r u.~ me 9.ning l iguid silver. Some feature s of 1nercury to 

which it -one s its sc:i.cntific· & industrio.l importance are as .follo\·,s : 

m9rcury h ~s a unifor--1 volu.me expansion over its entire l iquid range 

TThich, · in conjunction with its high surface tension is unable t o ,,1st 

& cling to glass, make s it extremely useful f or baromet e r s , manomet er, 

& therrnome t eI'S as ,:1ell as many other measuring devices . '.l'his ability 
0 

is also erJ1anced by t h e liquidity of mercury at r oom temperature . 

Mercury also has a pr opensity to forn alloys (amalgams ) with almost 

all other net als except iron & even with iron at high temperatures. 

The low electr i ca l r esistivity of mercury also causes it to be r ated 

as one of the best electrical conductors among the metals . Uercury 

has a high thern~l neutron capture cros s section enabling it to absorb 

neutrons & act as a shield for atomic devices , while its high thermal 

conductivity also permits i~ to act as a coolant. 

At ordi nary t e~pe r ature s F.erc~Lry is quite stable & doe s not 

react uith a ir, ammonia , carbon dioxide, or oxygen. I t combines 

readily 1'1ith t h e halogens & sulfur, but is littl e aff ected by hydr o

chloric ac id & is att 1.cked only by concentrated sulf uric acid. 

Either dilute or concentrated n itric acid dissolve s mercury; forning 

mercurous salts when the mercury is in exce s s or no heat is used & 

mercuric salts '.'Then excess acid or heat is used. i:ercur y doe s react 

with hydro~en sulf'i de in the air & should be kept cover ed. 

" 



;:c:-rcu.ry ranks about 16th from the bottom of the list of element-s 

i n qbundanc0 in the ·earth & comprise less than 30 bil l ionth of the 

e arthts crust. Ther e are ohly a limited number of mercury mineral s 

& the only one of commercial significa.nce is cinnab8.r, mercuric 

sulfide , HgS, from which has ~ome practica lly all of the world ' s pro

duction of mercury . Small amounts of native ~ercury are occas i onally 

found associated with cinnabar & metacinnabar, a sulfide in \7hich 

part of the mercury h as been replaced by i ron or zinc. 

Eercury ore is mined by both surface & underground methods; the 

l atter furnish almost 90% of the United Stat es production. The ore 

is broken by conventional drill i ng & b lasting, removed by scrapers , 

mechanical loaders , or by dropping to draw points from uhere it is 

trim:~ed or hoisted to t he surface • . Open- pit surface ~ining is accom

plishcc.l by norn1al drilling, blasting, &: l oading . ·Mercury mining gen

e1"ally presents no special problems other than those due to the er-
0 

ratic distribution of the ore bodies. In a few mines explosive gases 

& excessive heat require special a ttention. Operations in t he United 

States mine as much as 300 tons of ore per day at underground mines 

& 175 tons per day in open-pit workings. The average grade of mer-
o 

cury ore proce s sed in t he United State s is about 8 lb of. metal per ton 

in underground mine s & 3 lb per ton in opencast mines . The underground 

mines are larger, more expensive operations & must yield more mercury 

to be economical • 

.The most common metallurgical process for recovering mercury .is 

that of roasting vn1ich is essentially a distillation process, . It con

sists of heating the cinnabar to volatilize the mercury followed by 

condensation of t h e vapor. ~ither mechanical furn~ces or retorts are 

used to res.st :1crcury- bearing materials . The significant diffarence s 

in the t~o types of roasting are the furnacing is a continous opor-



ation - the mate:r'i'll is he1.ted directly by the gase s of combustion & 

the volU"'je of furnace gas is large , v7hereas retorting is a b atch opera

tion, t he materj_al is heated indirectl y & the volume of ret ort gas ls 

small. Except for the ty:9e of f1.:trn?..ce used, mercury recovery p l ants 

are essentially t~e s ame . Each p l ant has f acilities for storing, 

crushin.'.}, conveyinr;, & feeding ore; a :furnace , a dust collector, a 

condensing syste~ , a gas fan, a gas touer & stack; a calcine bin; a 

hoeing r.iachine ; bottling equipment; and apparatus .for regulat ing & 

controlling t he pressures & temperature s t hroughout the plant. 

()o)()I) 

ECOITO;~ICS OF I.JERCURY World economics reserves an odd place for 

mercury; as a metal it cannot be replaced by any other met a l . 1Jercury 

has unique properties & these properties have c aused ~~olific ·dev

elopment in the uses of mercury, particularly in electrical & electro

nic instruments & apparatus. 

Previous t o World Ylar I, mercury was not consistently an indust

rial cormodi ty; that i8, . :!. t .failed to be affected by market trends & 

price fluctuations. Tvm wars , t he civil war & t h e Spanish- American 

war,failed to alter this p9.ttern. Prior to 1914, mercury r;as chiefly 

used for the r 'ecovery of gold & silver by the a:;,:,rn.lgamation pr ocess. 

The oxides had occasional import ance as a pigment. 

Vercury mining in the United States comtnenced during the Calif

ornia gold rush & the demand caused output t o nearly equal t he combined 

output of the 2 chief rivals, Idria & Al maden. Th.is mctde the United 

State s the world I s largest producer of !:1.ercury for s o~.1e time . For 

the l ast f0,1 years the Uni tecl States has been only a minor producer 

(see ·:rablon Ii) paae 1'&) . 



The first violent fluctuation in the price of mercury occurred 

in 1915~ Due to spe culation, the price r ose t o $285 a flask (76 lb) 

but soon dropped sharply . The price during WW I was fixed by the 

government at $105 a flask . Considered a high price at the tirne, it 

caused an increase in domestic pr oduction but not world production. 

Idria, belongin~ t o Austria, was in enemy t erritory & Spain encounter

ed shipping difficulties due to a shortage of shipping . The price of 

mercury followed economic highs & l o\'.rs during t he between- wars period . 

V~V II caused a sustained period of high prices pegged in the United 

State s at $191 a flask. During this t ime \7orld production reached 

275, 00 flasks . :uercury from Almaden Ee Idria was going to the Axis 
0 

power & the Allies were forced to rely on mercury from t he western 

hemisphere. United States pr oduction rose to 52,000 flasks a yea:r . 

Canada, a non- producer for 40 years, contributed 55,000 flasks & 

1.~exico also contributed heavily . Earl y in 1944 t he U.S. government 

canceled its purchase contracts. The price of mercury dronped 50% 

and Canadian production halted. In 19+5 use of mercury & price were 

both hig..h. due to development of the 11r.iercury battery"> the Ruben

:.~allory cell . 

At the end of 19l~5 a ccumulated stocks of German & Japanese 

mercury c rune on the market , & the price dropped until the Korean War, 

uh.en a spectacular incre~se again occurred. The conflict in Vietnam 

by the end of 1965 has not seemed to have had an effect; horrever , 

1965 saw record prices & uses . Th.ought probably due to the installa

tion of many new caustic-soda- chlorine plants usinG the mercury-cell 

process . By this time electrical & electronic uses ,1ere the major 

consu.~ers of mercury. 

C 



• 
In 1968 mercury connsumption rose by nearly 6000 flasks , led by manu

_f acture of electrical appar atus , particu l arly mercury battery cell, 

caustic-soda-chl orine pl ants & mildew proofing compounds . 

cater gories account for 60% of the t otal mercury consu_~ed. 

0 

,
z 
w 
u 
a: 
w 
a. 

"' .,, 
"' 0 

D 

I 

"' ,-.. 
.., 
C 
0 

" :, 
0 

= ,: 
.... 
;:: 
z 
< 
::> 
0 

1 2 0 

100 

8 0 

60 

4 0 

2 0 

0 

US. industria l consump tio n 

/"\. 
I ,--, , 

US. mi ne production / " _,_.,,' 

/ ' ,,.,,. _,,.,- ,..,,,,,, 
,,-

,/ 
0 

Figure• I . T n·nds in p roclunion. ronsu m ption, and price of mercury. 

Table 1.- Salicnl 111c· 1..-11r) , 1:11 i,1i.-s 

Cnit, ·d ~tal,-s: 
Prodm·in~ lllllH':i 

Pr11dtu·1 ion 
--------- - -- - ... 

. _ 11:L•ks •• 
Valt1•• 

1•:'(Jl<trl'-; 
ltH•XJ1or1 :-. 
Import~: 

--···-··- 1huu-.;a11,J ,. __ _____ _ . lb ~k~ . 
_. _ do •. 

For , ·ritb umpti1111 do .. __ 
G1 n,·r:al d ,, 

~H•<"h~ I), r. :t I do 
Cn11.:..u111p11,111 • , lo 

\\"orl~;~ll'l : ~\-" \ urk, ,1\\·r:t~!l' rwr 11., ,I. 

l 1 rodu1·ti1111 !Ll . ..tl~s. _ 
Pr1t.:f: J.q1tdo11. , l\"1•r;1i~l· I'"' lla,,t.. 

l !J•i l 

, :! 
1 1 . t 1:i 
$ 1 . 1.-~ 

h , 
1:11; 

ti , I ~.a 
11 111·, 
17 :t•1.! 
,1 ·1. 1 

$'.ll 1 ,:, 

:!;,_ .. , I :1:1 
$:!":.: . .!;, 

I "• 
I !+, ;,,;,! 

$ 1 1 . 17•; 
7 .:1 l.t 

1!11 

Jli ,:!:t)', 
17 • ... :., 
:!u.::,,, 
-;·1.:.,,0 

$ .~o. •·• 

:·,. ~-::, 
$♦,,,· • • :-., 

I 'Ill 
:! • .on, 
s:, :, : .... 

:L,7 
1·,·,; 

:11.:i,;i 
:I I ; ;,7 
•o ,..,,, 
,1 •. ,11:1 

$111 7~ 

~ •, 1 ,!111 I 
$ I l"i t,"'I 

I '' 
:!:t 7=" 1 

$1 J .ti:t!I 
:! ,fi'.'j" 

,r;;, 

:! 1,:1 1, 
:.!:t ."-!t11 

1, .!!7'7 
1,!t -.1. 

$1.,.!I ,!i, 

:~:' :! . " ,, ' 
!-,1:1?, .a1. 

,7 
:!"< .... 7 1 

$1.,. l•i I 
7 H11 : 

)1)'.t 

:!!L:.!-11; 
:!.t, 11 ~,,, 

:! I bl 
j,I I ":! 

~-,.f.1,:11i 

~-- • 1·; 1 s:,1,: .,u 
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Table 5.- :\lercu ,-y consumed in the United S ta tes by uses 

(Flasl:s) 

Use 19G,I 

Agriculture !includes fu ngicides and hactericitles 
ror ir.du.strial ,_,urposes>----· ··----- -- ---------- 3,1.;.; Amalgamarion __ _____________________________ -- 30S 

Catalysts---- -__________ ___ ___ ___ ____ __________ 656 
Dental piCparationi:: t____ ____ ____ ____________ ___ 2 ,612 
Electrical apparatus'------ ----- --- _____________ ' 14 .331 
Electro!ytic prc•p3r3.tion of chlorine and caustic 

soda_ . ___ ___ . _. _ .• __ • __ ••• ___ . __ • ___ • _ •• _. _ _ 9. 5 72 
Gene~:;l laborato:-y usf.": 

Co:r.mC>rci..il •.•.. . ••• •.. . ... _______________ 1. r,,:1 
Go-.-lrnm~nt . _. __ ___ ___ . . . .. _____ .. __ . ---- l ;, . ";'.p ; 

l nd\1$~-ial and control instruments 1_______ _______ -t .9ii 
Paint: Antifouling ______________________ ____ __ _ - - -

~U!d£'w prC'orin&- __________ . ____ .. • __ ----- . . 
Paper :i:.d pulp manufacture ____ ______ __________ _ 
Ph:irrr..:?~rutic.-ah: __ _______ _ . __ _ . --- -- - . - - - -- -- . --
R r-dLs::ll<cd '- ____ ________________ - -- - - - _. ----- -
Othf-r .., __________________ ____ ___ ___ _ __________ _ 

5;7 
t 5, fltitJ 

:! . 11:-
r 335 

11. (i~j 
7, -;:34 

T otal_ ____ __ __ __ ___ __ _____ ___ __ _________ SJ . 35-1 

, Rf-'":.srd. 

1965 

3. 116 
26P 
92-1 

l .619 
' JG .097 

8,753 

I . 119 

~55 
r S .211 

1;Hl 
r -11~ 

12.131 
15.-102 

1966 

I ,932 
1.334 

r ltl .257 

11. 5~1 

1 .5G3 

4, 097 

140 
. :- .::!,o 

,;1 :.? 
I :!3:! 

7 .:!137 
l b .ti3:! 

71 ,5fl9 

1967 

3,732 
219 

2 ,4,9 
I .359 

' 1-1 .610 

14 .306 

I. 133 

15~ 
r 7 .0:!h 

Ho , ~ ... a 
7 .3,l-l 

l :!.5tl3 

69.51, 

1968 

3,430 
i •~7 

1.914 
~ ,C,,9 I, ,4S-I 

lo , -1 53 

3~2 
[ t).17 -1 

-iii 
:~-i 

... ,:!5~ 
-; .~-l b 

1 Dob not inrlude redistillc•d, 
: A b:,•akdo·,.,.n o f the "rc:di~til1£-d" t: la,sifiration showC'd a,·cir.1g~ or -1.i pc•rctmt for instrument..:, 1,; pi':-c'-•nt 

for dt"ot:il pre-pa:-.:it ions, 2:! ,.wrctmt for Plt.•Nrieli appara~u..:-, ar.d 19 P'-'!'t.'t"'nt f1.1r all othN _ll.:i,1::: m l~•tl t-,ii, t·o:r.
pa. r1,:-d " ;:h -19 p,-·:c.•1nt for ins trumt'.'nts, l:! Jlt-,.rcent for CN:t.d pr..-;,:t:-:Hi..."'ns, 2b p,,r,"t.·nt for t?lt't·tr!C'al apparatll.3 
9 pnc::nt for g,.n .. ral laboratory and~ µ1.•rcdll for all oth1 r ~t•~ in 190.S. 

1 Inr-ludes mcrcury used for installation and expansion of c:hludn~ caustic soda plants. 

ToT.\L WoRtD PnouUCTJON OF :\h:1«THY AXD Tm-:xD,; 1:-< U. S. UsE 

Tota l " ·orld production 
T r<>11<l~ in use:; of mercury in U. S. 

Agricultural use 
,\malg:amal ion 
C:1talys1 manufnnu rc 
])r11tal' 
Elrc!ri<.'al eq11ipmcnt
Chlo r-:ilkn li plnnts 
J,3 hor:llo1-y u:;c" 
l nduslri:11 co11t rol~~ 
P aints 
P aper :1nd pulp 
Phnrm:,c·euticals 
Othcr·\t~esd 
Not acrou11 te<l for• 

Source..-; and ex po rt of lllercnry in U . S. 

U.S. d,1mc~li<.' minrs 
I mpo1 ll'<l 
GSA "!!Ir,, to i11d11~lr~-! 
c;::;_\ lr:m,fcr,; 10 p:ovt . :ip:cncies 
G~. \ I r:111,f er:; 111 i 111 crna I ionnl 

redt',-clop1nc11t 
l :<"di::-tilkd• 
~(•c-ond:i t_r re,·overyh 
(;::.,,\ ;;:to<.'k 
Exported 

, 

J!JOS• 
(tuns) 

9 ,83G 

130 
10 
73 

11 G 
74G 
003 
75 

202 
401 

16 
16 

30-2 
12 

286:1 

JOU7 
910 
74.'i 
GS 
!J l 

310 
402 

SG 
2S!l 

l!JG!)• 
(tons) 

10,SS:i 

102 
7 

112 
JIG 
710 
78S 

78 
265 
370 

21 
27 

3GS 
-12 

3000 

10!10 
ll 6-1 

J ] 7 

380 
-102 
;i3!) . 

J!l 

0 

Es limntrd 
1974- J!J75~ 

(tons) 

101 
9 

89 
14.J. 
663 
SG9 

79 
351 
407 

9 
25 

22G 

317:.l 

:;:.;uTE: Tltc-c \':1 li1(•~ do 1101 inl'i11dc any mcn·11ry h(•ld I,~- (;cncrnl f:t'rvice,, ..\dminislrntion o r 
Ato1ni t L:1u:r~)- Cu111111i-,-it111. 

"U.S.U.1. Burr:111 of ) l inP.,, l ' :-:(;:--,: J!IGS + l !JG\J Olt•1·r-m'\')_ 
b Trr11<l, i11 l',:1~<' ,,f ) IC'rr·111y, :\'atit,n:d :\ l a l<•rial., .\1h·i,,,;._,. Bunni, :\' 111i11n11 l Hescnrcl1 C-<.Juncil, 

Wa, hi11g1,111, J J . C. 
' J nd11dc-- n·di,1 ill,·d llll'l'C'lll'\'. 

d lr l<'l11d,..._ purd1:r-,, for t·xp:111,io11 all(! new ehl111·-:dk:lli pl:1n1~
' )11•!\' II!_\- , ,·hi,•tly flHlll , 1'("111td:11-~- !"1'1"11 \'l'l'~'-\!sl'" lilt\ -!l!'(·ific•d. 
1 ( :(•m·r,d ;--p1•,·i,·,·, .\drnini,q rat inn_ 
• Thi., lllt·n·ur~- i, i1nr11 '!th,•r so111·,·,·~ and i, µ:i\'t'II :11l,li1i,.11:1I p11rifi,·:11io11. 
> T hi,- 111c-1t·11ry i, ll'<11,·1·n·d fru111 h:rt1,•1y ,t·r,q,, d1•111:il :1111:il~:1111, :,11d niltl'r rcpruc·p,-scd !<01trc·1•.,, 

r 

\tot 4 N•,I 

0 
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USES O:? i'ERCURY It h!ls been est in'.lted t:1'.lt the total number of 

mercury uses must be closo to 3 , )00. Detaile0 d~ta concernin~ s~eci-

fie apulic~tions ~re difficult to co~,ilo. Complic~ting the situa-

tion i s the f act that consumpt i on of ·1crcury h1.s incre ased steadily 

t h rough the years. And · certain uses huve ,·;ithered away & nev, u ses 

have t aken t heir pl1ce . 

Agricultura l uses include the ma.nufacturc of ger:nicides for ·; 

treating ~ storing seeds , for weo d control, & f or fungicidal frui t 

s pr ays . Tnis category also incluc1o s t '-1.e uhenyl mercury compounds 

used in fungicide s & bactericides to pre s erve textiles~ in other 

i ndustri"ll uses, 2nd as slb1icides in the pulp & paper industry. 

With the exception of iron almo st all other metals can be amal ga

mated (alloyed) :7ith mercury. - ;·any -1.ercury co"'1pounds , especially 0 

the chloride , oxide, sulfate , acetate , & pho sphate , are good catalysts 

f or many chemical reactions. I.:ercury is u sed in e l ectrical apparatus , 

i n mercury lamps, in mercury batteries. It is used as ?-1edicine ; in 

barometer, thermometer , casting process , etc . 

the uses and flo .. , of mercury . 

IMPORTS 27,~ u.s. :.:1. ·1:--G ri::srnvc:s 

The figure below shows 

RECYCLED 1c.:~ 

DISSIPATIVE USES RECYCLABLE USES 
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cmTCLUSIOHS 

1. General l y , the curr ent mercury pr oblem can be divi~od .::::1.to 2 

bros.d p 9.rt s : one relate s to the t oxic ity of mercury pcst:i.cide s & the 

oth er to t h e accumul '3.tion in b iosystenis of alkyl::i.ted r.1::;rcury from a 

v ariety of sources . 

2 . r.1ercurial pollut2.nt s from pesticidez , chl orine & aJ.kJ .. li production, 

agricultur e , & slime control from paper mi lls h-:-.vc t mdc ::tffe ct on 

wildlif e, domestic animals,~ h uman beinis . 

3. r:et hyLrnercury i s concentr r..tt e d in fish ti. shellfish, partly thr ou(;h 

contrunination of t h e i r food & partly t hrough its presence in t h e water. 

L~. Heth l ymer cury i s f ar more toxic t o the br9.:tn on a chronic basis 
0 

tha.....r1 is inor ganic mercury. The r elative ease vii th ,1hich !11.ethylL-iorcury 

p'.l.sses t h e 11blood-brain barrier" a ccounts f or the severe neurol ogical 

manifestations & even death, -rrhich may follow the accumulation of 

smal l amounts of t his compound. The slow rate of elimin<i.tioa of 

met hylmercury, which h a s been demonstrated in b oth fish & man, poten

t i!lte s this effect. In contras t t o i norganic mercury which passes 

~he placent a poorly , met hylme r cury is concentrated i n fetal r ed blood 

cells t o values ab ou t 30% higher than in mat ernal red blood cells . 

5. The syndro!'1e of methylmercury po i soning_ i n man throuc..h the con

sumption of cont aminated fi sh & sh ellf i sh has now come to be known 

a s 11 Mina1nat a disease 11 • Th e clinical symotoms of tl-ie di sease includes 

pro1ressive b lindness , deafne s s , inconrdinat i on ~ intellectual deter

ioration. 

6. It ~as found that inorgan i c mercury can be converted by microbial 

syste!'rls in the bott om muds of conta.:-nin1tcd VTaters to methylm.ercury . 

Thus th.a r10rcur7 contru-;1i:::1.a.tion in the botto:r.i sccli:--10nt cons ti tutc s a 

a. dc'=>ot whicb. thr ou-:;h. the !nethylating process represents a ·,otential 

continuin~ source of ?r10thylmercury. 



7. The FDA guide line of 0 . ,5 ppm mercury in fish for human con

sumption appears for the present a safe basis for t he protection of 

publ ic health . 

8. The exposure of the general popul ation to methylmercury appears 

t o be chiefl y t h rough f i sh 8c possibly other foods & not directly 

thr ough water or air . 

9. The works of Irukayama (1968), Takeuchi (1968 , 1970 ) & others, 

have establi shed the etiologi c role of me thylmercury in iainarng_ta 

di sea se . 
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RECOEl',iENDATIOU FOR STUDY 

1. It is es senti al to under take population studies (1) to determine 

t he body burden of mercury ie the l evel of nercu_ry in the tissues , 

t o the i ngestion of ~ercury, particul~rly from fish . ( 2 ) To devc l ope 

& to appl y oore sensitive diagnostic technique to identifiy possible 

111ercury toxicity . (3) To under take medical s tudies of exposed pop

ulations which demonstrate no obvious ill effects . (14-) To assess 

t he ~otential effects from pren~tal & postnatal exposures to mercury . 

(5) To dtermine the body burden of' mercury a t dif'f'er ential occupation

al patterns of exposure. (6 ) To assess the possible synergistic in

t eraction of mercury other potentially hazardous residues . 

2 . All sources of mercury conta~ination shoul d be either maximally 

reduces or elir.iinated. Thus ( 1 ), the u~e of all alkylmercury pes t i cides 

should be terminated· & all other mercurial pesticides should be severe

ly restricted to u sage on a basis of demonstr ated ne~d only . Safe 

substitutes should be sought for those remaining i n use . 

( 2) Safeguards should be developed for the manuf acture , packaging, 

distribution, & field use of seed treated with organic mercurials & 

for the disposal of unused treated seed & containers. (3) All in

dustria l users of mercury , particularly those operating chlorine & 

alkali production plants & those using mercury catalysts , should 

be required to reduce the ir disnh~rge of mercury into the environment . 

{!~) Other sources 'of mercury c ontamination or exposure , for exampe , 

disc2rded el ectrical equipment, chemicals, uaints , cosmetics, pharma

ceuticals, s0vrn.ges {:,:, fossil fuels, mµst be · identified & brought under 

control. Because all f'ol'."'"'ls of' 0norcury have the potential to be con

vci>tecl to the highly toxic for:n of rnet;hyl 1nercu.ry. 

' 
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3. Need better understanding of the· movement of r.1ercury from natural 

& man-made s ources in waterways , & the role of microbial flora, v13.ter 

· pH, sunlight in the transformation of mercury in water . 

~-• We need to find means t o interrupt the methyl ation or decontamin

ation of existing deposits of mercury . 

5. To increase the interplay of worl d-" i de tal ents & responsibilities 

in the contr ol of me~curial pol lut i cn . Tnere is need to revi ew·~~ti

culously other t oxicants in the environment such a-s other heavy metals 

for possible . dangers . 
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