
1. In tro duc tion

Mer cury is ac knowl edged as one of the most toxic
heavy met als. It oc curs in three forms: me tal lic mer -
cury (Hg0), in or ganic com pounds (Hg+, Hg2+) and also
or ganic com pounds (methylmercury, ethylmercury,
phenylmercury and oth ers) dif fer ing amongst them -
selves in terms of sol u bil ity, re ac tiv ity and
bioavailability, and (fol low ing on from this) tox ic ity.

The tox ic ity of mer cury and the symp toms and re -
sults of its ac tion de pend above all on its form, and also 
the routes of in tro duc tion into the or gan ism (via the di -

ges tive tract, re spi ra tory sys tem, skin or via in jec tion),
the dose taken, du ra tion of ex po sure and also in di vid -
ual sen si tiv ity, in clud ing sen si tiv ity linked with age.
Det ri men tal re sults of the ex po sure to mer cury most
fre quently con cern the ner vous sys tem, the kid neys
and also the di ges tive tract. The Hg2+ ion is re spon si ble 
for the toxic ac tiv ity of in or ganic com pounds. It eas ily
com bines with –SH groups of pro teins and en zymes.
Mer cury in the form of Hg2+ com pounds that are eas ily 
sol u ble in wa ter (e.g. mer cury(II) chlo ride, HgCl2,
mer cury(II) ox ide, HgO) may be ab sorbed via the di -
ges tive tract (up to about 10% of the con sumed dose)
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and also via the skin. It mainly ac cu mu lates in the kid -
neys, and in spite of its weak sol u bil ity in lipids, it also
pen e trates through to the cen tral ner vous sys tem
(CNS). 10–40 mg of ionic mer cury (Hg2+) per kg body
mass can be con sid ered the fa tal dose.

Mer cury va pours are very toxic – symp toms and ef -
fects of ex po sure re late mainly to the CNS. In the ini -
tial phase of poi son ing or at low ex po sure, symp toms
of a gen eral, non spe cific na ture oc cur: weak en ing,
tired ness, loss of ap pe tite, diz zi ness and head aches,
dif fi cul ties in con cen trat ing. At high lev els of ex po -
sure, there is trem bling of the eye lids, lips, and fin gers, 
ex tend ing out to the whole limbs and body, changes in
be hav iour– hy per sen si tiv ity and ex cit abil ity, mood
fluc tu a tions, de pres sion, in som nia and hal lu ci na tions.
The harm ful ac tion of mer cury va pours on the CNS is
linked with the fact that they eas ily pen e trate through
the mem branes of the al ve oli to the blood and eas ily
cross the blood/brain bar rier. In the brain they be come
oxi dised to Hg2+ ions, which can not be re moved from
it. Mer cury va pours may also have a del e te ri ous ef fect
on the re spi ra tory sys tem, the di ges tive tract, kid neys
and liver.

It is gen er ally con sid ered that me tal lic mer cury
taken orally is not toxic, as it only dis solves slightly in
the di ges tive tract (and thus its ab sorp tion into the or -
gan ism is small) and is ex creted with fae ces in an un -
changed form, may en gen der stom ach aches and
di ar rhoea. In par tic u lar cases, such as in take of a large
amount of me tal lic mer cury, frag men ta tion into small
par ti cles or lin ger ing in the di ges tive tract, e.g. af ter
pass ing into the ap pen dix [2], me tal lic mer cury may
act tox i cally [8]. 

In spite of its high tox ic ity, acute (and es pe cially
fa tal) poi son ings by mer cury are rare. And thus, e.g. in
the United States ac cord ing to data from the Amer i can
As so ci a tion of Poi son Con trol Cen ters [1] in 2003,
3362 cases of ex po sure to mer cury or its com pounds
were noted, of which in 569 cases, chil dren up to
6 years of age were ex posed. Amongst the to tal num -
ber of cases, 44 per sons de vel oped me dium se vere
symp toms of poi son ing and in 6 per sons symp toms
were se vere; how ever, no-one died as a re sult of ex po -
sure to mer cury or its com pounds. Some times, how -
ever, poi son ing by mer cury (or its com pounds) may be 
missed due to its non spe cific symp toms [1].

2. Ma ter ials and met hods

In the last ten years, over 70 cases with a re quest to
test for mer cury have been sub mit ted to the In sti tute of
Fo ren sic Re search. Amongst these, 56 con cerned me -

tal lic mer cury. Most cases were linked to sus pi cion of
ex po sure to the ac tion of mer cury va pours at the work -
place or at home, in tra ve nous in jec tion or oral con -
sump tion of me tal lic mer cury; sev eral cases were
linked to de lib er ate ad di tion of me tal lic mer cury to
food, con tam i na tion of the en vi ron ment and also iden -
ti fi ca tion of a sub stance.

Cases con cern ing ex po sure to mer cury va pours, in -
jec tion or oral con sump tion of me tal lic mer cury were
send to the In sti tute most fre quently by the Clinic of
Tox i col ogy, Collegium Medicum, Jagiellonian Uni -
ver sity in Krakow or other hos pi tals. In these cases, the 
aim of the per formed stud ies was to de fine the con cen -
tra tion of mer cury in urine and (or) blood, and (fol low -
ing on from this) to con firm ex po sure and also to
mon i tor re sults of ther apy. Cases con cern ing de lib er -
ate ad di tion of me tal lic mer cury to food, con tam i na -
tion of the en vi ron ment or iden ti fi ca tion of mer cury
were send to the In sti tute of Fo ren sic Re search by the
po lice or the pub lic pros e cu tor. In these ex pert re ports,
the aim was to an swer ques tions (posed in the de ci sion
to sum mon an ex pert), con cern ing most fre quently
iden ti fi ca tion and de ter mi na tion of mer cury and also
as sess ment of its tox ic ity and threat to life and health
on the ba sis of per formed anal y ses.

Mer cury was de ter mined by the cold vapour atomic 
ab sorp tion spec trom e try method us ing an SP-9 800
spec trom e ter, pro duced by Pye Unicam (Great Brit -
ain). Be fore de ter min ing the mer cury, sam ples of stud -
ied ma te ri als (from sev eral up to a dozen or so grams)
were wet di gested in closed with a mix ture of
sulphuric (2 ml) and ni tric acid (10 ml). The rel a tive
stan dard de vi a tion (RSD) of the whole an a lyt i cal pro -
ce dure (di ges tion and de ter mi na tion) was 4% (at
a con cen tra tion of 0.080 mg/g), and the limit of
quantitation (LOQ) – 0.010 mg/sam ple, and thus, de -
pend ing, for ex am ple, on the size of the ana lysed sam -
ple: 0.001–0.002 mg/g. The ac cu racy of the method
was as sessed, ap ply ing ref er ence ma te rial SRM Bo -
vine Liver 1577 b NIST (Na tional In sti tute of Stan -
dards and Tech nol ogy, United States).

3. Re sults and discussion of results

3.1. Ca ses of exposure to mercury vapours

In cases of ex po sure to me tal lic mer cury va pours,
the con cen tra tion of mer cury in blood and in urine
most fre quently did not ex ceed nor mal val ues or only
ex ceeded them to a small de gree. Ac ci den tal ex po sure
of sev eral per sons at the place of work may serve as an
ex am ple: con cen tra tion in blood col lected on the next
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day was about 50 mg/l, and in the urine in sam ples col -
lected 2 months af ter ex po sure – sev eral mg/l. Lev els
of mer cury up to 10 mg/l in blood and up to 10–15 mg/l
in urine are con sid ered nor mal (not in dic a tive of ex po -
sure). Stud ies of nor mal lev els of mer cury car ried out
at the In sti tute of Fo ren sic Re search, re vealed con cen -
tra tions in blood (n = 35) from LOQ to 6.5 mg/l, and in
urine (n = 15) from LOQ to 2.6 mg/l [7].

3.2. Ca ses of injection of metallic mercury

Cases of in tra ve nous in jec tion of me tal lic mer cury
are es pe cially note wor thy. Mer cury in this form in -
jected in tra ve nously finds its way into var i ous in ter nal
or gans – most fre quently into the lungs – where it stays 
for many years and grad u ally be comes oxi dised to
strongly toxic ionic mer cury (Hg2+), con sti tut ing
a con stant source of ex po sure. 10–40 mg ionic mer -
cury (Hg2+) per kg body mass can be re garded as the
fa tal dose. Con cen tra tions of mer cury re vealed in
blood and urine af ter in tra ve nous in jec tion can be
high, some times close to con cen tra tions as cer tained in
acute and even fa tal cases of poi son ing by mer cury
com pounds (Hg2+). Two cases de scribed in Ta bles I
and II, stud ied at the In sti tute of Fo ren sic Re search,
may serve as ex am ples. For com par i son, in Ta ble III,
mer cury con cen tra tions in two cases of acute
poisoning by inorganic compounds of mercury are
presented [4, 6].

In the lit er a ture, sev eral dozen cases of in tra ve nous 
or sub cu ta ne ous in jec tion of me tal lic mer cury have
been de scribed [13]. Most fre quently mer cury is in -
jected for sui cidal pur poses; of ten by per sons de pend -
ent on drugs or with men tal health dis or ders. There
have been ex cep tional cases of mul ti ple in jec tion of
mer cury with the aim of im prov ing phys i cal con di tion
or for ritual purposes [3, 10, 13]. 

In some cases, the pres ence of me tal lic mer cury
was as cer tained only at the site of in jec tion; in oth ers,
es pe cially when the in jec tion was in tra ve nous – dis -
persal of me tal lic mer cury was as cer tained in in ter nal
or gans, most fre quently in the lungs and heart [5, 11,
15]. In cases of me tal lic mer cury in jec tion, clin i cal
symp toms ap peared, in di cat ing mer cury poi son ing
linked with ox i da tion of me tal lic mer cury to ionic mer -
cury (Hg2+); some times, how ever, clin i cal symp toms
were not ob served (es pe cially in cases of sub cu ta ne -
ous in jec tion). In Ta ble IV ex am ples of cases of in jec -
tion of metallic mercury found in the literature are
described briefly.

3.3. Ca ses of deliberate addition of metallic
mercury to food or contamination of soil 

Cases linked with de lib er ate ad di tion of me tal lic
mer cury to food and con tam i na tion of soil were sent to
the In sti tute of Fo ren sic Re search in con nec tion with
find ing of me tal lic mer cury e.g. in soup, meat, drinks
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TA BLE I. CONCENTRATIONS OF MERCURY [mg/l] IN URINE AND BLOOD IN A CASE OF INTRAVENOUS INJECTION

OF METALLIC MERCURY

Case de scrip tion Ma te rial Time of col lec tion
af ter in ci dent

Hg con cen tra tion
[mg/l]

A young man, a drug ad dict, in jected him self 
with me tal lic mer cury. Hos pi ta lised af ter 2 weeks. 
In X-rays of the site of in jec tion, pul mo nary fields 
and in the ab dom i nal cav ity, “for eign me tal lic
bod ies” were present. 

Blood 2 weeks 400 

Blood 4 weeks 120

Blood
Urine

5 weeks 160
512

Blood
Urine

9 years 81
560

TA BLE II. CONCENTRATIONS OF MERCURY [mg/l]  IN URINE AND BLOOD IN A CASE OF INTRAVENOUS INJECTION 

OF METALLIC MERCURY ENDING IN DEATH

Case de scrip tion Ma te rial Hg con cen tra tion
 [mg/l]

A young man prob a bly in jected me tal lic mer cury into him self or con sumed
it orally. Death oc curred af ter a month of hos pi ta li sa tion. Dur ing col lec tion
of ma te rial for anal y sis, the pres ence of me tal lic mer cury was as cer tained
in the lungs, the kid ney, the bile and the stomach. 

Blood 3,480

Urine 31,360



and in the earth. In de ci sions to sum mon an ex pert in
these cases, ques tions were posed mainly about ef fects 
of the sub stance on the human organism. 

Se lected cases of de lib er ate ad di tion of me tal lic
mer cury to food or con tam i na tion of the soil are pre -
sented in Ta ble V. In the stud ied ma te ri als, the trans -
for ma tion of me tal lic mer cury into ionic mer cury was
ob served. And so, for ex am ple, in case no. 1, 1.5 g of
me tal lic mer cury was iso lated from the stud ied soup,
whilst the con cen tra tion of dis solved mer cury (and
thus in the form of Hg2+ ion) was 33,000 mg/l. The pro -
cess of dis solv ing of me tal lic mer cury in the stud ied
food prod ucts was ver i fied dur ing sim u la tion stud ies.
An ex per i ment was per formed, con sist ing in ad di tion
of me tal lic mer cury to the pre pared to mato soup. It

was as cer tained that the con cen tra tion of mer cury
Hg2+ af ter 1 hour, 4 and 12 days was 140, 4920 and
18,000 mg/l re spec tively. In case no. 2, the con cen tra -
tion of mer cury in mar ga rine in places with out vis i ble
pel lets of mer cury, and thus, it may be sup posed, in the
ionic form: Hg2+ was 154 mg/g.

In the cases dis cussed above and in sim i lar ones of
ad di tion of me tal lic mer cury to food, it was not pos si -
ble to give a strict an swer to the ques tion con cern ing
threat to health or life due to, amongst other things: 
– lack of de fined data re lat ing to doses at which

(lower than fa tal) symp toms of nonacute but harm -
ful ef fect on the or gan ism may ap pear, in clud ing
non spe cific symp toms and ones that are dif fi cult to
diagnose;
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TA BLE III. CONCENTRATIONS OF MERCURY [mg/l] IN URINE AND BLOOD IN FATAL CASES OF POISONINGS BY

Hg2+ COMPOUNDS

Case Ma te rial Hg con cen tra tion
(mg/l)

 In tra ve nous in jec tion of mer cu ric chlo ride so lu tion [4] Blood 1,000

Urine 2,400

 Oral con sump tion of mer cu ric chlo ride [6] Blood 10,500

Urine 69,900

TA BLE IV. EXAMPLES OF CASES OF INJECTION OF METALLIC MERCURY DESCRIBED IN THE LITERATURE 

Lit er a ture Cir cum stances, re sults, ther apy, con cen tra tions of mer cury

[2] Sub cu ta ne ous in jec tion (approx 6 ml) + oral con sump tion (approx 5 ml) of me tal lic mer cury for
sui cidal pur poses. Hos pi tal iza tion 2 weeks af ter the in ci dent. Lack of clin i cal symp toms of poi son ing.
X-ray re vealed the pres ence of dis persed pel lets of mer cury in the sub cu ta ne ous tis sue of the fore arms,
in the in tes tines – es pe cially in the ap pen dix. The ap pen dix and the part of the subcutaneous tis sue
where mer cury was pres ent were sur gi cally re moved. Ex am i na tion af ter 6 months did not show
changes char ac ter is tic of mer cury poi son ing; then Hg con cen tra tion in blood was 132 mg/l, and in urine 
500 mg/l. 

[9] In tra ve nous in jec tion with si mul ta neous oral con sump tion of about 3 ml of me tal lic mer cury. In the
space of 24 hours, the fol low ing symp toms de vel oped: dyspnea, fe ver, tachy car dia, dis or ders of the
di ges tive tract of me dium se ver ity, im pair ment of kid ney func tion (in clud ing oliguria). X-ray anal y sis
re vealed dis persed pel lets of me tal lic mer cury in the lungs. Ther apy ap plied: chelation (amongst other
things). In the space of 36 hours there was an im prove ment in the func tion of kid neys and lungs, and
then a drop in tem per a ture and normalisation of the action of the heart.

 [16] In tra ve nous in jec tion of about 0.6 ml and oral con sump tion of about 100 ml of me tal lic mer cury. 
In the space of sev eral hours, typ i cal symp toms of acute mer cury poi son ing de vel oped, in clud ing
gastroenteritis, me tal lic af ter taste, and af ter about 1–2 weeks: trem bling of the hands, a feel ing of
ex haus tion, in som nia. Hos pi ta li sa tion 6 months af ter the event. X-ray ex am i na tions showed de pos its 
of mer cury in the palm, in the area of in jec tion of mer cury (el bow), in the lungs and in the ab do men
(de pos its of mer cury were not as cer tained in the heart). The func tion of the lungs and the heart were
nor mal. The con cen tra tion of Hg at the mo ment of ad mis sion: blood: 680 mg/l, urine 140 mg/l.
Chelation ther apy was ap plied, and then de pos its of mer cury were sur gi cally re moved from the hand.
Af ter the sur gi cal in ter ven tion, there was a significant drop in concentration of mercury in blood and
urine.



– lack of pos si bil ity of es tab lish ing what con cen tra -
tions ionic mer cury oc curred at in stud ied food
prod ucts at the time of their con sump tion due to
grad ual trans for ma tion of me tal lic mer cury to ionic 
mercury;

– one should not over look the harm ful ef fect of me -
tal lic mer cury, which was pres ent in the stud ied
food prod ucts in a quite strongly dis persed state;
thus, it can be sup posed that it would be quickly
dis solved in the di ges tive tract and go into the ionic 
form.
It can be gen er ally stated how ever that con sump -

tion of food con tain ing me tal lic mer cury may be in ju -
ri ous to health. 

4. Sum mary

The con cen tra tion of mer cury in blood and in urine
in in ves ti gated cases:
– of ex po sure to mer cury va pours most fre quently

did not ex ceed nor mal val ues or was only some -
what el e vated; 

– of in jec tion of me tal lic mer cury was high, and in
one of them com pa ra ble to con cen tra tions oc cur -
ring in fa tal poi son ings with in or ganic com pounds,
which at tests to the trans for ma tion of the me tal lic
mer cury de pos ited in the or gan ism into ionic mer -
cury (Hg2+). 
In cases of de lib er ate ad di tion of me tal lic mer cury

to food, its trans for ma tion into ionic form (Hg2+) was
also ob served, thus con sump tion of food with such an
ad di tion could be harm ful to health. 
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TA BLE V. SELECTED CASES OF CONTAMINATION OF FOOD OR SOIL BY METALLIC MERCURY 

Case no. Case cir cum stances, 
ques tions from the court de ci sion

Re sults of stud ies

1 In soup, which was be ing con sumed by the wife of
the sus pect and their chil dren “there were grains of 
a sub stance of me tal lic col our”.
Ques tions: 
1. Is there a poi son ous sub stance or one that is

harm ful to health in the liq uid sam ple, and if so,
then what?

2. Would con sump tion of these sub stances cause
a real threat to life or health?

Stud ied ma te rial: to mato soup.

Pres ence of me tal lic Hg – 1.5 g in the sent sam ple.

Con cen tra tion of Hg2+ in liq uid: 33,000 mg/l.

Hg2+ con cen tra tion in to mato soup (ex per i ment): 

af ter 1 hour: 140 mg/l; 

af ter 4 days: 4,920 mg/l; 

af ter 12 days: 18,900 mg/l.

2 The pres ence of a “sub stance re sem bling me tal lic
mer cury” was as cer tained in mar ga rine.
Ques tions: 
1. Can chem i cal sub stances be re vealed in the

chem i cal com po si tion of the col lected sub stance, 
and if so, then which ones? 

2. Is con sump tion of the sub mit ted sub stance
a di rect threat to loss of life or health, and if so,
then what min i mal amount of the ev i den tial
sub stance con sti tutes such a threat?

Stud ied ma te rial: mar ga rine con tainer.

The pres ence of me tal lic Hg in the form of very
small pel lets near the bot tom of the con tainer. 

Con cen tra tion of Hg (Hg2+ ): 154 mg/g (from
places with out vis i ble pel lets of mer cury).

Con cen tra tion of Hg (Hg2+ + Hg0 ): 3919 mg/g
(from places with vis i ble pel lets of mer cury).

3 Spill ing, on sev eral suc ces sive days, in the re gion
of a dis used mine of a “sub stance re sem bling
me tal lic mer cury”. 
Ques tions:
1. What type of sub stance was col lected, what is its 

con cen tra tion in the col lected soil? 
2. What ef fect does the col lected sub stance or its

va pours have on the hu man or gan ism?
Stud ied ma te rial: sev eral sacks of earth.

Hg (Hg2+ ) con tent: 0.2–0.6% (from places with out 
vis i ble pel lets of me tal lic mer cury).
Hg0 con tent: 1.3–6.8% (from places with mer cury
pel lets).
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1. Wpro wad zenie

Rtêæ jest uznaw ana za je den z naj bard ziej  toksycz -
nych me tali ci ê¿k ich. Wy stê puje ona w trzech for mach,
to jest w po staci rt êci me tal icznej (Hg0), zwi¹zków nie -
organ iczny ch (Hg+, Hg2+) oraz zwi¹zków or gan iczny ch
(me tyl ortêæ, et ylo rtêæ, fe nyl ortêæ i inne) ró ¿ni¹cych siê
po miê dzy sob¹ ro zpu szcza lnoœci¹, re akt ywnoœ ci¹, bio -
dostê pnoœci¹, a co za tym idzie, toksycznoœci¹.

To ksy cznoœæ rt êci, ob jawy i skut ki jej dzia³ania,  za -
le¿¹ przede wszyst kim od jej for my, a tak ¿e dro gi wpro -
wad zenia do or gan izmu (przez przewód po karm owy,
uk³ad od dec howy, sk órê oraz drog¹ in iekc ji), od pr zyjê tej 
daw ki i cza su trwa nia nara ¿enia oraz in dyw idu aln ej
 wra¿ liwoœci, w tym ró wni e¿ wr a¿l iwo œci zwi¹za nej
z wie kiem. Nie kor zystne skut ki dzia³ania rtêci do tyk aj¹
na jcz êœciej uk³adu ner wow ego, ne rek oraz uk³adu po -
karm owe go. Za tok syczne dzia³anie zwi¹zków  nieorga -
nicznych od pow iedz ialny jest jon rt êci dw uwa rtoœ ciowej
Hg2+, kt óry ³atwo ³¹czy siê z gru pami –SH bia³ek i enz y -
mów. Rtêæ w po staci do brze roz puszc zalny ch w wo dzie
zwi¹zków Hg2+ (np. chlor ku rtêci (II), HgCl2, tlen ku rtê -
ci (II), HgO) mo¿e siê wch³aniaæ przez uk³ad po karm owy 
(do oko³o 10% pr zyjê tej daw ki) oraz przez skórê. Od -
k³ada siê g³ównie w ner kach, a po mimo s³abej  rozpusz -
czalnoœci w li pid ach, prze chod zi tak¿e do oœro dkow ego
uk³adu ner wow ego (OUN). Za daw kê œmi ert eln¹ mo¿ na
przyj¹æ 10–40 mg rtêci jo now ej (Hg2+) na kg masy cia³a.

Bar dzo tok syczne s¹ pary rtê ci, a ob jawy i skut ki
nara ¿enia do tycz¹ przede wszyst kim OUN. W pocz¹t -
kow ym okres ie za truc ia lub przy nie wielk im nar a¿eniu
wys têpuj¹ ob jawy o cha rakt erze ogó lnym, nie spec yfi cz -
ne: os³abien ie, zmêcz enie, utrata apet ytu, za wroty i bóle
g³owy, tr udno œci w sku pien iu uwagi. Przy wy sok im po -
ziom ie na ra¿e nia wy stêp uj¹ dr ¿enia mi êœni owe po wiek,
warg, pa lców, roz szer zaj¹ce siê na ca³e koñ czyny i cia³o,
zmia ny w za chow aniu – nad mierna wra ¿liwo œæ i pob ud li -
woœæ, wa han ia na stroju, de pres ja, be zsen noœæ i ha luc yna -
cje. Szko dliwe dzia³anie par rtêci na OUN jest zwi¹zane
z tym, ¿e ³atwo prze nik aj¹ one przez b³ony pêcherzyków
p³ucn ych do krwi i ³atwo prze krac zaj¹ bari erê
krew/mózg. W mózgu uleg aj¹ utlen ieniu do jonów Hg2+,
które ju¿ z nie go nie mog¹ zos taæ usu niête. Szko dliwe
dzia³anie par rtêci mo¿e wp³ywaæ nie kor zystnie rów nie¿
na uk³ad od dec howy, uk³ad po karm owy, ner ki i w¹tro bê.

Po wszechn ie uw a¿a siê, ¿e rtêæ me tal iczna pr zyj êta
do ustn ie nie jest tok syczna, gdy¿ w prze wod zie  pokar -
mo wym ulega w nie wielk im stop niu roz puszc zeniu
(a tym sa mym jej wch³anian ie do or gan izmu jest nie -
wielk ie) i w po staci nie zmien ionej wy dala siê z ka³em.

Pr zyj êta do ustn ie rtêæ me tal iczna mo¿e wywo³aæ bóle
brzu cha i bieg unkê. W szcz egó lnych przy padk ach, ta kich 
jak pr zyjêcie do ustne du ¿ej il oœci rt êci me tal icznej, sil ne
jej roz drobn ienie lub za leg anie w prze wod zie po karm o -
wym, np. po przed ostan iu siê do wy rostka ro baczk owe go 
[2], mo¿e dzia³aæ tok syczn ie [8]. 

Po mimo wy sok iej to ksy cznoœci rtêci ostre, a zw³asz -
cza œmi ertelne przy padki za truc ia rt êci¹, s¹ rzad kie. I tak
np. w Sta nach Zjed noc zony ch wed³ug da nych  Amery -
kañ skiego Sto war zysz enia Oœr odk ów Kon troli Zat ruæ
( Amer i can As soc iati on of Po ison Con trol Cen ters) [1]
w 2003  r. za not owa no 3362 przy padki nara ¿enia na rtêæ
lub jej zwi¹zki, z cze go w 569 przy padk ach nara ¿one by³y
dzie ci do szeœ ciu lat. Wœród ogól nej licz by przy padków
u 44 osób rozw inê³y siê œred nio ciê¿ kie ob jawy za truc ia,
u 6 osób ob jawy by³y po wa¿ ne; nikt jed nak nie zmar³
w wy niku na ra¿ enia na rtêæ lub jej zwi¹zki. Nie kiedy jed -
nak za truc ie rt êci¹ (lub jej zwi¹zka mi) mo¿e byæ prze -
oczone ze wzgl êdu na nie spec yfi czne ob jawy za truc ia [1].

2. Ma ter ia³y i me tody

W ostatn ich dziesi êciu la tach do In styt utu Eks pert yz
S¹do wych wp³ynê³o po nad 70 spraw z ukier unko wan iem 
na ba dan ia rt êci. Wœ ród nich 56 do tyc zy³o me tal icznej
 rtê ci. Na jwi êcej spraw by³o zwi¹za nych z po dejr zeni em
na ra¿e nia na dzia³anie par rt êci w miej scu pra cy lub za -
mieszk ania, ws trzykn iêc iem do ¿ylnym lub pr zyjêci em
do ustn ym me tal icznej rt êci; po kil ka spraw – z rozmyœl -
nym do dan iem me tal icznej rt êci do ¿y wno œci,  zanie czysz -
czeniem œr odo wiska oraz ident yfi kacj¹ tej sub stan cji.

Spra wy do tycz¹ce na ra¿enia na dzia³anie par rt êci,
ws trzykniêcia lub pr zyjêcia do ustn ego me tal icznej rtê ci,
kie row ane by³y do In styt utu na jczê œci ej przez Klinikê
Tok syk olo gii Col leg ium Me dic um Uniw ersy tetu Jagi el -
loñskiego w Kra kow ie lub inne szpi tale. W przy padk ach
tych ce lem prze prow adz anych badañ by³o okre œlen ie stê -
¿ enia rtêci w mo czu i (lub) krwi, a co za tym idzie, po -
twierd zenie na ra¿enia oraz kon trola wyn ików le czen ia.
Spra wy do tycz¹ce ro zmyœlnego do dan ia rt êci do ¿ywn oœ -
ci, za niec zyszcz enia œr odow iska (gle by) lub ident yfi kac ji 
sub stanc ji, kie row ane by³y do In styt utu Eks pert yz S¹do -
wych przez policjê lub prokuraturê. W eks pert yza ch tych
cho dzi³o o udziel enie od pow iedzi na py tan ia za dane
w po stan owi eniu o powo³aniu bieg³ego, do tycz¹ce naj -
czêœciej ident yfi kac ji zwi¹zku, okreœ len ia jego stê¿e nia
oraz oceny toks ycznoœci i zagr o¿enia dla ¿ycia i zdro wia
na pod staw ie wy kon any ch anal iz.
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Rtêæ w nad sy³anych do badañ ma ter ia³ach oznac zano
me tod¹ atom owej spek trom etr ii ab sorpc yjnej tech nik¹
zim nych par za po moc¹ spek trom etru SP-9 800 fir my Pye 
Unic am (Wiel ka Bry tan ia). Przed oznac zeni em próbki
ba dan ych ma ter ia³ów (kil ka lub kil kanaœcie gra mów) mi -
ner ali zow ano na mo kro w apar ata ch Bet hgego z  obie -
giem zamkn iêtym mie szan in¹ kwa su siar kow ego (2 ml)
i azot owe go (10 ml). Wzgl êdne od chyl enie stan dard owe
(RSD) ca³ej pro ced ury anal ity cznej (mi ner ali zac ji i  ozna -
cze nia) wy nosi³o 4% (przy st ê¿e niu 0,080 mg/g), a gra nica
ozn acz alnoœci (LOQ) – 0,010 mg/pró bkê, a za tem np.
w zale¿ noœci od wi elkoœci anal izo wan ej prób ki – 0,001–
0,002 mg/g. Dok³ad noœæ me tody ocen iano, sto suj¹c ma -
ter ia³ re fer ency jny SRM Bovi ne Liver 1577 b NIST (Na -
tion al In stit ute of Stan dards and Tech nol ogy, Sta ny Zjed - 
no czone).

3. Wy niki oraz om ówi enie wy nik ów

3.1. Przy padki nara ¿enia na pary rtêci

W przy padk ach nara ¿enia na pary rtêci me tal icznej,
st ê¿e nie rt êci we krwi i w mo czu na jczêœciej nie  przekra -
cza ³o wa rtoœci nor maln ych lub prze krac za³o je w nie -
wielk im stop niu. Jako przyk³ad mo¿e pos³u¿yæ przy -
pad kowe nar a¿e nie kil ku osób w miej scu pra cy, u któ -
rych stê ¿enie we krwi po bran ej na dru gi dzi eñ wy nosi³o
oko³o 50 mg/l, a w mo czu w pr óbkach po bran ych po
2 mie si¹cach od nar a¿enia – kil ka mg/l. Za nor malne, nie -
œwia dcz¹ce o nar a¿en iu, po ziomy rt êci we krwi przyj -
muje siê za zwyc zaj wa rtoœ ci do 10 mg/l, a w mo czu do
10–15 mg/l. Prze prow adz one w In styt ucie Eks pert yz S¹ -
dowych ba dan ia nor maln ych poz iomów rtê ci wy kaza³y
we krwi (n = 35) st ê¿e nia od LOQ do 6,5 mg/l, a w mo czu
(n = 15) od LOQ do 2,6 mg/l [7].

3.2. Przy padki in iekc ji rt êci me tal icznej

Na szc zególn¹ uwa gê zas³uguj¹ przy padki do¿y lnej
in iekc ji me tal icznej rt êci. Rtêæ w tej for mie wst rzykniêta
do¿ ylnie prze dos taje siê do ró¿n ych narz¹dów we wnêtrz -
nych, najc zêœ ciej do p³uc, gdzie po zos taje wie le lat i stop -
niowo ulega utlen ieniu do sil nie tok syczn ej rtê ci jo now ej
(Hg2+), sta nowi¹c sta³e Ÿród³o nar a¿e nia. Za daw kê
 œmier teln¹ mo¿ na przyj¹æ 10–40 mg rtêci jo now ej (Hg2+)
na kg masy cia³a. Wy kaz ywa ne po in iekc ji do ¿yln ej st ê -
¿enia rt êci we krwi i mo czu mog¹ byæ wy sok ie, zb li¿ one
nie kiedy do stê ¿eñ stwier dzan ych w przy padk ach
ostrych, a na wet œm iertelnych za truæ zwi¹zka mi rtê ci
(Hg2+). Jako przyk³ad mog¹ pos³u¿yæ dwa przy padki
opis ane w ta beli I i II, ba dane w In styt ucie Eks pert yz
S¹do wych. Dla po równania, w ta beli III przed staw iono
stê¿e nia rtêci w dwóch przy padk ach ostrych zatruæ nie -
organ iczny mi zwi¹zka mi rtê ci [4, 6].

W piœ miennictwie opis ano kil kad ziesi¹t prz ypa dków
do¿ yln ej lub pod skó rnej in iekc ji me tal icznej rt êci [13].
Na jcz êœciej rtêæ wstrzy kiw ano w ce lach sa mobójczych;
cz êsto by³y to osoby uzal e¿nione od nark otyków lub z za -
bur zeni ami psy chiczn ymi. Wyj¹tkowo zda rza³y siê przy -
padki wie lok rotne go wstrzy kiw ania rtêci w celu po prawy 
kon dyc ji fi zyczn ej lub w ce lach ry tua lny ch [3, 10, 13]. 

W nie których przy padk ach obec noœæ rtêci me tal icz -
nej stwier dzano tyl ko w miej scu wstr zykniêcia, w in -
nych, zw³asz cza przy wst rzykniêciu do¿ ylnym – roz -
pro szen ie rtê ci me tal icznej w narz¹dach we wnê trzny ch,
na jcz êœciej w p³ucach i ser cu [5, 11, 15]. W przy padk ach
in iekc ji rt êci me tal icznej po jaw ia³y siê ob jawy kli niczne
wska zuj¹ce na za truc ie rt êci¹ zwi¹zane z utlen ieni em rtê -
ci me tal icznej do rt êci jo now ej (Hg2+), nie kiedy obj awów 
kli niczn ych nie ob ser w owa no (mia³o to miej sce zw³asz cza
w przy padk ach in iekc ji po dskó rnej). W ta beli IV przed sta -
w iono pokró tce przyk³ady opis any ch w piœm ien nictwie
przy pad ków in iekc ji rt êci me tal icznej.

3.3. Przy padki rozm yœln ego do dan ia me tal icznej
 rtêci do ¿y wnoœ ci lub za niec zyszcz enia gle by

Spra wy zwi¹zane z rozm yœlnym do dan iem me tal icz -
nej rt êci do ¿y wno œci, za niec zyszcz eniem gle by i  ko -
niecz noœci¹ ident yfi kac ji sub stanc ji nad sy³ano do Ins -
ty tutu Eks pert yz S¹do wych w zwi¹zku ze zna lez ieni em
me tal icznej rt êci np. w zu pie, mi êsie, na poj ach oraz w zie -
mi. W po stan owi enia ch o powo³aniu bieg³ego w tych
spra wach znaj dowa³y siê m.in. py tan ia o skut ki od dzia -
³ywan ia tej sub stanc ji na or gan izm cz³owieka. 

Wy brane przy padki rozm yœln ego do dan ia me tal icz -
nej rt êci do ¿y wno œci lub za niec zyszcz enia gle by przed -
staw iono w ta beli V. W ba dan ych ma ter ia³ach ob ser-
wo wano prze chod zenie rtêci me tal icznej w rtêæ jo now¹.
I tak na przyk³ad w przy padku nr 1 z ba dan ej zupy  pomi -
do rowej wy izol owa no 1,5 g me tal icznej rt êci, zaœ st ê¿e -
nie roz puszc zonej rtê ci (a wiêc w po staci jonu Hg2+)
wy nosi³o 33 000 mg/l. Pro ces roz puszc zania siê  meta -
licznej rt êci w ba dan ych pro dukt ach spo ¿ywc zych  wery -
fi kowano pod czas bad añ sy mul acy jnych. Wy kon ano
doœ wiad czen ie po leg aj¹ce na do dan iu do przy got owa nej
zupy po mid oro wej me tal icznej rt êci. Stwier dzono, ¿e stê -
¿ enie rtêci Hg2+ po 1 go dzin ie, 4 i 12 dniach wy nosi³o od -
pow iednio 140, 4 920 i 18 000 mg/l. W przy padku nr 2
stê¿ enie rtêci w mar gar ynie z miejsc bez wi doczn ych ku -
lec zek rt êci, a wiêc, jak mo ¿na pr zyp uszczaæ, w for mie
jo now ej Hg2+, wy nosi³o 154 mg/g.

W om ówi onych wy ¿ej i w po dobn ych przy padk ach
do dan ia rt êci me tal icznej do ¿y wno œci nie mo ¿na ud zie liæ 
œcis³ej od pow iedzi na py tan ia z po stan owi enia do tycz¹ce
na ra¿enia zdro wia lub ¿ycia, ze wzgl êdu m.in. na: 
– brak okreœlonych danych, przy jakich dawkach (ni¿ -

szych ni¿ œmiertelne) mog¹ siê pojawiæ objawy nie -
ostrego, ale szkodliwego oddzia³ywania na organizm, 
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w tym objawy niespecyficzne i trudne do uchwy -
cenia;

– brak mo¿liwoœci ustalenia, w jakich stê¿eniach wy -
stêpowa³a rtêæ jonowa w badanych œrodkach spo -
¿ywczych w czasie ich spo¿ywania z powodu za -
chodz¹cej stopniowo w czasie przemiany rtêci me -
talicznej w jonow¹;

– nie mo¿na pomin¹æ szkodliwego oddzia³ywania rtêci
metalicznej, która w badanych œrodkach spo ¿yw -
czych wystêpowa³a w stanie doœæ silnego rozdrob -
nienia, mo¿na wiêc przypuszczaæ, ¿e w przewodzie
pokarmowym uleg³aby szybkiemu rozpuszczeniu
i przejœciu w formê jonow¹.
Nic nie stoi w sprzecznoœci ze stwier dzen iem, ¿e

spo¿yc ie ¿ywnoœ ci za wier aj¹cej me tal iczn¹ rtêæ mo¿e
 spo wodowaæ ro zst rój zdro wia. 

4. Pod sum owa nie

Stê¿ enie rtêci we krwi i w mo czu w przy padk ach:
– nara¿enia na pary rtêci najczêœciej nie przekracza³o

wartoœci normalnych lub by³o tylko nieco pod wy¿ -
szone; 

– iniekcji rtêci metalicznej by³o wysokie, a w jednym
z nich porównywalne do stê¿eñ wystêpuj¹cych w œmier- 
telnych zatruciach zwi¹zkami nieorga nicz nymi, co
œwiad czy o przechodzeniu zdeponowanej w orga niz -
mie rtêci metalicznej w rtêæ jonow¹ (Hg2+). 
W przy padk ach umyœ lnego do datku me tal icznej rt êci

do ¿y wno œci ta k¿e ob serw owa no jej prze chod zenie w for -
mê jo now¹ (Hg2+). Spo ¿ycie ¿y wnoœci z ta kim do datk iem 
mog³o nie kor zystnie wp³ywaæ na zdro wie.    
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