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A CASE OF INTOXICATION WITH ZINC PHOSPHIDE
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Abstract

This paper presents a case of poisoning of a male whose death occurred about 3 hours after onset of pain in his abdomen. The
autopsy revealed semi-liquid contents in the stomach “with a distinct odour of carbide”. Post-mortem material together with
a public prosecutor’s decision (request) for an expert opinion on the presence of carbide (calcium carbide, CaC,) or any other
poisons in the stomach contents were sent to the Institute of Forensic Research. This material (stomach contents) and also blood
and urine specimens were analysed using appropriate chemical tests, flame atomic absorption spectrometry (F AAS) and optical
emission spectrometry with inductively coupled plasma (ICP OES). As a result of these studies, a large amount of PH,, zinc
(Zn) and phosphorus (P) were detected in the stomach contents. The calcium concentration was relatively low, and aluminium
(Al) was not detected. It was estimated that the stomach contents sample sent for the testing contained 5 g Zn,P,, which could
constitute a lethal dose. The concentration of Zn in the blood and urine samples was 11.4 and 0.44 pg/ml, respectively, being
slightly above the upper range limit and within the normally found range, respectively. Application of FAAS and ICP OES in
this study to determination of Zn and Ca allowed the detection of Zn,P, and estimation of the dose and also ruled out the pres-
ence of CaC,. ICP OES enabled quantification of P and Al, and therefore confirmation of poisoning by Zn,P, and exclusion of

AIP poisoning.
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1. Introduction

Nowadays, cases of poisonings with inorganic
compounds are rare despite the fact that some of them,
such as cyanides and nitrates (111), are potent, fast-act-
ing poisons. Zinc phosphide is also a highly toxic in-
organic compound. It is a grey substance which, under
the influence of moisture and, especially, acids, re-
leases volatile and highly toxic phosphine (PH,) with
a characteristic, unpleasant odour, described as the
smell of garlic, carbide or decaying fish. Zn,P, poison-
ing is associated with the action of PH,, which, pen-
etrating into the body, causes inhibition of cellular res-
piration [18]. In the case of Zn,P, ingestion, poisoning
symptoms appear after a short time, and rapid death

often ensues. Aluminium phosphide (AIP), calcium
phosphide (Ca,P,) and magnesium phosphide (Mg,P,)
have similar action to Zn,P,. Treatment of PH, (phos-
phides) poisoning is symptomatic; there are no spe-
cific antidotes or methods of treatment [13, 18, 22].
Phosphides of metals, particularly AIP and Zn,P,,
are used as rodenticides and insecticides (fumigants)
and therefore, may be a cause of accidental and in-
tentional (suicide) poisoning in humans. Acciden-
tal poisonings are usually associated with inhalation
exposure to PH,, whilst deliberate poisoning — with
ingestion of AIP or Zn,P,. Symptoms and effects of
PH, action on the human body may vary, depending
on the route of exposure. Most frequently, they include
headaches, fatigue, pain or tightness in the chest, dif-
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ficulty in breathing, abdominal pain, nausea, vomit-
ing, convulsions, hypotension and coma [2, 11, 13,
21,22, 25, 26]. As mentioned above, oral ingestion of
a phosphide is often fatal. Acute poisonings — and in
particular, fatal ones — with these compounds are very
common in Eastern countries (e.g. India, Iran) [14, 21,
24, 25]; however, in Western countries they are very
rare. For example, in Great Britain, during a five year
period, 93 cases of AIP exposure were reported to the
National Poisons Information Centre in London, the
vast majority of which were accidental. Low level ex-
posures were associated with the use of this compound
in agriculture. In 17 out of the 93 reported cases, no
symptoms or effects of exposure were observed; one
case ended in a fatal outcome [4].

In some cases, accidental poisoning by phosphides
in people can happen in unusual circumstances. These
include: a case of fatal poisoning in the manufacture
of amphetamine [26], poisoning of several people in
an office located near a tobacco store [16], and expo-
sure of a doctor performing an autopsy on a person
poisoned with AIP [9]. Wild animals, pets and farm
animals may also be exposed to phosphide poisoning
(8,17, 20, 23].

2. Case report

This paper presents a case of poisoning of a male
whose death occurred about 3 hours after the onset of
pain in his abdomen. During the autopsy, as described
in the autopsy report, a significant amount of semi-
solid, slightly lumpy grey colour contents “with a dis-
tinct smell of carbide” were revealed in the stomach
of the deceased. Gastric mucosa showed softening and
reddening with scattered small bloody haemorrhages.
Non-specific symptoms of acute respiratory and circu-
latory failure, sub-pleural petechiae, pulmonary oede-
ma and congestion (hyperaemia) of internal organs
were noted. In the blood and urine of the deceased, the
presence of ethyl alcohol was revealed at a concentra-
tion of 3.21%o and 4.08%o, respectively.

Post-mortem material together with the prosecution
decision to appoint an expert were sent to the Institute
of Forensic Research. In the prosecutor’s decision,
among other questions, was a request to determine the
content of carbide in the gastric contents, and that of
acetylene or other toxic substances in the blood.

3. Materials and methods

The sample of gastric contents, and blood and urine
specimens were sent for analysis. The gastric contents
had the form of cloudy, greyish fluid with lots of dark
grey residue and showed a neutral reaction (pH 6-7)
and a strong, characteristic smell of PH,, which is
sometimes referred to as the smell of carbide. This
material was analysed qualitatively and quantitatively
using:

— aspecific chemical test to detect PH,;

— flame atomic absorption spectrometry (F AAS) ap-
plied to the determination of Zn, Ca, and Mg;

— inductively coupled plasma optical emission spec-
trometry (ICP OES) for determination of Zn, Ca
and Mg, and also Al and P.

Prior to the F AAS and ICP OES analysis, the sam-
ples were digested with microwave energy.

To detect PH,, we used (universally applied) test
strips of filter paper saturated with silver nitrate
(AgNO,), which under its influence turns into silver
phosphide (Ag,P), which is black [5, 10, 25]. A few
strips of paper with dark residues were heated for
a few minutes in diluted nitric acid (HNO,) until dis-
coloration of the paper occurred, in order to convert
Ag,P into soluble phosphates, and the resulting solu-
tion was analyzed by the ICP OES technique for the
presence of P.

Determination was carried out using an SP-9 800 Pye
Unicam AAS spectrometer and iCAP 6300 ICP OES
spectrometer from Thermo, while digestion was per-
formed by a mixture of HNO, and hydrogen peroxide
(H,0,) in an Ethos 1 Milestone apparatus.

Three samples were collected for the digestion of
each tested material: the gastric contents — 0.50 ml of
fluid from above the dark grey precipitate and 0.05 g
of the isolated then washed clean and dried dark grey
precipitate, blood — about 1.0 g, urine — 2.5 ml. After
digestion, the samples were filled up to a volume of
10 ml and appropriately diluted before analysis.

The conditions for determination of P, Zn, Ca and
Al are shown in Table 1.

4. Results and discussion

The results of the analyses are summarized in Ta-
ble I and III. Large quantities of PH,, Zn and P were
found in gastric contents, Al was not detected, and the
concentration of Ca was relatively low. These results
indicated the presence of Zn,P, in the stomach con-
tents, but not CaC,.
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TABLEI. P, Zn, Ca AND Al DETERMINATION BY ICP OES AND F AAS: APPARATUS CONDITIONS AND LIMITS OF

DETECTION (LOD)"

ICP OES
Plasma view: axial
Integration time: 30 s, repeats: 3
RF generator power: 1150 W
Nebuliser argon flow: 0.5 I/min

Thermo Electron spectrometer: iCAP 6300 DUO, CID detector

A(nm) P: 178.284 185942 213.618 LOD: 0.027 0.60 0.021
Zn: 202.548 206.200 213.856 0.003  0.006 0.003
Ca: 393.366 396.847 422.673 0.003  0.009 0.003
Al: 396.152 0.040

F AAS Pye Unicam spectrometer: SP-9 800, deuterium background correction,
air-acetylene flame

A (nm) Zn: 213.9 LOD: 0.02

Ca: 422.7 0.20

“LOD - expressed as pg/ml of analysed solutions.

TABLE II. RESULTS OF PH,, P, Zn, Ca AND Al DETERMINATION IN GASTRIC CONTENTS (GREY SUSPENDED MATTER

AND DARK GREY PRECIPITATE)

Sample

PH,, P, Zn, and Ca content [%]

Suspended matter from above dark grey PH, (a great deal)
precipitate P0.03 Zn0.1 Ca 0.003 Alnd.
Isolated precipitate (washed clean, dried) P8.5 Zn 26.8 Ca 0.024 Aln.d.
n.d. — not detected.
TABLE III. RESULTS OF Zn DETERMINATION IN BLOOD AND URINE BY F AAS AND ICP OES
Material Concentration [pg/ml or pug/g]
In this case Normal (mean + SD, range) [12]
F AAS (n = 3) ICP OES (n = 3)
Blood 11.43 11.02 6.81+1.21 4.02-8.68 (n =50)
Urine 0.44 0.46 0.69+1.70 0.39-1.00 (n=5)

Zn,4P, content in the whole sample of gastric con-
tents submitted for testing, calculated on the basis of
the concentration of Zn and P, was 5.37 g and 5.18 g,
respectively (average 5.28 g). Fatalities have been re-
corded after ingestion of 3-5 g Zn,P,, so the calculated
dose could be a lethal dose.

Zn concentrations in blood and urine were 11.4 and
0.44 ug/ml, respectively. Thus the blood concentration
was slightly higher than the highest concentrations
found in unexposed people, but the urine level did not
deviate from normally encountered concentrations
[12].

Based on the results of the performed analysis, a fi-
nal conclusion was drawn that the man had ingested
highly toxic zinc phosphide before death, and the dose
taken could have been a lethal dose.

In the prosecutor’s decision (request), as mentioned
above, in connection with the appearance and smell
of the stomach contents, there were questions about
the carbide and acetylene content in the blood. These
questions were asked due to the properties of carbide.
Carbide is otherwise known as calcium carbide or cal-
cium acetylide, CaC,. Chemically pure CaC, is odour-
less, whilst technical grade CaC, is contaminated with
carbon, calcium oxide and calcium phosphide (Ca,P,),
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TABLE IV. ANALYTICAL RESULTS OF PH,, P, Al AND Zn DETERMINATION IN HUMAN AUTOPSY MATERIALS,

ACCORDING TO OTHER AUTHORS [1, 6, 15, 19]

Author Poisoning circumstances

Analysis (analyte, method, material, concentration [pg/g])

[15] Suicide, AIP PH,: HS GC/NPD, Sample acidification, LOQ 0.002
2008 M found dead about two hrs after Stomach content 0.20
going to sleep in room: strong Nose smear 0.56
smell f rodntides n i Smallnsine 028
Urine, blood, liver, kidney, bile, brain: n.d.
[6] Suicide, AIP PH,: HS GC/NPD, Sample acidification
1983 Blood 0.0005
Liver 0.003
Stomach content 3.00
GC/MS: n.d.
[1] Suicide, AIP PH,:  HS GC/MS, Al,P: ICPMS
2000 M found dead in his car, eight PH,:  Brain 94 ml/g"
days after leaving home, in the Liver 24
car: garlic odour and remnants of ;
AlP (gS7%) pills, body in a state of E;c;r:fy 4019
advanced decay ! '
Urine, blood: n.d.
P: Blood 76 300, brain 4 300: slightly > normal
Urine, kidney, heart: normal
Al: Blood 1.54: about 100-times > normal
Brain 36.0, liver 75.0, heart 4.6: slightly > normal
Urine, kidney: normal
[19] Suicide, Zn,P, Zn: F AAS
1988 M — poisoned by unknown sub- Stomach 344: about 100-times > normal

stance, vomited “unpleasant smell-
ing” vomit, treated in a hospital,
survival time: two days

Small intestine 84: several times > normal
Blood, liver, kidney, lungs, brain: normal

M — male; n.d. — not detected; LOQ — limit of quantification.

“ PH, in brain, liver, kidney and heart — expressed in uncommon units, probably mg/g (?)

and has a grey colour and specific odour. In contact
with water, carbide releases volatile acetylene, and
alkaline calcium hydroxide, whereas Ca,P,, which is
present in it in certain amounts, emits PH,. The spe-
cific odour of carbide is associated with the release of
PH,, therefore the odour of PH, is often referred to as
the smell of carbide.

Conclusions about the cause of poisoning in cases
involving phosphides or PH, are usually based on de-
tection of PH, in ambient air, gastric contents or suspi-
cious substances using appropriate tests (tissue paper
with AgNO,, Dréger tubes). Sometimes, the circum-
stances of the incident alone or negative test results for
the presence of other poisons must suffice [11, 15, 22].
Analysis of autopsy material, including the determina-
tion of PH,, P, Zn or Al, and interpretation of results is
difficult because of the rapid elimination of PH, from
biological material due to its volatility and chemical

transformations, and also the natural occurrence of P,
Zn and Al in biological tissues, as well as wide ranges
of their natural concentrations.

The circumstances of the incident may affect anal-
ysis results and their interpretation. In the literature,
only a few papers have described the use of instru-
mental analytical techniques for the determination of
PH,, or P, Zn and Al in material collected from lethally
poisoned patients [1, 3, 6, 7, 15, 19].

Musshoff et al. [15], in a case of suicidal poison-
ing with AIP, used the head space technique in gas
chromatography with a nitrogen-phosphate detec-
tor (HS GC/NPD) for the determination of PH,. The
presence of PH, was detected in stomach contents,
small intestine and nose smear, and its concentration
was several tenths of a pg/g, whereas in urine, blood,
liver, kidney, bile and brain, PH, was not detected. The
authors of the discussed paper state that to their best
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knowledge, this work is only the third publication (af-
ter Chan et al. [6] and Anger et al. [1]) which gives
results of the analysis of biological materials for PH,
content in a fatal poisoning with phosphides.

Chan et al. [6], using the technique of HS GC/NPD
in a case of poisoning with AIP, found PH, in stom-
ach contents, liver and blood. However, the paper did
not provide validation parameters, including limits of
detection and quantification (LOD and LOQ), further-
more, PH, was not detected in any of the tested materi-
als by using gas chromatography — mass spectrometry
(GC/MS).

Anger et al. [1], in a case of AIP poisoning in rather
unusual circumstances, detected the presence of PH,
in the brain, liver, kidney and heart, whereas PH, was
not detected in the urine and blood. P and Al were also
quantified using inductively coupled plasma mass
spectrometry (ICP MS). According to the authors, the
concentrations of P in the blood, brain and liver were
somewhat elevated compared to the concentrations
usually reported as normally found, while in the urine,
kidney and liver they were within the normal ranges
of concentrations. Al concentration in blood was about
one hundred times higher than normal, in the brain and
liver it was several times higher than normal, and in
the urine and kidney it was within the range of normal
values. The unusual circumstances of the event — lay
of the body for several days in an atmosphere saturat-
ed with PH, — could have affected the results obtained
for PH, and P determination.

In a case of an unknown substance intoxication
[19], in which survival time was two days, the appli-
cation of F AAS to the determination of Zn in the post-
mortem material enabled ascertainment of the cause of
poisoning.

In the stomach and intestines, Zn concentrations
were more than a hundred and several times higher,
respectively, than the highest concentrations normal-
ly encountered [12]. Further details on the results of
analysis of PH, and P, Al and Zn in biological mate-
rial, in cases of poisoning in humans, according to the
above-mentioned authors, are given in Table IV.

5. Summary

Laboratory confirmation of fatal poisoning with
phosphides, due to their properties and those of PH,
itself, can be difficult and requires comprehensive
analysis using various analytical techniques for the
detection or determination of PH, and Al or Zn.

In the presented case, GC analysis of the submitted
material for the presence of PH, was not performed,

however ICP OES was used to detect P in Ag,P pre-
cipitate dissolved in HNO, from the AgNO, test, which
allowed us to confirm the presence of PH,. F AAS and
ICP OES techniques were used in the quantification of
Zn and Ca, which enabled confirmation of Zn,P, and
assessment of the ingested dose and the exclusion of
intoxication with CaC,. What is more, ICP OES anal-
ysis for P and Al allowed confirmation of poisoning
with Zn,P, and the exclusion of AIP intoxication.
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PRZYPADEK ZATRUCIA FOSFORKIEM CYNKU

1. Wprowadzenie

Przypadki zatru¢ zwigzkami nieorganicznymi zda-
rzaja si¢ obecnie rzadko, pomimo Ze niektore z nich sa
silnymi, szybko dziatajacymi truciznami, jak np. cyjanki
czy azotany(III). Do silnie toksycznych zwigzkoéw nieor-
ganicznych nalezy tez fosforek cynku. Jest to szara sub-
stancja wydzielajaca pod wptywem wilgoci, a zwtaszcza
kwasow, lotny i bardzo toksyczny fosforowodor (PH,)
o charakterystycznej, nieprzyjemnej woni, okreslanej
jako won czosnku, karbidu czy gnijacych ryb. Zatrucie
Zn,P, utozsamiane jest z dziataniem PH,, ktory, przeni-
kajac do organizmu, powoduje m.in. zahamowanie oddy-
chania komorkowego [18]. W przypadku spozycia Zn,P,
objawy zatrucia pojawiaja si¢ w krotkim czasie, czgsto
tez nastgpuje szybki zgon. Podobne dziatanie do Zn,P,
wykazuje fosforek glinu (AIP) oraz fosforek wapnia
(Ca,4P,) i magnezu (Mg,P,). Leczenie w przypadkach za-
trucia PH, (fosforkami) jest objawowe; nie istniejg spe-
cyficzne odtrutki ani sposoby leczenia [13, 18, 22].

Fosforki metali, zwlaszcza AIP i Zn,P,, majg zasto-
sowanie jako rodentycydy iinsektycydy (fumiganty),
w zwigzku z tym moga by¢ przyczyna zatru¢ przypad-
kowych oraz umys$lnych (samobdjczych) u ludzi. Przy-
padkowe zatrucia zwigzane sa najczesciej z narazeniem
wziewnym na PH,, natomiast zatrucia umyslne — z doust-
nym przyjeciem AlP lub Zn,P,. Objawy i skutki dziafania
PH, na organizm czlowieka moga by¢ rozne w zalezno-
$ci od drogi narazenia. Najczesciej obejmuja one bole
glowy, uczucie zmeczenia, bol lub ucisk w klatce pier-
siowej, trudnosci w oddychaniu, boéle brzucha, nudnosci,
wymioty, konwulsje, spadek ci$nienia krwi, $piaczke [2,
11, 13, 21, 22, 25, 26]. Jak wspominano wyzej, doustne
przyjecie fosforku nierzadko konczy si¢ zgonem. Ostre,
a zwlaszcza Smiertelne zatrucia tymi zwigzkami, wyste-
puja bardzo czesto w krajach Wschodu (np. Indie, Iran)
[14, 21, 24, 25]; w krajach zachodnich s3 one bardzo
rzadkie. Przyktadowo w Wielkiej Brytanii do Narodo-
wego Centrum Informacji o Truciznach (National Po-
isons Information Center) w Londynie w ciagu pigciu lat
zgloszono 93 przypadki narazenia na AlP; zdecydowana
wickszo$¢ z nich to przypadkowe, niewielkie narazenie
zwigzane z zastosowaniem tego zwigzku w rolnictwie.
W 17 zgltoszonych przypadkach nie stwierdzono zadnych
objawow ani skutkoéw narazenia, jeden przypadek zakon-
czyl si¢ zgonem [4].

Niekiedy moze dojs¢ do zatrucia fosforkami przy-
padkowych os6b w nietypowych okolicznosciach. Zano-
towano przypadek $miertelnego zatrucia przy produkcji
amfetaminy [26], zatrucia kilku oséb w biurze znajdu-
jacym si¢ w poblizu magazynu tytoniu [16], narazenie

lekarza wykonujacego sekcj¢ zwlok osoby zatrutej AIP
[9].

Na zatrucie fosforkami moga by¢ narazone takze dzi-
kie zwierzgta oraz zwierze¢ta domowe i hodowlane [8, 17,
20, 23].

2. Opis przypadku

W niniejszej pracy przedstawiono przypadek zatrucia
mezezyzny, ktérego zgon nastgpit w nieco ponad 3 go-
dziny od pojawienia si¢ u niego dolegliwosci bélowych
brzucha. Podczas sekcji zwtok stwierdzono w zotad-
ku denata, jak to opisano w protokole sekcji, znaczng
ilos¢ polptynnej, lekko grudkowatej tresci szarej barwy
,,0 wyraznej woni karbidu”. Btona $luzowa zotadka wy-
kazywata rozpulchnienie i zaczerwienienie z rozsianymi
drobnymi krwawymi wybroczynami. Stwierdzono réw-
niez niespecyficzne objawy ostrej niewydolnosci odde-
chowo-krazeniowej: wybroczyny podoptucnowe, obrzek
phuc, przekrwienie narzadéw wewngtrznych. W krwi
i moczu denata wykazano obecno$¢ alkoholu etylowego,
odpowiednio 3,21%o i 4,08%o.

Materiat sekcyjny wraz z postanowieniem prokuratu-
ry o powotaniu biegtego nadestano do Instytutu Eksper-
tyz Sadowych. W postanowieniu zadano m.in. pytania
o zawartos¢ w tresci zotadka — karbidu, a we krwi — ace-
tylenu lub tez innych substancji toksycznych.

3. Material i metody

Do badan nadestano probke tresci zotadkowej oraz
probki krwi i moczu. Tre$¢ miata posta¢ metnego, szara-
wego ptynu z duzg iloscig ciemno-szarego osadu i wyka-
zywata odczyn obojetny (pH 6—7) oraz silna, charaktery-
styczng dla PH, won, ktéra niekiedy okreslana jest jako
won karbidu. Materiat ten poddano analizie jako$ciowe;j
i iloSciowej przy zastosowaniu:

— charakterystycznego testu chemicznego celem wykry-
cia PH,;

— plomieniowej atomowej spektrometrii absorpcyjnej
(F AAS), ktora postuzyta do oznaczen Zn, Ca, Mg;

— optycznej spektrometrii emisyjnej z plazma sprz¢zona
indukcyjnie (ICP OES) do oznaczen Zn, Ca, Mg, a po-
nadto oznaczen Al i P.

Probki przed analiza F AAS i ICP OES mineralizo-
wano z wykorzystaniem energii mikrofalowe;.

Do wykrycia PH, zastosowano powszechnie uzy-
wany charakterystyczny test z paskami bibuly nasaczo-
nymi azotanem srebra (AgNO,), ktory pod jego wply-
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wem przechodzi w fosforek srebra (Ag,P) o czarnym
zabarwieniu [5, 10, 25]. Kilka zebranych paskow bibuty
z czarnym osadem ogrzewano kilka minut w rozcienczo-
nym kwasie azotowym (HNO,) az do odbarwienia bibuty
w celu przeprowadzenia Ag,P w rozpuszczalne fosfora-
ny, a otrzymany roztwor poddano analizie za pomoca
techniki ICP OES na obecno$¢ P.

Oznaczenia przeprowadzono przy zastosowaniu
spektrometru AAS SP-9 800 firmy Pye Unicam oraz
spektrometru ICP OES iCAP 6300 firmy Thermo, a mi-
neralizacj¢ w mineralizatorze Ethos 1 firmy Milestone
mieszaning HNO, i nadtlenku wodoru (H,0,). Do mi-
neralizacji z kazdego badanego materiatu pobierano po
trzy probki: z tresci zotadkowej — 0,50 ml ptynu znad
ciemnoszarego osadu oraz 0,05 g przemytego woda
i wysuszonego ciemnoszarego osadu, krwi — okoto 1,0 g,
moczu — 2,5 ml. Po mineralizacji probki uzupetniano do
objetosci 10 ml i odpowiednio rozcienczano przed wyko-
naniem analizy. Warunki oznaczania P, Zn, Ca, Al przed-
stawiono w tabeli I.

4. Wiyniki i dyskusja

Wyniki badan zestawiono w tabeli II i III. W tresci
zotadkowej stwierdzono obecno$¢ duzych ilosci PH,
oraz Zn i P; Al nie wykryto, a stezenie Ca bylo stosun-
kowo niskie. Wyniki te wskazywaly, ze w tresci zotadka
znajdowat si¢ Zn,P, i Ze nie zawierata ona CaC,.

Oszacowana w oparciu o wyznaczone stezenia Zn
i P zawarto$¢ Zn,P, w catej nadestanej do badan prob-
ce tresci zotadka wynosita odpowiednio 5,37 g 15,18 g
(Srednio 5,28 g). Przypadki zgondw notowane byly po
spozyciu 3-5 g Zn,P,, totez obliczona dawka mogta sta-
nowi¢ dawke $miertelng. Stezenie Zn we krwi i w moczu
wynosito odpowiednio 11,4 10,44 pg/ml, we krwi byto
zatem nieco wyzsze niz najwyzsze st¢zenia spotykane
u ludzi nienarazonych, a w moczu nie odbiegalo od ste-
zen spotykanych normalnie [12].

Na podstawie wynikoéw przeprowadzonych analiz po-
stawiono koncowy wniosek, ze me¢zczyzna spozyt przed
zgonem silnie toksyczny fosforek cynku, a przyjeta daw-
ka mogta stanowi¢ dawke $miertelna.

W postanowieniu, jak wspomniano wyzej, w zwigz-
ku z wygladem i wonig treéci zotadka zadano pytania
o zawarto$¢ w niej karbidu, a takze acetylenu we krwi.
Pytania te mialy swoje uzasadnienie we wlasciwosciach
karbidu. Karbid to inaczej weglik wapnia lub acetylenek
wapnia, CaC,. Chemicznie czysty CaC, jest bezwonny,
natomiast techniczny CaC, jest zanieczyszczony weglem,
tlenkiem wapnia oraz fosforkiem wapnia (Ca,P,), posia-
da szarg barwg oraz charakterystyczng won. W kontakcie
z wodg wydziela lotny acetylen i wodorotlenek wapnia
0 odczynie zasadowym, a zawarty w nim w pewnych
ilociach Ca,P, uwalnia PH,. Charakterystyczna won

karbidu zwigzana jest z wytwarzajacym si¢ PH,, dlatego
tez won PH, jest okreslana czesto jako won karbidu.

Whnioskowanie o przyczynie zatrucia fosforkami lub
PH, zazwyczaj opiera si¢ na wykryciu PH, w powietrzu
badZz tresci zoltadkowej lub podejrzanej substancji za
pomocg odpowiednich testow (bibuta z AgNO,, rurki
Drigera). Niekiedy musza wystarczy¢ same okoliczno-
$ci wydarzenia badz ujemne wyniki badan na obecno$é
innych trucizn [11, 15, 22]. Analiza materiatu sekcyjne-
go, w tym oznaczanie PH,, P, Zn lub Al oraz interpre-
tacja wynikow jest trudna ze wzgledu na szybki zanik
PH, z materiatu biologicznego na skutek jego lotnosci
i przemian chemicznych oraz naturalne wystepowanie P,
Zn i Al w materiale biologicznym, a takze na szerokie
zakresy tych naturalnych st¢zen.

Okolicznos$ci zdarzenia moga mie¢ wplyw na wyni-
ki analizy oraz ich interpretacj¢. W literaturze jedynie
w pojedynczych pracach opisano wykorzystanie technik
analizy instrumentalnej do oznaczen PH,, badz P, Zn czy
tez Al w materiale pobranym od $miertelnie zatrutych
osob [1, 3, 6,7, 15, 19].

Musshoff i wspotpracownicy [15] w przypadku sa-
mobdjczego zatrucia AP zastosowali analiz¢ fazy nad-
powierzchniowej technika chromatografii gazowej
z detektorem azotowo-fosforanowym (HS GC/NPD) do
oznaczania PH,. W tredci zotgdka, jelicie cienkim i wy-
dzielinie z nosa stwierdzono obecnos¢ PH,, a jego steze-
nie wynosito kilka dziesiatych pg/g, natomiast w moczu,
krwi, watrobie, nerce, Z6tci, mézgu PH, nie stwierdzo-
no. Zgodnie z wiedza autoréw tej pracy, jest ona dopie-
ro trzecig publikacja (po Chan i in. [6] oraz Anger i in.
[1]), w ktorej podano wyniki analizy materiatlow biolo-
gicznych na zawarto$¢ PH, przy Smiertelnym zatruciu
fosforkami.

Chan i in. [6], stosujac rowniez technike HS GC/NPD
w przypadku zatrucia AP, stwierdzili PH, w tresci zofad-
ka, watrobie i krwi. W pracy nie podano danych na temat
walidacji metody, w tym granic wykrywalnosci i ozna-
czalnosci (LOD i LOQ); ponadto przy zastosowaniu
chromatografii gazowej ze spektrometriag mas (GC/MS)
w zadnym z badanych materialow nie wykryto PH,.

Anger iin. [1] przy zatruciu AIP w do$¢ nietypowych
okoliczno$ciach, wykryli obecnos¢ PH, w mozgu, watro-
bie, nerce i sercu, natomiast w moczu i krwi PH, nie wy-
kryto. Oznaczono tez P oraz Al przy zastosowaniu spek-
trometrii mas z plazma sprz¢zona indukcyjnie (ICP MS).
Stezenie P w krwi, mozgu i watrobie byto, wedlug au-
torow, nieco podwyzszone w stosunku do stezen zwy-
kle podawanych jako normalnie wystepujace, natomiast
W moczu, nerce i watrobie miescito si¢ w zakresie stgzen
normalnych. Stezenie Al we krwi bylo okoto stukrotnie
wyzsze niz normalne, w mézgu i watrobie — kilka, kil-
kunastokrotnie wyzsze niz normalne, w moczu i w nerce
znajdowato si¢ w zakresie wartosci normalnych. Niety-
powe okolicznosci zdarzenia — przebywanie ciata przez
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kilka dni w atmosferze przesyconej PH,; — mogto mie¢
wplyw na otrzymane wyniki oznaczefh PH, oraz P.

W przypadku zatrucia nieznang substancja [19],
w ktorym czas przezycia wynosil dwa dni, zastosowanie
F AAS do oznaczenia Zn w materiale sekcyjnym umoz-
liwilo ustalenie przyczyny zatrucia. W wycinkach zotad-
ka 1 jelita stezenie Zn byto odpowiednio ponad sturotnie
i kilkakrotnie wyzsze niz najwyzsze normalnie spotyka-
ne stezenia [12]. Blizsze dane na temat wynikow analizy
PH, oraz P, Ali Zn w materiale biologicznym w przypad-
kach zatru¢ u ludzi, wedlug wyzej wspomnianych auto-
réw, podano w tabeli I'V.

5. Podsumowanie

Laboratoryjne potwierdzenie $miertelnego zatrucia
fosforkami ze wzglgdu na ich wlasciwos$ci oraz wtasci-
wosci samego PH, moze by¢ trudne i wymaga komplek-
sowej analizy z zastosowaniem réznych technik anali-
tycznych w celu wykrycia lub oznaczenia PH, oraz Al
badz Zn. W niniejszym przypadku nie przeprowadzano
analizy nadestanych materiatdéw technika GC na obec-
nos¢ PH,, natomiast zastosowano ICP OES do wykry-
cia P w osadzie Ag,P rozpuszczonym w HNO, z testu
z AgNO,, co pozwolito na potwierdzenie obecnosci PH,,
a takze wykorzystano technik¢ F AAS oraz ICP OES do
oznaczen Zn i Ca, co umozliwito stwierdzenie zatrucia
Zn,4P, i oceng przyjetej dawki oraz wykluczenie zatrucia
CaC,. Dodatkowe potwierdzenie zatrucia Zn,P, i wy-
kluczenie zatrucia AIP umozliwita analiza ICP OES na
zawartos¢ P i1 Al
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