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Abstract

Mercury, acknowledged as one of the most toxic heavy metals, occurs in the form of inorganic and organic compounds and also in
metallic form, and can be absorbed into the organism via all routes accessible to poisons. The toxicity of mercury, symptoms and
effects of'its action, depend above all on its form, routes of introduction into the organism, dose and duration of exposure. In spite
of its high toxicity, acute (especially fatal) cases of poisonings by mercury are rare. In the last ten years over 70 cases with re-
quests to test for mercury have been submitted to the Institute of Forensic Research. The greatest number of cases were connected
with suspicion of exposure to mercury vapours at work or at home, intravenous injection or oral consumption of metallic mer-
cury. Several cases each were linked to deliberate addition of metallic mercury to food, contamination of the environment and
also straightforward identification of a substance. Cases of intravenous injection of metallic mercury are especially noteworthy.
Injected metallic mercury penetrates into internal organs, most frequently into the lungs and heart, where it stays for many years
and gradually becomes oxidised, mainly to highly toxic ionic mercury (Hg®"), constituting constant source of exposure.
10—40 mg ionic mercury per kg body mass can be taken as the fatal dose. Concentrations of mercury in blood and urine revealed
after injection can be high — sometimes close to concentrations ascertained in acute cases and even fatal poisonings by mercury
compounds. In the literature, several dozen cases of intravenous or subcutaneous injection of metallic mercury have been de-
scribed. In cases of intentional addition of metallic mercury to food (soups, margarine, beer), its transformation into ionic form
has also been observed.
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1. Introduction

Mercury is acknowledged as one of the most toxic
heavy metals. It occurs in three forms: metallic mer-
cury (Hg"), inorganic compounds (Hg", Hg*") and also
organic compounds (methylmercury, ethylmercury,
phenylmercury and others) differing amongst them-
selves in terms of solubility, reactivity and
bioavailability, and (following on from this) toxicity.

The toxicity of mercury and the symptoms and re-
sults of'its action depend above all on its form, and also
the routes of introduction into the organism (via the di-

gestive tract, respiratory system, skin or via injection),
the dose taken, duration of exposure and also individ-
ual sensitivity, including sensitivity linked with age.
Detrimental results of the exposure to mercury most
frequently concern the nervous system, the kidneys
and also the digestive tract. The Hg”" ion is responsible
for the toxic activity of inorganic compounds. It easily
combines with —SH groups of proteins and enzymes.
Mercury in the form of Hg** compounds that are easily
soluble in water (e.g. mercury(Il) chloride, HgCl,,
mercury(Il) oxide, HgO) may be absorbed via the di-
gestive tract (up to about 10% of the consumed dose)
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and also via the skin. It mainly accumulates in the kid-
neys, and in spite of its weak solubility in lipids, it also
penetrates through to the central nervous system
(CNS). 10-40 mg of ionic mercury (Hg*") per kg body
mass can be considered the fatal dose.

Mercury vapours are very toxic —symptoms and ef-
fects of exposure relate mainly to the CNS. In the ini-
tial phase of poisoning or at low exposure, symptoms
of a general, nonspecific nature occur: weakening,
tiredness, loss of appetite, dizziness and headaches,
difficulties in concentrating. At high levels of expo-
sure, there is trembling of the eyelids, lips, and fingers,
extending out to the whole limbs and body, changes in
behaviour— hypersensitivity and excitability, mood
fluctuations, depression, insomnia and hallucinations.
The harmful action of mercury vapours on the CNS is
linked with the fact that they easily penetrate through
the membranes of the alveoli to the blood and easily
cross the blood/brain barrier. In the brain they become
oxidised to Hg*" ions, which cannot be removed from
it. Mercury vapours may also have a deleterious effect
on the respiratory system, the digestive tract, kidneys
and liver.

It is generally considered that metallic mercury
taken orally is not toxic, as it only dissolves slightly in
the digestive tract (and thus its absorption into the or-
ganism is small) and is excreted with faeces in an un-
changed form, may engender stomach aches and
diarrhoea. In particular cases, such as intake of a large
amount of metallic mercury, fragmentation into small
particles or lingering in the digestive tract, e.g. after
passing into the appendix [2], metallic mercury may
act toxically [8].

In spite of its high toxicity, acute (and especially
fatal) poisonings by mercury are rare. And thus, e.g. in
the United States according to data from the American
Association of Poison Control Centers [1] in 2003,
3362 cases of exposure to mercury or its compounds
were noted, of which in 569 cases, children up to
6 years of age were exposed. Amongst the total num-
ber of cases, 44 persons developed medium severe
symptoms of poisoning and in 6 persons symptoms
were severe; however, no-one died as a result of expo-
sure to mercury or its compounds. Sometimes, how-
ever, poisoning by mercury (or its compounds) may be
missed due to its nonspecific symptoms [1].

2. Materials and methods

In the last ten years, over 70 cases with a request to
test for mercury have been submitted to the Institute of
Forensic Research. Amongst these, 56 concerned me-

tallic mercury. Most cases were linked to suspicion of
exposure to the action of mercury vapours at the work-
place or at home, intravenous injection or oral con-
sumption of metallic mercury; several cases were
linked to deliberate addition of metallic mercury to
food, contamination of the environment and also iden-
tification of a substance.

Cases concerning exposure to mercury vapours, in-
jection or oral consumption of metallic mercury were
send to the Institute most frequently by the Clinic of
Toxicology, Collegium Medicum, Jagiellonian Uni-
versity in Krakow or other hospitals. In these cases, the
aim of the performed studies was to define the concen-
tration of mercury in urine and (or) blood, and (follow-
ing on from this) to confirm exposure and also to
monitor results of therapy. Cases concerning deliber-
ate addition of metallic mercury to food, contamina-
tion of the environment or identification of mercury
were send to the Institute of Forensic Research by the
police or the public prosecutor. In these expert reports,
the aim was to answer questions (posed in the decision
to summon an expert), concerning most frequently
identification and determination of mercury and also
assessment of its toxicity and threat to life and health
on the basis of performed analyses.

Mercury was determined by the cold vapour atomic
absorption spectrometry method using an SP-9 800
spectrometer, produced by Pye Unicam (Great Brit-
ain). Before determining the mercury, samples of stud-
ied materials (from several up to a dozen or so grams)
were wet digested in closed with a mixture of
sulphuric (2 ml) and nitric acid (10 ml). The relative
standard deviation (RSD) of the whole analytical pro-
cedure (digestion and determination) was 4% (at
a concentration of 0.080 npg/g), and the limit of
quantitation (LOQ) — 0.010 pg/sample, and thus, de-
pending, for example, on the size of the analysed sam-
ple: 0.001-0.002 pg/g. The accuracy of the method
was assessed, applying reference material SRM Bo-
vine Liver 1577 b NIST (National Institute of Stan-
dards and Technology, United States).

3. Results and discussion of results
3.1. Cases of exposure to mercury vapours

In cases of exposure to metallic mercury vapours,
the concentration of mercury in blood and in urine
most frequently did not exceed normal values or only
exceeded them to a small degree. Accidental exposure
of several persons at the place of work may serve as an
example: concentration in blood collected on the next
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day was about 50 pg/l, and in the urine in samples col-
lected 2 months after exposure — several pg/l. Levels
of mercury up to 10 pg/l in blood and up to 10—15 pg/l
in urine are considered normal (not indicative of expo-
sure). Studies of normal levels of mercury carried out
at the Institute of Forensic Research, revealed concen-
trations in blood (n =35) from LOQ to 6.5 pg/l, and in
urine (7 = 15) from LOQ to 2.6 ug/1 [7].

3.2. Cases of injection of metallic mercury

Cases of intravenous injection of metallic mercury
are especially noteworthy. Mercury in this form in-
jected intravenously finds its way into various internal
organs — most frequently into the lungs — where it stays
for many years and gradually becomes oxidised to
strongly toxic ionic mercury (Hg®"), constituting
a constant source of exposure. 10-40 mg ionic mer-
cury (Hg”") per kg body mass can be regarded as the
fatal dose. Concentrations of mercury revealed in
blood and urine after intravenous injection can be
high, sometimes close to concentrations ascertained in
acute and even fatal cases of poisoning by mercury
compounds (Hg”"). Two cases described in Tables I
and II, studied at the Institute of Forensic Research,
may serve as examples. For comparison, in Table III,
mercury concentrations in two cases of acute
poisoning by inorganic compounds of mercury are
presented [4, 6].

In the literature, several dozen cases of intravenous
or subcutaneous injection of metallic mercury have
been described [13]. Most frequently mercury is in-
jected for suicidal purposes; often by persons depend-
ent on drugs or with mental health disorders. There
have been exceptional cases of multiple injection of
mercury with the aim of improving physical condition
or for ritual purposes [3, 10, 13].

In some cases, the presence of metallic mercury
was ascertained only at the site of injection; in others,
especially when the injection was intravenous — dis-
persal of metallic mercury was ascertained in internal
organs, most frequently in the lungs and heart [5, 11,
15]. In cases of metallic mercury injection, clinical
symptoms appeared, indicating mercury poisoning
linked with oxidation of metallic mercury to ionic mer-
cury (Hg2+); sometimes, however, clinical symptoms
were not observed (especially in cases of subcutane-
ous injection). In Table IV examples of cases of injec-
tion of metallic mercury found in the literature are
described briefly.

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

Cases linked with deliberate addition of metallic
mercury to food and contamination of soil were sent to
the Institute of Forensic Research in connection with
finding of metallic mercury e.g. in soup, meat, drinks

TABLE I. CONCENTRATIONS OF MERCURY [pg/1] IN URINE AND BLOOD IN A CASE OF INTRAVENOUS INJECTION

OF METALLIC MERCURY

Case description Material Time of collection Hg concentration
after incident [ug/]
A young man, a drug addict, injected himself Blood 2 weeks 400
with metallic mercury. Hospitalised after 2 weeks.
In X-rays of the site of injection, pulmonary fields Blood 4 weeks 120
and in the abdominal cavity, “foreign metallic Blood 5 weeks 160
bodies” were present. Urine 512
Blood 9 years 81
Urine 560

TABLE II. CONCENTRATIONS OF MERCURY [pg/l] IN URINE AND BLOOD IN A CASE OF INTRAVENOUS INJECTION

OF METALLIC MERCURY ENDING IN DEATH

Case description Material Hg concentration
(ng/l

A young man probably injected metallic mercury into himself or consumed Blood 3,480

it orally. Death occurred after a month of hospitalisation. During collection Urine 31.360

of material for analysis, the presence of metallic mercury was ascertained

in the lungs, the kidney, the bile and the stomach.
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TABLE III. CONCENTRATIONS OF MERCURY [pg/I] IN URINE AND BLOOD IN FATAL CASES OF POISONINGS BY

Hg”* COMPOUNDS
Case Material Hg concentration
(ng/h
Intravenous injection of mercuric chloride solution [4] Blood 1,000
Urine 2,400
Oral consumption of mercuric chloride [6] Blood 10,500
Urine 69,900

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

Literature

Circumstances, results, therapy, concentrations of mercury

[2] Subcutaneous injection (approx 6 ml) + oral consumption (approx 5 ml) of metallic mercury for
suicidal purposes. Hospitalization 2 weeks after the incident. Lack of clinical symptoms of poisoning.
X-ray revealed the presence of dispersed pellets of mercury in the subcutaneous tissue of the forearms,
in the intestines — especially in the appendix. The appendix and the part of the subcutaneous tissue
where mercury was present were surgically removed. Examination after 6 months did not show
changes characteristic of mercury poisoning; then Hg concentration in blood was 132 pg/l, and in urine

500 pg/l.

[9] Intravenous injection with simultaneous oral consumption of about 3 ml of metallic mercury. In the
space of 24 hours, the following symptoms developed: dyspnea, fever, tachycardia, disorders of the
digestive tract of medium severity, impairment of kidney function (including oliguria). X-ray analysis
revealed dispersed pellets of metallic mercury in the lungs. Therapy applied: chelation (amongst other
things). In the space of 36 hours there was an improvement in the function of kidneys and lungs, and
then a drop in temperature and normalisation of the action of the heart.

[16] Intravenous injection of about 0.6 ml and oral consumption of about 100 ml of metallic mercury.
In the space of several hours, typical symptoms of acute mercury poisoning developed, including
gastroenteritis, metallic aftertaste, and after about 1-2 weeks: trembling of the hands, a feeling of
exhaustion, insomnia. Hospitalisation 6 months after the event. X-ray examinations showed deposits
of mercury in the palm, in the area of injection of mercury (elbow), in the lungs and in the abdomen
(deposits of mercury were not ascertained in the heart). The function of the lungs and the heart were
normal. The concentration of Hg at the moment of admission: blood: 680 pg/l, urine 140 pg/l.
Chelation therapy was applied, and then deposits of mercury were surgically removed from the hand.
After the surgical intervention, there was a significant drop in concentration of mercury in blood and

urine.

and in the earth. In decisions to summon an expert in
these cases, questions were posed mainly about effects
of the substance on the human organism.

Selected cases of deliberate addition of metallic
mercury to food or contamination of the soil are pre-
sented in Table V. In the studied materials, the trans-
formation of metallic mercury into ionic mercury was
observed. And so, for example, in case no. 1, 1.5 g of
metallic mercury was isolated from the studied soup,
whilst the concentration of dissolved mercury (and
thus in the form of Hg*" ion) was 33,000 pg/l. The pro-
cess of dissolving of metallic mercury in the studied
food products was verified during simulation studies.
An experiment was performed, consisting in addition
of metallic mercury to the prepared tomato soup. It

was ascertained that the concentration of mercury
Hg*" after 1 hour, 4 and 12 days was 140, 4920 and
18,000 ng/l respectively. In case no. 2, the concentra-
tion of mercury in margarine in places without visible
pellets of mercury, and thus, it may be supposed, in the
ionic form: Hg*" was 154 ng/g.

In the cases discussed above and in similar ones of
addition of metallic mercury to food, it was not possi-
ble to give a strict answer to the question concerning
threat to health or life due to, amongst other things:

— lack of defined data relating to doses at which
(lower than fatal) symptoms of nonacute but harm-
ful effect on the organism may appear, including
nonspecific symptoms and ones that are difficult to
diagnose;
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TABLE V. SELECTED CASES OF CONTAMINATION OF FOOD OR SOIL BY METALLIC MERCURY

Caseno. Case circumstances, Results of studies
questions from the court decision
1 In soup, which was being consumed by the wife of  Presence of metallic Hg — 1.5 g in the sent sample.
the suspect and their children “there were grains of  Concentration of H > in liquid: 33,000 pug/l.
a substance of metallic colour”.
Questions: ) ) Hg*" concentration in tomato soup (experiment):
1. Is there a poisonous substance or one that is fter 1 hour: 140 Lo/l:
harmful to health in the liquid sample, and if so, @ ter 1 hour: He/ls
then what? after 4 days: 4,920 ng/l;
2. Would consumption of these substances cause after 12 days: 18,900 ug/l.
a real threat to life or health?
Studied material: tomato soup.
2 The presence of a “substance resembling metallic The presence of metallic Hg in the form of very
mercury”’ was ascertained in margarine. small pellets near the bottom of the container.
Questions: Concentration of Hg (Hg”"): 154 ng/g (from
1. Can chemical substances be revealed in the places without visible pellets of mercury).
chemical composition of tl;e collected substance, (Concentration of Hg (Hg2++ Hg’): 3919 ng/g
and if so, then which ones? (from places with visible pellets of mercury).
2. Is consumption of the submitted substance
a direct threat to loss of life or health, and if so,
then what minimal amount of the evidential
substance constitutes such a threat?
Studied material: margarine container.
3 Spilling, on several successive days, in the region ~ Hg (Hg*") content: 0.2—0.6% (from places without

of a disused mine of a “substance resembling

visible pellets of metallic mercury).

metallic mercury”.
Questions:

Hg’ content: 1.3-6.8% (from places with mercury
pellets).

1. What type of substance was collected, what is its

concentration in the collected soil?

2. What effect does the collected substance or its

vapours have on the human organism?
Studied material: several sacks of earth.

— lack of possibility of establishing what concentra-
tions ionic mercury occurred at in studied food
products at the time of their consumption due to
gradual transformation of metallic mercury to ionic
mercury;

— one should not overlook the harmful effect of me-
tallic mercury, which was present in the studied
food products in a quite strongly dispersed state;
thus, it can be supposed that it would be quickly
dissolved in the digestive tract and go into the ionic
form.

It can be generally stated however that consump-
tion of food containing metallic mercury may be inju-
rious to health.

4. Summary

The concentration of mercury in blood and in urine
in investigated cases:

— of exposure to mercury vapours most frequently
did not exceed normal values or was only some-
what elevated;

— of injection of metallic mercury was high, and in
one of them comparable to concentrations occur-
ring in fatal poisonings with inorganic compounds,
which attests to the transformation of the metallic
mercury deposited in the organism into ionic mer-
cury (Hg™").

In cases of deliberate addition of metallic mercury
to food, its transformation into ionic form (Hg2+) was
also observed, thus consumption of food with such an
addition could be harmful to health.

Problems of Forensic Sciences 2007, LXX, 236-244
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METALICZNA RTEC PRZEDMIOTEM EKSPERTYZY

CHEMICZNO-TOKSYKOLOGICZNEJ

1. Wprowadzenie

Rteg¢ jest uznawana za jeden z najbardziej toksycz-
nych metali cigzkich. Wystgpuje ona w trzech formach,
to jest w postaci rteci metalicznej (Hg"), zwiazkéw nie-
organicznych (Hg", Hg*") oraz zwiazkéw organicznych
(metylortgé, etylorte¢, fenylorteé i inne) rézniacych sig
pomigdzy soba rozpuszczalnoscia, reaktywnoscia, bio-
dostepnoscia, a co za tym idzie, toksycznoscia.

Toksycznos¢ rteci, objawy i skutki jej dziatania, za-
leza przede wszystkim od jej formy, a takze drogi wpro-
wadzenia do organizmu (przez przewod pokarmowy,
uktad oddechowy, skorg oraz droga iniekcji), od przyjgtej
dawki i czasu trwania narazenia oraz indywidualnej
wrazliwosci, w tym roéwniez wrazliwosci zwiazanej
z wiekiem. Niekorzystne skutki dziatania rtgci dotykaja
najczgsciej uktadu nerwowego, nerek oraz uktadu po-
karmowego. Za toksyczne dziatanie zwiazkow nieorga-
nicznych odpowiedzialny jest jon rtgci dwuwarto§ciowe;j
Hg’", ktory tatwo laczy si¢ z grupami —SH bialek i enzy-
mow. Rtg¢ w postaci dobrze rozpuszczalnych w wodzie
zZwiazkow Hg2+ (np. chlorku rteci (IT), HgCl,, tlenku rte-
ci (IT), HgO) moze si¢ wchianiaé przez uktad pokarmowy
(do okoto 10% przyjetej dawki) oraz przez skorg. Od-
ktada si¢ gtownie w nerkach, a pomimo stabej rozpusz-
czalno$ci w lipidach, przechodzi takze do os$rodkowego
uktadu nerwowego (OUN). Za dawke $miertelng mozna
przyja¢ 10-40 mg rteci jonowej (Hg”") na kg masy ciata.

Bardzo toksyczne sa pary rteci, a objawy i skutki
narazenia dotycza przede wszystkim OUN. W poczat-
kowym okresie zatrucia lub przy niewielkim narazeniu
wystepuja objawy o charakterze ogdlnym, niespecyficz-
ne: ostabienie, zmgczenie, utrata apetytu, zawroty i bole
glowy, trudnosci w skupieniu uwagi. Przy wysokim po-
ziomie narazenia wystgpuja drzenia mig§niowe powiek,
warg, palcow, rozszerzajace si¢ na cate konczyny i ciato,
zmiany w zachowaniu — nadmierna wrazliwos¢ i pobudli-
wos¢, wahania nastroju, depresja, bezsenno$¢ i halucyna-
cje. Szkodliwe dzialanie par rtgci na OUN jest zwiazane
z tym, ze tatwo przenikaja one przez blony pgcherzykow
ptucnych do krwi 1 tatwo przekraczaja barierg
krew/mozg. W mézgu ulegaja utlenieniu do jonow Hg”',
ktoére juz z niego nie moga zosta¢ usunigte. Szkodliwe
dziatanie par rteci moze wptywac niekorzystnie rowniez
na uktad oddechowy, uktad pokarmowy, nerki i watrobeg.

Powszechnie uwaza sig, ze rt¢¢ metaliczna przyjgta
doustnie nie jest toksyczna, gdyz w przewodzie pokar-
mowym ulega w niewielkim stopniu rozpuszczeniu
(a tym samym jej wchtanianie do organizmu jest nie-
wielkie) i w postaci niezmienionej wydala si¢ z katem.

Przyjeta doustnie rte¢ metaliczna moze wywotaé bole
brzucha i biegunkg. W szczegdlnych przypadkach, takich
jak przyjecie doustne duzej ilosci rtgei metalicznej, silne
jej rozdrobnienie lub zaleganie w przewodzie pokarmo-
wym, np. po przedostaniu si¢ do wyrostka robaczkowego
[2], moze dziata¢ toksycznie [8].

Pomimo wysokiej toksycznosci rteci ostre, a zwlasz-
cza $miertelne przypadki zatrucia rtecia, sa rzadkie. I tak
np. w Stanach Zjednoczonych wedlug danych Amery-
kanskiego Stowarzyszenia O$rodkoéw Kontroli Zatrué
(American Association of Poison Control Centers) [1]
w 2003 r. zanotowano 3362 przypadki narazenia na rtgé
lub jej zwiazki, z czego w 569 przypadkach narazone byty
dzieci do szesciu lat. Wsrdd ogdlnej liczby przypadkow
u 44 0s6b rozwingly si¢ Srednio cigzkie objawy zatrucia,
u 6 0sob objawy byly powazne; nikt jednak nie zmart
w wyniku narazenia na rte¢ lub jej zwiazki. Niekiedy jed-
nak zatrucie rtgecia (lub jej zwiazkami) moze by¢ prze-
oczone ze wzgledu na niespecyficzne objawy zatrucia [1].

2. Materialy i metody

W ostatnich dziesigciu latach do Instytutu Ekspertyz
Sadowych wptyne¢to ponad 70 spraw z ukierunkowaniem
na badania rteci. Wérdd nich 56 dotyczyto metalicznej
rteci. Najwigcej spraw bylto zwiazanych z podejrzeniem
narazenia na dziatanie par rtgci w miejscu pracy lub za-
mieszkania, wstrzyknigciem dozylnym lub przyjeciem
doustnym metalicznej rtgci; po kilka spraw — z rozmysl-
nym dodaniem metalicznej rtgci do Zywnosci, zanieczysz-
czeniem $rodowiska oraz identyfikacja tej substancji.

Sprawy dotyczace narazenia na dzialanie par rteci,
wstrzyknigcia lub przyjecia doustnego metaliczne;j rteci,
kierowane byly do Instytutu najczgsciej przez Klinike
Toksykologii Collegium Medicum Uniwersytetu Jagiel-
lonskiego w Krakowie lub inne szpitale. W przypadkach
tych celem przeprowadzanych badan byto okreslenie stg-
zenia rteci w moczu i (lub) krwi, a co za tym idzie, po-
twierdzenie narazenia oraz kontrola wynikéw leczenia.
Sprawy dotyczace rozmyslnego dodania rtgci do Zywnos-
ci, zanieczyszczenia srodowiska (gleby) lub identyfikacji
substancji, kierowane byty do Instytutu Ekspertyz Sado-
wych przez policjg lub prokuraturg. W ekspertyzach tych
chodzito o udzielenie odpowiedzi na pytania zadane
W postanowieniu o powolaniu bieglego, dotyczace naj-
czgsciej identyfikacji zwiazku, okreslenia jego st¢zenia
oraz oceny toksycznosci i zagrozenia dla zycia i zdrowia
na podstawie wykonanych analiz.
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Rteé w nadsytanych do badan materiatach oznaczano
metoda atomowej spektrometrii absorpcyjnej technika
zimnych par za pomocg spektrometru SP-9 800 firmy Pye
Unicam (Wielka Brytania). Przed oznaczeniem probki
badanych materiatéw (kilka lub kilkanascie gramow) mi-
neralizowano na mokro w aparatach Bethgego z obie-
giem zamknigtym mieszaning kwasu siarkowego (2 ml)
i azotowego (10 ml). Wzgledne odchylenie standardowe
(RSD) catej procedury analitycznej (mineralizacji 1 ozna-
czenia) wynosito 4% (przy stgzeniu 0,080 pg/g), a granica
oznaczalno$ci (LOQ) — 0,010 ug/probke, a zatem np.
w zaleznos$ci od wielko$ci analizowanej probki — 0,001—
0,002 pg/g. Dokladno$¢ metody oceniano, stosujac ma-
terial referencyjny SRM Bovine Liver 1577 b NIST (Na-
tional Institute of Standards and Technology, Stany Zjed-
noczone).

3. Wyniki oraz oméwienie wynikow
3.1. Przypadki narazenia na pary rteci

W przypadkach narazenia na pary rtgci metalicznej,
stezenie rteci we krwi 1 w moczu najczesciej nie przekra-
czalo warto$ci normalnych lub przekraczato je w nie-
wielkim stopniu. Jako przyktad moze postuzy¢ przy-
padkowe narazenie kilku os6b w miejscu pracy, u kto-
rych stezenie we krwi pobranej na drugi dzien wynosito
okoto 50 pg/l, a w moczu w probkach pobranych po
2 miesigcach od narazenia — kilka pg/l. Za normalne, nie-
$wiadczace o narazeniu, poziomy rteci we krwi przyj-
muje si¢ zazwyczaj wartoéci do 10 pg/l, a w moczu do
10-15 pg/l. Przeprowadzone w Instytucie Ekspertyz Sa-
dowych badania normalnych pozioméw rteci wykazaty
we krwi (n = 35) stgzenia od LOQ do 6,5 ng/l, a w moczu
(n=15)0d LOQ do 2,6 ng/1[7].

3.2. Przypadki iniekcji rtgci metalicznej

Na szczego6lna uwage zastuguja przypadki dozylnej
iniekcji metalicznej rt¢ci. Rte¢ w tej formie wstrzyknigta
dozylnie przedostaje si¢ do r6znych narzadéw wewngtrz-
nych, najczesciej do pluc, gdzie pozostaje wiele lat i stop-
niowo ulega utlenieniu do silnie toksycznej rtgci jonowe;j
(Hg®"), stanowiac stale zrodlo narazenia. Za dawke
$miertelng mozna przyjaé¢ 10-40 mg rteci jonowej (Hg*")
na kg masy ciala. Wykazywane po iniekcji dozylnej ste-
Zenia rtgci we krwi i moczu moga by¢ wysokie, zblizone
niekiedy do stgzen stwierdzanych w przypadkach
ostrych, a nawet $miertelnych zatru¢ zwigzkami rteci
(Hg™"). Jako przyktad moga postuzyé dwa przypadki
opisane w tabeli I i II, badane w Instytucie Ekspertyz
Sadowych. Dla poréwnania, w tabeli III przedstawiono
stezenia rtgci w dwodch przypadkach ostrych zatru¢ nie-
organicznymi zwiazkami rteci [4, 6].

W pismiennictwie opisano kilkadziesiat przypadkow
dozylnej lub podskérnej iniekcji metalicznej rtgci [13].
Najczgsciej rte¢ wstrzykiwano w celach samobojczych;
czgsto byly to osoby uzaleznione od narkotykow lub z za-
burzeniami psychicznymi. Wyjatkowo zdarzaly si¢ przy-
padki wielokrotnego wstrzykiwania rteci w celu poprawy
kondycji fizycznej lub w celach rytualnych [3, 10, 13].

W niektorych przypadkach obecno$¢ rtgci metalicz-
nej stwierdzano tylko w miejscu wstrzyknigcia, w in-
nych, zwlaszcza przy wstrzyknigciu dozylnym — roz-
proszenie rteci metalicznej w narzadach wewngetrznych,
najczegsciej w ptucach i sercu [5, 11, 15]. W przypadkach
iniekcji rteci metalicznej pojawiaty si¢ objawy kliniczne
wskazujace na zatrucie rt¢cia zwigzane z utlenieniem rtg-
ci metalicznej do rteci jonowej (Hg”"), niekiedy objawow
klinicznych nie obserwowano (miato to miejsce zwlaszcza
w przypadkach iniekcji podskornej). W tabeli IV przedsta-
wiono pokrétce przyklady opisanych w pisSmiennictwie
przypadkow iniekcji rtgci metaliczne;j.

3.3. Przypadki rozmyS$lnego dodania metalicznej
rteci do zywnosci lub zanieczyszczenia gleby

Sprawy zwiazane z rozmyslnym dodaniem metalicz-
nej rteci do zywnosci, zanieczyszczeniem gleby i ko-
niecznos$cia identyfikacji substancji nadsytano do Ins-
tytutu Ekspertyz Sadowych w zwiazku ze znalezieniem
metalicznej rtgci np. w zupie, migsie, napojach oraz w zie-
mi. W postanowieniach o powotaniu bieglego w tych
sprawach znajdowaly si¢ m.in. pytania o skutki oddzia-
lywania tej substancji na organizm czlowieka.

Wybrane przypadki rozmy$lnego dodania metalicz-
nej rteci do zywnosci lub zanieczyszczenia gleby przed-
stawiono w tabeli V. W badanych materiatach obser-
wowano przechodzenie rt¢ci metalicznej w rte¢ jonowa.
I tak na przyktad w przypadku nr 1 z badanej zupy pomi-
dorowej wyizolowano 1,5 g metalicznej rtgci, za$ stgze-
nie rozpuszczonej rteci (a wiec w postaci jonu Hg”")
wynosito 33 000 ug/l. Proces rozpuszczania si¢ meta-
licznej rteci w badanych produktach spozywczych wery-
fikowano podczas badan symulacyjnych. Wykonano
doswiadczenie polegajace na dodaniu do przygotowanej
zupy pomidorowej metalicznej rtgci. Stwierdzono, ze stg-
zenie rteci Hg”* po 1 godzinie, 4 i 12 dniach wynosito od-
powiednio 140, 4 920 i 18 000 pg/l. W przypadku nr 2
stezenie rteci w margarynie z miejsc bez widocznych ku-
leczek rteci, a wige, jak mozna przypuszczac, w formie
jonowej Hg*", wynosilo 154 pg/g.

W omoéwionych wyzej i w podobnych przypadkach
dodania rtgci metalicznej do zywnos$ci nie mozna udzieli¢
$cislej odpowiedzi na pytania z postanowienia dotyczace
narazenia zdrowia lub Zycia, ze wzglgdu m.in. na:

— brak okreslonych danych, przy jakich dawkach (niz-
szych niz $miertelne) moga si¢ pojawi¢ objawy nie-
ostrego, ale szkodliwego oddziatywania na organizm,
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w tym objawy niespecyficzne i trudne do uchwy-
cenia;

— brak mozliwoS$ci ustalenia, w jakich st¢zeniach wy-
stgpowata rte¢ jonowa w badanych $rodkach spo-
zywezych w czasie ich spozywania z powodu za-
chodzacej stopniowo w czasie przemiany rtgci me-
talicznej w jonowa;

— nie mozna pomina¢ szkodliwego oddzialywania rteci
metalicznej, ktéra w badanych s$rodkach spozyw-
czych wystgpowata w stanie do$¢ silnego rozdrob-
nienia, mozna wigc przypuszczac, ze w przewodzie
pokarmowym uleglaby szybkiemu rozpuszczeniu
i przejsciu w forme¢ jonowa.

Nic nie stoi w sprzeczno$ci ze stwierdzeniem, ze
spozycie zywnoS$ci zawierajacej metaliczng rtg¢ moze
spowodowac rozstrdj zdrowia.

4. Podsumowanie

Stezenie rteci we krwi i w moczu w przypadkach:

— narazenia na pary rtgci najczesciej nie przekraczalo
warto$ci normalnych lub bylto tylko nieco podwyz-
szone;

— iniekcji rtgei metalicznej bylo wysokie, a w jednym
z nich pordwnywalne do stezen wystgpujacych w $mier-
telnych zatruciach zwiazkami nieorganicznymi, co
$wiadczy o przechodzeniu zdeponowanej w organiz-
mie rteci metalicznej w rteé jonowa (Hg™").

W przypadkach umyslnego dodatku metaliczne;j rtgei
do zywnosci takze obserwowano jej przechodzenie w for-
me jonowa (Hg"). Spozycie zywnosci z takim dodatkiem
mogto niekorzystnie wptywac na zdrowie.
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