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Abstract

Synek O., S. Zima, M. Sucmanové, E. Sucman: Determination of Lead,
Mercury and Arsenic in Feeding Phosphates. Acta vet. Brno, 47, 1978: 153 —158.

Elaborated was the method of determination of lead, mercury and arsenic in feeding
phosphates by means of atomic absorption spectrophotometry. Five different types of
foreign and Czechoslovak phosphates commonly used for the preparation of feed
mixtures were analyzed. The content of lead, mercury and arsenic ranged from
0.72 to 6.89 mg kg -1, 0.09 to 0.37 mg kg ! and from 0.75 to 69.77 mg kg 1, respecti-
vely. With regard to the content of all the three elements studies it was found that
the relatively purest was dinatriumphosphate (Fosfa, n. p.), while the highest amount
of admixtures was found in monocalciumphosphate (Reymeshotm) and dicalcium-
phosphate (CKF).

Microelements, atomic absorption spectrophotometry, feed mixtures.

The ever increasing industrialization and intensification of agricultural large-scale production
necessitates investigations of new aspects in the nutrition of farm animals, aspects that had not
been important before. One of the problems discussed has recently become the content of some
microelements in feeds and feed mixtures; the intense development of instrumentation techniques
over the past years has enabled these investigations to be carried out. The most important of these
microelements are lead, cadmium, mercury and arsenic, indicated as ,toxical civilization elements*¢.
The importance of uptake of these elements by farm animals should be judged from two aspects,
i. e. from the point of view of the health condition of animals (possible intoxication, etc.), and be-
cause feed is the first link of the food chain which ends in man. Whereas the final links of this chain
(raw materials for the preparation of foodstuffs, finished products, etc.) have already been studied,
are being discussed, or there already exist standards for the admissible contents, in the field of
feeds not many studies of this kind exist. These studies are aimed namely at lead of which namely
the increased content in conventional feeds is closely associated with civilization. The intoxication
of farm animals with lead in the industrial regions and in the vicinity of main roads with heavy
traffic is becoming an ever increasing problem (Matya$ 1975).

The most important mineral components of feed mixtures include various types of phosphates,
representing 1—10 % of the total composition of feed mixtures. With regard to the initial raw
materials and the industrial character of the production of these substances the present study deals
with the determination of lead, mercury and arsenic in the most frequently used types of feeding
phosphates of both foreign and Czechoslovak origin.

Materials and Methods

Samples of dicalcium phosphate (DCP) and monocalciumphosphate (MCP) imported to Cze-
choslovakia in 1975—1977 as mineral feed admixtures were analyzed as for the content of lead,
mercury and arsenic. The other phosphates studied (dinatriumphosphate, pyrophosphate and
hexametaphosphate) were produced in Fosfa n. p. in Po$torna.

Determination of the content of lead, mercury and arsenic in phosphates was performed using
the method of atomic absorption spectrophotometry (AAS) with the Varian Techtron Model
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1000 apparatus. Absorbance signals were recorded using a Varian-Aerograph A-25 recorder.

Samples to be used for the determinations were dissolved in the following way: for arsenic
determination a phosphate sample (1—2 g) was shaken for 3 hours with 25 ml of concentrated
HCI. Next, about 30 ml of deionized water was added and the solution was heated (one hour)
so that its temperature would not exceed 80°C. After cooling down to room temperature the volume
was refilled in a volumetric flask to 100 ml. For the determination of lead and mercury the method
was the same, only that a mixture of 10 ml of concentrated HNO; and 15 ml of concentrated HCI
was used.

Table 1
Basic p: ters of app of determinations of lead, mercury and arsenic
™ Parameter
Wave length Slot Lamp current*
(nm) (nm) (mA)
Element
Pb 283.3 0.2 8
Hg 253.7 0.2 3
As 193.7 0.2 10

* For the determination of all elements hollow cathode lamps were used.

By an optimation of analytical conditions the methods were elaborated of determinations of the
elements given in a certain material. Tab. 1 gives the basic parametres of the apparatus for the
individual elements.

The content of lead was determined using flameless atomization; for this purpose the basic
apparatus was supplied with the CRA device, Model 63, of the firm Varian. For the dosing of the
samples analyzed we used an Eppendorf micropipette of a volume of 5 yl.

Mercury was determined using the cold vapour technique after reduction with tin dichloride
in the equipment of the firm Varian, Model 64 (Hatch, Ott 1968; Hoower etal. 1971; Sucma-
novi et al. 1976). A constant volume (20 ml) of the standard solunon or sample was dosed into the
reaction vessel. After adding 1 mlof 20 % SnCl, in concentrated HCI the solution was intensively
mixed with an electromagnetic stirer and after 90 s the mercury vapours were carried into an
absorption measuring cell with a stream of argon.

Table 2
Analytical characteristics of the process of lead, mercury and arsenic determinations
| I Sr (%) Se;/s;tozmy Concentration range Cc{;erlﬁe'il:i::?
1
Pb 53 5.101%g 0.1—1.0 pug/ml 0.9819
0.01—0.08 g/ml
Hg 5.0 25.10g 10—100 ngHg 0.9986
0.5—5(10) ngHg/ml
As 4.5 6.10"'g 0.02—-0.4 ug 0.9994
0.05—0.6 ug

For the determination of arsenic we used the method of hydride development after reduction
with sodium borohydride (5 ml of 5 9%, NaBH,) in the Model 64 device of the firm Varian. A nitro-
gen-entrained air-hydrogen flame served as absorption medium. A constant volume (20 ml) of
standard solution or sample was dosed into the reaction vessel.

Tab. 2 shows the analytical characteristics of processes elaborated for the determination of the
individual elements. The results measured were statistically elaborated in the common way.
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Table 3
Lead in feed phosph lyzed (mg kg—*)
Sample Producer n 2 95 % CI
Dicalciumphosphate Kuhiman 14 3.7 3.18—4.23
(France)
Dicalciumphosphate %I;lé ) 13 6.89 6.37—17.40
Dicalciumphosphate iktor 10 3.98 3.82—-4.15
(FRG)
Dicalciumphosphatea Windmill 10 1.12 1.02—-1.23
(Holland)
Dicalciumphosphate® Windmill 6 115 1.01-1.29
(Holland)
Dicalciumphosphate (Stt}iéxszchxmm' export 10 2.20 1.96—-2.44
Monocalciumphosphate Reymesholm 10 4.35 3.08—5.26
(Sweden)
Dinatriumphosphate osfa, n. 6 0.72 0.58 —0.85
(CSSR)
Pyrophosphate Fosfa, n 6 0.88 0.74—1.02
(CSSR)
Hexametaphosphate Fosfa, n. p. 6 1.40 1.34—-1.46
. (CSSR)
n — number of samples elaborated
£ — average value
95% CI — a95% confidence interval for lead content found
a — sample imported in 1976
b — sample imported in 1977
Table 4
Mercury in feed phosph yzed (mg kg-?)
Sample Producer n 2 95 % CI
Dicalciumphosphate Kuhlman 8 0.14 0.08—0.20
(France)
Dicalciumphosphate CKF 8 0.23 0.14—0.31
(FRG)
Dicalciumphosphate? Windmill 6 0.13 0.12-0.15
(Holland)
Monocalciumphosphate Reymesholm 6 0.29 0.25—0.32
(Sweden)
Dinatriumphosphate - Fosfa, n. p. 10 0.37 0.29—-0.44
(CSSR)
Pyrophosphate Fosfa, n. p. 10 0.20 0.14—-0.25
(CSSR)
Hexametaphosphate Fosfa, n. p. 10 0.09 0.07-0.11
Table 5
Arsenic hosph analyzed (mg kg!)
Sample Producer n 2 95 % CI
Dicalciumphosphate Kuhlman 10 1.10 0.85—1.35
(France)
Dicalciumphosphate CKF 10 69.77 65.81—173.72
(FRG)
Dicalciumphosphate X;}zt&l; 10 5.17 4.75— 5.59
! Dicalciumphosphatea Windmill 10 6.90 6.62— 7.19
(Holland)
Dicalciumphosphate? Windmill 6 17.00 14.61-19.39
(Holland)
Dicalciumphosphate Sgiusz;:zhimexport 10 10.23 9.57—10.89
(USSR)
Monocalciumphosphate Reymesholm 6 20.70 19.98 -21.43
(Sweden)
Dinatriumphosphate Fosfa, n. p. 4 0.75 0.70—0.80
(CSSR)
Pyrophosphate Fosfa, n. p. 4 2,94 2.88— 3.00
(CSSR)
Hexametaphosphate Fosfa, n. p. 4 3.50 3.20— 3.80
(CSSR)
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Results

Tables 3, 4 and 5 give the contents of lead, mercury and arsenic found in the
feeding phosphates analyzed.

The minimum content of lead determined in dinatriumphosphate was 0.72 mg
kg-1. Of the DCP imported the lowest content (1.12 mg kg-!) was found in the
sample of the firm Windmill, whilst the maximum content (6.89 mg kg-!) was
found in DCP of the firm CKF. In total, the contents of lead in the samples
analyzed ranged within one order.

The amounts of mercury found in phosphates were relatively low. The content
of mercury did not exceed 0.5 mg kg-! in any of the samples analyzed.

However, the arsenic contents ranged within two orders. The highest content
of arsenic was found in DCP of the firm CKF and the lowest in dinatrium-
phosphate, i. e. 69.77 mg kg-! and 0.75 mg kg1, resp. From the point of view
of all the elements studied the relatively purest was considered to be dinatrium-
phosphate, the impurest were DCP of the firm CKF and MCP of the firm Rey-

mesholm.
Discusion

It was Lebeda and Pfikrylova (1976) who drew attention to the importance
of investigating the content of microelements in feeds as well as in commercially
produced feed mixtures. Also Matyéas (1976) considers investigations of micro-
elements in feeds to be an important aspect in the prevention of intoxication and
also of the good quality of foodstuffs.

The ever more frequent cases of intoxication of farm animals with lead necessi-
tated investigations of the content of lead in feeds. Oelschliger (1974) deter-
mined that the content of lead in green fodder from different: regions without
developed industry and traffic ranged from 0.6 to 3.9 mgkg-!. Many authors
(Hapke 1975; Horak et al. 1977; Auermann et al. 1976) dealt with determina-
tions of the lead content in plants near to roads with heavy traffic; the results
acquired are in accordance and range from 10 to 300 mg kg-! (in extreme cases
even more) with regard to the distance of the place of sampling from the road
and to some other factors. Mineral feeding phosphates can be considered to be
a further potential source of lead with regard to the initial raw materials and
technology of production. However, data on the content of lead are not very fre-
quent in literature. Oelschléger (1974) found an average of 6.8 mg kg-! in the
mineral additive for cattle and 11.0 mg kg ! in the mineral additive for pigs which
was of the same order as our results. Fox et al. (1978) analyzed the commercially
prepared mineral additives of feed mixtures for laboratory animals and found
that the lead content ranged from 0.1 to 3,600 mg kg-. The value for monocal-
ciumphosphate was 23.2 mg kg—'. Crossmann (1977) determined that the ave-
rage lead content in a number of various types of commercial feed mixtures for
cattle, pigs, horses and poultry ranged from 0.65 to 7.77 mg kg-'. He stated that
the content of lead in the mineral feeding additives themselves (not specified in
greater detail) ranged from 0.42 to 21.7 mg kg1

Very dangerous for farm animals are — from the point of view of mercury
poisoning — especially fungicides on the basis of mercury compounds, to a lesser
extent water. The contents of mercury in feeding phosphates analyzed found by
the authors of this study are relatively low. This fact is in accordance with data
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of Crossmann (1977) who found that the content of mercury in mineral feeding
additives ranged from 0.01 to 0.36 mg kg-'. The average mercury contents in the
finished feed mixtures were always found to be lower than 0.1 mg kg-'; in about
69 9, its content was below the limit of detection, i. . lower than 0.01 mgkg ..
The common source of arsenic are mostly pesticides on the basis of arsenic
(IIT) compounds. Arsenic in low concentrations is considered to be essential
(Schwarz 1977). Arsenic poisoning is not very frequent and as stated by Selby
et al. (1977) it afflicts mostly cattle and also dogs. Recently, investigations of the
content of arsenic in foodstuffs have been carried out. Jelinek and Cornelius-
sen (1977) state that in meat and fish the range was 0.020 to 0.180 mg kg .
The values of arsenic contents in feeding phosphates given in the present study
are relatively high, especially for DCP of the firm CKF (69.77 mg kg~!) and for
MCP (20.70 mg kg'). This fact could play a certain role in long-term feeding
with regard to the cammulative properties of arsenic in the animal organism.

Stanoveni obsahu olova, rtuti a arzénu v krmnych fosfitech

Byly vypracovany postupy stanoveni olova, rtuti a arzénu v krmnych fosfatech
pomoci atomové absorpcni spektrofotometrie. Bylo analyzovano pét riiznych typl
zahranicnich i tuzemskych fosféatii b&€Zné pouzivanych pro pfipravu krmnych smési.
Byly nalezeny obsahy olova v intervalu 0,72—6,89 mg kg~', rtuti v intervalu
0,09—0,37 mg kg ! a arzénu v intervalu 0,75—69, 77 mg kg -1 S ohledem na obsah
viech ti sledovanych prvki se jako relatlvné nejCistsi jevi dinatriumfosfat (Fosfa,
n.p.), zatimco nejvétsi mnozstvi byla zjisténa u monokalciumfosfitu (Reymesholm)
a dikalciumfosfitu (CKF). .

OnpenereHue cojepXaHHsA CBMHIA, PTYTH U MBIIbAKAa B KOPMOBBEIX docdarax

PaspaGaTeiBasnch MeTOmMYeCKHe IIpHEMBI ONpeliejeHus CBUHIA, DPIYTH M
MBILIBSIKA B KOPMOBHIX Pocdarax ¢ mOMOUIBI0O aTOMHO aGCOPOIIMOHHON CIEKTPO-
doromerpuu. IIpoBoauancy aHaNM3H MATH PAa3HBIX THUIOB 3apyOEXXHBIX M OTEYeCT-
BeHHBIX $ocdaToB, HCIONIB3yEeMBIX Ha NPAKTUKe JJA IIONTOTOBKM KOPMOBBIX CMe-
cetr. Bruto Hafizeno comepxanue csuuna B unrepsate 0,70—6,89 mr xr~1, prytu
B unrepsaxe 0,09—0,37 mr xr~! u Mpmubsxa B unrepsane 0,75—69,77 mr xr—1,
ITpurnMass Bo BHEMaHHe COLEp)KaHME BCEX TPEX HMCCJENyeMbIX 3JEMEHTOB, OTHO-
CHUTETbHO CaMBIM YHCTBHIM BBEIXOOMT mHMHaTpuiipochar (Pocda, uaumoHaIbHOE
IpeNIpUATHe ), MEXLY TeM Kak caMoe (0Jblioe KOJIMYECTBO OBIIO yCTaHOBJIEHO
B MoHOKaibuuitdochate (Peumecrompm) u muxansuuiidocpare (LIKP).

References

AUERMANN, E. — JACOBI, R. — ETERNACH, R. — KUHN, H.: Untersuchungen iiber
den Bleigehalt pflanzlicher Nahrungsmittel im Wirkungsbereich eines bleiemittierenden Be-
triebes.Nahrung, 20, 1976: 509—518.

CROSSMANN, G.: Schwermetalle in handels — und wirtschaftseigenen Futtermitteln. Ber-
Landw., 55, 1977/1978: 785—795.

DALTON, E .F. — MALANSKI, A. J.: Determination of arsenic by hydride generation using
flame atomic absorption spectrophotometry. At. Absorpt. Newsl., 10, 1971: 92—97.

DUNCAN, L. — PARKER, C.: Aoplications of sodium borohydride for atomic absorption de-
termination of volatile hydrides. Technical Topics, Varian Techtron, 1973: 1—7.

FOX, J. G. — BOYLEN, G. W.: Analysis of lead in animal feed ingredients. Am. J. vet. Res.,
39, 1978: 167—169.



158

HAPKE, H. J.: Toxikologie fiir Veterinirmediziner. Stuttgart, Ferdinand Enke Verlag, 1975:
253—306.

HATCH, W. R. — OTT, W. L.: Determination of submicrogram quantities of mercury by atomic
absorption spectrophotometry. Analyt. Chem., 40, 1968: 2085 —2087.

HOOWER, W. L. — MELTON, J. R. — HOWARD, P. A.: Determination of trace amounts
of mercury in foods by flameless atomic absorption. J. Ass. off. analyt. Chem., 54, 1971: 860 to
865.

HORAK, O. — REBLER, R. — SCHMIDT, ]J.: Bleiriickstinde in Pflanzen und Bbden entlang
osterreichischen Autostrassen. Bodenkultur, 27, 1976: 376 —384.

JELINEK, C. F. — CORNELIUSSEN, P,. E.: Levels of arsenic in the United States food supply.
Envir. Hith Perspect., 19, 1977: 83—87. -

LEBEDA, M. — PRIKRYLOVA, J.: Soutasny stav mincrdlni vy%ivy a poruch minerilniho
metabolismu u skotu. Veterinifstvi, 26, 1976: 70—74. i

MATYAS, Z.: N&které problémy v hygien& potravin. Veterinaistvi, 25, 1975: 31—33. -

MATYAS, Z.: Soudasné a perspektivni poadavky na vySetfovini masa a masnych vyrobki.
Veterinafstvi, 25, 1975: 343 —345. X

OELSCHLAGER, W. — HUSS, W. — BESTENLEHNER, L.: Untersuchungen iiber Blei-
gehalte in Futtermitteln. Landw. Forsch., 27, 1974: 272—279. :

SELBY, L. A. — CASE, A. A. — OSWEILER, G. D. — HAYES, H. M.: Epidemiology and
Toxicology of arsenic poisoning in domestic animals. Envir. Hlth Perspect., 19, 1977: 183 —189.

SCHWARZ, K.: Essentiality versus toxicity of metals. In: Clinical Chemistry and chemical toxi-
cology of metals. Ed. BROWN, S. S., Amsterodam —New York—Oxford, Elsevier/North—
Holland, 1977: 3—22. i

SUCMANOVA, M. — SYNEK, O. — ZIMA, S. — KORYTAROVA, J.: Aplikace redukéniho
vyvije¢e Varian Techtron pro stanoveni rtuti v rostlinném materidlu atomovou absorpéni spek-
trofotometrii. I.: Mikroelemeaty *76, Velké Karlovice, 1976. Pracovni skupina pro mikroelementy
odborné¢ skupiny pro potravinifskou a agrikulturni chemii CsSCH 1977: 18—21.

WELZ, B.: Atomic Absorption Spectroscopy. Weinheim, New York, Verlag Chemie, 1976:
89—97.

ZIMA, S. — SYNEK, O. — SUCMANOVA, M. — KORYTAROVA, J.: Stanoveni arzénu
v krmném dikalciumfosfdtu atomovou absorpéni spektrofotometrii s pouzitim redukéniho vy-
vijete Varian Techtron. I.: Mikroelementy ’76, Velké Karlovice, 1976, Pracovni skupina pro
mikroelementy odborné skupiny pro potravinafskou a agrikulturni chemii CsSCH 1977: 23—27.





