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ABSTRACT

The effect of ash from coal gasification on bone metabolism and its interaction with cadmium,
manganese or mercury were studied. Cortical indices of rat femur were measured after chronic oral
exposure to ash and/or toxic merals. Ash was given in food (0.5, 1 and 5 per cent) and toxic metals
in water in concentrations of 100 ppm of cadmium, 2000 ppm of manganese and 50 ppm of
mcrcur)u

The diet with a high ash (5%) content significantly reduced bone mass, The applied doses of
toxic metals did nor significantly affect the same bone parameters in male and female rats. There
was no synergistic effect of toxic elements and ash either.

The aim of this study was to determine the effect of ash from coal
gasification and toxic metals cadmium, mercury and manganese on bone
metabolism.

Coal gasification is a technological procedure which is likely to find large
use in energy production in the near future. The health effects of solid and liquid
wastes from coal gasification are mostly unknown. The solid waste (ash) contains
a mixture of elements (toxic and essential) some of which could influence calcium
metabolism. They might also potentiate the effect of other toxic metals in the
environment, which are known to affect the bone tissue.

The most extensive experimental studies of the influence of toxic metals on
calcium metabolism are related to cadmium58.9. A thinning of the cortical
osseous tissue and an increased osteoclastic activity were found after a long
exposure of rats to cadmium in food. It was suggested that the effect of cadmium
on bone tissue is secondary to an effect on the renal tubules10.,13, Nutritional
factors, such as calcium and vitamin D deficiency were found to be of importance
for the bone development of cadmium — exposed animals%.9.16. The kinetic study
of calcium metabolism during chronic cadmium poisoning showed a decrease of
intestinal absorption of calcium and a decrease of calcium compartments,
exchange rates and osteogenesis3. The toxic effect of manganese and mercury on
bone has not been reported. Only skeletal abnormalitics were described in
manganese deficiencyl!7.
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In our expetiment in rats exposed to ash in dict and/or toxic metals
(cadmium, mercury, manganese) in drinking water we determined the effect on
bone by measuring the cortical index of the rat femur. The addition of metals had
no influence on bone but the addition of large amounts of ash caused a reduction
in bone density which was not potentiated by simultaneous exposure to both ash
and toxic metals.

METHODS

Six-week-old male and female rats were divided according to treatment into
16 groups of 14 animals ecach. They received ash, toxic metals or both orally
during four or eight months. Toxic metals were given in drinking water in the
following quantities: 100 ppm of cadmium as CdCl,, 2000 ppm of manganese as
MnCl, and 50 ppm of mercury as HgCl,. Coal ash was mixed in various
percentages with our standard rat diet (0.5, 1 and 5 per cent) according to the
procedure described in another paper! and it was given to rats ad libitum. The
experiment was performed by combining three levels of ash in food and one level
of each metal in drinking water as shown in Tables 1 and 2. Body weights of the
animals at the beginning of the experiment were 126 g for males and 110 g for
females. The weight was also determined after four and eight months of specific
dietary treatment. After the first period of four months seven animals from each
group were killed, and right femurs were dissected. The same was done after
cight months of exposure with other seven animals from each group.

After dissection of right femurs contact X-rays were made. Total midshaft
width (T) and medullary midshaft width (M) were measured under magnitica-
tion. From these measurements cortical area (CA), total area (TA) and cortical
index (CA/TA) were calculated according to Garn and co-workers6 from
expressions:

CA=(T2-M? —; TA=T2 — ;CAQEL}—"-
4 4 TA s

The cortical index is considered as a good estimate of bone density i.c. bone mass
corrected for bone volume.

All the results were subjected to the analysis of variance as 2 x 4 factorial
experiment, for each sex and each toxic element separately”.

RESULTS AND DISCUSSION

In the present experiment the lowest body weights (Tables 1 and 2) were
recorded in most groups of rats on the diet with five per cent ash. The reduction
was always higher in males than in females.

The analysis of variance of cortical indices of the first and second interval of
chronic exposure to various combinations of toxic elements and/or ash showed a
significant influence of ash on bone mass (Tables 5 and 6). Cortical indices were
significantly lower after both intervals of exposure (Tables 3 and 4). Our
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TABLE 1
Body weights (g) of 5.5 month-old rats, measured after four months of exposure to coal ash and/or
toxic elements. Results are presented as arithmetic means of seven animals in each group = S.E.M.

Toxic elements in drinking water

Rats Ash in diet
(%) Waiie Cadmium Manganese Mercury
B (100 ppm) (2000 ppm) (50 ppm)
0 2021+ 5.3 2071+ 4.7 21724+ 72 2214+ 5.5
Foriales 0.5 213.4x 3.2 1993+ 4.7 208.04 7.2 218.6 £ 4.3
1 240.0 = 10,9 205.0+ 5.2 2158+ 5.8 2193+ 8.9
5 197.1+ 2.9 170.7= 4.6 205.0+ 6.2 2092+ 7.8
0 337.8= 10.1 3229+ 1.2 32571+ 11.5 324.3+ 10,1
M 0.5 3371+ 7.4 3179+ 7.9 32243+ 11.4 3143+ 8.3
Males
! 3371 9.7 304.2+ 13.8 3414+ 97 3286+ 6.3
5 3236+ 99 240.0+ 8.1 2825+ 5.3 2914=12.2

TABLE 2
Body weights (g) of 9.5 month-old rats, measured after eight months of exposure to coal ash and/or
toxic elements. Results are presented as arithmetic means of seven animals in each group = S.E.M.

Toxic clements in drinking warer

Rats Ash in diet - —_—

("a) fine Cadmium Manganese Mercury

(100 ppm) (2000 ppm) (50 ppm)
0 218.0£ 9.0 223.6+ 4.3 220.7+ 8.9 2321+ 38
N 0.5 21714 7.9 217.02 24 232.1 £ 10.9 2279+ 6.9
Females 1 223,64+ 3.4 220.7 =+ 10.9 235.8+ 13.2 230.0 + 10.1
5 2321+ 7.6 196.4+ 8.9 221.0+ B4 2093 81
0 400.7 £ 13.9 342.9 + 10.5 380.0= 9.7 351.4+£ 125
Wil 0.5 3707+ 9.7 360.0 = 6.9 3743+ 193 3521+ 11.9
. 1 3957+ 44 3543+123 387.1+15.2 3761% 5.7
5 3314+ 6.9 2821+ 17.4 3300+ 11.8 308.6= 5.5

preliminary experiments2 indicate that a higher per cent of ash in the diet (10%)
causes even more drastic changes in cortical indices. When absolute values of
indices between the first and the second interval of exposure are compared, it is
noticed that all male values irrelevant of the dietary treatment are lower after a
longer exposure. A possible explanation for such effect could be advanced age of
the animals, although previous results! indicate thar male animals between 5-16
months of age have an almost constant value of the cortical index.

The influence of cadmium and mercury on bone was significant only after
the first interval of exposure and only in female rats. This might be due to higher
intestinal cadmium absorption in females than in males!!. These changes were
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TABLE 3
Cortical index CA/TA of rat femur measured after four months of exposure to coal ash and/or toxic
elements. Results are presented as arithmetic means of seven animals in cach group + S.E. M.

Toxic element in drinking water

Rats Ash in diet
(%) Kome Cadmium Manganese Mercury
(100 ppm) (2000 ppm) (50 ppm)
0 0.674=0.017  0.636+0.005  0.666~0.013  0.640 - 0.012
0.5 0.630 £ 0.010  0.647+0.014  0.626 = 0.018  0.641 = 0.010
S 1 0.650=0.009  0.628=0.010  0.632+0.012  0.636« 0.016
5 0.648 = 0.008  0.581 = 0.020  0.624+0.008  0.603 = 0.016
0 0.633+ 0017 0.63620.006  0.619+0.012  0.648 = 0.015
Mo 0.5 0.638=0.008  0.644=0.008  0.628 - 0.011  0.626 = 0.000
Males 1 0.641+0.014 06310013  0.619=0.014  0.638= 0.011
5 0.564=0.017  0.608=0.03¢  0.529+0.015  0.607 = 0.020

TABLE 4
Cortical index CA/TA of rat femur measured after eight months of exposure to coal ash and/or
toxic elements. Results are presented as arithmetic means of seven animals in each group = S.E.M.

Toxic element in drinking water

Rats Ash in diet —— — -
(%) Nore Cadmium Manganese Mercury
(100 ppm) (2000 ppm) (50 ppm)
0 0.630+0.013  0.599=0.017  0.639<0.013  0.632 + 0.013
0.5 0.655=0.016  0.645 = 0,011 637 + 0. 0,652 = 0.012
Females 1 0.647 0,012 0.628=0.016  0.645+ 0.011 0.638 = 0.015
5 0,588 = 0,010 0.5373 = 0.018 0.578 + 0.011 0.550 = 0.018
0 0.588 = 0.015  0.599=0.011 0570 =0.009  0.589 + 0.013
ks 0.5 0,592+ 0,019 0578 +0.012  0.587 - 0.008  0.560 + 0.021
N | 0.592 = 0.012 0.378 = 0.019 0.589 + 0.014 0.604 = 0.013
5 0.513=0.007 0498 =0.013 0514+ 0013  0.524 +0.027

not significant after the second interval of exposure. A possible explanation for
such results is adaptation of the animals to applied doses of cadmium after a
longer exposure.

Very little or no influence of cadmium and other toxic metals on bone could
be explained by the relatively high calcium and iron content of our control diet
(1.2% Ca and 0.06% Fe). The diet with ash additive had an even higher content
of these elements!5 and increased calcium and iron in the diet might cause
decreased absorption of toxic elements in the gutl4,

The fact that the addition of toxic merals did not potentiate the effect of ash
on bone is in agreement with the results of our pharmacokinetic studies!2 where
we found that ash additive to diet did not influence the absorption, retention and
distribution of cadmium, manganese and mercury in rats.
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TABLE 5
Analysis of variance of cortical index CA/TA obrained after four months of treatment.

Females Males

Source of variance DF -

F ratio P value F ratio P value
Coal ash 3 5.29 <0.01 4.68 <0.01
Cadmium 1 6.15 < (.05 .81 N.S.
Coal ash x cadmium 3 3.69 N.S. 0.94 N.S.
Coal ash 3 4.49 = 0.01 18.51 =0.01
Manganese 1 2.34 IN.S. 4.45 N.S.
Coal ash x manganese 3 0.26 N.S. 0.31 N.S.
Coal ash 3 2.08 N.S. 6.68 < 0.01
Mercury 1 4.23 < 0.05 1.18 N.S.
Coal ash x mercury 3 242 N.S. 1.41 N.S.

TABLE 6
Analysis of variance of cortical index CA/TA obrained after eight months of treatment.
Females Males

Source of variance DF

F ratio P value F ratio P value
Coal ash 3 10.16, < 0.01 18.55 < 0.05
Cadmium 1 3.84 N.S. 0.77 N.S.
Coal ash x cadmium 3 0.24 N.S. 0.31 NS
Coal ash 3 12,42 = 0.01 17.64 - 0,01
Manganese 1 0.44 N.S. 0.64 N.S.
Coal ash x manganese 3 0.45 N.5. 0.34 N.S.
Coal ash 3 16.58 = (.01 10.49 =< 0.01
Mercury 1 1.65 N.S. 0.02 N.S.
Coal ash x mercury 3 0.92 N.S. 0.92 N.S.

The results of this study indicate that the high ash content in the diet
significantly reduces bone density parameter — the cortical index (CA/TA).
Whether the diet with a high ash content affects calcium metabolism in the rat
through its toxic components or the reduction of bone mass and body weight is a
consequence of malnutrition, remains to be explained. No synergistic effect of
toxic elements in our experimental conditions was observed.

ACKNOWLEDGEMENT

This work was partially supported by a research grant from the US
Environmental Protection Agency,




340 M. BLANUSA ET AL.

wn

9,

10.

16.

17

REFERENCES

. Blanuia, M., Bognnovic, M., Matkovié, 1. Calcium Metabolism and Femur Morphometry in Rats.

I Influence of Sex and Age. Pfliigers Arch., 375 (1978) 233-238.

. Blanusa, M., Landeka. M. Influence on Femur Morphometry in Rats of Ash from Coal

Gasification Added to the Dict, 14th European Symposium on Calcified Tissues, Rhodos,
Calcif. Tissues Int. Abstracts, Supplement, 27 (1979) A3, 11

. Fanran-Clavel, M_J., Oustrin, J. Etude radioisotopique du métabolisme calcique chez le rat au

cours d’une intoxication chronique par le cadmium. Annales pharmaceutiques frangaises, 36
(1978) 15-21,

. Feldman, §.L., Consins, R.J. Inhibition of 1,25-Dihydroxycholecalciferol Synthesis by Cadmium

in vitro. Fed. Prec., 32 (1973) 918.

 Furnta, H. Cadmium Effects on Bone and Dental Tissues of Rars in Acute and Subacute

Poisoning. Experientia, 34 (1978) 13171318,

. Garn, S.M., Robman, C.G., Wagner, B. Bone Loss as a General Phenomenon in Man. Fed. Proc.,

26 (1976) 1729 1736.

. Guldstein, A. Biostatistics, an Introductory Text. The MacMillan Co., New York, 1964, p. 63.
. Itokawa, Y., Abe, T., Tanaka, 5. Bone Changes in Experimental Chronic Cadmium Poisoning.

Arch. Environ. Health, 26 (1973) 241244,

Itokawa, Y., Abe, T., Tabei, R., Tanaka, S. Renal and Skeletal Lesions in Experimental
Cadmium Poisoning. Arch. Environ. Health, 28 (1974) 149-153.

ltokawa, Y., Nishino, K., Takashima, M., Nakata, T., Kaite, H., Okanwoto, L., Daijo, K.,
Kawamura, J. Renal and Skeletal Lesions in Experimental Cadmium Poisining of Rats.
Histology and Renal Function. Environ. Res., 15 (1978) 206-217.

. Kella, D., Dekanic, D., Kostial, K. Influence of Sex and Dietary Caleium on Intestinal Cadmium

Absorption in Rats. Arch. Environ. Health, 34 (1979) 30-33.

. Kostial, K., Kello, D., Rabar, l., Maljkovi¢, T., Blanuia, M. Influence of Ash from Coal

Gasification on the Pharmacokineties and Toxicity of Cadmium, Manganese and Mercury in

Suckling and Adult Rars. Arh. Hig. Rada Toksikol., 30 (1979) suppl. 319-326.

. Nordberg, G.F. Effects and Dose-Response Relationships of Toxic Merals, Elsevier Scientific

Publishing Company, Amsterdam, 1976, p. 46.

. Nordberg, G.F., Fowler, B.A., Friberg, L., Jerneliv, A., Nelson, N., Piscator, M., Sanstead, H.H.,

[ostal, J., Vouk, 1”.B. Factors Influencing Merabolism and Toxicity of Metals: A Consensus
Report by the Task Group on Metal Interaction. Environ Health. Perspect., 25 (1978) 3-41.

. Rabar, I., Maljkovic, T., Kostial, K., Bunarevié, A. The Influence of Ash from Coal Gasification

on Body Weight. in Relation to Age and Sex. Arh. Hig. Rada Toksikol., 30 (1979) suppl.
327-334.

Takashima, M., Nishino, K., [tokawa, Y. Effect of Cadmium Administration on Growth,
Excretion, and Tissues Accumulation of Cadmium and Histological Alterations in Calcium-
Sufficient and Deficient Rats: An Equalized Feeding Study. Toxicol. Appl. Pharmacol., 45
(1978) 591-598.

. Underwood, E.J. Trace Elements in Human and Animal Nutrition, Academic Press, New York,

1971, p. 184.



