From: Wieher TierSrztliche Menatsschrift, vol.42, 1955

From the Medico-forensic and Ambulatory Clinic of the Veterinary College

Hanover (Director: Prof.Dr,.E.Hupka)

CONCERNING FLUE DUST POISONING IN THE ENVIRONS OF METAL SMELTERS » -
’ by E.Hupka 4 '
with 7 Figures and 3 Tables

The increasing advance of industries into agricultural areas has as one
congsquence that ever more frequent complaints are heard about poissning of ani-
mals through waste gases and effluents. Proving such poisonings is very diffi-
cult because the clinical and pathological symptoms vary considerably, ‘and the
chemical proof of poison in the body encounters particular difficulty because
the body harbours most of the allegedly toxic materials in varying quantities by
nature, Of all industrial waste materials, lead is considered particularly dan-
gerous to animals; without a doubt, lead-containing flue dust and water have a -

harmful sffe;t on the organism when it is compelled to ingest greater amounts of

~ them aver longer periods of time. But especially the incaontestable proof of lead

poisoning is extremely difficult, i.e. proof of damage to health actually trace-

 ablae to the ingestion of lead; numerous issues concerning lsad poisoning on

range land in the vicinity of smelting works remain contested because of insufw
ficient prbof. Often the definite establishment of a flue dust poisoning foun-

ders on the circumstance that the flue dust concerned does not contain one toxic
dust but several, and the the quastipn comes up:which poison is actually the one
damaging to health? On the other hand, by addition and accumulation,other poiso-

noug effects ars created and also new and changing illdésses. Two such cases of

a new type of illness, likely produced through the simultaneous aétian of sever-

al toxic substances, shall now be reported ons

In the ysars before the last war and in the ysars following it, thers oc-
curred,in the vicinity of two smelting works situated far apart, sicknesses
among colts and also amang cattle that were identical in their course and their
pathological-snatomical evidence. The works in éuastinn smelt lead and zinc ores,
where, besides traces of other elements, substantial quantities of lead, zine,
and sulphurous acid escape with the smoke from the stacks and latar"settle-oh

the soil as fluﬁ dust. Near one of tha mstal worka thers is a superphosphate
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factory, in whose flue gases there is also hydrofluoric acid. First, I want to
describe the course of the sickness and the péthclagical changes, and then to
discuss the causes, because I have succeeded,in two feeding tests,to produce the

same aymptoms,df.a sickness.,

I. Course of Sickness

The sicknesses do not appear in animals kept in stables, but only in those
on range land, and up to a distance of 5 km radius from the smeltsr. In the ona
case it is fertile marshland where the works are situated, in the other case
both smelter and grazing land are located in the German sub-alpine mountains. In
the immediate viciniiy of the smelter, the green expanse gave way to areas with
ne vegetation or those uheﬁe anly weeds grow. Soms 500 m distant, one can observe
good grass growth again, bu%, ssen from afar, the tips exhibit a slightly ysllow-
ish to reddish discolouration. From about 3,000 m on, qna.doeé not nots this
change on the grasses any more.

The indications of health disordexrs,which make their appearance during the-
course of the grazing period, are of a peculiar kind and have not been described
so far. The German literatuze, in any case, does not contain examples of a re-
lated kind,

Mainly horses are affected, and among those predominantly colts, presumab-
ly bacause they remain exposed to the waste gases continuously for several
months on tﬁa range, while the older horses ars on pasture only at night as a
rule. However, with cattle, too, the sesme changes can be observed, although not
so aften and not toc that extent. Beside a decline in nutritional condition.and
in milk yield,and a rough coat at undiminished appetite, abaove all the tired,
stiff gait stands out. Later, the joints show increases in-éir;umfexence, and
they accept finger impressions, but they ars withaut pain or slevated tempera-
ture; finally, considersble thickening takes place in the immediate neighbour-
hood of the joints, namely at the epiphyses. In this stage, the joints assuma an
angular position, they can be bent and stretched only under great pain, and they
fold over forward, sg that the animals tan walk almost only tip-toe styls, as
illustrated in the pictures below {Figs. 1 and 2). The changss mentioned are
most obvious on the carpal joints and hocks, and to a lesser degree on the knse,
shoulder, pastern, and gggzgfjoints. When moving forward, the animals apparsnt-

ly do not faélﬁg;ygreat paih;.but they do not like to~move;and when they do,
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thera is a definite crsaking sound at the joints of the limbs that can also be

heard at ths intarvartebral,jbints when the head or neck is being moved. Accord-

ing to vetarlnarzans practxs;ng in the area, with older horses whistling in the
"Mroaﬂnj)

lazynx is ohserved strikingly often; after dissection, it bascame svident that in

sevaral cases there had been definite atrophy and a chicken meat-like discolour-

.

ation of the larynx muscles. Occasionally, animals on pasture are afflicted with
spitting and difficulty in swallowing, but these troubles disappear on stabling.
Frequently, the visible mucous membranes show a slightly yellowish discoloura-
ticﬂ,31f the symptoms on the joints exist only in a small degree, then healing

may come about nvsi winter. Mostly, however, horses as well as cattls have %o be

destroyed because of progressive emaciation and difficulty in movement.

Fig.1 (left)

. * Incipient stiffening of
4 .- the joints.

Fig.2 (left)

{Inability to stretch ths
.bent joints. -
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1 had the oppertunity to study the sickness on the pasture and in the
stables and to ohserve a few diseased colts in the clinic, tco; I could confirm
the evidence cited above in every respect. A few very sick animals were killed
ahd subjected to a pnét-martem examination in the Pathological Ingtitute of the
Vataxinary‘ﬁallegavHanQVur.'The-following,highly interasting eQidsnce~was~takgn 
from the j.o‘i:nts;, and 1 am obliged to Prof,Dr.Cohrs, director of the Pathologi- -
cal-anatomical Instituts, for allowing me to use it. The aynovial fluid was in-
¢reased and slightly turbid in appearance, the capsular walls and surroundings
ware altersd cedematically. At the joint surfaces, the artiqula:.cartilage was
often detached to a large extent from the underlying bone; so that a blister
formed underneath. In some instances, some bits of cartilage had chipped off
and weras cantained lcosely in the joint; occaesionally, ths cartilage had dis-
solved and a%trzt;on was evident, Once in & while the lifted cartilage chip had
fallen down agaxn and covered loosely the worn spot. In the less severe cases,
only thickening at the cartilage edges and incipient cartilage atrophy was
noted, Changes similar to those at the joints of the limbs were alsa found at
the intervertsbral joints, especially at those of the neck. Here jha_intaivarté-
bral discs qua at times completely detached and infiltrated with blood. The
remaining evidence of the autopsy was negative. Since it was rsasonable to as-
sums flue dust poisoning, it was seen to it that chemical analyses for lead and
arsenic were carried o5553%3€%§ livers of horses killed in the region arcund
the smelﬁihg works; these assays gave quite remarkable results {cf. Table 1).
One of the coltis killed was afflicted with tépa;wo:ma which exhibited a brown
to black digcnlouratiom.'The chemical analysis showed a high lead contents

Blaod teats always gave contents of from 11,000 to 15,000 granulozytes.

Tabla 1, Zine, lead, and arsenic enalyses on livers taken from
animals from the affected area.

The liver contains, calculated in mg pex 1 kg of fresh
material:

(continued next page)
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I1I. Feading Test

As the management of the smelting works wers interested in a clarifica-
tion of ths damagss, we wers asked to carry out a feeding experiment with flus
dust from the two plants that were the possible causes of the harmful effects to
health. The analysis of the flue dusts, performed by smalter staff, showed:

”

Tabls 2: S In

Flue dust _As
No. I " CL_!

{right) Cd

Table 3:

" Flue dust
No., 11 *

' I 2,22 o . .(l.Bft)

¥

-  am— e . . ~ el e o i o 3

As test object served in each case a warm blooded colt, sbout one year old
@ach and in moderately good nutritional condition. Any hidden.conditions of sick-

ness wers excluded by a thofbugh gsneral examination. ¢

.DUP040009024



Colt No.1, fed with flue dust No.l1 (Table 2):

From‘Maxcb‘Zan. 1951, on, this colt resceived hay from the pasture in the
vicinity of the metal smelters, and a daily ration of about 1T kg cats. On April
30th, axticu1ar;swel1ing_cnuld first be noted on the right hock, and on May 23xd
on ths left one, too. Its gait became a little stiff. Since the evidence of ill-
ness did,ngt;;héﬁga sygétantial;y aftar&érds, from June Sth on § g {(+ table
époon)‘cf thgfgbova flué dust {cf.Table 2) were mixed into the ocats, in addition
to each forage ration. The colt thus received sach day 15 g of the f;ua>duat,

besides ;ha_dgs#sd hay. On_Jnﬁa 8th already, difficulty in swallowing appeared,

"along with some regurgitation, decreasing on June 11th. Yet again and again

later on, some food particles could be found in the nose, and the horss ate more
slowly, so that it had to be assumed that the act of swallowing caused difficul-
ty, if only at times. As the daily flue dust ration was increased to 20 g on
July 27th, intsnsive swallowing difficulties occurred by August ist; so much so
that neithar food nor water could be swallowed down. On August 3rd, the colt

showsd symptnma‘Bf phneumonia, and it was killed just before it would have died.

Fig.3 (xight) :

Elbow joint with |
extensive carti-
lage destachment. .
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Towards the end, tha colt's gait had becomes more and more laborious and stiff.
Apart from the hocks, the two elbow joints shcuﬁd distinct increases in circumg
ference in thse last stage. An increase in the number of leucocytes was already
syiﬂént-im,blogd tbsté from May 2nd on; thexe were between 11,000 and 14,500.

Beside the hay affected with flue dust fall-out, the colt had ingested addition- 769
aliyﬁa total of 975 g flue dust over 56 days. ' o
After dissection, acute catarchal preumonia .of both disphragm lobes waa
detexmined, with food particles in the bronchi,.furthermor: oedema in the inter-

lobular septa, gelatinous impregnation of the trachea in the course of the lymph
d;ct, and moderate general icterus; in other words, the symptoms of an aspira-
tory pneumonia. In the hocks and elbow joints there were the above described ul-
cers on the cartiliages, distinctly formed (Fig.3). Deposits of gall pigment wers
found in the liver and in the kidneys.

The chemical gxamination.df-100 g liver for lead gave an assay result of
1.52 mg, and the analysis of 1000.g hay gave a lead content of 60 to 65 mg. Ac-
cording to information from that assay office, lead occurs in hay usually in so
- small traces that they cannot be measursd macroscopically; their-determinatioﬁ
is then only possible by delicate microanalytical methods. In accordance with
‘the investiagtions by DANCKWORTT, the lead content in the liver must be consider-
ed as substantially slevatasd. DANCKWORTT reached the conclusion, on the basis of
his investigations, that,tha.normal lead content of a liver is approximately 0.1

to 1.0 mg;

Colt No,2, fed with flue dust No,II (Table 3):

In a second feeding experiment, we checked the taxi;ity,uf flue dust No.II
which comes from a:plant near the first_smelter; located in the sams district
but processing different raw materials (Table 3). The analysis of this flue dust
was different from the first-oﬁa mainly on account of the lead and zinc content.
Whereas flue dust No.I (Table 2) had a lead content of 44.79% and a zinc content
of 5.21%, flue dust No.Il (Table 3) contained only 16.87%Algad; but 23.14% zinc.
. The other values did not differ very much. '

A six manths old warm hlood colt of Hanoverian breed, taken inté the cli-
nic on Septembsr 22nd, 1952, was usad as test horse. The colt-was-weli fed and
exhibiteﬁ no disorders in its general condition. Because & heavy infection with
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ascarides and strongylides was proven by examination of the faeces, treatment
against the worms was administered before the feeding experiment started. After
the hoxse had a bout with the glanders, the feeding test could not begin until
Novembexr Ziai, 1952, At first, the colt was given 3 g of the flue dust daily,
mixed into“iim fodder. From Navembezr 29th on, ths daily rafion was increased to
5 g,,ﬂn@jfrp&,necembsr 12th on to 8 g, yet no changes in its nutritional ox ge-

neral condit

on wers noted. As 10 g of the flue dust wers admixed ta the fodder,
beginning thgary‘ﬂth, 1953, the colt refused acceptance, so that from now on |
the dust had to be«adminiéiarad by a nose probang. Because the general condition
did nbt.ﬁhgﬁgé ngn now, the amounts given were stepped up further, namely on
January Zlaﬁ'ko-daily 15 g, on January 26th tc 20 g, and on February 4th even to
ls| g ﬁaily.fon,ﬂa:ch 25th acute symptoms of poisoning appeared, sao that the flﬁﬂ
dust doses were discontinued, only to be resumed on April 10th, after the symp-
toms had waﬁad. Initially, 10 g daily were given, then from May 5th 20 g daily,
and from May 12th to June 11th 30 g daily, From November 21st, 1952 until June
11th, 1953, ‘the calt has thus ingested a total of 3,270 g flue dust.

- Abb. 5, Hochgeadige Verdickung der .'Sprm'tzgelen.k‘e. -

Fig.5 _. ;

<

Swollen carpal joints

High degree of swelling
of the hocks

<

”
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Clinical rsport: Temperature and pulse ﬁamainsd within normal limits dure
ing the sntire feeding ;xparimént, Foddser acceptance was regular until Januaxy
5th, and varying from then on., At various meal times the ration was not eaten dp.
The colt yawﬁad often and preferred to stand or lie in a daxkvco:na:.nf.its ’
stall, as iféahying away from light. Howsver, the sye test was hagatiga,‘Tha
gait became stiff, and the carpal joints, hocks, and pasterns exhibited a dise o
tinct increase in circumference, feeling moderately tough, wamm, and painful to
the ?buch(Figs.4 and 5). From April 23rd, 1953, on, swelling could be observed
on the knese and shoulder joints, too. Also from then ah, the colt had difficulty
in qatt;ng up.

‘Blood tests, which wera carried out continually, showed madifications only
in ihe white blood portion, similar to the first colt tested. The number of
white blood | cnrpuscles always hovered around the upper limit, between 8,000 and
12,000, ‘Er’f&ﬂmy wheregd
se of the zllhess. While the colt had a:qgstsp count of 8 millien ‘and & haemo-

t and hasmoglobin content showed a downward trend in the cour-

globin contént of 72.9 before the feeding axperxment, towards the end of the ex-
perimant these f;gurss had dropped to 5 million erythrocy¢eshnd 50 Hb.

The basophzh;esgzs on the arythrocytes, well knownin the medicine of humans, 771
could rever be observed by us. Nor did the differsntion of the blood pictures
allow us io '‘mecognize any deviations; likewise, calcium and phosphorus deéer-
minations in the blood serxum indicated no changes. The so-called lead fr;nge,
purported to be a diagnostic for lead poisoning, also failed to appear, in this
or thes first test colt.

The Péthalogical-anatcmical Ingtitute (direstor: Prof,Dr.COHRS) issued the

chyma showaé no pathplng;cal-anatomzcal.changes macroscopically. At the transi-
tiane from'éony to cartilaginous ribs there were chestnut~sized swelliﬁgs. The
tarsal and ¢arpal joints and their bony bases had thickened considerably. Thers
was a lentile-sized ulcer, in the process of healing, in the elbow joint at the
ulna. The histological axaﬁinatinn showed a fing-grained, interlobular pigment

in the 1ive?,ﬁand a low degree of nephrosis in the kidneys.

‘Ehemi§al examination: In the last weeks of the experiment, three lead de-
tarmination$ were done on the blood; in late March, when exhibiting distinct

symptoma nflpczsonzng, 0.466 mg lead wers found, and after the symptoms had re-

5

cegded, 0,325 mg and 0.200 mg. After death, the plasma, the liver, and the
’ exteacted
*) bresomably e jices? frava e ground-up iufecld organs
srelic o Sarmpl of Hee fotul ligoid contrimed w Hu cuiiveat -
Cart b Jure foue dle dund
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kidreys wers Lested for lead, and the following values were determinads

0.055 mg in 100 w1 liquor,
2,770 mg in 100 g liver substance,
0,670 mg dn 100 g kidney substance.

The soil analyses for lead, zinc, and copper gave the fpllawing-assayé,

in the direction of the wind towards Northeast:

0.4 km distant: 300.19 wg lead, 400.0 mg zinc, 40.0 mg copper {(in 100 g);
1,0 km distant: 53.0 mg lead, 162.0 mg zinc, 10.0 mg copper (in 100 g);
3.0 km distapt: 6.0 mg lead, 23.0 mg zinc, 0.9 mg copper {(in 100 g}.

In the other wind dizection, the contents were luwér,
- At about the same time, we could observe two colts for several weeks,
which had graszed in ths vicinity of a metal smelting works in a central German

mountain region. The clinical and pathological-anatomical evidence was the sams.

Fig.6 (xright) :

Swellings at they!;
pasterns and the.- -
coronet joints.

Here, too, swellings at the joints and the stiff gait wers the most notable
features, After killing, the previously described changes on the articular car-
tilage was obserxved in all pathnlogicaily altered joints, sometimes to a con=-
siderable degree. In one case, the epiphysis suture was simply severed. The
articular capsules wers oedematically altered, the syngvial fluid was much in-
creasad. Unfortunately, we did not succeed inlaacsrtaining the composition of

flue dust concerned {cf. Fig.6).

772
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III. Critical Consideration concerning the Astiology and Symptomatology of

these Poisonings

Whan studying the analyses of the flue dusts, the large quantities of lead
and zinc .stand qutg‘but these ares not the sams in the twd flus dust samples, for
in flue dustJI the lead predominates and in flue dust 11 the zinc (smelter I:

Pb 44)79%, Zﬁw5;21%; emelter II: Pb 16.87%, Zn 23.14%). That is to say smelter
1 lets mp;a.iaad and less zing es¢ape, and smelter 11 more zinc and less lead.
0f the other| toxic components, there exist in substantial amounts: iron (smel=
ter 1II :.Bﬂ%h, sulphur (smelter I B, 2m%, smelter II 12,.53%), sulphurgus acid
{smelter 11 6033%) and chloring (smelter 1 5.60%). Besides, arsenic, cadmium,
and seﬁénipmjnccur in traces. It is natural to ses in lead and zinc the cause of
the-sidknéﬁs# However, experience gained up to now épeék# against viewing one of
the twa poisons as the sole cause..In the human and veterinary medicine, the
fallowing #gmptbms are cited as chronic consequences of lead poisoning: damages
to the nervdus system, with preference toc certain nerves, like the rscurrens
(roaring), vagus (chronic colics), gléssqphaiyngeus (pharyngo-paralysis, regur=
gitation), radial-paralysis (inability to stretch the front limbs), and para-
lysis nf‘thé optic nerve with partial blindness. With humans, the basophilic
stipling is |considerad a particular_ly important symptom in the early stages;
this stm&l;ng af the rsgvco:puscles is a conseguence of damage to the blood-
forming bong marrow. furthermore, chron;c organ disorders, such as nephrases
{leaded kidneys), diseased blacd’vessels, and damage to the heart muscles, are
said to appéar. The Stomatitis.ulparosa with the lead fringe, mentioned many

times in the literature, is missing with horses and cattls, probably because

these aniﬁals do not exhale by mouth. For the lsad fringe is‘supposad ta form by -

the combiné#ion of the hyd:oggﬁ sulphides in the air with the lead giving lead
sulphide; h%wever, since the desas do not breathe with fheir mouths, a lead
fringe cannpt form. A comparison of the éymptOms that appeared in practice and
in gur test| horses doubtlessly shows similarities: roaring, pharyngo-paralysis,
spitting, probably caused by difficulties in swallawing, chronicslly diseased
kidneys, emaciation, It is also interesting to nots that these symptoms appearasd
moze zntanslvely and in a shorter time with flue dust I of the higher-lead con=
tent then wmth flue dust 1I with the lower lead content.

On axam;nxng tha rassults of ths numqroua lead assays on livers of animals
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that took sick an the pasture, it is striking to note that the lead content was
elavated in most cases, and mostly very much so, on the basis of the statéments

by DANCKWORTT that a lead content in the liver of aover 1.0 mg must be regarded

as __path_‘nlp:gical, {cf.Table ). In the two test colts, too, it was found after kile
ling #hém ihat the amount of lead in their livers was higher, In colt I the.

amount was 1,52 mg% per 100 g liver, and in colt II 2,72 mg% pex 180 g liver sub- .
stance. An institute uf‘ forensic medicine has termed the quantities of lead in
the‘bload'as‘gqnsidaréble alse, Morsover, the high values inUthé‘an&l in the
sunrwndiﬁga af the pié;nt arg striking. |

 In sacond place, it is natural to allege that large amounts of zinc have
a toxiciaffect; Indeed, zinc poisoning plays a big part in tha vaterinary liter-
ature, éuch“ﬁqisonings\ars again and again suspected. However, despite numercus
feediﬁg experimenté, no ane has succeeded in producing a chronic zinc poisoning
yet;.prasumébly,'bgcaUSe zing is a passing poison which is not reabsorbed or ac-
cumulated, leaving the intestines quickly, But in cases of acute poisoning be-
cause of ingestion of iarge amounts of zinc -salts, heart paralysis and damages
ta th@ %i:retivevprgaha are said to occur., Even in healthy animals' livers, ths
zing ¢ohtant variss s@ much, and occasionally is so high, that no firm conclu-
sions can be drawn from it.

The other cnmpnﬁﬁnts.uf the flue dust are present only in small amounts, 774
so that it can scarcely be assumed that they exert a damaging effect on the or-
ganisﬁs of the qpihal#,.ﬁesides, of these poisons no symptoms of sickness are
known that progress e&en remotely like the ones described above. Changes in the
bone ars known only in fluorosis, but they are of an entirely differsnt kind.
There, they are a matter of osteoporotic and ostecsclerotic processes, especial-
ly at the tubular bones and accompanied by a brown discolouration of the teeth.
The b@nes do: show knotty enlargements up to pigeon egg size at the tsla-ossga,
but no lifting of the epiphyses or ulceration at the articular cartilage (Fig.7).
‘Therefcra, it can be assumed that, although symptoms of chronic lead poisoning
ara_piadominant, a new type of sickness enters the picture, created through the
synergic effects of other toxic substances (probably zinc) and ﬁharacterized
mainly by the localization in the joints. Or else, our knowledge of chrenic lead
poisaning is insuffic;ent and does not correspond to tha»actual-situatinn._Ba—
cause of the frequency of the alleged damages from lead, and because of the
long éxawn_out_litigaﬁion resulting from them, it would appear urgently
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advisable te clarify the correci course of the disease in lead poisoning by

feeding pure lead compounds to horses and cattle.

/_.«";(
Fig.7 (xight): "
Exostoses at the meta-
carpus of a horse af-
flicted with fluorosis.
Summary y
Summary : i
e Chromc nrhcular swellings have been obseived in colls and caifle grazm in the ..
vicinity of two forges. At aulopsy an increase of synovia is stated; further it is obeerved -
- that the articular. cartilage is delached to a varying exient from the underlying ‘bone, - "
~Later on, roaring, due {o paralysis-of the recurrent nerves, dcvdoped In several colu.
Amnlyus of the forge dusts yielded following results: . _
‘i;f > - _Forge 1:'Pb 16 87%, Zn 23,4194 S 1253%; Fe 5,80%; Cd 2,22%; As 052% e
YL Fnrxze 2: Pb 44,79%; Zn528% 'S 8,20%; Ce. 500%;: As 022%, - .(; —
;-'. ¢ ldentical arficular lcsxons could be reproduced-in (wo colls. each having been fed - o
for several weeks on ralions containing forge dusts. Further, manifestalions of phar ‘:f
'ﬁ, , paralysis_appenred which in one case resulled in Xﬂeumoma <due to pharyngeal dys-.:
¢ *phagin. The author suggests (hat the condition is due lo leadpoisoning being mmpl:~ i
R cat(\l by ether toxic eubstances. Analyses of several colt hvcrs ghowed in all cases a Jead . i
mmhzm exceeding 0,2 mg per 100 g. . ‘ . n
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