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EVALUATION EN MICROSCOPIE OPTIQUE DU DEGRE 
DE L'EMPOUSSIERAGE PULMONAIRE ASBESTOSIQUE 

PAR MICROFILTRATION DE L'EXPECTORATION ET DU sue GASTRIQUE 

+ + H H 
J, BIGNON , B. HEM I G, BONNAUD I p, SEBASTIEN ET 

G, MONCHAUX++ 

+ Clinique Pneumo-Phtisiologique, HOpital Laennec, Universit~ 
Paris V, France 

++Direction de l'Action Sanitaire et Sociale, Paris, France 

RESUME 

L'identification et Ze d~nombrement des corps ferrugineux 
(asbestosiques) et des fibres nues (d'asbeste) ont AtA rAaZisAs 

par miorofiZtration de Z'expectoration et du sue gastrique. 
Troia groupee de sujets ont AtA AtudiAs: groupe I~ sujets ex
poaAs d un fort empoussiArage asbestosique; groupe II~ sujets 

ayant travaillA d la transformation de produits d base d'asbeste 

et groupe III~ eujets expoaAs d un empouaaiArage de type indus
trieZ comportant plus ou moins de l 1asbeste. 

La numAration des corps ferrugineuz a rAvAZA qu 1iZ existait 
une corrAlation Atroite entre Ze nombre de corps ferrugineux 
trouvAs dans l'expectoration et le nombre de ces mimes corps 

trouvAs dans le poumon. Il aembZe qu'au-dessus de Za concen

tration intraparenchymateuse de 1000 corps ferrugineux par cm3 

de poumon, on retrouve des corps ferrugineux dans l'expectoration, 
tandis que dana le sue gastrique, Ze reflet de l'empoussiArage 
puZmonaire asbestosique n'est mis en Avidenoe qu'd un seuil plus 
haut d'environ 10 000 corps ferrugineux par cm3 de poumon. La 

recherche de corps ferrugineu~ dans l'expectoration apparait 

done aomme la mAthode la plus sensible pour apprAoier le niveau 

de l'empouesiArage pulmonaire par des particutes fibreuses. 



1~0 

L'analyse de l'~volution dans le temps de l'elimination 

respective des corps ferrugineuz et des fibres nues apres la 

cessation de l'ezposition professionnelle a permis une etude 

dynamique de l'epuration d long terme des particules fibreuses: 

les sujets eliminent d'abord lea fibres nues les plus courtes, 

puis apr~s des annees d'evolution, le pourcentage de corps fer

rugineu:r: augmente pour atteindre un taux de 80~, 10 ans apres 

la cessation de l'e=position. 

ABSTRACT 

Ferruginous (asbestos) bodies and naked asbestos fibres 

were identified and counted by microfiltration of the sputum 

and gastric secretions. Three groups of subjects ~ere studied: 

Group I, subjects heavily exposed to asbestos dust: Group II, 

subjects who had been occupied in the manufacture of asbestos

based products; and Group III, subjects exposed to industrial

type dust containing greater or lesser amounts of asbestos. 

Counting of the ferruginous bodies sho~ed a close correla

tion between the number of these bodies in the sputum and the 

number found in the lung. It appears that if the concentration 
3 of ferruginoua bodies within the parenchyma ezceeds 1000 per cm 

of lung, these same bodies are found in the sputum, but that 

they are found in the gastric secretions only ~hen the concen

tration in the lung ezceeds the much higher threshold concentra

tion of 10,000 ferruginous bodies per cm 3 of lung. Thus, det

ermination of ferruginous bodies in the sputum appears to be 

the most sensitive method for assessing the level of fibrous 

dust particles in the lungs. 

A comparative analysis of the elimination of ferruginous 

bodies and naked fibres in the course of time after occupational 

ezposure had ceased permitted a dynamic study of the long-term 

clearance of fibrous particles. The subjects first eliminate 

the shortest naked fibres. Then, after the condition has taken 

its course for some years, the percentage of ferruginous bodies 

increases, rising to BOS ten years after the end of exposure. 
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1. INTRODUCTION 

Dans des publications precedentes (1, 2), nous avons montre que le 
• 

denombrement des corps ferrugineux {CF) a pres microfiltration de l'expecto-

ration constituait une methode d 'investigation c linique tres interessante, 

permettant d 1eva luer, du vivant du ma lade, et sans avoir rec ours a la biopsie 

pulmonaire, la concentration intra-pulmonaire en CF. 

Le present travail a pour but d'etablir des donnees de reference con

cernant les relations qui existent entre le nombre de CF dons l'expectoration 

ou dans le produit de tubage gastrique et lo concentration intra-pulmonaire, 

compte tenu de I' importance de ['exposition au risque asbestosique et de 

!'elimination des fibres apres la cessation de !'exposition. 

2. MATERIEL ET METH ODES 

L 1etude a porte sur 193 sujets. 

L'interrogatoire professionnel a permis d'isoler 56 sujets temoins non 

exposes a l'asbeste et 137 sujets dont on pouvait supposer une exposition au 

rhque asbestosique au cours de leur vie professionnelle. Le c lassement des 

sujets en 3 groupes, en fonction du travail qu'ils executaient, a perrnis 

d'obtenir une eve luation grossiere de l'intensite de leur exposition : 

groupe I: 21 cos, Oge moyen: 52 ans. "Manipulation de l 1asbeste a l'etat 

brut" (broyage, filage, tissage, projection, manutention, etc ••• ); 

groupe 11 : 47 cos, Oge moyen : 53 ·.;rt>. "Transformation de produits a base 

d 1amiante" (isolation, chauffage, reparation freins d'automobiles, etc ••• ) 

groupe Ill : 69 ans; "ge moyen : 56 ans. "Exposition a un empoussierage 

industriel comportont plus ou mains de l'amiante 11
• 

Si chez tous les sujets des 3 groupes precedents ont ete precises : 

nah1re et dun~e de la profession et de la i depu is la cessation de I 'expos it ion 

asbestosique. Par centre, la densite de l'empoussierage et la nature des 

fibres inha lees n'ont pu ~tre obtenues qu'approximativement dons cette etude 

retrospective. 

Le denombrement des fibres d'asbeste a ete realise apres digestion 

chimique par 1'1yochlorite de sodium et microfiltration sur 3 types de preleve

ments selon une methode precedemment decrite (2) : expectoration matinale 
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chez tous les sujets (193 sujets), liquide gastrique pre leve a jeun avant le 

lever (37 sujets} etparenchyme pulmonaire apres fixation for mo lee en insuffla

tion (52 sujets). Les fibres gainees ou corps ferrugineux (CF) et les fibres 

nues ont ete comptees au microscope optique en contraste de phase (x 400). 

le nombre de particules fibreuses a ete exprime : pour l'expectoration et 

le produit de tubage gastrique : nombre total par pr( levement; pour le 

poumon : nombre de CF par cm3 de parenchyme pu lmona ire fixe. 

3. RESULTATS 

1} Relation entre le nombre de corps ferrugineux rencontres dons 

!'expectoration ou le liquide de tubage gastrique et le type d 'expo

sition professionne lie. 

1°) Epuration des CF dans !'expectoration 

Chez les 56 sujets temoins non exposes professionnellement a l'asbes

te, ii n'y avait pas de CF dons l'expectoration. 

Chez les 137 sujets pour lesquels ii existait la notion d'une possible 

exposition professionnelle ll l'asbeste, la freq uence des cos avec ex pee tore ti:n 

positive etait respectivement po.ur les groupes I, II et Ill de 95 %, 60% et 

25 %. Cette relation apparait encore plus nettement lorsqu'on tient compte 

du nombre de CF par expectoration : le nombre moyen de CF trouves eta it 

de 100 pour les sujets du groupe I, 10 pour les sujets du groupe II, 1 pour 

les sujets du groupe 111 (Fig. 1 ) • 

2°) Resultats compares de l'epuration des corps ferrugineux dens l'expectore

tion et dons le produit de tubage gastrique (T. G .), : 

Chez 37 sujets, ont ete compares les resultets de la r~cherche des 

CF dans l'expectoration et dans le T. G. Chez 26 de ces sujets, lo rec herche 

etait negative dons les deux produits. Pour les 11 patients avec CF dons !'ex

pectoration, le nombre de CF trouv.Ss dans le T. G. etait toujours nettement 

inferieur b celui trouve dans !'expectoration. 

II apparait done que la recherche des CF dons I 'expectoration est 

plus sensible que dans le T .G. pour apprecier le niveau d 1elimination des 

particules fibreuses. L16tude des secretions gastriques Hant a reserver aux 

sujets sans expectoration. 
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2) Correlation avec l'empoussierage pulmonaire 

Dons 52 cas etudies, le nombre de CF/cm3 de parenchyme pulmonai-
• 

re (3) a ete compare a ce lui trouve dons 11 expectoration (Fig. 2) 

Nombre mo•iimol de CF 
2000 .a clans l"expectorotion 
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Figure 1 Figure 2 

Correlation entre le nombre de CF rencontres dons l'expectora

tion et le type d'exposition professionnelle. 

Pour cheque cas, ce nombre est represente en utilisant une 

ec he I le logorithmique ( + indique la moyenne du nombre 

de CF dons cheque groupe). 

Correlation entre le nombre de CF rencontres par cm3 de paren

chyme pulmonaire et le type d'exposition professionnelle. 

Pour chaque cos, ce nombre est represente en utilisant une 

eche lie logarithmique ( + indique la moyenne du nombre de 

CF dons cheque groupe) •. 

Chez les 20 temoins de cette serie, sans exposition professionnelle 

et avec expectoration negative, le nombre de CF trouve par cm3 de 

parenchyme pulmonaire variait entre 2 et 150 (moyenne - 50). 

Chez les 32 sujets avec risque asbestosique certain ou probable, 

les resultots variaient en fonction de l'intensite du risque. 

Ainsi, pour le groupe I, la moyenne de 100 CF trouves dons l'expec

torotion corresponda ient a une concentration pu lmona ire moyenne d 'environ 

100 000 CF/cm3 ; pour le groupe II, la moyenne de 10 CF de l'expectora

tion correspondait a une contentration pulmonoire moyenne d'environ 

10 000 CF/cm3; pour le groupe Ill, la noyenne de 1 CF dons l'expectora

tion correspondait a une concentration pulmonaire d'environ 1000 CF/cm3. 
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D'une maniere genera le, ii semble done qu'il existe une relation 

entre le nombre de CF trouve dam l'expectoration et la concentration en CF. 

Les resultats sont exprimes sur la Fig. 3, qui montre que = l 000 CF /cm3 de 

parenchyme pulmonaire represente une valeur seuil (les resultats sont repre

senMs suivant une double echelle logarithmique). 
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Figure 3 

figure 3 : Correlation entre le nombre de CF dons l'expectoration et le 

nombre de CF rencontres dons les prelevements de parenchyme 

pu lmonaire ; les resu I tats sont reprthentes suiva nt une double 

eche lie logarithmique. 

Figure 4 Variation du rapport des fibres ga inees ou CF par rapport au 

nombre tota I des CF + fibres nues en fonction du de la i de 

cessation.du risque asbestosique. 

3) Etude de l'epurotion des particules fibreuses a long terme 

Dons 15 observations ol) fibres nues et enrobees ont ete denombrees 

a la fois dons !'expectoration et dans le parenchyme pulmonaire, le pourcen

tage des fibres enrobees (CF) et des fibres nues variait suivant le de la i de 

cessation de !'exposition. Ainsi, dans les ann6es suivant la cessation de 

l'exposition, ce sont les fibres nues, surtout courtes (4) qui dominent dons 

)'expectoration. Par la suite, on constate que le pourcentage de CF, corres

pondent a l'enrobement de fibres longues auomente rapideme n t avec le 
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temps pendant une periode de 10 ans environ, pour ensuite se stabiliser o 
environ 80 % et rester a ce niveau a peu pres constant • 

• 
II est cependant interessant d 1observer que sur les cas etudies, nous 

n'avons identifie le chrysotile qu 1 une seule fois dans les Ffl!levements de 

parenchyme pulmonaire. Ces resultats concordant avec ceux observes par 

d'autres auteurs (5,6, 7) qui constatent une predominance des varietes d 1as

bestes amphiboles dons le tissu pulmonaire. Le probleme ee la penetration 

alveolaire des fibres de chrysotile et de la cinetique de leur epuration reste 

done non reso lu. 

Bien que preliminaires, ces resultats indiquent les modalites de l 1epu

ration pu I mono ire ~ long terme des particu les fibre uses chez I 1homme. Jusqu' 

b ce jour, les etudes analytiques realisees, n'ont pu l'etre que chez !'animal 

(8,9,10). Or la connaissance des modes d~puration ehez l'homme apparait 

pourtant fondamentale (11 ), puisque de la duree de retention intra-pulmonai

re des fibres d'asbeste depend ·Jn effet pathogene plus ou mains marque (5), 

notamment en ce qui concerne l'action concerigene. 
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DISCUSSION 

COOPER ( U • S • A • ) 

Avez-vous eu !'occasion d'utiliser cette technique pour 
etudier le cas d'ouvriers nouvellement embauches afin de de
terminer si cette technique pourrait constituer un syst~me de 
detection et de surveillance de la surexposition? Il est bien 
connu que des ouvriers subissant une forte dose d'exposition 
peuvent continuer ~ expectorer des corps f errugineux encore 
pendant plusieurs annees apr~s la cessation de l'exposition, 
mais cette methode pourrait etre appliquee aux nouveaux ouvrie1 
au moins pour la recherche des amphiboles. 

BIGNON (France) 

Jusqu'A present, nous n'avons pas utilise cette technique 
pour la surveillance d'ouvriers nouvellement embauches, mais 
nous sommes persuades que !'examen de !'expectoration represent 
un test tr~s sensible de surveillance de tels sujets. On pour· 
rait par exemple proposer d'interrompre !'exposition des qu' 
apparaissent des corps ferrugineux dans !'expectoration. 

DUPUIS (France) 

Pensez-vous que !'utilisation du microscope optique permet 
d'identifier les fibres de petites dimensions qui sont vraisern· 
blablement les seuls susceptibles d'induire des mesoth~liomesi 

BIGNON (France) 

Malgre l'utilisation de techniques microscopiques elaboreE 
(1), comme !'observation en contraste de phase, ou la techniqu1 
des liqueurs d'indice, 11 est evident que les fibres de taille 
inferieure A 3 microns peuvent echapper a !'examen en microsco1 
optique. 

Le probleme se pose tout particulierement pour la deter
mination des f ibrilles elementaires de chrysotile dont le dia
m~tre de 300 A les rend pratiquement inaccessible a la micro
scopie optique, les fibres que l'on ~eut observer etant alors 
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des associations de fibrilles elementaires. Il faut utiliser 
le microscope electronique pour resoudre ces fibrilles. 

Neanrnoins, la microscopie optique constitue une methode 
excellente pour apprecier le degre d'empoussierage d'une region 
tissulaire, ceci grace aux methodes de preparation qui sont 
simples et tres reproductibles. Il convient ensuite d'utiliser 
la microscopie electronique pour etablir une granulometrie des 
particules et realiser une identification plus precise par 
microdiffraction. 

(1) BARTOSIEWICZ, L.: Improved techniques of identification and 
determination of airborne asbestos. Amer. Ind. Hyg. Assoc. J., 
June 1973. 

GIBBS (Canada) 

La methode que vous avez utilisee pour l'identification du 
type de fibre present dans les poumons des ouvriers vous perrnet
elle de determiner de quel type d'amphibole il s'agissait? 

BIGNON (France) 

Pour ce travail, !'identification des fibres a uniquement 
ete realisee par microdiffraction electronique. Si par cette 
methode, il est tres facile de distinguer amphibole et ch~ysotile, 
la distinction entre les differents types d'amphibole est, a 
notre sens, impossible d'apres le seul examen du cliche de 
rnicrodiffraction. 

Pour identifier precisement le type d'amphiboles, il faut 
utiliser plusieurs ·micrornethodes physiques: 

- Optique cristalline: par cette methode, on mesure 
particulierement l'indice de refraction et le signe de l'al
longement. 

- Microanalyse chimique elernentaire: les fibres d'amphiboles 
peuvent avoir une taille suffisante pour qu'avec le MEB eauipe 
d'un systeme dispersif, on accede a la chimie elementaire d'une 
fa9on semi-quantitative. 

Mais ces methodes sont longues et couteuses et n'ont pas 
ete utilisees dans cette l lquete. 
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ETUDE QUANTITATIVE EN MICROSCOPIE OPTIQUE ELECTRONIQUE 
DE L'EMPOUSSIERAGE PULMONAIRE ET PLEURAL CHEZ VINGT SUJETS 

A, FONDIMARE, J, DESBORDES, J, TAYOT ET J, PERROTEY 

Laboratoire d'Anatomie Pathologique, Centre Hospitalier du Havre 
France 

RESUME 

De nombreux travaux menes tant en France qu'a l'Etranger, 

il reasort que la plupart des adultes vivant en milieu urbain, 

ont des corps asbestosiques ou ferrugineux dans 1.eur parenchyme 

pulmonaire: nous avons fait la m~me constation chez les sujeta 

vivant dans l'agglomeration Havraise. 

Or, en matiere d'asbestose professionnelle, la plupart des 

auteurs attribuent un pouvoir pathogene aux fibres d'amiante 

restees nues, bien plus qu'aux corps asbestosiques. 

Dana ces conditions, il nous a paru interessant de comparer 

en-microscopie optique et electronique la teneur en fibres d'a~ 

miantedu tissu pulmonaire et pleural de sujets soumis lea uns a 
une ezpoaition massive, les autres a un risque faible, bref ou 

apparamment nul. 

ABSTRACT 

Numerous studies in France and in other countries have sho~n 

that most adults living in an urban environment have asbestos or 

ferruginous bodies in the pulmonary parenchyma. We have found 

the same in subjects living in the area of Le Havre. 
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With regard to occupational asbestosis, most authors consi

der that asbestos fibres which have remained naked are much more 

pathogenic than asbestos bodies. 

In these circumstances, we thought it would be of interest 

to compare by optical and electron microscopy the asbestos fibre 

content of the lung and pleural tissue of some subjects who had 

undergone massive ezposure and others who had been exposed to 

slight or short-term risk, or to no apparent risk. 
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Materiel 
I 

et Methodes 

Le present travail porte sur 20 malades: 

- 12 ont ete soumis a un empoussierage professionnel massif 

par l'amiante 

8 a un risque faible, bref ou apparamment nul. 

Nous cornparons les resultats a ceux u'une etude anteri~ure 

en microscopie optique deja publiee portant sur: 

- 52 sujets non selectionnes 

- 12 porteurs de mesotheliomes 

- 11 asbestoses majeures. 

Dans chacune de nos 20 observations, nous avons detruit 4 

gr de tissu pulmonaire ou pleural formole par digestion alcaline. 

Le produit obtenu est lave et ramene par centrifugation a un 

culot de l cm 3 . Une goutte de 20 ml est prelevee pour etude 

au microscope electronigue Sopelem 75, soit directement (empous

sierage faible) soit apres une nouvelle dilution (empoussierage 

eleve} Le coulot initial est filtre sur une membrane Millipore 

a 3 microns qui permet apres clarification, la numeration au 

microscope optique des corps asbestosiques. 

Par cette methode il est possible de comparer la teneur en 

corps asbestosiques d 1 une part, et en micro-fibres d'amiante de 

dimension infra-microscopique d'autre part, d'une rnasse standard 

de tissu fixe. 

En raison de l'existence de plusieurs temps de centrifu

gation decantation, il est possible que nous sous-estimions la 

teneur en micro-fibres, par contre une surevaluation nous parait 

peu probable. 

rtesultats 

Nous rappellerons brievement les donnees de notre etude 

quantitative prealable ou: 

96% de nos sujets ont des corps asbestosi~ues dans leur 

parenchyme pulmonaire. 



1202 

Nous avons ventile nos resultats en quatre groupes selon le 

nombre de corps asbestosiques (C.A.) contenus dans 4 gr de poumo: 

- 1 moins de 102 C.A. 

- 2 de 102 a 103 C.A. 

- 3 de 103 a 104 C.A. 
4 - 4 plus de 10 C.A. 

Tous les su.jets non selectionnes figurent dans les groupes 

1 et 2. Les asbestoses professionnelles averees se situent 

dans le groupe 4. Les observations de mesotheliome font tran

sition et se classent dans le groupe 3. 

Ces donnees sont comparables a celles de la litterature. 

L'etude couplee en microscopie electronique nous a permis 

dans un premier temps de classer nos observations selon ces 

groupes: 

En microscopie optique: 

- 13 observations sont du groupe 4 

3 " sont du groupe 3 

4 " sont du groupe 1 et 2. 

En microscopie electronique: 

Nous observons des fibres nues dans tous nos echantill6ns 

de parenchyme pulmonaire ou de plaque pleurale. 

Pour les empoussierages de type 4 en microscopie optique la 

concentration pulmonaire en fibres infra-microscopiques atteint 

des chiffres de l'ordre de 106 ~ io7 • 

Nous reproduisons ici un tableau portant sur 6 de ces 

observations oU la repartition des fibres est assez homogene 

sur plusieurs echantillons pour autoriser une evaluation quanti

tative rapportee au volume initial dissous. 
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Observations C.A. Fibres nues 
n°s Optique electronique 

30. 606 11. 10 4 
12. 106 

A. 481 6,9.10 5 
3. 10

7 

A. 691 1,5.10 4 
3. 10

5 

A. 1384 b. 4,7.10 5 
l, 4. 10 7 

A. 384 1, 1. 10 5 
1, 6. 10 7 

A. 1154 2,2.10 5 
3, 1. 10 7 

Dour les observations de type 1 a 2 les concentrations en 

micro-fibres sont beaucoup plus faibles. L'on observe parfois 

moins de 10 micro-fibres pour une grille entiere. 

Dans les limites de notre methode, le nombre des micro

fibrilles depasse done exceptionnellement des chiffres de l'ordre 

de 103 . Bien que nous raisonnions sur un petit nombre d'obser

vations, il semble done exister un hiatus quantitatif conside

rable entre !es empoussierages pulmonaires de type professionnel 

et ceux de rencontre tant en microscopie optique qu'electronique 

surtout. 

Dans laplevre ou plutot dans les plaques pleurales les 

concentrations en corps absestosiques visibles en microscopie 

optique sont tres faibles depassant rarement 100 (10 2 ). 

En microscopie electronique l'on retrouve constamrnent des 

microfibres d'amiante: elles sont en general plus petites que 

dans le poumon homologue. 

Certaincs observations nous montrent d'irnportants pheno

menes de concentration locale pleurale pour des ernpoussierages 

pulmonaires faibles. 

Ex : 75 C.A. dans 4 gr de tissu pleural hyalin 

69 C.A. dans 4 gr tissu pulmonaire homologue. 
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Dans ce travail nous ne retrouvons pas au niveau de la 

pl~vre l'ecart qui existe dans le poumon entre les empoussierage! 

de type professionnel et de type occasionnel. 

Discussion 

Bien que notre enquete repose sur un nornbre lirnite 

d'observations, il apparait cependant que les empoussierages 

pulmonaires massifs des asbestoses professionnelles corresponden· 

a des concentrations parenchymateuses en fibres d'amiante sans 

conunune mesure avec celles relevant d'expositions de recontre. 

Dans le premier cas, taus nos suj ets presentaient cl ini -

quernentet radiologiquement d'intenses lesions de fibrose pul
monaire. Dans la seconde ~ventualite nous n'avons note au 

maximum que de discretes l~sions de fibrose histologique. 

Au niveau de laplevre par contre, si les concentrations 
tissulaires sont beaucoup plus faibles, l'on ne retrouve pas 

un tel hiatus sur le plan quantitatif. Cette constatation nous 

semble devoir etre rapprochee de la grande frequence avec 

laquelle nous observons des plaques pleurales hyalines cal

cifiees ou non a l'autopsie de sujets faiblernent exposes d'une 

part et de l'existence de rnesotheliomes chez le meme type de 
malades d'autre part. 

D'un point de vue qualitatif, conune beaucoup d'auteurs, 

Heppelston et Ashcroft en particulier, nous avons surtout iden

tifie chez nos sujets des fibres du type amphibole et plus 

rarernent du chrysotile en longues fibres ou echeveaux touffus. 

Nous n'avons pas eu l'occasion d'observer comme Selikoff et 

Langer ont pu le faire chez les habitants de New York, de 
nombreuses micro-fibrilles de chrysotile. 

Les enquetes de risque nenees chez nos Malades ou <lans lcur 

entourage professionnel nous laissent a penser ou'actucllcmcnt 

l'ernpoussierage pulnonaire par l'arriiante dans l'agglomeration 

havraise rel~ve plut8t d'une exposition professionncllc faiblc a 

occasionnelle, dont la frequence va d'aillcurs augmcntant, quc d 
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problerne de pollution generale. Il est possible que cette 

situation evolue dans les annees a venir. 

• 
L'amplification des etudes quantitatives pour difficiles 

qu'elles soient nous parait constituer une voie interessante 

pour apprecier la signification de ces empoussierages faibles 

en les comparant aux asbestoses rnassives. 
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DISCUSSION 

BRUCH (Rapublique f~d~rale d'Allemagne) 

Avez-vous datermina le rapport entre les particules d'amian 
(PA) et les fibres nues dans le poumon pour les 4 groupes d'ex
parience? En experimentation animale (avec P.F. Holt) la for
mation de PA par datarioration de macrophages alveolaires com
binae a d'autres causes telles que le tabagisme a ete arretee. 
Le resultat fut que les lasions pulmonaires etaient d'autant 
plus graves que l'on denoinbrait mains de PA. Il se pourrait don, 
que, chez des malades (mesotheliane et/ou fibrose) le rapport 
PA - fibres nues soit abaisse. Nous partons de l'hypoth~se que 
la formation de PA est un mecanisme d'epuration du corps. Une 
disposition individuelle differente du corps pourrait expliquer 
que certa~nes personnes soient atteintes alors qu'elles n'ont 
subi qu'une exposi~ion relativement peu importante. 

FONDIMARE (France) 

Nous avons etudie le rapport corps asbestosique/f ibres nues 
chez les sujets tr~s empoussieres seulement. Le nombre des corp 
asbestosiques augmente en fonction du temps et varie avec le typ 
d'amiante inhale. 

GIBBS (Canada) 

Il nous arrive frequemment d'examiner le parenchyme pul
monaire de sujets atteints de mesotheliome pour identifier le 
type de fibre present (par exemple amosite, crocidolite, tr~
molite, chrysolite, etc.). Etant donn~ qu'il existe actuel
lement des methodes permettant !'analyse microchimique des 
differentes fibres, avez-vous !'intention d'utiliser ces m~thode 
pour l'obtention d'une telle information? 

FONDIMARE (France) 

Nous distinguons par ditfraction d'~lectrons le chrysotile 
des amphiboles. Nous ne disposons pas actuellement des m~thodes 
de microanalyse. 
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DETERMINATION OF CADMIUM IN BLOOD USING A 4.0 MM PAPER 
DISC - GRAPHITE FURNACE TECHNIQUE. APPLICATION TO 

INDUSTRY 

A, A. CERNIK AND M. H, P. SAYERS 

Central Reference Laboratory, Department of Employment, London, 
United Kingdom 

ABSTRACT 

A paper disc flameless AAS method is described for the det

ermination of Cd in blood, enabling difficulties in sample pre

paration to be minimized. By control of the ashing step, the 

matriz can be removed ~ithout loss of Cd. Problems ~ith the 

fast signal response during atomization can be met by spectral 
band width and temperature control. At the 106 picogram level 

(5.J ~g/100 ml blood) the R.S.D. ~as 0.06. 

Results in three industrial situations are reported. The 

method should facilitate further investigation of its application 

to industry using capillary or venous blood. 
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1. Introduction 

The increasing interest in environmental pollutants has focussed 

recent attention on cadmium (Cd). This metal is widely used in industry, 

but knowledge regarding its absorption and excretion is incomplete, thus 

rendering difficult the interpretation of industrial exposure using bio

logical methods. Measured by a polarographi-: technique, Cd in the urine 

of the genera1 popu1ation is less than 5 µg/l. In the industrially 

exposed, greater quantities may be found. Urinary excretion of Cd is 

ca111onl.y used as an index of absorption, and the finding of 25 µg/l is 

considered evidence of undue exposure. This does not, however, reflect 

the total body burden or the concentration in vulnerable organs, such as 

the kidney or the lung. 
Absorbed. Cd is conveyed in the bloodstream, either cell or plasma 

bound, throughout the bod)'. Correlation between the urine (UCd) and blood 

cadmium (Bed) is poor and indeed neither measurement is regarded as a good 

index of absorption by some authorities. Moreover, the UCd does not neces

sari~ reflect recent exposure. Tissue biopsy has been advocated by Ul

lucci and Hwang (1) in riev of the problems of blood and urinary findings. 

From the practical viewpoint, however, for the detection of evidence 

of undue absorption of Cd in industrial workers. a simple test is needed. 

acceptable to workers and management, which can be related to exposure in 

order to alert the Industrial Hygienist to advise on control of environ

ment before concentration in the critical organs can occur, resulting, for 

examp1e, in tubular nephritis with associated proteinuria. 

This paper describes recent denlopnente in the use of atomic absorp

tion spectrometry (AAS) for the estimation of BCd which can be readily 

adopted for the studJ of venous or capillary specimens collected from 

workers in the factory. 

The tantalum sampling boat achieved a relative detection limit for Cd 

of 0.2 ng/ml-l using a 0.5 ml sample of blood, but 16 hours were needed 

for oxidation (Hauser .!i..!! (2)). Ediger and Coleman (3) ignited 10 ml of 

blood in a Delves sampling cup near the name and obtained results compar

able to those using an extraction/graphite furnace technique. There may 

be loss of Cd using this method of oxidation since the vapour pressure 

temperature (\'Pr) of Cd is little higher than that required to burn blood. 

Other methods using the Delves cup after pre-treatment of the sample have 

shown that recoveries, reproducibility and sensitivity are satisfactory 

(Joselov and Bogden (4) and Lieberman (5)). The latter also reported that 
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the method overcame interference effects of different matrices. Ullucci 

and Hwang (1) favoured solvent extraction of the Cd prior to determination 

on a tantalum ribbon, but calibrated the blood figures •ith aqueous stan

dards. 

There ~re few published references to flameless methods. Dolin~ek 

et al (6) determined Cd in blood using the graphite furnace without pre

treatment of the sample which was dried, ashed and atomized in situ. This 

direct approach to analysis of metals has the advantage of minimising 

problems due to contamination. The graphite furnace technique enables Cd 

to be determined on capillary or venous samples directly without pre

treatment and with adequate sensitivity. 

2. Materials and Methods 

2.1 Collection of Specimens 

Blood Venous or capillary blood samples were used as indicated in 

the tables And text collected on the lines described by Cernik and Sayers 

(7). Capill~ry blood was spotted onto Whatman's No. 4 filter paper. 

Urine Casual specimens of urine were collected from workers in the 

fRctory. Corrections were not made for specific gravity, which varied 

widely. 

2.2 Apparatus 

A Varian Techtron AA5 spectrometer was used with a CR63 graphite fur

nRce workhead. The graphite cups, 4.5 mm in diameter, were supported by 

two side electrodes with the correct end radius. Other features were as 

described by Cernik (8) except for the following: 

Cadmium lamp current 4mA- Spectral band width 0.33nm. Wavelength 228.8nm. 

Workhead Power Controls For ashing, 12 seconds at ?IYJ°C (!10). For 

atomization, 2.0 seconds at 6oo0 c (!10}. 

2.3 Method 

All blood specimens whether venous or capillary examined by A.A13 were 

done by the punched disc technique using 4.0 mm discs after previous spot

ting in the case of venous blood, as described elsewhere (Cernik (8)). 

Non-atomic absorption th.at appeared in the Cd position was controlled to 

0.01 absorbance by the use of a hydrogen lamp. A non-interfering second 

peak was ignored (Fig. 1). 

Working Standards Cadmium chloride (CdC12 ) solution was mixed with 

blood samples to give a final added concentration of o.o, 2.0, 4.o, 6.0, 
B.o and 10.0 µg Cd/100 ml blood. 

Ashing of Matrix Precise control of the voltage applied over a given 
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ASHING 5.6-12secs. 

ATOMIZATION 3.2-2.0secs. 
(eoc>°c) 

12mm 

10mm 

4.0mm Cd discs 

NA ll 0. 7sec later than Cd signal 

NAI 

Irn 
- -
Cd LAMP H2 LAMP 

Fig. 1. Non-Atomic signal found in the cadmium position when 
4.o mm blood discs are atomized at 600°C. (NA = non
atomic) 

time constant is important for the ashing of the matrix because of the 

Tol.atilit::r of Cd. Previous work with lead using the same technique had 

shown that, with the voltage required to achieve ~0c for 12 seconds, 

complete removal of all the molecular absorption from the matrix resulted. 

The same ashing system vas necessary for Cd because the matrix was identi

cal, but, unlike lead 1 there was only approximately ioo0 c difference 

between the ashing temperature and the VPT of Cd. The possibility that Cd 

might vapourize at lower temperatures than its VPT was considered, and to 

check this, discs of blood punched from one saniple were ashed at increas

ing voltage settings, and the Cd content determined (Table I). 
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TABLB I 
LOSS OF CADMIUM BY INCREASING TH~ T:E>tPERATURE 

AT THi: MA'rRIX ASHING STAGE 

Ash Control Temperature % Loss 
Setting 

0 c !10° Cadmium 

5.6) 
) 

5.7) 
) 

5.8) 
) 

5.9) 
) 

6.1) 

300 

34o 
All 
at 370 
12 
seconds. 390 

425 

TABLE II 

ATOMIZATION TF>IPERATIJRES AND RK'HDUAL CADMIUM 
(SBW 0.33nm) 

Nil 

Nil 

6.o 

10 

45 

Atomize Control 
Setting (All 

2.0 Secs) 
Tempe~a ture 

0c - 10° 
Cadmium 

Peak Height 
Residual Cd 
Peak Height 

2.0 450 

490 

515 

6oO 

625 

TABLE III 

32 

35 

35 

39 

43 

PRECISION OF REPLICATE ANALYSES USING 4.0 mm 
DISCS AT THREf. DIFFER!NT CONCENTRATIONS OF 

BLOOD CADMIUM 

8.o 

?.O 

3.0 

1.0 

1.0 

Hean µg Cd/100 ml Standard Deviation 
Helative 

Stand~rd Deviation 

o.8 

2.0 

8.2 

0.07 

0.11 

0.35 
No. of replications at each concentration = 11 

0.088 

0.055 

0.043 



1. 

2. 

3. 

4. 

5. 

6. 

?. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

Mean 

S.D. 
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TABLE IV 

COMPARISON OF MICROME'l'HOD AND CATHODE RAY POLARCXiRAPHY 
Hg Cd per 100 ml BIOOD 

4.o mm P.D. 

Venous 

o.4 

o.4 

0.5 

0.5 

0.9 

1.4 

2.2 

2.8 

4.8 

5.0 

5.7 

6.5 

6.8 

7.8 

3.26 

2.73 

Ca.pillary 

o.6 

o.6 

1.2 

1.1 

1.4 

1.4 

1.9 

5.4 

5.5 

4.8 

5.0 

?.4 

1.2 

7.7 

3.66 

2.73 

PolarosraI?!!J: 
Venous 

0.5 

0.9 

o.8 

o.8 

1.6 

1.0 

3.0 

3.5 

8.1 

4.9 

1.9 

5.4 

5.5 

6.o 

3.14 

2.45 



ABSORBANCE 
0.4 

0.3 

0.2 

5.6-12 

3.2-2.0 
(600°C) 

pg Cd/10om1. 2 

1213 

4 

SBW 0.33nmA 

SBW 0.99rvnB 

6 8 

A 

B 

10 12 

Fig. 2. Effect of spectral band width and volatilization 
temperature on the linearity of calibration. 

Atomization and SBW Effect. Ufing a relatively high atomiza

tion temperature (1200°C), calibration graphs obtained from the range 

0-lO g Cd/100 ml blood curved irrespective of SBW (0.33 to u.99 nm). 

Reproducibility was also erratic. Reduction of the Volatilization 

temperature to approximately 600°C produced linear analytical graphs 

only when the "BW was 0.33 nm. (Fig. 2.) To establish the optomum 

lowest temperature setting for the best vapourization of the Cd, blood 

discs from a sample were atomized at increasing temperatures tusing 

SBW of 0.33 nm) and the residual Cd checked (Table II). 

3. Results 

3.1 Venous and capillary blood specimens and urine samples were col-
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lected from workers engaged in two industrial processes using Cd for pig

ment manufacture and smelting respectively. The first is a dusty process 

where ingestion is the chief mode of absorption, whereas fume is the prin

cipal hazard in the second. Specimens were also collected from workers 

where there was little Cd risk and from non-exposed controls. 

3.2 Precision and Accuracy 

Three different naturally occurring Cd concentrations in blood were 

determined and the results from eleven replications are shown in Table III • 

. To evaluate the punched disc (PD) results, we compared both the capillary 

and venous samples against results obtained using our standard method of 

cathode ray polarography in 14 cases (Table IV). The correlation between 

the venous results done by PD and polarography (POL) was 0.81 and between 

the capillary results and POL was 0.85. The corresponding correlation 

l. 

2. 

J. 

4. 

6. 

8. 

10. 

• Smokers 

TABLE Y 

BLOOD CAI»tIUM IN THE UNEXFQSED 

(µg per 100 ml BLOOD) 

(Micromethod) 

Venous Capillary 

0.2 0.2 

0.2 0.2 

0.2 0.2 

o.8 o.6 • 

0.5 0.5 

0.2 0.3 

0.2 0.2 

o.8 o.6 • 

0.3 0.2 

o.6 o.6 • 



"Unexposed" 
Lab.Staff 

Number o! 10 Comparisons 

( Venous o.4o 
Mean ( 

( CapillarJ o • .}6 

Standard ~ Venous 0.25 

Deviation( Capillary 0.19 

Range or ~ Venous 0.2 - o.8 
Samples ( Capillary 0.2 - o.6 

TABLE VI 

LEVELS OF' BLOOD CADMIUM FOUND 

Naval Dockyard Figment Factory 
(Silver Brazing) {Dust Exposure) 

33 14 

0.37 2.66 

0.51 2.74 

0.19 2.37 

0.34 1.81 

0.2 - 0.9 0.5 - 10.3 

0.2 - l.4 l.l - 8.5 

Smelting Factor)-1 
(Fume Exposure 

17 

4.20 

5.23 

2.}8 

3.55 

1.1 - 8.9 

l.5 -13.3 

Smelting Factory-2 
(Fume Exposure) 

8 

5.20 

5.61 

l.94 

l.89 

2.2 - ?.8 

l.9 - ?.? 

,..... 
N ,..... 
Vt 
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between the 14 capillary and venous results was 0.96. 
3.3 Normal Values 

Ten volunteers with no history of exposure to Cd were bled and capil

lary and venous specimens examined for Cd. The results are given in Table 

V. No urines vere examined in this series. 

TABL'E VII 

FINDINGS IN COLOUR FAC'IDRY \iORKERS 

l:!S Cd Eer 100 ml Blood µg Cd/litre 

P.D. Urinary Cd (not corrected for SG) 

Venous Capillary POL 

1. 0.5 l.? N.D. 

2. 1.0 1.1 N.D. 

}. 1.5 l.~ N.D. 

4. l.? 2.6 N.D. 

5. l.? 1.3 4.6 

6. 1.8 2.6 N.D. 

?. 1.8 3.0 <3.0 

8. 2.0 2.4 N.D. 

9. 2.0 2.4 3.9 

10. 2.8 2.8 N.D. 

11. 3.0 2.6 N.D. 

12. 3.3 2.2 ?.2 

13. 3.8 3.8 13.8 

14. 10.3 8.5 4?.0 
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3.4 Workers engaged in brazing (with no exposure for 5-8 weeks) 

33 workers in a Naval dockyard who had been engaged in pipe jointing 

by silver brazing with Cd-containing alloy were examined. None of these 

men had been exposed for 5-8 weeks prior to examination. .Results of BCd 

done on venous and capillary specimens are summarised in Table VI. Al

though the low blood findings confirmed the absence of recent exposure, 

the urinary results showed quantities ranging from 2-83 µg/l in 9 of the 

33 workers. (It was not detectable in the remaining 24.) It is well 

known that urinary excretion of Cd persists long after exposure to Cd bas 

ceased. 

3.5 Workers in a Pigment Factory exposed to Cd Oxide Dust 

The corresponding results in 14 workers engaged in pigment manufac

ture are given in Table VII. Environmental measurements had not been taken 

recently in this factory. (We also sampled managerial, clerical and lab

oratory stRff whose findings were normal and are excluded from the table.) 

3.6 'Workers in Two Cd Smelting Factories 

Results in 25 workers in two factories exposed to Cd fume are also 

summarised in Table VI and the actual findings in the second factory are 

given in Table VIII. Environmental measurements in this factory showed 

TABLE VIII 

FINDINGS IN SMELTING FAC~RY WORKERS 

µg Cd Eer 100 ml Blood ~ Cd Eer litre Urine 

~- '"Not corrected for SG) 

Venous Capillary POL 

1. 7.8 7.7 35.0 

2. 4.8 5.5 14.8 

3. 2.2 1.9 12.6 

4. 2.8 5.4 9.7 

5. 6.8 7.2 75.0 

6. 5.7 5.0 31.0 

7. 6.5 7.4 22.0 

8. 5.0 4.8 31.0 
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seTen saap1ea out of ten to be aboTe the current 'I!LV (O.l mg Cd/M3). (5 

varkers in the first factory with onl)' intenaittent exposure are excluded 

trcm Table VI.) 

4. Statistical Analysis of Results 

4.1 Venous against Capill.ar;y BCd 

There is good correlation (0.93) between the results of BCd done on 

Tenoua and capill.&J7 speciaena (Fig.3). All results are included and the 

•ean or the venous samples was 1.74 WlOO al (SD = 2.27) and the mean of 

the capil.l.u-7 samples was 2.02 pg/100 ml (SD = 2.67). Capillary results 

tend to be higher in the exposed groups which could be regarded as an 

adYa.Dtage in the context for which the technique is recamended in that 

the method "fails nafe". 

13 
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CORRELATION•0·93 

1 I 9 10 

Fig. 3. A comparison or results obtained ,for blood cadmium 
using venous and capillar7 specimens. The regression 
line is shown and approximate 95% tolerance limits. 
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4.2 Comparison of Blood and UrinAry Cd 

Comparisons of BCd anrl UCd show that if Cd is detected in the urine 

then the mean Bed of the workers concerned ifi greater than the correspond-
• 

ing mean in those with no Cd detectable in the urine. There also appears 

to be an upward trend in the mean BCd as the amount of UCd increases 

(Table IX). The range of the BCd at the different urinary concentrations 

was, however, wide. 

TABLE IX 

5. Discussion 

It is known that concentration6 of Cd in the blood do not necessarily 

ren.ect the body burden, but it would seem from the results reported here 

that Bed may well prove a valuable index of the factory hazard (Table VI). 

Until recently results of Cd determinations in blood at the levels 

found in unexposed workers have been conflicting. Elizabeth Willden (9) 

found approximately 2 µg/100 ml in normal subjects, while earlier reports, 

for example, Butt et al (10) have quoted much greater quantities. Problems 

of methodology may well account for these variations. Cd quantities of 

less than 1 µg/100 ml quoted by Fri berg ~ ( 11) for unexposed workers 

in Sweden, U.S.A. and West Germany are of the same order as reported here. 

There is general agreement that despite fluctuations, BCd concentra

tions in exposed workers are significantly higher than in unexposed 

controls. Friberg et al (12) and our experience certainly bear this out. 

Although the published data {see Friberg et al (13)) suggest that the 

~may not prove a useful index for control of exposure in man, further 

inTeetigation is clearly needed. The method described here may facilitate 

this. 
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DISCUSSION 
KJELLSTR~M (Sweden) 

We have studied in Sweden the cadmium level in blood and 
urine of three newly employed workers in a Cd-Ni battery 
factory where the total cadmium level in suspended particulates 
were about S01mg/m3. Blood and urine samplec; were takPn each 
week during the first two months and then each month during one 
year. The blood cadmium increased more or dess linearly during 
the first four months of exposure to reach a steady state 3 
times, 4 times and 10 times higher then the pre-exposure level. 

During the first year no significant change in urinary 
cadmium occurred. Thus for early cadmium exposure it seems that 
blood cadmium after some months should be a better indicator of 
exposure than urine. For long time low-level exposure we believe 
increased urinary cadmium is more a reflexion of tubular damage 
then the exposure. 

CERN I K ( U • K • ) 

In our experience the blood Cd will rise above unexposed 
levels if the environmental Cu levels are in excess of the thres
hold limit values. With oxide dust hazard the absorption tends 
to be slower but nevertheless demonstrable. Urinary Cd will not 
be of much value in these circumstances since tissue uptake and 
stabilization, will interfere with the Cd absorption - excretion 
mechanism. 

PISCATOR (Sweden) 

I want to add to Dr. Kjellstrom's statement that the workers 
we examined were exposed to cadmium oxide dust. Exposure to high 
concentrations of cadmium fumes may cause sharper rises in blood 
levels of cadmium and may even cause increases in urinary 
excretion of cadmium. 

CERNIK (U. K. ) 

I agree. It tends to be easier to determine Cd fume absorp
tion, because the blood Cd response can be rapid and reach high 
initial levels, especially if the sample is obtained during or 
after the work shift. The urinary Cd in these workers will rise 
significantly and rapidly if the Cd concentration in the air is 
prolonged. 
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THE INCIDENCE OF ELEVATED BLOOD LEAD VALUES IN AN 
ASYMPTOMATIC PEDIATRIC POPULATION RESIDING IN A 

MAJOR AMERICAN INDUSTRIAL STATE 

P. R. FINE AND D. D. DOBIN 

Master Health Services, Chicago, Illinois, USA 

ABSTRACT 

In the nation's first state-wide investigation and survey 

for Zead poisoning in an asymptomatic popuZation, blood speci

mens were obtained from more than 7,700 children between 1 and 

6 years of age who resided in 20 IlZinois cities of intermediate 

size (10,000 to 150,000). 

During the first screening phase 6,151 children were sampled; 

1,147 (18.6%) were found to have evidence of undue absorption of 

iead (greater than or equal to 40/ug/100 ml) white in 51 (0.8%) 

of the children unequivocal instances of lead poisoning occurred 

(greater than or equal to Bo1ug/100 ml), according to the guiae

tines of the Surgeon General of the United States of America. 

The percentage of children evidencing undue absorption of 

iead in each city varied from 9.6% to 31.3%, while the main blood 

iead levels of the samples from the different cities varied from 

19.8/ug/100 ml to 32.9/ug/100 ml. 

Preliminary analysis of Phase Two Screening has revealed 

e:tremeZy interesting results. The percent of asymptomatia 

children screened ~ho demonstrated blood lead values in excess 

of 40 mcg.% ranged from 5.5% in one location to 13.5% in another 

locale. These figures are lower than the range reported during 
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the 19?1 campaign (9.6% - 31.JSJ. Despite the apparent reduction 

in range values, it is still alarming to note the significant pe~

centage of children, randomly screened, who demonstrated elevated 

blood lead levels. 

Perhaps a more meaningful and certainly a more significant 

finding which was demonstrated during the second phase was the 

fact that ~hile the rcw numbers of children (and therefore the 

relative percentage} with blood lead values equal to or greater 

than 40 mcg.S was somewhat lower in 1972, the mean blood lead 

values remained remarkably similar between the two years. The 

Phase One mean blood lead value for all children tested was det

ermined to be 25.5 mcg.S. Preliminary ezamination of the 19?2 . 
data indicates a mean blood lead value of 2?.32 mcg.~ (corrected 

to reduce influence of fluctuating sample size}. 

The findings suggest that pediatric lead intozication is 

not confined to urban slums, but does occur with alarming fre
quency in smaller communities. 
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BACKGROWI D 

Early in 1971, the Governor of Illinois instructed the Department of 
Public Health to initiate a "lead poisoning program 11

• Program officials 
questioned the relevancy of a single city approach and chose to expand 
the project to include approximately 14 cities, each with a minimum 
population base of 10,000 persons. The marked variance in population 
density in Illinois served as the primary reason for the approach, and 
cities were selected which included a wide range of population densities. 
The data obtained from the testing conducted in each city would help 'to 
verify or disprove the hypothesis that population density and housing 
serve as two basic variables directly associated with lead poisoning[?)· 
A complete analysis of data from the 1971 program and a preliminary 
analysis of the 1972 date follows. 

MATERIALS AND METHODS 

Prior to 1971, the City of Chicago had the only lead poisoning 
detection program in the State of Illinois,8 yet this program provided 
services only to one-third of the children in the State. The remainder 
of the State's population is divided nearly evenly between co1m1unities 
of less than 10,000 people {including rural areas) and con111unities 
beb1een 10,000 and 150,000 population(9]. 

A group of potential target cities from the 149 in Illinois with 
populations between 10,000 and 150,000 was identified. Initial selection 
of cities was made on the basis of geoqraphic location, racial composition, 
population density and available medical facilities necessary for medical 
foll ow-up. 

Table l lists the cities that were screened and describes the popula
tion of each. Two of the communities have less than the stated minimum 
of 10,000 population. They are, however, part of a contiguous urban area, 
Cook County: hence, their population size is a reflection of more polit
ical subdivision than of sociological smallness. 

Because earlier work has established a definite seasonal variation 
of blood lead levels and of number of lead posoning cases, with the peak 
occurrence of both during the surrmer months (8,10,11} program implementa
tion was scheduled for the su1TTI1er of 1971. 

Several workers have established that lead posoning cases are most 
common in children 1-3 years of age (11.12).In order to include any older 
children that might possibly have elevated blood lead levels, the Illinois 
Department of Public Health Program was focused on children 1 to 6 years 
of age. 

Blood specimens were collected with sterile, 12 cc. disposable 
syringes fitted with 1" 21 gauge-A bevel disposable needles. Aliauots 
of blood were transferred into lead-free heparinized vacutainer tubes 
(for lead and hemoglobin determinations), and into non-heparinized sterile 
tubes for serological testing. 

The 5.0 ml. of heoarinized whole blood for the lead detennination 
was hemolyzed in distilled water, chelated with sodium diethyl dithio
carbonate at a pH of 6.5, extracted with methyl-iso-butyl ketone and 
analyzed with an atomic absorption spectrophotometer, using a single slot 



CITY 

Aurora 

Sprlnafleld 

Peoria 

E, St. 1.oul1 

~utur 

Joliet 

Rock bland 

Eau Moline 

Harvey & Pboe111x 

E. Chgo. Rgtitl. 

Chicago Rghtl. 

llobbla. 

Carbmd&le 

lloclc.ford 

TotAL 
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Tabh 1 

POPULATlOS' Do\TA or TIIE 14 C<K'lllClTIES 

IN WHICH 

CHll.DllCX'S ILOOO t.r>.D yAU"ES WERE DCTClltlXCD 

Do\tt llll.IMIEI 

or 1970 CHlt.DltDI OF 
SCREEKlMC TOrAL ACES CHILDREN 

DI 1971 roPUl.Atllll 1-6 SCREDIF.D 

1-20,21 74,182 e.au 449 

8•3,4 91,7$3 9,ZOJ 670 

11-15.16 U6,96l 13,00 387 

11-17,18 69,996 9,187 ]16 

•-n,24 IJ0,397 U,S7Z 79) 

•-26,17 80,378 1,442 ]8] 

8-30 S0,166 5,091 zas 

a-n 20,832 1,419 298 

9-7 ]8,242 4,61~ 226 

9-8 5,000 l,0041 tn 

9-9 40,900 5,181 n1 

9-10 9,641 1,SZO* 103 

9•11,12 22,1116 1,512 264 

9-ZO,Zl,22 141,)70 16,5]1 1,208 
I 

! 961,6]6'* 100,134 6,151 

I 

'L Of CITY'S 
CHJLDllEN 
ACES 1·6 
SCREENED 

5,09 

7.28 

Z.97 

4,09 

5.84 

4,S4 

5.60 

U.32 

4,90 

11.U 

10.36 

6.78 

11.46 

7.31 

6.14 

* Population data aullable fr- the aureau of the CellaUI varle1 vltb the 1.ite 
of the c:it7. Cenaua data for the11 c-ltlH dld not lncla4e nUllMora of 
chlldren bJ yearly age grouplnga. therefore, the ...-..n vlth •aterbb vere 
calculated fr- tb rai:lo of under 5 y .. n popullUon to tlMe l-6 year popula
tlona of the c1t1e1 for vblcb both •"""'era ver1 a111ll1\le. 

- 20.91 of the total fopulatl- ln mc141e abed tlllnota clttn ... J.ll of the 
total Illlnob popul1tlon. 

burner and a wave length of 2170 Aol3 Standarization against controls 
of 0,20,40,70,100,200 and 300 mcg.% was perfonned. Pooled samples were 
run daily along with the program specimens. The standard deviation of 
the results of these pooled specimens was 3.0 mcg.t(l).A blood lead value 
of 40 mcg.% or greater was considered evidence of undue absorption of 
lead, and a blood lead value of 80 mcg.% or greater was considered an 
unequivocal care of lead poisoning (12). 

RESULTS 

In 1971, six thousand one hundred and fifty one children were 
screened in 14 cities. This figure represents approximately 6. 2% of the 
total children, in the state, between the ages of l and 6 years. Over 
5% of the children in the 11 at risk" age group {1-6 years) were tested in 
10 of the 14 conmunities, and over 10% of children in the "at-ri sk11 age 
group were screened in the remaining four. - A frequeney distribution 
analysis of blood lead reported between 0 mcg.S and 65+ mcg.% revealed 
marked digital preference at values ending in the integers zero and five. 
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Table ~ shows the me~n blood lead levels ranged from a low of 19.8 mcg.% 
to a high of 32.9% with the mean blood lead level determined to be 25.5 mcg.% 
The percentage of children with blood lead values 40 mcg.% ranged from 
9.6% to 31.3%. For all cities the number and percent of children with 
elevated blood lead levels (40 mcg.% or greater) were found to be 1,147 
and 18.6%. It is interesting to report that more children (4ft.5%) had 
blood lead values between 20 and 39 mcg.% than between 1 and 19 ~cg.% 
(36.9%). Subsequent grouping of 40-59 mcg.%, 60-79 mcg.% etc. showed 
a decline in the percentage of children tested found to have those blood 

Table 2 

PERCENT OF CHILDREN TESTED HAVING BLOOD LEAD VALUES IN THE 
FOLLGIING 20 HCG.'7. RANGES AND THE MEAN BLOOD LEAD VALUE IN 

EACH COMtfilN ITY 

CITY 0-19 20-39 40-59 60-79 Bo+ 
Hcg.% Mcg.1. Meg. 7. Meg.% Mcg.1. 

Aurora 37.9% 37.97. 16. 9'Z 3.8% 3.61. 

Springfield 21.5 48.4 2h0 6.1 1.0 

Peoria 22.0 46.8 22.2 7.5 1.6 

E. St. Louls 30.l 45.2 19.9 4.3 0.5 

Decatur 46.5 41.2 9.5 2.0 0.8 

Joliet 31.9 43.9 21. l 2.3 0.8 

Rock Island 44.9 34.0 14.4 5.6 1.1 

Eaat Moline 37.2 51.3 9.4 2.0 o.o 

Harvey & Phaenix 44.7 38.9 13.3 2.2 0.9 

E. Cbgo. Hgu. 25.0 61.0 12.8 0.6 0.6 

Chicago Hgts. 38.0 42.6 16.0 3.0 0.4 

Robbins 41.7 45.6 12.6 o.o 0.0 

Carbondale 22.3 61.0 15.2 1.1 0.4 

Rockford 48.6 41.8 8.4 1.1 0.2 

TOTAL 36.94 44.57. 14.87. 3 .17. 0.87. 

Mean 
Blood 
Lead 
Value 
Mq~.% 

28.2% 

31. 5 

32.9 

23.6 

21. 5 

27.8 

25.0 

23.5 

22.6 

27.3 

25.2 

22.2 

28.5 

19.8 

25.5"1. 

lead values (Table 3) e The mean of the mean blood lead values was 
calculated in order to reduce the influence of the size of the samples 
in the different communities. This mean of the mean was 26.0 mcg.%. A 
similar calculation for the percentage of children 40 mcg.% and over 
80 mcg.% showed averages of 19.2% and 0.9% respectively of the children 
tested had blood lead values above those levels[l].Evaluation and assess-
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Table ] 

'l. OF atIU>REN HAVING Bl.GO~ LEAD VAWES 

. UI nu: FOLLOWING 20 HCC.1: RAHCES 

CITY 0 - 19 20 - 39 40 - ')9 60 - 19 

Hc2. ?; Hc2. " Mel!. '.t Mee. ~. 

Aurora 37.97. 37.9'.t 16.9?. ].81. 

Springfield 21.5 48.4 Z3.0 6.l 

Peoria 22.0 46.8 22.2 7.S 

E. St. I.Duis JO.I 4S.2 19.9 4.l 

Decatur 46.5 41.2 9.5 2.0 

Joliet 31.9 43.9 21.1 2.3 

Rock Island 44.9 34·.o 14.4 5.6 

Eaat Moline 37.2 51.3 9.4 2.0 

Harvey & Phoenix 44.7 ]8.9 13.J 2.z. 

E. <llicago Hgta. 25.0 61.0 12.8 0.6 

Qiicago Heighta 38.0 42.(> 16.0 3.0 

ltobbina 41.7 45.6 12.6 o.o 

Carbondale 22.3 61.0 15.2 1.1 

Rockford 48.6 41.8 8.4 1.1 

TOTAL J6.n 44.5'.t 14.B'l. 3.lt 

80 + 
Hell.. '1 

3 .6T. 

1.0 

1.6 

0.5 

o.a 

0.8 

l.l 

o.o 

o.9 

0.6 

0.4 

o.o 
o.4 

0.2 

0.8't 

ment of the 1972 data is currently being completed. Preliminary analysis, 
has revealed some extremely interesting results. The percent of children 
screened who demonstrated blood lead values in excess of 40 mcg.% ranged 
from 5.5% to 13.5%. These figures are lower than the range reported 
during the 1971 campaign. Despite the apparent reduction in range figures, 
it is still alarming to note the significant percentage of children, 
randomly screened, who demonstrated elevated blood lead levels. Perhaps, 
a more meaningful and certainly a more significant finding which was 
demonstrated during the 1972 campaign was the fact that while the raw 
numbers of children (and therefore the relative percentage) with blood 
lead values equal to or greater than 40 mcg.% was somewhat lower in 1972, 
the mean blood 1ead va1ues remained remarkedly similar between the two 
years. Analysis of the 1972 data indicates a mean blood lead value of 
27.32 mcg.% (corrected to reduce influence of fluctuating sample size). 
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DISCUSS I ON 

Over 81 percent of the children screened were found to have blood 
lead values below 40 mcg.% cutoff point established by the U.S.P.H.S. 
Approximately 18.6% of the children screened demonstrated blood lead levels 
indicative of undue absorption of lead while 0.8% were classified as 
u~equivocal ~as~s of le~d poisoning according to the U.S.P.H.S. guide
l1nes( l 1-It 1s interesting to note that if the distribution of blood 
le~d values is lumped by 20 mcg.% groupings, nearly one-half of the 
ch~ldren (44.~%) demonstrated blood lead values in the 20-39 mcg.% ranqe, 
while only slightly more than a third (36.9%) showed values less than 
20 mcg.%. This may indicate that previously accepted normal blood 
lead values may be in error. Earlier workers have suggested that the 
m~dian blood.lead l~vel ~n urban populations ranges from 16 to 27 mcg.%[f1,11!]. 
Smee the ch1l dren in th1 s program were substantially from the most "at 
risk" group, ages 1-6 and living in deteriorated housing, and since their 
median blood lead value was 24. l, the values cited for the median blood 
lead values for the general population may be excessive. 

A marked digital preference for "zero's" and "five's" in the 
reporting of results has already been mentioned. The five most 
frequently appearing values were 20, 25, 30, 10 and 15 mcg.%. 50% of all 
values reported in the range between 0 and 100 mcg.% ended in either a 
zero or a 5, while such values represent only 20% of the possible 
reportable values in that range. Possibly, a sensitive digital recorder 
attached to the atomic absorption spectrophotometer unit would reduce 
the digital preference[ 1 ]. The authors wish to point out that there is 
much discussion and controversy about the many methods which "may" be 
used to determine~ lead levels in the body; recently, the urinary 
aminolevulinic acid test described by Davis et al [16]seemed to hold most 
promise ~s a' quick, simtJ]e and inexpensive procedure. However, B1anksma 
et al[17Jand BlumenthalL18]amply demonstrated that while the collection of 
urine is more convenient than the collection of blood, the reliability of the 
ALA test 1s opento question. In fact, in a comparative analysis of the 
two methods the correlation coefficient between the urinary ALA test and 
the blood lead test was determined to be 0.11. In that study, the percent 
of children that would have been missed if the urinary test was substituted 
for the blood test was 33%. Those findings lead the authors to conclude 
that urinary ALA is not a dependable screening test for childhood lead 
poisoning. Based upon these findings as well as an exhaustive review of 
literature it is our opinion that the blood lead analysis; although 
some-what more cumbersome, expensive and critical is the most reliable 
laboratory and screening method available. 

CONCLUSIONS 

The Surgeon General has estimated that upwards of 400,000 c~ildren 
across the nation may possibly have elevated blood lead levels[lJ] ·If 
the Surgeon General's estimate was based upon the previously accepted 
hypothesis that elevated blood lead levels are confined to major metro
politan areas, then it would seem that this estimation of the extent of 
the problem must be revised upward to include the large numbers of child
ren outside of major metropolitan areas also affected. For as this study 
has shown, elevated pediatric blood lead levels do exist in considerable 
numbers in communities of intermediate population. 
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MERCURY IN THE PLACENTA AND FOETAL M[MBRANES AS AN 
INDICATION OF LOW MERCURY EXPOSURE 

A, WANNAG+ AND J, SKJAERASEN++ 

+ Institute of Occupational Health, Oslo, Norway 

++Department of Obstetrics and Gynecology, Rikshospitalet, Oslo, 
Norway 

ABSTRACT 

In order to evaluate the foetal load of mercury when mothers 

were exposed to elementary mercury, we have compared two groups 

of women and their babies at birth. One group consisted of 

dentists, dentists' assistants and dental technicians. The 

control group were arbitrarily chosen among other women deliver

ing at the same hospital. 

There were no differences between the groups in mercury con

tent of erythrocytes or plasma in mothers or babies. Amnionic 

fluid also contained the same amount of mercury in both groups. 

The placenta, the chol'ion-al lantois membrane and the amnion 

membrane contained, however, significant more mercury in the ex

posed group than in the control group. 

Thus the mercury content of the placenta, the chorion-allantois 

membrane and the amnion membrane might give an indication of excess 

mercury load to the foetus. This even with exposure levels that 

do not alter the erythrocyte or plasma content of mercury in the 

mothers or in the babies. 
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l. Introduction 

Placenta represents a barrier to inorganic mercuric ions. (Friberg 

and Vostal l 1).) Elementary mercury will within minutes be oxidized 

to inorgan:icmercuric ion in the body, - however, it crosses the 

placenta while being in the elementary state. (Clarkson et al. [ 2) .) 

In order to investigate if the babies of mothers occupationally 

exposed to low levels of elementary mercury had an increased 

mercury load, one group of dentists. dentists' assistants and 

dental technicians and one group of non exposed women were studied. 

Z. Material and Methods 

The women in the exposed group were working in different 

dental offices in the Oslo region. No measurements of their 

workplace exposure were made, but from other studies (unpublished) 

the exposures are known to be around the TLV value (0. 05 mg 

Hg/m3) or lower. The non exposed group was arbitrarily chosen 

among other women delivering at the same hospital. At birth 

samples of the mother's and the baby's erythrocytes and plasma, 

the amnionic fluid. the placenta, the chorion-allantois and amnion 

membrane were taken for analysis of total mercury content. The 

samples were pyrolyzed and the mercury determined with atomic 

absorption. The Student's t-test. was applied to evaluate the 

differences between the groups, and p values 0,0500 and less accepted 
as significant. 

3. Results and Discussion 

There was no difference between the groups in mercury 

content of the amnionic fluid. Neither were there any differences 

between the groups in mercury content of erythrocytes and plasma 

in the mothers or in the babies (Table 1). However, the blood 

content of mercury falls rapidly after exposure to elementary 

mercury, and blood is unreliable as a biological parameter for 

~nor~anic mercuric ion load in target organs. 

The mercury levels in erythrocytes and plasma are similar 

to those previously found by Tejning [ 3J (8. 6 ng Hg/ g) in Sweden, 

Suzuki et al. [ 4] in Japan, however, found levels which were 2-3 

times higher (22. 9 ng Hg/g). Both found that the erythrocytes of 

the babies contained 30-501'> more mercury than the mothers'. 

while the plasma of the babies contained 10-203 less than the 
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mothers'· The same tendencies appear in our results (Table I), 

but the differences are not statistically significant ( p :: O. 42}. 

The exposed group has a higher mercury load in the placenta 

and in the foetal membranes than the control g~oup. The values 

for the placenta are 24. 4 7 ng Hg/ g tissue and 12. 00 ng Hg/ g 

tissue, respectively (p = 0. 0013), for the chorion-allantois mem

brane 21.61 ng Hg/g and 11.47 ng Hg/g (p. 0.0032) and for the 

amnion membrane 14.54 ng Hg/g and 5.32 Hg/g (p: 0.0134} 

(Table 1). 

Table I. 

Mother erythrocytes 

'Mother plasma 

Baby erythrocytes 

Baby plasma 

Amnionic fluid 

Placenta 

Total mercury content of tissues. 

+The mean value and standard error of the mean 

are given in ng Hg/g tissue 

Control 

+ 7.96 + 0.49 

4.62. ± 0.48 

+ 8.85 - 0.74 

4.31 t 0.57 

3. 2.3 t 0.39 

12.00 ± 0.93 

Exposed Student's t
test 

8. 84 ± 0. 8 7 p : 0' 3520 

4.63 t 0.68 p = 0,9841 

Chorion-allantois membrane 11. 47 + 1. 25 

10.18 + 1.44 p = 0,3736 

4.06 ± 0.66 p = 0,7741 

2.33 ± 0.49 p = 0,3046 

24.47 i 4.06 p = 0.0013 

21.61 t 3.38 p: 0.0032 

14.54 ± 4.12 p = 0.0134 Amnion membrane 5.32 ± 0.76 

The mercury content in the placenta of both groups, in both 

foetal membranes of the exposed and in the chorion-allantois of the 

controls is higher than in maternal and foetal blood. Thus both 

placenta and membranes might act as a "sink11 for mercury. 

However, the importance of this "sink" function as protection for 

the foetus against mercury is not known. Neither is it known if 

the mercury load will alter the function of these organs, thus 

impairing the conditions for the foetus. Garrett et al. ( 5) and 

Wannag (unpublished) injecting pregnant rats with 
203

HgCI, found 

mercury to accumulate in the placenta and in the foetal membranes 
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while little entered the foetus. The accumulation was larger in 

the chorion-allantois than in the amnion, similar to humans. This 

in contrast to the greater binding capacity for mercury by the 

amnion in vitro. The in vivo/in vitro difference might be caused 

by the better blood supply to the chorion-allantois which should 

give this membrane a higher mercury exposure than the amnion. 

4. Conclusion 

Even with an exposure level of elementary mercury which 

do not alter the mercury content of blood in mothers or babies, 

the placenta and the foetal membranes get an increased load of 

mercury. This reflects an increased mercury exposure to the 

foetus, and the mercury levels in the placenta and foetal mem

branes might give an indication 0£ the mercury load in foetal 

target organs. However, no study of the mercury content in 

foetal organs has yet been undertaken. 

l 

z 

3 

4 

5 
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DISCUSSION 

ROELS (Belgium) 

1. Concerning the blood in the placenta, what pretreatment 
did you apply to remove it? 

2. What is the contribution of blood-mercury to the values 
you measured in the placenta's? 

WANNAG (Norway) 

1. No specific: the tissue pieces were squeezed to get as 
much as possible of the blood out, they were washed in deionized 
water. 

2. As we don't know the exact amount of blood - we naturally 
don't know the amount of Hg which comes from the blood. However, 
the Hg blood valves (normal group: erythrccytes 7.96 ng HG/g 
and plasma 4,62 ng Hg/g) are lower than that of the placenta 
(12,00 ng Hg/g). Thus the "contamination" of blood in the 
placenta in this case lowers the calculated result for Hg in 
the placenta tissue. 

CERNIK (U .K.) 

What volumes of blood was required for the analysis of 
mercury in the unexposed control group. Also which method of 
analysis was used? Flameless AAS with reduction? 

WANNAG (Norway) 

Around 1 g, both of erythrocytes and plasma was pyrolyzed. 

The Hg from the pyrolyzed tissue was collected in per
manganate, from which it was driven of by stanous chloride and 
analyzed in AAS. However, I am sorry that I can not give the 
technical details of the AAS analyses as the analytical side 
of this study was taken care of by our department of chemistry. 

ROSIVA~ (Czechoslovakia) 

How large was in your study the exposed and control group 
of women? 
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WANNAG (Norway) 

Exposed group 19 women, nonexposed group 26 women • 
• 

BERLIN (C.E.C) 

What was the range of mercury values observed in the 
various tissues and how were these values distributed? 

WANNAG ~Norway) 

I am sorry I cannot give the 
do not have all the data with me. 
errors of the means found in table 
range is quite large and naturally 
group. 

range here accurately, as I 
However, from the standard 
1, it can be seen that the 
most so for the exposed 

No analysis of the distribution of the values has been 
made. 

LAUWERYS (Belgium) 

Do you have any information about the chemical forms of 
mercury in the placenta of both groups? 

I suppose they could be quite different. In the control 
group mercury is probably mostly under the organic form (methyl
mercury e.g.); in the group exposed to mercury vapor, a certain 
proportion of the accumulated mercury could be inorganic mercury. 

WANNAG (Norway) .. 
No-, only total mercury was analyzed. However, we hope 

soon to be able to analyze the different mercury compounds 
separately. The different compounds are in fact what really 
interests us, as the different mercury compounds have different 
toxicokinetics and toxicodynamics. I feel the time is overdue 
to talk about ·~ercury" meaning total mercury, what we should 
talk about is the specific mercury compounds like - elementary 
mercury - inorganic mercury - methyl mercury, and so forth and 
keeping these distinctly appart. 
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ESTABLISHING SAFE AMBIENT AIR QUALITY LEVELS FOR EIGHTEEN 
HAZARDOUS POLLUTANTS 

SANDRA L. WILCOX, EDWIN L. KEITZ AND LINDA J, DUNCAN 

The Mitre Corporation, McLean, Virginia, USA 

ABSTRACT 

The central objective of this study was to provide data for 

the development of safe ambient air quality levels for eighteen 

hazardous pollutants, including thirteen metals, asbestos, boron, 

chlorine, fluorides and selenium. This proposed safe level for 

each pollutant was then compared with the magnitude and perva-, 

siveness of that pollutant to provide insight for planning and 

developing hazardous pollutant control technology. An additional 

value of these proposed safe concentrations is to provide input 

to the current U.S. Government effort to establish official safe 

levels of pollutants in the air. 

The principal effort in gathering the data for developing 

safe levels consisted of an in-depth investigation conducted 

through personal contact with twenty three recognized experts in 

the epidemiology of air pollution from the medical and public 

health professions. The investigations were designed to provide 

the most current integrated opinion on this subject. An analysis 

and discussion of the results are presented. In addition, a 

comparison is shown between these results and ambient air quality 

standards which have been established by several nations and 

various states in the U.S. 

A comparison among the tonnage of pollutant emitted, the 

population in areas adjacent to the major emitter, and the safe 
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ambient air quality level ~as made in order, to indicate priorities 

which should be established for research and development of con"tPoti 
technology for these pollutants. 

This paper presents the results of two small parts of a 

much laPger study performed for the U.S. Environmen"tal Protec"tion 
Agency. Obviously the data presented here must be brief and in 

summary form. Information on all the other aspects of the study 
is avaitable from the authors. 
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1. Introduction 

In order to establish safe ambient air quality (AAQ) levels, it is 

necessary to determine a measure of toxicity to humans for the pollutants 

tmder investigation. These relative toxicity values can then be used to 

define safe rates of inhalation of the elements and compowids and, thus, 

to estimate safe AAQ levels. If toxicological information were complete 

for the concentrations generally found in the ambient air, and if this 

information included data on the effects of these concentrations on the 

entire population, a safe AAQ level for each pollutant could be set with 

confidence. Unfortunately, not only are the required data unavailable, 

but necessary analytical techniques are beyond present capabilities. 

Ideally, the final setting of a safe or tolerable AAQ level for each 

pollutant would result from a thorough understanding of the varied effects 

on humans at all stages of development as they are exposed to different 

combinations of pollutants, the synergistic effect of pollutants, the 

changing effects of pollutants as they are chemically altered with 

changing weather, and the reinforcement of an airborne pollutant's effects 

when the same material is ingested. However, the determination of 

estimates of safe concentrations of pollutants in the ambient air demands 

an extension of known data into a realm of great uncertainty. 

2. Presumed Safe Ambient Air Quality Levels 

Experience, intuition, analysis and information must all be used to arrive 

at best possible estimates of levels of pollution that will not prove 

harmful to man. This has been done in the course of this study. Existing 

relevant data have been assimilated from literature and personal interview, 

and are presented in Table I for each of the eighteen hazardous pollutants 

studied. 

The information presented includes first, maximum concentrations measured 

in the ambient air, second, the average of expert estimates on the 24 hour 

maximum safe ambient air quality level, third, the average of existing 

ambient standards, and finally, threshold limit values. 

The estimates of presumed safe levels shown in the table represent the 

average opinion of the following six experts in the field of air pollution 

and human health who suggested numerical estimates: 

1. Dr. H. A. Schroeder, Dartmouth Medical School 

2. Dr. H. E. Christensen, National Inst.for Occupational Safety ond 
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health. 

3. Dr. H.B. Elkins, Commonwealth of Massachusetts, Division of 

Occupational Hygiene 

4. Dr. B. Ferris, Harvard School of Public Health 

5. Mr. G. Boylen, Industrial Hygiene Office, Massachusetts Institute 

of Technology 

6. Dr. G. Gordon, Department of Chemistry, University of Maryland 

These experts in the field of epidemiology of air pollution and 

toxicity took experimental results, statistical data, and subjective 

philosophies of life into consideration to arrive at meaningful, safe AAQ 

levels. Not all of the estimates for each pollutant are the same; not all 

of the experts have identical bases for their opinions. However, the 

averages shown should provide a good basis for further investigation. 

3. Population Affected 

Table 11 presents data showing the total annual emissions for each of the 

hazardous pollutants, the major emitters of these pollutants and the 

annual emissions from these sources. Also shown are the number of cities 

where these major emitters are known or estill13ted to be and the adjacent 

population. The annual emissions shown are for the U.S.A. in 1968. The 

adjacent population figures were calculated by assuming that all persons 

in the city where an emitter was located were potentially exposed. How

ever, an exception was made for very large cities or metropolitan complexes 

where an upper limit of one million persons per location was used. These 

figures are intended only to give gross indications of the population 

affected and should not be considered immutable. 

It is quite clear that the largest segments of the population are affected 

by emissions from both coal and oil burning utility plants and residential 

fuel oil combustion. However, it does not follow automatically that these 

emitters deserve first priority for future research and control. The rela

tive toxicity of the emissions must also be taken into account by compar

ing the average safe AAQ level with typical AAQ values found in the areas 

surrounding the major emitters. Unfortunately, sufficient data does not 

exist to clearly establish existing AAQ values, and it is possible only 

to indicate the approach which should be taken. For example, the safe 

level for tin is shown in Table I to be 13.7 µg/m3 and a typical AAQ value 

for tin in a steelmaking city is 0.01 µg/m3• Thus the safe level is 

three orders of magnitude grea~er than the observed level. In a similar 
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TABLE I 

Ambient Air Quality Values for Potentially Hazardous Pollutants 

( µ g/m3 except as noted) 

Urban/Non-Urban Average Average•of 
Pollutant Values Experts Existing TLV ~ 100 

Maximum 24hr Safe Ambient Work.week 
Observed Level Standards Time-weighted 

Arsenic --- 5.9 3 5 arsenic and cpds. 
2 arsine 

Asbestos --- .OS --- .os fiber/ml longer 
fiber/ml than 5µ 

Barium 1. SO/O. 00 77 .s --- 5 
Beryllium .002/.000lY • UU.) .Ul .UL 

Boron --- 50 --- 100 B2o
3 

& BBr3 
30 BF3 

Cadmium .37/.043 1.2 --- 1 oxide fume 
2 sol.salts & dust 

Chlorine --- 30 30 30 Cl2 ; 3 Cl02 
70 HCl; 4 ClF 3 

Chromium .10/.270 4.6 1.5 1 Cr0 3 ;5 sol.salts 

10 metallic and 
insoluble salts 

Copper 1. 20/. 25 10 -- 1 fume;lO dust 
Fluorides 1. 89/ .16 47 8.1 LU HF;l'.JF; l F2 
Lead 16.00/.20 4.7 1.0 1.5 lead arsenate 

2 others 

Manganese 1.44/.08 11.4 10 50 
Mercury --- 0. 8 0.3 .1 a.lkyls;.::i others 

Nickel .42/.76 3.7 -- .07 nickel carbonyl 
10 others 

Selenium --- 5.4 -- 4 selenium fluoride 
2 others 

·Tin .10/ .01 13. 7 -- 1 organic;20 inorg. 
Vanadium 1. 30/. 024 6.8 2 .5 fume;S dust 

V205 

Zinc 2.80/.77 34 -- so ZnO; 10 ZnC12 
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Table II 

Population Affected by Major Emitters of Hazardous Pollutants 

Total Tons/yr Number of Adjacent 
Pollutant Emissions Major Emitters Emitted Locations Population 

(t-nna/vr'\ (millions) 
uu 

Arsenic 9268 agric applications 2925 estimate no estimate 
pr~ry Zn roasting 1390 17 o.s 

Asbestos 6261 mining 5610 9 negligible 

Barium 10,826 Ba. chemical mfg 4400 11 1.1 
milling & handling 2700 7 0.8 

Beryllium 144 utility coal boilers 101 325 at least 15 

Boron 9520 utility coal boilers 3055 325 at least 15 
B chemical mfg 2400 54 no estimate 

CadmiUJR 2305 iron blast furnaces 1000 45 5.6 

Chlorine 78,200 liquefaction & 43000* 58 5.7 
handling 

Chromium. 12,006 utility coal boilers 6425 325 at least 15 
Cr alloy production 4200* 16 1.3 

Copper 13,463 primary Cu converters 3729 19 U.b 

Fluorides 163,140 utility coal boilers 28,384 325 at least 15 
steel open hearth 25,400 64 8.6 

Lead 9,000 secondary Pb smelters 2,000 56 17 
gray iron foundary 1,400 1680 no estimate 

Manganese 18,993 ferro-alloy 3,669 53 no estimate 
electric furnaces 

Mercury 793 application of paints 215 no no estiDSte 
estimate 

utility coal boilers 173 325 at least 15 

Nickel 6,233 residential fuel oil 2,435 14429,250 at least 40 
utility oil boilers 1,441 122 at least 13 

Selenium 855 utility coal boilers 413 325 at least 15 
glass manufacture 203 249 no estimate 

Tin 356 steel open hearth 260 64 8.6 

Vanadium 18,873 residential fuel oil 8,330 14429,250 at least 40 
utility oil boilers 4,930 122 at least 13 

Zinc 150,515 steel open hearth 39,000 64 8.6 
primary Zn roasting 31,818 17 0.5 

*Before controls; all others after existing controls, if any. 
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way the safe level for beryllium is 0.005 µg/ra 3 while a typical AA~ 
in a city with a coal burning utility plant is 0.0003 µg/m 3• Here the 

safe level is only one order of magnitude greater and if other factors 

are assumed equal. the beryllium emitter should have priority over the 

tin emitter for future study and control. 

Therefore, the establishment of priorities for future action should be 

based on both the nur.lber of people exposed and the relative toxicity of 

each pollutant in the ambient air. 

In this study it has been our objective to indicate in a gross way the 

average expert opinion on twenty-four hour safe levels. We have also 

given estimates of the pervasiveness of hazardous pollutant emissions in 

the U. S. A. The work is only beginning and we invite others to join 

us in the study of this very important area of air ~ollution research 

and development. 

DISCUSSION 

HOGGER (Switzerland) 

Did the speaker take particle size into -account when evalu
ating airborne particulates and their deleterious effects on 
man? We know that with many substances particle size can deter
mine how far the effects are harmful. 

KEITZ (U.S.A.) 

The toxicity of the various pollutants relative to their 
particle size was not within the preview of this study. Since 
it would be rather difficult to set ambient air quality stan
dards based on particle size the Environmental Protection 
Agency did not ask for this type of information. We agree that 
such information is of great importance in hazardous pollutant 
studies and such studies should be undertaken. 

DEN BOER (Netherlands) 

You gave us the averages from the experts 24 h safe levels. 
How close were their levels together; what were the maximun 
and minimum values? 



1248 

KEITZ (U.S.A.) 

The spread of this data varied greatly among the various 
pollutants. In the case of barium compounds it was an order of 
magnitude. For beryllium the spread was very narrow. Informa
tion on this subject is much more detailed in our complete study 
which is available on request from the authors. 

LEUNG (U.S.A.) 

In obtaining the expert estimates, how the solicitation 
was done? Was it by personal interview, group interview, or by 
questionnaire that each expert has to provide written answers 
separately? If questionnaire was used, please describe the 
questionnaire briefly. Was any statistical analysis made to 
determine the group estimates dispersion, and to ascertain "the 
trustworthiness" of these experts estimates? 

KEITZ (U.S.A.) 

The experts were interviewed singly by personal contact. 
There was no formal questionnaire. Infact out of a total of 23 
experts who were interviewed only 6 were willing to give nu
merical opinions. 

The others did not desire to state numerical ambient air 
qualities. Due to the small sample size statistical analysis 
was not done. The dispersion of estimates was large for some 
cases and small for others. Information on these details is 
available from the authors on request. The "trustwortheness" of 
the estimates resides solely in the credibility and professional 
reputation of each of the experts. We feel that an excellent 
group was interviewed. 
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METHOD FOR THE IDENTIFICATION OF ENVJRONMENTAL 
NOISE LEVELS TO PROTECT PUBLIC HEALTH AND WELFARE 

SIMONE L, YANIV+ AND HENNING VON GIERKE++ 

+ Environmental Protection Agency, Washington D.C., USA 

++ U.S. Air Force, Dayton, Ohio, USA 

ABSTRACT 

This paper deals with environmental noise exposure affecting 

the public health and welfare and proposes a uniform, predictable, 

and easily measured method for characteriaing the impact of en-

. vironmental noise on public health and welfare independently of. 

the noise sources. The concept serves as the basis for the def

inition of safe noise exposure levels. 
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1. Introduction 

The purpose of this paper is to discuss a method for assessing 

environmental noise and to identify levels which are protective of 

public health and welfare. ~he philosophy behind this work can be 

summarized in three statements: (1) discussion of public health 

makes sense only in terms of the total noise exposure sustained by 

the public; (2) desirable levels of noise from each source, and the 

duration of people's exposure to these levels, must be derived 

from the desirable maximum noise from ~ source to which the 

public may be exposed without undue effects on health; (3) identi

fication of long-range noise goals requires that one method be used 

to characterize the impact of environmental noise independently of 

the noise sources which contribute to environmental noise. 

Implicit in the above, is the requirement that any given noise 

exposure be predictable and verifiable through measurements by the 

same yardstick as any other noise exposure so that the total 

cumulative noise exposure of people be obtainable, irrespective of 

where or under what conditions these exposures are sustained. 1 '
2 

Thus, a tool emerges which may neglect some details in the 

measurement of noise for simplicity and uniformity sake. However, 

so long as the agreed upon method is easily translatable to other 

more detailed and hence complicated measures, details may be best 

taken into account in procedures associated with emission standards. 

This development represents a step forward in the noise field since 

the lack of progress in noise abatement may have been due to the 

absence of a simple, uniform, predictable and inexpensively moni

tored scheme £or assessing noise impact. 

2. Methodology for Specification of Environmental Noise 

The accumulated evidence of research on human response to 

sound indicates that the magnitude of sound as a function of 

frequency and time are the basic indicators of human response. This 

consideration, combined with the philosophy presented above, has 

led BPA to choose the equiva1ent A-weighted sound level, LA' in 

decibels as its basic measure for environmental noise. Its basic 

definition is: 
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1 LA(t)/10 
10 dt (1) 

• 

where t 2 - t
1 

is the time interval over which the levels are eval

uated. 

This equivalent sound level is the constant sound level which, 

in a given situation and time period, would convey the same amount 

of energy to the ear as does the actual time-varying noise pattern. 

Thus, two sounds, one of which contains twice as much energy as the 

other but lasts only half as long as the other, would convey the 

same amount of energy to the ear and would be characterized by the 

same sound level. 

This concept is not new and has been utilized to describe the 

onset and progression of Noise Induced Permanent Hearing Loss 

(NIPTS).
3 

Furthermore, there is evidence that something much like 

it relates to the general adverse reaction of people to noise.
4 

Thus, EPA has evolved the Day-Night Sound Level, Ldn' to 

describe the noise climate in those environments in which individ

uals are expected to be present for prolonged periods of time such 

as residential dwellings. Other schemes have been proposed such as 

NEF, CNR, NPL, etc.; however, these schemes are much more compli

cated, often more limited in application, difficult and expensive 

to monitor, while not significantly increasing the accuracy of 

predictions. 

The primary interval of time of interest in Ldn is the 24-hour 

period. Community measurements have shown that during the night

time, exterior background noises generally drop in level from day

time values. Also, the activities of most households decrea!e at 

night, thus, lowering the internally generated noise levels as 

shown in Figure 1. As a result, intrusive noise events become 

core noticeable at night. These differences are accounted for by 

applying a penalty to noise events occurring at night, that is, by 

treating nighttime noises as if they were several decibels noisier 

than they actually are. 

For any reasonable distribution of environmental noise levels, 

a 2-period day and a 3-period day yields identical levels within a 
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Figure 1. Noise Inside Living Areas of 12 Homes - Values of 
Hourly Equivalent Sound Level as a Function of Hour 
of Day. 

fe!fll tenths of a decibel. Therefore, in the development of Ldn, 

the 24-hour day has been divided into a 2-period day with the day 

extending from 7:00 a.m. to 10:00 p.m., and the night period extend

ing from 10:00 p.m. to 7:00 a.m. the next day. 

To actua1ly arrive at a magnitude of the penalty, an examina

tion was performed of the diurnal variation in the equivalent noise 

levels during the day, Ld, and during the night, Ln' as a function 

of Ldn. Examination of a set of 63 comm.unity measurements spanning 

environments ranging from the quiet wilderness to the noisiest areas 

around airports and highways was utilized. This set of data is 

shown in Figure 2. It can be seen in Figure 2 that in quiet 

environments (Ldn < 55) Ld is the controlling element in determining 

Ldn because of the reduction in noise levels at night, usually 

around 10 dB, while in noisier environments (Ldn > 65) the values of 

L are only 30 to 4 dB below daytime va1ues. Thus, a 10 dB penalty 
n 

was chosen which applies pressure towards an around-the-clock relief 

in noise reduction. The actual equation for Ldn is: 

Ld/10 (L + 10)/10~ 
Ldn = 10 10910 _!_.. ~) (10 ) + (9)(10 n ( 2) 

24 

where Ld and L 
n 

are the daytimd and nighttime equivalent levels 
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respectively. 

To assist the reader, Figure 3 shows tYPical values of Ldn 

for various tyPes of environments found in the U.S.A. together 

with corresponding subjective evaluations. 
• 
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3. Long Range Goals for Environmental Noise Levels 

3.1 General Approach 

An ideal approach to establishing criteria for environmental 

noise levels in terms of their effects on the long-term public 

health and welfare would be to start by establishing the cumulative 

noise dose which an individual, or a population, may sustain over a 

lifetime without undue effect, irrespective of where or under what 

situation this exposure is received. This approach has been taken 

whenever possible. There are, however, many difficulties: 

(a) The dose which an individual accumulates is a function of 

his life style. For example, exposure patterns of office workers, 

housewives and school children are quite different. FUrthermore, 

within each group the exposure varies widely as a function of 

working, recreational and sleeping habits. Thus, two individuals 

working in the same office accumulate rlifferent total doses depend-. 
ing upon where they live, how they commute, and their TV habits. 

Examples of such variations are shown in Figure 4 - 6. 

(b) There is little information on the statistical distribu

tion of actual doses and the relationships to long-term health 

effects except for two selected situations: (1) the long-term 

effects of occupational noise exposure on hearing; (2) the average 

long-te:rm exposure to noise in residential areas leading to annoy

ance and complaints. 

Figure 4. 
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Figure 5. Typical Noise Exposure 

Pattern of an Office Worker. 

Figure 6. TyPical Noise Exposure 

Pattern of a Factory Worker. 

3.2 Goals for Hearing Preservation 

To establish criteria for hearing, the hearing threshold of a 

noise-exposed population has been compared to the hearing threshold 

of a non-exposed population.
5 

The analysis has been made in terms 

of the most noise sensitive frequency (4000 Hz) and the least amount 

of NIPTS which is measurable (5 dB). This approach represents a 

~eparture from traditional hearing criteria which are,at least in 

the U.S., predicated on averaged frequencies of 500, 1000, and 

2000 Hz and a fence of 25 dB. These differences arise from EPA's 

concern with the total exposure of man rather than occupational 

exposure and problems related in occupational criteria developments 

to compensation for hearing damage incurred during work. The result 

of these analyses are shown in Figure 7. Inspection of Figure 7 

reveals that virtua1ly the entire population will be protected from 

any significant hearing loss if the noise dose does not exceed 

73 dB over an 8-hour exposure. 

Since most of the noise induced hearing loss data comes from 

occupational exposures, corrections were necessary to genera1ize 

the results to general environmental situations. 
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Figure 7. Exposure Level and Hearing Level as a Function of 
Population Percent Showing Merging of Different 
NIPTS Curves with PHS Curves . 

(a) Most environmental noise is not continuous. Intermittent 

exposure is less damaging than continuous exposure; thus, the 

exposure level can be 5 dB higher than the dose identified. 

(b) Since most of the data base is based on an average work 

year of 250 days, a - 1 . 6 dB correction factor is applied to account 

for the total year . 

(c) To account for the fact that a day is made up of 24 hours 

rather than 8 hours . a correction factor of - 5 dB is also applied. 

Thus, the yearly cumulative dose which will protect the 

general population from NIPTS is : 

L = 73 - 5 + 5 - 1 . 6 = 71 . 4 ~70 dB 
eq 

3 . 3 Goals for Envirorunenl.al Noise with Respect to Activity 

Interference and Annoyance 

The underlying concept in establishing goals for environmental 

noise has also been statistical . This is not to say that individ

uals have the same susceptibility: they do not . Even groups of 

people may vary in response depending on previous exposure, age, 

socio-economic status, political cohesivene$S and other social 

variables . In the aggregate, however, the average adverse response 
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of groups of people is predictable and related to cumulative noise 

exposure. The response we use is a combination o1 such factors as 

speech inter]erence, sleep interference, desire for a tranquil 

environment and the ability to use telephone&, radio, and TV 

satisfactorily. 

In order to derive a dose-response relationship between noise 

exposure and human response, the results of the social surveys o1 

the last 20 years have been examined. For the purpose of this 

analysis, and when possible, the noise levels in each survey has 

been converted to Ldn. The resulting relations are shown in 

Figure B, together with a relationship showing the actual number of 

highly annoyed persons who actually lodge complaints. 
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Figure 8. SulDlllary of Annoyance Survey and Community Reaction 
Results. 

For special uses such as schools and offices where criteria 

for speech communication is the primary concern, a similar averaging 

process is used to estimate the potential response of people as a 

group, again ignoring individual variations. Research since the 

1920's has quantitatively characterized the masking effects of noise 

on speech perception. The effects of masking on speech perception 
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indoors are summarized in Figure 9. This analysis assumes the 

existence 0£ a reverberant field in the room and an acoustic absorp

tion of 300 sabins typical of living rooms and bedrooms. 

Figure 9. 
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Normal Voice Sentence Intelligibility as a Function 
of the Steady Background Sound Level in an Indoor 
Situation. 

3.4 Goals for Enviromental noise in Various Spaces and 

Land Uses 

The above considerations lead to the specification for a 

variety of spaces and land uses of numerical values of noise levels 

which if not exceeded, would provide entirely acceptable acoustical 

envirom1ents from a public health point of view. These can be 

summarized in terms of yearly equivalent sound levels as follows: 

in residential areas, hospital and other areas where people are 

expected to be present for prolonged periods of time, an Ldn level 

or 45 and 55 dB for indoor and outdoor areas respectively; for areas 

where speech is of primary concern, an Leq(t) of 45 indoors, and for 

those areas where hearing protection is of primary concern, an Leq( 24) 
of ?O dB irrespective of area. 
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DISCUSSION 

BERLIN (Sweden) 

I have difficulties to accept your assumption that there 
is a simple relation between A-weighted average noise levels 
and the degree of disturbance of the population. I think the 
weight of the evidence in the literature is that the character 
and frequency of noise are at least as important as the level. 
What neurophysiological basis do you have for this assumption? 

I also like to point out that according to our experience 
and acceptance of your standard would lead us into difficulties, 
e.9. noise from single aeroplanes, motorvehicules, trains etc. 
passing with a low frequency, can be as disturbing for the 
sleep in a quite area than a continuous noise of much higher 
A-weighted T value. We have positive evidence for that from 
investigatio~s going on in our laboratory. 
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YANIV (U.S.A.) 

I certainly would agree with you that the response of 
hwnan beings to sound depends strongly on the frequency of sound. 
Two basic approaches can be utilized to account for these dif
ferences: 

- one may divide the sound pressure spectrum into a series 
of contiguous frequency bands by electrical filters so as to 
display the distribution of sound energy over the frequency 
range; 

- one may apply a weighting to the overall spectrum in 
such a way that the sounds at various frequencies are weighted 
in much the same way as the human ear hears them. 

The first approach is employed in detailed engineering 
studies of noise sources. However, for monitoring purposes it 
is much too complicated. The second approach uses a special 
electrical weighting network in the measurement system. This 
network weights the contributions of sounds of different fre
quencies so that the response of the average human ear is sim
ulated. Each frequency of the noise then contributes to the 
total readinq an amount approximately proportional to the sub
jective response associated with that frequency. Measurement 
of the overall noise with a sound level meter incorporating 
such a weighting network yields a single number such as A
weighted sound level. For monitoring purposes this represents 
a marked simplification. 

The bulk of the literature tends to support the position 
that the A-weighting is an adequate way to deal with the ear's 
differing sensitivity to sounds of different frequencies. In
deed, for many noises the A-weighted sound level has been found 
to correlate as well with human response as more complex measures 
such as calculated perceived noise level of the loudn~ss level 
derived from spectral analysis • 

. (1) It is true that psychoacoustic research indicates that 
for some noises a different frequency weighting which increases 
the sensitivity to the 1000-4000 Hz region might be more desir
able. (2) However, various forms of this alternative are cur
rently in existence; none of these have yet progressed in accep
tance to the point where a standard exists thus limiting its 
applicability for monitoring purposes at this time even though 
it might be more desirable. 

The second major characteristic of noise is that it fluc
tuates considerably over time. Thus, one cannot simply say 
that the noise level at a given location or experienced by a 
person is that many·decibels. To describe the noise completly 
one must use a method for accounting for the time-varying signal: 
A number of methodologies for combining the noise from both · 
individuals events and quasi-steady state sources into measures 
of cumulative noise exposure has been developed: NEF, CNR, CNEL, 
NNI, PNL etc. Furthermore these methodologies while differing 
in technical details are in fact conceptually fairly similar 
and correlate well with each other. Also, the relationships 
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between cumulative exposure and community annoyance also cor
relate well. (3-4) The equivalent sound level is formulated 
in terms of the equivalent steady noise level in a stated per
iod of time that would contain the same noise energy as the 
time-varying noise during the time period. Again the bulk of 
the literature supports its use. In Germany it has been used 
to evaluate the impact of aircraft noise in ~he neighbourhood 
of airports. (5) In Austria it is used for evaluating the im
pact of street traffic on dwellings (6' and in schoolrooms. (7) 

Research experiments by Pearsons on the trade-off of level 
and duration of noisy events (8) and other investigations of 
the trade off between the number of events and noise level in 
aircraft flyovers also support this approach. (9) 

As to your second comment regarding sleep, I appreciate 
your concern which I share. Nevertheless, as you know there 
exists a very limited amount of consistant data regarding en
vironmental noise effects on sleep. I do not know how one may 
handle this problem at this time except by limiting noise levels 
at night. Surely you cannot be implying that we raise back
ground noise levels at night so as to reduce the effects of 
intrusive single events. To my knowledge the value to 32 dB 
that would result indoors at night from a level of 55 dB outdoors 
is consistent with the limited amount of criteria for sleep. 
However, as more data developes the method which we have proposed 
will be refined and revised. 
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RELATIONSHIP BETWEEN ACUTE RESPIRATORY JLLNESS AND AIR 
POLLUTION LEVELS IN AN INDUSTRIAL CITY 

D, LEVY, M, GENT AND M. NEWHOUSE 

Respiratory Unit, St. Joseph's Hospital and McMaster University 
Medical Centre, Hamilton, Ontario, Canada 

ABSTRACT 

A retrospective study reiating hospitat admissions for ac

ute e~acerbations among adults with chronic respiratory illness, 

and among children with acute respiratory disease, to air poliu

tion levels was carried out in a highly industrialized Canadian 

city. 

Two thousand patient records were collated and daily, 

weekly and monthly averages for admissions to hospital were re

lated to a contemporary standard air pollution inde~ (A.P.I.) 

which takes into account particula~e matter and so
2

• A corre-

lation coefficient of 0.53 (P <0.10) was found for the city as 
a whole, but the relationship was more marked ~here industry 

was most concentrated. Admission data from the hospital clo

sest to the industrialized area showed a much higher correlation 

coefficient with A.P.I. (0.80, P ,o.osJ. 

Thus there is a strong relationship between A.P.I. and 

hospital admissions due to respiratory illness in a susceptible 

population. 

(Supported by Nationai Heaith Grant No. 215-6225 Government 

of Canada). 



1264 

During the past decade several epidemiological studies have 

suqqested a relationship between air pollution. and morbidity or 

mortality due to respiratory disease. While there has been little 

doubt of the association during the notorious disasters which 

occurred in the Meuse Valley, London, England, and Denora,Pa., 

the association of health effects and exposure to lower, apparently 

acceptable levels of air pollution over long periods, remains a 

matter of some contention. 

For this reason a retrospective study was done, which in• 

eluded all children and adults admitted to all of the hospitals in 

a highly industrialized city, for an acute respiratory illness 

or an acute exacerbation of a chronic respiratory illness during 

a period of one year. We were thus able to study a large patient 

population that varied in age, type of respiratory disease and 

domicile with respect to industry. 

The aim of this study was 

1. to establish correlations between hospital admissions for 

acute respiratory illness and an air pollution index, 

2. to examine separate effects of sulfur dioxide and particulates 

as well as other common pollutants, and 

3 to study the effects of meteorological factors. 

Hamilton, Ontario, Canada's largest steel producing and one 

of its most polluted cities, lies at the south-west tip of Lake 

Ontario and has a metropolitan population of approximately 

350,000. It is unique by virtue of the fact that there is a singlE 

point source of intense pollution - the steel factories and that 

it can be readily divided into four main districts each of which 

has a biological monitoring station, otherwise known as a hospital 

which, for the most part, serves the local district population. 
We will refer to these hospitals as A,B,C, and D. (figure 1). 

Hospitals A and B lie below a 300 foot.plateau, 2.5 and 4.5 Km 
from industry, while C and D are on the plateau 3.5 and 8 Km 

away (figure 2). The single air pollution monitoring station is 

·situated in the centre of the city at (P). For most of the 

year the prevailing wind is from the south-west. 
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Patient selection was made by reviewing the charts of those 

admitted for acute respiratory illness (figure 3). After com

paring the admitting and discharge diagnosis and evaluating the 

relevant clinical data, only those suffering from acute respir

atory disease related to bronchitis, bronchiolitis, emphysema, 

pnewnonia and asthma were chosen for this study. Only those 

patients whose histories revealed that they had suffered exacer

bations of symptoms of shortness of breath, wheezing and cough 

within 5 days of admission were included. From approximately 

5,000 charts reviewed only 1,780 were found to meet all of our 

criteria and these patients were then classified by age and sex. 

Acute respiratory admissions were related to calculated 

Air Pollution Index, as well as sulfur dioxide, particulates, 

hydrocarbons, carbon monoxide, oxidants, pollens, temperature 

and humidity. 

AIR POLLUTION & RESPIRATORY ILLNESS 

SOz 

NOz 

HOSPITAL 
ADMISSIONS 

Figure 3 

HYDROCARBONS 

TEMPERATURE 

AGE 

VIRAL ILLNESS 
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Figure 4 shows the formula used for calculating the API. 

It is obtained empirically using two components, sulfur dioxide 

and the coefficient of haze (or floating particulates) as its 

two variables. When the concentration of so2 fs .1 parts per 

million and that of the coefficient of haze is 1 unit, the index 

is at our highest "acceptable" level of 32. 

AIR POLLUTION & RESPIRATORY ILLNESS 

THE AIR POLLUTION INDEX 

IS OBTAINED FROM THE FOLLOWING EMPIRICAL FORMULA 

A. P. I. = 2. 5 (13. 9 C, 0. H. + 104. 5 S02] O. S 

C. 0. H. = Coefficient of Haze 
(QR Particulate Matter) 

S02 Sulphur Dioxide 

When C. 0. H. = 1. 0 and so2 = O. 1 ppm 

Then A. P. I. = 32 

Figure 4 

Analyses of the air pollution index and the number of 

admissions were done on a daily, weekly and monthly basis and 

these two variables were related graphically. As previous 

studies had indicated that there is a 2 - 3 day lag between days 

of high air pollution index and admissions to hospital, we 

attempted to allow for this delay by looking at average weekly 

pollutant figures and total weekly admission. 
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Admissions fell broadly into a younger age group under 10 

and an older group over 40, 65% of the number being male. 

On graph 1 are plotted the total weekly admissions to all 

the hospitals and the average weekly air pollution index along 

the ordinate and time in months from July 1970 - June 1971 along 

the abscissa. This demonstrates that peaks and valleys in the 

air pollution index are generally reflected in the number of 

patients admitted to hospital - the most marked relationship 

appearing in October and February while the last week of 

December showed a striking disparity. The correlation coefficient 

describing this relationship was o.77, highly significant at the 

1% level. 
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There are several additional points to note here. The air 

pollution index was higher on the average in 1971 than in 1970 

and this was true also of the total number of admissions for 

respiratory illnesses. The peaks of both air pollution and . 
hospital admissions in October and February were times of most 

frequent thermal inversions. Lastly, we noted a marked drop in 

admissions in the last week of December in spite of the high air 

pollution index. This is probably explained by the fact that 

this week encompasses both Christmas and New Years, a time when 

people like to remain at home, and this hypothesis was borne 

out by a sharp drop in the total admissions for all causes to 

each hospital during. that week. 

Having looked at the city as a whole, let us now examine 

each of the four regions by assessing admissions to the hospital 

serving that region. 

On graph 2 are plotted the relatio nship between the average 

air pollution index and the total number of admissions per month 

at each district hospital as before. For hospitals A,B, and C, 

a similar relationship was found while no assoc i ation was noted 

at D. 
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On graph 3 we see the relationship between total weekly 

admissions to each of the four hospitals along the ordinate and 

the average weekly air pollution index along the abscissa. We 

noted that the correlation coefficient measuring this relation

ship was highest at hospital A with a value of 0.71, o.57 at 

hospital B and a.so at c, all measurements highly significant 

at the 1\ level. The correlation coefficient at hospital D was 

.001 and not significant. 
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Graph 3 Awrage Weekly API vs Total V\eekly Adnlssioos 
for the four biological monitoring 
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Let us now examine the effects of the two individual com

ponents of the air pollution index, so2 and coefficient of haze, 

on admissions. 

on graph 4 using the average monthly admissions along the 

ordinate we see a statistically significant correlation with 

so
2 

in tenths of a ppm on the abscissa in all hospitals except D. 

Here again hospital A showed the highest correlation. 
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Graph 5 shows a significant correlation in all three 

hospitals between the number of admissions and the coefficient 

of haze. And again there was no correlation seen at hospital o. 

When we looked at the other pollutants, carbon monoxide, 

oxidants and hydrocarbons, there was no correlation seen in any 

of the hospitals. When we examined the effects of pollens, 

temperature and relative humidity on admissions it was noted 

that while there was a moderate negative correlation with 

temperature, that is, more admissions on colder days, pollens 

and humidity appeared to have no effect. 
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DJ.scussion 

Clearly the most important finding resulting from our study 

is the marked association between acute respiratory disease and 

the Air Pollution Index and its components, so2 and floating 

particulates for the whole city. This relationship is seen to 

be more marked the closer to industry patie~ts live. 

Furthermore, when other common pollutants were assessed, 

no association with respiratory illness could be found, suggesting 

that so2 and particulates are indeed most important in the 

pathogenesis of acute pulmonary disease due to air pollution and 

indicating the value of the calculated Air Pollution Index as it 

is presently determined. 

If the monthly average for the Air Pollution Index is 

plotted against admissions for the 12 months of the study, a 

remarkably linear relationship is obtained which allows 
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extrapolation to a "O" pollution level which predicts a basic 

pool of 60 admissions. When the mean Air Pollution Index for 

a month rises from 6 to 22, the "excess admissions" increase 

from 40 to approximately 120 - a 3-fold cha,nge which represents 

a more than 2-fold increase in the total admissions. (graph 6) 
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Quite a definite age distribution was noted in this study. 

It is generally accepted that young children and adults past 

middle-age are more susceptible to illness. In this _regard, our 

study supports similar work reported recently from both London 

and Chicago which showed that for a similar age distribution mild 

respiratory illness became more serious in the face of high pol

lution levels. The high proportion of male admissions might 

be accounted for by considering smoking habits and job exposure 

but these factors as well as socioeconomic conditions were 

outside the scope of our study. 
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The marked increase in admissions for respiratory disease 

in October and to a lesser extent February is a phenomenon well

known to chest physicians. Similar findings were reported by 

Lawther et al in London and this may relate to the unusually 

frequent thermal inversions at those times, accounting for 

higher pollution levels. In the studies of Lawther et al and 

Carnow, the reporting technique was inherently limited by the 

subjectivity of the responses. We think that by looking at 

hospital admissions in relation to an Air Pollution Index in 

this way, we have been able to introduce a measure of objec

tivity although we realize that we are merely observing the 

tip of an iceberg. 

In conclusion, this study has shown: 

1. A marked association between hospital admissions for acute 

respiratory illness and a calculated Air Pollution Index. 

2 This relationship also holds true for the components of the 

Air Pollution Index, namely so
2 

and floating particulate 

matter as expressed in the coefficient of haze. 

3 As indicated by the data from district hospitals, it appears 

that the correlation is greater at hospitals closer to 

industry. 

4 Surprisingly, none of the other pollutants studied showed 

any relationship to acute respiratory illness. 

5 While a reduction in temperature appeared to influence the 

incidence of acute respiratory illness, relative humidity 

did not. 
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DISCUSSION 
STUPFEL (France) 

During the time of collection of your data did you 
observe acute infectious episodes like influenza which could 
have been modified by the measured pollutant and meteorological 
parameter? 

LEVY (Canada) 

No. Unfortunately, from an epidemiological point of 
view, no viral endemies occurred during the study period. 

GOLDSTEIN (U.S.A.) 

In point 3 of your conclusions in which the correlation 
between air pollution levels and hospital admissions is 
greater at hospitals closer to industry (e.g. hospital A) 
are not these hospitals also closer to your single monitoring 
station than is hospital D which is furthest away from the 
monitoring station? 

LEVY (Canada) 

Since the pollution ~onitoring station was in the 
centre of the city, the city hospitals were, of course, 
closer to the single pollution monitoring station than 
hospital D. Within the city, however, hospital A (closest 
to both industry and the pollution monitoring station) had 
the highest correlation, while hospital B which was further 
away than hospital C (4.5 vs. 3.5 km) from industry (but 
below the plateau) showed a greater correlation. 

Because of the prevailing wind (away from the hospitals + 
the monitoring station), the assumption of Lower Air Pollution 
levels at hospital D is a reasonable one. Hospital D was 
thus chosen as a "control." 

MAGE (Danmark) 

Considering the probability that the air pollution 
levels surrounding the only monitoring station are not 
perfectly correlated with the air pollution data you used 
and the correlation decreases with distance, how can you 
justify a study of this type when all your conclusions could 
be changed by moving your station by one kilometer? 
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LEVY (Canada) 

l-Illile it is highly unlikely that the data from the 
single centrally located pollution monitoring station was 
completely representative of air pollution in districts 
represented by hospitals B,and C, (and certainly was not 
representative of D) I the city's geographical location (in 
a bowl), and prevailing wind, (from the southwest and lending 
to carry pollutants away from the population) , would lead 
to an underestimate of maximum downwind concentrations and 
provides a reasonable "averagef•value (determined by spot 
sampling throughout the city.) Thus, in our situation 
moving the pollution monitoring station one or even More 
kilometers, while obviously producing an effect (higher 
if it were moved N.E., lower if moved S.W.) would be unlikely 
to change the air quality data greatly within the city. 
Even if one had a pollution monitoring station in each 
district, the same problem might arise. In spite of this, 
the fact remains that a very strong correlation exists 
between this "average" air pollution value and admissions 
for the city, a correlation which becomes "weaker" in proportion 
to the distance from the source of pollution. Clearly the 
more physical topographic pollution information available 
the better; however, as stated at the outset, in our 
context, 4 biological monitoring stations were available 
and indeed, from a health effects point of view, these 
appeared to be quite appropriate. 

Fortunately, nore physical monitoring stations are now 
being installed while at the same time industry is slowly 
improving pollution control. Our data will hopefully 
provide a baseline for future, similar, studtes in .our 
community to assess the beneficial health effects of this 
investment in pollution control equipment. 
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ENVIRONMENTAL CONTAMINATION BY AUTOMOTIVE LEAD 

HARRY W, EDWARDS 

Department of Mechanical Engineering, Colorado State University, 
Fort Collins, Colorado, USA 

ABSTRACT 

For the past four years, an interdisciplinary team of re

searchers at Colorado State University has been studying environ-

mental contamination by automotive lead. Reported in this com-

munication are some of the major findings relative to monitoring 

the atmospheric component of the environmental flo~ of automotive 

lead. 

A sampling technique ~hich permits half-hour collection 

periods has been developed using lo~ lead-blank porous graphite 

electrodes as filter media. Analysis by emission spectrography 

simultaneously provides data for other trace elements in atmos

pheric particulates. 

Results of tests in ~hich various membrane filters were 

becked by liquid scrubbers containing nitric acid indicate that 

these membrane filters allo~ a significant portion of the total 

atmospheric lead to escape collection. This deficiency may not 

be solely due to passage of organic lead; some lead reaching 

the scrubber is believed to be in the form of a very finely 

divided particulate. The implications are that many previously 

reported atmospheric lead values may be low and that many pre

viously computed lead particle MMEDs may be high. 

Field and wind-tunnel tests confirm that urban atmospheric 

lead levels are profoundly influenced by city geometry. Measure-
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ment of Kr-85 concentration profiles in a scale model placed in 

a wind tunnel indicate that street canyons formed by two and 

three storey buildings, such as would be the case in a small 
town or in a suburban complez, can inhibit ventilation substan

tially, Moreover, under moderate cross~ind conditions pollutant 

concentrations within the canyon are strikingly anisotropic, and 
street-level lead concentrations along the upwind building face 

are substantially higher than along the downwind face. Lead 

concentrations e~ceeding 101ug/m3 were measured in the street 

canyon whil~ rooftop samplers indicated less than 11ug/m3• 

The evaluation methodologies discussed are capable of pro
viding considerable detail concerning the environmental flow of 
automotive lead and should be useful for other trace substances. 
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1. Introduction 
The purpose of this contnunication is to report several new methodolo

gies for quantitatively describing the environmental flow of automotive 
lead. The extent and significance of environmental contamination by auto
motive lead, both in terms of effects on human health and environmental 
effects, have recently come under intensive investigation in a number of 
countries where there is widespread use of lead alkyls as gasoline addi
tives. While there is general agreement that man has substantially 1ead
contaminated some portions of his environment by combustion of leaded gaso-
1 ines, scientific data are presently insufficient to adequately define the 
medical and environmental consequences (Commission of the European Corrmun
i ties [1], National Academy of Sciences [2]). For the past four years, 
an interdisciplinary team of researchers at Colorado State University has 
been studying the atmospheric component of dispersal of automotive lead in 
the environment. Sumnarized in this paper are recent findings concerning 
the dispersal and monitoring of automotive lead in the environment. 

2. Atmospheric Sampling 
Of critical importance to the accurate assessment of human exposures 

to airborne lead are effective sampling methodologies. The most c0111110nly 
employed sampling technique involves drawing air through a membrane filter 
which is subsequently analyzed for lead. Two difficulties are now recog
nized. The first is that high lead blanks for many conmonly used filter 
materials preclude short sampling times for lead levels found in typical 
urban atmospheres. Twenty-four hour sampling times are therefore comnonly 
employed to swamp out the lead blank of the filter. These sampling times 
are far too long to pennit correlation of observed atmospheric lead levels 
with short-term meteorological phenomena. The second difficulty is that 
a significant portion of the total atmospheric lead escapes collection by 

conventional filters (Purdue [3]). The portion that passes through the 
filter consists in part of organic lead compounds that reach the atmos
phere through incomplete gasoline combustion and through gasoline leakages 
and spillages. A second portion of the nonfilterable lead mccy- consist of 
very finely divided lead-containing particulates. Analysis of atmospheric 
particulates indicates that 9 of the metals ordinarily found in the atmos
phere9 only lead and vanadium are largely associated with submicron 
particles (Lee [4]). 
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A combined sampling-analysis method for the detennination of trace 
elements in atmospheric particulates was developed by Skogerboe and Seeley 
as a part of this project (Skogerboe [5], Seeley [6]). Porous graphite 
spectroscopic electrodes are used as filter media;' analysis for several 
elements is carried out using an emission spectrographic method. A major 
advantage is that the low lead blanks of the graphite electrodes pennit 
much shorter sampling times, e.g., one-half hour with a flow rate of 800-
1200 ml/min for atmospheric lead concentrations in the range of 1-10 µg/m3. 
A second major finding of this work is that the porous graphite electrodes 
are more efficient for atmospheric lead than are a number of membrane fil
ters. Experiments consisted of drawing air through a filter train in 
which various membrane filters were backed by the porous graphite elec
trodes. The tests demonstrate that the graphite filters collect about 5 % 
more lead than the membrane filters,on the average. 

For other elements, including calcium, aluminum, and magnesium, the 
fraction passing through the membrane filter is normally substantially 
less, approximately a few tenths of a per cent of the total mass of the 
element collected. A third advantage of the graphite electrode sampling 
technique is the capability for simultaneous multielemental analysis. 

Follow-up studies (Skogerboe [5]}, in which membrane filters were 
backed by activated charcoal traps followed by liquid scrubbers containing 
nitric acid, indicate that membrane filter inefficiencies 11JaY not be sole-

ly due to passage of organic lead. Simultaneous atmospheric samples were 
obtained with the above filter trains downwind from a traffic source. The 
fractions of the total atmospheric lead collected in the train components. 
averaged for three determinations, are as follows: 0.45 µ membrane filter, 
721; activated charcoal adsorber, 5%; nitric acid scrubber, 23%. Lead 
found in the charcoal trap is tentatively designated organic, and lead 

f'ound. in the nitrio aoid scrubber lll8iY' be ascribed to very fine lead-con

taining partioulatea which pass both the membrane filter and the oharcoal 

trap. More elaborate teats are under ~ in an attempt to provide a clear 

dietino~ion between the organic and particulate portions of.the nonfilter

able lead. Additional experiments, in whioh the charcoal traps were replaoed 

with the previously described graphite electrode filters, confirm that some 

lead which passes through the membrane filter is calJ8ht in the graphite cup. 

These experiments also indicate that membrane filter efficiency for atmos

pheric lead deoreasea with increasing distance from the source. For example, 
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percentages of the total lead oolleoted whioh were found on the membrane 

filters at various distanoes from the read.W83'" are as follows : 92 % at 2 m, 

68 % at 28 m, and 66 % at 66 m. Thus, while use of membrane filter samplers 

alone would not lead to major errors in oomputing atmospherio lead burdens • 
very near the source, atmospheric lead levels could be seriously under

estimated at greater distances. If the smaller lead-containing particulates 

also escape collection by most inertial impactors used for particle sizing 

and the commonly used baok-up membrane filters, t.b.e result oould be a 

serious overestimation of lead particle sizes, particularly for samples 

taken beyond the region immediatel.y adjacent to a roadwa;y. These and other 

defioiencies of sampling techniques for atmospheric lead are under investj

gation by R. K. Skogerboe of this project. 

3. Lead Dispersion in City Street Canyons 
Human exposures to airborne lead from traffic exhaust tend to be 

greatest in city street canyons. Poor ventilation of city street canyons 
can have the effect in many cases of elevating pollutant concentrations 
substantially above the levels that would be predicted on the basis of 
standard diffusion equations. There is presently no totally satisfactory 
approach for mathematically modeling pollutant dispersion under these con
ditions. Physical modeling is presently the only effective technique for· 
simulating street-level dispersion of atmospheric pollutants released from 
automotive exhaust in urban complexes. By means of physical modeling, the 
effects of local geometry of buildings, local topography, trees. and 
meteorological factors can be detennined. Measurements are taken over a 
scale model of an urban complex in a wind tunnel in which various atmos
pheric boundary-layer conditions can be simulated {Cennak [7]). Concen
tration profiles of a radioactive tracer (Kr-85) released at 11 street-level 11 

in the scale model are measured at various points to reveal pollutant dis
persion patterns, and flow visualization is accomplished by observing 
movement of a smoke tracer. Physical modeling can therefore be highly 
useful for predicting the effects of a proposed new structure or traffic 
route upon local pollutant dispersion. 

Physical modeling studies have been carried out within this project 
by Cennak, Lombardi and Thompson {Cermak [8]) to determine whether major 
lead concentration inhomogeneities could be expected in street canyons of 
Fort Collins, a medium sized town (population approximately 50,000). The 
geometry selected for modeling consists of a section along the main street 
which is lined by two and three-story buildings. Daytime traffic density 



1282 

averages 900-1000 vehicles per hour. The average lead content of gasoline 
sold in this area is 2~ grams per gallon. In the laboratory model, uniform 
city blocks were constructed which measured 4Hx4HxH, where !! is the model 
building height, 5 cm. Street widths are l.SH in the present model. To 
simulate pollutant release from traffic on the four-lane street, the radio
active tracer was released at ground level from two parallel line sources 
in the street of the model. Air flows in the wind tunnel were thennally 
neutral. 

The physical modeling studies to date reveal striking concentration 
inhomogeneities in the street canyons of the unifonn geometry under moder
ate crosswind conditions. For pollutants released from two parallel 
ground-level line sources under 2 m/sec crosswind conditions, concentra
tions are higher along the upwind building face than along the downwind 
building face. On the upwind side, relative concentrations decrease from 
approximately 5 at street level to approximately 2 at .!:!.· On the downwind 
side, relative concentrations decrease from approximately 1.2 at street 
level to approximately 0.4 at !!.· 

Field measurements in downtown Fort Collins provide qualitative con
firmation of the wind tunnel measurements, notwithstanding some important 
differences between the present physical model and the actual street can
yon geometry (Katen [9]). The height of the two and three story buildings 
fanning the street canyon averages 9 m, and the actual street width is 42 
m. With a 2.3 m/sec wind from the northeast {the street runs north-south), 
lead concentrations along the east side of the street canyon ranged fro~ 
11.3 pg/m3 at street level to 4.0 µg/m 3 at roof lev~l. On the we~t side 
of the street, lead concentrations ranged from 0.9 µg/m 3 at street lev~1 
to 1.3 ug/m3 at roof level. Vertical measurements along a light pole in 
the center of the street {a parking area) ranged from 3.7 µg/m3 at street 
level to 1.4 µg/m3 at roof level. Simultaneous measurement of atmospheric 
CO levels at each of these points suggests that vertical concentration 
gradients are steeper for Pb than for CO. CO levels are also higher along 
the upwind building face than along the downwind building face. Data from 
two additional sampling points above the rooftops on each side of the 
street are as follows: east side, 0.4 µg/m3; west side, 0.9 µg/m3. 
Correspondingly9 above-rooftop CO levels were higher on the downwind side 
under these conditions. Additional measurements in.nearby residential 
areas confinn that atmospheric lead concentrations decay r~pidly with 
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increasing distance from this source; lead concentrations 2-5 blocks away 
were in the range of 0.1 to 0.3 µg/m3. A detailed physical model is pres
ently under construction to pennit more quantitative correlation with 
field data. Additional field studies are underway to.measure the nonfil
terable portion of the atmospheric lead content at various points, both in 
the street canyon and in the surrounding residential areas. 

4. 0onolusions 

Use o~ porous graphite speotrographio eleotrod.es for air filters over

oomes the high lead blank problem of l1l&lcy' conventional membrane filters and 

thus enables ambient lead levels to be monitored for relatively short time 
periods. A seoond deficieno;r of many membrane filters is that in addition 

to organic lead, ve-ry fine lead-containing particulates ~ escape oolleot

ion. These small particulates 1118\V' comprise a significant portion of tne 

total atmospheric lead oon~en~. Reexamination of many previously reported 

airborne lead and lead.-partiole size data ~ therefore be desirable. 

Air-lead levels along busy streets in smaller towns may not be great
ly different than those in street canyons of large cities, notwithstanding 
a large difference in total traffic volume. Ventilation is profoundly 
inhibited even in canyons fanned by two and three story buildings. Within 
these city street canyons, air-lead values exceeding 10 µg/m3 were measured 
while values in the adjacent residential area averaged a few tenths of a 
µg/m3. These results demonstrate that data obtained from rooftop samplers 
alone IDa\Y not adequately reflect actual lead expo3ur-es of persons living 

and working in city street canyons. 
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DISCUSSION 

HARRISON (U. K.) 

I would like to point out that one of the published proced
ures for determination of organic lead in street air involved the 
passage of the air sample through a membrane filter, assumed to 
collect particulate lead and then through a scrubber containing 
iodine monochloride in hydrochloric acid solution. In view of 
the results presented by Dr. Edwards collection of lead particles 
passing the filter by the I Cl acid scrubber is probable and this 
may explain elevated results for levels of organic lead found 
when using this method, as compared to results determined by 
other methods. 

I have two questions: 

1. What experiments were performed to determine blank values 
for the nitric acid scrubber for lead in reagents and leached 
from the glass? 

2. What was the face velocity of particles at the surface of 
the membrane filter? Membrane filter efficiences have been 
shown to be critically dependent upon this velocity. 

EDWARDS (U.S.A.) 

1. Lead blanks were measured, and the major contribution is 
the nitric acid reagent blank, about 0.3 X 10-9 grams of lead 
per ml of HNO redistilled twice in quartz. Lead leached from 
the glass contributes negligibly on a relative basis. Analyses 
were carried out at lead levels about a factor of ten above the 
scrubber blanks. 

2. Tests with this system were carried out over the face ve
locity range of about 2 to 50 cm/sec. In this range, no depen
dence of collection efficiency upon face velocity was observed. 

PERRY (U.K. 

1. Have you attempted to establish the particle size range of 
the lead compounds that passed throuqh the filter paper? 

2. What is the proportion of this material that exists as 
organic lead? 
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EDWARDS {U.S.A.) 

No, but this work is underway. One of the difficulties is 
that in this particle size region, there is no totally satisfac
tory analytical methodology. A combination of complementary 
approaches, including electron microscopy and fluorescence, is 
presently favored. · 

2. The data presently available do not provide an unambiguous 
answer to your question. Lead found in the carbon adsorbent 
may not be only organic in nature, and some organic lead may be 
eluted from the adsorbent and be caught in the scrubber. At 
this point, I would agree with use of the term "nonfilterable" 
to describe lead passing the membrane filter. 
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+++++Fiat S.p.A., Central Research Laboratories Management, 
Turin, Italy 

ABSTRACT 

When correctly applied the technique used to determine the 

isotopic composition of lead can be used to monitor the contri

bution of road traffic to lead pollution in the environment, 

especially in the atmosphere and in soil, vegetation, food and 

the human body. 

Tests will be carried out in at least two regions of Italy, 

using petrols containing lead with an isotopic structure which 

is either identical to or different from that of the lead they 

currently contain (~hether naturally or from some other source). 

Analyses of lead samples from major mines have shown that 

Australian lead (Broken Bill Mine) has a markedly different 

isotopic composition. 
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We intend to use this type of lead to prepare anti-knock 

additives for use in petrols to be marketed in the regions under 

study. Appropriate sampling should then enable us to determine 

how far lead pollution is due_ to e%haust emissions from oars. 

Analytical tests on the possible presence of other metals 

in the atmosphere will provide useful information on the more 

general problem of atmospheric particulates. The areas selec

ted for this study are Piedmont (Turin and district) and Sardinia 

(Cagliari City and district); the first ~as chosen for its high 

traffic density and high level of industrialization, and the 

second because it is ezceptional in having a high lead content 

in the soil, which could influence diet. Both these regions 

are well suited to market distribution of the required type of 

petrol. 

The programme of tests is scheduled to last for three 

years beginning in spring of 1974. Petrols containing addi

tives of Australian lead will be distributed on the market for 

a period of 18 months. 
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Even to-day there still exists differences of opinion on the 

importance of the different sources of lead pollution, especially 

as regards motor-car exhaust. In fact, some experts retain the 

additive-containing petrols as the main source of pollution (1-3), 

others are not of the same opinion (4-7). Our· laboratory tests (8} 

have enabled us to estimate the amount of lead exhausted in the case 

of European motor-cars in town traffic conditions. 50-60% of the 

lead contained in the petrol is exhausted, the re~ainder is re

tained by the various parts of the engine (lubricating oil and 

deposits) and by the exhaust system. Other European Laboratories 

(9-10) obtained the same results. 

The lead contained in the larger particles emitted by the 

exhaust of the vehicles, falls to the ground at distances of 

some hundred metres from the roads, whereas the smaller particles 

are diffused into the atmosphere and are transported even great 

distances due to the movement of the mass of air (11). The 

interest in correlating the various sources of lead to envircnmental 

pollution is, therefore, evident. Of extreme interest, more-

over, is an estimation of the amount of lead exhausted by vehicles 

absorbed by the human body. The technique of determining the · 

lead isotopic composition, appropriately used, is considered as 

satisfactorily solving this problem. In fact, several studies 

(7, 12-22) made to discover the sources of the pollution by means 

of isotopic analysis, led to the conclusion that such technique 

can be used successfully providing that the isotopic relation is 

known in the various sources, that it remains constant therein 

and that it is sufficiently differentiated in each of them. At 

present, the mass spectrometry technique enables measurements to 

be made on quantities of product of less than one microgram with 

a precision of 0.2-0.3% on the Pb-204 isotope and of 0.1% on the 

remaining natural Pb-206, Pb-207 and Pb-208 isotopes. 

An experiment should be carried out in Italy using lead 

additive-containing petrol having a differentiated isotopic com

position to be employed in large areas having different inten

sities of traffic. In fact, it is difficult to correlate the 

lead used as an additive to the petrols to that present in the 
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environment. since the additives normally employed have different 

and variable isotopic compositions (12). This experiment should 

lead to: 

1) An estimation of the contribution of the vehicles to the 

lead pollution in the atmosphere and ground in town and 

country areas. 

2) An estimation of the diffusion in the atmosphere at 

different heights and at various distances from the 

currents of traffic. 

3) A clarification of how the lead is transferred to the 

vegetation. 

4) An estimation of how much of the absorption is inhaled 

by man. 

The experiment can be outlined as follows: the SocietA 

Italiana Additivi per Carburanti (SIAC) will use for at least 

18 ·months only Australian lead (Broken Hill mine). In fact, our 

analyses on metallic lead samples obtained from the mines that 
. . 

normally supply Europe, have shown that the Australian Pb pos-

sesses a sufficiently differentiated isotopic composition (Table I). 
Table I 

ISOTOPIC RATIOS OF LEAD SAMPLES USUALLY SUPPLIED TO 

'rBE ITALIAN MARKET 

Origin Pb 206 Pb 207 Pb 208 Pb 206 Pb 208 
Pb 204 Pb 204 Pb 204 ~b 207 Pb 207 

Australia (Broker 
Hill mine) 

Sample arrived at 
Bussi 4 .11. 72 15,7 15,l 35,1 l,04 2,32 

Sample arrived at 
· Bussi 19.2.73 15,7 15,1 35,1 1,04 2,32 

Sample arrived at 
Bussi 21.9.73 15,7 15,1 35,1 1,04 2,32 

South Africa 17,8 15,4 37,4 1,16 2,43 
Cerro de Pasco, 

Peru 18,0 15,0 37,6 1,20 2,51 

Mexico l5;9-19~S 13,2-16,l 32,6-40,6 1,21 2,47-2,S~ 

Canada 18,2" 15,7 38,6 ~ 1,16 2,46 
southern Italy L7,.i-18,3 15,2-15,S 37,9-.39,J 1,15 2,48 
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In certain areas, only petrol containing Australian lead will be 

distributed. Before this petrol will be placed on the market, 

the lead isotopic composition will be determined in these areas 

on all types of samples which will later be analysed. Once the . 
Australian lead additive-containing petrol is introduced on the 

market, the same determinations will be repeated at intervals in 

order to be able to follow the variations in the isotopic com

position of the lead. Once the production of anti-knock additives 

having a base of Australian lead have been concluded, a new vari

ation will be made in the isotopic composition of the lead in the 

same types of samples. During the experiment, a control will be 

effected on the lead imported into Italy for any other use. 

It is clear from the foregoing that the experiment is both 

vast and complex and necessary in order to have a significant 

analysis that can solve such an important problem. 

Italy is particularly suitable for such an experiment for 

the following reasons: 

- its refining capacity exceeds its consumption and therefore 

exports part of the petrol produced 

- a high percentage of the alkyl lead used as an additive is pro

duced by only one firm (SIAC) 

- the importation of lead, no matter how used, is subject to 

government authorisation; it is, therefore, possible to con

trol the isotopic composition of all the lead imported 

- there is a high traffic intensity. 

Table II 

ITALIAN PETROLIFEROUS SITUATION IN 1972 

tons x 100 

Unrefined petrol processed by the refineries 
110.329 that produce petrol 

Petrol produced 12.707 

Petrol consumed 10.400 
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Table II gives the total quantity of unrefined petrol 

processed in Italy, the amount of petrol produced and the quantity 

of petrol consumed in the year 1972. 
TABLE III 

ANNUAL CONSUMPTION OF LEAD IN ITALY IN 1971 

tons x 1000 % 

METALLIC STATE 

Semi-processed 
Electric cables 
Accµmulators 
Alloys 

~otal metallic state 

CHEMICAL COMPONENTS 

Oxides 
Anti-knock additives 
Other chemicals 
Sundry 

Total chemical components 

Total lead consumed 

Table III relates to the consumption of 

divided according to u~e. 

Motor-cars 

Lorries 

Buses 

Total 

TABLE !.V 

CIRCULATION IN ITALY IN 1972 

Density (n° inhabitants x vehicles) 

56,5 27,2 

29,5 14,0 
56,0 27,0 
6,0 3,0 

148,0 71,2 

35,6 , 7, 1 

15,3 7,3 
3,3 1,6 
5,8 2,8 

60,0 28,8 

208,0 100,0 

lead during 1971 

I 

12.484.313 

995.591 

36.150 

13.516.054 

4.0 
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Table IV indicates the circulation for the year 1972 

divided between petrol driven vehicles and diesel driven vehicles. 

Since it is not possible, for obvio11s reasons, to effect 

the experiment all over Italy, it was decided to choose the 

most suitable regions. Selection was made as ·follows: 

- possibility of the complete supply of petrol by the refineries 

located in the region or adjacent regions 

- present vast use of alkyl lead produced by SIAC in these re

fineries so as to limit exchanges with other suppliers 

- availability of a city having a high traffic intensity and a 

high industrial level. 

An appropriate study carried out showed that Piedmont 

(especially Turin and province) offered interesting prospects for 

the work to be carried out. In fact, the area satisfies the 

above requirements and in Turin, for some time now, an efficient 

network of centres for the recording of atmospheric conditions 

(Fiat centres) has been in operation. Sardinia (Cagliari and 

province) was chosen as a comparison for the following reasons: 

- excess of refined petrol 

- SIAC produced alkyl lead (>90%) 

- the region is completely isolated 

- the high lead concentration in the ground offered the possibi

lity of being able to evidence both the contribution due to 

the traffic and that due to natural lead in the environment 

and in man. 

The above experiment should take about 3 years. We have 

started an experimental investigation to determine the present 

level of lead pollution especially for the determination of the 

lead isotopic composition present in the various sample environ

ments. This investigation is at present limited to Piedmont 

(Turin and province) and to the following aspects: 

- atmosphere involved 

- washout 
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- human body (blood and urine) 

Atmosphere involved 

Samples were taken in Turin and analyses were made of the 

isotopic composition by means of mass spectrometry and of the 

concentration by means of atomic absorption. At Turin, and for 

comparison at Ispra which can be considered as a semi-rural 

area, samples were also taken by means of the Andersen particle 

fractionator which enables the dust to be divided into fractions 

of different qranulometry. On the dust thus fractioned, also 

semiquantitative determinations of other metals are made in 

addition to the isotopic and quantitative analyses of lead. 

The first results obtained are given in Table V. 

Table V 

Isotopic rations in the lead present in the atmosphere of Turin 

Sample Pb Cone. Pb 206 Pb 208 Pb 206 
I 

Place µg/m3 Pb 207 Pb 207 Pb 204 
No Date 

1 28.2.74 c. Novara 8.1 1.21 2.51 .19.58 

2 28.3.74 P. Carducci 6.2 1.22 2.49 19.83 

3 2.3.74 P. Sta tu to s.o 1.22 2.46 17.80 

4 2.3.74 c. Novara 1.5 1.20 2.52 18.83 

5 1.3.74 P. Carducci s.s 1.22 2.48 19. 84 

6 20.3.74 P. Statuto 5.1 1.22 2.46 18.97 

7 20.3.74 P. Carducci 3.2 1.20 2.49 18.46 

8 20.3-74 c. Novara 4.0 1.21 2.54 19.43 

9 24.3.74 P. Carducci 6.5 1.18 2.49 21.70 

Washout 

The experiment of radioactive fallout, that is, of the 

radionuclides produced and dispersed all over the world fol

lowing nuclear explosions, has demonstrated that the non-gaseous 

substances emitted into the atmosphere return in time and dif

ferent mechanisms on the surfaces of the world. Generally, in 

the removal of the substances tied to the solid particles dis-
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persed in the atmosphere, the action of the precipitations 

greatly prevails on all the other causes. Such removal occurs 

through two main mechanisms: The first, called rainout (or 

snowout) consists in the incorporation of the particles by the 

drops of rain in the formation of cloudsi the second, called 

washout consists in the elimination of the particles by the drops 

that fall. Since the greater part of these remarks in this field 

concern the radionuclides of the fallout, released at a high 

altitude, a lot of information is available on the global effect 

of the mechanisms of rainout + washout but there is very little 

information on the washout effect alont. In view of the fact 

that the lead, with the particular isotopic relations of this 

experiment, will be released into the atmosphere at ground level,· 

it will, therefore, be possible to determine the entity of the 

washout effect for lead by measuring the concentration in air 

and in rainwater. This phenomenon has already been observed 

in New York (23, 24) for the global lead and other metals. In 

TUrin and at Ispra we have started to observe the quantity of 

Pb globally deposited, in precipitation essence and with single 

showers of raini in paralles, daily determinations are made of 

the Pb concentration in the atmosphere by collecting the dust 

of some hundred cu.m of air on filters. 

Human body 

The final aim of the investigation is the estimation of 

the contribution made by the traffic to the lead absorption by 

the human body. As far as we know. there are only two jobs 

(7, 22) that have faced this problem by means of isotopic ana

lyses. Due to the different metabolic models used, different 

results were obtained, especially on the time necessary to 

observe a variation of the isotopic composition in the blood, 

once that of the environment has been modified. Rabinowtz and 

coll. (7) determined the variation of the lead isotopic composition 

in the blood caused by the ingestion of food marked with 
204Pb~ 

consequently, the human blood in a relatively short time (some 

weeks) is affected by the variation of the isotopic composition 

of the diet. Although limited to one person, it was demonstrated 
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that the contribution of the diet is approximately 50%. 

The research proposed by us is complementary to this work 

in that it refers, above all, to the contribution due to inha

lation and will have, in addition, the advantage of having 

available a practically unlimited number of subjects. 

Determinations of the isotopic composition and concentration 

are being made on a series of blood and urine specimens taken by 

the Institutes of Hygiene in the city and provinces of Turin, 

in Milan and Ispra. 

The present value of the isotopic relations in the human 

body and the reproducibility in time of such measurements will 

also be determined. 

Table VI 

Isotopic ratios of 4 blood samples from Ispra and Turin 
sample City f PbConc. Pb206 Pb208 Pb206 

No 
J(9\100ml 

Pb207 Pb207 Pb204 

1 lspra 36 1.18 2.45 18.91 

2 lspra 26 1.19 2.45 19.04 

3 Turin 34 1.19 2.43 19.53 

4 Turin 50 1.18 2.46 17.92 

In this way, it is wished to ensure that possible variations 

due to the additive-containing petrol with Australian lea& are 

not hidden by fluctuations to be attributed to other causes. 

The first results are given in Table VI. 
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DISCUSSION 

BOUQUIAUX (Belgium) 

What time is required for the isotopic change in lead in 
gasoline additives to have a significant effect on the isotopic 
composition of lead in human blood? 

FACCHETTI (JRC - Ispra) 

I should like to refer to the experimental results of 
Wetherill et al, which although based on a small number of sub
jects, I consider to be more reliable than forecasts obtained 
from metabolic models. With the use of a Pb 204 labelled diet 
a signi~icant response was obtained after some two weeks. 
Assuming, still on the basis of the Wetherill study, that the 
incidence due to inhalation is approximately 30-40% of the total 
blood lead, a measurable change in the isotopic composition of 
blood lead ought to be observed after a few months since the 
gasolines will have lead additives which have an isotopic com
position differing by 10-15% from that presently in use. 

As stated earlier, these gasolines are to be used in Italy 
for a period of at least two years. 

WETHERILL (U.S.A.) 

1. Will this experiment change the isotopic composition of 
lead in gasoline over all of Italy of just in the two regions 
under study? 

2. What will be the time required to change the isotopic 
composition of gasoline? 
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FACCHETTI (JRC - Ispra) 

1. SIAC, who supply 75-SO% of the Italian market, are only going 
to use Australian lead. At present they supply over 90% of the 
gasoline in the two regions in question (Pi~dmont and Sardinia). 
Agreements have been made to the effect that in these two regions 
and neighbouring districts exclusively Australian lead will be 
used, while the lead distributed by other suppliers (~A>-25% of 
the total) will be used in regions far from those under study. 

2. The time required in the SIAC plants for stoppage, clean-
up and restart is estimated to be around two weeks. The produc
tion of a sufficient quantity of lead alkyls and distribution to 
the refineries should take a further two months. This would 
give enough time to use up old stocks. Furthermore, the refine
ries have agreed not to use any additive left over. Thus, from 
technical aspects, it will take altogether some 4 months before 
the regions under study and their neighbouring districts are 
actually being supplied exclusively with gasolines with Australian 
lead additives. 
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APPLICATION DU COMPTEUR COULTER A ~'EVALUATION 
DE LA MESURE DE LA POLLUTION ATMOSPHERIQUE 

PAR LA MESURE DES PARTICULES SOLIDES 
EN SUSPENSION DANS L'ATMOSPHERE 

J, KUMMER, C, ALLART-DEMUL, D, HEBBELINCK, H, BASTENIER 

Ecole de Sante Publique, Universite Libre de Bruxelles, Belgique 

RESUME 

Une methode se basant sur l'utilisation du compteur Coulter 

est proposee pour mesurer le nombre de particules dans Z'atmos

phere en fonetion de leur dimension. 

Des particules atmospheriques sont prelevees sur un filtre 

en nitrate de cellulose puis sont mises en suspension par dis

solution du filtre dans un liquide organique rendu prealablement 

conducteur. Connaissant la dilution effectuee et ta quantite 

d'air preleve on peut calculer la courbe de distribution des 

particules atmospheriques par le compteur Coulter. 

Le compteur Coulter est base sur le principe suivant: un 

tube en verre ayant une ouverture calibree est plonge dans un 

liquide conducteur. De part et d'autre de cette ouverture, se 

trouve une electrode immergee. On fait circuler le liquide avec 

les particules en travers de l'ouverture du tube; chaque passage 

de particule fait Varier la resistance entre leB deUX electrodes 

et produit une impulsion de tension dont l'amplitude est pro

portionnelle au volume de la particule. Moyennant des discri

minations electroniques, on peut alors faire aisement le comptage 

suivant diverses dimensions et obtenir la courbe de distribution 

des particutes en suspension. 
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Nos recherches ont porte sur l'efficacite de diffePents 

solvants en vue de realiser un soZvant orifanique conducteur don

nan t les resultats les plus stables et les plus reproductibles. 

Nous avons effectue par cette methode une etude comparative 

de la pollution atmospherique entre un site rural et un site 

urbain. 

Nous soulignons la facilite, la rapidite, la reproductibi

lite de cette methode, les dimensions des particuZes mesurees 

pouvant aller de 200 a D,8
1

u. 

ABSTRACT 

A method based on the use of the Coulter counter is proposed 

to measure the number of particles present in the atmosphere by 

siae. 

Atmospheric particles are collected on a cellulose nitrate 

filter and placed in suspension by dissolving the filter in an 

organic liquid ~hich has first been made conductive. From the 

known degree of dilution achieved and wlume of air samples, it 

is possible to calculate the distribution curve for the atmos

pheric particles by means of the Coulter counter. 

The Coulter counter is based on the following principle: 

a glass tube ~ith a calibrated aperture is placed in a conduc

ting liquid. To each side of this aperture there is an elect

rode immersed in the liquid. The liquid containing the part

icles is passed through the tube aperture; each particle passing 

through causes the resistance between the t~o electrodes to vary, 
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producing a voltage pulse, the amplitude of which is proportion

al to the volume of the particle. By means of electronic dis

criminations it is then easy to count the suspended particles 

according to size and plot their distribut~on curve. 

Our experiments concentrated on testing the efficacity of 

various solvents with a view to finding a conductive organic 

solvent hlhich would yield the most stable and most reproducible 

results. 

Using this method we carried out a comparative study of 

air pollution in a rural and an urban location. 

We should like to emphasize that this method is easy, fast 

and reproducible, and can measure particles of 200 to 0.61u in 

size. 
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1. Introduction. 

Les probl~s poses par la clStermination de la distribution granulometri
(J.le des particules solides dans l'air sent de deux ordres: d'une part le 
prelevement de cas particules an suspension dans l'air. et d'autre part le 
coni>tage des particules prelevees et leur repartition en fonction de leur 
dimension. 
D'una maniere generals. le prelevement des particules peut etre inCOITCJlet 
soit pOJr les petites particules dans le cas de l'impinger et de la sedi
mentation (1.2) soit pour les grosses particules dans le cas de la preci
pi~ation thennique. Nous avons utilise des marrbranes filtrantes dent la 
d:lnension des pores est connue. ceci permet de fixer avec certitude la 11-
nd.te inferieure de la dimension des particules prelevees. 
Pour le co111>tage des particules nous proposons la miss en suspension des 
particules dans un liquids organique par dissolution du filtre et leur 
conptage a l 'aide d'un C0111Jteur Coulter ZB. ce COITCJteur pennet de compter 
et de classer rapidement un grand nombre de particules. La dimension des 
particules se situant dans le cas qui nous preoccupe entre o.sp et 40/A"· 

2. Oescript1.on da la n&thode de prelevement et d'analyse. 

~~!~-~~!~~!~~~-~!-~~~~!~~!!!· 
L' air est aspire par une p0f'f1Je a vide sur. la merrbrane fil trante a l' aide 
du disposi ti f dAcri t par la figure 1 • 
La J>Oll1>B a vida (Becher VT .3) assure un debit nominal de l 'ordre de 3m3/h. 
Elle est pourvue d'un vacuometre et d'une aoupape de regulation de vide 
qui permet un rilglage continu du debit entre O et 3m3/h. 
On utilise un support de filtre Millipore en P.V.C. d'un diarnetre de SOmm. 
lh joint thoriqua assure une etancheite parfaits. Un capuchon de protec
tion plac6 au sarmet du porte-filtre protege efficacement la rrerrt>rane de 
la pluie et de retoirt>ees diverses. 
Las n&nt>ranes filtrantas sont des menbranes Sartorius type 11302 en nitra
te de cellulose. Elles sont caracterisees par une structure reguliere et 
spongieuse awe des grandeurs de pores bien d~finies. Nous avons utilise 
des nen'branes de porosite 1.2,,1"'· Nous notons que pour la filtration des 
gaz. le degre d'efficacite des menbranes filtrantes est considerablement 
augments par des forces electrostatiques. C'est ainsi que la ment>rane uti
lises possBde un diametra de pores de 1. 2,µmais retient egalement des par
ticules dont le diametre est de 1' ordre de o. 4p.. 
La mesure du debit est assures par un rotametre (Rota L 63/2400) insere 
antre la tlte da prelevement et la pomps a vide. Ce dBbimetre pennet !'eva
luation de debits COIJ'ClriS entre 0 et 2,4m3/h. 

~~~~-!:!-~!~~-£Etl!!!r· 
le C0111Jteur Coulter permet de C0rt1Jter electroniquement les particules sui
vant leur dimansion. Son principe a d8ja ete decrit longuement dans la lit
tArature at nous renvoyons aux differents articles s•y rapportant. 
Rappalons toutefois qua les particules doivent etre mises en suspension 
dens un liquids conducteur (3. 4. 5, 7). 
La CDn'fJteur utilise est le models ZBjil pennet de situer les seuils infe
rieurs at superiaurs des dimensions des particules. ou de faire des COITCJ
tages di nonmra des particules au-dessus d'un diametre donna Cnont>re cu -
nulatif). Ce CQ1'11>teur a 't6 prealablenent etalonne a l'aide de particulas 
spheriques de latex de dimensions homeodisperses de s.02,,ret 1Y4· 

•.I •. • . 
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Les dimensions des particules colflltees sont exprimeas en diametre d'une 
sphere de volume equivalent, etant donne que la reponse du compteur est pro
portionnella au volume des particules. quelle que soit leur forme. 

~~~~-Ir~~!~~~!-~~-!!!~~-~~-~~~-~~-9~'!l?!~s~-~~~-~~r~!9~!~~-
Aprlls un prelevement de 24heures Csoit environ 3Sm3 d'air aspire), las par
ticules sont detachees de la marrbrane par mise en solution de celle-ci 
dans un solvant organique corrpose d'un melange 1:1 acetone-methanol. Ce sol
vant a ete filtre sous pression sur une merrbrane en cellulose regeneree de 
o.~de parasite. Ce solvant a ate rendu, au praalable, conducteur par l'ad
dition de 3% de chlorure de lithium. On dissout generalement un quart de 
membrane dans 200cm3 de solution. Cetta solution est directement prate 
pour le comptage • La possibilite de dissoudre le filtre pennet d'ecarter 
las inconvenients de la mise en suspension des particules par ultra-sons 
(7). Le comptage des poussi~res defini convne le norrbre.de particules conte
nu dC1'1~ un volume determine de solutionest realise apres le passage de 0,5 
ml de la suspension du travers du tube a orifice Coulter de 10~. 
L•utilisation d'un tel tube permet de compter des particules dont le diame
tre se situe entre 1.q.tc.. et 4~. 
La concentration particulaire des echantillons pour las diverses dirrsnsions 
est evalu~e ~ partir de !'equation suivante: 

(p) • (n - np) Vd (1) 

Vrn· Va 
(p] • concentration des poussi~res en non'Dre de particules par m3 d'air. 
n • nombre moyen de particules dans le solvant. 

no • nombre moyen de paiticules dans la solution d'electrolyte ayant dis
sous "une mentlrane filtrante vierge (blanc). 

Vd • volume de solution dans lequel est dissous la metrbrane filtrante char
g6e. 

Vm • volume du solvant sur lequel s'effectue le comptage. 
Va • volume d•air aspire. 

3. Validit6 de la methods et resultats obtanus. 

La principals difficulte fut le choix d'un solvant organique coflllatible 
d•une part avec le colJlltage au Coulter c'est-a-dire conducteur et d'autre 
part dissolvant parfaitement la ment>rane afin de mettre las particules en 
suspension. Nous avons verifie la validite de chacunes des etapes du com
portement du solvent seul, de la mise en solution d'un filtra vierge, la mi
se en solution d'un filtra charge, la statistique du C0111Jtage, la reproduc
tibilite clans l'echantillonnage. 
o • une maniere genera le, les resul tats sont exp rimes en nonbre cumula tif de 
particules pour une dimension de particules donnee. Les compteges se font 
sur o,scm3 de solution (Vm). 
Le tableau 1 donne pour deux dimensions de particules le nont>re des parti
culas restant apres que le solvant ait et6 filtre. 

Tableau 1. ---------
Oinension des particules. 

2.1 /f6'-
10. 6 ./-'-

n 

60 
2,4 

deviatbn atandart. Coef. de 
variation. 

12 
0,4 0, 18 

Lorsqu'on dissout. 1/8 de filtre vierge dans ~cm3 de solvant on obtient 
alors les taux de co111Jtage suivants (m:>yenna sur 20 co111>tages): 
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+ 1/8 de filtre charge dissous dans 50cm de solvant. 
o difference entre le filtre charge et le blanc. 



1310 

Tableau 2. 
---------

01.nansions des n DBviation Coefficient de 
particules Standart variation. 

2.1_p- 711 138 0, 194 
10.sr 13 4,5 0,34 

Ces resultats montrent que la dissolution du filtra apporte malgre tout 
des i111>urates. 
Ces resultats pourraient Atre quelque peu ameliores par !'utilisation d'a
cetone pure mats d'une part celle-ci s'evapore rapidement ce qui donnera 
Ula imprecision sur le volurre et d'autre part on est confronte a des pro
blanes techniques tel la deterioration rapids de certains elements de 
l'appareillage lors d'une utilisation intensive (graissage des robinets, 
tuyaux en P.v.c.J. 
Lorsqu'on effectua des C0111>tages a differents niveaux alectroniques (c'est
a-dira differents diametresJ sur un filtre dlarge, la reproductibilite 
des comptagas est donnee par le tableau 3: les calculs ont ate effectues 
sur 50 COl'llJtagas. 

Tableau 3. 
---------

Dimension des n Deviation Coefficient de 
particules. Standart. variation. 

2 .1 .I"- 12.310 266 0,02 
4.2p 71.9 B 0.11 

22.4/" 5,4 2,5 0,46 

Ayant rAaolu las problt}mes se rapportant au CDfllJtage meme on peut alors se 
poser la question de la reproductibilite de la masure lorsque differentas 
parties du filtra sont utilisees (1/8 de filtre est analyse chaque fois). 
D'eutres part, on a verifie la validite des resultats lorsque l'on effectue 
des prili!lvaments simultanes a l' aide de deux systemes de prelevements pla
ces au mAmB endroit. 
Las resultats obtenus sont resum6s dans le tableau 4 ou l'on a chaque fois 
utilise 4 x 1/8 de filtre dissous dans 50cm3 de solution at ensuita les 
r6sultats ant a:B exprim8s an nonilre de particules par m3 en se basant sur 
la ralationCl) .Lea calculs se rapportent a des particules de !,lµ 

Tableau 4. ---------
Prelevements 1 Preleverrents 2 

Echantillons. n s CV n s CV 

1 10750 245 0.02 11366 121 0.01 
2 11210 223 0.02 11281 195 0.017 
3 10491 179 0.017 10866 122 0.01 
4 10726 204 0,02 11121 160 0,014 

moyenna 10797 339 D,03 11158 243 0.02 
nbre in;, d'ai.r 
aspire 38.189 m3 39,205 m3 
rbre part •. 
par m3 209.400 part./m3 213.177 part./m3 

La f'igura II donne un example de courbe de distribution des particules 
dSlB la solvant pur, dans le solvant plus un filtre vierge dissous. 
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Figure 3: Exemples de representation graphique du 

nombre cumulatif de particules par m3 d'air 

en fonction de leur diametre. 

x Bruxelles le 1 avril 1973 

• Bruxelles le 21 novembre 1973 
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ainsi qua pour un filtre charge. le difference entre un filtre charge et 
le blanc. Les co!f1Jtages ant ate effectues sur o,scm3 de solution. 
La figure III donne un exerrple de courbe de distribution obtenua. Enfin on a 
a mantra que l'on paut appliquer sur les prelevements atmospherique cette 
methods pour suivre !'evolution de la pollution atmospherique en particules 
pour une dimension de particules bien definies. • 
La figure IV donne un exerrple de mesure de !'evolution du nornbre total de 
particules de 4.2jl pendant un mois et ce en corrparant un site urbain (Brux
elles) et un site niral (Dourbes). 

4. Conclusion. 

On peut dire qua cette rrethode se caracterise par sa sirrtilicite. par sa ra
pidit~ et par sa facilite de manipulation. Elle pennet des co"lltages rapi
des et statistiquement valables. 
Ces differents criteres font qu'elle peut aisement etre adaptee sur une 
grande echelle a une etude de la pollution atmospherique par les particules 
solides. 
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DISCUSSION 

PICHE (Canada) 

Quelles sont les raisons qui vous empechent d'installer 
votre appareil compteur sur le terr-ain meme, de fa9on permanente 
ou temporaire (roulotte) afin d'eviter les difficultes inherentes 
A la methode que vous utilisez qui est sujette A toutes les 
interventions du solvant dans lequel il vous f aut eventuellement 
eluer les prel~vements rapportes au laboratoire? 

KUMMER (Belgique) 

Le compteur COULTER se prete mal A une utilisation sur le 
terrain ou en auetomatique notanunent A cause d·lune possibili te de 
bouchage du tube A orifice de la sonde Coulter. 

Ensuite le but de l'etude etait de faire des mesures de la 
pollution atmospherique par les particules, cette etude est 
notamment A mettre en relation avec celle effectuee par le Dr. 
Dams, et par consequent, nous n'etions pas interesses de disposer 
d'appareils automatiques. 

Il faut aussi tenir compte du fait que le cout des instal
lations automatiques placees en divers sites est nettement plus 
eleve que si l'on dispose d'une seule installation au laboratoire 
qui analyse les echantillons arrivant des differents sites. 
D'autre part, je tiens A signaler que nous n'avons pas observe 
de difference notable entre un echantillon trait~ directement au 
laboratoire immediaternent apr~s le prel~vement et un filtre du 
meme prel~vement qui a ete au prealable envoye par la poste. 

DUPUIS (France) 

Avez-vous fait des prel~vements A l'aide d'appareils de 
prel~vements individuels? Dans !'affirmative, les resultats 
obtenus concordent-ils avec les resultats theoriques calcules 
A partir des comptages faits avec des appareils a postes fixes? 
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KUMMER (Belgique) 

L'appareillage de prelevement dont on dispose se prete 
assez mal a des prelevements individuels, quoi aue l'on pourrait 
envisager une adaptation a cet effet. 

Seuls des prelevernents a des postes fixes ont ete effectues 
avec cet appareillage. 

MOREAU (France) 

La technique proposee par !'auteur recueille a la fois les 
particules de nature "physioue" et les autres "biolocrioues" 
c'est a dire, dans les tailles retenues: bacteries ·spores de 
champignons, grains de pollen. La technique mettant les filtres 
en dissolution - et utilisation des ultrasons - va separer en 
elements isoles ces particules biologiques~- elle risque done 
d'etre faussee lors de la multiplication de ces microorganismes 
(fonction des conditions ecologiques .•. ) 

En effet, les ~elles bacteriennes sont rarement vehiculceF 
seules dans l'air mais seraientabsorbees (cf. recentes journees 
ASPEC a l'Institue Pasteur: biocontamination en salles d'opera
tion et milieu hospitalier1 sur des particules inertes ~a 
6 1u ou =a 2Ju selon leur structure de naroi (c'e~t a dire 
selon leur r~action de Gram). Quant aux spores de champignons, 
selon les cas, elles "voyagent" seules ou groupees mais il y a 
destr~s fortes fluctuations journalieres (certaines spores , 
liberees a 12 h d'autres a 24 h etc .•. ) selon que l'air est 
sec ou humide, calrne ou agite, etc ... 

Comme certains de ces organismes sont pathogenes, que cer
taines especes fongiques sont allergenes ... on ne peut guere 
ne pas en tenir compte dans une enquete generale. 

KUMMER (Belgique) 

1. Etant donne que nous mettons des filtres sur lesquels ont 
ete faits les prelevements en solution, nous f'icartons certains 
problemes tels que la desagregation des particules comme c'est 
le cas lors de l'utilitiation des ultra-sons. 

2. Dans cette mesure on tient compte de la dimension globale 
de la particule (merne s'il y a des particules qui restent 
absorbees sur celle-ci). C'est d'ailleurs cette dimension glo
bale qui est importante lorsqu'on examine les problernes de pene
tration des particules dans les voies respiratoires. 
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3. Etant donne que les prelevements se font a l'exterieur, les 
quantites de particules d'origine biologique sont certainement 
negligeables A cote des particules d'origine minerale. 

GCX>TJES (Pays-Bas) 

1. Quel est l'interet pratique de la methode hors laboratoire? 

2. Comment definit-on la poussiere? Il est de peu d'interet 
de parler des methodes si l'on ne connait pas les substances qui 
la composent. 

KUMMER (Belgique} 

L'interet pratique de cette etude reside dans le fait qu'il 
est certainement plus interessant de connaitre la distribution 
granulometrique des particules en suspension dans !'atmosphere 
et par consequent de connaitre le nombre des particules sus
ceptibles de penetrer dans les voies respiratoires, que d·'avoir 
une donnee el~entaire qui est le poids total des particules en 
suspension dans l'air. 

Pour ce qui est de la definition de la poussiere du point 
de vue composition, cette etude est ~ mettre en relation avec 
calla notamment effectuee par le Dr. Dams pour la composition 
minerale des particules ou encore les mesures des composes 
organiques proposees par divers auteurs. 
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ULTRASPURENANALYSE ORGANISCHER SCHA]STOFFE 
IN DER LUFT MITTELTS DER SOGENANNTEN 

THERMOGRADIENTTECHNIK 

J, ANGERER, A, HAAG, G, LEHNERT 

Zentralinstitut fur Arbeitsmedizin der Gesundheitsbehorde der 
Freien und Hansestadt Hamburg, BRO 

KURZFASSUNG 

E~ wird eine Methode vorgestellt, die einen qualitativen 

und quantitativen Nachweis organischer Luftverunreinigungen im 

Ultraspurenbereich erlaubt. Ihr Bkotoxikologischer Wert wird 

einmal darin gesehen, dass Schadstoffe bereits in Konzentra

tionen nachgewiesen werden konnen, die isoliert betrachtet 

vielfach wohl als atoxisch gelten durfen, in ihrer Summe durch 

Additions- oder Potenzierungseffekte aber umweltmedizinisch 

relevant werden. Periodisch zur Qualitatskontrolle der Atmosphare 

eingesetzt ergeben sich hier ausserdem Ansatzpunkte fur Bkopra

ventive Massnahmen, indem neu immittierte Schadstoffe fruhzeitig 

erkannt und rechtzeitig entsprechende Gegenmassnahmen eingeleitet 

werden k8nnen. 

ABSTRACT 

A method is presented which enables organic air pollution 

in the ultra-trace range to be detected qualitatively and quanti

tatively. One aspect of its value for the study of environmental 

pollution is that pollutants can be detected in concentrations 

which, taken in isolation, may well often be considered atoxic 

but uhich, in combination, have a bearing on environmental health 
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as a result of their cumulative or potentiating effects. Another 

is that, when used for periodic atmospheric quality checks, this 

method provides information on which environmental protection 

measures can be based, since it enables newly immitted pollutants 

to be detected early and appropriate counter-measures to be taken 

in time. 
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Im vergangenen Jahrzehnt ist auf Teilgebieten der Okotoxi
kologie ein groBer Wissensfundus erarbeitet warden. Andere 
Sektoren, insbesondere die atmospharische Verunreinigung 
mit organischen Schadstoffen blieben bis heute dagegen 
weitgehend unerforscht. Wenngleich davon ausgegangen werden 
darf, daB jede einzelne dieser Substanzen filr sich unseren 
Lebensraum meist nur in subtoxischen Konzentrationen konta
minieren, so gewinnen sie doch dadurch an umweltmedizini
scher Bedeutung, daB sich nach neueren Erkenntnissen zahl
reiche Agentien in ihrer biologischen Wirkung zu addieren 
oder zu potenzieren vermogen. Einer unter diesen Aspekten 
notwendig werdenden routinemaBigen Erfassung der auch in 
Ultraspurenkonzentrationen vorhandenen Luftverunreinigungen 
war bisher aber durch die Nachweisgrenzen der analytischen 
Methoden eine deutliche Grenze gesetzt. 

Art und Vielzahl der nachzuweisenden organischen Stoffe 
lassen zur qualitativen wie quantitativen IdentiTizierung 
der Komponenten einen Einsatz der Kombination Gaschromato
graphie-Massenspektrometrie als Methode der Wahl erschei
nen. Die zuvor genannten Grtinde machen jedoch eine vor
hergehende Anreicherung der Komponenten unumganglich, auch 
dann, wenn statt des Massenspektrometers relativ empfind
lichere Detektoren verwendet werden. Zur Anreicherung der 
Komponenten verwenden wir ein sogenanntes Thermogradient
rohr, wie es zuerst von Kaiser [1] vorgeschlagen wurde. 
Dabei werden ·ca. 2 J. der Luftprobe durch das Uber eine 
Doppelwandung gekilhlte, mit einem Sorptionsmaterial ge
ftill te Thermogradientrohr gesaugt. AnschlieBend werden die 
retinierten Komponenten unter Erwarmung des Thermogradient
rohres mit dem Tragergasstrom auf die gekilhlte Trennsaule 
eines Gaschromatographen tiberftihrt. Unter Anwendung eines 
linearen Temperaturprogramms wird der 0£enraum des Gas
chromatographen von -150 °c auf +200 °c au£geheizt. Die 
gaschromatographisch getrermten Komponenten werden dann, 
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Abb . 1 . Schematische Darstellung des apparativen Aufbaues bei der 
~hermogradient- Gaschromatographie-Massenspektrometrie 
Analyse von Luftproben . 

• 

" 
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Abb . 2 . Verwendung von 10% Dexsil GC 300 auf Chromosorb G/AW-DNCS , 
80 - 100 mesh als Sorptionsmittel im Therrnogradientrohr . 
1 Methanol; 2 Aceton; 3 Pentadien; 4 Hexan; 5 Benzel; 
6 Toluol; 7 - 9 o, m, p- Xylol; 10 - 11 Trimethylbenzole . 
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wie von uns andernorts [2] beschrieben, wahlweise mit einem 
FID bzw. mit dem.EID eines Massenspektrometers nachgewiesen. 
Die qualitative Identifizierung der Komponenten erfolgt 
durch die mit einem Galvano-m-Schreiber gle~chzeitig aufge
nommenen Massenspektren. Den Aufbau der gesamten von uns 
verwendeten Geratekombination veranschaulicht schematisch 
Abb. 1. 

Mit dieser MeBanordnung konnten wir in "normaler" Raumluf't 
aus der Vielzahl der tatsachlich vorhandenen Fraktionen 
bisher etwa 30 organische Komponenten ahnlicher Konzen
trationen abtrennen und identifizieren (Abb. 2 und Tab. 1). 
Ahnlich gtinstige Resultate wurden inzwischen mit einer im 
Prinzip unserem Verfahren entsprechenden Geratekombination 
von einer anderen westdeutschen Arbeitsgruppe [3] mitge
teil t. 

Im Falle der Abb. 2 diente als FUllung des Thermogradient
rohres Dexil 300 GC auf Chromosorb. Verwendet man statt
dessen Porapak Q als Sorptionsmaterial, so liefert die 
gleiche Raumluftprobe ein vollig anderes Chromatogramm. 
Wie Abb. 3 zeigt, werden mit diesem Sorptionsmaterial 
wesentlich weniger Komponenten retiniert. Andererseits 
werden im unteren Bereich des Temperaturprogramms im Gegen
satz zu Dexil Methan, Athylen und Athan zurlickgehalten. 
Nach Erprobung einer Reihe anderer Saulenfilllmaterialien 
konnen wir zusammenfassend sagen, daB die Probennahme mit 
dem Thermogradientrohr recht spezifisch erfolgen kann, 
wobei das AusmaB der Spezifitat von der Art des verwendeten 
Sorptionsmaterials abhangt. Hieraus ergibt sich, daB in 
keinem Fall alle in der Luf't bef indlichen Komponenten in 
einem Analysengang zu erfassen sind. Dies ist im Hinblick 
auf eine selektivere Detektion der Komponenten wegen ihrer 
auBerordentlichen Vielzahl durchaus wlinschenswert. Ftir den 
Analytiker bedeutet diese Tatsache jedoch, daB je nach 
der erwi.inschten Information das Sorptionsmaterial dem je
weiligen Analysenproblem in optimaler Weise angepaBt 
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TABELLE I 

Massenspektrometrisch identif izierte Komponenten 

Me than 

Methanol 

Dichlormethan 

Methylchlorid 

Freon 22 (CF2ClH) 

Freon 12 (CF2c12) 

Athan 

Athanol 

lthylen 

Ace ton 

Trichloriithylen 

Tetrachlorathylen 

Fluor-1, 1-Dichlorathan 

Prop an 

Bu tan 

Bu ten 

But in 

Isobutanol 

Diathyl;ather 

Pentan· 

Pen ten 

Pentadien 

H;exan 

Benzol 

Trichlorbenzol 

Hep tan 

Toluol 

Ok tan 

p-Xylol 

m-Xylol 

o-Xylol 

Trimethylbenzole 

Methylathylbenzol 

Chlorbenzol 

Dichlorbenzol 
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Abb. 3. Verwendung von Porapak Q als Sorptionsmittel im Thermo
gradientrohr. 1 Methan; 2 Athylen; 3 Athan. 
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Abb. 4. Schematische Darstellung der chromatographischen Vorgange 
auf dem Thermogradientrohr bei der Probenanreicherung (1) 
sowie bei der Probenelution ohne Umkehr der Betriebs
rich tung (2) und rnit Umkehr der Betriebsrichtung (3) im 
Gradient. 
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werden muB. 

Hatten uns unsere Untersuchungen gezeigt, daO die Flillung 
des Thermogradientrohres den ftir die qualitative Analyse 
wichtigsten Faktor dieser Untersuchungsmethode darstellt, 
so schien es uns zumindest von theoretischem Interesse, 
die Vorgange im Thermogradientrohr wahrend der Probennahme 
und besonders wahrend der Probenaufgabe zu untersuchen. 
Wie Abb. 4 verdeutlicht, besteht das Thermogradientrohr 
aus zwei konzentrischen Rohren, wobei das i1uiere Rohr 
einer klassischen gepackten gaschromatographischen Trenn
saule entspricht. W"ahrend der Probenahme wird nun der 
auBere Mantel im Gegenstrom mit dem Dampf von fltissigem 
Stickstoff gekilhlt, bei der anschlieBenden Probenaufgabe 
wird dieser Mantel - ebenfalls im Gradienten - mit HeiB
luft auf 220 °c erwarmt. Dabei we~den die retinierten 
Substanzen mit einem Tragergasstrom auf die geklihlte 
gaschromatographische Saule eluiert. Erfolgt die Elution 
in der Ansaugrichtung (Abb. 4 Mitte), so wird eine bereits 
wijhrend der Probennahme erreichte gaschromatographische 
Vortrennung der Komponenten verstarkt. Eluiert man jedoch 
entgegen der Ansaugrichtung (Abb. 3 unter) so wird diese 
Vortrennung wieder aufgehoben. Derartige Vorgange auf der 
Trennsaule konnten wir dadurch dokumentieren, daB wir das 
Thermogradientrohr wahrend der Elution direkt mit den je
weiligen Detektoren koppelten. Uber Einzelheiten dieser 
Versuche haben wir an anderer Stelle berichtet [4]. Zur 
Verdeutlichung der Vorgange auf dem Thermogradientrohr 
sei hier·lediglich das Ergebnis einer Elution in Sorptions
richtung (Abb. 5) und entgegen der Sorptionsrichtung 
(Abb. 6) demonstriert. Man erkennt deutlich, daB die im 
ersteren Fall eingetretene Vortrermung bei Umkehr der 
Elutionsrichtung wieder aufgehoben wird. Dieses Faktum 
ist insofern von Bedeutung, als die Vortrennung der Kompo
nennten auf der Thermogradientsaule prinzipiell eine noch 
spezifischere Aufgabe ermoglichen sollte, indem z. B. eine 
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Abb. 5. Elutionschromatogramm durch direkte Kopplung des Thermo
gradientrohres an den Detektor (FID). Die Elution erfolgt 
ohne Umkehr der Betriebsrichtung. Stationare Phase: Dexsil 
GC 300. 1 Pentadien; 2 Benzel; 3 Toluol, Tetrachlorathylen; 
4 Xylole; 5 Trimethylbenzole; 6 Wasser • 
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Abb. 6. Elutionschromatogramm durch direkte Kopplung des Thermo
gradientrohres an den Detektor (FID). Die Elution erfolgt 
mit Umkehr aer Betriebsrichtung. Stationare Phase: Dexsil 300 
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vorgetrennte Substanzgruppe durch Umleitung des Tragergas
stromes allein auf die gaschromatogr·aphische Trennsaule auf
gebracht werden konnte. Auf diese Weise lieBe sich z. B. 
das im EID-Chromatogramm storende Wasser abtrennen. Inwie
weit sich die auf dem Thermogradientrohr festgestellte 
Vortrennung auf das endgilltige Trennergebnis auswirkt, 
kann an dieser Stelle noch nicht diskutiert werden. Dies
bezUgliche Untersuchungen werden von uns momentan durchge
fUhrt. 

Zusammenfassend und ausblickend ist damit festzustellen: 
Bei der von uns verwendeten Technik erfolgt die Proben
nahme mehr oder minder spezifisch. Je groBer die Spezifitat 
der Probennahme und -aufgabe, desto gerin.ger wird bei 
gleichem apparativem Aufwand jedoch der Informationsumfang. 
Gleichzeitig wird aber die gewlinschte Selektivitat des 
Nachweissystems erhoht. In Zukqnft wird allerdings die 
Erhohung der Trennleistung durch Verwendung von Trenn
kapillaren bzw. die Anwendung von selektiveren Detektoren, 
wie der Massenspektroskopie und besonders der Massen
fragmentographie, eine unspezifischere Probennahme und 
damit eine Erhohung des Informationsumfanges zulassen. 
Dadurch wird einmal die M"dglichkeit gegeben, eine Bestands
auf'nahme der oft in Ultraspurenkonzentrationen vorliegenden 
Umweltschadstoffe durchzuflihren. Zum anderen erlaubt der 
periodische Einsatz der Methode wegen der ihr eigenen 
niedrigen Nachweisgrenzen die frlihzeitige Erkennung neu 
in die Atmosphare gelangender Noxen. Sie bietet einen 
echten Ansatzpunkt filr okopraventive MaBnahmen,indem beim 
ersten Auftreten neuer Schadstoff e GegenmaBnahmen zu einem 
Zeitpunkt getroffen werden konnen, zu dem mit einem noch 
verhaltnismaBig geringen Aufwand gravierendere Umweltge
fahren durch die spezifische Noxe verhindert werden konnen. 
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DISKUSSION 

HARKE (Bundesrepublik Deutschland) 

Ich mochte Sie fragen, ob die vorgestellte Methode 
geeignet ist 

a) ouantitative Bestimrnungen durchzufuhren 
b) Aerosole aus leichtfluchtigen Substanzen in Raumluft zu 

bestimmen. 

ANGERER (Bundesrepublik Deutschland) 

a) Zu Ihrer ersten Frage mochte ich bemerken, dass es durchaus 
moglich ist, mit dieser Methode quantitative Bestimmungen 
durchzufiihren. Dies ist ein Problem der Eichung. Es gibt 
dafiir prinzipiell folgende Moglichkeiten: 

- Bekannte Konzentrationen, moglicherweise Gemische inter
essierender Stof fe werden in gleicher Weise wie die zu 
bestimmenden Luftproben aufgearbeitet und analysiert. 
Dadurch lasst sich eine Eichkurve fiir diese Stoffe erstel
len; 

- Die zu analysierende Luftprobe wird vor Ihrer Anreicherung 
aus dem TG-Rohr in einem definierten Volumen gesammelt. 
Dazu gibt man eine bestinunte Menge eines gleichsam als 
innerer Standart dienenden anderen Stoffes. Aufgrund der 
spezifischen Empfindlichkeiten der verwendeten Detektoren 
gegenUber diesen Stof fen lassen sich nun die Konzentra
tionen der einzelnen Stoffe berechnen~ 

- Die von R. Kaiser vorgeschlagene Moglichkeit einer "abso
luten Eichung", die ebenfalls auf den spezifischen Detek
torempfindlichkeiten beruht,lasst ebenfalls eine Konzen
trationsbestimmung der einzelnen Stoffe zu. 
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b) Zu Ihrer zweiten Frage mochte ich sagen, dass wir noch 
keine Erfahrung mit Aerosolen sammeln konnten. 

PERRY (United Kingdom) 

Wenn das von Ihnen beschriebene Verfahren dazu benutzt 
wird, einen spezifischen organischen Stoff in der Atmosphare 
zu messen,wie wollen Sie das System eichen? 

ANGERER (Bundesrepublik Deutschland} 

Zu Ihrer Frage ist festzustellen, dass dieses Verfahren 
dazu dienen soll,nicht nur eine sondern gleichzeitig eine Viel
zahl von organischen Spurenkomponenten spezifisch in der At
mosphare zu messen. Was das Problem der Eichung betrifft, 
darf ich Sie auf meine diesbezuglichen Ausserungen Herrn 
Dr. Harke gegenuber verweisen. 

PFANNHAUSER (Austria) 

Wie haben Sie versucht, die mogliche Storung durch Was
ser auszuschalten? 

ANGERER (Bundesrepublik Deutschland) 

Bei der Verwendung eines Flammenionisationsdetektors 
stellt das aus dem TG-Rohr kondensierte Wasser kein analy
tisches Problem dar, da der FID bekanntlich Wasser nicht an
zeigt. Dies zeigt im ubrigen auch Abb. I. 

Allerdings muss bei der Verwendung eines Wasserspektro
meters eine Trockenstrecke vor das TG-Rchr geschaltet werden, 
da anderenfalls das fur die qualitative Analyse notwendige EID
Leitchromatogramm empfindlich gestort werden wiirde. 

BRAMAN (U.S.A.) 

Flilssiger Stickstoff kann die leichten Kohlenwasserstof
fe quantitativ ausfrieren. Die Methode bietet ausgezeichnete 
Maglichkeiten. 

ANGERER (Bundesrepublik Deutschland) 

Zunachst darf ich mich fur Ihre freundliche Bemerkung 
bedanken, da auch wir von den Moglichkeiten dieser Methode 
uberzeugt sind. Ich darf Sie jedoch darauf hinweisen, dass nicht 
flussiger Stickstoff, sondern dessen Dampf bei dieser Analy
senmethode .verwendet wird. Ausserdem handelt es sich bei der An-

reicherung der Substanzen aus dem TG-Rohr urn einen gaschrorna-
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tographischen Vorgang, nicht primar um ein Ausfrieren der Kom
ponenten. 

Ich darf jedoch an dieser Stelle sagen, dasF wir augen
blicklich an einer Methode arbeiten, bei der die Komponenten 
tatsachlich mit fliissigem Stickstoff ausgefr~ren werden. Diese 
Methode wird eine Erganzung der geschilderten Methode darstel
len. 
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I~PROVED METHODS OF SA~PLING AND ANAlYSIS OF 
AIRBORNE HAZARDOUS PARTICULATE POLL~TANTS 

R, C, LAO, R, S, THOMAS1 L, DUBOIS AND J, L, MONKMAN 

Chemistry Division, (Air) Technology Development Branch, Air 
Pollution Control Directorate, Department of the Environment 
Ottawa, Canada 

ABSTRACT 

Studies based on classical aiP filtration sampling have 

neglected to consider losses due to the volatility of the com-

pounds sampled. A class of hazardous air pollutants among 

them PAH, arsenic oxides, selenium oxide sho~ vapor pPessuPes 

~hich raise serious doubts about the validity of air quality 

data for this class of compounds. 
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The collection, identification and measurement of airborne 

particulate matter continues to be one or the primary goals or 

environmental assessment surveys. A great variety of inorganic 

and organic Pollutants, some posing a hazard to human health, are 

collected, ordinarily, by air filtration and analyzed by a variety 

of techniques. Most attention has been focussed upon those 

compounds whose published biological activity has suggested 

carcinogenicity or toxicity at ainbient air levels. Notable among 

these "hazardous" pollutants are the PAH and compounds of arsenic, 

selenium and mercury. 

Classical methods for the determination of comp0unds of arsenic, 

selenium and mercury are being upgraded with respect to sensitivity 

and accuracy by procedures which include concentration and chelation 

steps and highly specific ultraviolet photometry. For the separa-

tion and determination of the various PAH, a number of analytical 

schemes have been published. Characteristic of these analytical 

procedures are combinations of extraction, chromatography, 

1 2 spectroscopy using ultraviolet absorption or optical fluorescence. ' 

Most recently, the technique which uses gas chromatography, mass 

spectrometry and automatic data processing as the total instrument, 

has been successfully applied to PAR analyaie.3,4 

While the analytical techniques for pollutant assessment have 

continually undergone evaluation and improveinent, rew changes or 

investigations have been made with respect to the methodology of the 

collection of the pollutants from the ambient air. Traditionally, 

airborne particulates have been sampled by drawing a known volume 

of contami.nated air through tilters made or glass fibre, cellulose 

or organic aembranes. The particulate matter, entrained on the 
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filter, has then been assayed. The fact that simple air filtration 

sampling has been so universally applied as a standard procedure for 

such a long period of time, without any atteTpts at re-evaluation, 

has serious implications. It must be realized that a number of 

particulate pollutants, having high vapor pressures, will either 

pass through the filter medium without being trapped or they may be 

evaporated from the collected particulates with the continuing 

passage of the air stream. 

A few studies or the volatility of some PAR have been made in 

the past and some vapor pressure data have been published. However, 

these studies were cursory in nature and the accuracy of the results 

is suspect •. Recently the nequilibrium vapor pressures" of some 

PAH were determined.5,G The compounds investigated were benzo(a)-

anthracene (BaA), benzo(a)pyrene (BaP), benzo(e)pyrene (BeP), 

benzo(k)fluoranthene (BkF), benzo(g,h,i)perylene (BghiP) and 

coronene. These PAH were chosen, by the International Association 

tor Research on Cancer, as the PAH which should be analyzed in any 

program of monitoring the PAH content of air. The compounds in 

question exhibit vapor pressures in the range 10-8 to 10-4 

atmospheres over a range of 70 to i50°c.5 The equivalent vapor 

pressures at the ambient temperatures can be estimated by the least 

squares fitted equation, 

log10P 

(atm) 
= 

A 
+ B 

T 

The concentrations of PAH, as found in air, are usually report

ed in micrograms per 1000 cubic metres. The ranges of published 

concentrations of PAH in ambient air at 25°c1 are given below, with 
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the corresponding equilibrium vapor concentration (EVC) calculated 

from the equilibrium vapor pressure.(EVP): 

compound pg/1000 m3 eve 

pyrene 1.3-35 74,000 

Ba A 0.1-22 1,050 

BaP 0.2-39 85 

BeP 1.0-26 85 

BkF 1.0-20 16 

BghiP 2 -46 1.6 

coronene 0 -20 0.1 

It is clear that, except for coronene and possibly BghiP, vapor 

losses on sampling ma;y be appreciable. There are two effects 

which can reduce losses below those represented by the EVCs of the 

pure substances. Firstly, the EVCs may not be reached due to a 

slow rate of vaporization; secondly, the pollutant may be adsorbed 

on an active particulate substrate and its EVC, in this state, may 

be significantly less than for the pure state. The kinetic effect 

of slow vaporization is considered to be small and has its effect 

mainly on the rate or loss or material already collected on the 

filters. On the other band, even when the EV'Cs are reduced by 

adsorption effects, the El/Cs of the pure substance give a relative 

measure or the volatility and corresponding inefficiency or collect-

ion. 
. 6 

However, since adsorption is not immediately effective , 
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vapor concentrations of PAH and compounds of arsenic, selenium and 

mercury encountered during emission measurements are probably of 

the order of the E.VCs regardless of the presence of soot or other . 
particulates. 

Failure to collect a concentration equal to the vap0r concentra

tion and subsequent sublimation from the filter are sources of error 

in high volume sampling. A measurement, based on particulate 

sampling. should be considered uncertain by an amount equal to the 

EVC unless r•duction of the EVC by the effects of adsorption can be 

established. 

A series of experiments have been designed in this laboratory 

to assess the influence of temperature, air flow rate, vapor press-

ure and adsorption effects upon the collection efficiency of the air 

filtration sampling technique for particulate contaminants which 
u 

have been found in air. The first system investigated wee arsenic 

old.de. In this experiment, the filtration sampler was connected 

to a Greenburg-Smith impinger, containing sodium hydroxide solution, 

in order to collect gaseous As406 which escaped from the filter 

medium.. Details of the apparatus procedures and results are given 

in a recent paper.7 The equilibrium vapor pressure (EV'P) of As406 

was calculated from 

6067 
+ 9,905 

atm 

The date quoted or calculated from a generally accepted reference 

handbook8 can generate serious errors7 due in part to the fact that 

arsenic oxide does not exist in the gaseous state as ~o3 but as 
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6 
6T~ 

8 10 12 

Fig. 1. Calculated filter collection efficiency from EVP 

Figure 1 illustrates the filter collection efficiency as 

calculated from the EVP and represents the minimum theoretical 

efficienc7 for the temperature differential, dT, between the tempera-

ture of a pure sample of As2o3 and the filter. The experimental 

results in Figure 2, obtained by dividing arsenic trioxide on the 

filter by the sum of arsenic trioxide on filter plus arsenic trioxide 

in the absorbing solution, indicate that for the same ~T, the EVC 

for A92~ is lower than that calculated from theory. Due to 

Tariations in the uncontrolled ambient temperatures over the long 

experimental period, the data points deviate from the normal straight 
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80 

2 4 8 10 12 

Fig. 2. Experimental filter collection efficiency from 
EVP for As2o

3
• 

line relationship. However, in spite of these deviations, the tem

perature dependent relationship of collection efficiency holds. 

Therefore, the air filtration sampling technique for particulate 

arsenic compounds is unsatisfactory when the temperature differential 

between filter and ambient air is small. The same is true for other 

airborne particulates which have an appreciable EVC. 

Work is under way to design a very precisely temperature controlled 

apparatus, to assess the adsorption of pollutants or particulates and 

to investigate the evaporation of such pollutants while trapped on fil

ter media. It is hoped that such investigations may lead to quanti

tative improvements in the sampling of important pollutants, whose 

fundamental chemical and physical properties ensure anomalies in 

sampling. 
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DISCUSSION 
RONDIA (Belgium) 

The work of Commins and of our laboratory have shown al
ready sometime ago the volatility of polycylic hydrocarbons with 
relatively low boiling point. This work has recently been re
sumed and shows that the organic material present in air escapes 
normal sampling using high volume samplers such as the Stapbex. 
A large number of substances with a boiling point below 350 C 
are retained on the filter as a function of the air temperature 
and the length of sampling. 

This could invalidate, for example, the results. from the 
national network of the U.S.A. as regards soluble benzene. 
Similarly, in our countries the difference of BaP concentration 
in air between winter and sununer has been unanimously attributed 
to domestic heating. Present experience shows that other factors, 
such as sampling method, are involved, and that industrial sour
ces (particularly in Li~ge where this study· was carried out) 
also undoubtedly play an important role. 

LAO (Canada) 

I agree with you. 

BUSH (U.S.A.) 

Did you have any difficulty separating BaP from BeP on 
your gas-chromatographic columns? 

LAO (Canada) 

There is no difficult if only BeP is separated from BaP. 
However, if a sample has more than 70 or 80 compounds, BeP will 
not separate from BaP under normal gas-chromatographic conditions 
(e.g. use only one column). In our experiment when BaP and BeP 
are in a same fraction and BaP is determining quantitativly by 
fluorescence spectroscopy the amount of BeP is then obtained by 
subtraction. 

KUMMER (Belgium) 

Would not the addition of an activated carbon filter enable 
the polycyclic aromatic hydrocarbons to be collected more ef fec
ti vely? 
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LAO (Canada) 

We have not tested this method. Perhaps it will be dif
ficult to recover all PAH entrained on an activated carbon fil
ter. 

SHERWOOD (U.K.) 

The problem of evaporation of particles from air sample 
filter papers can also occur when sampling mineral oil mists. 
Although vapour can be collected by a silica gel trap placed 
behind the filter, this does not distinguish between ambient 
vapour concentration and vapour released from particles on the 
filter. 

LAO {Canada) 

Yes, if the total vapour concentration does not reach the 
"equivalent vapour concentration" at the ambient temperature, 
particles collected on the filter will evaporate. 
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SURFACE AREA AND ADSORPTION PROPERTIES OF.DUST PARTICLES 

W, KARCHER, P, GLAUDE, R, DEPAUS 

Euratom, CCR Petten, the Netherlands 

ABSTRACT 

The surface area and adsorption capacity for benzene and 

naphtalene has been determined for t~o natural dust specimens 

hlhich were obtained by filtration or impaction in an urban 

(Milan) and rural (Ispra/Varese) area respectively. Tn dis-

tinguish bet~een the adsorption properties of the bulk samples 

and the respirable size fraction, the same measurements have 

been repeated for the size fraction ~ith a particle diameter 

(5
1

um. 

The results indicate only marginally higher specific sur

face areas for the small size fraction than for the bulk speci

mens. Also, the amount of hydrocarbons ~hich can be adsorbed 

at normal pollution levels ((lmg/m 3
J is so low (<1 1ug/g) that 

pollutant removal by a pure adsorption process on dust or aero

sol particles, as it has been discussed repeatedly in the 

literature, seems rather unlikely. 
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1. Introduction 

Repeatedly it has been· suggested in the literature 

as a result of adsorption measurements at very high 

partial pressures ot pollutants (> 1 g/m3 ), that certain 

atmospheric pollutants may be removed from the atmosphere 

by an adsorption process on airborne particulate matter (1,2). 

Though a recent theoretical study has shown that rather 

high surface areas vould be required tor an appreciable 

rate or remoYal by an adsorption process (3), no definite 

conclusions can be drawn from the aYailable literature 

data, since no adsorption measurements had been performed 

at concentrations correaponding·vith natural pollution 

leYela. To till this gap, some adsorption measurements 

haTe been carried out with benzene and naphtalene in the 

concentration range or 0.3 - 50 ag/a3 (average atmospheric 

concentrations 0.05 - 1 ag/m3 ) on dust particles vhich 

had been precipitated from the atmosphere by impaction 

or filtration. T6 this effect, the break-through curves 

ot benzene or naphtalene in a stream ot carrier gas haYe 

been measured at room temperature on tvo dust specimens 

vhich had been obtained in an urban (Milan) and rural 

(Iapra) area reapectiYel7. The surface area tor the total 

dust saaples and tor the respirable size traction (< 5 m) 

has been measured vith the conventional BET-method (4). 

2. Experiments 

For the adsorption and aurtace area measurements, 

tvo dust specimens have been sel!cted, which had been 

obtained b7 filtration or impactibn in an urban area (Milan) 
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and rural area (Ispra) respectively. The results of a 

qualitative chemical analysis of the tvo specimens 

are presented in table I. It is evident from these . 
figures, that the urban dust sample contains much more 

carbon, but considerably less inorganic material 

(Si0
2

, A1
2
o

3
, CaO) than the specimen which was obtained 

from a rural site. 

Table I 

Chemical Analysis or Dust Specimens 

Constituent Urban Rural Sample 

(weight percent) 

c > 40 16,2 

H 1 '1 2,25 

N 1 ,9 1 '33 

Sio2 12 ,9 32 

Al2o3 
3,8 5 t 7 

Fe2o 3 5,6 8,6 

cao 1 14 

MgO o.a 
Zn 1,3 1 .25 

Ti02 
o,4 0,7 

Pb02 
0,9 

lfiO 0,3 o,4 

(The trace metals are shown arbitrarily as oxides) 
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The adsorption experiaents have been performed 

in a fixed bed arrangement under flow conditions with 

a dust specimen of 0,2 - 0,3 g at room temperature 

(after degassing at room temperature), u&ing calibrated 

gas aixtures air/benzene or helium/benzene at a flow rate 

ot 2.65 •1/ain. The hydrocarbon concentration in the 

exit stream has been measured by gas-chromatography vith 

a f1aae ionisation detector. From the resulting break-

through curTea the break-through time has been derived 

grapbical17 and the corresponding dynamic adsorption 

capacit7 ca1culated accordingly. 

Table II 

Surface Area or Rural and Urban Dust Specimens 

Sample degassed at 

25°c 300°C 

surface micro 
area porosity 

(m2/g) (cm3/g) (m2/g) (cm3 /g) 

Rural (orig.) 2,2 10.8 

( c.5 aa•> 2,6 6,3 

Urban (orig.) 2.5-3,0 1.9.10 -3 11-12 9.~.10 
-3 

(1-5 aa•) 3,9 11 .9 

(>5 11•) 3. 1 a.a 
(orig. a:f'ter 
extraction 

6 -3 1.10-2 vitb c6e6) 5,3 4. • 10 • 11 ~ 8 . 
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The BET-surface area has been determined vo1umetrically 

by argon adsorption at -196°c after the specimen had 

0 been degassed at room temperature or 300 C under vacuum. 

In some instances, the micropore size distribution 

curves have been ca1cu1ated from the complete argon 

adsorption-desorption isotherms by means of the BJH-method (5). 

The micropore vo1ume measured in this vay is indicated in 

table II. 

3. Results 

The results of the surface area measurements are 

given in table II. It can be seen that the surface area 

2 for both dust specimens varies between 2 and 4 m /g, 

with the respirable size fractions with a particle 

diameter < 5 µm shoving only slightly higher surface 

areas than the original dust samples. After degassing 

at 300°c, 3-4 times higher surface areas are obtained, 

indicating a release of some adsorbed or constituent 

0 
species under degassing at 300 c. 

As it is to be expected from these relatively 

low specific surface areas, the ~valuation of the 

break-through curves indicates a very lov dynamic 

adsorption capacity of the dust specimens of benzene 

concentrations which are comparable with atmospheric 

conditions. For instance, at a benzene partial pressure 

of 1 mg/m 3 and under flow conditions (13,5 cm/min) 

-2 an adsorption capacity of approximately 10 and 

0.3 µg/g has been derived from the break-through curves 

tor the urban dust specimens for C /C = 0.01 and x 0 
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0.8 respectively (C and C denote the benzene concen-x 0 

tration at the in- and outlet of the dust bed). Even 

at a dust level of 1 mg/m3 no measurable concentration 

effect due to benzene adsorption on dust particles 

vould be evident under these circumstances, since per 

unit volume of air less than 10-
4% of the original 

pa~tial pressure or benzene vould be adsorbed on airborne 

particles. 

The dynamic adsorption capacity of the urban dust 

specimen tor benzene vapour has been plotted in fig. 

tor C /C ratios between 0.01 and o.8 as a function of 
x 0 . 

benzene concentration in air. The adsorption isotherms 

o CALCULATED VALUl!S 

" " c • .. =ntr I 

0 • 

• 

• 
eo'll.Co 

~------=---
• 

• 
• 

• 

•• ·- JI • •11•••se.• , •• zo pp• 

Figure l. DJ'namic adsorption capacity of Milan dust as a function 
of Benzene partial pressure. 



1347 

obtained in this way resemble closely a Langmuir-type 

adsorption isotherm so that the amount of benzene 

adsorbed (W ) for any given benzene partial pressure a 

(C) may be calculated vith good accuracy by means of 

the equation 

w = a ( 1 ) 

The break-through curves of naphtalene obtained 

on the urban dust specimen in the concentration range 

0.5 - 50 mg c 10H8 /m 3 are comparable to those of benzene. 

However, at comparable partial pressures, naphtalene 

is retained about 10 to 100 times more effectively 

than benzene (see fig. 2). But even for naphtalene, 

less than 0.1%o of the concentration in the vapour 

phase vould 

hvdrocarbon .. ,, 
2.5 

2 

/ 

: . . . 

be in 

level 

the adsorbed state at a 

of , 3 mg/m . 

----· 

• 

'-------.,....------......-~~-------.,--· 
D O 100 150 

dust and 

- • 10% c. 

• &a% Co 

• 40% c. 
- ·• 20% Co 

• 1% Co 

1111/1 
__ _,.....,..,....__..,~-~· -~....-.-- -~~~"'~_,.,. 311 ?o vpin 

Fig. 2. Dynamic adsorption capacity of Milan dust in presence of 
naphthalene. 
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From these results it must be concluded that at 

normal ~tmospheric dust levels removal of gaseous 

pollutants due to adsorption alone on airborne particles 

seems highly unlikely. This estimate does not take into 

account adsorption phenomena by soil and plant surfaces, 

where much higher surface areas are available. Also, 

chemical reactions on catalytically active dust 

particles may ve~y well contribute significantly to 

removal or transfer processes of specific gaseous 

pollutants in air. 
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DISCUSSION 

HARRISON (U.K.) 

I am referring to your chemical analysis data in Table I. 
Various metals are listed as their oxides. I would like to 
know whether any evidence was obtained to the effect that these 
metals were in fact present in air as their oxides. The pres
ence of Pb in urban particulates as Pb02 (0.9% of total weight) 
would be particularly surprising. 

KARCHER (C.C.R. - Petten) 

The dust specimens have been provided and analysed by 
Euratom, CCR Ispra. As far as I know the inorganic components 
have been analysed by means of neutron activation analysis, 
polarography and X-ray diffraction. The metals have been pre
sented arbitarily as oxides and have not been analysed with 
regard to chemical composition since in view of the large number 
and low concentrations of trace metals present in the samples 
the task of identifying the chemical nature of the numerous 
constituents would have been very difficult indeed. 
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AN U1PROVED TECHNIQUE FOR ~ONITOR.ING PARTICULATES 
IN THE AH~OSPHERE TO CHECK AIR PUALITY STANDARDS 

J, E, EVENDIJK1 A, A, ROOSKEN1 N. NIEUWSTRATEN 

Central Environmental Management Service Rijnmond, Schiedam, 
The Netherlands 

ABSTRACT 

Standards for allowable concentrations of toxic substances 

in ambient air often appear to be incompatible ~ith available 

measuring methods and apparatus. In the US there is a tendency 

to combine air quality standards with an analytical method. On 

the other hand the Dutch proposed standard for S0 2 is coupled 

with the particulate-concentration, which should be expressed in 

units of standard smoke according to the OECD specification of 

1964. When an air quality standard does not indicate a measu-

ring method, the method should be adjusted analytically or tech

nically to that standard. 

The council of Rotterdam declared an air quality standard 

for particulates in 1970, when south of Hook of Holland an iron

ore terminal started to operate. This standard was clearly 

inspired by the US standard proposal and the American method of 

using high volume samplers. In the given regulations was laid 

down, that by exceeding the standard, activities of the iron-ore 

terminal should be stopped. This implied continuous monitoring. 

Because there was no aommercially available apparatus that ful

filled the needed requirements, an adequate instPument was dev

eloped, to meet the following requirements: 
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1. The apparatus must be operating continuously. 

2. Contamination of the filters by the sampler-motor must be 

avoided. 

3. Periods bet~een servicing must be as long as possible. 

4. The instrument shouZd have a constant flow device. 

5. Inserting ne~ filters in the filter holder must be done in 

the laboratory to prevent unnecessary damages of the fil

ter. 

6. Linear air velocity and amount of sucked air must be com

parable with that of commercial apparatus. 

A description of the instrument is given and some monitoring 

results are discussed. 
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1 . Introduction 

After the second world wa r t he port of Rotterdam has expanded 

eno r mou sly . Because o f its f a vourable geogr aphical situation at t h e 

mouth of the river Rhine a l a rge number of refi neries a nd petr o ch e m

ica l indu stries h a s s e t t l ed on sites wes t of the city of Rotterdam. 

The r ecla mation of a bout 24 squ a re kilometers of l a nd f r om the sea 

in front o f the origina l c oastal line offered new possibiliti e s t o 

industri es , depen da n t on deep wat e r for t h e supply of raw materials . 

Thi s a rea, cal l ed Maasvl akte, can be reached by ships up to 240. 000 

tons (fi gure 1 ). The p o ssible establishment of steel works in 1970, 

• •.1'""0h1'1911I• 

D •.. , .. .,,,. •K•"'• 

combined with coal and 

ore handling facili t i e s , 

made the prob l em o f 

contamination by 

part-iculates acute . The 

fear for suspended 

particula t e mat t er was 

dictated by the k nown 

synergistic ~ffects wi t h 

sulphur dioxide ( Amdur 

[ 1 J) a nd t h e cata lytic 

ac t ion of iron a nd other 

Locat ion of sampl ingsite and ore handli ng foci liti es . metals upon the oxidat

ion of sulphur dioxide 

( Br a cewell [ 2 ) ). Becau se of this reason together with infrastruc-

;ura l probl ems , the original p l an fo r the steelworks has been with

drawn . However, newcomin g coal- a nd ore ha ndling companies were 

f a ced with an a ir quality s t a nda rd for particula te matter, that had 

not to be exceeded in neighbouring livi ng areas . This sta nda rd re

l ates t o measurements with a sampling time of 24 hours over a period 

of one year a nd contained the fo llowing limits [ 3' 4) : 

50 percentile (median val ue) 80 µg/m3 

75 per centile 1 20 µg/m3 

98 percent i l e 240 µg/m 3 . 

The s t anda rd has been inspired by the use of sampling with commerci

al ly a vailable high vo l ume samplers , but neglected the limited relia 

bility and servicea bili ty of these samplers . In the first year the 
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monitoring has been done continuously, because it was not clear 

whether at random sampling provided a fair estimate of the 98 percen

tile. Selected data .of the first year of monitoring show that the 

estimated 98 percentile value was inaccurate. For this reason monito

ring had to be continued on the same continuous base and the high 

volume samplers had to be adapted to this purpose. 

2. Design of an improved High Volume Sampler 

are: 

The main objections against the available high volume samplers 

1. The flow rate measurement by means of a rotameter device is 

not accurate. The rotameter measures only a small proportion 

of the total flow through the sampler. 

2. The total amount of sampled air after a sampling period of 

24 hours is determined by a flow rate measurement at the be

ginning and the end of the sampling period. Usually a linear 

decrease in flow rate is assumed. However, the decrease in 

flow rate is related to the filter loading and - at least in 

the Ri.jnmond area - a relative strong decrease in flow rate 

can be expected between B and 10 a.m. 

3. In the high volume samplers known to us, collector motors up 

to 20.000 r.p.m. are used. It appeared, that they are not 

suitable for continuous use because of their limited life 

time. last rotation wears down the motor quickly. Collector 

wear frees copper, that is monitored eventually. The 

abrasion of the carbon-brushes originates carbon, that pos

sibly influences the filter loading. '!he lif'e of the carbon

brushee varied in extreme cases between one day up to one 

month. 

4. Due to the fact that the sampling site and laboratory were 

relatively at a distance, the filters were changed by people 

working in the vicinity of the site. Their initial 

enthuaiaam slackened after some time. 

5. Filter changing and transportation of the filters to the 

laborator.r often caused damage or filters. 

The disappointing experiences with the available high volume 
' , ' . - . . 

samp1era·and the need for automation were the main reasons for 
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Fig. 2. Front-view of the high volume sampler 
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Fig. 3. Side-view of the high volume sampler 
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developing a new sampler with the following requirements: 

1. The apparatus must be operating continuously. 

2. Contamination of the filters by the sampler-motor must be 

avoided. 

3. Periods between servicing must be as long as possible. 

4. The instrument should have a constant flow device to keep 

the mass by unit of time of monitored air constant. 

5. Inserting new filters in the filterholder must be done in 

the laboratory, just to prevent unnecessary damages of the 

filter. 

6. The specifications of the developed apparatus should be the 

same as for other high volume samplers, especially with res

pect to the lineair velocity of sampled air (Jutze (5], 

Sholtes (6]). 
7. Preference should be given to ·commercially available parts. 

Regarding the first three requirements, the choice of the pump 

is essential. The system should meet the need of unattended running 

for a year, sucking a sufficient and constant air flow and hardly 

any emission of carbon particles, copper or other metals from the 

pump should take place. Motors of the current collector type are 

less suitable. A single or three-phase AC motor with a two stage 

compressor can meet the requirements. 

A typical example is a centrifugal pump of 1,5 hp, 2800 r.p.m. 
~ 

displacing ~ mf min when running unloaded and operating down to 

0,8 ata. A disadvantage of this pump is, that the volume of the 

transported air cannot be regulated by voltage control: variations 

of more than 10 volts result in a sharp decrease of the volume of 

passed air. Therefore the air flow is controlled by using a bypass 

regulator (figure 2, 3). A P.V.C. spindle valve, with 20 turns from 

open to close, inner diameter 40 mm, is used as a bypass, because of 

the availability and the easy fitting qualities with the existing 

tubing. The valve is regulated by a servomotor, making one rev/min. 

The bypass only works effectively in the last 6 turns of the 

spindle-valve, so it takes less than 6 minutes before a maximum 

disregulation has been adjusted completely. Two micro switches are 

safe-guarding the valve by deactivating the servomotor at extreme 

settings of the valve. 
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Measuring air flow rate through the filter seemed to be optimal 

by means of an orifice. Variations of the differential pressure over 

this orifice should be translated into an electrical signal. One of 

the possibilities consists of using a flowmeter parallel to the . 
orifice and catching the movements of the floater by two lightbeams 

and fotocells. A disadvantage of this construction is that a vari

ation in a small part of the total air stream is regulating the 

bypass system. Fu.rtheron fast flow changes disarrange the system. 

However, a static pressure regulator, used in a differential pres

sure sensing mode, offered a. useful alternative. It causes an 

electrical signal, becoming larger the more the differential pres

sure is drifted from a preset value. This signal controles the 

servomotor. Deviations of less than 5 % from the equilibrium are 

corrected, but the effect of the decreasing ~bsolute pressure is 

neglected, when the resistance of the filter grows with increasing 

loading. By neglecting these effects an error of maximum 10% is 

introduced. In the actual monitoring situations, however, the error 

is less than 5 %. 
The mentioned regulation of the flow is effective under chosen 

conditions up to 300 µg/m 3 particulate matter as a daily mean value.· 

This means a filter loading of 150 mg. Underestimation of the 

particulate concentration occurs, when more than 300 µg/m3 as a 

daily mean value is present. With this pressure regulation system 

the second requirement has been met. Moreover the differential pres

sure over the orifice is recorded. 

Inserting new filters should be kept to a minimum; that means 

that the sampling site is visited once a week. 

Figure 2 shows that e filterholders are connected via 8 ball

valves to a central tube. The ball-valves are opened and closed by 

a programmed camshaft, controlling micro switches. The switching 

procedure takes about 30 seconds. To prevent overload of the pump, 

one valve is gradually closed and at the same time the next valve 

is slowly opened. 

The construction of the filter holder is shown in figure 4. To 

obtain a favourable effect on the homogeneous distribution of 

particulates on the filter surface, the shape of the filter is 

circular. Glass fiber filter is preferred because of its easy hand-
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4 ~ c face plate 

g gasket 

~II ~ d suppoo-t plate 

e fine-mesh screen 

.. fi 

.. _ 
e coarse-mesh sc..-n 

a cassette 
g gasket 

pza wa f connection plate 

• gasket 
b adapter 

k funnel 

ti mounting plate 

Fig. 4. Assembled and disassembled filterholder. 

ling properties. The maximum diameter of circular glass fiber filters 

obtainable commercially, is about 15 ems. Dile to possible damaging 

circumstances, it is preferable that the filter is stored in a cas

sette. In this way it is possible that only the laboratory personnel 

handles the filter itself. Th.is implies that the filter holder con

sists of a cassette (a) and an adapter {b) which are easily connected 

and disconnected {figure 4). The cassette is built i'rom a i'ace plate 

(c), a support plate (d) containing stainless-steel screens as a 

support for the filter (e) and a connection plate (f) that is con

nected with the mounting plate (h} at th~ funnel (k). Gaskets (g) 
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Table I 

SUMMARY OF ALL DATA 

APRIL 1971/MARCH 1972 AP~IL 1972/MARCH 1973 

(µg/m3) 
II 

II 

II 

" 

285 

95 

77 
114 

270 

69 

Table II 

298 

73 

65 

91 

201 

56 

AVERAGE CONCENTRATION PER DIRECTION OF WIND 

WIND DIRECTION APRIL 1971/MARCH 1972 APRIL 1972/MARCH 1973 

N 54 42 

NO 86 63 
0 104 111 

zo 100 108 

z 85 91 

zw 122 97 

w 71 47 

NW 34 41 
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Table III 

AVERAGE CONCENTRATION "VERSUS WINDSPEED 

CLASS OF 
WDIDSPEED 

(M/SEC) 
APRIL 1971/MARCH 1972 APRIL 1972tMARCH 1973 

0 - 2 

2 - 3 

3 - 4 
4 - 5 

5 - 6 

6 - 7 

7 - 8 

8 - 9 
9 -10 

)10 

123 
98 

82 
82 

77 
80 

89 
173 

106 

73 
69 
64 
66 

52 

61 

73 
83 

166 

The measurements with the described high volume sampler 

started on January 1974. From this time a sharp decrease in the 

copper content of the particulate matter was observed. 

PERIOD Mean copper content 

January - March 1973· 0,52. 

April - June 1973. 0,56. 
July - September 1973· 0,65. 

October - December 1973· o, 37. 

January - March 1974. 0,03. 

This is an indication that copper contamination from the 

motor does not take place. 

(µglm3) 
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secure a complete tightness. The cassette is made of P.V.C., the 

funnel, which is commercially available, is made of vulcathene. The 

dimensions of the ball-valves and filter holders limit the amount of 

air drawn through the filter to about 25 m3/ru:. ':Po reduce time con

suming calculation in the laboratory, the apparatus is adjusted to 

a flow of 500 m3/day. 

On determining the linear velocity of air at the entry 

clearance between the edge of the roof and the main housing, the 

advice of the U.S. Intersociety Committee of 1,13 m3/m.in of air 

sampled through a clearance of 645 cm2 bas been followed (Sholtes 

[6)). In this apparatus 0,35 m3/min is sampled t'hxough a clearance 

of 200 cm2
. The entry surface has been positioned horizontally to 

avoid catching particles generally larger than 100 µ {Jutze [5]). 
The whole apparatus has a housing of aluminium, to prevent corrosion 

at the coastal site. 

3. Results 

Some data of two years sampling with conventional high volume 

samplers are tabulated. Table I shows that for more than 75 % of the 

days data are available. The overall average of the particulate con-· 

centration is nearly 25 % lower in the second year. 

During the first year the standard is exceeded because more 

than 2 % of the data are higher than 240 µg/m3• The lower mean level 

in the second year is partly explained by a different frequency dis

tribution of the winddirection and the lower level of particulates 

at western and southwestern winddirection (table II). The remarkable 

influence of windspeed on the particulate concentration ie shown in 

table III.Both at low windspeed (o - 2 m/eec) and at high windspeed 

(more than 8 m/sec) a maximum level is reached. 
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ANALYTICAL STUDIES ON THE SPECIATION SF AMBIEtlT 
LEVELS OF MERCURY IN AIR 

R, S, BRAMAN, D, L, JOHNSON 

Department of Chemistry, University of South Florida, Tampa, 
Florida, USA 

ABSTRACT 

An analysis method has been developed· for the determination 

of several forms of mercury in air at concentrations down to 0.1 

to 1 nanogram per cubic meter. Particulate mercury, elemental 

mercury, methylmercury(II) compounds, volatile inorganic mercuric 

compounds and dimethylmercury are collected from air samples onto 

previously blanked specific absorption tubes. These are ana-

lyzed by thermal desorption of the mercury compounds and detec

tion of the mercury by emission spectroscopy in an electrical 

discharge in helium carrier gas. The analysis system has a 

limit of detection near 0.03 ng m- 3 for elemental mercury, di-

methylmercury and particulate mercury. The specific absorption 

tubes for methylmercury(II) compounds and volatile inorganic 

mercuric compounds have limits of detection near O.J ng m- 3 . 

The analysis of ambient air for the several forms of mercury has 

been carried out over a sampling grid in the Tampa, Florida area. 

Diurnal variations, short term fluctuations, mercury forms in 

homes and buildings, and mercury evolution from lakes have also 

been studied. 

Current results indicate that elemental mercury is the ma-

jor form of mercury in air both in buildings and outside. Sig-

nificant amounts of mercuric chloride-type compounds are also 

found. High values for mercuric chloride have occasionally 



1364 

been obtained. Mercury concentrations inside places of human 

habitation are far greater than outside. Inorganic mercury is 

rapidly converted to methyl-mercury compounds and elemental mer-

cury in the soil. Mercury in air above the Sargasso Sea ~as 

found to be generally Zahler in total mercury ~han over land areas. 

Because of the biological transformations, studies on the types 

of volatile mercury compounds present in air are needed. 
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1. Introduction 

Mercury is perhaps the most widely distributed heavy metal pollutant 

due largely to the volatility of elemental mercury. Methylmercury halides, 

dimethylmercury and mercuric chloride are also known to be volatile. 

Inorganic mercury has been shown to be converted•into the more vola

tile methyl-mercury forms through biological activity by Imura et al [l] 

and by others. 

Because of the lack of suitable analytical methods, until now no in

formation has been available on the types of mercury compounds and their 

concentrations in the environment. Particulate mercury in air can be de

termined by activation analysis of filter pads and elemental mercury alone 

by direct atomic absorption if present above approximately 15 ng m- 3• The 

combination of emission spectroscopy with the use of sequential specific 

absorption tubes has provided the needed method for specific detection and 

analysis of the volatile mercury forms, and particulate, anywhere in the 

environment. 

2. Sequential Specific Absorption Tube Sampling Sysgem 

A sampling system was designed for the selective absorption of the 

several suspected environmental forms of mercury. Amalgamation was first 

studied. Silvered glass beads and gold coated glass beads were found to 

rapidly absorb elemental mercury. Dimethylmercury was quantitatively ab

sorbed only on the gold beads thus providing a basis for separation of ele

mental mercury from dimethylmercury. 

After considerable subsequent work sample tube packings were found 

which would specifically absorb methylmercury chloride and mercuric chlo

ride. A tube containing silicone coated (3% SE-30) on 45/60 mesh Chromo

sorb-W, HCl, vapor treated, was found to retain mercuric chloride while 

passing methylmercury(II) chloride, elemental mercury and dimethyl-mercury. 

Methylmercury(Il) bromide or iodide or acetate or other volatile forms are 

likely converted to methylmercury(II) chloride on the HCl-treated Chromo

sorb-W tube. 

A non-siliconized Chromosorb-W column initially treated with NaOH to 

0.15 milliequivalents per gram of column packing was found to quantitative

ly absorb methylmercury(II) chloride while quantitatively passing elemental 

mercury and dimethylmercury. Methylmercury(II) chloride is likely convert

ed to the less volatile hydroxide by the alkaline column. 
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A glass wool filter, Gellman Instrument Co. Type A, was used as 

a particulate filter to complete the stack of absorption tubes. By 

assembling the absorption tubes in the following order and pumping 

air through them it was possible to separate mercury from a single 
3 

air sample into five forms. Sample volumes from 0.025 to 0.200 m 

were taken. 

Glass wool filter preheated to blank 

Siliconized Chromosorb-W, HCl vapor 

treated 

NaOH treated Chromosorb-W 

Silvered glass beads 

removes particulate only 

removes HgC12 type compom:uls 

and particulate which passes 

the glass wool filters 

removes CH3BgCl type compounds 

removes elemental mercury 

Gold coated glass beads removes (CH3)2Ba 

The efficiency of the individual tubes and the assembled stack was 

tested using eleaental mercury, HgC12, CH3HgCl and (CH3) 2Hg in operation 

under a variety of temperatures and conditions of humidity. Methylmercury 

(II) chloride was 83 - 100% retained on the NaOH-Chromosorb-W tube at tem

peratures as high as 33°C and 85% relative humidity. Mercuric chloride was 

90 - 100% retained on the siliconized Chromosorb-W column up to 33°C and 

85% relative humidity. Both compounds were teated for one and two-hour 

pumping periods. Dilllethylmercury and elemental mercury were 100% absorbed 

on the gold and silver coated beads respectively under all conditions 

tested. · 

Careful blanking of all sample tubes was necessary to achieve good 

lower 11.m:1ts of detection for analysis. 

3. Anal.ysis System 

After sampling, the stack of tubes were separated and analyzed indi

vidually for trapped mercury. Mercury was driven off from each tube by 

heating and passed through a quartz discharge chamber by means of He 

carrier gas. A direct current discharge in the chamber was used to excite 

the 253.65 nm Hg emission line. A conventional type recording spectrometer 

system described previously was used (2). The gold and silver sections 

were heated directly into the discharge and de-aaalgamated to give sharp 

mercury i>eaks when heated to 300 - 400°C. Chromosorb-W tubee were first 

heated into blanked gold coated bead transfer tubes to elillinate some 

volatalized interferences froa air and to sharpen mercury peak signals. 
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The scanning capability of the system permitted verification of the pres

ence of mercury. Calibration was accomplished by using mercury vapor. 

Lower limits of detection were found to be near 01 nanograms. 

3. Limitations . 
Since no other current methods exist for the detection of specific 

mercury compounds in the 1-20 ng/m3 range it was not possible to directly 

compare this method to another one. The identity of methylmercury(II) 

compounds or mercuric chloride compounds sampled from the environment de

pends upon comparison to known compounds (i.e. HgC12, CH3HgCl, and 

(CH3) 2Hg). Compounds sampled from the environment did contain mercury as 

determined by scanning the mercury emission line during analyses. 

Methylmercury(II) type compounds and dimethylmercury far above normal 

concentrations were detected in air above soil treated with mercuric chlo

ride. 

H2S and so2 were found to overload the Chromosorb-W (HCl) column if 

2-hour pumping times were employed but were not otherwise an interference. 

For the most accurate work, very careful handling of the absorption 

tubes is necessary to avoid contamination. 

Mercury in laboratory air is a definite contamination problem. 

4. Applications 

The method has been used to study mercury in air in houses, aboard a 

ship, in school buildings and in a sampling grid in the Tampa, Florida, USA, 

area. 

Tables I and II give data indicating some of our finding. Air over 

the Sargasso Sea (from shipboard analyses) contained only small amounts of 

elemental mercury. The larger fraction we believe was from aerosolization 

of sea water and is likely HgCl2 type compounds. The total mercury in air 

found at sea compares reasonably well with the amount of mercury in the sea 

water evaporated into air. Sea water is on the order of 5 - 10 ppb mercury, 
3 or 5 - 10 ng/liter. If evaporated, one liter of sea water occupies 1 m • 

Houses and buildings are obviously the greatest source of air mercury 

exposure to the general population. Amounts of mercury in buildings ranged 

from 10 to 100 times higher than mercury in ambient out-of-door air. 



TABLE I Mercury in Air in Buildin11 and Aboard Ship (R/V Trident) 

na/m3 c 

S&!fl• H1 particulate HaCl2 ~ !.&:.. ]?!!! Total 

Lecture Hall • 2.9 4.2 12 310 0 367 
(Before claH) 

Same 351 
Total only 

Lecture Hall a 0 12 25 500 12 549 
{After cla1&) 

Same ... 557 
Total only 

House a """ w 
Bathroom 43 4.4 200 247 "' 0 00 
Bedroom 0 10 37 0 47 
Kitchen 12 0 88 0 100 
Living room 2.7 23 110 0 136 

Ship (totals only)b 
Laboratory 21 
Engine Room 51 
Paint Locker 62 

Faculty Office (Several) 
(total only) 110 - 140 

8
0ut of doors total ambient Hg. 3 - 6 ng/m3 

b 3 Out of doors total ambient Hg. average 7.5 ng/m 

~ncertainties in data are ± 0.3 ng/m3 or ± 5% 



Sample 

Tampa Area (same day) 
Suburban Location 

Bayside 

Urban Downtown 

Trapped air over soil 
treated with HgC12 
(l day after) 

Trapped air over untreated soil 
(1 day after) 

Sargasso Sea 
(underway) 

Sargasso Sea 
(on station) 

Sargasso Sea8 

Sargasso Sea 
(underway - near waterline) 

(underway - top of deck) 

(on station) 

a South of Bermuda 

TABLE II 

Hg particulate 

2 

3 

12 

0.1 

3,l 

Mercury in Ambient Air 

ng/m 3 

HgCl2 MMC !!L 

22 14 4 

10 54 6 

0 3 4 

20 20 400 

10 0.2 0.9 

0 0.7 1.1 

0,89 

7.5, 12.0, 8.l ng/m3 Totals only 

4.0, 11, 2.4 ng/m3 Totals only 

4,0, 0.6 ng/m3 Totals only 

DMM Total --
0 42 

3 76 

1 20 

60 500 

3 - 6 '""' w 

"' "° 
0 11 

0 4.7 
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DISCUSSION 

HARRISON (U.K.) 

During air sampling, other materials may be trapped in the 
sampling tubes. Do these materials cause any matrix effects in 
the mercury discharge chamber analysis? 

BRAMAN (U.S.A.) 

Hydrocarbons and other organic compounds can produce a 
background emission (as well as the predictable band emission 
systems) but they become a problem only if present in exception
ally high concentrations - such as direct analysis of engine 
exhausts. Even then, most organic materials are driven off of 
the tubes prior to detection of mercury. No problems of this 
type arose in our environmental sampling. 

BYRNE (Yugoslavia) 

a) The late Dr. Williston, in his pioneering measurements of 
mercury in air in California, observed a peak at sunrise which 
he attributed to commencement of photosynthesis. Have you 
observed a similar effect? 

b) Have you investigated, or do you have any information about 
the nature of "particulate mercury." 

BRAMAN (U.S.A.) 

a), During diurnal variation studies we have observed a delayed 
peak concentration several hours after sunrise. 

b) We have no information on the chemical composition of our 
"particulate• mercury fraction. It is not any of the volatile 
chemical forms of mercury. 
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NEW TECHNIQUES FOR THE MEASUREMENT OF A.IR POLLUTANTS 

JAMES R, MCNESBY 

National Bureau of Standards, Washington DC, USA 

ABSTRACT 

Measurement research in air pollution at the National Bu

reau of Standards includes that applicable to ambient air, stack 

emissions and automotive emissions. Some of the measurement 

techniques developed for source emission application have been 

refined and made sufficiently sensitive to measure pollutant 

concentrations as lo~ as background levels. The fluorescence 

monitor for sulfur dioxide developed by Dr. Okabe and his col

leagues has been applied commercially to the problem of stack 

monitoring. More recently the sensitivity of the technique has 

been improved very substantially so that ambient air sulfur di

oxide concentrations can be measured at least do~n to 1 part in 

10 9 . This apparatus ~ill be described and its capabilities de-

lineated. The technique of laser magnetic resonance for the 

measurement of NO at concentrations typical of stack emission 

and auto exhaust has similarly been extended to include ambient 

concentrations. In addition, progress has been made in the 

direction of simultaneous measurement of N0 2 by the same tech

nique. The most recent data obtained by the laser magnetic re

sonance technique will be presented. A third measurement tech

nique developed at the National Bureau of Standards, that of 

dual angle, forward laser scattering for the real time measure

ment of particle size distribution has now been shown to be cap-

able of revealing morphological and chemical information. The 

development of pyrolysis as an alternative to permeation tubes 

and standard gas cylinders will be described. The principle of 
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the pyrolytic technique is that a thermally stabte moteaule which 

may be stored indefinitely is subjected to thePmal deaomposition 

producing a non-storable molecular species plus an exactly equal 

number of storable, readily measured molecular species. The 

pyrolytic technique has the inherent capability of tying together 

virtually all gaseous pollutant molecules in a single, self

conaistent measurement and calibration scheme. 

Finally, an absolute coulometric technique for the determi

nation of parts per million concentrations of NO in nitrogen will 

be described. The technique has been used to generate confir

matory evidence for establishing the integrity of NO in nitrogen 

Standard Reference Materials. 
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1. Introduction 

Air pollution ~easurement science is no exception to 

the axiom that however good things are, they can be improved. 

A corollary is that however bad things are .they can be made 

worse. One job we have set out to do at the National Bureau 

of Standards is to improve our ability to measure ambient 

air pollutants and to exert every effort to avoid inventing 

a new, inferior measurement method. As is true with most 

research programs, we are not always successful and we have 

sometimes succeeded in inventing a square wheel. My intent 

here is to discuss only those aspects of our program we 

consider to have had a successful outcome. Because the 

National Bureau of Standards houses many physical measurement 

specialists, it was natural for us to favor the 

application of the more sophisticated methods of modern physics 

and physical chemistry in our methods-development program. 

Our attention has been confined for the most part to 

those air pollutants designated as such by the United States 

Environmental Protection Agency--so 2 , NOx' CO, o 3 , hydro

carbons and particulates. I will be describing only the 

NBS efforts. 

2. Fluorescence 

Until the advent of flame photometry sulfur dioxide 

was measured by wet chemistry. Flame photometry was highly 

sensitive and fast, but was unable to distinguish so 2 from H2s 
and other' sulfur containing compounds. Its specificity problem 

was solved by incorporating gas chromatography. Unfortunately, 

this entailed sacrificing speed of response in the process. 
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The sulfur dioxide molecule had been under study in 

the NBS laboratory of Dr. Okabe with the objective of 

measuring the strength of 0-S bond, when it was rediscovered 

that there is a very strong fluorescence excited by radiation 

in the region of 214 nm. In the course of the study of this 

fluorescence the radiative lifetime of the excited state that 

produces the fluorescence was found to be a few nanoseconds. 

The significance of this jinding is that an excited so 2 
molecule has about one chance in ten of radiating its energy 

in the form of light before it suffers even a single 

debilitating collison with an air molecule. It was confirmed 

experimentally, that 10-15 percent of the excited states of 

S0 2 radiate light (fluoresce) at atmospheric pressure. The 

basis for the design of a radically new instrument for 

measuring sulfur dioxide had been di.scovered. Once the 

basic discovery was made, it was possible to design an 

extremely simple apparatus of a design shown in figure 1. 

S02 
PERMEATION TUBE Zn LAMP 

PM TUBE 

DC POWER SUPPLY 

AMPLIFIER 

RECORDER OR SCALER 

Figure 1. Schematic Diagram of Sulfur Dioxide Fluorescence 
Apparatus. 
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A chlorine filter transmits 90 percent of the Zn (214 nm) line 

and the Cd (229 nm) line while removing the emission lines in 

the light source from 270 to 390 nm. The color filter 

transmits the so
2 

fluorescence and rejects the 214 nm and 229 nm 

lines of the light sources Zn and Cd, resp~ctively. 

The performance of this apparatus on samples of air containing 

sulfur dioxide at concentrations determined by means of 

certified NBS sulfur dioxide permeation tubes is shown in 

Figures 2 and 3 and shows a linear signal from 0.2 to 200 ppm 

with the Zn lamp and to considerably higher concentrations 

using the Cd lamp. Recent results indicate that this linearity 

is maintained at least down to 10 parts per billion. 
4 

3 5 

so. CONCENTRATION I PPM 

Figure 2. Response of Sulfur Dioxide Fluorescence Monitor 
at Low Concentrations. 

Figure 3. 
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An extension of the fluorescence technique using laser 

excitation is being explored •. A potassium pentaborate crystal 

is being used to double a tunable dye laser down to 217 nm. 

Early results already show an ability to measure so
2 

by laser 

induced fluorescence at 1 ppb essentially instantaneously. Remote 

sensing of stack emissions is one objective of this research. 

However, the main purpose of the research is to measure ambient 

so
2 instantaneously at 1 ppb. 

It has been found that the 214 nm Zn line also excites 

the fluorescence of NO in the gamma system, A 2r+~ x2n. 
The radiative lifetime of the A2 E+ state of NO is 2.2 x 10- 1 

seconds and is readily quenched by oxygen but not by nitrogen. 

Therefore, NO in N2 can be measured by fluorescence down to 

a few ppm using a 25-second integration time. The number of 

counts has been found to be proportional to the concentration 

of NO in nitrogen from one ppm to a few hundred parts per 

million. The method is currently being explored as a means to 

monitor routinely concentrations of NO in N
2 

in the NBS 

automotive exhaust emission Standard Reference Material. 

3. Zeeman Spectroscopy 

Two closely related techniques have been used at the 

National Bureau of Standards to measure paramagnetic molecules. 

Laser Magnetic Resonance~ first used in Dr. Evenson's laboratory 

to study rotational Zeeman spectra of o2 has now been extended 

to the free radicals NO, N0 2 , OH, CH, H0 2 , and HCO. The method 

is based on the property of a paramagnetic molecule that its 

rotational energy levels are split into (2J + 1) sublevels when 

a magnetic field is applied. A particular wavelength of a 

water vapor laser (78.4, 79.1 or 118.6 µm) is incident on a 

cell containing the paramagnetic molecule which has a 

rotational transition sufficiently close to the laser wave

length that absorption can be made to occur by application 

of a magnetic field to the cell. In the case of the OH 

radical, the J s 5/2~J = 3/2 rotational transition is in 

near coincidence with the laser radiation. Four 

transitions in which hM • 0, are the allowed transitions 
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in which the laser electric field is parallel to the applied 

magnetic field. Abosprtion is measured by ac modulation of 

the magnetic field and phase sensitive detection of the 

laser signal. The technique is capable. of measuring 2 x 108 

molecules of OH/cm 3 . The kinetics of reactions of OH with 

CO and with NO and N0 2 have been studied using this technique. 

Zeeman-Vibrational Spectroscopy has been employed by Maki, 

Kaldor, and Olson in a similar way to the measurement of NO. 

In this case the X 2TI3/2 state of NO has a near coincidence in 

its J • 5/2~3/2, v • l~O transition at 1884.32 cm-l with a 

CO laser line (v = 9~8)P(l3) at 1884.37 cm- 1 . As shown 

in figure 4, very modest magnetic fields are able to 

~ 
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Figure 4. Response of Zeeman Vibrational Spectroscopy 
Apparatus to Nitric Oxide. 
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bring the vibrational transitions of NO into coincidence with 

the CO laser transition. In a collaborative effort with 

Professor A. Cabana. Sherbrooke University. the v
3 

band of the 

N0 2 spectrum is being measured in high resolution and is 

being analyzed at NBS. It is expected that this will result 

eventually in an apparatus capable of simultaneous measurement 

of NO and N0 2 by Zeeman Spectroscopy. 

4. Stark Spectroscopy 

A Stark cell has been built in Deslattes' laboratory 

and will shortly address itself to the question of whether 

advantage can be taken of the Stark effect, modulation of the 

electric field and phase sensitive detection of absorption 

by such pollutant molecules as formaldehyde, hydrogen 

sulfide. ozone, etc. 

5. Piezoelectric Sensors 

The change in the fundamental frequency of a piezoelectric 

crystal is proportional to the increase of mass per unit area 

when a pollutant is deposited on the face of the crystal. 

Advantage has been taken by Scheide of this property of 

piezoelectric crystals by evaporating a thin film of gold 

onto the crystal and measuring the increase in mass resulting 

from.the interaction of mercury with gold. The detection limit 
-12 is 10 grams and concentrations of mercury in air are 

10 
readily measured at one part in 10 . 

6. Coulometric Measurement of NO 

In order to obtain confirmatory evidence for the 

composition of NO in N2 Standard Reference Materials in the 

parts per million range, a method independent of gravimetry is 

required. Coulometry represents such an independent method 

which has been developed by Harinenko. 

employed in the analysis is as follows: 

The chemical scheme 
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1. 2NO + 5H
2 

Catalyst 2NH
3 + 2H 2o 

2N0
2 + 7H 2 

Catalyst 
2NH 3 + 4H 20 

2 . NH 3 + H
2

0 (NH 
4 

OH).;:-.? NH+ 
4 

+ OH 

The electrochemical measurement scheme is based on the anodic 

reaction 

3. + 4e. 

The final stoichometric reaction is 

4. + OH 

i.e. neutralization of ammonium hydroxide with electrogenerated 

sulfuric acid. 

All samples in the 100% to 0.1% NO concentration range were 

analyzed by injection of a known volume of gas (25 cc) into the 

H2 stream and titration of the absorbed ammonia. Below 0.1% 

NO, gas samples were continuously injected at a known rate and 

the flux balance method of analysis was employed. The results 

of analysis of known mixtures are summarized graphically in 

Figure 5. 

The data obtained for NO-N
2 

mixtures, covering six orders 

of magnitude concentration range, confirm absence of any 

systematic measurement error (bias). Work is proceeding 

in cooperation with the gravimetric preparation group in 

an effort to resolve some observed descrepancies. 

7. Particle Size by Light Scattering 

An instrument has been designed, built, calibrated and 

tested in Gravatt's laboratory which sizes particulates by the 

intensity ratio technique. The basic concept involves the 

simultaneous measurement of the intensity of light scattered 

by a single particle at two small scattering angles. The 

ratio of the two intensities is a direct measure of the size 

and is fairly independent of the index of refraction of the 

particle. The optical system consists of an argon ion laser 
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Figure 5. Efficiency of Recovery of Nitric Oxide From 
Known Mixtures of Nitric Oxide in Nitrogen. 
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source and an annular iris-fiber optic scattered light 

detector. The maximum count rate of the system is 20,000 

particles/sec and the diameter range covered is 0.2 µm to 4 µm. 

For the scattering angles of lOOand 5° this technique can size 

particles in the 0.2 µm to 4 µm range with an error no greater 

than ±15% for all possible materials in air. In addition, 

optimum angular ratios and apertures have been determined 

for a wide range of sizes. 

The conversion of the analog ratio light scattering 

instrument to a digital instrument with computer data 

acquisition and analysis has been completed. 

A very simple method for distinguishing between optically 

absorbing particles, e.g., carbon and metals, and non-absorbing 

particles was found from theoretical studies. This involves a 

measurement of the absolute scattered intensity over the 

angular range 30° to 70°. 
A preliminary theoretical study of the depolarized light 

scattering by long rods has been performed. It appears that 

a measurement of the ratio I (depolarized)/! polarized would 

serve as a way of detecting asbestos particles. 

Instrumentation for field use has been developed by 

Greenough for the Environmental Protection Agency to determine 

the size of particles in the 0.1 to 5 micrometer diameter 

range. 

8. Calibration Standards by Thermal Decomposition 

The aim of this project is to investigate the possibility 

of generating dilute, known quantities of pollutant gases 

through the thermal decomposition of appropriate "parent" 

compounds. Such an in situ procedure provides a simple 

solution to the difficult problem of preserving the integrity 

of dilute samples of pollutant gases prepared in the usual 

static manner. Furthermore, through the proper selection 

of the parent molecule, such a procedure may be easily calibrated. 

That is, for the reaction A (parent)~B (pollutant) + c, where 

C is a more stable and easily calibrated species, then a 

determination of the concentration of C will fix the value for 

B. Finally, by controlling the concentration of the "parent" 
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molecule and/or the extent of decomposition, any concentration 

of pollutant can be readily produced. Overall, the present 

procedure calls for a minimal amount of experimental skill 

and is thus ideal for incorporation into test instruments and 

routine field usage. 

The experimental procedure is to use as the parent 

compound a molecule which decomposes into the desired components 

via a molecular mechanism. It is particularly important 

that there is no possibility of free radical induced 

decomposition since such systems may not be reproducible. 

The selected compound is then pyrolyzed in a gold tube 

reactor and the requirements are that only the expected 

pr~ducts be produced and in the proper stoichiometric 

proportions. 

A demonstration of the feasibility of this method as a 

means of generating formaldehyde, ·acetaldehyde and acrolein has 

been completed in Wing Tsang's laboratory. The relevant 

reactions are 

isobutene + HCHO 

propylene + CH 3CHO 

and ---~ethylene + H2C•CHCHO (acrolein) 

The key points to be noted are the equality (on a mole basis) 

of the olefins and aldephydes formed, the great variation 

availa~le in the concentration of pollutant in the gas delivered 

to the detector and the wide range of temperatures possible. 

It is expected that the generation of organic acids, alcohols, 

ketones and hydrogen halides will proceed with equal facility. 

Two substances that appear to behave in the required 

manner for generation of 50 2 and NO are shown in the 

following reactions. 

cyclopropane + 50 2 

~ 
propylene 
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and 

CH-CH + 2NO 

I f 
0 0 

!o lo 
It should be noted that the trimethylene sulfur dioxide 

system has characteristics which make it ideal for present 

applications. For example, at o0 c it is a solid with 

a vapor pressure of the order of 0.03 Pa (0.2 microns). Thus. 

with a carrier gas at 1 atm and with complete reactions (>8000~) 

one obtains so 2 at the .3 ppm level. At 70°c it is a liquid 

and its vapor pressure is such that with 1 atm of the carrier 

gas one obtains -300 ppm samples. 

I have given you a few examples of what we at NBS regard 

as new techniques in measuring air pollutants. Obviously 

these examples represent only a small part of the whole of 

new-techniques research. Nevertheless, they represent our 

best efforts and we believe they are not insignificant in 

the total picture. 

J1 I SCL'SS I O~I 

CERQUIGLINI (Italv) 

Calibration of monitoring systems in automatic networks 
with transmission of data to a central data collection oper
ative unit, made by current dynamic methods, is quite expensive. 

Do you think that in the future the thermal decomposition 
method of calibration could be adopted to this use? 

McNESBY (U .s .A.) 

Yes. This is exactly the point of developing the thermal 
reactor. The same reactor can be used to generate known concen
trations of a number of pollutants. 
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SPECIFIC HYDROCARBON roNITORING AT·LOW CONCENTRATIONS 

R, PERRY AND J, D, TWIBELL 

Public Health Engineering, Imperial College, London, United Kingdom 

ABSTRACT 

The extensive use of hydrocarbons and the wide variation in 

their physiological effects necessitates a more detailed study 

of the hydrocarbon composition of the atmosphere. Total hydro-

carbon measurements, the method used extensively at present, 

give no indication of the levels of individual potentially dan

gerous compounds present in the urban atmosphere. 

One of the major problems involved in studying the medical 

effects of individual hydrocarbon air pollutants is that of sam

pling, at street air concentrations, in such a way as to render 

subsequent separation and analysis possible. If, for instance, 

adsorption tubes containing standard chromatographic materials 

are used at sub-ambient temperatures, difficulties arise with 

water condensation. In addition the amounts of volatile mat-

erials collected are limited by the relatively low retention 

volumes involved. These problems of sampling and analysis can 

be overcome by use of the "Timed Elution Procedure". Here the 

hydrocarbons are sampled quantitatively at ambient temperatures 

by adsorption onto Chromosorb 102. The sample tubes are then 

heated to 13o0 c and a proportion of the collected material is 

eluted via a sampling valve onto the main chromatographic column 

for analysis. For a given sampling tube, the proportion of 

each species eluted in this timed-interval is a linear function 

of the total amount colZected aZZowing both quantitative analysis 

and, if necessary, GC/MS identification of the species present. 
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This technique allows, for example, street air benzene 

levels to be readily assessed. It is also important in that 

it is within the c
6 

- c
10 

hydrocarbon range that petrol and 

diesel exhaust emissions differ most markedly. These hydro

carbons can be readily sampled and separated by this method and 

their relative contributions to the street air hydrocarbon levels 

may be measured. Very low levels of alkylbenzenes, indans and 

tetralins, which contribute to exhaust odour can also be esti

mated. 
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In the U.K., where the tendency towards photochemical smog formation is 

not very great, the main problem caused by vehicle exhaust emissions is that 

of odour nuisance with its possible health hazard. For this reason con

siderable effort has been directed towards identifying the individual com

pounds present in exhaust emissions, with particular emphasis being given 

to diesel exhausts. 

No single component is responsible for exhaust odour and complex 

synergisms undoubtedly occur. One group of exhaust components, the un-

saturated hydrocarbons, arising from the original fuel or formed as pyro

lysis products in the combustion process, are undoubtedly responsible for a 

considerable part of the odour. Other possible odourants include oxy

genates, and compounds of sulphur and nitrogen. The former occur at levels 

at least an order of magnitude lower than the aromatics (A.D. Little,L1J) 

but may possibly contribute to exhaust odour to an equivalent extent. The 

low molecular weight aldehydes such as formaldehyde, acrolein and croto

naldehyde, once suspected of being prominent odourants, are no longer con

sidered to be important (Vogh.[2J). At the odour threshold of diesel ex

haust in air, (a dilution factor of about two hundred) levels of these 

species are typically only a tenth of their odour thresholds (Table 1) (Vogh 

[2].). 

TABLE 1. 

Chemical 

Acetaldehyde 

Acetone 

Acrolein 

Benzene 

Cyclohexane 

p-Cresol 

Dimethylsulphide 

Formaldehyde 

Phenol 

Styrene 

Toluene 

o-Xylene 

p-Xylene 

Odour thresholds of possible exhaust odourents 
(after Leonardos, Kendall and Barnard 8 , Gerarde 3 ) 

Odour threshold 211:m 

0.21 

100.00 

0.21 

4.68 
300.00 

0.001 

0.001 

1.00 

0.047 

0.047 

2.14 

0.17 
o.47 
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Organic sulphur compounds have been suggested as possible exhaust 

odourants due to their very low odour threshold levels in air (approx 0.001 

ppm Table 1.). Even if the total exhaust hydrocarbon fraction consisted 

of entirely unchanged fuel, then individual sulphur species would only just 

exceed their threshold odour levels in the diluted exhaust gas. However 

this is far from being the case in that the most reactive species present 

in the fuels and presumably the odourous sulphur compounds fall into this 

category, are readily oxidised or otherwise modified. Further it has been 

suggested that with modern fuels of low sulphur content, the final com-

bustion product sulphur dioxide contributes little to the exhaust odour 

(Vogh[2].). Nitrogen dioxide is thought to be the only nitrogen compound 

that contributes strongly to the exhaust odour of a diesel engine, but only 

in the idling mode (Vogh(21.). 

The spectrum of hydrocarbons emitted from a source can be related to the 

type of odour produced. Thus the major differences in exhaust odour note 

between petrol, jet aircraft and diesel emissions broadly parallel the fuel 

composition, which in turn determines the reactive hydrocarbon and oxygenate 
emissions (Table 2.). For petrol exhausts the main aromatic species are 

TABLE 2 

The Relative Contributions of Various Structure 

Types to the Total Exhaust Aromatic Fraction 

Emission Source 

stnacture 'bee Petrol Aircraft (JP4) 

c6 - c9 Benzenoid• 69.' 49;i 

o-X7lene + remaining Benzenoid 291' 41$ 

Indana. 1.2 5. 

Naphthalenes 0.7 5. 

•Benzene, toluene, m, p-xylenes 1 etb7lbenzene, ethJ"ltoluenes. 

Engines :nm at fast idle, under no-load conditions. 

Diesel 

3$: 

4~ 

9. 

9. 
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simple alkylbenzenes, which with the exception of o-xylene are sweet in 

odour. Other materials of increased complexity arising from increased 

ring substitution or chain branching cause the odour to become more acrid 

(Gerarde (3].). These are more prevalent in jet aircraft and diesel ex-

hausta. In addition indans and other mixed cyc!ic species also have 

kerosine-like odours. Thus where procedures are available for the coll-

ection of hydrocarbons from street air, the contribution of aromatic 

species to the 'oily-kerosine' odour note can readily be assessed. 

The most abundant hydrocarbon species found in street air, apart from 

the simple alkanes, are the early members of the aromatic series. Toluene 

is present to the greatest extent in the street air of the U.K. and North 

America (Perry and Twibell [4]., Pilar and Graydon Lsj.), where it occurs 

at levels slightly over twice those of benzene. 

isomers roughly equal the toluene level. The situation is apparently 

different in Switzerland where benzene appears to be the most abtmdant 

(Grob & Grob I 61. ). This may reflect differences in petrol composition, 

petrol exhaust bein~ the major contributor of these species. 

The basic c6-c
12 

hydrocarbon composition of the urban atmosphere re

flects the composition and densities of the traffic in the street, and 

could be used as an indication of the odour nuisance and potential health 

hazards. 

Sample Collection. Procedure for Hydrocarbon Monitoring 

Modern porous polymeric adsorbants have large retention volumes for 

volatile organic species at ambient temperature. Water is not readily 

retained and the sample, following collection, may be stored for several 

weeks. 

Desorption of this sample prior to analysis can be a problem. Although 

solvent extraction may be used for this purpose it results in considerable 

sample dilution in addition to the loss of the most volatile materials. 

Furthermore, if gas chromatography linked to mass spectrometry is to 

be used for identification, the limiting source pressure precludes the 

identification of species eluted with, or close to, the main solvent peak. 

A Timed Elution procedure was therefore devised to overcome these problems 

{Perry and Twibell {4] , [ 7] • ). 

The sample is collected in short lengths of 6mm O.D. stainless steel 

tubes packed with o.3g of Chromosorb 102. The tubes are returned to the 
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laboratory and cormected into the gas sampling valve system depicted in 

Figure 1, which is then heated to 130°c. At this temperature equilibrium 

distributions are established for each species between the adsorbant and 

the gas present in the void spaces. The reJative amount of a specific 

hydrocarbon in the vapour phase, at a given temperature, thus depends upon 

the volatility of the species as well as upon the space available. This 

in turn is determined by the tightness of the adsorbant packing and the 

volume of any associated pipework. A timed valve actuator switches the 

gas chromatograph carrier gas supply through the tubes for a five second 

period, completely eluting the vapour phase material onto the chromato-

graphy coltmm. This ensures that the organic materials are in a suffi-

ciently small plug to be resolved by the column. Broad classification of 

the eluted species was carried out using a Hewlett-Packard 5930A mass spec

trometer fitted with a gas chromatographic inlet and linked to the H.P. 

5932A data system. 

Figure l. 
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Hydrocarbon Levels in Urban Air 

Kerbside street air analyses at typical sites are given in Tabl~ 3. 

TABLE 3 

i'ypica1 Street Air Hzdrocarbon Leve1s 

Pinatone st. Exhibition Rd. Mobile Sampling 

Sheffield London M4 Motorway 

lllDJIOCARBCftS -3 µgm ppb -3 µgm ppb 1191 
-3 ppb 

Benzene ZlO 85 576 179 1100 344 
Toluene 550 146 1210 322 2500 665 

Eth7lbenzene) 4oo 92 
) 4oo 92 850 192 

a 1 pXylenes ) Z?OO 624 
~X7lene 184 43 290 67 l06o 245 
p-Eth7ltoluene ZlO 55 280 57 920 188 
Tri.lleth7lbenr.enea 112 23 150 31 8~ 171 

n-Decane JI() 7 6o 10 l06o 182 

(Notes to Table 3) 

Pi.netone Street is a. major shopping street in Sheffield, heavily 

ccmtained by large buildings. At the time of sampling traffic nows 

vere 1310 Tehicles per hour, 19.' of which were diesel fueled. There 

vaa a fresh blustery wind blowing along the street direction. 

Exhibition Road is a wide dual carriageway with tall buildings 

either side. At the time of sampling (in the central reservation) 

there.was no vi.nd 1 hot dry weather prevailing. Traffic nows were 

1922 vehicles per hour, vi.th a ~ diesel composition. 

Mobile eaap1ing on the Ml+ Motonm.y was performed in a platoon 

travelling at 45-50 mpi, the sampling vehicle maintaining the rec0111-

11ended braking distance. There vas a slight cross vind. Sample 

inlet wae positioned adjacent to the inte~ior ventilation intake on 

the Yehic1e bonnet. 

Comparison of the individual aromatic hydrocarbon levels obtained at 

the Sheffield site, with their odour threshold values, (Table 2) 

indicates that the xylenes were present at about a quarter of their 
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TABLE 9 

BASINGSTOKE INCINERATOR EMISSIONS 

POLLUTAlll START-UP PROCEDURE NORJll\.L OPERATION 
SlillTDOWN 

~gnition warm-up Primary a.ir onl~ Primary + 
35'/, 2niary 

~l/11/7~ 21/11/73 20/11/73 22/u/73 29/11/73 

BEN'lENE 
rg/m3 

190 ~50 230 300 280 330 340 260 

TOLUENE 
3 820 550 490 

rg/m 
450 280 100 70 100 

odour threshold levels. Olfactory response is extremely rapid and 

ideally fluctuations should be monitored on a much shorter scale. 

This at present is not possible when monitoring individual hydrocarbons 

at these levels. However some indication of probable fluctuation can 

be obtained from the carbon monoxide levels which were monitored 

simultaneously (Fig.3). Here peak values of up to four times the mean 

were found at the Sheffield site. Assuming good correlation between 

carbon monoxide and the hydrocarbons it is apparent that the levels 

of aromatic species peak over their threshold levels. Fluctuations 

in kerbside levels are undoubtedly caused by turbulent mixing processes 

diluting the exhaust, rather than by diffusion hence the lower diffusion 

rates of aromatic species relative to carbon monoxide are of minor 

importance. Similatly the mean levels found in Exhibition Rd., London, 

were higher and thus it is to be expected that odour thresholds were 

exceeded for a greater proportion of the sampling time. 

Municipal refuse incinerator emissions 

The levels of aromatic hydrocarbons emitted by a modern municipal 
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waste incinerator were examined. The only species found to any 

appreciable extent were benzene and toluene, other aromatics being at 

very low levels. Sampling was performed in the stack base after 

electrostatic dust precipation and water scruQbing. The levels found 

(Table 4) were no greater than those found in a heavily trafficked 

street. There thus appears to be no reason for undue concern about 

benzene emissions from incinerators of this design. 

It should be noted that although the benzene level was almost 

independent of incinerator mode, toluene varied greatly. We believe 

that increased adsorption of toluene by particulates must occur as the 

system cools, the toluene being re-emitted during warm-up. Secondary 

air may cause premature flame quenching. 

Hydrocarbon levels inside vehicles 

The levels of aromatic hydrocarbons in the passenger air-intake 

of a car were examined. The sample was taken at the bonnet air-intake 

of a car forming part of a traffic platoon travelling along the M4 

motorway. It is apparent from the results (Table 3) that the levels 

of some aromatic species are permanently in excess of their odour 

thresholds, although olfactory fatigue will obviously occur. 

Possibility of Health Hazards 

Of the aromatic species investigated in street air only benzene 
' 

has been linked with definite health hazards. It is a suspected 

carcinogen and is known to accumulate in bone marrow. However levels 

of benzene occurring in street air are about two order of magnitude 

lower than those recommended as maximum allowable concentrations over 

an 8 hour period, in industrial establishments. Even the highest 

level measured inside the vehicle moving in a traffic stream was only 

3.5% of the accepted industrial level. Exposure to benzene as an air 

pollutant from traffic does not at present appear to be a significant 

health hazard, although nothing is known of the effects of long term 

exposure to these levels. In addition the presence of other exhaust 

derived materials may exacerbate the toxic effects. 
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DISCUSSION 
e 

MERIAN (Switzerland) 

I'm interested in the environmental pollution by hydrocarbons 
and its relation to ecotoxicology {see Chimia 28 {May 1974) and 
paper. of 2 July 1974 at the Environmental Medicine and Biology 
Congress, Paris). In your3Table 3 you mention concentr~tions 
of 0,3 to 1,1 mg Benzene/m , of 0,6 jo 2,5 mg Toluene/m and of 
0,6 to 3,8 mg Xylenes/Ethylbenzene/m in Sheffield and London. 

A.P. Altshul~er, W.A. Lonneman and K. Gr~b found only about 
0,04 mg Benz3ne/m , 0,06 to 0,15 mg Toluene/m and 0,02 to 0,15 
mg Xylenes/m in Los Angeles Azusa, New York Manhattan, New York 
Lincoln Tunnel and in Zurich. G. Guiochon found even much lower 
concentrations in Paris. 

Do you have an explanation why you found about 10 times higher 
concentrations in the UK. 
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TWIBELL (U.K.) 

I would like to emphasise that we were looking for extreme 
cases and the street air samples were taken at the kerbside at 
a height of only 5 feet. We were primarily interested in the 
effects of aromatic hydrocarbons on the pedestrians in the street, 
and therefore we sampled at nose level. Other authors tend to 
be rather vague about their sampling site details, but Grob and 
Grob (J. Chromatogr. 62 1-13 (1971}} state that they found 54 
ppb. benzene and 39 ppb toluene at a site in their university 
campus 300 metres from the nearest road. I therefore believe 
that our highest kerbside levels of 179 ppb benzene and 322 ppb. 
toluene are not at all out of agreement. 

The motorway samples are higher as the air entering a 
vehicle obviously contains a poorly diluted portion of the ex
haust of the vehicles in front. Sampling was undertaken in the 
air intake (interior ventilation system} of a vehicle moving 
rapidly in heavy traffic on an urban motorway. The intention 
was to investigate the levels of aromatic species which motorists 
may be subjected to under these conditions. The relatively high 
level of decane reflects the proportion of diesel fueled vehicles 
overtaken during the sampling. 

BRAMAN {U.S.A.) 

Have you noticed any decomposition of the chromasorb 102 
during heating? 

TWIBELL (U.K.) 

The temperature of desorption was 13o0 c. At this temper
ature no decomposition of the chromosorb occured. Preliminary 
experiments sh0wed very heavy contamination by styrene and other 
species. A ten day soxhlet extraction using five changes of 
cyclohexane proved to be an adequate clean-up procedure. No 
further problems were encountered. The recommended temperature 
limit for this material is 2S0°C. 

BARRATT (U.K.) 

We have considered using a trapping system for the analysis 
of surgical environments where there is assumed to be harmful 
pollution by volatile anaesthetic agents. Can you describe how 
you have evaluated the performance of your analytical system 
and how the calibration has been carried out? 
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TWIBELL (U.K.) 

The collection efficiency of the system was evaluated 
during tube calibration, by means of a gas sampling value loop 
situated in the line after the sampler. Periodic analyses of 
the exit cases were made in order to check that the retention 
volumes of the species under observation had not been exceeded. 
At the sampling rates involved (-..0.51/min.) aromatic species 
were completely retained up to approaching their retention vol
umes (9 litres could be sampled before benzene began to break 
through) • 

Tube calibrations were carried out using a range of dilutions 
of auto exhausts, down to the limit of quantitative G.C. Detection 
Although held in plastic bags, bag losses were overcome by 
analysing the gases at the samplins tube entry, after the par
ticulate filter. Several analyses were performed to check hom
ogeneity of the samples mixture. Rotameters and wet gasmeters 
were used to calculate the total volume hence total quantities 
absorbed. Calculation of total amounts collected at lower con
centrations was by several extractions of the packing with chlor
inated solvents and G.C. analysis of solutions, after timed 
elution. 

The results of the third elution were used to calibrate the 
technique, the first elution never being representative. 
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A SYSTEM FOR THE RAPID IDENTIFICATIOM OF . 
TOXIC ORGANIC POLLUTANTS IM \·IATER 

WILLIAM T, DONALDSON, MIKE H, CARTER AND JOHN M, MCGUIRE 

Analytical Chemistry Branch, Southeast Environmental Research 
Laboratory, Environmental Protection Agency, Athens, Georgia, 
USA 

ABSTRACT 

A system has been developed that will identify, within a 

few hours, any of eight thousand organic compounds in water at 

concentrations as low as o.01
1

ug per Ziter. A one-Ziter sample 

of water is extracted with an appropriate, water-immiscible, 

organic solvent. After the extract is concentrated to 100 to 

1,000 microliters, a portion is injected into a gas chromato-

graph coupled to a computer-controlled mass spectrometer. As 

separated compounds pass through the mass spectrometer, spectra 

are recorded on magnetic disks frequently enough to obtain sev

eral spectra for each compound. 

Compounds are identified from their mass spectra by compu

teri2ed spectra matching. A central computer library contains 

spectra for eight thousand compounds. The computer selects 

and lists the compounds whose spectra are similar to that of 

the unknown, in order of their degree of similarity. The com-

puter also assigns a numerical value for the similarity between 

the unknown and each listed spectrum from the library, giving 

the analyst a high degree of confidence in the reliability of 

the identification. Further confirmation of the compound's 

identity can be made by comparing gas chromatograph retention 

times and by obtaining infrared absorption spectra or chemical 

ionization mass spectra. 
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With approximately twenty-five mass spectrometers located 

throughout the United States, the laboratories of the Environ

mental Protection Agency can contribute to the continuous re

cording of the geographic frequency distribution of toxic pol

lutants. When a spectrum is referred to the central computer 

together ~ith the location of the sampling site from which the 

corresponding compound was obtained, the computer automatically 

records the location for each identified compound. 

The libraPy of spectra is being upgraded continually by 

carefully elucidating the structures of previously unidentified 

oPganic water pollutants. High-resolution mass spectra, infra-

red spectra and nuclear magnetic resonance spectra are used in 

the initial identification of pollutants whose spectra are not 

in the computer library. Once their identities are certain, 

the spectra are added to the library. 

The computer usually identifies over half of the compounds 

in samples from a wide variety of industrial waste effluents. 

In many cases the total cost for an identification is less than 

ten dollars. 
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1. Introduction 

In any study of the relationship between observed human health effects 

and exposure to environmental pollutants, one must be certain that the 

effects he observes result from the cause that he attributes them to. 

Therefore he must have knowledge of all componen~s in the systems he is 

studying, not just those whose effects he is concerned with in the study. 

During the past few decades tens of thousands of organic chemicals 

have been introduced into the aquatic enviromnent as a result of the 

chemical technology explosion. With so many organic compounds to consider 

in samples of water from streams that receive industrial and municipal 

waste effluents, agricultural run-off and atmospheric fall-out, it is 

mandatory that the water be analyzed qualitatively for the presence of 

specific toxic pollutants. The system described in the Sunmary to this 

paper (Webb ~· al. (1)) should prove to be a powerful tool in the evalua

tion of health effects, as it has already proven to be in studying ecologi

cal effects in the aquatic environment (Alford (2)). 

2. Identification of Carcinogens 

To demonstrate the applicability of the system to the identification of 

compounds of significance to health-effect studies, a synthetic sample was 

analyzed. Four carcinogens (selected from the OSHA list of carcinogens' 

July 27, 1973) were added to a sample of Oconee River water to provide a 

concentration of approximately 50 µg/l for each carcinogen. 1be river was 

sampled a few hundred feet downstream from a municipal sewage effluent. 

The stream, therefore, was typical of those that must be considered in 

assessing potential health effects of municipal water supplies ~ particu

larly those in which sewage may be recycled to the supply. 

The sample was extracted with methylene chloride, concentrated by 

evaporation, and injected into a Varian Model 1400 gas chromatograph 

equipped with a 6 ft., 0.25 in. (O.D.) column, packed with 3% SE 30 on Gas 

Chrom Q. The effluent from the gas chromatograph flowed directly into a 

Finnigan Model 1015 quadrupole mass spectrometer with a Systems Industries 

data system. 
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Figure 1, the resulting computer-reconstructed gas chromatograph (RGC), 
shows the four separated compounds that.111ere subsequently identified as the 

I 
RGC 

. . . ,. . 
8'8:11U111191R 

4-NITIOIPHENYL 
3,3'-DICHLOROIENZIDINI 

8-(2-fl UOllNYUACETAMI • I 

l"igure l : Computer reconstructed. gas chromatograph. 

carcinogens added to the sample. Mass spectrum number 320 was selected as 

the optimum spectrum for identifying 4-nitrobiphenyl. The computer was 

instructed to plot spectrum number 320 with spectrum number 317 subtracted 

(to eliminate background ion fragments). The computer-purified spectrum 

is shown in figure 2. Mass 199 represents the singly-charged, unfragmented 

molecular ion for nitrobiphenyl. 

SPECTRUM 320 

1 4-NITROBIPHENYL -

•• 

0 

014-..................................................... i..... ......... ~,......-......, ... .,.. .............. .,.....~~~ 
211 3CI 10 SD "' '10 ., 9D um tlD 128 tlD 110 UiD Hilt ,,., ,. t!IB - Z\CI 

"/ E 
Figure 2 : Computer purified spectrwn 



1403 

A digital description of this spectrum (containing the relative 

amplitudes for significant mass-to-charge ratios) was transmitted to a 

second_ computer for comparing with the spectra of 8,000 cOtRpounds in the 

computer's library. The computer located 8 spectra that were similar to 

the spectrmn representing the unknown compound. •The computer print-out in 

figure 3 lists four of the compounds in order of their spectra's similarity 

to that of the unknown. Note that the similarity index (a quantitative 

assessment of spectra similarity) for 4-nitrobiphenyl is significantly 

higher than that of the compound whose spectrum was second-most like that 

of the unknown. In a similar manner the computer also correctly identified 

each of the three other carcinogens. 

SIECTRUM NO. 320 
RIVER WATER 

8 HITS 

4-NITROBIPHENYL (SERL)AWNR DR~ 199 Cl2.H9.N.02 BSR 0518 
FILE KEY= 9020 
SIMILARITY INDEX= 0.854 

5-BROMOACENAPHTHENE 232 Cl2.H9.BR API 1526 
FILE KEY= 3872 
SIMILARITY INDEX= 0.210 

ANTHRAQUINONE (SEWL)AT C666 BU IUJA 208 Cl4.H8.02 BSR 0381 
FILE KEY=. 8865 
SIMILARITY INDEX= 0.176 

ACENAPHTHALENE 152 Cl2.H8 DOW 0925 
FILE KEY= 2050 
SIMILARITY INDEX= 0.157 

Figure 3 Computer Print-Cut 

When only compounds of known spectral characteristics are of interest, 

the dedicated computer can produce a limited mass reconstructed gas 

chromatogram (U1RGC), which contains responses from only those compounds 

containing pre-selected characteristic ion-fragments. Figure 4 shows an 

industrial effluent's LMRGC in which only compounds containing an ion 

fragment of mass-to-charge ratio 149 (typical of phthalates) were observed. 
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• UD 

IO LMRGC m/e 149 
..... 0 
~60 CG-:::; 
~40 
< 0 

20 
lPhthalale) 

,.._.~.....__.._..,,_........., __ ,...............,......., ............ iiq.:= .... ;;=;;~~~~~..,.....~:.-J 

020e~somm~~m•~~~~-~~~~ 
SPECTRUM NUMIER 

im 
IO ... 

~~ 
::; 

~· 20 

RGC 177 

m 

me••~~~w~~m~••D~~~~ 
SPECTRUM NUN8ER 

Figure 4 1 LimUed mass recons1ructed gas chromatograph (LllRGC) 

onl;r for ion fragments of mass-to-charge ra1io 149 

(typieal of phthala1as) and computer reconstructed mass 

gas chromatograph (Rae)' of an iniustrial ef'f'luent. 

In the conventional RGC (lower part of the photograph) IX peak 292 was 

obscured by other peaks. Techniques such as the DIRC:X: allow detection of 

compounds at concentrations as low as 0.01 µg/l. 

International cooperative programs are now bei~ developed for 

ezpanding the spectral library, which should result in a system that is 

indispensable in the assessment of enviromnental health effects. 
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DISCUSSION 

PERRY (U.K.) 

1. You indicate that analysis is carried out on 1 liter of 
water containing 0.01 ug/liter of pallutants of which you only 
used a fraction. doe;,lthis mean that mass spectrometric analysis 
can be carried out on 1 ng of material? 

2. Can you define the spectral search routine and the meaning 
of "similarily index"? 

DONALDSON (U.S.A.) 

1. Yes. We have obtained satisfactory mass spectra when less 
than l nanogram of material was introduced to the gas chromato
graph. 

2. Briefly, the search routine takes advantage of the infor
mation redundancy of mass spectra and is based only on the two 
most intense peaks in every 14 atomic mass unit slot. There 
are four main steps: 

1. Screening based on molecular weight range. 

2. Screening based on most intense peak of the unknown 
spectr\ml 

3. Pre-searching based on spectrum family. 

4. Calculation of the similarity index and ordering of 
best matches based on peak-by-peak comparison of the 
unknown to those reference spectra that passed the 
pre-search. 

The "similarity index" is a numerical index (ranging be
tween zero and one) of the relationship between (1) the average 
ratio of corresponding peak intensities in the unknown and in 
the reference and (2) the fraction of unmatched peaks in both 
spectra. It simply describes how similar the spectrum in the 
computer file is to the spectrum of the unknown compound. 

HARRISON (U.K.) 

1. What procedure did you use for extraction of organic mat
erials from water? 

2. What was the efficiency of the extraction procedure and 
how did it vary with the concentration of solute in water and 
the level of suspended solids? Our own experience has shown 
that efficiencies under certain circumstances may be as low as 
20%. 
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3. Which compounds are the carcinogens referred to? Were not 
the levels used in the synthetic samples unrealistically high 
and hence liable to give unreliable results for efficiency of 
extraction? 

DONALDSON (U.S.A.) 

1. The sample was extracted from the water, without pH adjust
ment, with methylene chloride in a separatory funnel. 

2. It was not the intention of this paper to optimize extrac
tion conditions for the four compounds selected for demonstration. 
We did not study extraction efficiencies since we were inter
ested only in identification and not quantification. Our ex
perience in extraction is similar to yours. A great deal needs 
to be done ~o improve extraction techniques. 

3. The carcinogens were 4-aminobiphenyl, 4-nitrobiphenyl, 
N-(2-fluorenyl) acetamide and 3, 3-dichlorobenzidine, all sel
ected from the OSHA list of carcinogens. Yes, the levels were 
unrealistically high. These compounds were selected to show 
that carcinogens could be identified by a computer from a group 
of 8,000 compounds, The technique, therefore, should be con
sidered for application in studying health effects of drinking 
water. As stated in answer to your previous questions, no attempt 
was made to optimize extraction and concentration conditions, 
so the larger quantities were selected to allow identification 
even with poor extraction efficiencies. You are stressing a 
very important point: one can not identify compounds if he can't 
extract them. By no means would I recommend the extraction 
technique used here as optimum. 
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VERGLEICHENDE SCHWERMETALLANALYTIK MIT HILFE DER 
POLAROGRAPHIE UND ATO~.ABSORPfION - MOGLICHKEITEN 

UND GRENZEN DER REPRODUZIERBARKEIT 

W, EGELS, G, CROSSMANN, H. RETHFELD UNO D, SEIFERT 

Landwirtschaftliche Untersuchungs- und Forschungsanstalt, 
Joseph-Konig-Institut, Munster/Westfalen, BRO 

KURZF.ASSUNG 

Far die Spurenanalyse von Schwermetallen wurden verschiedene 

Untersuchungsverfahren entwickelt, wobei sich u.a. inverspolaro

graphische und atomabsorptionsflammenspektrometrische Methoden 

bewahrt haben. Jedoch ist die Vergleiahbarkeit der von ver

schiedenen Instituten erarbeiteten Untersuchungswerte haufig 

infrage gestellt, weil es noch an allgemein verbindlichen Stan

dardvorschriften fehlt. Am beispiel der Bestimmung von Blei und 

Cadmium mi t Hi lfe der o. genannten Verfahren wird auf versahiedene 

instrumentelle Einflussfaktoren Bezug genommen, die nicht vern

achlassigt werden durfen~ wenn die Reproduzierbarkeit gewahr

leistet werden salt. Hierbei sind folgende Grundsatae besonders 

au beachten: 

1. Einhaltung optimaler Messbedingungen~ 

2. Erkennung und Beseitigung aller St~reffekte, 

3. Kurvenkorrektion auf den Linearbereich, 

4. Auswertung m~glichst mit Hilfe von Eichkurvensystemen oder 

Einheitseichkurven. 

Bei Vorliegen dieser Voraussetzungen, die dem Analytiker awar 

prinzipiell bekannt sind, aber einer einheitlicheren Handhabung 

bedUrfen, kann die Reproduzierbarkeit merkliah verbessert werden. 
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Es kommt daher in den Standardvorschriften nicht nur auf die 

alleinige Angabe des Messprinzipes an, sondern es mUssen auch 

diejenigen Angaben in den Arbeitsvorschriften enthalten sein, 

die far die Einhaltung der durch das Messprinzip bedingten 

gllnstigen Messkonzeptionen ~esentlich sind. 

ABSTRACT 

Various test methods for the analysis of heavy metals have 

been developed, of whi~h inverse polarography and atomic absorp

tion/flame spectrometry have been among the most effective. 

However, the comparability of experimental values obtained by 

various institutes is often questioned because there are still 

no generally binding standard regulations. Taking as an example 

the determination of amounts· of lead and cadmium by means of the 

above-mentioned methods, reference is made to various instrumen

tation factors which must not be neglected if reproducibility is 

to be ensured. Particular attention must be paid to the fotiow

ing principles: 

1. Measurements must be made under optimum conditions, 

2. Alt interference effects must be detected and eliminated, 

3. Curve corrections must be made as r€gards the linear region, 

4. If possible, calibration curve systems or unified calibra

tion curves should be used to evaluate the resutts. 

If these conditions~ with whiah the analyst is familiar in 

principle but which require a more uniform application~ are 

satisfied, the reproducibility can be perceptibly improved. 

Thus what is important with regard to standard regulations is 

not only that the measuring method should be laid down, but that 

they must also contain the information required in order to main

tain the conditions favourable to the application of the method. 
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1 • Einlei tung 
Wenn man die historische Entwicklung der Untersuchungspraxis 
in der Spurenanalyse von Schwermetallen zurilckverfolgt. so 
laBt sich feststellen, daB die herkijmmlichen chemischen Ver
fahren (z.B. Gravimetrie, Titration u.a.) vor etwa 15 Jahren 
durch physikalisch-chemische Methoden abgelBst und damit in 
mannigfacher und bedeutender Weise verbessert wurden. In In
sti tuten mit routineml:i.Bigem Untersuchungsbetrieb wie z.B. in 
der Landwirtschaftlichen Untersuchungs- und Forschungsanstalt 
(LUFA) MUnster stiegen die .Analysenzahlen hierdurch in die
sem Zeitraum von wenigen Hundert auf jahrlich ca. 100.000 an 
(Abb.1). Vielleicht aus verstandlichen GrUnden verfahrt man 
gerade in Routinebetrieben allzu oft eingleisig, d.h. da5 

ein bestimmtes ausgewahltes Analysenverfahren und dieses m6g
lichst im Serien- oder Massenbetrieb zur alleinigen Anwendung 
gelangt. Schon seit langeren Jahren streben wir aus verschie
denen GrUnden zweigleisige Analysenmethoden an, u.a. 'auch, 
um durch Vergleiche die Moglichkeiten und Grenzen der Repro
duzierbarkeit besser zu erkennen und um dem jeweils le1stungs
fahigeren Verfahren den Vorzug geben zu kBnnen. Auf diese 
Weise werden hier schon lange Inverspolarographie und Atom
absorptionsflammenspektrometrie nebeneinander betrieben. Al.a 

Untersuchungsmaterialien dienen Kulturpflanzen, Futtermittel, 
B6den und Stiiube, slimtlich mit oder obne Immissionsbelast\Dlg 
u.a. durch Blei und Cadmium. 

2. AusfUhrungen zur Methodik 

2.1 Inverspolarographie 
Die Empfindlichkeit der inverspolarographischen Methode 
reicht auch unter Einhaltung optimaler MeBbedingungen im 

allgemeinen aus, um bereits die naturlich vorkommenden Ge
halte an Blei und Cadmium in den genannten Untersuchung8Jll8.
terialien ermitteln zu k6nnen, 1m Gegensatz zur AAS in der 
Flamme, die diese Leistungsfllhigkeit nicht oder nur bedingt 
besitzt. Bei der Inverspolarographie 1§8t sich mit wenigen 
MeBpunkten ein ~assendes Eichkurvensystem auf stellen -
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Anlage: Tabelle 1 

Methode bzw. Nachweisbereiche 
Material I Ermi tteJ. te Gehalte 

Blei (Pb) _p 0!01 o~ 1 1 I 

1c 1~ 10 ppm 
(n.n.) I 

Inverspolaro- I · I 
graphie mmmmmmmmooooooooooooooo ....... ,. ... "' 

AAS 1.d. I I 
Flamme mmmmmmmmOOOOOOOC OOOOmmm 

Weidelgras: 
ohne Immission Verlagerung des MeB-
n = ca. 100 bereichs durch Ver- ooooooooXooo 
mit Immission dilnnen leicht moglich I I n = >1300 ooooooooooooXoooooooooc 

I 

Futtermittel: I 
n = 358 ooooooooooooooXoooooooc 
Getreide I I 
n = 175 ooooooooooXooooooo 
Sojaschrot 
n = 149 

I I 
ooooooooXoooo 

Fischmehl I 
n = 34 oooooooXoooo< 

I 

Industriestaub I 
ooooooooooooXoc n = > 2000 I ooooooooooooooooooooooopoooooo< 

• I I I 

Cadmium (Cd) lp 0:01 o: 1 1 1q 100 pp II 
·~ n.n.) I I 

Inverspolaro- I I I I 
graphie mmmmOOOOOOOOOOOOOOOOOOOOOOOOOOOmmm 
AAS 1.d. I I I I 
Flamme mmmmmmmmOOOOOOOOOOOOOOOOm 

Weidelgras: 
ohne Immission 
n = ca. 100 oXo 
mit Immission 
n = >1300 ooooooooooooXoooooooooo + . . 
Futtermittel: I I Verschiebung des 
n = 358 oooooooooooXooooooooooc MeBbereichs durch 
Getreide I I Konzentrieren der 
n = 175 poooooooooXooooooo Analysenlosung nur 
Sojaschrot I I bedingt moglich 
n = 149 oooooooooooXoooo + 
Fischmehl I I 
n = 34 00000009ooooooop0Xoooo 

Industriestaub I I 
n = >2000 I ooooooooooooooooooooooooXooooooooooooooooo 

I I I I I 

OOOOOOJOOOOOO mmmmmOOOOOOOOOOOmmmmmmm n.n. = nicht 
min. ~timaler max. nachgewiesen 

Gehaltsspanne e3bereich 
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bestehend aus den Eichgeraden der verschiedenen Empfindlich
kei tastuf en (1x10-6 bis 5x1o-10 A/mm) -, das !Ur jedes Ele
ment 1ndiv1duell verschieden 1st und im Ubrigen den Vorzug 
hat, da8 man die Konzentration einer USsung an verschiedenen 
Punkten dieses Eichkurvensystems messen kann (Abb. 2 u. 3). 
Dies 1st eine wesentliche Auswertungshilfe, da die jeweils 
korrespondierenden Plmkte des Eichkurvensystems in einem 
bestimmten Korrelationsverhl:lltnis zueinander stehen. Dadurch 
k6nnen auch die nach einem Testwert zu erwartenden Peakh6hen 
namentlich ill Hinblick auf die optimalen MeBbedingungen voraus
berechnet und 1ID Ubrigen f erner etwaige auftretende St6ref f ek
te frUhzeitiger erkannt werden. 
lla 1st aber zu berllcksichtigen, da8 die Elemente mit niedri
gerem Halbatuf enpotential die Grundlinien der nachf olgenden 
lllemente und dadurch auch ihr~ konzentrationsbedingten Peaks 
verachieben. Zwar kann man diese sich ergebenden Peakerh6hun
gen genau berechnen, da sie von der jeweiligen Konzentration 
der Blemente und ihrer Halbstu:tenpotentialdifferenz abhJ:lngig 
sJ.nd. Bei der Durchfllhrung von Routineanalysen ist das je
doch ein erachwerendes Moment, well die in der Auswertung 
Ubllchen Hilfsllnien (z.B. 1) die Abklingkurve oder 2) die 
Horizonta1e oder 3) die M1ntmumtangente) leicht zu Fehlbe
recbnungen fllhren k6nnen (Abb. 4}. Um die Inverspolarographie 
reproduzierbar anzuwenden, muB der Schreiber unmitte1bar 
nacb Erreichen jeder Peakspitze durch kurzzeitiges Abschal
ten dea Spanntmgsvorschubs au! die Gnmdlinie zurllckgefilhrt 
werden (Abb. 5}. Auf diese Weise kann man bei jedem Element 
llit-verschiedenen, d.h. den jeweils gUnstigsten Empfindlich
keitsatufen meaaen, und die Auswerb.m.g der Peaks l~Bt sich 

·auaerdell nacb vorberecbneten a1lgemeinglll.tigen Tabellenwer
.ten vornebmen. Zwiscben den Zahlenreihen kann 1nterpoliert 
werden. 
Syateaabweicbende Zahlenwerte bei Peakvermessungen weisen auf 
Stareffekte hin. Bvt1. durch Eisen hervorgeru!ene Peakver
zerrungen oder -depressionen sollten besser mit Ascorbin-
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sUurezusatz als durch Methylisobutylketon beseitigt werden, 
weil dadurch ein Arbeitsgang zu ersparen ist und zusitzliche 
Feh1ermoglichkeiten ausscheiden. 

2.2 Atomabsorption 1.d. Flamme 
Diese Methode ist au.fgrund der leichteren Bedienungsweise 
und der Moglichkeit der automatischen Beschickung des Gerites 
mit Probenlosungen beliebter und erlaubt eine groBere MeB
frequenz pro Zeiteinheit. Auch 1st der Anwendungsbereich 
evtl. bei Skalenspreizung, Brennerverstellung und Benutzung 
verschiedener WellenlM.ngen sehr breit, jedoch ftir die Ge
haltslagen von Pflanzenmaterial ohne gr6Bere Immissionsbe
lastung meist nicht empfindlich genug, so daB ihr Einsatz, 
wenn man das Prinzip der optimalen Me8bedingungen bef olgen 
m6chte, hiuf'iger fraglich bleibt. Unter diesen Gegebenheiten 
kann nur dann eine gUnstige Reproduzierbarkeit erwartet wer
den, wenn auch hier die vom Me81nstrument ausgehenden Ein
fluBfaktoren nicht willkUrlich zur Geltung gelangen. Die 
Fehlermoglichkeiten sind besonders groB im nichtlinearen 
Teil der Eichkurven, der damit wenigstens fUr die Rout1ne
ana1yse kein Bereich der optimalen MeBbedingungen 1st. FUr 

den nichtlinearen Bereich lief em die Hersteller von Flam
menphotometern als Zubehor u.a. Kurvenkorrektoren, wobei 
Eichpunkte mit einer Abweichung bis zu 30 % auf den Linear
bereich projiziert werden. Messungen mit Cadmium. (Cd) haben 
aber z.B. ergeben, daB bei Auftragung von Absorption gegen 
beliebige Konzentrationsverhaltnisse (Cn/Cmax> stets gleiche 
Kurven erhalten werden, die ungef§.hr erst beim Konzentrations
verhiiltnis 0,5 von der Geraden abweichen (Abb. 6 u. 7). Da
durch ist es moglich, auch ohne Kurvenkorrektor im linearen 
Bereich zu arbeiten, wenn das Gerat mit der doppelten maxi
mal zu messenden Konzentration auf die Absorption 1,0 ein
gestellt wird. In Anbetracht des groaen MeBbereiches .der AAS 
- namentlich be! Brennerverstel1ung - ist die Einengwig des 
jeweiligen MeBbereiches um den Faktor 2 im Sinne einer ver-
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besserten Reproduzierbarkeit durchaus hinzunehmen. FUr den 
Routinebetrieb genUgt die Au:tste1lung einer Einheitseichkurve 
mit entsprechender Auf'teilung des gesamten Nachweisbereiches. 
Im Falle der Brennerdrehung (Lichtwegverkilrzung) ist bier -
bei sonst gleichen Versuchsbedingungen - eine Angabe Uber 

• 
die (leicht meBbare) Winkelverstellung er!orderlich. Dieses 
Prinzip 1st auch be! der Bestimmung anderer Elemente zu empfeh
len, so daB hier ebenfalls ein Bichkurvensystem aufgestellt 
werden kann. Die Verhliltnisse liegen gUnstiger ala beim Cad
mium, wenn mehr als die Hl.lfte der Eichkurve linear verlaui't, 
und tm.gUnstiger, wenn die Absorptionskurve schon weiter un
terhalb 0,5 vom linearen Verlauf abweicht wie z.B. beim Zink 
ca. 0,4 oder be! Blei und Kupfer je ca. 0,3. 

3. SchluBfolgerungen 
Vergleicht man Brauchoarkeit und EinsatzfIDU.gkeit der beiden 
Untersuchungsver!ahren (Inverspolarographie und AAS 1.d. 
Flamme) fUr die Spurenanalyse von Schwermetallen am Beispiel 
von Blei und Cadmium, so kommt man zu dem Ergebnis, daB zwar 
beide Methoden fUr die Anwendung in der Umweltanalytik grund
satzlich geeignet sind, jedoch mit der Einschr&nkung, daB 
ihre wechselseitige Benutzung zu empfeh1en 1st. Inf'olge der 
unterschiedlichen MeBprinzipien und der dadurch bedingten 
eigenen instrumentellen Abhlingigkeitsfaktoren decken sich die 
optimalen MeBbereiche nur teilweise, so daB nicht selten so
gar aussch:Lie311ch eine der beiden Methoden zur Wahl. steht 
(vgl. Tabelle 1). Der optimale Nachweisbereich gewihrleistet 
aber al1e1n nicht das MaB der Reproduzierbarkeit, da hier
filr ferner von entscheidender Bedeutung 1st, da8 (mehr) Ver
einhei tlichung im technischen Vorgehen bei der Erzeugung und 
Auswertung der Me0daten erreicht wird. Zur Verbesserung der 
Reproduzierbarkeit gehoren entsprechende Angaben - auf die 
im Text hingewiesen wurde - in die Untersuchungsvorschriften 
namentlich, wenn diese rechtsverbindlichen Charakter haben 
sollen. 
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DlSKUSSION 

VALENTA (Bundesrepublik Deutschland) 

I) Wir haben festgestellt, dass bei der Messung des Bleige
halts 1m Blut mit der 1nverspolarographie die Methode der 
Standardzugabe vorzuziehen ist, weil dabei der Einf luss der 
organischen Matrix eliminert werden kann. Haben Sie bei 
Ihren Messungen einen solchen Einf luss der Matrix nicht 
festgestellt? 

2) Die Messung der Peakhohe von der Nullinie des Stromes ist 
sicher am genauesten. Die Voraussetzung dafur ist aber~ 
dass der Reststrom bei verschiedenen Proben inuner derselbe 
1st. Haben Sie das ilberprilft? 

3) Die Beeinflussung der benachbarten Peak~wie von Blei und 
Kadmium

1 
kann man weitgehend durch Anwendung der Differen

tialpulspolarographie beseitigen. 

RETHFELD (Bundesrepublik Deutschland) 

I) Wir untersuchen hauptsachlich Pflanzerunaterial. Die Ab
schaltemethode (d.h. Abschalten des Spannungsverschubs nach 
Erreichen der Peakhohe, der Stromkreis wird nicht unter
brochen) haben wir zunachst an Standardlosungen ausprobiert. 
Die Schwermetallgehalte in Pflanzen sind sehr hoch im Ver
gleich zu tierischen Organen. Dadurch 1st die Storung nicht 
so ausschlaqgebend. 

2) Bei uns handelt es sich meistens um grosse Serien ein-und 
derselben Substanz. Der Reststrom bleibt dann annahernd 
konstant. 

3) Die Abschaltung des Spannungsvorschubes wird bei uns noch 
von Band vorgenommen. In der Landesanstalt fur Bodennut
zungs- und Immissionsschutz.,Esseniist die Abschaltung auto
matisiert. Die Differentialpulspo arographie steht uns 
nicht zur Verfugung. 
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SPURENNACHWEIS SCHADLICHER ELErENTE IN LUFT1 
• WASSER LIND BIOLOGISCHEN MEDIEN rIT DER 

RONTGENFLUORESZENZANALYSE 

LIESELOTTE BEITZ, JOACHIM HAASE1 NORBERT WEICHERT 

Siemens Aktiengesellschaft, Karlsruhe, BRD 

KURZ FAS SUNG 

Zur Untersuchung der Wirkung der Umweltverschmutzung auf 

den Menschen ist die chemische Uberwachung der Bereiche - Luft

Wasser-Boden - sowie die KontroZZe pflanzlicher und tierischer 

Produkte von grundlegender Bedeutung. 

Neuere Untersuchungen haben ergeben, dass die Rontgenfluo

reszenzanalyse - als zerstorungsfreies Analysenverfahren - er

folgreich zur Losung der oben angesprochenen Probleme eingesetzt 

werden kann. 

Zur chemischen Uberwachung der Luft werden Spurenelemente, 

die an Aercsole gebunden sind, auf geeignete Filterpapiere ange

reichert. Ein Vergleich mit Standardproben gestattet eine quan

titative Analyse mit 1 bis 10% relativer Genauigkeit. Die Nach

weisgrenzen liegen - je nach Element - bei 1 bis 30 ng/cm 2 Filter

flache. 

Bei der Wasseranalyse werden uber Anreicherungsverfahren 

- je nach Element und Anreicherung - Nachweisgrenzen von o,11ug/l 

bis so
1
ug/l erreicht. 

Die Analyse von Schadmetallen im Pflanzenmaterial erfolgt 

an getrocknetem, 2erkleinertem und tablettiertem Material. Die 
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erreichbaren Nachweisgrenzen liegen bei 0.1 bis o.s ppm. Bei 

Veraschung des Materials wird diese Grenze um den Faktor 6 

reduziert. 

Untersuchungen an getrockneten, pulverisierten und tablet

tierten Fleischproben ergaben fUr Pb, As, Hg und Cd Nach~eis

grensen von 20 bis 30 ppb (0,02 bis o.o3 ppm). 

ABSTRACT 

For the investigation of the effect of environmental pollu

tion on man, chemical monitoring of air, ~ater and earth and 

also checks on vegetable and animal products are of fundamental 

importance. 

Recent research has sho~n that X-ray fluorescent analysis, 

being a non-destructive analytical method. can be used success

ful ty to solve the above-mentioned problems. 

For chemical monitoring of the air. trace elements combined 

with aerosols are concentrated on suitable filter papers. A 

comparison with standard samples permits quantitative analysis 

within a relative accuracy of 1 to 5%. The detection limits 

are within the range of 1 to 30 ng/cm2 filter surface. depending 

on the element. 

-In ~ater analysis, concentration processes enable detection 

limits of o.11ug/l to 501ug/l to be achieved, depending on the 

element and the concentration. 

The analysis of nozious metals in vegetable matter is car-
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ried out on dried, crushed and pelletized substances. 

eetion Zimits attainable are bet~een D.1 and 0.5 ppm. 

The det

If the 

substance is incinerated, this Zimit is reduced by a factor of 

6. 

In tests on dried, crushed and pelletized meat samples the 

detection limits were 20 to 30 ppb (0.02 to 0.03 ppm) for Pb, 

As, Hg and Cd. 
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1. Einleitung 

Zur Untersuchung der Wirkung der Umweltbelastung aut den 
Menschen 1st die chemische Uberwachung der Bereicbe-Luft
Wasser-Boden- sowie eine laufende Koutrolle pflauzlicher 
und tierischer Produkte vou grundlegender Bedeutung. 
Beuere Untersuchungen habeu ergeben, dass die RBntgen
fluoreazenzanalyae (RPA) ala zersttirungsfrei arbeiten
dea Aualysenverfahren erfolgreich zur L6sung der oben 
angeaprochenen Probleme eiugeeetzt werden kanu. 

Weaentliche Vorteile der RFA sind eiue kurze Analysenzeit, 
eine vollstKndige Automatisierbarkeit sowie die Mtiglich
keit der Archivierung des untersuchten Probengutes. 

2. Die Anal1se schlldlicher Elemente in der Atmosphilre 

Zur Analyse der Luft werderi Spurenelemente, die an Aero
sole gebunden sind, aut geeignete Filter [1] angereichert, 
indem defiuierte Luftvolumiua durch diese Filter gesaugt 
werden. Derart mit Staub belegte Filter k6uneu ohne 
Nachbehandlung im Spektrometer gemessen werdeu [2] . 
Die Eichung des Verfahrens erfolgt mit Standardproben, 
die wie folgt pr~pariert werden: Auf die in der Praxis 
zur Staubabscheldung verwendeten Fllterpapiere (Whatman 
oder Millipore) werden 5o bis loo 1u1 Eichl6sung gege
ben. Die Messung der Standardproben unter optimalen Be
dingungen ergibt lineare Eichkurven. 
Nach der Eichung 1st es notwendig, Korrekturfaktoren fUr 
die au analysierenden Elemente zu finden, welche die 
unterschiedliche Absorption der gemesaenen R6ntgenstrah
lung an den mit Eichl6aungen und den mit St~uben beleg
ten Piltern beriicksichtigt. Die Beetimmung dieser Korrek
turfaktoren X erfolgt Uber eine gesicherte chemische 
Analyse des mit Staub belegten Filters. Die mit der RFA 
erhaltenen Analysenwerte C ergeben sich dann zu: 
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CStaubfilter = CEichung x K in;ug/cm
2 

Filterflache 

3. Die Wasaeranalyse 

Die oben beschriebene Filtermethode kann auch zur Ana
lyse des Waseers eingesetzt werdea. In diesem Fall wer
den loo1u1 Wasser auf die Filterpapiere gegeben. Die 
Tabelle l zeigt die mit dieser Methode erreichbaren 
Nachweisgrenzen fur Aerosole und Wasser. 

Die Nachweisgrenzen lassen sich durch Anreicherungaver
fahren reduzieren: Durch Eindampfen einiger Liter Was
ser und Tablettieren dee RUckstandes erhalt man die in 
Tabelle 2 angegebenen nachweiabaren Grenzkonzentratio
nen. Eine weitere Anreicherung der Schadstoffe erh~lt 
man durch chemische Abtrennung der Hauptkomponenten 
(Ca- und Mg-Verbindungen) und Vermessen des Niederachla
ges (Tabelle 2). 

4. Die Schadmetallbestimmung in pflanzlichen Produkten 

Die Analyse von Schadstoffen in Pflanzenmaterial er
folgt an getrocknetem, zerkleinertem und tablettiertem 
Material. 
Zur Herstellung van Eichproben werden einem chemisch 
analysierten Ausgangamaterial Eichlosungen zugegeben, 
welche die zu analyaierenden Elemente in abgeatuften 
Konzentrationen enthalten. Das so entstandene Suepen
sat wird homogenisiert und getrocknet. Das getrocknete 
Material wird bei Zugabe eines organischen Bindemittels 
erneut homogenisiert und zu Tabletten verpresst •• 
Bild l zeigt die aus Eichkurven Standardabweichungen Sx 
ftir die Elemente Pb, As, Hg, Se, Zn und Mn ala Maas ftir 

die Anal~sNngenauigkeit mit 
Sx = x x loo% relativ 

m Cx 



Tabelle·l: Mit der R1A errelohbare N'achwelsgrenzen Og achldlicher Elemeute au Aerosolen 
und 1m Wasser mit Filtermetbode 

Cg Na Mg Al 81 s Cl I Ca v Je Zu AB 

Cg (LHaung) 
(ug/cm2) 

570 79 lo,4 6,1 7,1 22 1,2 1,4 7,4 12,B 17 94 

CL(ng/m') 2300 320 44 25 29 9o 4,9 5,7 ,0 52 69 '580 

Cd 

4,7 

19 

Ow (ppm) 52 7,2 o,94 o,55 o,64 2,o o,ll o,13 o,67 1,2 1,6 a,5 o,43 

CL bezogen au! l m3 Luft {ohne Korrektur K) 

a,,, bezogen aut loo1u1 Wasser 

Pb 

,0 
.... 
'°" N 
N 

120 

2,7 



!rabelle 2 

Element 

Na 

Mg 

S, K, Ca, ~ c·u, ]'a 

Fe, 0u, 

l Zn, Co, 
Pb, As, 
Mo, w 

Nachweisgrenzen in Wasser nach Anreicherung 

Measzeit 
sec 

loo 

loo 

40 

40 

Nacbweiserenze1ug/l 

Eindampfen Abtrennen (H2S-Niederachlag) 

lo 

5 

ca 1 

o,l ••• o,5 o,ol •.• 0,05 



10 
Se--

5x = i&:. • 100 [°lo rel) 
mCx 
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0.1--~~~~~~--~~~~~~~--~~~~~~--
o.1 1 - 10 100 
Analysengenauig1ceit in Pflanzenmaterio• --Clppm) 

Bild l 

Rx = die in der Zeit T an der Xonzentration Cx gemeasene 
Impulszahl 

m = Steigung der Eicbkurve 

Rach Bild l betragt die Standardabweichung im Bereich 
l bis lo ppm lo bis l~ relativ. 

Die Eichkurven aind such bier - wie allgemein in der 
Spurenanalyee - linear. 

In der 9lbelle 3 sind die mit dieser einfacben PrMpara
tion in einer Mesazeit T = 200 sec erreichbaren Grenzkon
sentrationen eingetragen. 

Zur Herabsetzung der Nacbweisgrenze bis in den ppb-Be
reich milssen Anreicberungamethoden wie Veraschung oder 
Extraktion herangezogen werden. 



Tabelle 3 Nachweiegrenzen und Analyseugenaulgketten an getrooknetem Ptlanzenmaterial 

Element MeBzeit Analysenfenauigkeit *) Nachweisgrenze *) 
(sec) ppm) )'> p rm,, 

Mn 200 10 ± 0,3 0,4 

Cu 200 10 ± 0,3 0,4 

Zn 200 8 ± 0,24 0,36 

Se 200 1 ± 0,15 o, 13 

Pb 200 2 ± 0,08 0,2 

As 200 6 ± o, 18 0,5 

*) fUr S = 99,7 % 
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Eine Pb-Bestimmung au getrocknetem und veraschtem Mate
rial ergab an getroclcuetem Material eine Nachweisgrenze 
Cg von o,2 ppm, an veraschtem Material ein Cg von 
0,033 ppm in T = 200 sec. Durch Verltingeruug der Meee
zei t kann Cg wie rolgt verbessert werden: 

Cg2 = Cgl ~ 
= Bachweisgrenze bei einer Mesezeit T

1 

Bachweiagrenze in der Messzeit T2 

5. Die Analyse tierischer Produkte 

Von hochaktuellem Interesse ist die Schadmetallbestim
mung an tierlschen Produtten: 
Bier hat aich folgende PrKparation bewlhrt: 
Ca 2o g des Produttes, z.B. elne l'leischprobe, werden 
grob serkleinert, mit 2o ml Wasser versetzt und homogeni
siert. Das Homogenisat wird durch Vakuum- oder Gefrier-
troclcuuug entwissert. Das getrocknete Material wird 
pulverisiert und kann mit oder ohne Bindemlttel z~ Tab
letten verpresst werden. Diese Tabletten kHnnen direkt 
1m. Spektrometer vermessen werden. 

Zur Herstellung von Standardproben werden dem chemisch 
anal7aierten Material nach der Grobzerkleinerung 2o ml 
ScbwermetallsalzlHaungen in abgestuften Xonzentrationen 
zugegeben. 

Die weitere PrAparation erfolgt wie elnganga beachrieben. 
Zur Eliminierung von MatrixeinflUssen [4] bet wechselnder 
~leischmatrix kanu die JH.chung mlt elnem N

0
-Wert 

("background") ala innerer Standard durchgefUhrt werden. 



Ta belle 4 Nachweisgrenzen fUr Scbadmetalle in Ple1ach 

Element Linie T • 200 s T ::r 400 s T D 1 000 s 

Pb LU. o,o? 0,049 o,o3 

Pb Lfll,2 0,075 0,053 o,o3 

As Ke(. 0,035 0,025 0,015 

Hg L c:(_ 0,065 0,046 o,o3 

Sb LB1 o,55 o,39 o,25 

Cd Koc.. 0,076 0,054 o, o'.3 
~ 

B1 "'" N 

'""' 
Cg = ' • No Untergrundimpulszahl 

' m m Steigung der Eichkurve 
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10 

5 " KolbslC'ber 
• Schwemeleber 

• Kolblle is ch 
• Sdw!!inelleisch 

D 

0 1 2 
-ppm Hg 

Hg-Eichung ml lo als imcrern Standurd 

Bild 2 

Bild 2 zeigt eine derart ermittelte Eichkurve zur Hg
Bestimmung an Fleisch und Leber. Aus Bild 2 geht hervor, 
dass sowohl Kalb- ale auch Schweinefleisch - die sich in 
ihrem Fettgehalt wesentlich unterscheiden - mit einer 
Eichkurve erfasst werden konnen. Das gleiche gilt filr 
Kalbs- und Schweineleber. 

Tabelle 4 gibt scbliesslich die Nachweisgrenzen ftir Pb, 

·As, Hg, Sb und Cd wieder, die mit der einfachen Pr~para
tion der Trocknung in 200, 400 und 1 ooo sec. Messzeit 
erhalten wurden. 
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DISKUSSION 

DAMS (Belqien) 

Ich babe eine Frage bezuglich des Berichtigungsfaktors, 
der bei der Analyse von aufFilterngesammelten Aerosolen er
forderlich ist. Dies~r Berichtigungsf aktor kann bei leichten 
Elementen wie Na, Mg, Al usw. sehr hoch, bis zu IO sein. Der 
Faktor 1st abhangig vom Filtertyp, von der Eindringungstiefe 
in den Filter und von der Absorption des Staubes selbst. Die 
Eindringungstiefe der Aerosole in den Filter hanqt wiederwn ~ 
von der Luftgeschwindigkeit und dem Filtertyp, aber auch von 
der Partikelgrosse und der Verteilung von Masse/Grosse des Ele
ments als Funktion der chemischen Zusanunensetzung. Meines 
Erachtens wurde ein •Treib-•(puff) Verfahren zur Ausarbeitung 
der Harmen einen Teil der Probleme losen, wenn eine Aerosol
Standardprobe homogen auf einem Filter verteilt wird. Waren 
Sie in der Lage, konstante Berichtigungsfaktoren zu ermitteln? 

BEITZ (Bundesrepublik Deutschland) 

Die Grosse der Korrekturfaktoren bei der Analyse von auf 
Filtern gesammelten Aerosolen ist abhangig vom analysierten 
Element, vom Filtertyp und vom Staubsammelgerat. 

Bei Konstanthaltung des Filtertypes, des Staubsammelge
rates und der Staubsammelbedingungen (Druck, Geschwindigkeit 
usw.) ist der Korrekturfaktor abhangig von der Absorption des 
Staubes. 

Fur Schwefel fanden Bonnevie-Svendson und Pollo vom 
Institut fur Atomenergie in Kjellar Norwegen, einen Korrektur
faktor K = 0,66. 

zu gleichen Ergebnissen kamen G. Ronnicke, Aerosolmess
stelle_ Schauinslandr 7801 Schallstadt-Wolfenweiler, BRD und 
D. Klockow, Institut fur anorganische Chemie, Freiburg/Brg. BRD, 

Ronnicke und Klockow haben in jungster Zeit auch Korrek
turfclktoren fUr weitere Elemente bestimmt. Zahlenwerte sind 
z.zt. noch nicht veroffentlicht. 
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ETUDE PREPARATOIRE EN VUE DE L'ETABLISSE~ENT 
D'UN PROGRA~ME COORDONNE DE 9\JRVEILLANCE 

DE LA CONT/\MINATIOU DE L'HOr"~E PAR LES 
PRODUITS CHI~IQUES 

E. FOURNIER 

Centre de Toxicologie, HOpital Fernand-Widal, Paris, France 

. RESUME 

Le projet H.M.P. a'efforce d'etudier les intoxications sub

chroniques et chroniques liees a l'environnement chimique moderne, 

Zea intoxications aigues etant etudiees par ailleurs. 

Le projet doit porter sur des observations de tres longue 

duree d forte dispersion ecologique, done difficiles et couteuses. 

C'est cependant le seul moyen de definir des parametres de sur

veillance et de valider des observations cliniques reparties au 

hasard. 

Le projet comprend la surveillance reguliere d'echantillons 

de population representatifs d'un ensemble suffisant, la sur
~eillance specifique de certaines populations particulieremen~ 

ezposees ou particuli~rement sensibles: etude professionnelle, 

pharmacovigilance, groupes humains sentinelles en particulier 

allergiques. 

Une banque de donnees toxicologiques par collecte aleatoire 

est une organisation indispensable a la recherche des cotnci

dences suspectes. Elle participe d la coordination d'un projet 

qui tend d P4pondre aux inquietudes manifestees devant le "danger 

ahimique" par l'ensemble des populations d aivilisation industria

Z.i.s~e. 
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ABSTRACT 

The HMP is aimed at studying chronic and sub-chronic pois

oning caused by the chemicals in the modern environment, acute 

poisoning being dealt with in another study. 

The project must be based on observations over a very long 

period and ~ith a ~ide ecological distribution, and so they hlill 

be difficult and expensive. This is, however, the only way of 

defining surveillance parameters and of validating random clini

cal observations. 

The project involves the regular surveillance of population 

samples representative of an adequate total population, as well 

as specific surveillance of certain groups which are particularly 

ezposed or particularly sensitive: professional studies, phar

macological control, pilot groups of people - particularly those 

.w~th;altergies. 

A bank of to%icological data obtained by random sampling is 

lndlspensable for research into suspicious coincidences. This 

dat~,bank wi~l help to coordinate a project which reflects the 

disquiet a~'?ut the "chemical. danger" felt by all. people in in

dust~ialiaed countries. 
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1/ L•etablissement d 1un programme coordonne de surveillance de la contami

nation de l'homme par les polluants chimiques constitue la base d'une in

formation scientifique en vue de l'evaluation objective des risques que 

fait peser la pollution sur la sante publique. 

1 - 1/ Le projet H.M.P. doit eviter la confusion des secteurs OU phases 

de la toxicologie clinique 

~~~~~-! : Intoxications aigu~s : Accidents, suicides, crimes. 

~e~~~-~ Intoxications subaigu~s et chronigues : Maladies professionnelles 

Maladies medicamenteuses. Teratogenese. Allergie. 

Phase 3 Intoxications chronigues : Cancerogenese. Mutagenese. Vieillisse

ment. Flu ctuations allergologiques et inununologiques. Impregna

tions toxiques. 

A ces phases correspondent des organisations particulieres : 

Phase 1 

Phase 2 

Les Centres Anti-Poison ont deja repondu a la premiere demande. 

Les Centres de Medecine du Travail, les Centres Anti-Poison, les 

Centres de Pharmacovigilance peuvent s 1 organiser pour repondre ensemble a 
la deuxieme demande. 

~~~~~-~ : Chacun des centres de la Phase 2 peut participer a un travail 

d•ensemble. 

1 - 2/ Diff icultes particulieres de realisation : 

La troisieme phase, specifique du projet H.H.P., ne devrait etre explo

ree que progressivement et avec beaucoup de prudence pour trois raisons 

essentielles : 

- la tres longue duree necessaire a l'observation reellement chronique, 

oblige a tenir compte d 1 une foule d'interferences dont 1 1 effet propre peut 

etre superieur a ceux que 1 1 on pourrait attribuer a 1 1 environnement. Com

mencer la phase 3 sans assurer la securite scientifique de la phase 2, 

exposerait a des erreurs tres grossieres. 

- la forte dispersion ecologique des conditions de vie et 11 interference 

avec des habitudes deviantes jouent un r8le essentiel en pathologie chro

nique : nutrition anormale, alcoolisme, tabagisme, absorption reguliere de 

medicaments. 

- la rarete des operations regulierement conduites dans cet esprit de recher

che est due a la difficulte et au coGt d 1operations portant sur des centai

nes de references acquises sur chacun des individus etudies gr~ce a la de

finition des parametres biologiques. 
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1 - 3/ Aspects psycho-sociologigues 

Il serait inutile de prevoir d 1aussi im.portants projets et de les doter 

d 1une validite si.entifique sans prendre en consideration en meme temps les 

consequences psycho-sociologiques de telles entreprises. Les consequences 

d 1une etude toxicologique font toujours apparaitre une certaine forrne de 

resJ>onsabilite judiciaire, une certaine possibilite de contr81e technologi

que et de modification de 1 1utilisation, des exigences nouvelles de contro

le et de prevention ; elles suscitent beaucoup de discussions. 

2/ Tout projet H.M.P. doit suivre un plan rigoureux et comprendre 

- une recherche progranmee specifique du projet H.M.P. et d 1une substance 

chimique precise ; 

- une action de coordination des centres de Phase 2 sans modifier leur acti

vite specifique ; 

- l'adjonction l cbaque groupe coordonne d'une activite H.M.P. 

Apres une periode de fonctionnement, de nouvelles ameliorations peuvent 

&tre.proposees. 

2/lLa recherche exhaustive des maladies nouvelles effectivement liees a une 

contamination chimique est l•un des objectifs du projet H.M.P. Il ne peut 

&tre realise. D1ou 11 idee d 1une Banque des appels et des demandes d 1 informa

tions a propos de colncidences suspectes ou de maladies inexpligUees ••• 

(Banque de collecte quasi-aleatoire - B.C.A.). L'accumulation des donnees 

aleatoirea peut faire apparattre des coincidences assez regulieres pour de

venir demonstratrices d*un phenomene multifactoriel de toxicite dlstribuee 

au hasard (sperergique) et nous pensons que c•est le seul moyen a mettre en 

oeuvre actuellement par H.H.P. 9 en debutant 11operation initiale par la 

phase 2 (enregistrement aussi organise que possible des affections des ou

vriers ·~anomalem.ent" exposes, des atres humains particulierement sensibles 

(sujets sentinelles), des reactions adverses aux medicaments, aux pestici

des, aux produits de maison). L 1 identite des troubles cliniques a pennis 

le diagnostic de toutes lea intoxications chroniques collectives recentes, 

ce 'qui justifie l'espoir d'un resultat dans cette direction de recherches. 

2/2Surveillance reguliere d 1echantillons de population 

,. La. surveillance reguliere d'un echantillon de population est une autre 

voie d'abord de H.M.P. (Phase 3). Ses buts ~oivent ltre precises9 ce qui 

suppose : 

a) la definition de la pop1llation. 

b) la definition de l'ecbantillon 
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c) la description des limit es du projet 

d) la recherche des resultats previsibles 

La definition des groupes temoins dans chaque pays permettrait : 

- de fournir des renseignernents acceptables pour decider de la surveillance 

de la population et de la reda::t:ion de mesure~ preventives. 

- de fournir un document de base sur la contamination reelle de chaque po

pulation permettant dans une certaine mesure de comparer les types alimen

taires, les types de contaminations chimiques de base liees a 1 1 ecologie, 

au type de civilisation, leurs effets sur le frequence de certaines mala

dies tres courantes. 

- d 1 aboutir par le moyen indirect de la surveillance systematisee, reperto

riee tousles trois ans, a une etude extensive portant sur environ 10 000 

sujets, groupe global important mais a peine suffisant pour apprecier l 1 ap

parition de maladies rares ou comparer la frequence de maladies cormnunes. 

- ce projet se situerait par rapport aux methodes courantes de surveillance 

connne un axe de reference sans pour autant eliminer les autres voies d'ob

servation et les autres etudes qui devraient s'y referer clans la mesure OU 

leur impact statistique se rapprocherait de la surveillance de un pour 

25 000 habitants, en poursuivant des buts paralleles. 

- Il faudrait en outre isoler des groupes humains "anorrnalement" exposes 

(phase 2), OU anormalement receptifs. Leur etude doit etre organisee des 

que possible au titre de la phase 2. Les sujets "anormaux 11 
: les ouvriers 

special ement exposes, les organismes sentinelles par anomalie congenitale 

OU acquise, doivent etre rapportes au groupe OU ils se trouvent, celui-ci 

faisant souvent l'objet d 1une surveillance medicale particuliere. 

3 / Realisation du programme 

Toute operation H.M.P. devrait ensuite se faire en trois temps, apres le 

choix des sujets, des parametres biologiques utiles et comparables, et de 

1 1 echantillon de la population a etudier : 

3/1 preparation et collecte des documents 

Aucun document acceptable ne peut etre recueilli par des personnes in

competentes. D'ou l'idee formelle d 1 eliminer du temps de preparation et de 

collecte des documents toxicologiques toute organisation non habilitee par 

une competence technique, c'est-a-dire par une experience suffisante con

frontee a celles d'autres laboratoires analogues. 

3/2 etude critique des resultats bruts : observation et dosages. 

3/3 validation des resultats retenus et correlations avec d'autres opera

tions portant sur le meme sujet. Formation des Laboratoires. 
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- d'abord definir les laboratoires et groupes cliniques competents ou faci

liter l'acces a la competence de ceux qui souhaitent partic:iper au program

me H.M.P. 

- puis proposer les sujets a traiter en commun et definir les collabora

teurs possibles, les parametres retenus, ~es methodes acceptees, le type de 

collecte organisee. 

Les laboratoires de Toxicologie subaigu~ (phase 2), assez nombreux, soot 

proches des services de Medecine du Travail, zone elective de collecte de 

ce type de desordres, des Services Hospitaliers pour ce qui concerne les 

accidents therapeutiques ou 11 allergie aux substances chimiques. Des labo

ratoires specialises existent dans les grands centres de medecine d 1entre

prise, dans certains departements hospitalo-universitaires : Cenmas anti

poison, Service de Pathologie Industrielle, Services de Pharmacovigilance. 

L1 activite de l 1ensemble se complete normalement par des etudes socio

psychiatriques touchant les toxicomanes, l'ergonomie, les deviants alimen

taires, et par des etudes epidemiologiques visant a demontrer le danger de 

nouveaux produits manipules par grandes quantites. 

Les laboratoires de Toxicologie chronigue (phase 3), essentiellement 

celle de l•environnement, seraient typiques d'une activite epidemiologique 

greffe~ sur des etudes cliniques et experimentales, mais ilssont exception

nellement orientes vers des etudes de toxicologie humaine. 
. . , 

Assez paradoxalement, les laboratoires de toxicologie des grands insti

tuts medico-legawc peuvent jouer un role essentiel dans ce domaine en per

mettant, grace au. grand nombre d 1 autopsies de sujets accidentes probable

ment sains, de foarnir des echantillons representatifs de la population re-. ~ . 

gionale normale ou tout au moins controlable, et d'effectuer les mesures 

necessaires. 

La collecte peut aussi se faire dans les centres de pathologie (ou 
'·I_; 

d'anatomo-pathologie) des hopitaux universitaires importants. Selon les 
. . 
cas, le laboratoire de toxicologie medico-legale OU le laboratoire de Chi-

. aie medicate hospitalier OU universitair~ assurera les dosages. 

Le benefice reel a tirer d 1un projet H.M.P. sera en fait une modifica

tion de 11esprit des etudes toxicologiques en favorisant les discussions 

entre personnes competentes dans les domaines dif ferents et en permettant 

d'exposer !'ensemble des problemes aux responsables gouvernementaux. 
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DISCUSSION 

WASSERMANN (Israel) 

Les modeles que !'auteur suggere pour !'~valuation des 
risques dus A la pollution de l'enviro~nement sont fort interes
sants. Quelle sera la liste des priorites qui sera consideree 
en ce qui concerne des problmnes a aborder et des populations 
a etudier? 

FOURNIER (France) 

Les propositions qui ont ~te faites tendent surtout a eviter 
une certaine confusion entre les differents secteurs de toxicologie. 

Les problernes ! aborder en priorite dependent: 

- pour la toxicologie sub-aigue de !'evolution de la techno
logie industrielle et des produits medicamenteux, 

- pour la toxicologie chronique, des produits non degrada
bles essentiellement d'origine minerale, des produits susceptibles 
d'un effet cumulatif en particulier cancerogene ou mutagene. 

Un echange de vues sera done necessaire entre les dif ferents 
specialistes de toxicologie af in que les choix portent avant 
tout sur des produits reellement manipules ou apparaissant en 
quantite notable de maniere persistante ou encore susceptibles 
de provoquer des cancers spontanes ou experimentaux. 

Les populations A etudier sont: 

- pour la toxicologie subaigue ceux qui sont particuliere
ment exposes : ouvriers pour les produits industriels, malades 
pour les medicaments. 

- dans le domaine de la toxicologie chronique des echantil
lons de population A suivre pendant des periodes suffisamment 
longues. 
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METHODOLOGIE POUR L'EVALUATION DE L'EXPOSITION 
DE L 'MOf'!ME RESllLTAMT DE LA CONTArUNATION 

DES ALIMENTS PAR LES METAUX LOURDS, 
ETUDE DE PUELQUES CAS COMCRETS 

R. BITTEL, A, GARNIER, G, LACOURLY 

Association Euratom-CEA, Niveaux de pollution du milieu ambiant 
Departement de Protection, Service de Protection Sanitaire, 
Fontenay-aux-Roses, France 

RESUME 

Dans le cadre d'une Association entre Zes Communautes Euro

peennes et le CEA, une methodologie, inspiree par les recherches 

anterieures dans le domaine radioactif, a ete mise au point en 

vue d'evaluer, dans toute situation, Zes quantites de metaux 

Zourds ingerees par l'homme en fonotion des niveaux dans le mi

lieu, des regimes alimentaires et des caracteristiques des trans

ferts, en tenant compte des concentrations et des dilutions qui 

peuvent intervenir lors des differents stades du transfert: 

production, transformation et distribution des aliments. La 

meme methodologie permet, inversement, de determiner, dans chaque 

cas, la capacite limite du milieu. Compte tenu de la complexite 

des differents parametres intervenant dans les transferts, des 

etudes de sensibilite apparaissent indispensables pour definir 

les recherches a entreprendre en priorite. 

Pour concretiser Zes conceptions precedentes, on a applique 

cette methodologie aux transferts des metaux lourdes (Hg, Cd, 

Pb, Cu, ·zn, en particulier) dans des chatnes alimentaires aqua

tiques et continentales. 
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ABSTRACT 

On the basis of previous research in the radioactive sphere, 

a methodology has been developed by; an Association of the Euro

pean Communities and the CEA, ~ith a vie~ of evaluating quanti

tatively in any given situation, the heavy metals ingested by 

man, as a function of levels in the environment, diet and trans

fer characteristics, and taking into account concentrations and 

dilutions which may occur at the different transfer stages viz. 

production, processing and distribution of foodstuffs. Conver-

sety, the same methodology can be used to determine, in each 

case, the limiting capacity of the environment. Given the 

complezity of the different parameters occurring during transfer 

processes, sensitivity studies appear to be essential, in order 
to define which research should be given priority. 

In order to make the previous ideas more concrete, this 

~ethodotogy ~a~ applied to the transfer of the heavy metals (es

pecially Hg, Cd, Pb, Cu and Zn) in the food chains, both in wateP 

and in the soil. 
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1. INTROIUCTION 

11 est bien connu que les radionucleides rejetes dans le milieu sont 

susceptibles de parvenir a 1 1 l:lomme, pour une grand.e part, par la voie de 

la chatne alimentaire. Le cheminement des p~lluants radioactifs des 

points de rejet jusqu'a l'organe critique de l'Hormne ~ fait l'objet d'e

tudes tree poussees, qui ont Servi de bases a l' evaluation des niveaux 

admissibles dans le milieu et a celle des taux maiimaux d 1 introduction 

des polluants dans 1 1 orga.nisme a partir de la dose maximale admissible 

pour le groupe de population considere. Plus generalement, il est possi

ble de relier le niveau x d'un polluant radioactif dane le milieu au 

debit de dose D delivree a l'organe critique de l'Honae. Les relations 

font intervenir lea parametres physiques, chimiques, biologiques, eco

nomiques dans lss transf'erts. Les recherches effectuees dans le cadre 

de l 'Association EURA'l'Clll-CEA "Biveaux de pollution du milieu ambiant" 

ont per11is de faire l'inventaire de ces parametres, et, dans divers cas 

concrete, d 1 evaluer l'incidence de leur variabilite sur le debit de dose. 

Ce travail a permis d'eclairer l'importante notion de "capacite radiolo

gique limite "d'un milieu recepteur, en tenant oompte des differents 

etades du transferti production, transformation et distribution des ali

ments, dietetique (1). 

n est appan coane souhaitable de s•tnspirer de la methodologie 

mise au point dans le domaine radioactif en vue de chercher a evaluer, 

en toutes situations, les quantites de metaux lourds ingerees par 

l 'Homme, en fonction des niveaux dans le milieu. Les e:z:emples qui vont 

euivre sont empru.ntes a des etudes realisees en collaboration avec l'As

sociation et divers laboratoires. 

2. TRANSFSRT 1XJ MILIEU AUX PROWITS BRUTS DE L' ALIME!fl'ATION DE L'HC>IME 

2.1. Transfert des metaux lourde de l'eau d'irrigation aux veg§taux 

On a en particulier etudie le transf'ert du cadmium de l' eau au riz 

irrigu.e par submersion, en utilisant des rizieree artificielles miniatu

risees, au Laboratoire d'Ispra de la Division de Biologie d'Euratom (2). 

On a constate que le facteur de transfert F, eau ~endosperme, du 

cadmium 
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Cd dans l'endospeme 
Cd dans l'eau d'irrigation 

est de l'ordre de 60, bien superieur a oelui du zinc ( F ~ 8). Cette 

uperimentation. aouligne l'intertt de recherches sur la contamination 

de produits cer8al.iers par le cadmium. 

2.2. Transferi des metaux lourds de 1 1 eau aux organismes agua.tiques 

Une recherche de longtie haleine est actuellement poursuivie a Nice 

au Centre d'Etudes et de Recherches de Biologie et d'Oceanographie M8-

dicale {CERBCJI) sur le transfert de m6taux lourds dans des chatnes 

tropho~ques aarines. Les elilenta sont, comme dans la realite, 

introduits sous forme ionique simple et sous fome associee a divers 

composants organiques naturals et artificiels. Le premier echelon marin 

est cont•ine par 1 1 eau, le second, l la foia par l' eau et le premie_r 

echelon qui est CODBOlllle C011118 aliment. Le dernier echelon com:porte un 

aamifhe, la aouria, consideree comme consommateur final des cha!nes 

t.rophiquea. Le tableau 1 donne un axmple des reaultata obtelDl.s sur une 

cba!ne n6ritique a mollusques (3). Des recherches sont actuellement 

entrepriaea l Iapra en vue d' etudier lea transferts des metaux lourds 

(Bg, Cd, Zn, Pb) de l' eau, aux organismes dul9aquicoles (racteurs de 

tranaf'ert) 

concentration dans 1 'organiame (po ids frais) 
concentration dana l' eau 

3. TIWISFEM'S DES PROOOITS BRU'1'S AUX PROWITS AU STADE DE LEUR CO~
DTIOB P.lR L 'H(Jll(E 

Divers aspects ont ete envisages1 la transformation et la prepara

tion des denrees al.iaentaires, lea processus de coanercialisation et de 

diirtribu.tion. enf'in des 8D1Ultes sur les regimes alimentaires dans la 

ec-unavte Europ6enne. 

3.1. 'l'ransferla des produita bruts aux produits au stade de leur consom

mation par l 'Homne 

C~s ftudes ont et6 entreprisea en. collaboration .avec 1 'Insti tut 

llational de la Recb.erche AgrollOllique, le linistere de l 'Education 
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TABLEAU I - ORDRE DE GRANDEUR DES FACTEURS DE TRANSFERTS DES METAUX 
LOURDS DANS UNE CRAINE NERITIQUE A MOLLU~UES (elements 
introduits a l'etat ionique simple) 

Cu Zn Pb Cr (VI) Hg 
• 

Phytoplancton 1000 1000 5000 100 3000 
' Moule 120 

1 

1200 150 40 100 

TABLEAU II - TAUX DE SECRETION DANS LE LAIT DES ELE>IENTS INGERES PAR 
LA VACHE (rapport des quantites secretees, par jour et 
par animal, aux quantites ingerees, par jour et par ani-
mal) 

Fe . 0,009 Cd : 0,06 . 
Zn : o,08 Pb . 0,1 . 
Sr : 0,03 Mn : ~ 0,0010 
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Bationale et le Laboratoire de Biologie Vegetale du CEA a Grenoble. On a 

etu.die en particulier les tran.sferts des meta.ux lourd.s dans la chatne: 

aliment du betail, la.it, produite laitiers: 1 1 e:xperimentation a montre 

que ' pour tous les elements envisages, l 1 animal consitue Ul1 f'iltre 

efficace entre la pollution chimique du milieu et le la.it (tableau II) 

(4). 

3.2. Coalllercialisation et distribution 

Le mouvement des produits alimentaires1 brute ou transformee, est un 

parametre important A prendre en consideration, soit qu • il aboutiese a une 

dilution dee produits iseus d'wie zone susceptible d'3tre contaminee, eoit, 

au contra.ire, qu' il aboutisee 1 une concentration, sur certains marches, 

de produits proven.am de zones intereseees par dee rejets industriels et 

urbains. · 

Un mocQle pemettant d 1 est:imer l'inf'luenoe des circuits de collecte, 

de transformation et de distribution des produits aliaentaires sur le 
' f'acteur de dilution d 'une contamination intervenant au stade de la produo-

~ion agrioole est actuellement 1 1 1 etude et sera teste sur des exemples, 

car i1 doit tire ad.apte aux problemes particu.liers poses par chacune des 

grand.es categories de produits al.illentaires A l'un ou l 'autre des &tad.es 

de leur cheminment. 

Bn ce qui ooncerne le stad.e de la collecte, l 'accent d. deja ete mis 

eur lea produits cerealiers, notamment le ble et la farine. n a ate 

110ntre, par exem:ple, qu• en France, lee zones d'e:xportation du ble etaient: 

le Centre (Orleans), la Picardie et la Champagne, lee regions importatri

ces etarrt les zones urbaines industrialisees; Paris constitue la plaque 

tournante de la commercialisation de la farine (5). Pour les produits 

lai1;iera, OD s 1appuie sur des etudes realisees sous l 'egide du Ministere 

de. l'Agriculture (6) 1 fournissant un panorama de l'industrie laitiere, 

qui montre une cerlaine specialisation des grand.es installations dans tel 

OU tel type de fabrication, Belon la region oi). elles sont implantees. 

Pour lea aouvaaents des prod.uits fruitiers et legumiers, des donnees 

sont obtenu.es aupres du Centre Fr~ais du Commerce Erlerieur. 
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3.3. Aspects alimentaires et dietetiques 

Une enqugte realisee par CRESTA dans diverses regions pennet de se 

faire une idee de la variabilite des regimes alimentaires dans les pays 

de la Communaute Europeenne (7). On a constate que, contrairement 

peut-@tre aux macroelements indispensables,•lee apporte alimentairee re

latife aux oligoelements indispensables sont relativement peu variables 

d'une region a l'autre. ~ais le probleme des elements polluants reste 

pose. 

Les aspects dietetiques n'ont pas pu ~tre abordes par !'Association. 

~ais le Service de Recherches To:xicologiques et Ecologiques du C.E.A. a 

entrepris des etudes experimentales eur le devenir des rad.ionucleidee au 

cours de la preparation des aliments, recherches dont on peut s'inspirer 

dans le cas dee metaux lourds (8). 

4. CONCLUSIONS 

Il apparatt tree interessant de poursuivre, dans le mime esprit, 

les recherches encore sporadiques effectuees sur les transferts de 

metaux lourds. Des modeles inspires de ceux mis au point dans le cas de 

pollu~nts radioactifs permettent d'evaluer les qua.ntites D ingerees d'un 

element, en l'unite de temps, si on connatt les quantites Qi de chaque 

vecteur alimentaire i ingere en l'unite de temps, les facteurs de trans

fert Fi milieu~ alime~t et le niveau de contaminationX du milieu: 

D =XL Qi Fi (n vecteurs alimentaires). 

On pourra determiner le niveau limite Xe dans le milieu, si on peut 

apprecier la quantite marimale ingerable De. De premieres etudes de 

sensibilite sur D montrent que lee parametres les plus sensibles sont 

ceux qui modifient les valeurs des facteurs de transfert, en particulier 

les parametres impliques par la transformation, la commercialisation, la 

distribution et la preparation culinaire des aliments. 
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DISCUSSION 

ANDERSON (U.S.A.) 

Qu'est-ce qui a produit les facleurs de concentration pour 
les moules? Etaient-elles exposees a des algues contaminees 
OU a de l'eau OU aux deux a la fois? 

BITTEL (France} 

Le phytoplancton a ete cultive dans de l'eau de mer con
taminee. Les moules ont ete placees, pendant une semaine, dans 
cette meme eau et ont re~u, comme aliment, les micro-algues 
precedemment contaminees. La contamination des moules est done 
a la fois directe, par l'eau, et indirecte, par les aliments. 
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ABSTRACT 

In this paper have been discussed and compared the results 

referring to the two main routes of Hg intake, inhalation and in

gestion, and the average amount due to each route has been esti

mated. 

Furthermore, both the Hg concentrations in some human tissues 

(blood, hair) and the Hg excretions (urine~ feces) from selected 

subjects have been measured. Such subjects ~ere divided in three 

groups according to the degree of their e~posure to Hg contamination. 

In order to assess the ratio between Hg contamination levels 

in the environment and in man, some correlations have been carried 

out among the Hg concentrations, found "in vivo" in the va:roious 

biological samples~ and Hg amounts introduced in man through in

gestion and inhalation. 
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1. Introduction 

In a previous paper, Bombace M.A. et al (l], the Hg dis

tribution and environmental concentration have been studied in 

an area selected owing to both its mineral resources and indus

trial activity. 

In the present paper the study has been mainly focused on 

some group of human population, exposed to different levels and 

routes (ingestion and inhalation) of Hg contamination. 

Among such groups, those more heavily exposed introduce Hg 

mainly through inhalation of either Hg vapor (people working 

near the furnaces where the metallic mercury is extracted) or 

mineral dust (miners) . 

In spite of the many papers (Wilcox et al. L- ~- , Dinrnan _3 ~ 

Nordberg and skerfving[4]) dealing with the relationship existing 

in man between the ingestion of organic mercury and the corres

ponding level in biological samples (blood, hair, urine), few 

data (Smith et al. tSJ ) are available on such relationship due 

to inorganic Hg contamination from vapor or dust. 

The Hg intake due to the environmental exposure has been 

examinated separately from that due to the working exposure. 

A direct assessment of the Hg vapor inhalation due to the 

professional exposure was not possible; in any case, the Hg 

concentration in the air, inhaled during the working hours by 

the subjects employed near the furnaces, has been estimated by 

applying to the urine and blood Hg concentrations in such subjects, 

the correlation found by Smith et al.[sJ. 

The subjects of the control group have been selected in 

order to be exposed to Hg intake from the environment only with

out any professional exposure. 

2. Materials and Methods 

The subjects selected for this study were divided into 

the following groups: 
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- Group A: seven male individuals (29-54 years aged) working 

near to the furnaces, where the metallic mercury 

is extracted; such subjects are those involved in 

the heaviest professional exposure, owing to the Hg 

air concentration presumably higher in this point 

than in any other of the mine. 

- Group B: thirteen male miners (40-45 years aged) working at 

the extraction of the Hg ore. The inhalation ex

posure to Hg vapor is less for this group than for 

group A and the main exposure for this group is due 

inhalation or ingestion of the ore's dust. 

- Group C: eight control individuals of both sexes, without any 

professional exposure, 18-30 years aged, selected 

among the relatives of the subjects considered in 

groups A and B. 

Blood (lOcc), hair (few mg), 24 hours urine and feces 

samples have been taken from every subject. The total meals 

eaten by the subjects of groups A and B have been collected 

during the three days preceding the excretion collection 'date. 

Every precaution was taken in order to avoid contamination dur

ing samples collection. 

Each sample was measured by the non destructive neutron 

activation analysis method described in a previous paper 

(Bambace M.A. et al[lj). 

The treatment of the samples varied according to their 

nature. Few grams aliquots of feces were irradiated after a 

preliminar sterilization* in a gamma irradiation facility 

c137
cs source); the urine volumes (20 cc) were irradiated with

out any previous treatment. The blood samples have been separ

ated by means of a centrifugation, in two parts, the serum and 

the red and white cells, which were directly irradiated "in toto". 

The total diets have been homogeneized and sterilized in 

a gamma irradiation facility as the feces samples, and then 

liophilized; a small aliquot (2-4 g) was then irradiated. The 

human hair were irradiated after a careful and repeated washing 

in aceton and ether. 
*Dose to the samples_ 5 MRad 
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The average Hg inhalation for the control group c, was 

calculated by estimating the air Hg concentration in the region 
around the mine, by means of the Pasquill formulas and of the 
following parameters: 

a) the wind rose, referred to the different stability cate
gories, was obtained by analyzing both the anenometers data 

for the period march-april 1974 and the clouds mass on the 
site. 

b) the main Hg discharge point was the furnaces stack (40 m 
high). 

c) the average Hg discharge from the stack was estimated as 
1 mg/sec by means of many different air filtration exper
iences around the mine plant. 

The average air Hg concentration, obtained with such 

calculation, is clearly referred only to the analysed 
period, and can be considered as only indicative of the 
order of magnitude of the yearly average value. 

3. Results and Discussion 
In table 1 and 2 Hg concentrations in the analyzed samples 

are reported. The data show a clear correlation of the Hg 
content with the degree of exposure. As the blood is concerned, 
the individual Hg concentrations for subjects of group A are 

much higher than those reported for the normal population by 
Skerfving(41and Goldwater et al.[6]; group Bon the other hand 
resulted much less contaminated, with 10 subjects over 13 having 

Hg blood concentrations less than 5 ppb: such a value can be con

sidered as a limit value for the 75%-77% of the non exposed 
pot>ulation (Goldwater et al. [6-l; Skerfvinq [4J). 

The blood Hg concentrations found in the groups A subjects 

can be related to the chemical form of the contaminant: the 
highest values are, indeed, measured in the serum, with a serum/ 
red and whith blood cells ration almost equal to a value of 2 

(tab.3). Such a result could be attributed either to the hiqh 

reaction speed of inorganic mercury with the seric proteins 



TABLE 1 

Hg concentration in blood (ng/ml) 

Number of Group Blood Serum Red and whi"Ce cells 
Subjects mean + S.E. range mean + S.E. ranqe mean + S.E. r.ange - - -

I 7 A 59 + 11 37 + 123 93 + 27 46 . 256 44 + 4 32 + 63 - -
13 B * (.5 36 * < 5 . 53 . * (5 :+. 28 

8 c <. 5 < 5 ( 5 < 5 < 5 (5 

I 

* 3 samples only with Hg concentrations ~5 ng/cc 

TABLE 2 

Hg concentration in urine, feces and hair 

·-· 
Number of Group urine (ng /ml) feces { ,ug/g) hair ( ,ug/g) 
Subjects mean + S.E. range mean + S.E. 'range mean + S. E.' range - - -

7 A 251 + 41 155 . 426 3.5 + 1.1 0.6 T 8.9 25.0 + 6.1 7.6 . 50.0 " - - - . 
13 B 4.7 + 1.8 <.1 + 24.8 1. 2 + o.s 0.01+ 6 .o 4.0 + 0.8 1.4 + 8.8 -

8 c 3.4 + 1 < 1 
. 9 .o o. 25+ 0. 07 .c:o. 02 + o.55 1.8 + 0.4 o. 9 + 4.5 7 - - -
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(Guirgis et al. [7]), due to its strong degree of ionization, or 

to the solubility of the Hg vapor in the lipid fraction (Clarkson 

et al. (a]). On the other hand, a Hg concentration higher in red 

and white blood cells than in serum was observed, when organic 

mercury is introduced through a fish diet, according to Dinman 

[3.]and Skerfving(4l. The subjects of group A have also a much 

higher urine and hair Hg concentration than the other groups 

(tab.2); this result is less evident for the Hg concentrations 

in feces which show an high degree of variability (tab.2). 

As the average ratios, reported in table 3 for group A, are 

concerned, the following considerations can be done: 

a) the urine/blood ratio is in good agreement with that reported 

by Smith [s] for similarly exposed subjects 

b) the hair/blood ration is slightly higher than those (181 + 

385) reported by Dirunan{jJ for subjects exposed to organic 

mercury, assumed mainly through the diet. 

Therefore it could be argued that, exposures to a vapor 

of metallic mercury produce concentrations in some body 

tissues, as hair, higher than exposures to organic mercury 

as considered by Dinman ~J 

c) as the ratio between the fecal and the urinary excretion 

(both as 24 hours total excretion) is concerned, no data 

are available in literature. The results reported for 

group A seem to show a fairly similar Hg excretion, through 

both feces and urines, in case of exposures to a metallic 

mercury vapor. 

Other results reported in table 2 and 3 for the groups B 

and C show no indication of a pronounced exposure as for group 

A. On the other hand, the data of group B indicate a certain 

degree of Hg contamination, probably due to inhalation and/or 

ingestion of mineral dust: such a contamination, which is poorly 

metabolized in lungs and in the gastrointestinal tract is dis

played by the high Hg level in feces only. 



TABLE 3. 

Group A - i-1ean values for individual ratios among Hg concentrations 
in some tissues and excreta 

Ratio !-lean ± S.E. Range 

serum/red and white cells 1.97 + 0.36 1. 29 t 4.02 

urine/blood 4.40 + 0.51 3.12 + 7.22 -
hair/blood 441 + 110 105 + 940 

~lurrber 
of 

feces/urine* 1.05 + Q.16 o. 70 + 1. 53 

* 24 hours fecal and urinary excretion 

TABLE 4 " 
Urinary, fecal and total Hg excretion compared with the Hg intake through the diet and the 

inhalation ( µg/day) 

Urinarv excretion Fecal excretion Total excretion Intake 

Group Diet Average 

Subjects mean ± SE ranc;e mean ± SE range rrean ± SE range mean ± SE range inhalation 

7 A 265 ± 49 149 .;. 468 332 ± 111 104 .. 714 562 ± 132 235 1183 25 ± 6 6.3 .;. 98.2 1000 

8 B 6.0 ± 2.8 1.3 .;. 24.6 66.9 ± 15.8 12 130 73 ± 15 14 129 25 ± 6 6.3 + 98.2 0,2 * 

6 c 3.8 ± Q.8 1.3 + 6.1 21.5 ± 4.3 12 34 25.2 ± 3.4 18.2 35.3 25 ± 6 6.3 + 98.2 0,2 * 

* inhalation due to non-professional exposure. 
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The hair Hg level for group B are slightly higher than those 
-~ 

reported for the non exposed population (Dinmanl.3., Skerfving 

[4]), while those for group C are in very good agreement with 

the normal natural values. 

With reference to the Hg introduced through ingestion and 

inhalation, the following results were obtained: 

1) the average amount introduced by any subject through the 

diet r~sulted to be 2s1uq of Hg per day 

2) the inhaled amount due to the environmental exposure, for 

the population l~ving inside the area of 1 km radius from 

the stack (almost all the considered subjects are living 

in that area), resulted to be nearly o.21u9 of Hg per day 
-3 3 (average Hg concentration in air= 10.10 1ug/m ; air 

inhaled during 24 hours= 20 m3 (ICRP[9]). Such an amount 

is clearly negligible when compared to that introduced 

through the diet. 

3) the quantity, due to the professional exposure, inhaled by 

the subjects of group A, was estimated to be 1 mg of Hg 

per day, on the basis of an air Hg concentration of 0.1 

mg/m3 (air inhaled during 8 hours work day= 10 m3 (ICRP 9 ). 

Some provisional conclusions can be drawn from the values 

reported in table 4, as the 24 hours total excretion and the 

total Hg intake are considered: 

1) the main Hg intake for group A subjects is due to the Hg 

inhaled during working hours, being negligible the contri

bution due to the diet. Furthermore the Hg inhaled as a 

vapor is easily metabolized and accumulated in some tissues, 

the total excretion being less than the total intake (see 

tab. 4). As a consequence fairly high levels were found 

for those subjects in blood, urine and hairs. 

2) the group B subjects seem to be exposed to a random intake 

of mineral dust, which, being poorly metabolized in the 

lungs and in gastrointestinal tract, are more easily ex

creted through the feces. For such a reason the feces/urine 
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ratio for this group is higher than that found in other 

groups. The dietary Hg intake for group B is not as 

negligible as for group A. 

3) a substantial equilibrium between total intake (mainly 
• 

dietary) and total excretion has been found for group C 

subjects. As a consequence the Hg levels in the body 

tissues of this group are fairly identical to those found 

in the normal population 
4) the feces/urine ration is function of the kind of exposure; 

such a ratio reaches a value of 10 in group B; it is lower 

in group C than in group B by a factor of 2, and finally 

lower by a factor of 5 in group A than in group c. 
In any case it has to be considered that all the average 

data reported in tab.1-4 are mainly indicative of the order 

of magnitude, due to both the poor number of subjects examined 

and the inaividual variability of the analyzed quantities; for 

such a reason in any table the range of such quantities is also 

reported. 

Acknowledgments 

The authors are indebted to Dr. R. Rossaro, physician of 

the mine of Abbadia S. Salvatore (Siena) and to Dr. Pincelli 

Health Officer of Abbadia S. Salvatore (Siena) for their cooper

ation which made possible the present research. 

References 

1. 

2. 

3. 

BO<\ffiACE i-1.A., CIGNA ROSSI L., CL&."'1ENTE G.F., ZUCCARO 
LABELLARTE G., ALLEGRINI M., LANZOLA E., GATTI L.; 
Ricerca Ecologica sulle Zone Mercurifere del Monte Amiata. 
Igiene e Sanita Pubblica, XXIX, 191 (1973) 

WILCOXW Jr. K.R., ; Mercury Levels in a Sample of Michigan 
Residents, in Environmental Mercury Contamination. Hartung 
R. e Dirunan B.D. Editors pag. 82, Ann. Arbor Science Publ. 
(1972) - ' 

DII~MAN B.o., HECKER L.H., ; The dose-response relationship 
resulting from exposure to Alky Mercury Compounds, in : 
Hartung R. e Dirunan B.D. Editors, pag. 290, Ann. Arbor 
Science Puhl., (1972) 



1460 

4. SKERFVING s., : Normal Concentrations of Mercury in Human 
Tissue and Urine in: :"1.ercury in the Environment; Friberg L. 
e Vostal J. Editors, Chap. 6, pag. 109. CRC Press (1972) 

S. SMITH R.G., VORWALD A.J., PATIL L.S., MOONEY Jr. T.F.,: 
Effects of Exposure to Mercury in the Manifacture of 
Chlorine, Ann. Ind. Hyg. Assoc. J. 31, 687 {1970) 

6. GOLDWATER L.J., LADD A.c., JACOBS M.B.,; Absorption and 
Excretion of Mercury in Man: VII, Significance of Mercury 
in Blood, Arch. Environ. Health 1, 735 (1964l 

7. GUIRGIS H.A., STEWART W.K., TAYLOR W.,; The Binding of 
Inorganic and Organic Mercury Compounds (HG 203) to 
Constituents of Normal Human Blood, in: Environmental Mer
cury Contamination, Harting R. e Dinman B.D. Editors, 
pag. 239, Ann,Arbor Sciences Publ. (1972) 

8. CLARKSON T.W., et al.: Biological Effects of Mercury 
Compounds: Discussion Paper in: Environmental Mercury 
Contamination, Harting R. e Dinman B.D. Editors, pag. 239, 
Ann Arbor Science Publ., (1972) 

9. I.C.R.P. n.2 Pergamon Press, Oxford (1959) 



1461 

ACCUMULATION AND RELEASE OF PETROLEUM 
HYDROCARBONS BY EDIBLE M.l\RINE ANIMALS 

J, W. ANDERSON AND J,.M, NEFF 

Department of Biology, Texas A & M University, College Station, 
Texas, USA 

ABSTRACT 

The objectives of this investigation were to determine the 

petroleum hydrocarbon composition of the tissues of oil-exposed 

marine animals and to determine the rates of petroleum hydro

carbon release when animals were returned to oil-free sea water. 

When exposed to dispersed #2 fuel oil in sea water~ oysters 

rapidZy accumulated a wide spectrum of diffePent hydPocarbpns. 

The mono- di- and tri-methylnaphthalenes were accumulated to 

higheP concentrations in the oysteP tissues than were the other 

di- and tri-aPomatic hydroaaPbons OP individual paraffins. When 

oysters were returned to oil-fPee sea wateP, they released 90% 

of the accumuZated paraffins in 24 houPs. NaphthaZenes were 

released to background levels in 28 days. 

When exposed to water-soluble fractions of ;~2 fuel oil, 

clams, shrimp and fish rapidly accumulated naphthalenes in their 

tissues to Zevels one or more orders of magnitude higher than 

the exposure concentrations. When returned to oiZ-fPee sea 

~ater, they released the naphthalenes to low or undetectable 

levels in from 6 to 14 days. 

These results are discussed in relation to the potential 

health ha2ards arising from the consumption of oil-contaminated 

marine animaZ.s. 
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1. lntrodu~ 

Pollution of the marine envirormaent by petroleum and petroleum hydro

carbons (PHCs) may pose a health hazard to consumers of fish and shellfish 

products. Petroleum is a complex mixture of thousands of different hydro

carbons (HCs) and related substances, some of which are known to be highly 

toxic and/or carcinogenic. Several investigations have shown that when 

aarine animals are exposed to oil-contaminated sea water they rapidly ac

cumulate PHCs in their tissues, often to levels many times higher than 

those in the exposure water. Blumer ~ al. (l] reported that oil-contami

nated oysters, Cra~sostrea virginica, retained the accumulated PHCs in 

their tissues permanently. However, more recently it has been shown that 

vhen oil contaminated oysters .£. virg!nica (Stegeman and Teal, (2)) or 

1111ssela Mytilua edults (Clark and Finley, [l}) were placed in oil-free 

sea water, they rapidly released the accumulated HCs. Little information 

was provided by these investigators concerning the PHC composition of the 

tissues of oil-exposed animals. Such _information is essential in predic-

'ting potential health hazards arising from the consumption of oil-contami

nated marine aniaals. An investigation was therefore initiated dealing 

with the PHCcoaposition of oU-exposed marine animals and the relative 

rates of release of different PHCs when the animals were returned to oil

free sea water. 

2. Met~I!..!.~ Results 
A group of oysters was exposed to dispersed #2 fuel oil in a 46 1 flow 

through exposure tank for 8 hours. The dispersed oil reached a concentra

tion of approxiaately 400 ppm in the aqueous phase of the exposure tank. 

After the exposure period 3 oysters were aacrif icecl and their soft tissues 

pooled for RC analysis. The remaining oysters were placed in large aquar

ia containing filtered oil-free sea water. At different time intervals 

up to·672 hours (28 days) 3 of these oysters were sacrificed for tissue 

hydrocarbon analysis. Unexposed oysters from the saae population were al

so analyzed to ascertain the background levels of PHCs present. Quanti

tative determinations of tissue PHCs were conducted by gas chromatograph

ic aass spectrometric methods (Warner. (4)). The results of thi• experi

aent are summarized in Table 1. The unexposed oysters contained a total 

of 2.4 ppaa of naphthalene and alkylnaphthalenea, the di- and tri-methyl

naphthalenes being the dominant forms present. After 8 hours exposure to 

dispersed 12 fuel oil, the animals had accumulated a total of 312 ppm 



Table I. Concentrations of different petroleum hydrocarbon• in the ti••u•• of 

oy•t•r• Craaao•trea virginica after 8 hour• axpoaure to a #2 fuel oil-in-

water diaperaion and at different tim .. following return to oil-free aea water. 

Time Petroleum Hxdrocarbon Concentration '21!!!• Bill vet wt.l 
(liour•2 ....a:l. ! ~ km ml!. :nm. .! H! l. ti!. m !. 12. m2. T2Ul 
Expo au re 

0 0.2 0.1 o.3 1.0 0.8 2.4 

8 235 14.7 8.7 15.0 21.8 9.1 0.3 o.s 1.0 1.2 0.3 1.9 1.9 0.3 312 

Depuration 

3 156 12.0 8.4 12.0 22.. 7 10.8 o.3 0.4 0.7 o. 7 0.3 1.3 1.3 0.2 228 

6 68 7.3 5.1 7.3 13· 2 s.1 0.1 0.2 0.4 0.2 O.l 0.6 0.6 0.1 109 .... 
-'=" 
"' 24 18 6.S 5.7 7.6 14° 8 9.S 0.2 0.2 o.s 0.7 0.2 1.2 1.3 0.3 67 ...., 

120 10 8.2 4.7 6.8 13· 4 4.9 0.1 0.1 0.2 0.1 0.1 0.4 0.4 0.2 54 
672 0.1 (). s 0.9 • l.S 

*n-P, n-paraffina; N, naphthalene; 1-MN; 2-MN, 1 methyl- and 2-methylnaphthalene; OMN, dimethylnaphthalene; 

THN, trimethylnaphthalene; B, biphenyl; MB, methylbiphenyl; F, fluorine, MP'. methylfluorine; DBT, dibenzo-

thiophene; P, phenanthrene; MP, methylphenanthrene; DMP, dimethylphenanthrene. 
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Figure 1. The concentrations of total naphthalenes (TNs) in the tissues 

of claaa, sbrilllp and fish at different times during exposure to water

aoluble fractions of 12 fuel oil and following return to oil-free sea 
water. 

A-·-· Clams, Rangia cuneata. exposure concentration 3.4 ppm TNs. 

e • Shriap. ~~ ~~· exposure concentration 0.7 ppm TNs. ·---II Fish, Fundulus silllil~, exposure concentration 1. 9 ppm TNs. 

of PHCs in their tissues. The dominant RC type present at this time was 

the normal paraffins. These were represented on the gas chromatogram by a 

large unresolved envelope and a series of resolved peaks representing the 

c12-c23 series of a-paraffins. The dominant resolved n-alkane present was 

n-pentadecane (5.4 ppm). The different naphthalenes were present at con

centrations ranging between 8.7 and 21.8 ppm while the other di- and tri

ar011atic HCs were present at much lover concentrations. 

When the oysters were returned to oil-free sea water they rapidly re

leased their accumulated oil HCs. Hore than ninety percent of the a-para

ffins were released in 24 hours. The aromatic HCs were released much more 



1465 

slowly. From 24 to 672 hours the naphthalenes were the dominant HCs pre

sent in the oyster tissues. After 672 hours of depuration only small a

mounts of mono-, di- and tri-methylnaphthalenes remained. In similar ex

periments with other marine species and with three other oils, South 

Louisiana crude.Kuwait crude and Venezuelan buaker C, the pattern of hy

drocarbon uptake and release was similar to that described above. In all 

cases, naphthalenes were accumulated to high concentrations by the organ

isms and were retained longer than other aromatics or paraffins. 

These results indicate that the concentration of total naphthalenes 

(TNs) can be used as an indicator of petroleum contamination of marine 

animals. In subsequent experiments, accumulation and release of TNs by 

clams, shrimp and fish were investigated. An ultraviolet spectrophotome

tric method for the determination of tissue naphthalenes was used (Neff 

and Anderson, in preparation). 

Groups of clams, ,!~n...&.i.8- £._~ne~~..!• brown shrimp Penaeus aztec~and fish 

tundulus simi~u_!. were placed in synthetic sea water containing different 

concentrations of the water-soluble fraction of 02 fuel oil. The animals 

were exposed to the water-soluble fraction for 2 to 24 hours and then 

placed in oil-free sea water. At different time intervals during and af

ter exposure some animals were sacrificed and the concentration of TNs ' 

in their tissues was determined (Figure 1). 

The patterns of uptake, retention and release of TNs were somewhat 

different for the three species of animals examined. The shrimp accumu

lated TNs extremely rapidly. The maximum concentration of TNs (43 ppm) 

was reached after only one hour of exposure. The shrimp then began to 

release the accumulated compounds back to the exposure water. The clams 

accumulated the materials more slowly but continued to do so at a rela

tively constant rate for the 24 hour period. In 24 hours the clams accumu

lated an average of 34 ppm TNs in their tissues. During the 2 hour expo

sure period to a H2 fuel oil water-soluble fraction, the fish accumulated 

TNs very rapidly to average levels of 43.2 ppm. In all three cases the 

maximum tissue concentration was one or more orders of magnitude higher 

than that of the exposure water. 

When returned to oil-free sea water, all three species rapidly released 

the accumulated TNs from their tissues. The fish and shrimp released the 

PHCs much more rapidly than did the clams. All three species were able to 

reduce tissue naphthalenes to low or undetectable levels within 14 days. 
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In subsequent experiments clams and fish were shown to completely depurate 

accuaulated hydrocarbons within 3 to 4 weeks. 

3. Conclusions 

When marine animals are exposed to oil-contaminated sea water, they 

rapidly accumulate a wide variety of different petroleum hydrocarbons in 

their tissues. The mono- di and tri-methylnaphthalenes are the individual 

petroleua hydrocarbons accumulated to the highest concentration in all spe

cies and with all the oils so far tested. These are also the PHCs retained 

for the longest time when the animals are returned to oil-free sea water. 

However. these aromatic hydrocarbons are released, reaching undetectable 

levels within 2 to 4 weeks. The pattern of uptake, retention and release 

of the carcinogenic BC, beozo[a]pyrene, has been shown to be similar to 

that of the TNs in clams (Anderson.!!. al., unpublished observation), mus

sels (Lee~ al., (5)) and fish (Lee!!_ al., (6)). 

Naphthalenes have also been ahovn to be the most toxic component of oil 

to aarine aniaals (Anderson..!!. al., (7)) and are known to have substantial 

human toxicity (Gerarde (8)). Since marine animals would be expected to 

accumulate these HCs to very high levels following an oil spill, consump

tion of recently contaminated marine animals could pose a health hazard to 

.. a. Hovetrer, rapid release of these compounds from marine animals probab

ly also takea place in the natural environaent, rendering the animals fit 

for huaan consumption after a relatively short period of tiae. The rapid 

release of accuaulatecl hydrocarbons by marine animals also indicates that 

under natur~ conditions, food chain accumulation of PHCs would not occur. 

This conclusion is supported by the observation of Burns and Teal (9], that 

there was no relationship between tissue PHC concentration and trophic lev

el a110ng -rine animals in the Sari••!!!, comunity. 
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DISCUSSION 

PICHE (Canada) 

Has Dr. Anderson investigated the nature of the depuration 
process which he described? Is it the result of a simple wash
ing out or rather through assimilation and conversion to other 
forms in the metabolism of the organisms studied? 

ANDERSON {U.S.A.) 

In fish (Lee et a1., 1972) and more recently in crabs 
(Corner et al., 1974) the metabolic break-down of naphthalenes 
has been demonstrated. In molluscs this conversion has not 
been found and the longer time to complete depuration by these 
animals may indicate that "washing out" is the only mechanism 
available. 

PACKHAM (U. K. ) 

Has any work been done on the tainting of the organisms as 
a result of fuel oil contamination? Is there any evidence that 
a dangerous degree of contamination would make the organism 
inedible? 

ANDERSON (u.s.A.) 

Several of us in,the us working with hydrocarbons and 
marine animals have considered conducting a study relating chem
ical analyses of tissues to animals selected as being tainted by 
a taste panel. Persons experienced in this type of study tell 
me that there is considerable variability between the hydrocarbon 
taste capabilities of individuals. I would estimate that most 
individuals could detect levels between O.Sppm and l.Opprn of 
these aromatic compounds (naphthalenes). 

LAO (Canada) 

1. What is the concentration level of BaP that you found in 
the sample? 

2. Could you describe the analytical technique (e.g. GC con
ditions) you use for determining hydrocarbons. 
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ANDERSON (U.S.A.) 

14 I should have noted that our studies with BaP utilized 
C - labelled material and therefore all data were derived from 
analyses of radioactivity. The clams were exposed to a concen
tration of 0.030 ppm and attained levels of approximately 3 ppm. 
We observed a constant decrease in tiss~ levels of animals 
maintained in clean sea water. The radioactivity reached back
ground levels at about 48 days. It would be well to verify 
radioactivity data with chemical analyses, but as you know, these 
determinations are extremely expensive and time consuming. 

BITTEL (France) 

Can a correlation be established between the accumulation 
of petroleum products in molluscs and the amount of fatty matter 
they contain? 

ANDERSON (U.S.A.) 

We have not correlated lipid content of our animals with 
the levels of accumulated hydrocarbons. From the study by 
Stegeman and Teal (1973) there does appear to be a relationship 
between the maximum extent of accumulation in oysters and their 
lipid content. In their study the oil was supplied nver a 
period of SO days, while our exposures were quite short-term 
(hours) . To control for differences in lipid content and repro
ductive state all animals used in a given experiment are collec
ted from the field at the same time. It is possible that in
dividual differences in the hydrocarbon content of exposed bi
valves may be due to variations in lipid content, but on short 
exposures the amount of time spent open and filtering is per
haps more important. 
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NONLINEAR ~ODELS IN MULTIVARIATE ANALYSIS 
APPLIED IN EXPOSURE ASSESS~ENT 

V, STEPANEK 

Czechoslovak Research Centre for Environmental Pollution Control, 
Prague 

ABSTRACT 

In the analysis of data on human exposure to environmental 

pollutants there is a need for techniques seeking a solution 

between a set of input variables and a categorized dependent 

variable (e.g. health effects). If the dependent variable is 

stochastic, we are concerned with its expectation as a function 

of the variables defining the conditions. We restrict ourselves 

to the polynomial response surface y = ·· (X
1

, ... ,Xq) and find the 

estimates of the parameters of the model. Furthermore an esti

mate of the variance is obtained and the adequacy of the model 

is tested. 

Experimental designs from which the coefficients of the 

model can be estimated are discussed and their standard forms are 

shown. It is emphasized that we need not limit ourselves to 

designs that are simple factorial and that we can use replicate 

results only for some sets of the input variables to obtain an 

unbiased estimate of the residual variance. 

Two or more designs can be compared by comparing the accuracy 

of estimation of (X 1 , •.• ,Xq) expressed by the variance of the 

estimator. The comparison is sometimes simplified by the use 

of rotatable designs, in which the variance of the estimator 

depends only on the "distance" of the point (X 1, •.• ,Xq) from the 

centre of the design. 

The response model will be illustrated on examples of med

ical examinations in selected groups of population. 
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1. Introduction 

The exposure-effect r~lationships otter the applica
tions of a variety of statistical methods. Some of them re
quire the use of the technique of random processes while 
others can be plausibly ex9ressed by the adoption of suit
able methods of statistical multivariate analysis. 

This paper is aimed at models with a set ot ex9lanatory 
environmental variables such as climate conditions, age, sex, 
education, housing, social conditions etc. available for the 
exploitation of multivariate data. Appropriate analysis is 
applied once the mathematical model for the data has been 
specified. 

2. The Theorx 
2.1 The Response Surface 

The aodel used is 

y. = ll +· f: A .x.. + n1 + z1 /i=l, 2, ••• , p/ 
1 1~0 · j=l/~J J1 

where /x1i 1 x2i•••••xqi•Yi/ represent the values of q "inde
pendent• defining variables x1 ,x2, ••• ,xq and one "dependent" 
st.ochastic variable Yi for the i-th individual in a random 
seaple of size p. The zts are assumed to be mutually inde
pendent and normally distributed- random variables with ex
pected value zero and variance_ G2. The fJ 's are unknown 
constants. The parameters Di account for any departures from 
linearity. In order to be able to test whether the Dls are 
zero we have to obtain an unbiased estimate of a2. This can 
be done only if we have available more than one observation 
7 1 for at least one set of values of the controlled variables 
x1i, ••• ,xqi• Thus we have the modification of our model 

q 
3' ik = {J + l: A .x . • + Di + zik 0 j=l/ ... J J1 

with at least one ni greater than 1. We can 
Then the mean ia 

/i=l,2, ••• ,p; 
k=l,2, ••• ,ni/ 

introduce N= f ni. 
1=1 
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- f!>o 
q 

Y· - + 1:: f3 ·X •• + n. + i. -1. J=l J J1 1 1. 

and so - -Yik - Y· - zik - z. -1. 1. .. 
Since the difference y.k - y. is expressed without rest in 

1 1. 
terms of the errors z's, the "Within Arrays" mean square 

n. 
-1..It 1 

- 2 
(N - P) ~~l (Yik - Yi.) 

can serve as an unbiased estimator of c;2 having /N - k/ de
grees of freedom. 

The remaining "Between Arrays" sum of squares can be 
split into two parts, one that is due to multiple linear 
regression and one that reflects the departure rrom linea
rity with q and /p-q-1/ degrees of freedom respectively. 
The ratio ot the latter and the "Within arrays" mean square 
is used for the test of the existence of the Dis and is com
pared with the critical values of the F-distribution with 
(/p-q-1/,/N-p/J degrees of freedom. 

" In most cases of estimating health effects of environ-
mental pollution we can restrict ourselves to the model 
when Yi is a polynomial in the x's not proceeding beyond the 
terma of second order. Such a model can be written as 

Yik=fJo+,/.11x1i+ ••• +j.Jqxqi+J111X~i+ ••• +;.:Jqqx~i+ 
+,t112xlix2i+ ••• +;1q-l,qxq-l,ixqi+ zik 

with i=l,2, ••• ,p;k=l,2, ••• ,ni /ni> 1 for at least one i/. 
Since the x's are controlled variables we will treat 

the model with the technique of multiple linear regression. 
In the appropriate analysis ot variance the ratio of 

[ 
l 11-1 ..E. - 2 

J>-2(q+l)(q+2JJ ·f;-
1
ni(Yi.-bo-blxli-••• -bq-l,qxq-l,ixqi> 

to' the "Within Arrays• mean square is used as an F-test for 
the adequacy or the model./ bi and bij are the fitted values 
ot /Ji and (J ij; the 

1 
coefficient at the sum is calculated 

as p - (1 + q + q + ~(q - lJ]. Obviously p has to be 
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greater than l(q+lJ(q+2J./ 

2.2 The Experimental Design 

Our model can be considered as a second-order design 
tor which it is possible to obtain the estimates ot the (J 's. 
A J 2coaplete factorial ia such a design /Cochran and Cox (lj/ 

and the terms ,t9jxji and ,,djjx~i correspond to linear end 
qu~dratic main ef'f'ects ot the j-th aae•or while the term 
,,6jaxjixid corresponds to the interaction between the j-th 
and m-th tactora. 

The estimators of the coefficients and their variances 
simpl~ty by appropriate linear scaling ot the controlled 
v~riablea it the levels of the factors are equally spaced. 

It should be noted that we are not bounded to designs 
that ~re simple complete factorials. It we admit the equally 
spaced levels ot the controlled variables, we need not have 
the identical number of replications at each level. ror 
examnle, we can extend the design by adding two or more ob
a~rvatione at the point around which the design is centered. 
We can then use these replications to provide en unbiased 
estimate o~ ,,-2 and to teat the adequacy of the model. 

In_aaseasing experimental designs tor :titting response 
aurt'aces we are interested in the accuracy of estimation ot 
the expected values ot the dependent variables Yi• It is na
tural to measure it by the variance of the estimators 

7'i~X11••tZq/ • bo•b1x11••·•+bqxqi+bi1xfi+ ••• +bq-l,qxq-J.ixqi 

~his is a tunction, V/x1, ••• ,xq/' say, ot x1, ••• ,xq• Its 
form depends on the experimental design. Two or more designs 
can be compared by means ot this function. This comparison 
is sometimes simplified by the use of rotatable designs 
for which· V /x1, ••• , xq/ is a :tunction o:t ~ xj only, i.e. 

. , . . J-1. 
it depends only on the "distance" of the point /x1i, ••• ,xqi/ 
from the centre ot the experiment. It is useful to have such 
designs ·available /Box [2]/. 

For second-order designs with two factors the rotatabi-
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lity is achieved by arranging the experimental points in the 
vertices of a regular polygon centered around the origin(O,O) 
and at this origin /at least two observations here/. Apart 
from these designs there are rotatable designs with ~qually 
spaced points on each of two circles c'ntered at ~he origin. 
The radii of the circles have to be in definite ratios /de
pending on the numbers of the points on each circle/ for the 
designs to be also orthogonal /in the sense of ~roviding 
uncorrelated estimators of the regression coefficients/. 
These values can be found in Box and Hunter [J]. 

It can be shown that in the general case a completely 
balanced rotatable design of second order can be constructed 
using the following combinations of values of q controlled 
variables /again the centre of the design is at the origin/. 
First we take all 2q points with coordinates /,:tc,o, •• ,o;, 
/O,~c,o, •• ,o/, ... ,/O,O, •• ,!c/. Then we add the 2q points 
/ad,Zit, •• ,~d/ to these points. The constants c and d are 
chosen so that g 

c - 2'4 Q -

These designs do not provide an estimate of residual · 
variance unless at least two observations ere added, cor
responding to values of the controlled variables at the ori
gin /O,o, •• ,o/. 

3. The Data 

The response model will be illustrated on examples 
of various medical examinations. The complete data cannot 
be shown here for the limited space of the manuscript. 
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DISCUSSION 

JACOBSEN (U.K.) 

Have I understood correctly that your model pre-supposes 
that-the explanatory, •independent" variables are subject to 
control? 

If so, does this not imply that the model is irrelevant 
to _most situations in environmental health research, where the 
hypothesised explanatory variables are, characteristically not 
subj~ct·to control- by the experimenter? 

STEPANEK (C.S.S.R.) 

· ·' · In environmental heal th research we encounter both situations, 
those with- controlled explanatory variables and those lacking 
the .control. My model is of course applicable only in the first 
case; ·which is clea'rly stated in the assumptions made in the 
first·section of the paper. This is applicable to all methods 
of those fields of multivariate analysis I tackled in my paper. 

,' ' I • ~ • • • 

The situations, in which the model can be adopted, are 
frequent in the studies on exposure-effect relationships and 
are mentioned in the paper. 

In the other case of uncontrolled stochastic variables an 
approach using meth,ods of structural analysis is required but 
we are•mostly limited to the linearity of the models. 
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A LABORATORY MODEL SYSTEM FOR THE STUDY OF THE ACCUMULATION 
OF CHEMICALS IN THE AQUATIC FOOD -CHAIN, EXEMPLIFIED 

ONQ'-HEXACHLOROCYCLOHEXANE 

J,H, CANTON, P.A. GREVE, W, STOOFF 

National Institute of Public Health Bilthoven, The Netherlands 

ABSTRACT 

The accumulation and elimination behaviour of~-hexachloro

cyclohexane (HCH) was studied on a laboratory scale food chain 

model, consisting of an alga-species (Chlorella pyrenoidosa),a 

crustacea-species (Daphnia magna) and a fish-species (Lebistes 

reticulatus~ or "guppy"). The direct accumulation by these· 

species from the ~ater was studied as well as the accumulation 

through the food chain. 

Accumulation and elimination took place within 98 hrs for 

all three organisms tested; from water with low concentrations 

of 1-HCH accumulation took place even more quickly, viz. in 3 hrs. 

Accumulation factors (defined as concentration in the organism) 
concentration in the water 

ranged from 80 to 350. The ~ccumuZation factors were concen-

trationdependent fo~ the daphniae and the guppy's ~here higheP 

accumulation factors were found for higher concentrations of 

•-HCH. These concentrations ~ere close to the EC 50-values 

(based on paralysis and mortality) found for these organisms. 

The accumulation factor ~as independent on the •.-HCH concentration 

for chlorella, for ~hiah organism no EC 50-value could be estab

lished (i.e. 10ppm, the sotubitity of •-HCH in water). 

The reproduction study with daphniae gave the most sensitive 

response: this ~as used to come to a proposed ecological limit for 

-HCH, ~hich limit frequently is exceeded in Dutch surface waters. 
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Introduction 

Accumulation of persistent chemicals in the food chain is an important 

f'actor 1n the evaluation of potential hazards to men caused by the pre

sence of such chemicals in the environnent. In order to efficiently study 

this accwmlatlon. 1DOdel systems on laboratOry scale Ill.1st be developed 

which give indications on the accumulating properties of a given chemical, 

so that. with due precautions. an estinate can be made of the consequences 

if' that chemical (deliberately or not) is allowed to come into the 
environaent. 

'lbe ultim.te aim of the study is the development of standard test 

lllBtbods f'or the evaluation of the environmental hazard of substances, as 

is requlred·mre and more in national and international legislation • 

• In this paper a relatively simple fresh water model s1stflm is de-

scribed. viz. : 

Chlorella p:rrenoidosa 

i (~) 
Daphn1a mgna 

i (5) 
Leb1ste11 ret.iculatus 

<: :> 
(1) 

<: :> 
(2) 

<-> 
(3} 

water 

water 

water 

(the mmbers 1n this sche• refer to the paragraphs (1) to (5) in the 

Experlamntal Part. Section I). 

As a llDdel substance a-hexachlorocyclohexane was chosen, as little 

was -known about this substance in literature and as its behaviour was al

re&Q' beq investigated 1n our Laboratory on pigs and rats. Furthennore, 

tha substance is frequently found in concentrat.ions of 0.1 - 0.5 micro

~rams per liter {ppb) 1n the Rhine river and its tributaries (Greve [-1 _J). 
' ,. -'.' 

EXPERIMENTAL 

s&:l'ION I: AcaMJLATION AND ELIMINATION S'lUDIES 

(1) Wat.er ~ Chlorella 

Acc\m.llation 
, s;;;;;-;r.-;. 1o9 cells in 100 ml were exposed to three different concen-

trations of' a-11:8. viz. 0.01. 0.05 and 0.80 ppm.u. After 15, 30 and 180 

• A -sim:llar model s:vstem can be given for salt water. nus s1stem will 
not be discussed hare in order to keep the paper in the limits re
quired. 

• 1.b9 solubility or a-HCH is 10 ppm at 22°c. whlch temperature was also 
maintained during the accW11J.lation and elimination studies. 
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minutes the cells were collected by centrifuging during ~ m11B1tes at 3000 

rev./min. and analyzed for a-HCH by GLC after extraction with acetone/ 
petroleum-ether and subsequent clean-up over alumina. 

'!he results are sunmarized in fig. 1. 

From this figure it can be derived that tne average accunulation fac
tor (=concentration in the algae) is about 200 (l53-2Q7). If' the cyto-

concentration in water 
plasma is separated from the cell walls with the aid of' an X-presser the 

concentrations of a-HCH in these fractions have the ratio 6 : 1. As the 

ratio of the fat content in these fractions can be calculated to be about 

2.5 : 1 (Northcote e.a. [-2_7 and Lewin {-3] there seems to be a prefe

rence for accumulation in the cytoplasma. rather than in the cell wall. 

rihis would indicate not only adsorption. but also !:!?sorption • 

r 
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I 
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15 30 180 
tt•• C•tn.) 

Fig. 1 Accunlll.ation of a-HCH by Ch1orella pyrenoidosa f'rom water with 

di:f'f erent concentrations of a-HCH 

a concentrations in the algae after exposure to water with 0.8o ppm 
a-HCH 

• idem with O. 05 ppm a-HCH 

• idem with o. 01 ppm a-n::H 
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Elimination 

After having reached the equilibrium levels the algae were transferred in

to fresh water in order to study the elimination pattern. After 1~. 30 and 

18o minutes the algae were collected again ~ analyzed. 'Ihe water was 

also analyzed: 90',C of the original amount ot a-HCH was recovered indica

ting a negligible decomposition during the experiment. 

'lhe results are'.sUDIBl'ized in :fig. 2. From :fig. 1 and 2 it can be 

derived that both acaun:ulat1on and elim1nation take place within 15 

minutes. 
PP•'s •·NCH ia the •ltae 

' ' ' ' ' ' ' ' ' ' ' ~ 

15 

a 

30 

a 

• 

0 

180 
ttH (•h.) 

. Fig. 2 Elim1nation o:f a-ICH ,,b?_ Chlore~a pyrenoidosa contaminated with 

ditterent concentrations o:f a-IEH into fresh water 

0 

coneentfatlam in t.be· al.8ai after transter into fresh water; 
starting concentration 110 ppm (cf Fig. 1: • ) 

idem;. s~~ co~·~~tio~ 11 Ppa _(cf Fig. 1: .i) 

idem;-s~ ~onc~n~tio~ 1.5 ppm (cf Fig. l:e) 
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Samples of ca 500 animals (1 week old) in 10 liter were exposed to the 

same concentrations of a-HCH as mentioned above. Each experiment was car

ried out in duplicate. After 3, 24, 48 and 96 ttrs (or more often if de

sired) the animals were collected and analyzed for a-HCH. The concentra

tion of a-HCH had to be kept constant by transferring the animals into 

fresh solutions of a-HCH every 48 hrs, as by that time the concentration 

of a-HCH had dropped to about 8()% of the original value because of the 
volatility of a-tcH. 

'Ihe results are sull'IJl8.rized in fig. 3. 

From this figure an accumulation factor (• concent~t!~n 1~ daphniae) 
concen ra on n water 

of about 60 can be derived for the 0.01 and 0.05 ppm dosages; for the 

0.8o ppm dosage however this factor is about 350. This could possibly be 

interpreted as a beginning intoxication unabling the animal to "keep out" 

the a-HCH. 'lhis is supported by the acute-toxicity study (section II) 
where 0.80 ppm was found to be the F.C

50
-value on mortality and paralysis. 

From fig. 3 it can also be seen that the equilibriwn level was 

reached in 3 hrs for the lower dosages, but after 48 hrs only for the 

highest dosage. 

Elimination 

After having reached the equilibrium levels the animals were transferred 

into fresh water. After 3, 24, 48 and 96 hrs the animals were collect.ed 

and analyzed, as was the water. ~ of the original amount of a-HCH was 

recovered, so that also in this experiment practically no a-HCH was lost. 

'!be results are also sunmarized in fig. 3. 

(3) Water~ Guppy 

Accunulation 

Samples ofl25 fishes (3 weeks old) in 10 liter were exposed to the same 

concentrations of a-HCH as mentioned in (1). Each experiment was carried 

out in duplicate. After 0.5, 3,, 24, 48 and 96 hrs 20 animals were co.llect

ed and analyzed for a-HCH. '!be concentrations of a-HCH had to be kept 

constant by transferring the animals into fresh solutions of a-HCH every 

48 hrs. 

'lhe results are su!llllarized in fig. 4. 
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PP•'$ 0(.-HCH in the daphn1ae 

300 

200r--------------

100 

50 

0 
D 

l 10 

• • 

• 

• • 

' ' 

' 

IOO 
t i me (hrs .) 

Fig. 3 Accumulation and elimination of a-HCH by Daphnia magna 

accumulation: 

• concentratio!li in the da.phniae after exposure to water with 0.8o 
ppm a -HCH 

A idem with 0 . 05 ppm a - H::H 

• idem with 0 . 01 ppm a-H::H 

elimination: 

a concentration:;in the daphn!ae after transfer into fresh water; 
starting concentration 230 ppm 

A idem; starting concentration 2 .O ppm 

O idem; starting concentration 0.5 ppm 
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pp~'s ot..-HCH in the guppy's 

3 10 100 
t1•@ (hrs.) 

Fig. 4 Accumulation and elimination of a-HCH by guppy's 

accumulation: 

• 
• 

D 

0 

concentration; in the guppy's after exposure to water with 0.80 
ppm a-HCH 

idem with 0.05 ppm a-HCH 

idem with 0.01 ppm a-HCH 

elimination: 

concentration:>in the guppy's after transfer into fresh water; 
starting concentration 160 ppm 

idem; starting concentration ).4 ppm 

idem; ~tarting concentration 1.4 ppm 

(=concentration in the gupEX) 
From this figure an accumulation factor concentration in water 

of about 140 can be derived for the 0.01 and 0.0) ppm dosages; for the 

0.80 ppm dosage however this factor is about 2)0. Also here therefore a 

tendency to higher accumulation factors can be observed when the concen

trations applied come close to acute-toxic levels (cf (2; and section II). 
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Elimination 

After having reached the equilibrium levels the guppy's were transferred 

into fresh water. After '' 24. 48 and 96 hrs 20 animals were collected and 

analyzed. 98-100'.' of the original amount of a-HCH was recovered from the 

water. 

'!be results are also sumnarized 1n fig. 4. From this figure it can be 

derived that during the accumulation experiment the equilibrium level was 

reached in ' hrs for the lower dosages, but after 96 hrs only for the 

highest dosage level. Also the elimination took place more slowly at the 

highest dosage level. 

( 4) Chlorella -> Daplmia 

Chlorella's were exposed to water with 0.01 and 0.05 ppm a-HCH; these al

gae were fed to daplmiae which were kept 1n solutions of the same 
concentrations. 'Dw: control group was fed with algae which were not equi-

librated with a-R:H in bef'orehand. 'lbe equilibrium levels were reached 1n 

'hrs. 
'lbe results are Swmiarized in tablet. From.this table one can see 

that the levels 1n the daptmiae fed with contaminated algae were only 

somewhat higher than in the control group. 'Ihese results are not unexpec

ted , as the non-contaminated algae will accumilate within 15 minutes 

their equilibrium-amount of a-HCH, so that effectively the "control" 

daphniae were also fed with contaminated algae. 

(5) Daphnia ->Guppy 

YouJig daphn1ae ot contaminated parents, which had reached their equi

librium levels af'ter exposure to 0.01 and 0.05 ppm, were fed to guppy's 

(3 ..eks old). 'lbe concentrations of a-JCH in the water in which the 

animals were kept were also 0.01 and 0.05 ppm. 'Ihe equilibrium levels in 

the guppy's were reached 1n 24 hrs. 

'lbe results are suamarized in table II. From t.his table a clear dif

ference in equilibrium levels can be seen between t.he guppy's ted with 

conta~1nated ~d non-contaminated tood (the levels in the guppy's fed with 

contaminated dapJ'Uliae is,_,. times higher!). In this respect therefore the 

gupp7·show& another accunulation behaviour than the daphn1a (4). 

'lhe control fishes were fed with Tetramin, which food was experi

mentally proven not to accunulate any a-JCH. 
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TABIE I 

Accul'llllation of a-HCH by daphniae fed with contaminated (respectively non

contaminated) algae and kept in solutions with two different concentrations 

of a-HCH (average concentrations in the daphniae given ± the standard 

deviation; n = 8) 

concentration of 0.01 ppm 0.0'".) ppm 
a-OCH in water: 

Daphniae fed with: 

contaminated algae o.68 ± 0.17 ppm 3.2 ± o.6 ppm 

non-contaminated algae 0.50 ± 0.13 ppm 2.2 ~ o.~ ppm 

TABIE II 
AccuD11lation of a-HCH by gUpPY's fed with contaminated (respectively non

contaminated) food and kept in solutions with two different concentra

tions of a-HCH (average concentrations in the guppy's given± the standard 

deviation; n = 6) 

concentration of 0.01 ppm o.o; ppm 
a-HCH in water: 

Guppy's fed with: 

contaminated algae 5.4 ± o.6 ppm 21.0 ± 3.2 ppm 

non-contaminated food 0 1.4 ± 0.3 ppm 6.2 ± 3.5 ppm 

TABLE III 
Sumnary of the toxicological data on a-HCH determined in the stud.y 

criterion average value found with time of 
organism parameter Q,,,:_conf"idence limits exnosure 

Chlorella EC50 growth > 10 ppm• 48 hrs 
o:vrenoidosa 

Daphnia F.C50 mortality 1.0 (o.8 - 1.2) ppm 48 hrs 
ma.gna + paralysis 

EC50 reproductiori 0.10 (0.0) - 0.19)ppm 12-21 
davs 

Lebistes F.C50 mortality o.8 (o.6 - 1.2) ppm 48 hrs 
reticulatus + paralysis 

• 'lhe solubility of a-HCH in water under the circumstances of the experi
ment is 10 ppm. 

• As food Tetramin was used which proved to accumulate no aHCH 
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~ON II: ACUTE AND SF>HCHR>NIC TOXICITY TESTS 

Apart from accumulation and elimination studies, toxicological tests were 

carried out in order to evaluate the ecological effect of a-HCH. 

Acute (48 hrs) tests were carried out with Chlorella, Daphnia (1 day 

old) and Guppy (3 weeks old) in order to estimate EC
50

-valuea. The results 

are sumnarized in table III. 

'lbe F.C50 of a-HCH on Chlorella. based on growth effect, was higher 

than the solubility in water ( 10 ppm). 

Daplmiae and guppy's showed paralysis after exposure to a-HCH. '!his 

criterion. combined with mortalit;r, was chosen as response for the deter

mination of can EC
50

-value. 

For daphniae the reproduction proved to be a still more sensitive 

criterion: from fig • .5 it can be derived that the F£')0on reproduction is 

... Der of young d•phn1•e per parent 

Pig. 

0 

~ 

a 

(n•ullthely) 

10 n 12 13 11. 1~ 1& 11 1a 19 20 21 
•1• of the p1reats (days) 

5 :Reproductive capacit7 of Da.phnia magna as a 

concentration in the medium 

blank • 0.20 pp• 

0.01 ppm a-ECH A 1.00 II 

0.05 " " • 2.00·" 

function of the a-HCH 

-HCH 

" 
" 
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about 0.10 ppm (therefore the 0.80 ppm dosage level was not applied in the 

studies mentioned in section I (4) and ()), as under these circumstances 

not enough young daphniae could be obtained for the analysis of a-HCH). 

From the ~50-value on the reproduction of daphniae (or better the 

EC10-value, which can be obtained by graphic ex;rapolation) a tentative 

ecological limit for a-HCH can be derived by applying two safety-factors 

of 10 (one for extrapolation to the total ecosystem, to other criteria and 

to other organisms; one for possible synergistic effects between a-HCH and 

other chemicals), in analogy to the approach co1m1an in food-toxicology. 

Applied to an EC10-value of 0.005 ppm for the reproduction of daphniae 

this approach yields a tentative ecological limit of 0.05 pp!!_ for a-1£H. 
'Ibis value clearly is lower than the "normal" content of a-HCH in e.g. the 

Rhine river (O.l - 0.5 ppb). 
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DISCUSSION 

PRINZ (Federal Republic of Germany) 

Did you make any attempts to develop a mathematical model 
to your experimental investigations about accumulation and 
elimination of aHCH? 

CANTON (Netherlands) 

We didn't make any attempts in that direction as yet. 
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MEASURES OF ASSOCIATION OF SOME AIR POLLUTANTS, 
NATURAL IONIZING RADIATION AND CIGAeETTE SMOKING WITH 

MORTALITY RATES 

R, C, SCHWING+ AND G, C, MCDONALD++ 

+ Societal Analysis Department, General Motors Research Labora
tories, Warren, Michigan, USA 

++ Mathematics Department, General Motors Research Laboratories, 
Warren, Michigan, USA 

ABSTRACT 

Two methods are employed to estimate the association of 

hydrocarbons, sulfur compounds, nitrogen compounds, natural ion

i2ing radiation, and cigarette smoking with some age stratified 

and disease specific United States mortality rates for white 

males. The first method is based on a ridge regression tech-

nique and the second on a sign constrained least squares analysis. 

The measure of association between these environmental factors 

and mortality are quantified as elasticities; i.e., the indi

cated percentage change in the average mortality rate correspon

ding to a 1% change in the average level of the environmental 

factor. Elasticities are estimated for age specific and disease 

specific mortality rates, and these values are then aggregated 

and compared to estimates corresponding to total mortality rates. 

Overall, consistent results are obtained using the above methods 

for sulfur compounds and cigarette smoking. Many of these re

sults differ considerably from corresponding results obtained 

from the ordinary least squares regression ana1ysis, highlighting 

the need for applying the appropriate estimation methods. In 

addition to the variables already specified~ these analyses take 

into consideration the follo~ing groups of explanatory variables: 
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Climate - Precipitation, January temperature, July tempera

ture, humidity, and solar radiation. 

Socioeconomic - Age, education, sound housing, population 

per household, population density, % non-hlhite, 

% ~hite-collar, income, and city size. 
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1. INTRODUCTION 

Multiple regression analyses on large data banks of 

mortality rates and pollution measures have indicated an 

association between environmental pollution levels and increased 

mortality. Lave and Seskin, Hickey, et al. and Carnow and 

Meier are among several authors who have recently studied the 

chronic health effects of pollution by means of multivariate 

regression analysis including as explanatory variables a 

number of interdependent urban factors which affect health. 

Neyman has illustrated pitfalls in multipollutant, multi

locality studies. Specifically, he pinpoints the problem of 

incomplete comprehensiveness of the set of pollutants studied 

and the subsequent results in the following statement: nif 

the study involves a certain numbers of pollutants, say 

P1 .P2 , •.• ,P
5

, but neglects another pollutant P0 that happens 

to be important, the conclusions regarding P1 ,P2 , ..• ,Ps' 

suggested by even very highly significant findings, may be 

completely misleading." 

To address this criticism of previous studies, we have 

included in this study a rather broad (but still incomplete) 

list of explanatory variables. Both gaseous and particulate 

forms of pollutants from both mobile and stationary sources 

are included in this study along with natural ionizing 

radiation, smoking, four climate and ten socioeconomic variables. 

Rienke has pointed out that in many studies where data is 

not obtained from a well designed or controlled experiment, 

as is the case in air pollution studies involving socioeconomic, 

climate and other uncontrolled variables, nonorthogonality requires 

that estimation of individual effects be handled by techniques 

other than ordinary least squares. He suggested that ridge 

regression, as first described by Hoerl, provides a promising 

method for avoiding distortion due to nonorthogonality. Recently, 

McDonald and Schwing have provided an example illustrating 

the differences between ridge regression estimates and least 

squares regression estimates of the coefficients in a model 

relating air pollution to a total mortality rate. 
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This paper is primarily concerned with point estimates 

of the association of several indices of mortality with 

pollution based on a multiple linear regression model 

containing 23 explanatory variables. A description of the 

variables is contained in the next section. Least squares, • 
ridge regression and sign constrained methodologies are 

described in Section 3. One of four results sections, (4.4, 

Aggregation of Associations) is presented here. Section 4.1, 

Disease Specific Results; Section 4.2, Age Specific Results; 

and Section 4.3, Age Specific Results for the Lung Cancer 

and Arteriosclerotic Heart Disease Category are not presented 

here due to lack of space. 

It is appropriate to emphasize that any regression model 

has numerous limitations. A linear model, as used in this 

study, can be considered as only an approximation to a more 

complicated underlying model. This approximation has 

greatest validity in the neighborhood.of the point where each 

variable assumes its mean value. Further, in any epidemiological 

study such as this, the explanatory variables cannot be 

controlled and thus may be associated in unknown ways with 

other hidden but influential variables. Averaged explanatory 

variables and aggregated response variables do not completely 

define the exposure patterns and mortality patterns of the 

large populations in our study communities. Migration habits, 

diagnostic biases, exposure histories, synergisms and personal 

and dietary habits have not been quantified and therefore 

are not usually included in global studies of this type. Most 

· impor~ant, correlations or associations between environmental 

factors and health effects do not prove causation. One can 

only infer the degree of association. Nevertheless, the model 

is frequently used as a tool in quantifying the association 

of certain environmental factors with health indices such as 

mortality rates. 
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2. DESCRI~TION OF VARIABLES CONSIDERED 

To refine our estimates of the associations of certain 

environmental factors with health, three groups of mortality 

data for the years 1959-1961 from Duffy and Carroll are studied 

as dependent variables. Briefly, they•are: 

1. The highest fifteen specific white male disease 

categories which make up the bulk (65%) of the total 

white male mortality rate. 

2. Total white male and age stratified white male 

mortality rates. 

3. Age stratified white male mortality rates due to 

arteriosclerotic heart and coronary and age 

stratified mortality due to lung cancer, the largest 

and third largest white male disease categories, 

respectively. 

Preference is given to using the white male category of the 

mortality rates since these rates are usually based on 

large populations with a large number of deaths, and are thought 

to represent a wide exposure to the various environmental , 

conditions. 

A total of 23 explanatory or "independent" variables 

are used in this study.These socioeconomic, climate. pollution. 

cigarette smoking, and natural ionizing radiation variables 

are described in the complete text of this paper. Summary 

statistics of the explanatory variables are also presented 

for the 46 Standard Metropolitan Statistical Areas (SMSA's) 

in this sample. Many of the explanatory variables tend 

to be highly correlated. The degree of correlation is particul

arly high among pollution variables, in part because prevailing 

weather factors often determine whether or not pollutants 

emitted into a community accumulate or disperse. For example, 

the correlation coefficient between some pollutants is as 

high as 0.877. 
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It is believed that the associations are affected not 

only by the long-time average concentration of a pollutant 

but also by its physical and ·chemical form as well as by its 

pattern of short-time variation. Consequently, to investigate 

the possible effects of such pattern variation, the mean 

and minimum of some of the pollutants are included as separate 

variables in the regression analyses. Difficulties in fitting 

the linear model which arise as aresultof high correlations 

and possible redundancies among explanatory variables are 

diminished by the use of ridge regression and sign constrained 

least squares regression. 

Though the methodologies employed are intended to 

diminish the difficulties encountered when collinear variables 

are included, some difficulties or uncertainties in interpretation 

remain due to the fact that certain variables serve as 

surrogates for variables not included separately. For example, 

the hydrocarbon emissions from automobiles are so closely 

linked to carbon monoxide and tetraethyl lead that the 

hydrocarbon pollution potential can be considered a surrogate 

for these compounds as well. The natural ionizing radiation 

index is related to altitude, a possible factor in mortality. 
Finally, the smoking index is possibly correlaten with other 

stress related habits including alcohol and coffee consumption. 

3. METHODOLOGY 

Multiple linear regression techniques have played 

a prominent role in studies of the association between air 

pollution and mortality (and/or morbidity} rates. The 

mathematical model used in these analyses is the multiple 

linear regression model, y = xB + £. The quantity y is the 

vector of n observations on the dependent variable, x is the 

(n by p) matrix of p explanatory variables for the n observat

ions, a is the vector of unknown regression coefficients, and 

£ is the vector of errors. The error terms are assumed to 

be uncorrelated with a mean equal to zero and common (unknown) 

variance. The variables are asswned to be transformed so 
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the x'x is in the form of a correlation matrix, where x' 

denotes the transpose of the matrix x. Having specified 

this linear form as a basic model, three methods of 

estimating the standardized regression coefficients will be 

considered: the least squares method, a ridge regression 
~ 

method, and a sign constrained least squares method. 

Ridge regression, the second method applied in this 

paper, is an estimation procedure based upon ~(k) = 
-1 

(x'x + kI ) x'y, k > 0, and as such defines a class of 
p --

estimators where k is a scalar index and I is the (p by p) 
p 

identity matrix. Note that 8(0) is the usual least squares 
':( 

estimator denoted simply by ~- The ridge estimator minimizes 

the residual sum of squares subject to a constraint on the 

length of the estimator,\/'~• (k)~(k). In fact, the length of 

S(k) is a decreasing function of k. Fork > O, the estimator ~(k) 

is biased; however, the total variance, i.e., the sum of the 

variances of the individual coefficients, decreases as k increases. 

As a third method of arriving at point estimates of regression 

coefficients, the residual sum of squares was minimized subject 

to inequality constraints on the seven explanatory pollutant 

variables: hydrocarbon potential, sulfur dioxide potential, 

N02 , minimum sulfate, mean sulfate, minimum nitrate and mean 

nitrate. These coefficient estimates were constrained to be 

non-negative. In all cases, the unconstrained least squares 

solution violated one or more of the constraints. Since 

the restricted solution must then lie on at least one of the 

violated boundaries, the data was fit subject to all (2) 
7 

possible 

combinations of variable delations. 

4. RESULTS - POLLUTAt-TT~, RAfHA'!'I0~1 AND ~MOK ING 

The results from this study for nine of the explanatory 

variables are given in three groups of white male mortality 

rates: the fifteen high disease categories; the age stratified 

total mortality rates; and the age stratified lung cancer 

rates and age stratified arteriosclerotic heart and coronary 

rates. The nine explanatory variables of concern here are 
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the seven pollution variables, the natural ionizing radiation 

variable, and the smoking index variable. The "measure" of 

association presented in this study is an elasticity, i.e., 

the estimated percent change (either increase or decrease) 

in the average mortality rate of the given disease (and/or 

age) category corresponding to a one percent increase in 

the average of the given explanatory variable, holding all 

other variables fixed at their average values. The elasticity 

of a given mortality rate and explanatory variable is obtained 

using the regression coefficient estimates. 

4.1 Fifteen high Disease Categories for White Males -

presented in complete text. 

4.2 Age Stratified White Male Mortality Rates -

presented in complet~ text. 

4.3 Age Stratified White Male Lung Cancer Rates and Age 

Stratified White Male Arteriosclerotic Heart and 

Coronary Rates - presented in complete text. 

4.4 Aggregation of Associations - To assess the relative 

magnitude of the associations of the explanatory 

variables. The associations of three sulfur pollutants, so2 , 

minimum sulfate, and mean sulfate, are grouped together as 

are the associations of three nitrogen pollutants, measured 

N02 , minimum nitrate, and mean nitrate. 

Similarly, the age specific elasticities are multiplied 

by the age specific rate and by the fraction of white males 

in the specific white male age group. These appropriately 

weighted elasticities are aggregated over the ten age groups 

and over like pollutants to assess the net change in total 

white male mortality associated with a 1% change in specific 

variables or groups of variables. 

' Three different data sets have been used to estimate 

the associations of explanatory variables, individually or 

as groups, with white male mortality: (1) the sum of the 
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effects on the 15 most prominent disease categories (assuming 

pollutant association with mortality is confined to .the 

fifteen disease categories), (2) the sum of the effects 

on each of the 10 age categories and (3) the total mortality 

data. The three data sets indicate that a 1% decrease in 
' the sum of sulfur compounds is associated with decreases in 

average white male mortality rates of .028, .022 and .025% 

respectively using the ridge method, and .045, .034 and .031% 

respectively using the sign constrained method. The sign 

constrained estimate was consistently higher in each set b, 

approximately 60%. These data also indicate that a 1% 

decrease in the nitrogen pollutants studied is associated 

with decreases in average white male mortality rates of 

.020, .009 and .007% respectively using the sign constraineo 

method while the ridge method provides associations of 

opposite sign with values -.005, -.007 and -.006%. In 

these analyses two positive associations are indicated on 

mortality with the hydrocarbon variable. All other estimates 

of the association are either negative or zero. The fact 

that sulfur compounds consistently show associations greater 

than nitrogen compounds is consistent with another study 

which compares these compounds. 

The estimates resulting from a 1% change in ionizing 

radiation are highly irregular. An increase in mortality 

as large as .014% is associated with radiation using the 

age sununation and sign constrained estimate while a decrease 

in mortality of .044% is associated with radiation using the 

disease summation and ridge estimate. Recall that in the 

sign constrained method, only the pollutant coefficients 

are constrained; radiation and cigarette smoking are not 

constrained. 

Using the same three data sets, a 1% decrease in 

cigarette smoking corresponds to decreases in white male 
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mortality rates of .081, .092 and .096% with the ridge 

method and .069, .106 and .11% using the sign constrained 

method. A decrease in the mortality rates corresponding 

to an increase in cigarette smoking is indicated for some 

disease categories. These negative quantities are as yet 

inadequately understood and deserve further investigation. 

Although they might be the result of a "beneficial" effect 

of smoking, it seems more likely they would be, in part, 

the result of a reallocation of deaths among the various 

disease categories (e.g., increased mortality from arterio

sclerotic heart at an early age reducing the possibility 

of death from cerebral hemorrhage later). There are, of 

course, other possible explanations. For example, the 

linear, additive model may not be entirely appropriate 

and/or the data base may be deficient in some not yet 

specifically identified ways.· 

Aggregates from the age stratified white male lung 

cancer and age stratified white male arteriosclerotic 

heart mortality rates were calculated. As in the total 

mortality comparisons, the various estimates of the 

association of mortality with the sulfur pollutant group 

are all positive. In the lung cancer category they are 

.016, .041, .017 and .019%. In the arteriosclerotic heart 

disease category they are .025, .026, .027 and .005%. Sign 

discrepancies again exist for the associations of mortality 

with nitrogen compounds. The values are -.007, .017, .001 

and .000% in the lung cancer category and -.035, .000, 

-.038 and .000% the arteriosclerotic heart disease category. 

Generally the associations obtained for the hydrocarbon 

pollutant are close to zero, while the corresponding values 

for the radiation variables are uniformly negative. The 

values for the association of these diseases with cigarette 

smoking are within very narrow bands. For lung cancer the 

associations are .278, .289, .279, and.302% for a 1% change 

in the smoking·variable and for arteriosclerotic heart 

disease they are .180, .193, .208 and .228% for a 1% 
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change in the variable. 

5. CONCLUSIONS 

In order to somewhat substantiate estimates of 

association, many checks should be made ~ithin a given 

analysis. For example, the internal consistencv of the data 

itself needs to be examined. The sensitivity of the parameter 

estimates needs to be investigated as either the objective 

function (in this study, the residual sum of squares) 

and/or method of estimation is modified. In this study, 

consistency of the data and corresponding estimates is 

considered by examining disease and age stratified mortality 

rates, and then comparing corresponding aggregated results 

with the appropriate total mortality results. The 

sensitivity of parameter estimates has been examined 

by considering two methods of biased estimates - namely, 

a ridge regression technique and a sign constrained least 

squares method. 

As noted, there is excellent agreement among the 

estimates of the cigarette smoking index elasticity. 

The six estimates range from .069 to .110. Likewise the six 

estimates of the elasticity for sulfur compounds also 

fall within a relatively narrow range .022 to .045. Nitrogen 

compound elasticities (-.007 to .020) vary substantially 

in magnitude and sign, leaving great uncertainty for this 

group. In these 40 regressions, one disease specific rate, 

endocarditis and myocardial degeneration, provides a substantial 

association of the hydrocarbon index with mortality. A 

comparable association is not found in the age stratified 

or total mortality estimates. 

Based on the data used in this study, we conclude that: 

(1) increased concentration of sulfur compounds are associated 
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with a general increase in the total white male mortality 

rate, (ii) increased consumption of cigarettes are also 

associated with increases in the total white male mortality 

rate, and (iii) associations for nitrogen compounds, the 

hydrocarbon index, and ionizing radiation are dependent 

on methodology and data stratification. 

A complete report of this study (including a thorough 

description of variables, sununary statistics, illustrations, 

description of results, and a bibliography) is available 

from the authors. 

DISCUSSION 

JACOBSEN (U.K.) 

1. What was the correlation coefficient between the variables 
NOx and HC illustrated in your slide? 

2. Would you agree that there is a general philosophical 
difficulty in the use of the "ridge" repression method (apart 
from the problem of biased estimation)? 

It seems to me that "ridge" regression is an attempt to 
"orthoqonalise" data that are inherently non-orthogonal. How 
can one expect to extract information from a data-matrix which, 
by definition, does not contain the required information? 

SCHWING (U.S.A.) 

1. The illustration was taken from our earlier publication on 
ridge analysis. I'm sure the correlation coefficient in that 
study was greater that 0.9 and therefore, we see a dramatic 
effect. In the data reported on today, the correlation coef
ficients were substantially lower, of the order of o.a. The 
effects, though less dramatic, still exist. 

2. The objective in applying ridge regression is not to extrac1 
information which does not exist~ The objective is to illustrat1 
and avoid pitfalls in the interpretation of least squares coef
ficient estimates obtained from nonorthogonal data. 
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STEPANEK (CSSR) 

Was the model chosen with regard to the large number of 
controlled variables or was the linearity of the model tested 
at least with respect to some of the controlled variables? 

SCHWING (U.S.A.) 

Our 23 explanatory variables were not controlled in this 
study. Although our previous study considered linear and log 
functions of some uncontrolled variables, the results reported 
today were obtained with a linear model only. 
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BODY BURDEN OF POLLUTANTS: COMPARTMENTAL 
STOCHASTIC MODELS , 

A. H, MARCUS 

University of Maryland, Baltimore County, Baltimore, Md, USA 

ABSTRACT 

The transport of trace pollutants and radioactive tracers 

through the body is usually modeled as a multicompartment linear 

differential system with constant exchange rates. Specific 

activity curves in constant ex~hange rates. Specific activity 

curves in constant environments must then necessarily be mixtures 

of exponential functions of time. Environmental health stand

ards can thus be set in terms of averaging times appropriate to 

the time-scale for exponential decrease ("biological half-life"). 

Two serious defects in this concept are exhibited. First, when 

uptake rate depends on the remaining uncontaminated volume in a 

compartment, the half-life for uptake decreases with increasing 

concentration so that brief exposures to high concentrations may 

do less harm than predicted by the usual compartmental model. 

This is illustrated by the elimination and uptake of carbon mon

oxide in rats and humans. A second difficulty is that specific 

activity curves (here interpreted as the probability density for 

time of transport of pollutant) are often power functions of 

time rather than exponential functions, especially for bone

seeking elements. The linear compartmental model is inadequate 

and an alternative model, with transitions governed by a Markov 

p~ocess and times between transitions determined by a random 

walk process, appears to be needed. 
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1. Introduction 

A very difficult problem in establishing safe dose levels for environ

mental pollutants is that the concentration of a pollutant to which an 

individual is exposed may fluctuate significantly over times comparable to, 

or much shorter than, the characteristic lifetime of the pollutant in the 

organ of interest. The ability of an organ (or perhaps the whole body) to 

excrete a contaminant in due course must be explicitly taken into account 

in order to estimate the maximal safe dose. This is usually done by es

tablishing safe levels based on appropriate averaging times. For example, 

the maximal allowable concentration of carbon monoxide (CO) in the U.S. is 

35 ppm for a one-hour average, and 9 ppm for an 8 hour averaging time. The 

averaging time concept leads to mathematical and practical difficulties in 

assessing fluctuating concentrations [11 [2] [3) [4). If fluctuations in 

pollutant concentration occur much more rapidly than the biological half

life of a critical organ, it is claimed that the organ will not respond 

much to these fluctuations - that is, a brief exposure to a very high con

centration will not cause much harm. However, this conclusion depends on a 

linear mod.el of physiological kinetics which has several serious defects, 

as we shall presently demonstrate. That is, even though brief high expo

sures do not violate long averaging time standards, they may do much less 

damage than expected. 

2. Compartmental Models 

We assume that the body can be divided into n svbsystems or compart

ments, depending on the pollutant. For carboxyhemoglobin (OOHb) in the 

blood due to CD exposure, we could use n=l (arterial blood) or n=2 (say 

lungs, blood; alternatively [5 J blood in which CO is bound to Hgb, and mus

cle or liver in which 00 is bound to other hemeproteins). For lead and 

other boneseekers, we may need n=3 [6J: (mainly) blood, (mainly) soft 

tissue, and (mainly) skeleton. The basic compartmental model is developed 

by many authors (see [71 for references). Let Xj(t) be the amount of pol

lutant in compartment j at time t. Let Vj, a constant, be the maximum 

volume in compartment j. Let Aj be the endogeneous production rate of 

pollutant in compartment j. Let Cj(t) be the external concentration to 

which j is exposed at time t. We may thus incorporate the effects of dif

ferent pathways to different organs e.g. lead exposure by both breathing 

and eating lead. 

X' •(11' • • • ,Xn) • 

Let X, A, C be the corresponding n-vectors, say x1
, 

Let K, L be n >< n matriC4's, and let LC be an n x n 
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diagonal matrix in which the diagonal term Liict is the uptake rate per 

unit volume in organ i when exposed to Ci. It is usually postulated that 

where 

dx/dt A+ LCV - KX 

= B - KX 

B A+ LCV 

( 1) 

(2) 

(3) 

the general solution is 

X(t) = exp(-Kt)X(O) + f exp(-K(t-u)B du (4) 
0 

allowing B = B(u) to also depend on time if (as is the case in a real en-

vironment) C(t) depends on time t. In the usual clinical situation of ex

posure to a constant environment, we have in general for constants F .. , G. 
l.J J 

n 
Xi(t) =I: Fij exp(-G.t) + Xi((I)) (5) 

j=l J 

where Gj is an eigenvalue of K (assumed .all distinct herein). When n=l, 

this is the usual "half-life" phenomenon. 

In reality, the uptake rate depends on the remaining volume in com

partment j, which is vj - xj, so that instead of equation (1) we ought to 

write 

dX/dt = A + LC(V-X) - KX 

B - MX 

where B is the same as (3) and 

hence 

M = LC+ K 

t 
X(t) = exp(-T(t))X(O) + J 

0 

exp(T(u) - T(t))B(u) du 

(6) 

(7) 

(8) 

The random time T is defined by 
t 

T(t) = J M(u) du (9) 
0 

The basic representation is different. In (4), X(t) is a linear filter of 

the concentration C; in (8), X(t) is not a linear filter of C since the ex

ponential elimination rate depends also on the previous exposure history. 

This difference is not important when C. is very small; it is impor-
J 

tant in some practical situation such as the elimination and uptake of car-

bon monoxide. Applying (8) for a one-compartment (n=l) model for COHb in 

rats and in humans, I found [SJ that (8) gives an excellent description of 

the data, including the highly consistent observation that the timescale 

for elimination (C=O) namely l/K11 , is always longer than the timescale for 

uptake as a result of exposure to C ppm CO, namely 1/M11 = l/(K11 + L11c). 

This exhibits a larger assimilative capacity than predicted by (4) since 
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pollutants are eliminated more rapidly at higher concentrations than at 

lower concentrations. (See Sec. 4 for some examples.) 

3. Power Laws 

A second and most serious difficulty is that much data on radioactive 

tracers and trace contaminants is not at all like (5) but is much better 

described in practice by a power law 

Xn(t) = F t -a-l 
n 

(10) 

Bone-seeking elements - calcium, lead, strontium are of special environmen

tal significance - exhibit this power-law behavior [9] [10] [11]. A 
number of models have been proposed to explain the observed power-law beha

vior [12] (13] (14 ). I have developed (15 J a flexible 4-parameter random 

walk model which, upon adjustment of various combinations of parameters, 

can fit all of the proposed distributions for the time of passage of a 

molecule through a compartment - gamma, power-law {skew stable) and expo

nentially modified skew-stable. To relate these to various compartments 

requires a fundamentally different orientation, in which the allocation of 

molecules to various compartments is modeled a Markovian transition pro

cess," and the residence time between transitions can have any distribution. 

This formalism is known as a Markov renewal process; its consequences will 

be developed elsewhere. It is sufficient to note here that no variant of 

the usual compartmental model (1) yields power-law behavior like (10). A 

safe dose-exposure relation cannot therefore be built on the averaging

time concept~ 

ihe new formulation of the problem is that the specific activity in 

the ultimately observed compartment n, say X (t), will be taken as the 
n 

first passage time probability density function if a molecule of pollutant 

is immediately excreted from compartment. If molecules recirculate indef

initely without being excreted, then x (t) may be taken as the renewal n 
density (i.e., recurrence density) function for compartment n. We will now 

consider only excretable molecules. The Markov renewal postulates are: 

(a) Transitions of a molecule from compartment i to compartment j oc

cur independently of each other, with no memory of earlier tran

sitions -- i.e., as a Markov process.with transition probability 

matrix P = (( P ij)) • 

(b) The passage time from i to j, say Tij' is a random variable whose 

distribution depends on i and j, but is independent of anthing 

else. 
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It is conceptually easy -- but difficult in practice -- to derive the 

distribution of the first passage time to compartment n given P and the 

distribution of the T1j. In general, there is no way to obtain power law 

behavior without having a power law transition distribution for some essen-

tial precursor transition time T ..• 
1J 

This can be_. obtained readily for the 

bone-seeking elements, using the concept of a continuously expanding cal-

cium pool developed by BURKINSHA.W et. al. [12); see (15) for details. The 

main idea in 15 is that the exchangeable calcium pool -- the total num-

ber of calcium molecules available for subsequent transition or elimina

tion -- is increasing essentially linearly with time. This will automatic

ally decrease the proportion of contaminant available for transition, but 

at a much slower rate than the essentially exponential decrease required 

by the constant exchange rate model expressed by (1). This can be readily 

extended to derive power law transition distributions for random numbers 

of transitions as well as single-step transitions, 

4. Example: One-compartment Model ~ Carbon Monoxide 

In f8] I used data by PETERSON et. al. [16) and MONTGOMERY et. al. (17] 
to determine parameters for the one-compartment (n = 1) model (8) with 

constant exposures at C ppm CO. X1(t) was the observed concentration of 

carboxyhemogloblin in the blood of the subject. 

TABLE I 

Parameters for the uptake and elimination of CO by rats 

C (ppm) 
-1 -1 x

1 
(ro) 

-1 
K11 (min ) M

11 
(min ) B11/c (min ) 

150 0.02241 o.02105 0.1622 2.27 10-5 

250 0.02046 0.02294 0.2368 2.17 10-5 

500 0.01968 0.02674 0.4351 2.37 10- 5 

1000 0.01964 0.04167 0.6305 2.63 10-s 

TABLE II 

Parameters for the uptake and elimination of co by humans 
-1 -1 x

1 
(oo) 

-1 
Subject K

11 
(min ) Mll (min ) B

11 
(min ) 

1 0.002624 0.002820 0,07756 2.19 10-4 

2 0.002737 0.002833 0.08114 2. 30 10-4 

3 0.002386 0.002699 0.08556 2.31 10-4 

(The subjects were inactive young men exposed to 50 ppm CO,) 

The model not only proved self-consistent, it also provided an ex

cellent fit to the data. Note that in general, M11 is larger than K11 • 
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ANALISI DI REGRESSIONE DEi VALORI DI PIOMBO NEL SANGUE 
SULL'ESPOSIZIONE ATMOSFERICA 

L, FAVRETTO, L, FAVRETTO GABRIELLI 

Istituto di Merceoloqia, Universita di Trieste, Italia 

RIASSUNTO 

In questo tavoro ~ discussa una funzione modetto iperbotica 

in alternativa a quelte gid proposte per l'analisi di regressione 

dei vatori di piombo net sangue sutt'esposizione atmosferica, net 

tentativo di migliorare t'interpolazione con un modetlo piu ri-

spondente atla reatta fisica delta relazione dose-risposta • . Come 

esempio ~ considerata l'applicazione a dati delta letteratura. 

ABSTRACT 

This paper discusses a hyperbolic model function as an alter

native to those already proposed for regression analysis of tead 

levels in blood as a function of atmospheric e%posure. The aim 

is to achieve improved interpolation with a model corresponding 

more closely to the physical reality of the dose-response rela

tionship. Data taken from the literature are used in sample 

applications. 
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1. Introduzione 

Da qualche tempo sono disponibili dati medi di concentra

zione di piombo nel sangue, rilevati in campioni provenienti da 

aree urbane, assieme alla stima dell'esposizione atmosferica al 

piombo particellare proveniente dai gas di scarico degli auto

veicoli (The Working Group on Lead Contamination [ 1) ). Con l'as 

sunzione che i campioni appartengano ad una popolazione avente 

un apporto costante nella dieta, i dati sono stati interpolati 

con una funzione esponenziale (Goldsmith e Hexter [ 2) ). Altri 

dati si riferiscono a valori di esposizione notevolmente piu 

precisi dei precedenti, perch~ ricavati da esperienze di labora

torio, nelle quali viene simulato e controllato nel tempo l'eve~ 

to inquinante (Knelson, Johnson, Coulston, Golberg e Griffin 

(3), Colee Lynam (4)). Il modello logaritmico si adatta a de-

scrivere la concentrazione di piombo nel sangue in funzi~ne del 

tempo di esposizione, quaodo quest'ultima viene aantenuta ad un 

valore costante (Knelson et al~ l3] ). Recentemente e stata pro

posta la funzione iperbolica quale curva interpolante (Favretto 

Gabrielli (5) ). Tale funzione contiene un parametro di satura

zione, in accordo con il raggiungimento di una concentrazione 

costante di piombo nel sangue dopo un tempo prolungato di espo

si~ione (Colee Lynam (4]). 

In questa ricerca vengono confrontati i modelli gia pro

posti con il model lo iperbolico, riportando come esempio la di

scusaione dei dati di Goldsmith e Dexter (2) e di Knelson et 

ai. ( 31 • 

2. Analisi di regressione 

L'analiai di regressione e stata effettuata utilizzando 

un programma di minimi quadrati per la stima dei parametri non 

lineari (Marquardt, Baumeister, Sheldon e Stanley [6)) su un 

calcolatore CDC 6200 del Centro di Calcolo dell'Universila di 

Trieste. Come indice di adattamento dei dati alla funzione mo

dello ~ stato considerate lo scarto quadratico medio dei valo

ri osservati da quelli calcolati. 
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3. Risultati e discussione 

La tabella I riporta i valori dei parametri calcolati m~ 

diante regressione non lineare dai dati di Goldsmith e Hexter 

[2} con vari modelli. La figura 1 riporta come esempio l'anda

mento della curva calcolata assumendo 11 modello iperbolico. 

Tale modello, scritto in forma di equazione "tipo Langmuir'', e 
stato gia utilizzato per descrivere l'assorbimento di piombo da 

parte del tessuto osseo (Mac Donald, Nusbaum, Ezmirlian, Barbe

ra, Spain e Rounds [ 7] , Gitelman e Neumann [ 8)). 

TABELLA I 

Esempio di regressione non Lineare dei vaZori di piombo neZ sangue 

(y, µg Pb/lOC ml di sangueJ sui dati di esposizione atmosferica (x, 
µg/m' di aria). 39 coppie di osservaaioni tratte da Goldsmith e He~-

ter [ 2) . 8. scarto qwadrati.co med.io. 

Funzione model lo 
Parametri 

8 

a b c 

b • 18.1 0.239 :t 3.0 y -ax 

y -a + b log x 17.8 13.9 ! 3.5 
lo 

+ 
abx 0,0683 35.l 15.7 ! 3.1 y -c 1 + ax 

• Proposta da Goldsmith e He=ter neZZa forma Zineariazata: 
log

10
y • log· a + b log x 

11 10 

La funzione iperbolica a tre parametri descrive l'andame~ 

to dei punti nella stessa misura di quella esponenziale, come 

appare dal confronto dei valori di s, mentre con la funzione lo 

garitmica l'adattamento e minore. Inoltre nella funzione iperb~ 

lica l'intercetta c = 15.7 µg Pb/100 ml di sangue, stabilisce 

l'apporto della dieta e di altre fonti, che determinano il li

vello base di piombo nel sangue. Kehoe [9] e Azar, Snee e Habi

bi l10J sostengono che !'influenza del piombo atmosferico sul 

tenore di piombo nel sangue risulta inferiore a quella supposta 

in base alla relazione di Goldsmith e Hexter: il modello da noi 
proposto consentP di int~rpretare i dati differenziando il con 
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Figura 1 

Iear•••ioae della couceotreaioae del piollbo nel •a~ 
aue (y. µa Pb/100 •l) sull'e•po•iaione atao•ferica 
(z.µa Pb/a1 di aria) con la fuuaioue iperbolica. 
Lo •carto quadratico aedio dei dati dalla cur•• ia
terpolant• l indicat'O dal tratt•aaio. Dati tratti 
da Coldsai th e He:ater I 2) • 
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t:ributo della dieta (supposco costante) dall'esposiziona atmo

sferica. A basse esposizioni (x + O) y tende all'espressione 

y • c + abx, cioe la concentrazione di piombo nel sangue varia 

quasi linearaente con l'esposizione, in accordo con le osserva 

zioni di Coldsmith [11]. Un'ultima caratteristica del modello 

e il parametro di saturazione (b). In teoria un limite di sa

turazione potrebbe rappresentare il piombo nel sangue in equi-

librio sia con quello presente in altri tessuti di deposito, 

che con una certa esposizione media. 11 modello fisico giusti

fica il livello di saturazione. data che tale livello si ritro 

va nell'esposizione prolungata ad una concentrazione costante 

di polluente. 

Le osservazioni di Knelson et; al. [3] possono essere uti 

lizzate per tale controllo: i dati hanno il pregio della pre-

cisione nella variabile indipendente (tempo), precisione cbe 
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rappresenta uno dei requisiti per una corretta applicazione 

dell'analisi di regressione; viceversa nei dati raccolti da 

Goldsmith e Dexter, eterogeneita campionaria ed imprecisione 

nella stima di x a basse esposizioni (x < 5 µg Pb/m 3 di aria, 

dove diventano notevoli gli errori derivati per la pendenza 

della relazione y ~ y(x)) contribuiscono sensibilmente alla di 

spersione dei dati. 

Knelson pone in relazione l'aumento potenziale del piom

bo totale nel sangue (4.9 litri) con l'aumento del carico to

tale di piombo nell 1 organismo, quest'ultimo ricavato dalla co~ 

centrazione di piombo nell 1 aria respirata, tenendo conto di co 

stanti quali la ventilazione polmonare, la frazione di piombo 

inalato. Esperienze in parallelo controllano continuamente 

1 1 apporto di piombo non atmosferico. 

I risultati_ dell'analisi di regressione dei dati di 

Knelson et al. [ 31 , appaiono nella tabella II. La figura 2 ri

porta l'interpolazione con la funzione iperbolica. Quest'ulti-

ma rappresenta anche in questo caso un modello valido. Dal va

lore del parametro di saturazione si puo ricavare il limite 

teorico di concentrazione di piombo nel sangue ad un'esposizi~ 

ne continua. Per le due esposizioni sperimentate si ottengono 

cosi i seguenti valori limite: 

Esposizione continua 

(~g Pb/m 3 di aria) 

3.2 

10.9 

Concentrazione limite 

(µg Pb/100 ml di sangue) 

7.9 

23.9 

Da rilevare che, qualora alla concentrazione limite si aggiun

ga il livello di base, il primo punto (7.9 + 15.7 = 23.6) gia

ce sull'iperbole interpolante i valori di Goldsmith e Bexter 

(per x = 3.2, y • 23.3), mentre il secondo (23.9 + 15.7 = 
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TABELLA II 

Analisi di regressione non Zineare (su N dati) delL'aumento del oon

tenuto di piombo nel sangue (y, mg in 4.9 litri di sangue) suZZ'au

mento de! oarioo totals di piombo nell'organismo (x, mg) a due espo

sizioni. Da"ti tratti da Knelson et al. [ 3] • s, soarto quadratico me

dia. 

Funzione modello 
Esposizione: 3.2 ~g/m~, N • 10 Esposizione: 10.9 ~g/m 3 , N • 16 

a b s a b 6 

y . a + b log x .. 
0.205 0.182 0.038 

1 a :!: 0.556 0.326 >! 0.070 

- sbx l.09 0.)87 ± 0.034 y 
1 + ax 

0.336 l. 17 .:!: 0.067 

• Proposta da Knelson et al. (3). 
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Figura 2 

Regressione dell'aumento del contenuto di piombo 
nel sangue (y, µg Pb/100 ml di sangue) sull 1 aum~n

to del carico totale di piombo nell 1 organismo (x, 
mg Pb) a due esposiaioni atmosferiche. Lo scarto 
quadratico medio dei dati dalla curva interpolan
te e indicate dal tratteggio. Dati tratti da Xnel
son et al. [ 3]. 

4 6 8 x 10 
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= 39.6} risulta circa 20% maggiore del valore sull'iperbole 

{per x = 10.9, y = 32.8). 

4. Conclusioni 

La presente rLcerca vuol essere soltanto un suggerimen

to tendente a sottolineare 1 1utilita del modello iperbolico 

nell'analisi di regressione della concentrazione di piombo 

nel sangue sull 1 esposizione atmosferica. Ulteriori esperienze 

di ~3posizione continua, anche a livelli piu elevati, potrebb~ 

ro consentire di stabilire con maggior precisione l'andamento 

della relazione empirica piombo nel sangue-esposizione atmo -

sferica continua, che non la raccolta di dati in popolazioni 

urbane, dove sorgenti di variazione incontrollabili oscurano 

l'andamento stesso. 

Ricerca eseguita con il contributo deZ Consiglio Nazionale 
de l le Ri cerche 
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COMPARTIMENTAL SIMULANT L'APPARITION 

ET L'AGGRAVATION DE LA SURDITE 
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RESUME 

Les resultats d'enquete audometriques-sonomitriques, dont 

on dispose a l'heure actuelle, sont heterog~nes. En effet, ie 

seuiZ de deficit auditif d partir duquel la surdite est presu~ee, 

varie: 25dB dans Za Recommandation ISO R/1999 et 35dB dans le 

tableau fran~ais des Maladies Professionnelles, par exemple. 

Le deficit moyen pratique Zui-meme donne suivant le cas plus ou 

moins d'importance d la frequence conversationnelZe 1000 Hz . 

. Il en resulte que Za frequence F(t,b) des surdites profession

nel Zes, apparue dans une population exposee a un niveau moyen de 

bruit b decibels (A) pendant la duree (t) annees, diff~re fonda-

mentalement d'une enquete d l'autre. 

bruit devient alors imprecis. 

Le niveau admissible de 

Le mod~Ze stochastique compartimental propose permet d'ex

pliquer ces disparites en s'inspirant d'un~ methode epidemiolo

gique qui a fait sa preuve dans le domaine d'une autre maladie 

professionnelle, la silicose. 

Le param~tre fondamental de ce mod~le est la probabilite 

d'aggravation du deficit moyen pratique d'un sujet expose a un 

niveau de bruit donne pendant un temps donne. Les deficits 

auditifs sont regroup4s en classes et le mod~le s'apparente dun 

processus markovien de diffusion d'un compartiment dans un autre. 
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La pFobabilit4 ainsi d4finie est une fonction du niveau 

moyen de bruit. Elle doit permettre de determiner ta frequence 
des suFdites d craindre pour une duree d'exposition quelconque 

et de fi%er le niveau moyen admissible de bruit. 

La validation du mod~le ne pouFr~ se faire compl~tement 
qu'au jour o~ seront connus les resultats de l 1enquete entre

prise par l'INRS dans t'industrie fran~aise: cependant, pour 
fi%er les idles, le mod~le q ete confronte avec succes avec 

quelques donnees actuellement disponibles. Dans ce cadre, une 

tentative a ete faite pour etabtir la relation entre l'intensite, 

la sensation sonore et la probabilite d'aggravation du deficit 

aU;ditif. 

ABSTRACT 

The results of audiometry and sound-level studies currently 

available are heterogeneous. In fact, the hearing deficiency 

threshold, beyond which deafness is considered to ezist, varies: 
2SdB according to ISO standard R/1999 and 3~dB in the French 

table of occupational diseases. The practical mean deficiency 

itself accords varying degrees of importance to the conversational 

frequency of lOOOBs. The result is that the frequency F(t,b) of 

occupational deafness in a section of the population exposed to 
a mean- noise ievei b in decibels, over a given period of time (t), 

diffe~s fundamentatty from one survey to another. The admissible 

noise ievel, therefore, is very flezible. 

The proposed compartmental stochastic model provides an ex

planation of these disparities. based on an epidemiological 

method which proved usefut in the case of anotheP occupational 

disease. silicosis. 
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The fundamental parameter of this model is the probability 

of aggravating the praatical mean deficiency in a subject exposed 

to a given noise level over a given period of time. Auditory 

defiaiencies are grouped acaording to cate~ories and the model 

has some points in common with a Markov process of diffusion from 

one compartment into another. 

The probabitity thus defined is a function of the mean 

noise level. It should make it possible to determine the fre

quency of deafness which can be expected for any given period 

of exposure and to fi~ a mean admissible noise level. 

The model cannot be considered thoroughly tested until the 

results of the investigation undertaken by the INRS in industry 

in Franae are kno~n. Ho~ever, to obtain an indication of its 

efficiency the model was used successfully with some currently 

available data. Within this framework an attempt was made to 

establish the relationship between intensity, sense of hearing 

and probable aggravation of auditory deficiency. 
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1. Introduction 

Les examens audiometriques et sonometriques permettent de determiner 

le deficit auditif moyen pratique des sujets d'une population exposee a un 

meme niveau de bruit. Celui-ci est malheureusement defini de fa~ons diver

ses. En France, on considere la moyenne des deficits aux trois frequences 

conversationnelles 500, 1000, 2000 hertz en donnant ii~a seconde un poids 

double des deux autres. La recommandation ISO R/1999 preconise de son cote 

la moyenne equiponderee des trois deficits. Quand le deficif moyen prati

que depasse une certaine valeur seuil, fixee a 35 dB en France mais a 25dB 
-

dans la reconmandation ISO, il est convenu d'y voir le signe de la surdite. 

11 en resulte que la frequence F(t,b) des surdites professionnelles 

apparues dans une population exposee a un bruit de niveau b pendant la du

ree t differe fondamentalement d'une enquete a l'autre. Le niveau de bruit 

admissible devient alors imprecis. Aussi est-il interessant de rechercher 

des parametres lies plus directement a l'Etiologie et aux conditions d'ap

parition de la surdite professionnelle et d'introduire en particulier une 

notion probabiliste plus fine que la simple prevalence F(t,b). 

Dans ce qui suit la population exposee a un certain niveau de bruit b 

sera decrite au moyen de classes de deficits auditifs limites superieure

ment, par exemple, a 15, 25, 35, ••• dB. L'effectif de chaque classe sera 

alors l'element d'une matrice ligne : 

N(t,b) •(NI, N2•···• Nk, ••• , Nn)t,b (I) 

indexee par les parametres t et b. En considerant comme unite l'effectif 

de la population totale, la prevalence F.(t,b) des sujets atteints de sur-
1 

dite professionnelle au seuil i de deficit auditif sera egale a : 
. J. •n 

Fi (t,b) • ~ . Nj 
. J ""1 

(2) 

L'incidence pourra etre representee par la probabilite n.(t,b) dt de pre-
1 

senter une surdite entre les epoques t et (t+dt) pour un sujet que l'on 

sait non atteint a l'epoque t 

n. (t,b) dt 
1 - dF. (t,b) 

1 
dZ. (t,b) 

1 

I - F. (t,b) dt 
ou Z.(t,b) est la foncti~n auxiliaire 

1 
Log 1 

(1 - F. (t,b)) 
1 

(3) 

(4) 

Les figures I 

d'une part celle 

et 2 donf~ft les valeurs de Fi et Zi pour deux enquetes, 

de MORIN portant sur 149 forgerons exposes a des bruits 

de JOO dB environ avec des pointes frequentes a 115 ou 120 dB (i • 1,2,3 

correspondant a des seuils de 15, 25, 35 dB), d'autre part celle de la re-
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PREVALENCE DE LA SURDITE AUX SEUILS 15.25,35 dB 

EN FONCTION de la DUREE d'EXPOSITION 

POUR UNE MEME AMBIANCE SONORE 

(D'apres les resultats de J. MORIN) 
F 

o,so 

o,2s 

0 
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PREVALENCE IDE LA SU RDITE AU SEUIL 25 dB EN FONCTION OE tA DUR EE 

D' EXPOSITION ET DU NIVEAU MOYEN DU BRUIT 

( D' apre1 IH resultets d'enquet .. contenua dan1 
la Recommandation l.S.O R/1999 ) 

(nh1Hu dti bruit . Ito dBA) 

(nlwHude br t : 10S dBA) 

F 

0 11s 

o, 

(nlwHu de brult:IO dB.A) 

0,25 

0 

5 10 ts 20 25 30 35 

Dure• d 'upo9Jtion ~·) t 

FIGURE 2 
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comnandation ISO R/1999 (i =I correspondant au seuil de 25 dB 

105, J JO dBA}. 

b 90, JOO, 

La probabilite par unite de temps rr.(b,t) varie avec le temps d'exposi-
1 

tion et le niveau b, sauf d'ailleurs pour de faibles valeurs de seuil. 

Le but du modele propose est de determiner une probabilite elementaire 

qui rende compte des valeurs de F.(t,b) et Z.(t,b), tout en ne dependant 
l l. 

que de b. 

2. Modele stochastique compartimental 

Le modele qui suit est donne a priori. 11 sera justifie ulterieurement 

par ses consequences et par la comparaison avec les donnees des enquetes 

audiometrie-sono~etrie. 

L'etat d'une population a l'instantt etantcaracterise par la matrice 

ligne (N(t,b)) 

(N(t,b)) • (NJ, N2, N
3

, ••• , Nk, ... ,Nn} t,b (S} 

on suppose que la probabilite de passage de la classe de deficit auditif k 

l la classe suivante (k+l) (probabilite d'aggravation) entre les epoques t 

et (t+dt) est egale a pk(b) dt. Cette quantite est une fonction du rang de 

la classe de depart et du niveau moyen de bruit auquel a ete expose le su

jet. Tout se passe dans ce modele COllDJle si tousles sujets places a l'epo

que t dans le compartiment correspondant a la classe k de deficit auditif 

"diffusaient" entre t et (t+dt} dans le compartiment k+l (et non dans un au-

tre) avec la probabi lite pk (b) dt. Le process us de changement d'etat de la 

population exposee au bruit est continu, stochastique et markovien. Dans le 

cas ou pk(b) est independant de k, il est de plus poissonnien. 11 sera de-

100ntre d'ailleurs que l'examen de ce cas particulier est pratiquement suf

fisant. Les sujets sont repartis entre les differents compartiments suivant 

une distribution d'ERLANG generalisee. La probabilite ak(t,b)dt pour un su-

·. jet d'atteindre le compartiment k entre les epoques t et (t+dt} est definie 

par le produit de composition -p (t-r) 

~(t.b} = J~ ak_
1
(t,b) dt. e k-l (6) 

SOllllle des produits de la probabilite d'atteindre le compartiment k-1 entre 

les epoques t et t+dt par celle de le quitter au terme d'une periode compri

se entre (t-t) et (t+dt-t). 

Ces produits de composition sont facilement calculables dans le cas poisson

nien ou p = p
1 

• p
2 

- ••• •pk- ••• (distribution d'ERLANG classique) 

-
(k - 2) 

k-1 
p 

k-2 -pt 
t e , {k > I) • (7) 
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Le nombre de sujets qui, a l'epoque t, n'ont pas atteint le compartiment k 

est egal d'une part a la somme N
1
(t,b) + N

2
(t,b) + .•• + Nk_

1
(t,b) et d'autre 

part l 

1; ~ (t,b) dt 

On tire de cette egalite la valeur de Nk(t,b) 

Nk(t,b) ~ J; (ak+l(t,b) - ak(t,b)) dt 

-p t avec N
1
(t,b) • e 1 • 

Dans le cas poissonnien, il vient en particulier 
N2 • e-pt pt .• N 1 e-pt 2t2 ' 3•2f p ••• 

(8) 

(9) 

(10) 

Dans le cas general, on montre que les valeurs donnees par (9) diffe

rent peu de (JO) tant que les ecarts de pk a leur IOOyenne p Sont faibles, 

Aussi les (10) pourront-elles etre utilisees en premiere approximation pour 

determiner la frequence des surdites dans chacun des compartiments k a l'e

poque t. 

En fixant le seuil de surdite entre les classes de deficit auditif k 

et k+t et en posant X • pt, la fonction Z s'ecrit : 
I __ 2 1 k-1 

zk • x - Log ( I + x + 2T x- + • • • + (k- I) 1 x ) 

11 vient en particulier : 

z2 • X - Log( J+X) 
I 2 z3 • X - Log(l+X+ 2 X ) 

et en inversant les fonctions z
1

, z2, z3 : 

X • t
1
(z

1
) • t

2
Cz

2
) • t

3
cz

3
) 

J. Validation du 1D0dele 

( I I) 

(12) 

(13) 

Le modele ci-dessus pourra etre valide quand l'Institut National de 

Recherche et de Securite sera en possession des resultats de l'enquete au

diometrie-sonometrie qu'il a entreprise. 11 en sera de meme du choix des 

compartiments en nombre et en extension. Cependant, il est interessant de 

preciser la methode de validation en utilisant les resultats des enquetes 

citees au I J. 

Dans le travail de Morin, en adoptant quatre compartiments (0-15, 

15-25, 25-35, 35 dB et plus), on constate que les relations (13) sont veri

fiee1 quels que soient i et t pour une mime valeur de p egale i 0,11. Ain

si, les courbes experimentales Z et F de la figure J sont correctement 

interprities avec le seul paraaaetre p qui caracterise le niveau de bruit 

dicrit. Les rfsultats obtenus l partir de la reco111Dandation ISO R/1999 

aont d'un autre ordre. La forme quasi lineaire des courbes de la figure 2 

montre en effet qu'au seuil 25 dB et avec la definition du deficit auditif 
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pratique adopte par l'ISO n.(t,b) = dZ/dt ne depend que deb, ce qui per-
1. 

met de prendre 25 dB comme limite du premier compartiment (i•l). La defini-

tion du deficit pratique moyen de cette Recommandation donne a la frequence 

2000 hertz un role preponderant. On sait par ailleurs que c'est au voisina

ge de cette frequence qu'apparaissent les troubles auditifs precoces (dans 

la gamme 500 a 2000 hertz). Aussi, ne faut-il pas s'etonner si les compar

timents qui rendent compte de la prevalence en fonction de la duree d'expo

sition sont differents de ceux qui ont ete utilises dans l'enquete de MORIN. 

La figure 3 montre d'autre part que n25 dB(t,b) = p(b) depend de b, en 

suivant une loi logarithmique 

Log p{b) • Ab + B , (14) 

OU A et B sont des constantes respectivement egales a 0,0389 et - 5,414. 

En revenant a la definition du decibel en fonction de l'intensite sono

re I et de l'intensite de reference I (lo- 16 watts/cm2), la relation {14) 
0 

s'ecrit pour un bruit de 1000 Hz : 

p(b) - 3,9 x 10-6 x (l/lo)o, 39 (15) 

Les probabilites p(b) d'apparition ou d'aggravation sont multipliees 

par 2,5 environ quand l'intensite est multipliee par JO. La relation (12) 

exprimant Z.(t,b) en fonction du produit p.t, diviser p(b) par un coeffi-
1. 

cient k et multiplier simultanement t par le meme coefficient ne change 

pas la prevalence, quel que soit d'ailleurs i. En tenant compte de {14), 

on pourra done ecrire 
n z. (t,b) "" z. (t x 2,5 • b - 10n) ( 16) 

l l. 

Depuis les travaux de STEVENS il est admis que la sensation sonore 

(sonie) varie cotl'll'lle une puissance de l'intensite sonore, soit pour un 

bruit de 1000 Hz [3] et [ 4] 
S = 10-1,2 (I/I )0,3 (17) 

0 

La comparaison de (15) et (17) montre que la sensation sonore et la 

probabilite p(b) sont proportionnelles en premiere approximation. Cette 

relation est satisfaisante pour l'esprit et donne un sens intrinseque a 
la probabilite p(b). 

La limite superieure du niveau moyen de bruit admissible sera determi

nee a partir des resultats d'une enquete extensive en choississant l'ende

mie residuelle acceptable, AMOUDRU [s]. HO et QUINOT [61. 
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EVALUATION DE LA CHARGE CORPORELLE EN MERCURE 
PAR SIMULATION NUMERIQUE 

+ + . ++ R, MAGNAVAL , R, BATTI , A, BOUVILLE 

+ Association Euratom-CEA, Fontenay-aux-Roses, France 

++ D~partement de Protection, Fontenay-aux-Roses, France 

RESUME 

On 4value la quantite de methyle de mercure et de meraure 

inorganique absorbee par la population apr~s consommation de 

poissons. A partir des analyses effectuees sur les poissons 

marina p§ches en Europe, on prend comme teneur mediane 0.3 et 

0.7 ppm de mercure total, les troisquarts de la concentration en 

mercure etant sous forme methylee. L'evaluation tient compte 

aussi de la consommation de poissons. Elle est simulee de deu~ 

fagons d partir des enqultes alimentaires effectuees anterieure

ment, d'une part, en fonction de l'~ge des consommateurs, d'autre 

part, en prenant une distribution de la consommation par repas 

repartie normalement autour d'une valeur moyenne. Dans ce cas, 

on etudie l'influence de la frequence de consommation du poisson, 

elZe est introduite dans le calcul sous forme de variable alea

tx:>iresimulant les cas de consommations rapprochees ou espacees. 

Pour calculer la charge corporelle dans ces divers cas en fonction 

du temps, on utilise un mod~te d un seul compartiment pour l'ab

sorption du methyle de mercure (absorption 100%, periode 70 jours) 

et pour la forme inorganique (15%, periode 15 jours). Les ni-

veaux decontamination et leurs amplitudes de variation sont discu

t~s, dans un certain nombre de cas traites par simulation nume

rique sur calculateur, les charges corporelles en mercure diff~rent 

par un facteur de securite inferieur a dix en regard des niveaux 

to~iques repertories au Japon. 
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ABSTRACT 

An assessment is made of the amount of methylmerau~y and 

inorganic mercury the population absorbs by eating fish. Using 

analyses carried out on European salt-water fish as a basis, the 

median content is taken to be 0.3 and 0.7 ppm total mercury, 

three-quarters of the mercury concentration being in the methyl 

form. The assessment also takes account of fish consumption 

~hich is simulated in two ways, using previous surveys of food 

consumption: firstly in terms of the age of the consumer and 

secondly using consumption distribution by meal based on an 

average value. In this case the effect of the frequency of fish 

consumption is studied, and is introduced in the calculation in 

the form of a random variable simulating consumption at frequent 

or infrequent intervals. In order to calculate the time-depen

dent body burden in the various cases a model with a single com

partment is used (absorption 1001, period 70 days) for methyl 

mercury absorption, and,for the inorganic form, (15~, period 15 

days). Contamination levels and their range of variation are 

discussed and in certain cases processed by digital simulation 

by computer; the mercury body burdens differ from the toxic 

levels recorded in Japan by a safety factor of Less than ten. 
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INTRODUCTION 

Le phenomene de concentration d'un certain nombre de polluants metalliques 

et organometalliques dans les divers maillons de la cha!he alimentaire jusqu' a 
11homme, a ete particulierement bien montre pour le mercure. M~me si le 

rejet de ce polluant n 1entra!he de nuisances qu'A une echelle locale, la toxicite 

clu methyle de mercure est suffisamment severe a faible teneur pour justifier 

une etude generale de la charge corporelle apres ingestion de ce compose. 

De toute fa~on, il y a desaccord entre les auteurs, sur la quantite du m.ercure 

qui est sous forme methylee dans l'organisme (1) (2). Nous sommes essentiel

lement guides dans ce travail par l1approche qu'en ont fait, pour la premiere 

fois SPEAR et WEI (3) en proposant une etude simulee pour calculer le residu 

de methyle de mercure restant dans l'organisme. On se propose de generaliser 

cette methode a la fraction organique et inorganique du mercure tout en n'en

visageant, comme ces auteurs, que le poisson comme seul vecteur de conta

mination. Nous utilisons, pour cela, une methode de simulation numerique 

mr calculateur digital ( 4). 

Hn><>theses utilisees 

La courbe de repartition de la teneur du mercure dans le poisson est proche 

d'une distribution log normale. Nous preferons introduire une distribution 

observ~ par CUMONT (5) sur 360 poissons. La teneur mediane en mercure 

eat O. 3 ppm (Fig. 1). Cette mame distribution a et' utilisee avec une teneur 

m&iiane de O. 7 ppm. Dans tousles cas, la fraction methylee repr~sente 750/o 
-

de la teneur en mercure. 

La consommation de poisson par repas est repr~sentee par une loi normale 

a0nt la valeur moyenne est 200 get l'ecart type 40 g. La fr~uence de consom

mation du poisson est introduite dans le calcul. sous forme de loi binomiale 

avec p = q = 1/2; la valeur m~iane represente les cas de consommation rap

frOch~e (2 repas par semaine), normale (1 repas par semaine). espacee 

(I fois par mois). 



lO 

f O 

NOf'IBltE' l> 
1

JCMA .. TiLlOICS l%) 
n: 360 

0 f1EDiAHE 

0.3 

1534 

T£Nl\JR en~ fr.Pl 
(cl'opres CUHONT) 

Fig. 1 REPARTITION DES TENEURS EN MERCURE DANS LE 

P0ISSON. 

Pour une r~gion fortement consommatrice. nous avons d'une pa.rt. utilis~ 

la quantit~ consomm~e en fonction de 1'4ge. de l'ordre de 75 g/jour (6. 7) 

d'autre pa.rt .. 250 g de poisson par repa.s, le m~me ~cart type et 2 repas 

par semaine .· Le modHe m~tabolique ne met en jeu qu•un seul comparti

ment. Le m·6thyle de mercure est absorb~ ~ 100%. et sa p~riode biologi

que est de 70 jours. le mercure inorganique est absorb6 A 150/o et sa p~rio

de· biologique est de 15 jours. 

Evaluation de la charge corporelle 

La variation de la charge corporelle de 6 individus est suivie sur une p6-

riode de deux ann~s (Fig. 2). L'~uilibre est pratiquement atteint au bout 

de 150 jours dans tous les cas. mais les 6carts entre lea teneurs minima 

et maxima atteignent 35%, 10% provenant de la dispersion des concentrations 

en mercure dans le poisson. 

Le cas d'une r~gion fortement consommatrice a ~t~ 6tudi6 l partir des don

n~s de CRESTA sur la Vend~ (France) (7) le niveau critique atteint est 

discut~ par la suite. 
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Fig. 2 VARIATION DE LA CHARGE CORPORELLE EN FONC-

TION DU TEMPS. 
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Charge corporelle et niveaux toxiques 

WEI et SPEAR (8) ont d~termin~ la charge corporelle totale correspondant 

aux teneurs en mercure relev~s sur diff~rents echa~tillons biologiques de 

onze cas en d6but d'intoxication ulterieurement !~tale: 54 mg. 87 mg. 90 mg, 

91 mg. 94 mg. 114 mg, 118 mg. 118 mg, 165 mg, 292 mg, 292 mg et d'autres 

cas de troubles nerveux correspondant a une charge corporelle de 60 mg. En 

appliquant un facteur de skurite de 10, la charge corporelle critique sera 

de 5.4 l 6 mg. 

La recherche des maxima de charge corporelle en mercure sur un ~chantillon 

de Population de 1000 individus dont la quantite hebdomadaire ing~r~e corres

pond lla,·dose toUrable de 0.3 mg proposee par 1'0.M.S. (9). nous montre 

qu'un individu sur mille atteint une valeur proche de la charge critique, soit 

5. 2 mg (Fig. S). Dans taus les autres cas, elle- est tres inferieure. On a vu 

que le niveau critique ~al ou superieur a 6 mg est atteint pour une region 

for:tement consommatrice (7) et pour une teneur en m~thyle de mercure de 

0. 75 ppm dans le poisson. L'extension du modHe a la ration complete (10) 

entralherait un doublement de l'ingestion du mercure total (11) mais la for

me inorganique yest pr~ponderante (12) et on a vu qu1elle est rapidem.ent 

,Qimin~. 

CONCLUSION 

Nous avons calcul~ la charge corporelle en mercure,, r~sultant de !'inges

tion de poisson en tenant compte de la distribution statistique d'un certain 

nombre de paramMres: 

teneur du poisson en mercure. quantite ing6r~e par repas .. espacement des 

repas. 

Par cette m6thode. nous a\rOns mis en ~vidence une amplitude de variations 

de la quantit6 d~ mei:cure retenue de 35_,-. chez le nieme individu. La charge 

'corporelle 'en m6thyle de mercure est pr4!pond4!rante et !'extension du modele 
' 

l la ration compl~te ne modifierait pas sensiblement lee valeurs obtenues 

pour cette,fo~e chimique. 
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Fig. 3 REPARTITION DES MAXIMA DE LA CHARGE CORPO-

RELLE EN MERCURE SUR 1000 INDIVIDUS. 

150 

fOO 

50 

2.,99 3 s 3,87 H s,19 
CHARGE CORPOULLE en m~ 3 

Te'*'" du poiHon tn mcrwrc ~ 0,7 ppm ( 0,5 ppm cle mefhylmar,1,1r~) 

Consomt\'latio11 : 2 00 ~ _ Z foi1 par sem4ine. 

Char'& corporelie. m~imufft: mi4io~ .3,7 mj d011t ~. {,S '"~ de. mifhyl rnerwre. 

La recherche des maxima sur un echantillon de 1000 individus consommant 

du pois son deux fois par semaine en moyenne, con tenant 0. 7 ppm de mercure 1 

montre qu 1une charge corparelle de 5. 2 mg est atteinte avec une frequence 

de 1/1000 alors que les cas d'intoxication ont ete observes pour une charge 

estiroee de 54 a 60 mg. 
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THE USE OF CANADIAN MEDICARE DATA IN DEFINING 
HEALTH EFFECTS OF THE ENVIRONMENT ON MAN 

C, A, R, DENNIS 

Prairie Institute of Environmental Health, Regina, Saskatchewan, 
Canada 

ABSTRACT 

With the development of computer technology health data can 

be used to identify effects of the environment on health. The 

Canadian medicare data base, comprised of provincial components, 

is composed of the number, cost and diagnostic code of the phy

sician services that each resident receives. Analysis of such 

computerised information allows comparison to be made between 

populations with regard to the number and cost of physician ser

vices for defined diagnostic codes or code groupings. 

Saskatchewan medicare data has been used to define the ef

fects of the agricultural environment on health with particular 

reference to accidents and the effects of agricultural machinery, 

grain dust and agricultural chemicals. Medicare data was used 

to identify 112 persons treated for methomyl intozication in 1911; 

subsequent interview of the physician and patient allowed for the 

~valuation of diagnosis and insecticide-handling practices. 

The main limitation to the use of medicare data stems from 

the fact that health insurance agencies may have no defined res

ponsibility for the preventive aspects of health care and there

fo~e no commitment to make full use of their data to define 

health effects of the environment on man. 
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The use that can be made of medicare data to define the ef

fects of environment on health appears initially to be dependent 
not only on the ability to precisely define a particular health 

haaard and the resulting health effect, but alao on the unique
ness of the health effect. Medicare data has special value 
where precise definitions cannot be formulated but ~here the data 

can still be used to support, or not, a hypothesis that a parti
cular enuironmental haaard contributes to the incidence of a 

heatth effect in a population. 
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1. INTRODUCTION 

While most health agencies necessarily have been governed by 

economic interests in the design and utilization of their health data 

bases, nevertheless it is becoming apparent that with the development of 

computer technology, this same information can also be used to identify 

health problems which may, upon evaluation, contribute to a greater 

understanding of environmentally induced health effects. 

The characteristics of optimum quality health (and accident) 

statistics may be enumerated as follows: 

(a) The information on which the statistics are based should be true. 

(b) The statistics should relate to total populations. 

(c) The statistics should be detailed enough to identify problem 

areas but simple enough to ensure assembly. 

{d) The statistics should allow access back to individual records 

for detailed evaluation of problem areas. 

{e} The statistics should allow valid comparisons to be made with 

regard to time, place and population. 

Canadian medicare data, particularly the data from Saskatchewan, 

possesses in large measure the characteristics outlined • 

. 2. HEALTH CARE DATA IN CANADA 

Canada has a national health care data base composed of various 

provincial components. All provinces produce certain information which 

is somewhat comparable such as in the area of vital statistics. 

Hospitalization data are also compiled nationally. 

The advent of universal medical care insurance coverage in Canada 

created a vital component in the health care data base in regard to the 

definition of environmentally induced health effects. Basically, 

whenever an insured resident receives a physician's service the physician 

is required to identify the diagnosis on a billing card which he renders 

to the provincial insurance agency in order to get paid. Information 

relating to each service becomes a part of that person's "patient 

history file". In a given population the patient history files include 

a record of the number, cost and diagnostic codes of physician service to 

that population. In addition they will indicate where the services were 

provided as well as individual characteristics of each patient and allow 

comparison with other populations. Each province produces statistics 

from the medicare system for its own purposes as well as to satisfy 

federal requirements. Some produce more than others and some have it 
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stored oyer a longer period of time. The province of Saskatchewan has 

been a pioneer in the field of health care delivery systems in Canada 

and medicare data have been computerized since 1962 in that province. 

Use bas been made of it in defining the eff ec~s of the agricultural 

environment on faTmers with particular reference to accidents; tractor 

vibration and tractor noise; the effects of continued exposure of grain 

buyers to grain dust; and the evaluation of the acute toxic effects of 

certain agricultural chemicals. 

3. EXAMPLES OF THE USE OF SASKATCHEWAN MEDICARE DATA 

3.1 Toxic effects of methomyl. In 1971. when a heavy infestation of 

the Saskatchewan rape seed crop by the Bertha army-worm necessitated the 

widespread use of the insecticide "methomyl", a project was designed to 

identify and evaluate cases of methomyl intoxication. A computer program 

modification was introduced for three weeks which identified all 

physician service claims for Code 989 (ICDA - eighth rev.). Cards were 

theu scanned aanually to identify claims for methomyl intoxication and 

112 persona were identified. Each patient and the attending physician 

was subsequently contacted personally for evaluation of exposure, 

diagnosis, effect and treatment. A similar program was carried out in 

1972 but for a longer period of time. 19 patients were identified in the 

first three weeks, 38 in total. The program not only allowed speedy 

identification of patients, (3-4 weeks from date of physician service to 

coaputer identification) but also allowed for the evaluation of causes 

of illness and insecticide-handling practices. 

3.2 Health of Farmers. Health surveys of farmers in Saskatchewan 

have indicated a positive correlation between hearing loss, back 

dieorcler_s, accidents; and increasing farm size (which implies increased 

~e of fa~ machinery). An evaluation of medicare data using a random 

sa11ple of Saskatchewan farmers supports the hypothesis that increased 

exposure to fana Mchinery is associated with increasing number and 

coats of total physician services (Table I) and services relating to 

specific health effects. 

4. DISCUSSION 

While the value of health statistics derived from medicare data 

obviously depends upon the ability and efficiency of the physician who is 

providing the diagnosis, it should also be noted that they are based 

upon_inf~raation recorded for payment purposes. Thus, where a choice 



TABLE I 

Age Group 

(in 1969) 

25-34 

35-44 

45-54 

55-64 

65 and over 
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NUMBER AND COST OF PHYSICIAN SERVICES 

TO FARMERS BY AGE AND SPECIFIED 

FARM SIZE, 1963-1969 INCLUSIVE. 

Number of Services 

Number of Farmers per Farmer 

< 900 900 + < 900 900 + 
acres acres acres acres 

458 49 17.9 17.9 

691 163 21.7 23.9 

921 173 24.0 26.2 

734 73 28.2 39.9 

437 17 36.0 44.7 

NOTE: 1 acre • .405 hectare 

Cost of Services 

per Farmer 

< 900 900 + 
acres acres 

$118.00 $115.40 

145.20 168.60 

165.40 163.90 

189.20 276.20 

263.00 342.90 

11.11st be made between two legitimate diagnoses and their treatments, a 

decision may be made for economic reasons which may prove misleading for 

research purposes; by using large populations these research limitations 

are minimized. A further limitation to the use of medicare data is that 

only one diagnosis is recorded for payment purposes and a decision of ten 

must be made among several reasonable possibilities. The most important 

limitation stems from the fact that of ten the health insurance agencies 

have no direct responsibility for the preventive aspects of health so 

that the commitment to make available medicare data to define the 

interactions between man and his environment may be absent. 

Notwithstanding the limitations, this data source has great 

potential in defining man/environment effects, particularly when the 

health characteristics of different populations need to be compared to 

identify the health aspects. For example, health effects associated 

with increasing population size and density: infectious and parasitic 

diseases, accidents and poisonings, congenital anomalies and various 

health effects peculiar to occupational groups. (Table II.) 

The use that can be made of medicare data to define the effects of 

environment on health appears at first glance to be dependent not only 

on the ability to precisely define a particular health hazard and the 
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TABLE II 

I 

v 

COST OF INSURED SERVICES PER 1000 PERSONS (CANADIAN $) 

FOR SELECTED DIAGNOSTIC CATEGORIES AND SELECTED POPULATIONS, 

SASKATCHEWAN MEDICAL CARE INSURANCE COMMISSION, 1971. 

RESID~NC E GROUPS 

DIAGNOSTIC 
REGISTERED 

CATEGORY RURAL 2 MAJOR CITIES INDIANS 

(POP. 253.822) {POP. 267.328) (POP. 33.478~ 

. Infectious & ·~ 
$ $ $ 

parasitic diseases 719 1,113 3,616 

Mental Disorders 825 3,183 809 

nv Congenital Anonalies 286 521 529 
-

XVIl.Ac:ci~ents, Poisonings, 
etc. 2,598 2,952 5,242 

TOTAL SERVICES 29,863 48,466 43,552 

resulting health effect, but also on the uniqueness of the health effect. 

whlle precision is t~ be desired, the special value of medicare data is 

partic~lariy ~ppa~ent ~here precise definitions cannot be formulated 
. •· . . - . 

and where the data can still be used to support (or not, as the case may 

be) a hypothesis that a particular environmental hazard contributes to 
, ·- ,- ·~ '"" 

the.incidence of a health effect (or type of health effect) in a 

popiii.ation. 

r wish to acknowledge the co-operation of the Saskatchewan Medical 

Care Inslirance COmadssion and its staff for facilitating my research 

into the use of m.edicare data in defining the effects of the environment 

on-health. 



1549 

THE RELATIONSHIP BETWEEN LEAD AND HYPERACTIVITY 

o, DAVID 

State University of New York, Downstate Medical Center, Brooklyn, 
New York, USA 

.ABSTRACT 

Hyperactive children were compared ~ith a non-hyperactive 

control group on two measures that reflect the presence of body 

tsad - blood-lead levels and urine levels after challenge by a 

single oral dose of the chelating agent penicillamine. Hyper

active children had significantly higher values on both measure~ 

than did the controls. More than half the hyperactive children 

had blood-lead levels in the range considered to be raised but 

not "to:i:ic", and 60% of post-penicillamine urine levels were in 

the "toxic" range. It is concluded that there is an association 

between hyperactivity and raised lead levels; that a large body

Zead burden may exert consequences that have been hitherto unre

ati2ed; that the definition of what is a toxic level for blood

lead needs re-evaluation; and that physicians should Zook for 

.~aised lead levels in children with hyperactivity. 
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Introduction 

As most readers know, hyperactivity is one of many terms used to 
describe a complex, multifaceted syndrome. It is characterized by the 
fundamental behavioral manifestation of a high level of motor activity 
and is usually coupled with a short attention span, low frustration 
tolerance and hyperexcitability. 

The question of causality regarding hyperactivity is quite fluid. 
Retrospective studies commonly show that hyperactive children have in 
their background a much higher incidence of such events as abnormalities 
in the mother during the gestational period; difficult delivery histories; 
and postnatal difficulties such as bead trauma, encephalitis, meningitis 
and other encephalopathies. Prevalence estimates of this and closely 
related disorders vary, but if we hew closely to the prevalence of 
hyperactivity per se, approximately 5% of children in the U.S. alone may 
be suffering ~th this disorder. 

The literature on lead, before our work, contained much that indicat
ed a lively suspicion held by many authorities regarding associations be
tween minor brain dysfunction and low lead levels. It was clear, however, 
that no study provided a definitive answer to the question: ls there a 
relationship between asymptomatic lead poisoning or lead poisoning less 
severe than that causing encephalitis, and mental impairment? 

Our investigation was designed to answer as well as we could the 
following question: Do hyperactive children have larger body lead stores 
than non-hyperactive controls? The operational hypotheses tested were 
(1) Hyperactive children ~11 have significantly higher blood lead levels 
than non-hyperactive controls; and (2) Hyperactive children after chal
lenae by a heavy metal chelating agent wi.11 have dramatically higher urine 
lead levels than controls subjected to the same challenge. 

Patients and Methods 

Children were classed as hyperactive or non-hyperactive on the basis 
of a doctor's diagnosis, a teacher'! rating scale (the Connerslscale) and 
a parent's rating scale (the Wherry Weiss-Peters scale). If the three 
indices were not in accord, the two scores that did agree were used to 
designate the child hyperactive or non-hyperactive. If only two scores 
were availa,ble, the teacher's scale and then the doctor's diagnosis took 
precedence,_ in that order. 

Those children who were diagnosed as psychotic or who had evidence of 
significant neurological disease were excluded from this study. Children 
with hyperactivity and an event in their background thought to be a cause 
of this condition were considered separately from those with no such his
tory. These events were broken into "possible" causes and "highly prob
able" causes, and these groups were analyzed separately. Utilizing the 
above exclusion process, the following groups emerged: (1) A hyperactive 
group without psychosis or neurological disease and ~th no evidence of an 
event known to be associated with the development of hyperactivity ("pure" 
hyperactive); (2) The hyperactive group with a "highly probable" cause for 
their hyperactivity; (3) The hyperactive group with "possible" cause for 
their hyperactivity; and (4) A group of children whose highly probable 
cause for h7Peractivity was a history of lead poisoning. All children in 
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this group had been treated at least five years previously (with one excep
tion). Five of the eight children in this group were just hyperactive. 
three had neurological conditions of mild-to-moderate diffuse brain damage, 
one with mental retardation. 

The fifth group was a non-hyperactive control group who were judged 
on the same criteria as that for the hyperactive group. (See Table I) 

Blood lead determinations (two) were done by the New York City
3
Board 

of Health lead laboratory by the atomic absorption method of Hessel. 
Urine lead levels were done by the same laboratory on an ov~rnight sample 
collected after a 250 mgm Penicillamine provocation dose. 

TABLE 1 - DETAILS OF GROUPS STUDIED 

Age (yr.) Hear. hyperactivity 

Group score 
No. M/F 

Mean S .D. Range Teacher Parent 

11Pure" hyperactive 54 7 .·8 2.-04 Jli-11 43/12 ).! 3. 2. 

Highly probable cause 
9 7.3 2.25 4-10 81 I 2.8 2.7 

for hyperactivity 

Possible cause 
11 7 .7 1.28 6-10 9/2 3.1 2..1 

for hvperactivity 

Hi story of lead poisoning 8 7.3 1.73 3~-9 8/0 3.s 3.4 

Controls 37 7.6 2.14 3~-12 27/10 1.6 0·8 

Results 

Results comparing the normal control group to each of the four hyper
active groups is presented in table II. Mean differences in blood and 
urine lead levels between the controls and 3 of the 4 hyperactive groups 
·show that the non-hyperactive children have significantly lower blood and 
urine lead levels than do the hyperactive subjects. 

the exception to this was the lead levels in the highly probable 
cause group. On the two measures utilized, they showed no significant 
difference froa the controls. 

nie range and frequency distribution of these findings are present in 
table III, in the light of what is now considered to be normal, marginal 
and toxic levels. A normal blood lead value is here defined as 24.5 ug/ 
100 ml or less. A normal urine lead level is defined as 80 ug/liter or 
less. 
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TABLE 11--BLOOD-LEAD,AND POST-PENICILLAMINE URINE LEAD LEVELS IN FOUR GROUPS 

OF HYPERACTIVE CHILDREN COMPARED WITH NON-HYPERACTIVE CONTROLS 

Post-Penicallimlne 
Blood-lead 

urlne lead 
Group 

Hean S .D. Mean S.D. 
No. tested * No. tested p 

( ug ./ 100 m 1 .) (ug .! 1.) 

"Pure" hyperactive 54 26 . 23 :t8 .4 1 < 0 .01 50 146±144 

History of lead 
8 41.06112.18 < 0 .001 4 325t.167 

pol saning 

Highly probable cause 
9 22.89± 6 .. 6o ·N.S. 5 46;t32 

of hyperactivity 

Posdb le cause 
8 29 .9'+f! .35 

for hyperactivity 
< 0.01 9 189.tl55 

Controls 37 22.1619 .59 .. 24 77i92 

* Student's t test (one tail). 

An examination of Table Ill shows that for the normal control Ss 73% 
bad 11normal" blood lead levels and 27% were in the "elevated" range. In 
the "pure" hyperactive group 52% showed elevated blood lead values and 48% 
were 1a normal range. A chi. square analysis with one degree of freedom 
indicates that the probability of this frequency happening by chance is 
less than .02. Post-penicillaaine urine lead scores for these two groups 
show that 62% of hyperactive children had elevated lead levels while only 
21%'of the contTola had elevated levels. 79% of the normal Ss had urine 
levels.within normal limits while this was true for only 38% of the "pure" 
hyperactive Sa.· 'A chi square analysis indicates that the probability of 
this·occurrlng by chance is less than .001. 

The frequency analysis of blood lead levels and urine lead levels for 
the "poaaibl.e" cause group was as follows: 62-1/2% had elevated blood 
lead scores and 78% bad'elevated urine lead scores (See Table III). 

The.last.group compared to the normal controls is the hyperactive 
group',,hose:"highly probabla" rt!aSOD for the hyperactivity is a documented 
past-bi.story of'overt. lead pois0ning. The frequency of blood and urine 
lead scoreash'ows~that 100% have eleV&ted poat-penicillmaine urine lead 

• ~. ~ ' : > ,. ., ' • ' ~ ' 

scores. 

* p 

< 0 .025 

< 0 .001 

N .S. 

< 0 .01 

. . 



Tr.BLE I I !··FREQUENCY OF RAISED BLOOD-LEAD AND POST-PENICILLAMINE URINE-LEAD LEVELS 

No. of children with blood-lead levels No. of children with urine 

( ug .1100 m 1 • ) In range: ( ug ./I) in "ange: 
Group 

5-14-5 15·24-5 25-34-5 35-44-5 45-54-5 55-64-5 0-80 81-160 161-240 > 241 

11 Pure11 hyperactive 4 (7%) 22. (41%) 19 (35%) 7 ( 1J%) 2 (4%) 0 19 (3BS) 19 (38%) 4 (8%) 8 ( 16%) 

History of lead 
0 0 3 3 0 2 0 0 I 3 

poisoning 

Highly probable cause 
0 5 3 I 0 0 4 I 0 0 

for hyper a ct I vl ty 

Possible cause 
0 3 3 I I 0 2 4 1 2 

fnr hyperactivity 

Controls 4 ( 11%) 23 (62%) 6 ( 16%) 4 ( 11%) 0 0 19 (82%) 3 ( 13%) I I 
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Discussion 

Authorities have commented on some erroneous concepts regarding 
"nonaal." blood lead levels.4 A point commonly made is that most studies 
equate the lowest level diagnostic of clinically manifest lead poisoning 
with the upper limits of normal. Unfortunately a level not associated 
with overt clinical evidence of toxicity does not have to be normal. 
SyaptOllS may be overlooked for instance in low level toxicity because no 
one yet knows what to look for. At this point most authorities agree that 
a blood lead value below 24.5 ug/100 al is normal and a value above 55 ug/ 
100 Ill is abnormal (although not necessarily treated). Our findings sug
gest that the arguments for considering any lead elevation above 24.5 ug/ 
100 al as dangerous. should receive serious attention. 

A aassive single dose of lead can result in death or severe brain 
damage, and in aany cases a large dose of lead ingested over time can also 
lead to very severe brain damage. It seems reasonable to infer, therefore 
that raised levels of lead (not necessarily in the toxic range) present 
over a long period could be responsible for the minimal brain damage that 
-1 be present in the hyperactive syndrome. Our finding of raised post
peaicill••ine urine-lead levels in combination with the higher blood-lead 
values indicate that many hyperactive children have had increased body
lead stores for a long time. It is conceivable that one consequence of 
this constant 111.nillal poisonous assault is hyperactivity. If we hold 
lead exposure responsible for some cases of hyperactivity (an assumption 
only), we might predict the following: 

(1) there would be little difference in lead value between the nor
mal control group and the "highly probable" cause group (i.e. the group 
with a likely cause for hyperactivity other than lead.) 

(2) 'Dae "pure" hyperactive group and the "possible" group would both 
show raised lead levels. 'l'he "possible" group differs from the "highly 
probable" group in the crucial distinction of a convincing other cause 
for hyperactivity being absent. 

t'bese predictions are supported by the results. 

All eight hyperactive children who had also a history of lead poison
iDg bad raised blood and urine lead levels at the time of the study. All 
but one bad been treated with chelating agents at least five years pre
viously. 'l'bia finding indicates that the treatment of these lead-poisoned 
children ..iy not have been extensive enough and/or that follow-up proced
ures bad been UllBUCCessful. It may also mean that hyperactivity hereto
fore thought to be a relatively common consequence of lead poisoning is 
not necessarily a consequence at all, but a condition that is dependent 
on continuing elevations of body lead. 

Hight the lead levels recorded be a consequence of the child's hyper
activity rather than a hyperactivity cause? This interpretation is· not 
supported by the finding that the "highly probable" cause hyperactive 
group do not show increased blood or urine lead levels. There are, 
hovever, too few children in that group to arrive at a definite 
conclusion. 
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UNTERSUCHUNGEN AN 12.000 PATIENTEN UBER DEN EINFLUSS 
DER LUFTVERSCHMUTZUNG UND DES ARBEITSPLATZES AUF DIE 

HAUFIGKEIT DER CHRONISCHEN BRONCHITIS 

U, SMIDT LIND G, WORTH 

Krankenhaus Bethanien, Moers, BRD 

KURZFASSUNG 

Die bisherigen epidemiologischen Untersuchungen Uber den 

~,i.nfl.uss de:rt al lgemeinen und der berufsbedingten Luftversahmut
zzmg auf die H~ufigkeit chronischer Atemwegse:rtkrankungen wurden 

meist an Personen durchgefUhrt, die noch im aktiven Berufsleben 
stehen. Daher ist dort nur seZten mit fortgeschrittenen Krank

hsitsstadien zu rechnen. 

Wir haben aus den Krankengeschichten aZZer Patienten der 

Inneren Abteilungen von S Krankenh~usern des Zinksniederrhei

"'fschen Steinkohlenbergbaureviers im Kl'eis Moers aus den Jahren 

1971 und 1972 folgende Angaben herausgezogen: 

Geschlecht 

Krankenkasse (Knappschaft/Nichtknappschaft) 

Lebensalter 

Hauptdiagnose 

Begleitdiagnose: chronische Bronchitis 

Silikose 

Behandlungsdauer 
Wohnort und Strasse mit Hausnummer 

entlassen/gestorben 
Von den so ausgewerteten 12.084 Patienten wurde die B~ufigkeit 

deJt Haupt- und Nebendiagnose "chronische Bronchitis" vergl.ichen 

awischen 
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- Mannern und Frauen 
- Knappschafts- und Nichtknappschaftsversicherten 
- Patienten mit verschiedenem Wohnort. 

Dabei wurden sun4chst alle Patienten mit Silikose eliminiert 
und ausserdem auf vergleichbares Lebensalter geachtet. In allen 
Krankenh~usern war die Haupt- und Nebendiagnose chronische Bron
chitis bei den knappschaftsversicherten Mannern signifikant 
h4ufiger als bei den nichtknappschaftlich versicherten M4nnern 
(im Mittel 18,41 : 10,4). Die Baufigkeit bei den Frauen tag 
nisdriger und aeigte in vergteichbaren Altersgruppen keine sig
nifikanten H4ufigkeitsunterschiede a~ischen den beiden Versicherten
gruppen. Dies spricht gegen einen Einfluss des Wohnortes, der 
bei den Knappschaftsversicherten im Mittet dichter an den Quellen 
der aZlgemeinen Luftverschmutaung liegt. Auch far Patienten aus 

verschiedenen Wohnorten mit underschiedl~cher Luftverschmutaung 
liess sich ein B4ufigkeitsunterschied der chronischen Bronchitis 
nicht statistisch sichern. 

ABSTRACT 

Up to the present time, epidemiological studies on the ef
fect of general air pollution and of occupational e%posure to 
polluted air on the incidence of chronic diseases of the respira
tory traot have mostly been carried out among persons stitl in 

.active emptoyment. For this reason advanced stages of the dis

eases are seldom to be e:pected there. 

Ve eztraoted the following data~ for the years 1971 and 1972, 

from the medical records of alt in-patients in five hospitals in 

the Noers distriot of the coal-mining area located left of the 
lower Rhine: 

Se: 
Siokness benefit fund (miners' provident fund or other) 
Age 
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Main diagnosis 

Secondary diagnosis: chronic bronchitis 

Silicosis 

Duration of treatment 

Postal address 

Discharged/died 

Among the 12.084 patients investigated, the frequency of chronic 

bronchitis as the main and secondary condition was compared be-
tween: 

- men and ~omen. 
- miners' provident fund members and other patients3 

- patients coming from different localities. 

First, all silicosis patients were ezcluded, and compara

bility with regard to age was taken into consideration. In all 

hospitals. chronic bronchitis as the main and as the secondary 

condition was significantly more frequent among male members of 
"miners' provident funds than among other mate patients (average, 
18.4% as against 10.41). The frequency in women was lower, and 

in comparable age groups showed no significant difference between 

the two insutted groups. This suggests no inftuence by the place 

of Pesidence. which in the case of those insured with the miners' 

provident fund. was usually located closer to the source of the 
general air pollution. Also. there was no statistical difference 

with respect to the incidence of chronic bronchitis between pa

tients from different localities e~posed to different levels of 

atmospheric pollution. 
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Methodik 

Es wurden alle Krankengeschichten von denjenigen Patienten 

ausgewertet, die auch im Einzugsbereich der Krankenhauser 

wohnen und zur Behandlung, nicht zur Begutachtung ins 

Krankenhaus kamen. Da jeder Stationsarzt Patienten beider 

Veraichertengruppen behan4elt, ist eine unterschiedliche 

Diagnostik in beiden Gruppen unwahrscheinlich. 

Die knappschaftsversicherten Manner sind zu uber 80~ 

Bergleute (gewesen) und somit beru£1ich staubexponiert, 

wahrend fiir die nichtknappschaftlich Versicherten eine 

berufliche Sfaubexposition bei der Industriestruktur des 

greiees Moers unwahrscheinlich ist. Es gibt keine Hinweise 

auf unterachiedliche Rauchgewohnheiten zwischen beiden 

Versichertengruppen. 

Ergebnisse 

Da Bas Lebensalter der Patienten mit der Diagnose "chro

nische Bronchitis" in allen Gruppen iiber 60 Jahre liegt, 

aei bier die Hiiuf'ig~eit bei den Fallen ab dem 55. Lebens

jahr £Ur die H auptdiagnose "chron. Bronchi.tis" gezeigt: 

Manner 
Knappachaf't 

10,2" 

Nichtknappachaft 

4,6% 

Frauen 
Knappschaf't 

2,2" 
Nichtknappschaft 

1,9% 

Bei dieser Uberhauf'igkeit der knappschaftsveraicherten 

Manner konnte man vermuten, daB Bergleute mit einer 

Bronchitis eher von den Hausarzten zur atationaren Behand

lung eingewiesen werden a1a Nichtbergleute, wenngleich 

diese Unterate11Wlg durch nichts zu belegen ist. 

Dieaer Verdacht ist aber erst recht unbegrilndet bei der 

Nebendi•gnose "chroniache Bronchitis", deren Hau£igkeit 

in den verschiedenen A1teragruppen in Abb.1 fiir die Manner 

und in Abb.2 fur die Frauen aufgetragen ist. Hierbei sind 

•11e Falle au6er denen mit der Hauptdiagnose chronische 

Bronchitis erfaBt 9 jedoch nur die nicht verstorbenen 

Patienten, um Fa11e mit einer prafinalen Stauungsbronchitis 

auszuschlieBen. Die groBere Bronchitishaufigkeit der knapp

achaftaversicherten Matmer kommt auch hier eindeutig zum 

Ausdruck. 



Abb. 1 

Abb. 2 
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Fur die Leta1itat, das Lebensalter und die Behand1ungsdauer 

haben sich in den Mitte1werten keine Unterschiede zwischen 

Mannern tmd Frauen oder zwischen den beiden Versicherten

gruppen ergeben. 

Diskussion 

B ei der Auswertung wurden alle Patienten mit einer Silikose 

aus dem Vergleich ausgeschaltet 1 so daB die Si1~kose nicht 

die Ursacbe der groBeren Bronchitishaufigkeit bei den 

Berg1euten gegentiber den Nichtbergleuten sein kann. 

Da andrerseit~ bei den Frauen die beiden Versichertengruppen 

keine signifikanten Haufigkeitsunterschiede zeigten, ergibt 

sich auch kein Hinweis auf' eine durch den Wohnort bedingte 

Uberhaufigkeit der Bronchitis, jedoch ist keine2 der in 

Betracht koamenden Wohnorte als staubfrei zu bezeichnen. 

Die Ursacbe der groBeren Bronchitishaut"igkeit bei den 

knappscha£tlich versicherten Mannern wird in ihrer beruf• 

lichen Staubexposition gesehen, so daB die dadurch beding-

t en Einfltisse auf' die Lunge nicht ~anger als geringfilgig 

angesehen werden konnen. 

Da sich im Lebensalter, der Behandlungsdauer und der l.eta

li tat aber keine Unterschiede ergeben haben, ist zu schlie

Ben, daB der Ver1auC der Erkr•nkung von der spezie11en Ur

sacbe \Dlabbangig ist und eigengesetz1ich verllauf't. 

Literatur: 

A. Mohamad: Die HiiuCigkeit der k1iniscb behand1ungsbedtir€

tigen Broncbiti• bei knappscha£tsversicherten und nicht

knappscbaftsversicberten Mannern und Frauen. 
Disaertatio~, Bonn, 1974 
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ECO-GENETICS: HOST VARIABILITY IN HEALTH EFFECTS OF 
ENVIRONMENTAL AGENTS 

GILBERT S, OMENN 

o.s. Atomic Energy Commission, and Division of Medical Genetics, 
University of Washington, Seattle, Washington, USA 

ABSTRACT 

An important variable in assessing the effects of environ

•ental agents upon living things is the genetically determined 

'Oal"iation in enzymes, cell surfaces, and immune z>esponses of the 

lost. Such genetic variation may influence spread of agents 

Vithin the body, specific tissue vulnerability, rate of conver

eion of agents to active (tozic) forms or metabolism to inactive 

fol"ms. Therefore, individuals may be at relatively high risk 

for mutagenic, carcinogenic, teratogenic, or inflammatory effects 

of common agents for which no statistically significant harm can 

be detected in overall epidemiological investigations. 

Certain inherited human disorders are kno?JJn to make healthy 

pel"sons more vulnerable to infectious or physical agents. Indi

'tiduals deficient in the plasma protein alpha1-antitPypsin are 

much more susceptible than normals to develop emphysema from 

chl"onic cigarette smoking and general environment. Many males 

of Mediterranean or Negro ancestry are deficient in the enzyme 

glucose-6-phosphate dehydrogenase (G6PD), determined by a gene 

on the X chromosome. A long list of oxidi2ing ager.ts can induce 

~evere hemolytic anemia in those ~ith G6PD deficiency. Well

oharacteriaed genetic variation in acetylating and esterolytic 

tnaymes causes severe adverse reactions from anti-tubePouZous 
and muscle-rela:ing drugs. Individuals with certain abnormal 



1564 

hemoglobins oro ~·roythrocyte enzyme defects are more susceptibZ.e 

to other drugs and carbon monoxide. Variation in cellular mem-

branes~ detected by histocompatibility testing, has been corre

lated ~ith susceptibility to diseases proobabZ.y triggered by 
viruses or by uZ.troavioZ.et radiation. Varoiation in enzymes of 

the DNA repair mechanisms may greatly infZ.uence mutagenic effects. 

Abnormalities in humoraZ. and cellular immunity increase the risk 

of bacterial and fungal infections, as wett as of neoplastic 

transformation. 

Other types of vulnerability result froom the action of the 

host on the agent. The risk of developing cancer of the lung 

is much higher among people who have the genetic trait of high 

induoibiZ.ity of aryl hydrocarbon hydroo%ylaae (an enzyme that 

forms carcinogenic epo~ides from aromatic hydrocarbon compounds 

in eigarette smoke and other emissions) comparoed ~ith individuals 

~hose enayme level is increased very little by such exposuroe. 

One may anticipate practical screening methods to recognize 

individuals at much higher than "nozomal." OP "acceptable" risk to 

specific agents in defined occupational. or geogroaphic environ

men-ts. 
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From the field of pharmacogenetics, striking examples have been recognized 
of differences in the way different individuals respond to drugs or are 
affected adversely by such agents. An important variable in assessing the 
effects of environmental agents upon living things is the genetically
determined variation in enzymes, cell surfaces, and immune responses of 
the host. Such genetic variation may determine or influence the spread of 
agents within the body, specific tissue vulnerability, rate of conversion 
of agents to active (toxic) forms, or rate of metabolism to inactive forms. 
Thus, individuals may be at relatively high risk for mutagenic, carcino
genic, teratogenic, or inflammatory effects of common agents even when no 
statistically significant harm can be detected in over-all epidemiological 
investigations. Several excellent reviews of pharmacogenetics exist [1-4}. 

1. High vulnerability to direct action of exogenous agents 
1.1 Alpha~-anti-trypsin C;J. 

The serum alpha-globulin fraction is largely comprised of alpha1-
anti-trypsin, also termed protease inhibitor. The concentration of this 
acute phase-reactant serum protein increases under various physiologic 
and pathologic conditions, such as pregnancy, inflammation, injection of 
typhoid vaccine, and administration of estrogens. Individuals with the 
deficient ZZ phenotype are known to be predisposed t:o early-onset of 
severe pulmonary emphysema; presumably the role of anti-trypsin activity 
is important in limiting inflanmatory responses. Heterozygotes ofr' MZ 
phenotype and SZ phenotype probably also have significantly impaired 
response to inflammation. Approximately 10% of the general population are 
heterozygotes for variants of anti-trypsin activity. Smoking appears to 
hasten development of chronic obstructive pulmonary disease in heterozy
gotes as well as homozygotes for deficient phenotypes. It is likely that 
these individuals also face higher risks of complications from a whole 
array of other inhaled agents in the occupational and general environment. 

1.2 Glucose-6-phosphate dehydrogenase (G6PDO. 
This enzyme is essential for the pentose-phosphate shunt pathway, 

generating energy and reduced pyridine nucleotides (NADPH) to maintain 
the integrity of red blood cells. In the Negro type of G6PD deficiency 
the level of G6PD activity is about 15% of normal. This activity is ade
quate for the red cells, unless an oxidative stress is introduced. Ox:i-

. dizing drugs or foodstuffs or other agents can provoke a severe breakdown 
of red blood cells with resultant anemia and hemoglobulinuria. It is 
important to realize that reticulocytes and young erythrocytes have higher 
G6PD activity than do older cells, so an assay of G6PD after the old cells 
have been destroyed will give a spuriously 11normal" value for G6PD activ
ity. About 1 in 10 Negro males is G6PD-·deficient. In the Caucasian type 
of G6PD deficiency found among males of Mediterranean ancestry, the level 
of activity is only 1 to 5% of normal. The list of oxidizing agents which 
can precipitate hemolysis in these patients is even longer 1 • Oxidizing 
agents other than drugs can be dangerous for these individuals, including 
naphthalene in moth balls. 

About 1% of people are carriers for an entirely different enzyme 
deficiency, methemoglobin reductase, rendering them susceptible to 
cyanosis from some of these same common oxidizing drugs, such as dapsone, 
chloroquine, and primaquine. 
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1.3 Heavy-Metal Poisoning[I1. 
Organic mercury compounds have been responsible for a syndrome of 

neurologic and psychiatric signs called Minamata disease. In two large 
outbreaks in Japan, there has been considerable variability in the level 
of exposure at which individuals developed symptoms. An analogous situa
tion may hold for itai-itai disease, thought to be due to cadmium poison
ing. 

1.4 Adverse effects of foodstuffs. 
Fava: beans can precipitate severe hemolysis in certain individuals with 

the Caucasian type of G6PD deficiency. Migraine can be precipitated by 
the tyramine in various cheeses or by phenylethylamine in chocolates, 
presumably due to low levels of monoamine oxidase activity in susceptible 
individuals (Youdim & Sandler, personal communication). The lactose in 
milk causes intestinal discomfort and diarrhea in large numbers of people 
who have lactose intolerance after the age of weaning (75'7. of Blacks, 
90-951 of American Indians and Orientals). Foods high in saturated fats 
may grossly elevate the serum cholesterol and triglyceride levels in 
individuals with hereditary hyperlipidemias. Gluten in wheat produces 
intestinal complications in persons predisposed to celiac sprue. Nodular 
goiter and thyroid adenomas occur more frequently in non-tasters of PTC 
(phenylthlocarbamide), presumably since these persons are unable to recog
nize such goitrogens in the diet. Final·y. effects of poorly characterized 
food additives and of various allergenic substances in the environment 
must be borne primarily by those genetically predisposed. 

1.5 Radiation damage and mutagenesis. 
Patients with the rare inheriteddl.sorder xeroderma pigmentosum lack 

activity of a normal DNA repair enzyme. Ordinary exposure to sunlight 
produces so much ultraviolet-induced damage that multiple cancers develop 
on the skin. This repair mechanism normally provides a "threshold" below 
which radiation-induced damage may be corrected. It is likely that varia
tion of this and of related enzyme steps in the repair processes of cellsi 
will be found and will be correlated with risks of damage from defined 
exposures. 

1.6 Biological agents in the environment. 
It ls well known clinically that individuals vary in the likelihocd of 

contracting infectious diseases in the face of connon exposure. The inte
grity of skin, respiratory, urinary, bowel, and other portals of entry is 
very important, as are the innunological responses to such agents. Defects 
in humoral or cellular innunity predispose to specific kinds of infections; 
in fact, the type of organism involved is often a clue to the type of under
lying illlllUllological defect. The widespread polymorphism of histocompati
bility types, representing antigens on cell surfaces, now appears to be 
correlated with widely varying risks of developing particular diseases. 
Of current interest is the finding that HL-A27, an uncommon type, ls found 
in extraordinarily high proportions of patient groups with rheumatoid 
spondylitis, Reiter's syndrome, and uveitis--three disorders of obscure 
origin likely involving altered i11111une response. 

2. Differences ln rate of conversion of agent to active (toxic) form 
The enzyme aryl hydrocarbon hydroxylase (AHH) activates a variety of 

exogenous hydrocarbon compounds, including many drugs, insecticides, ster
oids, and chemical carcinogens. AHH catalyzes the initial step in the 
microsomal oxidation of polycyclic hydrocarbons, forming active epoxides. 
The great variability in AHH enzyme levels induced by carcinogens applied 
to human lymphocytes cultured in vitro has now been demonstrated to be 
controlled by a single gene (6J:'Since such hydrocarbon carcinogens are 
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present in cigarette smoke, it is likely that high inducers are subjected 
to much higher levels of epoxides than are low inducers with the same 
amount of inhaled smoke. The general population falls into three groups: 
high inducers (9%), intermediate inducers (44%), and low inducers C47'%.). 
Shaw and his colleagues have now found that high inducers are enormously 
over-represented among patients with lung cancer and that low inducers 
are only rarely found with lung cancer. This finding, if confirmed, should 
stimulate general testing of smokers, as well as a search for other conver
sion pathways that may determine differences in susceptibility to other 
types' of carcinogens. 

3. Differences in rate of inactivation of toxic agents. 
3.1 Pseudocholinesterase deficiency--Suxamethonium sensitivity. 

Individuals completely deficient in plasma pseudochoiinesterase acti
vity (about 1 in 2000 Caucasians) have prolonged muscular relaxation and 
cessation of breathing when administered the common muscle relaxant 
Suxamethonium (succinylcholine) for surgery. An altered enzyme is respon
sible for this life-threatening risk. 

3.2 Acetylator phenotype. 
About half of the Caucasian and Black populations are "rapid" and half 

"slow" acetylators of numerous drugs and other agents in the liver. Only 
10% of Orientals are slow acetylators. Slow acetylators accumulate higher 
concentrations of active drug than do rapid acetylators, thus being suscep
tible to side effects at dosage levels that do not affect rapid acetylators 
adversely. 

4. Metabolic Interactions of drugs or agents taken together 
Chemicals found in man's environment that alter the action of other 

drugs by stimulating microsomal enzyme activity include halogenated hydro
carbon insecticides, urea herbicides, volatile oils. polycyclic aromatic 
hydrocarbons, coloring agents, nicotine and other alkaloids, food preserva
tives. and substances such as safrole, beta-ionone, xanthines, flavones. 
and organic peroxides that occur in food. Other chemicals inhibit-these 
enzyme systems in the liver, including organophosphor,us insecticides, 
pesticide synergists of the methylene-dioxyphenyl type, carbon tetrachloride, 
ozone, and carbon monoxideli:J. 

These examples of genetically-determined variation in susceptibility 
to drugs and other environmental agents should demonstrate that host 
variability is a potentially very significant factor both for research 
investigations of the health effects of particular agents and for concerns 
about public and corporate responsibility. 
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THE EFFECTS OF PARTICULATE AIR POLLUTION 
ON EXPECTATION OF LIFE 

T1 J, THOMAS, AND D, W, MALONE 

Bcittelle, Columbus Laboratories, Columbus, Ohio, USA 

ABSTRACT 

A technique ~as developed by ~hich the effect of particu

late air pollution on e~pectation of life could be quantified 

and thus utilized in regional air-pollution planning. The meth
odology ~as then applied to a regional air shed in order to dem

onstrate the loss of human functionality incurred for various 
•mission-control practices. 

E%pectation of life, broken down by age, race, and se:, and 

calculated from observed mortality rates, was related to parti

culate air pollution using regression analysis applied to data 

collected for the year 1960. The observations for the regres

•ion ~ere based upon standard metropolitan statistical areas. 
Nany causal variables ~ere included in the regression analyses, 

which required compensation in the regression procedure for the 

nonorthoganality of the causal variables. This compensation 

pPocedure increases the confidence of the results and greatly 

4•creases the effect of correlated causal variables on the re
fPession coefficients of the pollution variables. 

An adequately documented regional air shed ~as selected as 

the test region. Air-pollution concentrations over the region 

for three proposed sets of air-pollution-control regulations 

uere utilized along with the demographic characteristics of the 
~•gion to integrate per-capita losses over the age, race, se~, 

:ad location variables. 
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The results of the methodology applied to the test region 
were used to address several hypotheses. 

reached wei-e: 

Two aoncZ.usions 

(1) E~pectation of life is an important parameter to meas

uring the effeot of air pollution on mortality~ and has 
the advantage of being commensurable ~ith economic Zoss. 

(aJ The change in ezpectation of life due to particulate 
air pot.t.ution is quite Z.azoge. An average loss rate for 
the test azoea is approzimately 3 days per year per 

capita. 
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1.0 Introduction 

It has been conceded by the Council on Environmental Qualitt[l] 
that the ambient-air-quality standards are based upon an inade1uate base of 
information. While many industries claim the standards are much too stric~ 
the other extreme might also be true. Also, owing to the variability of 
weather conditions, the existence of any (other than zero) average ambient 
level of pollution will guarantee that ther~ will occur, at some time, an 
episode serious enough to cause noticeable increases in morbidity. This 
implies that there is no "safe" leve 1 of pollution, meaning that standards, 
such as those defined by the EPA, should be set according to socioeconomic 
trade•offs, rather than through determination of safe levels. The work 
reported in this study was addressed to these considerations. 

2.0 Regression Analysis of Expectation of Life and Particulate 
Air Pollution 

2.1 Data Sources 

'l'h.e expectation of life for members of a population is estima
ble from the mortality experience of the population. Duffy and Carroll~] 
have tabulated the mortality rate for the years 1959-1961 by age group, 
race, and sex for each standard metropolitan statistical area (SMSA). 
These mortality data can be Uf'...~d to evaluate expectation of life with 
techniques proposed by Chiangl-'~ with a slight modification to account for 
the averaging of 3 years of ~rtality data. 

Lave and Seskinl4] have utilized socioeconomic, pollution, 
and climate variables to calculate the effect of air pollution on mortality. 
These data, representing some 24 potential causal variables defined for 
each SMSA, were kindly provided by Mr. Seskin. 

2.2 Regression Procedure 

The 24 causal variables defined were utilized in a multi
variate regression analysis to develop the relationship of expectation of 
life(by age, race, and sex) to particulate concentration. The causal 
variables were found to be highly correlated with each other. Under this 
condition, a regression analysis yields estimates of coefficients which 
are unbiased (accurate), but which have a large variance (imprecise). 
Thus, it is possible for estimated coefficients to be 1uite different from 
the true coefficients. 

Hoerl and Kennard(5] have presented a techni 1ue called ridge 
regression which alleviates this problem by the addition of a small value 
to the diagonal entries of the correlation matrix of the causal variables. 
With this techni1ue, the estimates of the coefficients have a much smaller 
variance, while becoming only slightly biased. The application of ridge 
regression thus improves the likelihood that the coefficient estimates 
are in the neighborhood of their true values. 

It is possible to extend the ridge-regression procedure to 
include weighting. In this study, the case weights were based upon the 
variance in the estimates of expectation of life. 

Two separate regression models were applied. In the first, 
expectation of life was related to particulate concentration. In the 
'second, the Naperian logarithm of concentration was used. 
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3.0 Application of Regression Results 

3.1 Test Area 

A regional air shed for which demographic and industrial data 
were known was needed to apply the results of the regression model 'flle 
area selected was a fully documented environmental planning regionr6] 
derived from an actual city •. 

lbree sets of emission controls were postulated for the city. 
,In the first, no control equipment was placed'on any particulate source 
(except where particulate recovery was an economic necessity). In the 
second,1extremely good equipment was placed on all industry, and residen
tial heating was converted from coal to natural gas. 'Die third was a 
repeat of the second, except that the city power plant was left uncon
trolled. 

···· 3:2 Results 

Air-pollution concentrations over the city were estimated for 
these three cases via a climatic air transport model. The concentrations 
were then coupled with demographic data and regression results to. produce 
the' loHea, in expectation of life due to particulate concentrations. The 
change due to emission controls was calculated from the difference between 
the losses for emission controls to the loss for no emission controls. 
'Ibis change, which represents an increment in expectation of life to be 
achieved (conceptually) at the end of the life span, was apportioned on a 
yearly basis by division by the nominal expectation of life. 

. . . . l1\ese calculations were performed for the three emission 
control sets and the two (linear and log) models of the regression analysi!I. 
'nle results show that the benefits to be achieved by emission controls 
(over the no-control case) expressed in man-days per capita per year are 
as follows: 

Emission Controls 
Extremely Good 
Uncontrolled Power Plant 

Linear Model 
3.08 
0.46 

Logarithmetic Model 
2.73 
0.66 

It is seen that a good set of emission controls applied over 
the city would result in an increased life span of about 3 days per capita 
per year •. · lbis increase is essentially an increase in productivity, and 
thus is connensurable with economic loss. 
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ILLNESS DUE TO ENVIRONMENTAL POLLUTANTS IN 
A PHYSICIAN'S PRACTICE 

G, L. WALDBOTT 

Warren, Michigan, USA 

ABSTRACT 

Practicing physicians are frequently confronted ~ith illness 

due to environmental pollution, but many lack the diagnostic 

tools for its recognition. Relatively little information is 
available to the physician on the clinical aspect of such dis

eases in contrast to an abundance of literature pertaining to 

the biochemical and epidemiological approach. 

This paper attempts to bridge this gap. Data have been 

gleaned from acute pollution episodes and from chronic low-grade 

ezposure to environ~ental pollutants which leads to slowly pro

gressive illness. The patient's history, physical and labora

tory findings are correlated with available environmental data 

and elucidated by brief case reports. The modus operandi of 

Pespiratory pollutants is discussed in distinction to systemic 

airborne poisons which enter the system via the gastrointestinal 

tract. The target organs of the major environmental pollutants 

;are presented diagramatica'tly and the diagnostic features of 

illness due to air pollution are tabulated. 
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Practicing P,ysicians are frequently confronted with illness due to 

environmental pollution; however many lack the tools for establishing the diag

nosis. In contrast to an abundance of literature pertaining to the biochemical 

and epidemiological aspect, relatively little information is available on the 

clinical aspect of enviromnental diseases. This paper constitutes an attempt 

to bridge this gap. 

In order to recognize an environmental disease, the patient•s history, 

clinical and laboratory findings must be correlated with data gleaned from 

acute pollution episodes and from long-term, low-grade exposure to environ

mental pollutants. 

History: Data on meteorological conditions of the region in which the 

patient resides such as the prevailing winds, humidity, rainfall must be incor

porated into the history. The topogral,ily of the area and the distance of the 

residence from sources of pollution should be taken into account. The onset of 

the illness must be correlated with the official report on weather conditions 

arit1 With information available from monitoring for air pollutants. The pre

sence or absence of symptoms during vacation periods, their intensity outdoors 

compared with that in enclosed places, the simultaneous onset of identical 

symptoms among other residents of the neighborhood constitute clues concern-

. ing environmental diseases. The effect of smoking on the patient1s condition 

shOuld be explored. 

Examination: The physical examination must take into account that 

many'environmental pollutants can enter the system through the gastrointes-
•. \, C'~ ~- < ·' • • . 

tinal. tract and the skin, not necessarily through the respiratory organs and 
••• ; 'l '' · .. ' . . 

: that most environmental diseases exhibit a multiplicity of symptoms. Targets 

of the most comman pollutants are represented in Figure I. In the evaluation 

of the symptomatology,· the patient•s personality should also be considered and 

the possibility of malingery be ruled out. 

Laboratory Data: The accompanying table presents some of the major 

laboratory features encountered in illness due to air pollution. Analysis of 

hair, urine and blood for suspected contaminants are helpful in determining the 

degree of exposure to atmosiiieric pollutants but they are not by themselves 
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sufficient to determine the offending agent. Chemical assays of biopsied 

material are often of value. 
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Figure I - Main Targets of Major Air Pollutants 

Laboratory Features in Diseases CaUS<!d by Major Pollutants 

POLLUTANTS 

Arsenic 
Asbestos 

Buium 
Beryllium 
Cadmium 

Carl>or1 monoocide 
CQbalt 
DDT (chlorinated 
hydr~s) 

nuorides 

Hydrogen sulfide 
Lead 

M.nganese 
Mercury 
Nitrites 
Organophosphatq 
Pulmonary irritants 
Selenium 

BLOOD 

Arsenicf * 

Potassium .I. * 
Uric acidt 
Alkaline phosphataset 

Carboxyhemoglob:int 
COO..lt"' 

Alkaline phospha ta5C!f 
nuoridef 
SWfhemodobin 
Red blood cell5 (stippled) 
Del ta aminolevul.inic acid+ 
Lymphoc:yte..t 
Mercw:yt llric acidf 
Methemoglobint 
Cholinesterase ,l. 

v-clium CholesteroU serotoninf 

* f: U>crease; .l = decrNse,, 

URINE 

Microglcbulinf swfurt 
Glucose in urine 

nuoridesf 

Coproporphyrin Wt , lead t 
Delta aminolewlink acidf 

Nitrophenol t 

Seleniumt 

OTHERS 

Hair, urine (As 't) 
Sputwn, fernoginous 

bodies 

Sputum, SchaumM bodies 
Nails (Cd t I 

Fat (DDTt) 

Hhr, bones (Ft) 

X-ray. of ""-• 
abdomen 

Hair (Mn t) 

Chest x-ray 

Table I - Laboratory Features in Diseases Caused by Major Pollutants 

*From Waldbott, G. L., Health Effects of Envirorunental Pollutants, 
The c. V. Mosby Company, St .. Louis, 1973. 
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ASSESSMENT OF THE HEALTH EFFECTS CAUSED BY 
CHRONIC EXPOSURE TO SOLVENTS 

PIETRO U, CAPURRO 

Union Hospital of Cecil County, Elkton, Maryland, USA 

ABSTRACT 

About 120 people living in a small valley in Maryland have 
been chronically e%posed to a mixture of solvent vapors since 

1961, when a chemical plant in the valley began operations. A 

study of the effects of this exposure was begun when many resi
dents, including children, complained of headaches, abdominal 

pain, and other symptoms. Laboratory tests on these patients 

showed abnormal glucose tolerance and insulin curves, abnormal 

tipase levels, and abnormal respiratory function. Liver and 
pancreatic scans were likewise abnormal. Meanwhile, gas chro

matography identified the vapo~s from at least 25 different sol

vents in the valley.atmosphere or from the water of a creek 

l'Unning through the valley. 

in the blood of the patients. 

Nine of these compounds were found 

Mortality records for the period 

1967-74 have revealed an unusually high incidence of cancer 

among the valley residents, with particular emphasis on malignant 

iumphoma and pancreatic carcinoma. 
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1. INTRODUCTION 

For several years, residents of a small valley in Maryland have 

complained of disagreeable odors in the atmosphere. These odors come 

from a small chemical plant which began operations in the valley in 

1961; the plant recovers solvents from various chemical waste products. 

Bo more than 120 people have lived in the valley for at least 2 years 

during this period. When m&J:\Y ot the residents, including children, 

began showing signs of actual physical distress, we undertook a study 

ot the chemical pollution in the valley and its possible effects on the 

health of the people. 'l)pical complaints received from the residents were: 

pain in the upper abdomen, chest, and extremities; pain underneath the 

ribs, often radiating to the left side and back; burning of the eyes, 

nose, and throat; headaches, dizziness, fatigue, irritability, and absent 

mindedness. 

2. EVIDENCE OP POLLUTIOH 

Anaqaea1 mainly b;y gas chromatography, were made of samples of the 

followings air in the valley, water from a creek running through the 

plant area, th.e plant grounds, and blood from residents of the valley. 

The list or compounds identified in these samples follows; the letters 

A,w,a and B designate the kind of sample (air, water, ground, and blood) 

in tlhich the compound was found. 

Benzene A,w,a,B Acetonitrile 0 

Toluene A,G,B Aor,ylonitrile A,G 

JTlenea G Acetone A,W,G,B 

Phenol w,o Met~l ethyl ketone A,W,G,B 

lfitrophenol A,G Methyl i-butyl ketone A,W,G,B 

Bitrochlorobensenes A,G Formald~de A,W,G 

Chlorobenzenea A,O ltethanol A,W,O 

Met~l chloride A,B i-Propyl alcohol 4,W,G 
Xet~lene chloride A,w,a,B Butanol A,W,G 

Carbon tetrachloride A,O,B Amyl alcohol A,w,a 

Trichloroet~lene A,w,a i-Am;rl alcohol A,W,G 
Perchloroetbyl ene A,G Furan G 

~etrachloroethane A,G,B Tetrah;rdrofuran W,G 
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Acetic acid w,a ~thyl acetate A,G 

These compound were present in mixtures. Several other compounds 

were detected but not identified. 

3. ASSESSMENT OF HEALTH EFFECTS 

Statistical analysis of clinical data shows significantly abnormal 

glucose tolerance and lipase levels in residents of the valley, compared 

with patients in the hospital. The probabilities of finding these diffe

rences by chance were 0.05 and 0.01, respectively. We found that eleva

ted lipase levels, rather than amylase, were the most significant indica

tion of acute pancreatic damage due to exposure to solvents. In addition, 

residents of the valley showed abnormal insulin curves, usually with a 

depressed level and del83'ed peak. None of the pancreatic scans made on 

ten residents of the valley was completely normal; they generally showed 

a low count with uneven uptake. Abnormalities were found in liver function 

studies, ICD levels, PC02, and bicarbonate levels. Y.an.r of the abnormali

"Ues disappeared with removal of the ,atient from the polluted area. A 

decreased level of zinc in the blood and/or an increased urinary excretion 

of zinc were noted. 

During the seven year period beginning late in 1967, the death rate 

in the valley coDDDunity has been 2 ,2 times the rate in the County in which 

the valley is located. The death rate due to cancer has been at least 7 

times that in the County. Most of the valley people who died of cancer 

had lived there for several years, or from birth. Four deaths were due 

to malignant lymphoma; an increased death rate due to carcinoma of the 

pancreas was also found. The probabilities that these deaths would have 

occurred during this period by chance are about 0.00001 for the lymphomas 

and 0.006 for the pancreatic carcinomas. 
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INCIDENCE DE CERTAINES MALADIES CHEZ LA POPULATION 
DE DEUX CENTRES FORTEMENT INDUSTRIALISES, 
COMPARATIVEMENT A TROIS LOCALITES TEMOINS 

M, DELEANU, N. W, GHELBERG, I, LENGHEL, N, MOLDOVAN 

Institut de Sante Publique et de Recherches Medicales, Cluj, 
Roumanie 

RESUME 

La morbidite a ete etudiee comparativement chez la population 
de 2 centres dont l'atmosph~re est intensivement polluee par des 
industries diverses, et chez la population de 3 villes temoins 
dont Z'atmosph~re urbaine est exempte de pollution intense et 

specifique. Les donnees primaires sur l'incidence des affec
tions ont ete extraites des rapports mensuels des circonscrip
tions medicates. L'etude comprend une periode de ? ans (1963-
1969). 

La pollution atmospherique a ete consideree comme etant un 

facteur favorisant de l'incidence de certaines maladies seulement 
iorsque l'incidence de celles-ci dans le centre industriel de

passait 2,0 fois pour les enfants, ou 2,S fois pour les aduttes 
%'incidence des mimes maladies dans les looalites temoins. 

Les resuttats de l'etude montrent que: 

Dans un centre d puissante industrie de m4taturgie non
ferreuse et ahimique~ une incidence signifioativement plus 4le
~le a ltl aonstat4e pour oertaines maladies respiratoires~ car

dlovasoulaires. digestives. neurologiques. psychiques~ h4matolo
giques et du metabolisme - chea les adultes; de mime pour aer
talnes maladies respiratoires, hlmatologiques et le rachitisme 

- chea tes enfants (0 - 16 ans). 



Dans un centre a industrie de materiaux de construction et 

chimique, une frequence accrue a ete constatee pour certaines 

maladies respiratoires, cardiovasculaires et digestives - chez 

lee adultes, ausai bien que pour certaines affections respira

toires et le rachitisme - chea les enfants. 

ABSTRACT 

The incidence of disease was compared in the population of 

two centres in which the atmosphere is severely polluted by var

ious industries~ and in the population of three control to~ns 

free from severe or specific atmsopheric pollution. The pri

mary data on the incidence of the diseases were taken from the 

area monthly medical reports. The study covers a seven-year 

period (1963 - 1969). 

Atmospheric pollution was considered to be a factor favour

ing the _incidence of certain diseases only when their incidence 

in the industrial centre was more than twice (in children), or 

more than 8.5 times (in adults) that of the same disease in the 

control areas. 

The results of the study show that: 

In an important centre of the non-ferrous-metal and chemical 

industries there was a significantly higher incidence of certain 

respiratory, cardiovascular, digestive, nBurological, psychoZo

gioal, haematological and metabolic diseases in adults, and like

wise of certain respiratory and haematological diseases and rick

sts ln children in the age range 0 - 16. 

In a centre of the building materials and chemical industries 

there was a greater incidence of certain respiratoPy, cardiovas

ovla~, and digestive diseases in adults, and of certain respira
tory conditions and rickets in children. 
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1. INTROOOCTION 

La pollution atmospherique revgt des aspects differents pour chaque 

localite, en raison de la nature, de la quantite et du caractere des eli

minations nocivee, de m3me qu'en fonction de certaines conditions meteo

rologiques et topograpbiques locales. I1 n' est done pas depourvu d' inte

r~t d'analyser si, dans des localites a diverses industries et intensites 

de pollution, il exi.ste des differences dans la morbidite de la popula

tion. Le but de telles recherches est celui de savoir si la pollution 

atmospherique constitue un facteur de risque concernant certaines affec

tions, s• il Y' a une implication particuliere de la pollution dans 1 1 etat 

de sante de la population d.ans les divers centres industriaux. 

Dans le cadre du present travail la morbidite (l'incidence des cas 

nouveaux) a ete etudiee comparativement chez la population de 2 centres 

dont l'atmosphere est intensivement polluee par des industries diverses, 

et chez la population de 3 villes temoins dont l'atmosphere urbaine est 

exempte de pollution intense et specifique. Le travail synthetise des 

d.onnees qui ont ate en partie publiees (1-5). 

2. METHODE 

Etant donne l'uniformite de l'organisation de l'assistance medico

sanitaire urbaine, la grande accessibilite (aussi bien au niveau du 

reseau sanitaire de base, qu'au niveau medical de specialite), et la 

standardisation du systeme d'enregi.strement des cas de maladies en Rou

manie, on a precede a l'etude comparative de certaines maladies pour 

lesquelles il exi.ste dans la litterature des donnees sur une correlation 

possible avec les conditions de la pollution atmospherique. Notre etude 

comparative concerne l'incidence des affections respiratoires, cardio

vasculaires, digestives, hematologiques, neurologiques, psychiques, 

allergiques, de metabolsme et nutrition, les maladies des organes sen

.soriels1 le rachitisme et les tumeurs. 

Les rapports mensuels des circonscriptions medicales sur le nombre 

des cas nouveaux (incidence) de maladies ont servi comme donnees primaires. 

On a d'abord fait la somme des cas nouveaux de maladies enregistrees au 

·cours de l'annee respective, puis on a rapporte ce nombre a 1000 habitants, 
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adultes ou enfants. L'etude a compris une periode de 7 annees (1963-1969). 
Af'in de minillaliser lea differences annuelles, on a calcule les moyennes 

des trequences annuelles des maladies sur la periode analysee. 

La moyenne de !'incidence des maladies a ete calculee de maniere 

analogue pour lea 3 localites temoins, cette incidence etant consideree 

egale a l'unite (incidence conventionnelle • l,O). 
La pollution atmospherique a ete consideree comme etant un facteur 

f'avorisant de l' incidence de certainea maladies eeulement lorsque i' inci

dence de cellea-ci clans le centre industriel depassait 2,0 fois pour les 

entants, ou 2,5 fois pour les adultes l'incidence des m&nes maladies 

dans lee looalitea temoins (incidence conventionnelle plus de 2 ,o ou 

2,5). 

3. RESOLTATS 

3.1. Dans un centre a une puissante industrie de metallurgie non-ferreuse 

et clilique, une incidence significativement plus elevee a ete constatee 

pour lea maladies suivantes1 

Chez les adultes - du groupe dee affections respiratoires, la 

bronchite chronique; le groupe des affections ca.rdiovasculaires (parmi 

celles-ci, l>Jpertension arterielle, arteriopathie coronaire chronique 

et maladies des arteres); du groupe des affections digestives, ulcere 

gastrique et duodenal; le groupe des maladies du sang et des organes 

haaatopoietiques (parmi celles-ci, les anemiee); le groupe des affec

tions paychiquea (parmi celles-ci psychoses, paychonevroses et troubles 

de caractere et de comporiement); lea maladies chroniques du systeme 

nerveui central; groupe des af'f'ections allergiques, endocriniennes, de 

•&tabolisme et de nutrition (parmi celles-ci, le diabete eucre). 

Chez lea enfants - le groupe des affections reepiratoires (parmi 

cellea-ci, lea infections algues des voies respiratoires superieures, 

la grippe, la bronchite algue et la bronchite Cbronique); le racbitisme; 

lea maladies du sang et des organea hinatopoletiques (parmi celles-ci, 

lea ant!imiea); lea affections paychiques (parmi celles-ci, les psychone

vroaes, lea troubles de caractere et de comportement); lea maladies des 

7eu.x; le groupe des af'f'ections allergiques, de metabolisme et de 

nutrition. 
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3.2. Dans un centre a industrie de materiaux de construction et chimique, 

une frequence accrue a ete constatee pour les maladies suivantes: 

Chez les adultes - du groupe des maladies des voies respiratoires, 

la pneumonie et la bronchite chronique; le groupe des maladies cardio

vasculaires (parmi celles-ci, le rhumatisme cardiJ-articulaire algu. 1 

l'arteriopathie coronaire chronique, l'hypertension arterielle); du 

groupe des affections digestives, l'ulcere ga.stro-d.uodenal. 

Chez lee en:fante - le groupe des affections de l'appareil respira

toire (parmi celles-ci, la pneumonie, la bronchite aigue, la bronehite 

chronique, les hJpertrophies des am,ygd.ales, lee vegetations adenoides); 

du groupe des affections cardiovasculaires, le rhumatisme cardio-a.rti

culaire a!gu. 
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BONE MARROW CHANGES IN ASBESTOSIS 

A, Z, EL-SEWEFY, H, SHAHEEN AND A. SHAMS EL-DEEN 

~e National Research Center and Kasr El-Aini Hospital, Cairo, 
lgypt 

ABSTRACT 

Seventeen workers from an Egyptian asbestos-cement pipe fa~ 

WPH ezposed to asbestos dust, and setdom exposed to silica and 

••ent dust for a period of 10 - 26 years of age range from 30 -

U years were examined clinicaZZy, radioZogicaZZy, and hematoZo

doally including bone marrow puncture. 

The result showed a state of Zeucopenia, increased sedimen

~tion rate, the bone marrow showed a marked to extreme degree of 

"71eraZised hyperplasia, the outstanding feature is the marked 

iacrease in the number of reticulum ceZZs, some of them are im

•ture and binucZeated. 

These results are discussed in the text. 
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INTROIUCTION 

The iDhalation of asbestos dust produces chronic interst~tial pul

monary fibrosis, pleural reaction and might predispose to bronchogenic 

carcinoma or pleural mesothelioma. 

Recent studies on the serum of asbestos workers showed the presence 

of byperproteinemia1 bypoalbuminemia and eypergammaglobulinemia [ l] , 

in addition to marked changes in lgs. A, M, and G [2) • T. Warwick [ 31 
(1970), reported an increase in A.N.F. and rheumatoid factors but not a 

significant increase in antib~dies to cytoplasmic constituents. 

Similarly rheumatoid factor has been reported in asbestosis by 

Pernis ·et al [4] and in silicosis by Vigliani and Pernis [ 5] • 

It is likely that several different mechanisms for production of 

rheumatoid factor will be found. 

Dist.urbance of protein and amino acids metabolism in asbestosis (6], 

as well as hypoglycemia [7] , in addition to hypocholesterolemia and 

disturbed lipid electrophoresis in the same disease were recently 

reported [8] • 

In disorders associated with pronounced b;vperglobulinemia, there 

is a.n increase of plaEllll& cells (9) • 
Ill- Waraald et al [10) , e%811lined the bone marrow specimens of 7 

llDrkera. having silicosis. The pattern of changes noted was in the form 

ot generalised h1J>erplaaia1 and in particular there were very high fi

gures for the lll'•loid series, reticulum cells and plaana cells. The 

eosinophils showed a slight but definite increase, but the erythrocytes, 

•egakaryocytes1 lymphocytes and monoeytes were within normal limits. 

These changes were considered to be related to silicosis since 

other diseases causing stillulation of the bone marrow had been adequately 

excluded. 

Bone aa:rrow has not received. universal attention in llDrkers exposed 

to asbestos dust. 

The evidence presented in favour of an auto- ialnmological aechaniBID 

operating in asbestosis stillulated this study ot bone marrow in wrkers 

Hpoaed to asbestos and showing various graded of radiological shadows. 

'l'heretore the purpose vae to investigate these anticipated changes 

and to clarity their significance in the diagnosis and prognosis of 

aabeatosia. 



1591 

MATERIAL AND METHODS 

Seventeen workers from an Egyptian asbestos - cement pipe factory 

exposed to asbestos dust (crocidolite, chrysotile and amosite) (11] , 
and seldom exposed to silica and cement dust, for a period of 10 to 26 

years and of age range from 30 to 57 years were the subject of this 

study. 

These workers were admitted to N.H.S. Helwan hospital. They were 

examined clinically. Clinical examinations of all cases revealed no 

enlargement of the liver, spleen, or lymph nodes, no abdominal masses were 

felt. Sputum analysis was repeatedly negative for acid fast bacilli by 

direct smear examination. The sputum was also examined for malignant 

cells by staining with Papanicolau stain [12) no malignancy was detected. 

Large chest radiographs were done and ~he cases were classified according 

to the extent of radiological findings. 

A single bone marrow puncture was performed in each case. Serologi

cal tests for syphilis, salmonella, and brucellosis were free. The 

patients were afebrile throughout the time they spent in hospital and 

they had no skin lesions or itching. A special search for parasites in 

urine, stool, blood and bone marrow specimens was done, but all were 

negative. 

Blood samples were collected and examined for: 

I - Total and differential white blood cell count 

II - Hemoglobin %, R.B.Cs. count and reticulocytes 

III - Platelet count, haematocrite value and sedementation rate 

Bone marrow was examined for: Total a.rd differential count. 

ISSULT 

I BLOOD CHANGES 

Table I shows the findings in blood, in this table we notice a state 

of leucopenia in almost all cases ranging from 3000 - 5.600, a slight but 

persistent eosinophilia 5 - 2of,, the hemoglobin 1' was within normal 

limits 12.5 - 16 gms. %. Reticulocytes, hematocrite and platelets count 

trere within the normal range. 



TABLE I (Blood Picture Changes in Asbestosis) 

N111e Age Period of Extent of Physical Hb. % R.8.Cs. T .L.C. B. E. St. Sq. L. M. Platelet Retie Sed. Rate 
exposure X-ray signs gm. % in 1000 in 1000 % 

+ 40 26 14 48 8 6 42 36 8 9/20 K,M, + + 3.8 0 200 1 
+ M.H. 50 22 + ++ 14 5 5.4 0 6 2 56 34 2 280 1 30/70 
+ M.M. •. 50 13 + + 13.5 4.8 4.z 0 10 4 54 30 2 200 0.3 19/40 
+ A.A. 57 26 +H+ +++ 13 4.7 3.8 0 14 4 60 18 4 250 0.5 16/30 
+ S.I. 49 25 + ++' 13 4.5 3.8 0 6 6 48 32 8 300 1 14/30 
+ A.A. 52 20 +++ ++ 13 4.7 4.2 0 20 0 20 52 8 300 0.5 18/40 
+ M.D. 51 22 +++ +++ 12 4.0 3.2 0 9 2 51 32 5 zoo o.4 40/80 
+ M.I. 35 20 ++ +++ 12 4.0 3.9 0 16 2 :58 36 8 150 2 20/40 
+ r.r. 49 21 ++ ++ 13 4.9 '4.9 0 10 6 60 22 2 230 0.8 8/20 
+ 13 14 4.7 3.4 54 26 6 350 30/60 M.E. 32 +++ ++ 0 12 2 l 

A.A. 40 10 +++ + 14 5.2 4.6 0 6 6 52 36 0 250 0.8 22/45 
s.z. 49 11 13 4.7 4.6 0 5 3 66 20 6 :580 0.7 11/24 

+ 40 22 14.5 4.8 5.6 0 6 4 58 22 10 245 0.6 3/5 G.H. ++ ++ 
+ 33 16 13 4.4 3.4 1 8 4 zo 58 8 250 20/40 r.t. ++ ++ 0.3 ,... 
+ 49 10 14 4.7 4.0 0 6 10 68 14 0 200 0.2 12/26 

Vo 
A.S. + + IC 

I'.> 

S.M. 49 11 + + 16 5.1 3.8 2 14 6 54 38 6 286 0.2 8/17 
+ 40 23 13 4.4 0 12 4 42 34 8 280 o.6 40/80 A.R. ++++ ++++ 3.0 

+ on top of initials •eans that they are repeated in the 2 tables. 
+ to++++= the degree of severity of either the x-ray or the physical signs and sy!llptonis. 

Figure 3,4 and 5 are exllftlPles for the severity of the x-ray. 
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Sedimentation rate using the ~estergreen method was in almost all 

cases higher than nonnal. 

Bone marrow showed a marked to extreme degree of generalised 

hyperplasia. 

The myeloid series showed a marked hyperplasia of its elements. 

There is a definite increase in the number of eosinophils. The erythroid 

series showed a nonnal process of maturation of its elements which are 

present in nonnal numbers. The megakaryocytes are present in normal 

numbers and showed a nonnal process of platelet separation. The lympho

cytes and monocytes are present in fairly norm~l numbers and. showed no 

morphological anomalies. 

There is an increase in the number of plasma cells some are imma

ture and binucleated (table II), figure 1. 

The outstanding feature is the marked increase in the number of 

reticulum cells, some are binucleated similar in morphology to Dorothy 

Reed cells, Figurs 2. 

Figure l.s Inmature and Binucleated plasma cells 

Figure 2.: Binucleated reticulum cells 



TABLE II (Bone Marrow Changes in Asbestosis) 

N1111e T.C. MYELOID SERIES % LYlfHORETICULAR SERIES. ERYTHROID MEGAKARYOCYTE C~NT 

in 1000 B E BL. PRO. MYE. JUV. ST so. RC. PP. L. M 

K.M 320 0 " 2 5 10 9 9 15 2 5 H 0 Z4 Nor11al nor1oblasti c reaction, giant 
binucleated cells 

M.H. 165 0 7 0 18 11 15 15 2 6 B 0 15 Normal Giant binucl. cells 
M.M. 320 0 5 2 2 18 15 17 15 3 1 10 0 12 NorHl Giant binucl. cells 
A.A. 200 0 9 0 0 9 n 17 zo 3 5 10 0 14 Normal Giant binucl. cells 
S.I. 320 0 8 0 3 13 H Z5 lit 3 3 7 0 10 Normal Giant binucl. cells 
A.A. 164 015 0 1 11 6 21 17 2 5 7 1 17 Normal Giant binucl. cells & increased 

mitosis 
M.O. 265 0 9 2 0 11 10 10 15 3 5 11 2 22 Nora al Giant megaloblastic changes & 

giant binucleated cells 
M.I. 320 0 ?il 0 15 10 17 6 2 6 17 2 14 Nori1al Increased macrophages &. histio1Jytes 
£.F 210 0 8 0 1 10 11 zo 13 " 6 7 1 19 Normal Giant binucl. cells ~ 

240 15 20 13 " 6 3 6 VI M.E. 0 9 0 l 13 23 Nor11al N.A.D. \0 

G.H. 200 l 7 0 0 12 7 25 i2 3 4 15 2 12 Normal Inaature plaSla & giant binucl.cells .c-

F.l 95 0 9 l 0 9 9 21 14 0 3 6 2 Z6 Normal Giant binucl. cells 
A.S. 198 0 4 0 0 12 12 26 11 2 5 6 1 Zl Normal Many binucl • plasma & giant cells 
A.R. 286 0 6 0 0 5 4 21 15 2 6 20 10 21 Normal Many i111111ature plasma cells 
S.M. 280 0 2 0 1 18 5 16 24 2 3 12 l 16 Norraal Increased mitosis, giant binucl. 

pla511a & giant cell 
A.M. 360 on l 1 15 7 22 12 2 5 1 22 Nor11al Giant binucl. cells & megalobl. 

changes 

,normal range (50.000 to 100.000) see reference 10 for comparison with normal 
T.C. ·total count, 8 .. basophil; E = eosi~ophil; BL ... blast, PRO= promyelocye, MYE = myelocyte, ST= stratified cells 
SO. = squa11es, juv. = juvenile, RC= reticulum cells, PP= pla51a cells, L. = lymphocytes, M. = 11onocytes. 
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Figure 3. 

Figure 4. 

Figure 5. 

Figure 3, 4, 5 1 Examples of the Severity of Lung Damage. 
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The total count of the nucleated cellular elements of the marrows 

examined varied between 95.000 anl 360.000/mrn3• {normal marrow 50.000 -

100.000). 

These changes were very similar to changes observed in the bone 

marrow in certain forms of reticulosis and particularly in association 

with malignant lymphoma. 

DISCUSSION 

It is pertinent to emphasize that these bone marrow and blood 

changes were related to the inhaled dust produced in this industry 

{asbestos, silica and cement), thorough clinical examination and labo

ratory investigations were carried out to exclude other diseases that 

may stimulate the bone marrow i.e. specific fevers, syphilis, leukemia, 

Hogkins' disease, Bilharziasis, malaria and other tropical or skin 

diseases. 

From the above results it is evident that the bone marrow picture 

was definitely abnormal in the cases of asbestosis and/or mixed dust 

pnewnoconiosit investigated. 

These changes observed showed the following: 

l - Generalised hyperplasia in almost all cases with particularly 

high figures for the myeloid series, reticulum cells and 
plasma cells 

2 - A slight but definite increase in eosinophils 

3 - Erythrocytes, megakaryocytes, lymphocytes and monocytes 

were within the normal range. 

It is appreciated that if lesions of the bone marrow are focal in 

distribution,the puncture as well as the trephine biopsies cannot be 

representative of the overall state of marrow activity. The fact, however 

that all cases showed more or less the same abnormal results ma.y be 

taken as evidence of the diffuse nature of these abnormalities. 

There was no correlation between the degree of the bone marrow 

reaction and the extent of the radiological shadows in the lungs. On the 

other hand, the total leucocytic count was found in these cases to be on 

the low normal level or leucopenic in spite of the myeloid .hyperplasia 

of the bone marrow, this might be explained on the assumption that 
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leucocytee are mainly phagocytosed in the reticulo-endothelial tissue of 

the lungs, and this is assumed to take place in asbestosis and mixed dust 

pneumoconiosis as El- Warraki et al U.OJ found similar findings in 

silicosis. 

In conclusion the similarity of these findings to silicosis in 

addition to the presence of binucleated reticulum cells and the hyper

plasia of the bone marrow as in cases of reticulosis and lymphomas stimu-

1 at es further research on the aetiopathogenesis of pneumoconiosis. 

[1] 
[2] 

[3] 

[4] 
[5] 
[6] 
[7] 
[a] 

[9J 
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BEHAVIOUR OF RATS AND THE THRESHOLD LIMIT VALUE OF 
TRICHLOROETHYLENE 

A, P. SILVERMAN AND HELEN WILLIAMS 

Imperial Chemical Industries Limited, Industrial Hygiene Research 
Laboratories, Macclesfield, Cheshire, United Kingdom 

ABSTRACT 

Objective evidence concerning health effects of low doaea 

of a solvent like trichloroethylene (TCE) will probably continue 

to come largely from tests of animal behaviour, because its main 

toxic action is on the central nervOU$ system and because the 

long-term, low-dose evidence from man may be considered subjec

tive. 

Groups of 16 male rats were exposed singly to TCE vapour at 

100ppm (535mg TCE/m 3
), or 200, 500 or 1000ppm 5 x 6 hours a week 

for about 5 weeks (12 weeks at lOOppm). Social behaviour waa 

observed, usually once a week, in the 5 min. immediately follow-

ing exposure. Control rats show their highest spontaneous ac-

tivity on return to the home cage after daily separation, and 

TCE reduced this activity. In a social situation, activity is 

of several kinds but, unlike most centrally-active drugs, the 

reduction due to TCE was fairly uniform with little evidence of 

stimulation or depression of any one kind of behaviour. 

The fati in activity due to TCE waa significant after 1 day 

at 1000ppm. FolLowing lOOppm, activity feZl after 1 day in one 

group of rats~ but after l~~eeka in another and as much as 8~ 

~eeks in a third. 
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In a test of ezptoration and learning in an unfamiliar cage~ 
thirsty rats ezposed to TCE were quicker than controls to find 
~ater and begin drinking. 

unaffected. 

The rate of ezploratory movement ~as 

The present threshold Zimit value for TCE in Britain is 
therefore not a no-effect level. Tentative interpretations of 
the effects are: 

(1) that a fatt in the highest rate of spontaneous activity 
is consistent with the drowsiness and fatigue complained 
of by exposed humans, and 

(2) that a lo~ dose of an anaesthetic might well be ezpeoted 
to lead to a slight loss of inhibitory control in an un

familiar situation. 
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1. Introduction 
1.1. Some effects of environmental pollutants seem to be considered 
negligible, for in practice far more action is taken on some effects than 
on others, and a theoretical distinction is implied by the American 
Conference definition of a threshold limit value (TLV) in terms of 
"conditions ••••• without adverse effects" (our emphasis). Before it is 
safe to distinguish the trivial from the harmful, we need to know as much 
as possible about a) the dose and duration of exposure which produces any 
detectable effect, and b) what kind of effect it is. Though obvious, this 
is easier said than done. 

1.2. A particular problem concerns TLVs for the vapour of solvents like 
trichloroethylene (TCE), In the U.K. this is at present 100 ppm. At 
high concentrations, TCE is a useful anaesthetic/analgesic, while CNS
related symptoms are also reported in surveys of people occupationally 
exposed to low concentrations. However, while symptoms like drowsiness, 
fatigue, headache and gastro-intestinal disturbances are often not trivial, 
they are not altogether reliable because they depend on self-report and 
because they occur frequently in control populations. Formal 
psychophysiological tests are useful, provided the available methods are 
relevant to the postulated effects, but TCE has cumulative effects which 
make it difficult to achieve sufficiently long exposure in controlled 
experiments or adequate control data in people chronically exposed at work. 

1.3. Basic objective evidence on TCE at concentrations near the TLV is 
therefore likely to come from suitable experiments on animal behaviour. The 
proviso is that methods are selected which will be sensitive to a variety 
of possible effects and yet which will discriminate between them, and which 
will also be statistically reliable. Moreover it should be possible to 
relate the results to any available information from man. Published 
evidence from animals varies considerably in value on these criteria, and 
we report here an attempt to supplement this evidence. 

2. Behaviour of rats exposed to TCE vapour 
2.1. Methods Groups of 16 male albino rats were housed in pairs but exposed 
singly for 6 - 7 hours daily, 5 days a week to TCE at 100, 200, 500 or 
1000 ppm. Vapour was generated by syringe and atomiser into a metered 
stream of clean air. Each TCE group was matched with controls separated 
daily into smal holding cages, and a dummy experiment compared such controls 
with a group in the exposure chambers breathing clean air. 

Social behaviour was observed as described by Silverman (1971). Paired rats 
which are separated daily and returned to their home cage early in the dark 
phase of a 12 hour white/dim red lighting cycle, show a very high rate of 
spontaneous activity for a few minutes, On the ethological assumption that 
behaviour is composed of recognizable elements, the acts and postures 
described by Grant & Mackintosh (1963) were observed for 5 minutes. These 
occur in functional groups which are differentially sensitive to drugs, 
For example chlorpromazine reduces the total activity, but within this, 
disproportionately reduces all forms of social approach while increasing 
escape away from another rat,without altering exploration, eating or 
grooming. A low dose of nicotine selectively reduces aggression, thus 
one kind of behaviour acts as an internal control for drug effects on 
another (Silverman 1966, 1971), 

Social behaviour was observed in a baseline for each experiment, again after 
one day's exposure to TCE, then usually after three days and weekly for five 
weeks, in one experiment at 100 ppm for twelve weeks. Controls then 
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received a "crossover baseline" observation in the exposure chambers and 
one day's exposure to TCE. 

An "exploration-thirst" test combined a measure of motor activity with a 
simple learning task. On two successive days after overnight deprivation 
of water, rats were placed singly for five minutesin an unfamiliar plastic 
cage similar to their home cages. Exploratory movements (expressed as 
movements/minute) were recorded whenever the rat paused to sniff at floor, 
wall or roof. The latency before the rat found and began to drink from a 
water bottle was also recorded (as the square root of the time in sec), 
separately if necessary for the first brief drink and the first of longer 
than 10 sec. 

2.2. Results 
2.2.1. Social behaviour. The main finding was a consistent reduction in 
the sum of elements of all kinds observed in 5 minutes (the "total activity"). 
A durruny experiment showed that any fall in activity due to the exposure 
chambers themselves was transient. Analyses of variance (P< .OS at 1 and 3 
days, P<.001 from 10 to 38 days and in Xl) followed by t tests showed (see 
fig. 1) that although exposed rats could not be distinguished by gross 
observation, a) a concentration of 1000 ppm significantly reduced activity 
after one day's exposure b) at 100 ppm there was a similar fall, but only 
after repeated exposures. One group of rats, moderately active at first, 
showed a significant reduction after l! weeks exposure; another group, 
highly active, showed a fall only after two months. These also showed a 
post-exposure rebound, by comparison with which their matched controls 
reduced activity after one day's exposure. 

The reduction in activity was fairly uniform among different kinds of 
behaviour (by multivariate analysis of variance). Reductions specifically 
in exploration of the cage and submission to or escape from the other rat 
occasionally reached the 5% significance level. 

2.2.2. In the exploration-thirst test after 2! or 5 weeks exposure, TCE 
caused rats to begin both the first brief drink or the first of more than 
10 sec sooner than controls. Exploratory motor activity was unchanged, 
averaging 13.70 movements/min for TCE-exposed rats on trial 1 against 
13.40 for controls, and 15.80 against 15.68 on trial 2. Exposed rats 
never took longer than controls to begin drinking, and were significantly 
earlier in trial 1 at 200 ppm and trial 2 at 100 and 1000 ppm. Within the 
five minute observations exposed rats did not drink for longer than controls. 

3. Discussion 
3.1. There was an interesting interaction between the concentration of 
TCE, the duration of exposure, and "individual" differences between batches 
of rats. The highest concentration of TCE tested reduced total activity 
after a single day's exposure, the lowest did so only after repeated 
exposures and one batch of rats was much more susceptible than anoth.er. 

3.2. Any gross neuromuscular disturbance would have been visible under the 
close observation, and a motivational disturbance would have been detected 
as a specific change in the appropriate behavioural category. The absence 
of such findings and the moderate decline in activity, makes the results 
consistent with subjective reports in man:- reduced activity when controls' 
activity is maximal could be secondary to the rats' equivalent of 
drowsiness, fatigue or headache in a familiar situation. 

3.3. In the exploration-thirst test, TCE allowed thirsty rats to begin 
drinking sooner than controls, yet they were equally likely to interrupt 
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Total Act ivitv After T. C. E. 
A) 

Mean Control Activity as %XB o .... o Airdummy} 
o- -... 100 ppm. 
0--0 200 ppm. Trichloroethylene 

• ·.. 500 ppm. 
..-.1,000 ppm. 

0 p <-05 

1.201 
110 -

ioo ..L--..::.---......-~--1-r'o---,-1'1--24'~'30-3'1 '- 38 

B) Days 

Activity as percent XB, difference from control group. 

+lO 
0 

.· 

Control 1--------o--+-c.;_-+----~----+--~---~---

-10 

• 
-20 

-30 

-40 
B l 3 10 17 24-30 31-38 45 59 73 87 XB Xl 

Davs 

Fig 1. Total activity in the baseline (B) observation of social 
behaviour and after exposure to TCE 6 - 7 hours a day, 
5 days a week, 

A) Mean activity of the control groups expressed as a 
percentage of their activity in the crossover baseline 
(XB) observation. 

B) Activity of rats from the exposure chambers in the 
baseline observation and after exposure to TCE. 
Difference from controls in activity as % XB. 

Former controls breathed clean air in the exposure 
chambers (XB) and were then exposed for 1 day to TCE (Xl). 

Circled points show reductions significant at P< 0.05 
by t test after analysis of variance of the untransformed 
activity scores. 
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drinking for a littlefurther exploration before drinking continuously for 
10 sec. Although TCE had none of the paradoxical motor-stimulant effects 
of low doses of barbiturates, TCE could well have increased responsiveness 
to stimuli or reduced anxiety in an unfamiliar situation as these drugs 
have been suggested to do. 

3.4. In rats therefore, the TLV for trichloroethylene in the UK and else
where ( 100 ppu> is not a no-effect level, if methods are used which minimise 
the inevitable laboratory restrictions on the animals' flexibility of 
response. Extrapolating the present results to man, we would expect TCE 
to reduce the rate of working on a familiar self-paced task. Some 
individuals would be more sensitive than others, but there might be a 
trade-off between concentration and a sufficiently continuous exposure. 
In unfamiliar (emergency ?) conditions, exposed people may respond sooner; 
this could be beneficial but could also represent a lack of proper caution. 

The experimental work in this paper has been submitted for publication. 

GRANT, E.C., MACKINTOSH, J.H. "Comparison of the social postures of some 
connnon laboratory rodents" 1 Behaviour 21, 246-259 (1963). 

SILVERMAN, A.P. "Social behaviour of rats and the action of 
chlorpromaz ine and other drugs'' Behaviour 27, 1 - 38 (1966). 

SILVERMAN, A.P. "Behaviour of rats given a 'smoking-dose' of nicotine" 
Anim. Behav., 19, 67 - 74 (1971). 
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MUTAGENITATS - VORTESTE AUF CARCINOGENE WIRKUNGEN 
VON UMWELTCHEMIKALIEN 

H, MARQUARDT 

Forstbotanisches Institut, Universitat Freiburg Brg., BRD 

ABSTRACT 

(1) FPom the mutational processes induced by environmental 

agents usuatty the numerical and structural chromosome aberra
tions as well as different types of molecular mutations on the 
DNA-level are observed. Until now only in microorganisms clear
ty defined molecular mutations can be demonstrated. 

(8) According to recent opinions. at the beginning of car
cinogenesis mutational changes of the DNA take place. In spite 
of former difficulties a correlation e~ists between mutagenic 
and carcinogenic actions of chemicals. For th'lte reasons it 
is possible to develop a pattern of mutation tests. which can 
serve as a prescreening method for carcinogenic effects: 
a) Direct action of the substance to be tested on strains of 
Saccharomyces cerevisiae (eukaryotic cells, genetically welt 
anatyaed. in stable haploid or diploid strains), which show 
induced suppressor mutations or induced gene conversions. 
b) Treatment of mammals and emamination of the bone marrow (or 
blood cultures) for chromosome aberrations. o) Injection of 
yeasts in the ventral cavity or in the urine of treated animals 
and test for induced mutations or recombinations. d) In vitro 
test with liver miarosomes and yeasts to cover ths sffeot of 
short-Zivsd mstabotitss. s) Trsatment of yeasts with synth•
siasd metabolitss, which a~B known to arias in the organism 
tJ1satsd. 
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(3) The usefulness of the genetic presareening method has 

been shown with two carcinogenic compounds: CycZophosphamide 

and Benzo(a)pyrene. The advantages of the method consist in 

a short duration of the tests, amatt amounts of substances used 

and the posaibitity of testing a great number of compounds and 

their combinations. 
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Im Gegensatz zu den akuten Wirkungen von umweltagentien 

auf die menschliche Gesundheit werden die sogenannten Sp~t

schadigungen weniger beachtet. Ihre Wirkungen treten erst nach 

einem stummen Intervall auf: Die Xnderungen des Erbgutes (Mu

tationen) als erster Typ wird in einer der Folgegenerationen 
nach der Einwirkung sichtbar; die induzierte krebsige Ent
artung als zweiter Spatschadigungstyp nach Jahrzehnten. 

Bei der groBen Zahl von Umweltchemikalien, die noch nicht 

auf carcinogene Wirkung untersucht sind, sowie bei der Dauer 
und Kostspieligkeit derartiger Experimente ist es zweckmaBig, 

einen Vortest auf m0gliche carcinogene Wirkungen einer Sub
stanz zu entwickeln. 

Nach neueren experimentellen Ergebnissen sind bei der 

krebsigen Entartung der Zellen mutative Xnderungen an der DNS 

entscheidend beteiligt und es besteht eiae gute Korrelation 

zwischen mutagener und carcinogener Wirkung einer Substanz. Es 

ist daher ml:)glich, aus der groBen Zahl von Mutagenitats-Prtif

verfahren ein Vortest-Muster zusanunenzustellen, das einen opti

malen SchluB van dcr induzierten Mutabilitat auf eine carcino
gene Wirkung zul~Bt. Im Gegensatz zu den typischen Mutageni

t!tsprtifungen dilrfen hier nur Teste an somatischen und nicht 

an Keimzellen verwendet werden. 

In der Tabelle I sind die aufeinanderfolqenden Prtifver-
f ahren des Carcinogenit!ts-Vortestes zusammengestellt. Nachge
wicsen werden in Knochenmark oder Blutzellen von saugetieren 
(Chinesischer Hamster) induzierte ntunerische oder strukturelle 
Chromosomen-Aberrationen. Mit Starnmcn von Saccheromyces cere

visiae (Hefe) werden als definierter Mutationstyp die Suppres

sorrnutationen im Isoleucin-Valin~lGenlocus sowie als Rekanbi

nationstyp die mitotischen Genkonversionen in zwei Genloci erT 

fasst. Seide ONS-Xnderungen sind streng miteinander korreliert 

(1), sodaB in der Regel die Bestirnrnung der Genkonvcrsion als 

das ernpfindlichere System genilgt. 
Die Ver!nderungen der zu prUf enden Substanz im Metabolis

mus des SMugers wird durch Injektion der Hef ezellen in die 
Bauchhohle, durch Exposition rnit Harn behandelter Tiere sowie 
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Tabelle I: Mutagenitlits-Vorteste auf carcinogene Wirkung 

mit Cyclophosphamid und Benzo(a)pyren 

Obj~kt Technik Mutationstyp 

S accharomyces Direkt- Mitotische 
cerevisiae Behandlung Genkonversion 

Knochen- numerische 

mark (Blut- und struktu-
relle Chrano-kultur) somen-Abeera-

Behandeltes tionen 

S~ugetier 

(Chines. Injektion Mitotische BauchhBllle: Genkonver-Hamster) Saccharo- sion myces 

Ur in: nach Mitotische Behandlungs- Genkonver-beg inn sion Saccharo-
myces 

Saccharomyces In vitro: 

cerevisiae Lebermikro- Mitotische somen + 
Saccharo- Genkonver-

myces + sion 
Substanz 

Direkt be-
handelt + Mitotische syntheti- Genkonver-siertem sion ultimalen 
Carcinogen 

1) Erqebnisse aus der Literatur 

n.t. = nicht geprilft 

Cyclo - Benzo(a)-
phosphamid pyren 

- -

+ 1) + 

(+) -

+ -

+ + 1) 

+ 1) 
n.t. Epoxyd) 
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durch den in vitro Versuch mit Lebermikrosomen und zu prilfen
der Substanz einbezogen. Dieser Test wird durchgefilhrt, um 

auch kurzlebige aktive Metabolite nachweisen zu konnen. Sofern 

die aus den verabreichten Substartzen im Metabolismus entsteh
enden ultimalen Carcinogene bekannt und synthetisiert sind, 
werden sie durch direkte Einwirkung auf Hef ezellen oder Blut
kul turen getestet. 

Die Brauchbarkeit dieses Vortest-Musters ist mit zwei 

carcinogenen Substanzen geprilft warden: Cyclophosphamid als 
alkylierende, bei direkter Wirkung auf Mikroorganismen schein
bar nicht mutagene Substanz sowie Benzo(a)pyren als carcino
gener, aromatischer Kohlenwasserstoff, der als aeispiel filr 
die Nicht-Korrelation von Mutagenitlit und Carcinogenitlit 
h~ufig herangezogen wurde. 

Cyclophosphamid lBst zahlreiche Chromosomen Aberrationen 
aus; seine genetisch aktiven Metabolite sind im Urin in Uber 
100 facher Konzentration als in der Lymphe vorhanden und nach
zuweisen (2), desgleichen im Lebermikrosomen-Test (Siebert 
unver8ff.). Benzo(a)pyren 16st bei haherer akuter Dosierung 
Chranosanenaberrationen aus, seine aktiven Metabolite sind 
nur im Lebermikrosomentest nachzuweisen, desgleichen bei direk

ter Wirkung der synthetisierten ultimalen carcinogene (Epoxyde 
der K-Region. 3). 

Diese vorl!ufigen Ergebnisse mit zwei genetisch besonders 
schwierigen Substanzen lassen das ausgewahlte Muster von Vor
testen geeignet erscheinen, im Falle positiver Ergebnisse auch 
eine carcinogene Wirkung der Substanz zu erwarten. 

'(1) Zimmermann F.K., "Induction of mitotic gene conversion by 
mutagens", Mutation Res. 11, 327 (1971). 

(2) Siebert o., "A new method for testing genetically active 
metabolites", Mutation Res. 17, 307 (1973). 

(3) Ames B.N., P. Sims a. P.L. Grove, "Epoxides of carcino
genic polycyclic hydrocarbons are frameshift mutagens", 
Science 176, 47 (1972). 
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LES CHAINES TROPHODYNAMIQUES MARINES EXPERIMENTALES: 
METHODE D'ETUDE DES EFFETS PATHOLOGIQUES 

CONSECUTIFS AUX POLLUTIONS CHIMIQUES 

M. AUBERT, B, DONNIER 

C.E.R.B.O.M. {I.N.S.E.R.M.), Nice, France 

RESUME 

Le milieu marin est susceptible de concentrer par l'inter

m6diaire des diff6rents Achelons de la biomasse, Zes produits 

chimiques qui y sont rejet4s, pouvant aboutir ainsi d des ph~
nom~nes toxiques ahez Ze aonsommateur de aes esp~aes. 

Pour Atudier ces prooessus, nous avons mis au point une 

m4thode originate qui, en Zaboratoire, utilise diverses chatnes 

trophodynamiques. 

Cette m6thodoZogie, employ4e syst4matiquement, permet de 

mesurer Zes destructions de Za biomasse, mais 4galement d 1appr4-
cier les dangers vis-d-vis de Za SantA PubZique que peuvent 

cr4er des ph4nom,nes de concentration de substances to~iques. 

ABSTRACT 

Marine organisms of various levels of the biomass are able 

to concentrate chemicals which are disposed of into the sea, and 

this oan give rise to tozic effects in the consumer of these 

species. 

To study these processes ~e have developed an original 
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laboratory method which makes use of various food chains. 

Used systematicaZZy, this method permits measurement of the 

destruction of biomass, and makes it possible to assess hazards 

to public health which may arise from the concentration of toxic 

substances, 
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Le danger des pollutions chimiques de la mer tient aux capacites 

de concentration de certains de ces polluants au niveau d'especes marines. 

Ce fait peut entra!ner des taux eleves de ces substances souvent toxiques, 

principalement dans les derniers echelons des cha!nes biologiques, qui sont 

habituellernent livres a la consonunation. 

Il y a plusieurs annees, nous avons mis au point une methode ori

ginale qui consiste a recreer en laboratoire des chatnes trophodynamiques 

marines, typiques des principales biocenoses, a leur soumettre pendant des 

temps plus ou rnoins prolon~es et a des concentrations progressives les pro

duits polluants que l'on desire etudier et a en lire les resultats a travers 

le cornportement biologique et !'impregnation chimique de leurs constttuants. 

Cette rnethodologie, que nous utilisons d'une maniere systernatique, 

perrnet 

- de mesurer la destruction produite au niveau d'organlsmes-types 

representant divers echelons les plus caracteristiques de chatnes tropho

dynamiques marines. Par ce moyen, il est possible d'evaluer la destruction 

en capital des ressources blologiques de la mer : 

- de tenir compte de !'ensemble des phenomenes de concentration 

et de biodegradation des substances chirniques soumises a ces tests et de 

juger des effets biologiques induits par la toxicite initiale ou secondaire

ment apparus, ces produits chimiques passant a travers le milieu et etant 

absorbes successivement par les divers elements vivants 

- enfin, par !'introduction d'un consommateur final manunifere, de 

juger des phenomenes toxiques en fin de chatne et de mesurer le danger en

couru par l'Homme nourrl de produits marins pollues. Cet aspect hygleniste 

debouche ainsi sur les impacts de la pollution marine vis-a-vis de la Sante 

Publique. 

C'est ainsi que nous avons mis au point quatre types de chatnes 

trophodynamiques : 

- la chatne de type pelagique, c'est-a-dire : 

phytoplancton - zooplancton - poissons - mammiferes ; 

- la chatne de type nerltique a mollusques. c'est-a-dire 

phytoplancton - mollusques - mammiferes ; 

- la chafne de type neritique a crustaces, c'est-a-dire 

micro-organismes marins - invertebres - crustaces - mammiferes 

- la chatne de type benthlquet comprenant 

micro-organismes marins - invertebres - poissons benthiques -

manuniferes. 
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Ainsi, une chaine biologique peut etre utilisee a differentes 

fins 

1 J Re.cheJtc.he. de..t. .t. e.uill de. to x.,i,,c,{;te 

En mettant en contact chacun des echelons de la chaine envisagee 

aVeC le polluant (produit chimique pur OU effluent industriel) a dffferentes 

concentrations, on peut determiner avec une assez grande precision la sen

sibilite de chaque espece a ce polluant. On peut ainsi definir pour chaque 

echelon un seuil toxique. 

Les resultats permettent done une prevision a court tcnne des 

consequences du rejet de ces polluants en mer sur la survie des especes et 

de dcfinir les risques de perte en capital nutritionnel. 

Lors de son rejet en mer, un polluant peut servir de substrat aux 

bacteries marines et done subir une biodegradation. Un tel eff~t peut en

trainer une variation de la toxicite du polluant vis-~-vis des diff erents 

echelons marins de la chaine biologique. 

Les resultats rendent compte de la variation de la toxicite d'un 

polluant apres contact avec l'eau de mer. 

3) Re.c.heJL.c.he. du Via.n.t.6eJit e;t de .ta eoneent.Jta.t.J.i1n de 6Ub.6ta.nc.e..t. 

to u'.que..t. 

Ayant determine les seuils de toxicitc directe d'un effluent, 

nous choisissons la concentration maxima permettant la survie totale de 

tous les echelons de la chaine marine : de cette fa~on, la substance to

xique pourra etre transmise d'un echelon ii l 'autre, et eventuellement con

centree au cours des differentes etapes sans que la chaine biologique soit 

rompue par la mort d'un des intermediaires. 

Les resultats permettent d'evaluer les risques de la consommation 

par 1 1Homme des produits marins et ainsi les dangers eventuels vis-a-vis de 

la Sante Publique. 
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VERSUCHE ZUR MEDIZINISCHEN BEDEUTUNG DES 
GLEICHFELD- ODER FARADAY-EFFEKTES: 

BAUTECHNISCHE FOLGERUNGEN 

J, R. M~SE 

" Hygiene-Institut der Universit~t Graz, Osterreich 

KURZ FAS SUNG 

Mlluse wurden unter der Einwirkung versohiedener bioklima
tologisoher Umweltbedingungen (elektroatatiaohe Gleiohfelder mit 

Feldatarken von: 40, 200, 1000, 5000, 24 000 V, normales Raum
klima einea Labors, Faraday-Kafig) mit Hammelerythroayten vor
behande lt, und es wurde der Immuniaierungsgrad mit Hilfe der 
direkten Ptaque-Teohnik nach JERNE ermittelt. Die hOohsten 

Plaquebildungsaahlen seigten sich bei Milaen der im Gleiohfeld 

tebenden Tiere, die niedrigsten Werte wurden dagegen unter feld
losen Umwettbedignungen gefunden. Dieselben Resultate in Form 
von H~ohstwerten im Gleiohfetd und Tiefstwerten im Faraday-Raum 
lieferten auoh die Bestimmungen der jeweiligen Milagewichte, 
Milzaellsahlen und Hllmagglutinationstiter. MCgliche praktische 
Folgerungen werden diskutiert. 

ABSTRACT 

Mice previously treated with sheep erythrocytes were sub

jected to various bioctimatic conditions (constant electrostatic 
fields of 40, 200, 1000, 6000 and 24 000 V; normal laboratory 

environmental oonditions; Faraday cage), and the levels of im

munisation was determined by use of Jerne 1s direct plaque teoh-

nique. The highest plaque formation counts ~ere seen in the 
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spleens of animals living exposed to constant fields, and the 

lowest in animals in a field-free environment. Spleen weights, 

spleen aell aounts, and haemagglutination titres showed a simi

lar picture, with highest values under aonstant field and lowest 

values in the Faraday chamber. Possible praatiaal aonalusiona 

are diseussed. 
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Da die vielCaltigen Moglichkeiten der technischen Zivili= 

sation heute so tief in unseren Alltag eingreifen, konnen 

uns klimatologische Faktoren gerade dadurch stark beein= 

flussen. Bei unseren Versuchen kam es uns primar darauf an, 

mit exakt reproduzierbaren Versuchsbedingungen ebenso exakt 

faBbare MeBparameter zu erarbeiten, die, zumindest fiir ei= 

nen klimatologischen Einzelfaktor, sichere Aussagen ge= 

statten. In diesem Sinne befaBten wir uns mit-der Luft= 

elektrizitat und bier speziell mit dem elektrostatischen 

Gleichfeld der Luft. (Gemeinsam m.Doz.Dr.Fischer). 

Fiir diese Versuche an Kleintieren wurden in Zusammenar= 

beit mit E:xperten der Technischen Hochschule in Graz 

spezielle Versuchsanlagen angefertigt. (Gleichfeldkammern, 

Faraday-Kammern, Kontrollkammern). 

Die Untersuchungen bewiesen vorerst, daB sich unter der 

Einwirkung verschiedener hochgespannter elektrostatischer 

Gleichfelder bzw. im Faraday-Raum die MeBparameter Motili= 

tat, Nahrungsaufnahme und Korpertemperatur, Sauerstoff= 

verbrauch von Lebergewebe, sowie Glutamat- und Succinat= 

dehydrogenase in Lebermitochondrien in signifikanter Weise 

anderten. Im Gleichfeld erfolgte dies in Form einer physio~ 

logisch als durchaus gilnstig zu interpretierenden Weise. 

Die Abschirmung von elektrischen Feldern im Faraday-Raum 

bewirkte dagegen stets eine unvorteilhafte Reduzierung 

der genannten StoffwechselmeBgroBen. 

Recht vage Literaturberichte iiber gilnstige Allgemeineffekte 

elektrostatischer Gleichfelder auf Infektionen beim Men= 

schen veranlaBten uns zu einer experimentellen Uberprtifung 

dieser subjektiv qualitativen Beobachtungen, Gruppen von 

Mausen wurden dazu mit Hammelerythrozyten immuniaiert. 

Den erzielten Immunisierungagrad bestimmten wir mit Hilfe 

der direkten Plaque-Technik nach Jerne (Abb.t). 

Die hochaten Plaquewerte und aomit der atarkate Immuni• 

sierungagrad ergaben sich zwiachen 1000 und 5000 V/m, 

d.h. nur unter Einwirkung eines ganz beatimmten Feldatarke= 

bereichea. Selbst die, natilrlichen Durchachnittawerten 

bei ungestorten atmoaphariachen Bedingungen entaprechende 
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Abb, 1 

Jerne-Teat (direkt) 

1. Kolumne (~) • Gleichfeldkammer 
darunter Spannung in V/m 

2. ti <· ·::: ) = Kontrollkammer 
(normale Laborgegebenheiten) 

3. " ( 111 I> = Faraday-Ka1111Der 

Feldetarke von 200 V/m filhrte noch, im Vergleich mit den 

Xontrollen, zu einem signifikanten Anstieg der Immunisi•• 

rung. Unter den Werten naturlicher Gleichfelder liegende, 

niedrige Feldstarken ftihrten zu keiner Erhohung dea Immunia 

sierungagrades. Die Abachirmung de• Gleichfeldea in der 

Faraday-Kammer bewirkte •tat• wait unter der Norm liegende 

Plaquewerte. 
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1: 256 

128 
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V/m 40 5 000 24000 

ABU. 2 

Hamagglutinationstiter - je 10 Tiere pro Einzel• 
versuchsgruppe 

G • GleichCeldkammer 
darunter Spannung in V/m 

K • Kontrollkammer (normale Laborgegeb.) 
F • Faraday-Kammer 
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Gleichzeitig mit jedem Plaquetest durchgefiihrte Bestimmun= 

gen der entsprechenden Milzgewichte, Milzzellzahlen und 

Hamagglutinationstiter zeigten einen deutlichen Trend zur 

Ubereinstimmung in Form einer generellen Zunahme im 

Gleichfeld und Abnahme unter feldlosen Umweltbedingungen. 

Diese Untersuchungen tiberprtifen und bestatigen die im 

Plaquetest erzielten Resultato (Abb.2). 

Die Ergebnisse weisen darauf bin, daB das nattirliche 

elektrostatische Gleichfeld der Erdatmosphare einen 

bemerkenswerten Faktor zur Forderung der Bildung von 

Immunstoffen darstellt. 

Wir wollen heute noch keine SchluBfolgerungen ziehen; 

aber alles weist darauf bin, daB man in Zukunft auch bei 

bautechnischen Uberlegungen diese Verhaltnisse weit mehr 

als bisher mitberilcksichtigen sollte. Wir verbringen 

heute einen GroBteil unseres Lebens in geschlossenen Rau= 

men und es ist, wie unsere Versuche zeigen, durchaus 

nicht gleichgilltig wie dabei klimatologische Faktoren 

geandert oder abgeschi.rmt warden. 

Selbstverstandlich haben diese Uberlegungen vordringlich 

dort Gewicht, wo es um eine optimale Beeinflussung von 

Kranken geht, die erfahrungsgeman auf negative bioklima= 

tologische EinflUsse besonders ungilnstig reagieren -

z.B. in Intensivpflegestationen, Herzstationen, bei der 

pra- und postoperativen Behandlung etc. 

lch bin mir vollig bewuBt, daB wir mit unseren Versuchen 

nur einen Teil bioklimatologischer Einfltisse erfa8t 

haben; die Ergebnisse sind aber derartig eindeutig,daB 

man in Zukunft die Gesamtforschung auf diesem wichtigen 

Gebiet unbedingt wird intensivieren miissen. 
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METHODOLOGY OF EXPERIMENTAL AND EPIDEMIOLOGICAL RESEARCH 
OF DIFFERENT ENVIRONMENTAL PHYSIOPATHOLOGICAL FACTORS 

MAURICE STUPFEL 

Research Group U.123, I.N.S.E.R.M., Physiopathological Mechan
isms of Environmental Nuisances, Paris, France 

ABSTRACT 

The muttipticity of the environmental factors and the diver

sity of their points of impaat on the existential and evoiutive 

states of tiving beings must not lead to neglect of physical, 

chemicai, biologicai and statistical principles, the syntheticai 

~pplication of which constitutes the basis of a methodotogy. 

A pluridisciptinary approach is necessary but its difficulty and 

its complexity should not be minimized. 
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Introduction 

The multiplicity of the environmental factors and the diver

sity of their sites of impact on the existential and evolutive 

states of living beings must not result in the neglect of physical, 

chemical, biological and statistical principles, the application 

of which constitutes the basis of a methodology. A pluridisci

plenary approach is necessary but its difficulty and its com

plexity should not be minimized. 

Historical 

The possible interactions between man and his environment 

have always been a subject of interest. Reclus (1) and Dubas (2) 

quote Hippocrate's "Airs, waters and places" and Montesquieu's 

"de !'Esprit des lois''; Brunhes, Vidal de la Blache and Leroi

Gourhan in France have described the relationships between human 

ethnology and geography. According to Bernard and Ruffie (3} 

the stratification of human raciation results from geographic 

separation and from ~ocioeconomic isolation[rsraelites of the 

Kurdistan, Laurie (4]. In a more restricted but more inunediate 

domain, aviation, submarine and space experiments in which man 

is enclosed in a limited space have lead to the study of the 

effects of imposed thermal, physical and chemical constraints. 

In addition to classical meteorological factors (temperature, 

humidity,atmospheric pressure, static electricity and electro

magnetic waves Tromp (5) and Rivolier (6)) technical progress, 

since the beginning of the Victorian era increased industrial 

pollution. But awareness of these dangers has. only become real 

since the threat of the atomic bomb. Radioactivity measurements 

in different parts of the world have discovered unsuspected 

methods of propagation through aerial, water and biological media. 

Research Objectives 

Every substance or factor which is a possible risk to man's 

health or comfort or which can indirectly touch his natural, 

cultural or economic patrimony is considered an environmental 

nuisance. This definition, obviously of a general nature must 
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be practically limited to the search for the pathological effects 

of contamination of water, air and food by chmeical, physical 

and biological agents. 

Most of environmental nuisances are interdependent, for 

example alcohol, tobacco and traffic casualties. 

The multiplicity of environmental factors has as a counter

part the variety of their physiopathological effects. Choices 

must be made. Short-term objectives (acute toxicity, morbidity 

and mortality, urban factor) have mostly an applied aspect. 

Long-term objectives (penetration, metabolism, target organs, 

enzymatic inhibition or induction, genetic and teratological 

consequences, mutations, interactions between physical and 

chemical agents) are more theoretical and require a fundamental 

farsighted approach. 

Technical Procedures 

Two distinct complementary methodologies are employed, one 

centred on man, the other on animal experimentation. 

A-Human studies 

They include geopathology, epidemiological surveys, analyses 

of pollution, accidents, and occupational risks. 

Geopathology investigates the action of soils (rural, urban 

or industrial) on pathology (malaria, Burkitt's tumor, air pol

lution of the Maurienne valley) and on human ecology. 

Prospective inquiries require a very large number of sub

jects if the pathological consequence is rare, sometimes more 

than 200,000 subjects. In retrospective inquiries the definition 

of a control group is difficult. For each sick subject of the 

survey a control of the same age, sex, socioeconomical, geogra

phical and racial origin must be matched (7). 

Epidemiological surveys can be divided into surveys of 

mortality and morbidity. In France a certain uncertainty per

sists in the diagnosis of lethality. Morbidity criteria are 

difficult: absenteeism, exposure to medical and pharmaceutic 
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agents. The Swedish studies on homozygote and heterozygote 

twins have enabled examinations of genetic factors in environ

mental toxicology (smokers and non-smokers) . 

Occupational medicine necessitates a good knowledge of well 

specified environmental factors and investigates inunediate pre

ventive measures. They must be developed rapidly especially in 

view of the increase in the number of new synthetic chemicals 

and their potential pathology (skin or respiratory allergies: 

farmers, lungs, byssinosis, bird breeders disease). 

Certain acute episodes or accidents (air pollution in 

London in 1952, Mimamata's disease, diethylstilboestrol genital 

cancers in young girls) are privileged observations. 

B-Animal experimentation 

Considered as the quickest and safest way to obtain data on 

acute or chronic toxicity, animal experimentation gives rise to 

specific difficulties. A 1/10,000 risk will necessitate treating 

10,000 or 301000 rats or ~ice, supposing that the effect is the 

same in these animals and in men. In fact teratogenic effects 

must be assayed on 4 or more different species of mammals 

(thalidomide). The choice of an ''animal model" imposes certain 

constraints (guinea pigs for allergical studies). Rats and mice 

are genetically well determined, and can be obtained pathogen 

free, but repeated blood of tissue sampling requires larger 

animals. Allometrical laws (8,9) should be taken into account 

but only between certain limits (diameters of dust particles 

penetrating into the airways of different species. On small 

laboratory rodents, which have a short life-span, it is possible 

to study long-term effects of pesticides, food additives and 

ionizing radiations on longevity, fecondity, offsprings and 

population dynamics (10) . They enable investigations of genetic 

factors to be made which more and more are shown to have a role 

in the multiple-factor etiology of many diseases (cancer, anti

alpha-1-trypsine and emphysema, (11). Within the same species 

it has often been demonstrated that in addition to strain, sex 

and age interfere in toxicity studies (12,13,14). 
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c.statistical procedures 

Statisticians must consider the possibility of interference 

of temporal trends (~ltradian, circadian and infradian rhythms)(lS} 
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UTILISATION DE CULTURES DE TISSUS HUMAINS POUR LA 
RECHERCHE D'UNE EVENTUELLE SYNERGIE ENTRE LES 

EFFETS TOXIQUES DE DEUX SOLVANTS USUELS: LE TOLUENE ET 
LE BENZENE 

D. GRADISKI, J, L, MAGADUR 

Institut National de Recherche et de S~curit~ pour la pr~vention 
des accidents du travail et des maladies professionnelles, 
Vandoeuvre, France 

RESUME 

L'adaptation de plans d'expArience factoriels aux cultures 
de cellules, d'origine humaine, permet l'4tude des interactions 
complexes entre toxiquea. La rAaliaation du plan ae fait en 
soumettant des cultures, de fa~on rApAtAe, d des combinaisons de 
doses des toxiques AtudiAs. 

L'exploitation des donn4es utilise ta m4thode des moindres 
carrAs, en se fixant un certain nombre de conditions 4videntes. 
L'aation dea toxiques et leur interaction sont soumises gtobate

ment au test F de Snedecor, avant de les comparer d la vateur 
2Aro, pour chaque point de mesure, par te test t de Student. 

Ce plan, appliqu4 aux m4langes bens~ne/totu~ne, d faible 

teneur de benzine, rAv~te, dans tes intervatles de doses soumises 
d t'expArience, et pour lea premi~res 24 heures: 

- une action benslne ind4pendante de ta dose, 
- une action tolu~ne d4pendante de ta dose, 

- une interaction complexe benzlne/totu,ne qui, pour cer-

taines doses oaract4ristiques, n'est pas signifioative. Lorsqu' 
it en est autrement, t'interaction se manifeste dans le sens d'une 

diminution de l'effet toxique. 
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ABSTRACT 

The adaptation of the factorial planning of experiments to 

human cell cultures makes it possible to study complex inter

actions between toxic substances. The cultures are exposed 

repeatedly to combinations of doses of the toxic substances unde~ 

investigation. 

The data are evaluated by the method of least squares, with 

a certain number of obvious conditions. The effects of the 

substances, and their interaction, are alt submitted to the 

Snedeaor F teat before they are compared at the zero value, for 

each reading by Student's t test. 

This plan, applied to benzene/toluene mixtures having a low 

benzene content, showed, for the doses tested and for the first 

24 hours: 

- an effect of benzene independent of the dose, 

- a dose-dependent effect of toluene, 

- a complex interaction between benzene and toluene, which 

at certain characteristic doses was not significant. Otherwise, 

the interaction shows itself by a reduction of the toxic effect. 
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I. Introduction 

La recherche d'interactions complexes entre les effets toxiques de deux 

substances chimiques necessite le traitement statistique d'un grand nombre 

de valeurs obtenues en combinant, deux a deux, un certain nombre de doses 

de substances etudiees, chaque cas devant etre repete plusieurs fois. 

L'emploi des cultures de cellules rend cette recherche mains lourde que 

lorsqu'on utilise des animaux de laboratoire, technologiquement et finan

cierement. Elle peut se suffire a elle-meme, si on ne s'interesse qu'a la 

cytotoxicite, ou si le comportement des cultures, pour les toxiques consi

deres, est un ban modele de ce qui a ete observe en toxicite aigue sur ani

mal (D.Gradiski, J.L Magadur ltl). Dans les aut:res cas, elle peut servir de 

modele a une experimentation animale ulterieure OU etre completee par une 

simulation. L'etat actuel de la technique, telle qu 1 elle est utilisee dans 

notre laboratoire, est expose a propos de la recherche d'une eventuelle 

interaction benzene/toluene, dans les melanges dans ces deux corps, a fai

ble proportion de benzene. 

2. Plan experimental 

Les deux toxiques sont consideres comme deux traitements (T = toluene ; 

B = benzene) dont les differentes doses rep~esentent les degres (K1 doses 

pour le toluene, K1 doses pour le benzene). Chaque combinaison de doses est 

repetee n fois. 

Le parametre observe est le nombre de cellules par ml, compte a la cellule 

"Nageotte". Chacune des mesures est reperee : x
1

• r 
·I· 

Le modele adopte est le suivant 

xij r µ + ai + bi + cij + E i.j.r 

OU . µ est la moyenne des temoins non traites (X'oo ) • . 
ai est l'ecart par rapport a µ, du a l'action du 

bi est l'ecart par rapport a µ, du a !'action du 

( 1) 

toluene, 

benzene, 

cij est l'ecart par rapport a ii' du a !'interaction benzene/toluene, 

£ijr est une realisation de la variable gaussi~nne £de moyenne qulle et 

de variance inconnue. 

Le probleme a resoudre s'enonce ainsi 

L'echantillon de mesure xijr dont on dispose, permet-il de refuter 11 exis

tence des termes ai, b; et cil, avec une probabilite de se tramper inferieure 

au seuil a. 
Le mode de resolution utilise la methode des moindres carres, en posant les 

relations evidentes 8c = 0 ; b 0 = O ; c 10 "" 0 ; eo1 = 0. 
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3. Manipulation 

Les mises en cultures et traitements par les toxiques sont effectues 

cornrne decrit dans un travail precedent (D.Gradiski, J.L Magadur 111). Les 

cellules appartiennent a la lignee Hela. Toutes les precautions sont prises 

pour ne pas introduire un facteur de variation non controle. Les doses 

employees sont respectivement les suivantes (en moles/ml) : 

Toluene O; 2 1 3.10-9 ; 2,3.10-8 ; 2,J.10-1 

Benzene 0; 2, 7. 10-11 ; 2. 7. 10-10 ; 2, 7. 10-9 ; 2, 7. I o- 0 ; 2. 7. 10-1 ; 2, 7. I o- 6 

Chaque combinaison de doses est repetee trois fois. Les comptages sont 

effectues apres 24, 48 et 72 heures. Seuls les resultats obtenus a 24 h 

sont discutes. 

4. Resultats experimentaux et traitement statistique 

Il est impossible de fournir ici tous les resultats experimentaux, de 

meme que toutes les valeurs statistiques intermediaires. Un double tableau 

presente (Fig. I) : - dans la partie superieure, de fa~on intuitive 

les resultats experimentaux, exprimes en% d'inhibition de developpement, 

par rapport aux cultures temoins (traits pleins), 

la surface theorique correspondant a un modele purement additif (pas 

d'interaction) (tirets) ; 

- dans la partie inferieure 

les valeurs trouvees pour les differents a 1 et bi, termes d'action du ben

zene et du toluene {premiere colonne et premiere ligne), 

• les valeurs trouvees pour les cii , termes d' interaction 

S. Discussion 

Le test F de Snedecor, effectue pour 1 1 ensemble des resultats au premier 

jour, associe au test t de Student, pour rejeter l 'hypothese de nullite des 

ai, bi , cij, permet d 'affirmer 

que le benzene exerce une action sur le d€veloppement des cellules Hela 

(p>0,95). Dans l'intervalle de doses choisi, cette action atteint son ma

ximum des. la premiere dose ; 

que le toluene exerce aussi une action (p>0,95) tendant vers une limite 

superieure, 

qu'il existe une interaction benzene/toluene (p>0,999). Cette interaction 

n'est pas significative pour certaines combinaisons de doses (en particu

lier celles contenant 10-8 M/ml de benzene). Lorsqu 1 elle est significative 

elle s'exerce toujours dans le sens d 1 une diminution de l'effet toxique 

total. 
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Figure n° 
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10-6 

Legmzde : La p1·0Jeet1:on d 'un po1:nl de mmrnr'(' cur lrz carJA oor>r>espondanle du 

iableau infer•z'.rur• per•mt?t de liY'c : daw; ePtle easeJ le ter>me ci
1 

; dans la 

(:olonno l.a plirn <I gauc•heJ le termc b
1 

Pt dan:J la ligne inj'er>1'.ew•eJ le ter>me 

ai. 

Quelques hypoth~ses pcuvent ~tre formul6es, tcndant i rendre comptc de ccs 

intPrnctions. La rcchurche d 1 616mcnts exp~rimcntnux nouveaux pcrmettra de 

choisir la plus probable~ la suite d'unc simulation qui devra reproduire 

lcs fnits exp6rimcntaux expos6s ic1. 

Hn)jiaumph?:e :111 CRADISKIJ D.J MAGADURJ J.L., "'I'oxir:oite compm-•ee deE_ 

p1•ineipaux twlvanlD c:hlore:; aliphatiqucc". Jour•naZ. 

l:..'w·opr~en de Toxieo logiC' ( u par•ai tr>e). 
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EXPOSURE OF LABORATORY ANIMALS TO URBAN AIR POLLUTION: 
PHYSICAL PLANT, EXPERIMENTAL DIFFICULTIES, OBSERVED EFFECTS 

+ + * ANDREW L, REEVES , THOMAS F, MOONEY, JR, AND RALPH G, SMITH 

+ Department of Occupational and Environmental Health, Wayne 
State University, Detroit, Michigan, USA 

++ School of Public Health, University of Michigan, Ann Arbor, 
Michigan, USA 

ABSTRACT 

Approximately 3500 animals were involved in a 5-year experi

ment to determine the health effects of air pollution as it oc
curs in the center of a large city (Detroit). One-half of the 
animals breathed air from out-of-doors constantly, with the air 
delivered to them into chambers with as little change as possible 

except temperature control. The other half of the animals 

breathed air after passage through activated charcoal and fine 
pore filter banks. Elimination of various pollutants ranged 
from excellent (particulate matter, oxidants) through fair (nit
rogen oxides, so2J to poor (hydrocarbons, CO). Several strains 
of mice, rats, rabbits and guinea pigs were.exposed and studied 
during their lifetimes, in some cases including breeding and 
observation of progeny. 

Mortality, morbidity, body weight, body temperature, electro
cardiography, pulmonary function, the results of periodic blood 
teats including hemoglobin, hematocrit, and red blood cell count, 
and starch gel zymograma of eeterase, lactate dehydrogenaae, and 
acid phosphatase of pulmonary and lymphnode tissues showed no 

significant differences between the colonies. Histopathotogic 
studies on various tissues were also unremarkable e~cept for the 
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amount of particulate matter present in the lungs, Possible 

effects of borderline significance included elevated plasma 

alkaline phosphatase in exposed rabbits and increased spontaneous 

activity (by running wheel) in young exposed mice. The only 

pronounced and sustained difference between the colonies was in 

the white blood cell count, attributable chiefly to an increase 

in the number of lymphocytes in the exposed animals. 
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The health effects of urban air pollution were studied intensively in 
re( ent years by means of human epidemiology[l] and animal experiment 
[l ]. During the years 1960-65, a study involving the latter approach was 
conducted at Wayne State University in Detroit, under auspices of the 
U.S. Public Health Sc1"vice[3]. 

The guiding principle of the Detroit study was to expose a colony of 
experimental anin1als to ambient levels of air pollution as it occurs at a 
busy downtown intersection with as little change as possible and compare 
the long-range health status of these animals to that of an identically 
maintained control colony which breathed as clean air as it was possible 
to obtain. An extensive physical plant was constructed in order to realize 
these objectives (Figs. 1, 2). Street air was sucked into a 60 cm diam, 

Fig. 1. Air pollution intake duct and f n house, top view. 
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Fig. 2. Air pollution intake duct, fan house, and laboratory 
building, horizontal view. 

duct which arched over a street at a height of 4. 4 m with 22 inlet holes. 
The air passed through a fan house where it was heated or cooled accord
ing to the season and then delivered into the laboratory building where the 
animal rooms were located. For the ambient air room the tempered air 
was delivered directly through a perforated wall. For the clean air room, 
the airstream was passed through a set of absolute filters and activated 
charcoal absorbers and subsequently delivered through another perforat
ed wall. The air was exhausted from each animal room through the oppo
site perforated wall, with a second fan located in the discharge duct. A 
pressure balance was maintained at a slightly positive level in order to 
minimize outside contamination of the animal rooms through the doors. 
The system was capable of handling 100-350 m3 air per minute, depend
ing on the outside temperature, resulting in 60-180 air changes per hour. 
Dehvery of outside air into the animal rooms took no more than 5 sec onds 
so that changing outside conditions due to varying traffic patterns were 
faithfully reflected in the experiment. 

Table I illustrates the degree of success of the physical plant, 
First, it can be seen that ambient air room levels resembled outside 
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Table l 
Instrumental Analysis of Air Quality 

Typical Monthly Means 
Contaminant Unit outside ambient clean 

building air room air room 
Total particulate y/m~ 95 91 1. 4 
Total oxidant p. p. h. m. o. 5 o. 6 o.os 
Total hydro carbon p. p. m. 2,6 2. 7 2. 5 
co p. p. m. 3,2 3. 1 3. 0 
SOz p. p. h. m. 10 8. 8 s. 1 

NOz p. p. h, m, 5, 7 6. 5 1. 7 
NO p, p, h, m. 9.0 11. 2 14. 2 

levels for all contaminants, so that the atmosphere was indeed delivered 
to the animals with no substantial change. Second, it can be seen that 
with respect to difference between the ambient air and clean air rooms, 
the contaminants may be divided into 3 groups. Substantial concentration 
differential was seen with particulate matter and oxidant only. Moderate 
concentration differential was seen with SOz and NOz. Essentially no 
concentration differential was seen with CO and hydrocarbons. An anom
alous situation existed with respect to NO, which was apparently created 
during the cleansing procedure, resulting in higher concentration in the 
clean air room than in the ambient air room, The two nitrogen oxides 
together underwent moderate reduction of concentration during filtering. 

The experimental animals exposed to these atmospheres included 
650 mice, 600 rats, 400 guinea pigs, and 100 rabbits of various strains 
in each colony, The animals were kept in their respective exposure 
rooms throughout their lifetimes, in some cases including breeding and 
observation of progeny. Air pollution created by their own excrements 

was carefully controlled by a thorough sanitation schedule, Feeding, 
watering, sample collection, and other handling was strictly identical 
for the two colonies. 

It was recognized that filtering of air involved removal of micro
biological contamination as well. and since this was not one of the desired 
variables the incidence of infectious conditions had to be equalized in the 
two colonies. For this purpose, 25-50 additional animals of each species 
were designated as "bacterial flora carriers" and alternated between the 
exposure rooms on a daily basis, The latter animals were otherwise not 
evaluated in the experiment. Equalization of bacterial flora was satis
factory as evidenced by very nearly identical mortality and gross mor
bidity rates between the colonies for each species. 

In order to monitor subUe manifestations of morbidity or other 
physiological responses attributable to air pollution, an animal testing 
schedule was established involving physiological measurements on a 
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multichannel analyzer and blood tests including hematocrit, hemoglobin, 
cell counts, and serum electrophoresis. At periodic sacrifices, lung 
and tracheobronchial lymph node tissues were obtained and examined 
histopathologically and biochemically. Mice had voluntary exercise 
wheels in their cages with automatic revolution counting devices. 

The summary results on all theae measurements (Table 2) showed 
that the only really significant difference between the animal colonies 
was in the particulate load of the lung~ (attributable chiefly to increased 

Table 2 
Measurable Differences Between Animal Colonies* 

Parameter 
Typical Monthly Means 
ambient air clean air 

Rat WBC counts, xlOj(with lymphocyte %) 8. 6(78) 7. 6(73) 
Guinea pigWBCcounts,xl03(with lymphocyte%)8. 2(61) 7. 3(56) 
RabbitWBC counts, xl03(with lymphocyte %) 4. 8(62) 3. 6(56) 
Rabbit serum. alk. phosphatase(KA units/I 00 ml s. 90-6. 21 s. 73-5. 7i 
Rabbit lung ash, Al (p. p. m. ) 249 170 
Rabbit lung ash, Ba (p. p. m.) s. 6 z. 9 
Rabbit lung ash, Pb (p. p. m. ) 23. 5 10. 4 

Mouse voluntary activity (103 revs. /wk. ) 29 27 
*Lack of reproducible differences was experienced with respect to the 
following parameters: Body weight; body temperature; electrocardio
gram; pulmonary !unction; kind and degree of pulmonary histopathology; 
plasma electrophoresis; isozymes of esterase, acid phosphatase and lac
tate dehydrogenase; hemoglobin; hematocrit; erythrocyte counts; and the 
following elements in lung tissue:Cr, Co, Cu, Mn, Mo, Ni, Sr, Sn, Ti, V ,and Zn. 

levels of aluminum, barium, and lead in the exposed animals); and in 
the white blood cell counts (attributable chiefly to increased number of 
lymphocytes in the exposed animals). Small increases of questionable 
significance were also seen in the serum alkaline phosphatase levels of 
rabbits and in the voluntary activity of young mice. Unaffected were 
essentially all other measured parameters including specifically the 
physiologic and histopathologic evaluations of animal health. 

The increased particulate load of the lungs was a natural conse
quence of breathing unfiltered air and the increased lymphocyte counts 
probably reflected a phagocytic response to this challenge. This is a 
normal defense mechanism of the respiratory system and it appears that 
the physiologic reserves of the organism were not exhausted by the ex
posure. It may be concluded that breathing ambient city air did not 
measurably impair the health of these animals. However, the increased 
heavy metal burden in the lungs is remarkable and the possible chronic 
effects of this accumulation were not evaluated in this study. 
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EFFETS SYNERGIQUES DES POLLUANTS PARTICULAIRES 
ET D'INFECTIONS EXPERIMENTALES TUBERCULEUSE OU ORNITHOSIQUE 

J, C, MARTIN, L, LE BOUFFANT, H, DANIEL 

Centre d'Etudes et Recherches des Charbonnages de France, 
Verneuil-en-Halatte, France 

RESUME 

Plusieurs types de mod~tes expdrimentaux sont rdatisds~ 

comportant des empoussidrages de particules mindralea diverses 

associJs d des infeations de natures diffdrentes. Deux types 

de contaminations bactdriennes sont rdalisdes~ soit par voie 

intro-veineuse pour t'infeation tubercuteuse (Mycobactdrium 
Kanaaaii) soit par voie intra-pdritondate pour l'agent de l'or
nithose. 

Les rdsultats obtenus montrent une aggravation indiscutabte 

des infeations putmonairea ou gdndrates par tea poussi~res. 

Toutefois cette aggravation est command~e par: 

- la nature de l'agent infectant et l'e~istence ou non d'une 
phase de parasitisme celtutaire obtigatoire; 

- ta nature et Za nocivitd cettulaire propre de chaque 

poussi~re; 

- la quantitd totate de particules retenues au niveau du 

poumon dans le cas des infections de nature tubercuteuse. 

Les mdcanismes primaires responaabtea des ph4nom~nes d'ag

gravation n'apparaissent pas univoquea. Its sont ainsi ti4e 

au point d'impact particuZier et au mode de multiplication sp~

oifique de chaque agent infectant d'une part et d ta cytoto%icitd 

propre de chaque poussi~re d'autre part. IZs conditionnent 

ainsi le type de rdaction et tea effeta syne~giques aonstat4s. 
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Les nombreux travaux consacres independamment d l'aation 

des polluants mineraux et aux diverses infections pulmonaires 

ont permis de mieux connaitre la noaivite et la pathologie par
ticulaire liee a ahaaun de aes agents, 

Neanmoins, il est frequent sinon habituel en pathologie 
humaine, surtout dans certaines aativitea induatrielles, de voir 

se combiner au niveau pulmonaire notamment, l'action d'agents 

pathogenes multiples. Ainai en eat-il des polluanta particu

Zaires mineraux et des infections. C'eat a quelques-uns de 
ces effets synergiques que se rapporte ce travail. 

ABSTRACT 

Various types of experimental model were constructed for 

exposure to various mineral dusts associated with different types 

of infection. Infection was induced either by the intravenous 

injection of tuberculosis (Mycobacterium kansasii) or by the 

intraperitoneal injection of ornithosia. 

The results showed a definite aggravation of pulmonary or 

general infections by the dusts, 

depended on: 

However, the aggravation 

- the nature of the infective agent, and the presence or 

absence of a phase of obligatory cellular parasitism; 

- the nature of each dust and its ability to damage cells; 

- the total quantity of particles retained in the lung in 

the case of tuberculous infections. 

The primary mechanisms responsibte for the aggravation 

phenomena appear to be some~hat ambiguous, For ezampte~ they 

are linked on the one hand ~ith the point of impact concerned 

and the specific mode of muttiptioation of each infective agent. 
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and on the other with the specific cytotoxiaity of eaah dust. 

In this way they condition the type of reaction and the syner

gistic effects which are observed. 

Numerous individual studies relating to the effects of min

eral pollutants or to various pulmonary infections have provided 

further knowledge of the noxiousness and pathology specific to 

each of these agents. 

Nevertheless, it is the combined effects of a number of 

pathogenic agents which are observed frequently if not regularly, 

notably in the human lung, in the context of certain industrial 

activities. The same is true of particulate mineral pollutants 

and infections. The present study is concerned with some of 

these synergistic effects. 



1. Methodes e:xperimentales 

1.1 - Poussieres 
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Les dlfferentes poussieres (charbon, quartz, o:x;yde de titane, chry

sotile) utilisees sont des particules inferieures a 5 microns. Elles sont 

adminlstrees salt par empousslerage dans des cages CERCHAR a regulation au

tomatlque, salt en suspension dans un liquide physiologique dans le cas 

d 1 1njections peritoneales. 

1.2 - Infection 

Deux types de gennes ont ete inocules : 

- salt par injection intra-veineuse pour Mycobacterium Kansasii 

- solt par vole 1ntra-per1toneale pour 1 1 agent de 11ornithose 

(Chlamydia psittac1). 

Les anlmaux ont ete choisis en fonction de leurs sensibilites aux 

differents ge:rmes : coba,yes pour 1 1 infection mycobacterienne~ souris IOPS

OF pour 1 1ornithose. 

2. Resultats 

2.1 - Empoussierage et infection mycobacterienne (Mycobacterium 
Kansasii) 

Les animaux ant ete empoussieres avec des melanges Charbon-quartz, 

a raison de 300 mg/m3 d 1air, pendant des periodes de temps variables, de f&.. 

9on a obtenir des charges pulmonaires progressivement croissantes. Deux 

series ont ete realisees, comportant des melanges Charbon-quartz a faible 

et forte teneur en quartz. Les resultats obtenus six semaines apres 1'1no

culat1on bacterienne sont representes dans le tableau I. Ils montrent : 

- 1 1 aggravation nette des lesions tuberculeuses par 1 1empoussiera

ge prealable, aggravation jugee sur le pourcentage de la surface des le

sions histologiques pulmonaires et sur le nombre de mycobacteries v!ables 

reisolees des pournons apres 6 semaines d 1evolut1on ; 

- 1 1 augmentation proportionnelle des lesions en fonction de la quar 

tite de poussieres presentes dans les poumons ; 

- a quantite egale, que la presence de particules a nocivite cel

lulaire elevee (quartz) dans un melange de poussieres aggrave de fa~on 

importante le developpement des lesions tuberculeuses. 

2.2 - Fmpoussierage et infection orn1thos1que (Chlamydia psittac!l 

La suspension infectante est obtenue a partir du sac vitellin 

d 1oeufs embryonnes. Aprea centrif'ugation la suspension riche en corps ele
mentaires est inoculee par voie intra-peritoneale a la souris apres titra

tion de 1 1 inoculum sur cellules Len couches mQnocellulairee. 
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TABLEAU I 

Influence de la chal"'ge coniotique et de la teneur en 
quartz sur 1 11nfection tuberculeuse 

{ % :Charge pulrno- Dose Indice : Nombre ) 
(( Poussieres de quartz naire en de histo. : de ) 

dans les : poussieres :Mycobacterium: des :bacilles) 
( : poumons : en mg : Kansas11 : lesions:reisoles) 
{------------:-------------:--------------:-------------:--------:--------) 
( Melanges : 3.2 : 13.4 : : 1,4 : 50 ) ) 
( a. 5. i 26, 6 1 : 30 ) ,) 
( faj.ble 5,7 34,5 8.1o5 l.3,2 :424 )xlct} 
( teneur 5 62, 2 12, 8 : Jf62 ) ) 
( en quartz : 6 : 83,5 : : 24,9 :676 ) ) 
(------------:-------------:--------------:-------------:--------:--------) 
( Melanges : 6,2 : 38,7 : : 2,2 : 45 ) ) 
( a 11,5 ~.8 5 0,9 : 86 ) ) 
( .f2...~ 12,8 33 6,5.10 5.2 :1.295)1o'J 
( ~r 15,7 44 4,2 :1.425) ) 
( en quartz 64,5 34,3 14,5 :3. 765) ) 
( ) 

TABLEAU II 

Pourcentage de souris survivantes apres empoussierage et 
infection par Chlamydia psittaci - (8 U.I.) 

Dose Pourcenta.;:e de survie ) 
( : infectante : au 8e Jour : au lOe Jour ) 

(----------------------:----------------:----------------:----------------) 
( Omithose : 10-~ : Bo : 70 } 
( Quartz + Orn. 10-2 6o 50 ) 
( Charbon + Orn. 10- 30 20 ) 
( Charbon temoin : 100 100 ) 
( Quartz temoin : -- : 100 : 100 ) 

(----------------------:--------i-------:----------------:----------------) 
( Omithose 10-

1 
90 90 ) 

( Tto2 + om. io:1 85 74 ) 
( Chrysotile + Orn. 10 4 4 ) 
( TiO temoin 100 100 ) 
( Ch;.§sotile temoin 100 100 ) 
( ) 
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Les poussieres minerales utilisees (quartz, charbQn, oxyde de tita

ne, chrysotile) sont broyees et triees en particules < 5 µ. Elles sont en

suite injectees par voie peritoneale a la dose de 20 mg par animal. 

Les resultats e.J<l)rimes en pourcentage de survie des animaux sont 

exprimes dans le tableau II. On remarque que la seule injection de particu

les rninerales n'entra!ne aucune mortalite. Par contre, pour les animaux 

inocules avec l'agent de 1 1 orn1those, 1 1 1nject1on prealable d 1une poussiere 

entratne une aggravation de la maladie ornithosique qui se traduit par une 

acceleration dans 1 1apparition des symptomes de la rnaladie et par une aug

mentation du taux de mortalite. On constate d 1 autre part que cette aggrava

tion est variable suivant la nature de la poussiere utilisee (tableau II), 

Elle est ici moins importante pour le quartz, mineral a toxicite cellulaire 

elevee, que pour le charbon. Ce phenomene est probablement en relation avm 

la phase de parasitisme cellulaire obligatoire de Chlamydia psittaci, celle 

ci ne pouvant se produire en raison de la lyse importante des macrophages 

pe:ritoneaux provoques par le quartz. 

Ces resultats, obtenus au niveau pulmonaire OU peritoneal, sont 

representatifs de 1 1 action agg:ravante de la poussiere sur certaines infec

tions e:JPerimentales. Ils demarxleraient toutefois, avant d'etre generalises 

une etude plus etendue, notamment avec differents types d t infections, dont 

lea modalites de developpernent peuvent s' averer e.xtrernement variables d 'un 

genne a 1 1autre. 
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LES EFFETS DES POLLUANTS SUR L'EPURATION PULMONAIRE 

L, LE BOUFFANT, Ha DANIEL, J. C, MARTIN, J, p, HENIN 

Centre d'Etudes et Recherches des Charbonnages de France, 
Verneuil-en-Halatte, France 

RESUME 

£ 1 ~puration putmonaire a ~t' mesur~e ahe2 diff~rentes es
p~aes animales: chat, rat, singe, soit dans des conditions nor

males en vue d'en pr~oiser lea principau~ m~oanismes, soit sous 
t'aotion de divers polluants partioulaires ou ga2eux. Deux 

mdthodee comportant une inhalation unique ou r6p6t6e de pous

sidre ont 6t6 utilis6ee: Z'une oonaiste d doser Zes poussi~res 

dana Zea poumons des animaux sacrifie4s par lots en fonotion du 

temps; Z'autre n4cesaite l'emploi d'une poussi~re marqu4e (h4-
matite marqu6e au 59Fe), ta radioactivit4 intra putmonaire 4tant 
mesurde par des oomptages ezternes. 

Cette deuzidme m6thode a eervi 6gatement d faire des mesures 

de r4tention et de oapacit4 d'4puration chea Z'homme, Zes doses 

de poussi~re marqu4e 6tant tr's faibles (inf6rieures d l micro
curie). 

Les r6suttats obtenus permettent de faire Zea oonstatations 

auivantes: 

- it eziste des diff6renoes importantes dans la vitesse d'4-

puration selon la nature des poussilres et selon l'esp•oe animals 
consid4r6e. La diff4renoe est peu importante au niveau de l'4-
puration bronohique qui est trls rapids; par oontre au niveau 

atv4otaire, ta vitesse d'4puration varie dans une targe propor
tion: rapide ohea le chat, ette est tr~s tents chea Z'homme. 
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On constate en outre une variation individuelle importante au 
sein d'une mbme esp~ae. 

- la capacit~ d'~puration pulmonaire mesur~e chea le rat 
est nettement affect~e par des inhalations ant~rieures de pou8-
si~res qui ont pour effet de ralentir le ph~nomene d'autant plu 8 

fo~tement que la charge aoniotique est plus ~Zev~e. 
- Zea gaz irritants tels que Zea vapeurs nitreuses et l'an

hydride sulfureux tendent d favoriser Z~gerement Z'~limination 
des poussieres intra-alv~olaires. 

ABSTRACT 

Pulmonary clearance was measured in various animal species 
(cat, rat, monkey) either under normal conditions, to determine 
the principal mechanisms, or under the influence of various par
ticulate or gaseous pollutants. Two methods were used, entail
ing a single inhalation or repeated inhalations. The first 
consists in determining the quantity of dust in the lungs of 
groups of animals sacrificed after various time intervals, and 

the second is based on the use of a labelled dust r69Fe - label
led haematite) and the determination of intra-pulmonary radio
activity by e%ternal counting. 

The second method was also used to measure retention and 
clearance capacity in man, using minute quantities of labelled 
dust (less than 1 microcurie). 

The results obtained permitted the following conolusions: 
- The rate of clearance varies considerably according to 

the type of dust and the animal species in question. Bronchial 
olearanoe is rapid, and the differenoes are slight; the rate of 
alveolar clearanoe on the other hand, varies considerably, being 
rapid in the cat and very slow in man. There are also oonsid
erable individual variations within a given animal species. 

- Clearance capacity measured in the rat was olearly af-
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fected by prior inhalation of dust; the slowing down of the 

alearanae process becomes more marked as the quantity of dust 

increases. 

- Irritant gases, such as nitrous oxide and sulphur dioxide, 

show a slight tendency to favour the elimination of dust from 

~ithin the alveoli. 
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1, Introduction 

Les recherches consacrees depuis plusieurs annees a 1 1epuration 

pulrnonaire ont perniis d 'en preciser les principaux mecanismes et d 'en eta

blir les lois, mettant notarnment en evidence 1 1existence d 1une epuration 

bronchique rapide et d 1une epuration alveolaire lente. 

Cette derniere presentant une importance pa.rticuliere en ce qui 

concerne la genese des lesions pulmonaires d 1 or1gine coniotique, 11 a paru 

essentiel de tenter dten determiner les caracteristiques et les variations 

individuelles, ainsi que at analyser les modifications qu 1elle peut subir du 

fait de differentes agressions d'origine exterieure ou encore de certaines 

lesions de 1 1 appareil pulmonaire lui-m@me. 

2. Methode e:xperimentale 

Les recherches ont ete menees sur trois especes animales le cl"at. 

le rat et le singe, ainsi que sur 11homme. 

2.1 - Poussieres 

L' empouseierage pulmonaire est realise par inhalation d 'une sus

pension de particules inferieures a 5 µ a la concentration de 300 mg/m3 

dans des cages a regulation automatique. Quatre types de poussieres ant ete 

etudies: le quartz, le charbon, 1 1o:xyde de titane et 1 1hematite, 

2,2 - Gaz 

Deux gaz irritants ont eta testes : lea vapeurs nitreuses et 1 1 an

hydride su.lfureux, L11nhalat1on de ID
2 

a ete realisee par bouffees de 30 mi

nutes (oonoentration de 100 a 30 ppm) pendant 3 heu:res par Jour et 1 1 inha

lation de 002 a la concentration de 300 ppm a raison de 2 heures par jour. 

2.3 - ContI'8le de 1 1 !§ouration pu:unonaire 

Les oaraoteristiques d' tSpuration vis-a-vis d 'une poussie:re don

nee ont '1ie detenninees en suivant l 'elimination de la pouss:tere par des 

dosages ohimiques dens lea poumons ept"9s saorifioe de 11 animal. 

L 11nfluenoe des gaz irritants sur la vitesse d 1~ation des pous

si~res inhalees a ete mesuNe salon le m8me proo~e. 

Entin,, l'etude oinetique de 1 1epuration pulmonaire nonnale et des 

modif'iostions qu1elle subit sous 11aotion de divers faoteurs 1 nature de la 

poussi~re, charge ooniotique,, a ft' fa1te par inhalation de poussi~res d 1o

~e de te1• Fe2o3 marque au 59Fe puis oomptage de la l'adioaotittte y i!ltra

pulmonaire, 

3. Corapt4riatlgues de l 1§urat1on 

3.1 - Variation aelon la n&ture des poue11~re1 
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TAB[,EAU I 

Influence de la nature 
des poussieres sur leur vitesse d 1epuration 

( . 
Pouroentage epure ) 

Nature de la . 
( poussiere : apres 46 jours 

) 
( . ) . 
( . ) . chat rat 
( : ) 
( . 

45 ) 
quartz 

. :;s 
( . ) . 
( Charbon : 84 <5 ) 
( . : ) 

mcyde de titane . 
70 23 ( ) 

{ h&natite . 76 55 ) . 
• • 

TABLEAU II 

Taux de retention globale et vltesse d 1epurat1on 
alveolaire chez l 1honrne. Variations individuelles. 

Retention globale: Tauxde retention: Pdriod.e de 
en~ de l'aerosol : alveola1re {en~ l 1epurat1on 
mis en suspension : de la r6tent1on alveolaire . totale) (en Jours) . 

5.9 90 100 

8,,5 68 117 

3,,8 Bo . 183 . 
4,,4 : 76 28o . . 
7,,'2. 82 560 

) 
) 
) 
) 
) 
) 
) 
) 
) 
) 
) 
) 
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Les resultats de 1 1 etude effectuee sur le chat et sur le rat avec 

des poussieres de quartz, de charbon, d 1oxyde de titane et d 1hematite sont 

porles dans le tableau I. Il appara.tt une nette influence de la nature chi

mique des poussieres sur leur taux d 1epuration. On observe en outre que le 

classement des poussieres en ce qui concerne leur vite3se d 1elimination n 1-

est pas le m~me d 1une espece a 1 1autre. En parliculier, 1 1epuration du Char

bon est rapide chez le chat tandis qu 1elle est tres faible chez le rat. 

3.2 - Variation selon 1 1espece 

La difference de vitesse d 1epuration d 1une mSme poussiere selon 

1 1 espece animale consideree a ete etudiee en utilisant de 11hernatite mar

quee chez le chat, le rat et le singe et une comparaison a ete faite avec 

1 1homrne. L 1epuration des voies respiratoires superieures et des branches 

apparait rapide dans tous les cas (periode inferieure a 2 jours) tandis que 

1 1 epuration alveolaire varie de fa9on importante d 1une espeoe a 1 1autre, can

me le montrent les courbes de la figure 1. Les periodes moyennes correspon

dantes ont ete calculees : 16 jours pour le chat, 28 jours pour le rat, 250 

jours pour 1 1honune, 300 jours pour le singe. 

3.3 - Variations individuelles 

Une etude anterieure effeotuee sur le chat au moyen d 1hematite 

marquee avait montre 11 existence de variations individuelles de la courbe 

d 1 epuration. On a determine par la m@me methode les variations individuelJes 

du taux de retention et de la vitesse d 1epuration chez 1 1homme. Les resul

tats portes dans le tableau II et ooncernant cinq sujets testes dans des 

conditions d 1essai identiques montrent d 1une part que la retention globale 

varie dans des proporlions i1J1Portantes_. d 1 autre part qu 111 exlste des dif

ferences de 1 1ordre de 1 a 5 dans les vitesses d 1epuration alveolaire. 

4. Action des polluants sur la capaoite d 1epuration 

4.1 - Polluants particulaires 

L 1etude_. effectuee sur le rat_. a porte sur trois sortes de pous

sieres : le charbon_. 11 o:xyde de titane et l 1hematite. Aprea inhalation de 

quantites Variables de poUSSieres_. la capacite d I epuration a ete testee a 

l 1hematite marquee. Le tableau III montre que 1 1 inhalation de poussieres_. 

de quelque nature qu 1 elles soient, diminue la capacite d 1 epuration vis-a

vis de nouvelles particules atteignant le poumon. Cette diminution est d 1 

autant plus marquee que la charge ooniotique est plus elevee. On constate 

en out re que le retour a la capaoi te nonnale d' epuration depeni de la na

ture des poussieres : dans le cas present, 11 n' est observe que pour l' o:xy-
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TABLEAU III 

Action des polluants particulaires sur la 
capacite d 1epuration pulmonaire du rat 

(Nature du: Charge coniotique Period.a de 1 1 epuration alveolaire 
(polluant : par potunon apres jours) apres differents delais 
( :empoussierage (mg) d'evolution (1) 

(en ) 
) 
) 

( . 
:6 mots :9 mois : 18 mois~ ( 0 ;3 mois : 

( 2,7 69 28 ) 
( charbon 8,1 72 49 

) 
( ) 
( : 

30,9 . 365 . m ) . . 
( 4,9 Z7 22 20 

) 
( o.Jcy"de de: 

11,2 55 47 28 ) 
( titane ) 
( 20 . 95 63 32 ) . 
( 5,4 21 19 

) 

~ hematite: 25,6 136 87 
) 

51,,6 154 124 
) 

' l 
(1) periode moyenne des temoins 25 Jou rs 

TABLEAU IV 

Influence de 1 1 inhalation deg~ irritants 
chez le rat (N02, so2) sur l' epuration pulrnonaire des poussieres 

(Nature de la :Nature du gaz: Taux d 1epuration apres :Variation du ) 

~ poussiere ~~~i~~;~i~~s~ 4 sem~nes ::~~ d'epura-~ 
<~--------------------------.;.---T-em_o_1_n __ -:.·-----N0~2=---....:.-------------> 
( Charbon- ) 
~ quartz (te- N02 • 8,,6 % 22,4 % : + 160 ~ ~ 
{ main : 2,9 • spree em- : ) 
( mg par pou- ;pouseierage ; : ) 
( mon) ) 

(
( O:ic;yde de : ) 

( 
titane 002 : ) 

( (t~in 4,4 • spree em- : 46,6 % 50 % : + 7 ~ ~ 
( mg par pou- ; poussierage : ) 

mon • 
: 
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de de titane. 

4. 2 - Polluants gazeux 

L 1 etude, effectuee sur le rat, a porte sur lea vapeurs nitreuses 

et 1 1 anhydride sulf'ureu:x. Les resultats indiques dans le tableau rl repre

sentent les quantites de poussieres dosees dans les poumons. Ils montrent 

que 1 'inhalation de gaz irritants tend a aotiver l 1epuration pulmonaire. 

On peut remarquer que 1 1action de N02 est nettement plus marquee que celle 

de 00,.,, malgre une concentration moindre. 
"" Une constatation similaire a ete faite aveo la f'umee de tabac. 

Bien que lea resultats so:lent encore peu nombreux dims ce domaine, une ac

celeration de 1 1 epurat1.on alveolalre paratt egalement se menifester chez 

1 1ho111T1e sous 1 1action de la ~..irnee de ta.baa, probablement liee a la presen

ce de gaz ~rritants tels que 1 1 acroltHne. Dam~ le tableau II,, les periodes 

court.cs corresporxient en effet a trois sujets furneur~ (L ••• , B ••• , s ••• ), 
tandis que les periodes longues corresporoent a deux sujets n' ayant jamais 

f'Urne (M ••• ) OU ayant cease de furner depuis plus d 'un an (H ••• ). 

5. Cone lusion 

L 1epuration pulmcnaire des polluants particulaires- est un pheno

mene sujet a des variations individuelles importantes,, tout a:u mains au 

niveau alveolaire. Elle differe salon la nature du polluant inhale et est 

at'fectee par la quantite de poussieres deja deposee dans les poumons. Au

dessus d 1une certaine charge coniotique, la restaurat!on de la fonotion 

epuratrice est lente et paratt m@me dans certains oas defin1tivement com

promise. Les vapeurs 1rl11tantes tendent a aotiver legerement 1 1 epuration 

alveolaire selon un meoanisme encore inexplique. 
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EXEMPLE DE RECHERCHE DANS UNE ATMOSPHERE 
D'UNE SUBSTANCE CHIMIQUE CAUSE D'EFFETS PATHOLOGIQUES 

A, CICOLELLA, D, GRADISKI, J, L, MAGADUR, B, MONCELON 

Institut National de Recherche et de S~curite pour la prevention 
des accidents du travail et des maladies professionnelles, Paris 
France 

RESUME 

Le d~pistage des probZemes toxicoZogiques qui peuvent ae 

pr~aenter en entrepriae n~cessite un dispoaitif sar et ~prouv~. 
Nous d~arivons une m~thodoZogie d'aotion d propos d'une inter

vention type de Z'I.N.R.S. dans Z'industrie de Z'embaZtage ptaa
tique ou est apparue une pathoZogie profesaionneZZe. 

Ce dispoaitif est tres progressif: ohaque niveau d'action 

n'est engag~ que dans Za mesure o~ Ze pr~c~dent n'a pu apporter 

de solution au probZ~me souZev~. IZ comprend: 

- des ~quipes d'obaervateura Zocaux ap~aiaZia~a et sensibi
Zia~a auz probZ,mes d'hygi~ne industriette, 

- une infrastructure deatin~e d recueiZZir et tranamettre 

l'information jusqu'aux Zaboratoires d'anaZyaes et de 

recherches ou eZZe pourra ltre trait~e, 

- des ~quipes pluridiaciplinaires, charg~es d'~tudier l'im

portance et Zea implications du probZbme, ainai q~e de 

g~n~raLiser, s'iL ya lieu, l'observation foptuite et 
locale qui a ~t~ faite, 

- des laboratoires de chimie sp~ciatis~s dans Le p~AL,vement 

et L'analyse des substances induatriettes prdsentea dans 

les atmospheres de travaii, 

- des laboratoires de toxicologie exp~rimentate, capabZes: 
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de conduire des etudes raisonnees BUI' Z'animat, etudes 

destineea d fournir au preventeur des moyens de depis

tage apecifiquea et pPecoces, 
de pratiquer, BUI' des echantillons humains, les analyses 

biologiques correspondantes; 
- un groupe de travail au sein duquel medecins, tozicotogue 8 

et statisticiens peuvent interpreter les resultats acquia 

au COU1'8 des etape8 precedentes. 

Lorsque l'affaire est instruite, que des causes ont pu btre 
mises en evidence, le dossier est remis aux autorites competente 8 

qui pourront prendre lea meaures qui s'imposent. 

ABSTRACT 

To get to the root of the toxicological problems that may 
arise in industry requires a reliable and tested machinery. We 
describe the procedure for an INRS type investigation in the 

plastics packaging industry folto~ing the appearance of an occu

pational disease. 

The machinery is progressive: each stage only comes into 

action if the previous stage has failed to find a solution to 
the problem. It comprises: 

- local teams of specialist observers versed in the prob

lems of industrial hygiene, 

- an infrastructure to collect and transmit data to analy

tical and research laboratories where they can be processed, 
- multidisciplinary teams called upon to study the extent 

and implications of the problem, and, if necessary; make 
generally known the random and local observations that 
have been made, 

- chemical taboratoriea specialising in the sampling and 

analysis of industriat substances present in ~orking at
mospheres, 
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- ezperimental tozicological laboratories capable: 
of carrying out tests on animals in order to provide the 

preventer with specific methods of early detection, 
and of carrying out appropriate biological analysis on 

human samples; 
- a working party within which physicians, tozicotogists, 

and statisticians can interpret the results obtained 
during the previous stages. 

When the facts have been ascertained and the causes demon
strated, the report is then sent to the competent authorities 
so that they can take the necessary steps. 
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I. Introduction 

L'etude proposee ici presente une approche methodologique du dispositif 

a mettre en place lorsque le problerne de rapporter a une cause chimique 

des troubles observes clans l'industrie se trouve pose. 

Ce dispositif fait intervenir differents organismcs au service de la pre

vention : Medecine du travail, Caisses Nationale et Regionales d'Assurance 

Maladie, lnstitut National de Recherche et de Securite, entr'autres. 

Il ne nous appartient pas de fixer le role des organismes avec lesquels 

nous collaborons. Nous nous contenterons de nous situer par rapport a eux 

clans cette approche methodologique, et de decrire, apropos d'un exemple 

precis, notre action, telle que nous la concevons. 

2. Origine de l'etude 

Le medecin du travail d'une importante entreprise constate I 'apparition, 

chez les ouvriers, de troubles en rapport avec la fabrication des bouteil

les en matiere plastique. Les troubles en cause consistent principalement 

en affections sanguines. La medecine du travail, les Caisses Nationale et 

Regionales sont alertees. La Caisse Nationale charge l'I.N.R.S d'entrepren

dre une enquete, clans le but de preciser la cause des incidents observes. 

3. Recherche d 1 un constituant de la matiere premiere de ces bouteilles pou

vant avoir une action nocive 

Un certain nombre de substances chimiques etant connues pour pouvoir 

etre a l'origine des manifestations observees, il importait de verifier 

leur presence et leur tcneur eventuelle clans !'atmosphere des lieux de tra

vail ainsi que celles de leurs metabolites clans les milieux biologiques. 

Par ailleurs, une enquete similaire devait etre lancee aupr~s des entre

prises voisines par leur activite. 

Cette premiere intervention apporte les informations suivantes 

Aucun des produits reconnus capables d'entrainer des affections hemato

logiques de la nature de celles qui ant ete decrites n'est present a une 

concentration suffisante dans les atmospheres des lieux de travail. Cette 

constatation est corroboree par le fait que la degradation thermique des 

matieres premieres ne conduit pas, aux temperatures de mise en oeuvre, 
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a fa liberation des produi.ts suspects, produits dont les metabolites ne 

sont d'ailleurs pas retrouves dans les milieux biologiques ; 

Il y a similitude des faits observes clans plusieurs entreprises mettant 

en oeuvre du chlorure de polyvinyle pour le conditionnement de denrees 

alimentaires. 

Le problcme pose existe done reellement, ma1s sa cause ne peut etre rappor

tee a aucune des substances connues pour produire ces effets. Une deuxieme 

intervention est decidee. 

4. Mise en evidence de la substance probablement responsable 

Un inventaire soigneux des corps chimiques presents est dresse. L'un des 

corps, l'a-phenylindole, parait suspect. 11 est en effet present dans !'at

mosphere, a une concentration non negligeable, et sa toxicite est mal con

nue. Son etude est alors confiee au laboratoire de toxicologie industrielle 

experimentale de 1 1 1.N.R.S. 

S. Experimentation animale 

Trois types d'experimentations sont envisages 

- l'a-phenylindole est administre par inhalation chez le lapin, et par 

voies intraperitoneale et orale chez le rat et la souris. Des examens 

pharmacodynamiques, hematologiques, anatomopathologiques et biochimiques 

sont realises chez ces animaux intoxiques en aigue ; 

l'effet de l'a-phenylindole in vitro, sur une culture de cellules Hela, 

a ete recherche ; 

- une etude metabolique preliminaire est effectuee sur le rat. 

Ces premiers elements de recherche ant mis en evidence, chez !'animal, 

deux substances presentes a un taux anormal clans les urines. 

6. Retour a !'observation sur l'honune, accompagnee de traitements statisti

ques. 

L'experimentation animale ayant etabli la correlation entre l'adminis-
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tration d'a-phenylindole et la sortie urinaire de metabolites anormaux, 

ceux-ci ont ete recherches systematiquement sur un ecbantillon d'environ 

mille travailleurs, appartenant a differentes entreprises, exposes ou non, 

avant et apres paste. Statistiquement, ces analyses ont etabli, chez I'hom

me, la presence des memes metabolites, egalement a des taux anormaux. Des 

differences significatives ont pu etre mises en evidence entre les diverses 

categories de travailleurs soumis a investigation. 

7. Diffusion de !'information 

Le dossier complet de cette recherche preliminaire a ete largement dif

fuse, d'une part vers les milieux responsables, d'autre part vers les uti

lisateurs, afin que les mesures visant a soustraire les ouvriers a !'inha

lation d'a-pbenylindole soient prises sans delai. 

8. Conclusion 

La mise en oeuvre de ce dispositif, applique a !'evaluation des effets 

constates sur la sante a la suite d'une exposition a un polluant present 

dans l'environnement des lieux de travail, presente l'interet d'etre pro

gressive clans !'utilisation des moyens et de pouvoir etre stoppee a la fin 

de chaque etape, si les resultats sont juges satisfaisants. 

La recherche presentee ici met en evidence quatre points importants 

- la necessaire collaboration entre medecins et laboratoires de recberche, 

- le role d'equipes specialisees dans le prelevement et !'analyse des 

atmospheres, 

l'utilite du recours a !'experimentation animale et !'exploration bio

chimique raisonnee, 

la necessite d'un traitement statistique des donnees acquises. 
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ASPECTS OF POLLUTION IN THREE URBAN-CENTRE 
SITUATIONS IN GREAT BRITAIN 

R. G, DERWENT, H. N, M. STEWART, J. S, s. REAY 

Air Pollution Division, Warren Spring Laboratory, Department of 
Industry, Stevenage, Hertfordshire, United Kingdom 

ABSTRACT 

Thia paper provides an introduction to the automatic pollu

tion monitoring activities carried out by Warren Spring Labora

tory. A number of pollutants are studied using some of the 

latest instrumental methods. Methods of calibration and some 

experimental findings are discussed relating to general urban 

and traffic pollution monitoring. 



1670 

1. Introduction 

Monitoring of roadside pollution in European cities has extended 

greatly since the 1960s. No longer is concern concentrated only on smoke, 

carcinogenics, carbon monoxide or even lead. With the seemingly 

inevitable rise in vehicle population it has become more important to 

assess the urban situation with respect to a range of primary and 

secondary pollutants, to examine not only the diurnal pattern of concen

trations but also the atmospheric reactions, particularly those induced by 

sunlight. This has been ma.de possible by the appearance of new instru

ments which, though sophisticated, can be successfully operated in a 

continuous mode to provide a detailed account of what is happening in the 

In the UK we have chosen to make measurements for a period of up to 

five years in the streets of five cities. Each city has a site in a busy 

and/or poorly ventilated street. The results and trends should show the 

intensity of roadside pollution and any effects of traffic flow or 

legislation on vehicle emissions or fuel composition. Already analysis of 

the results shows the extent to which London experiences photo-chemical 

phenomenon. These urban measurements are linked to others in widely 

scattered rural sites since the time scale of these atmospheric reactions 

is such that they are not confined to the urban areas wh!rethe primary 

pollutants largely originate. 

2. ~rimental Methods 

2.1 Table 1 summarises the methods routinely used in our survey together 

with their calibration techniques. Not all these methods are operated 

simultaneously at all sites in the survey but a minimum of total 

particulates, particulate lead, carbon monoxide and total hydrocarbons are 

measured at all sites. Further parameters are measured, and these include 

wind speed, wind direction, total solar radiation, visual range and 

traffic count where appropriate. 

2.2 Each sensor or instrument is allocated to a particular channel of a 

10-channel scanning digital voltmeter with pl.Ulched paper tape output. 

This paper tape is then processed centrally by computer. The data 

acquisition system scans each sensor at five minute intervals with 

computer integration of the observations to yield hourly mean values. The 

data are stored on magnetic tape files and are compared on a regular basis 

with published national and international air quality standards and 
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_'l~A_l:l_~ _ _L. ___ ~_3~Ll:_Q'_O_(._the _Instrwnental Methods and their Calibration 

Pollutant 

Carbon monoxide 

Total hydrocarbons 

Oxides of nitrogen 

Ozone 

Sulphur dioxide 

Particulate lead 

Total particulates 

Analysed hydrocarbons 

Instrumental method 

Non-dispersive infra

red chromatography/flame 

ionisation 

Flame ionisation 

Chemiluminescence 

Chemiluminescence 

Coulometry, conducti

metry, flame photometry 

Filter paper collection 

+ XRF analysis 

Smoke stain reflectivity 

Chromatography/flame 

ionisation 

Absolute calibration 

method 

Gravimetric standard 

gas mixture 

Gravimetric standard 

gas mixture 

N0
2 

permeation tube 

Neutral potassium 

iodide method 

West-Gaeke method 

Atomic absorption 

spectroscopy 

Gravimetric standard 

gas mixture 
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targets. 

2.3 The instruments are inspected for malfunction twice weekly and are 

recalibrated on a weekly basis. The routine calibration procedure invol

ves simpler experimental techniques which are more suited to field 

operation. The more rigorous absolute calibration procedures listed in 

Table 1 are reserved for establishing methods and validation of the 

routine calibration procedures. 

3. Some Aspects of the Results for Central London 

3.1 A background site was established in Central London above a courtyard 

so that it would sample the general level of urban pollution in the city 

and not be specifically influenced by either traffic or local fixed source 

emissions. 

3.2 The computer results are used to calculate the daily, monthly and 

yearly air quality parameters. Seasonal effects are clearly evident in 

the air quality values with total particulates, ozone, nitric oxide and 

carbon monoxide showing relatively simple seasonal dependences. 

3,3 Cumulative frequency distributions are particularly useful for 

summarising air quality data. The range of the data and the time above 

threshold values can be readily assessed from these distributions. Most 

of the pollutants being studied showed log-normal cumulative frequency 

distributions for the daily a.ir quality parameters, daily mean and maximum 

hourly mean for the day. Notably, nitric oxide, sulphur dioxide, smoke 

and methane show exceptionally good log-normal distributions. Carbon 

monoxide, total hydrocarbons, and nitrogen dioxide show deviations from 

log-normality at low concentrations. Such deviations are accounted for by 

instrument sensitivity, natural backgroWld methane and oxides of nitrogen 

respectively. Ozone shows large deviations from log-normality over wide 

concentration ranges. 

3.4 The pollutants which are typically associated with motor vehicles and 

are emitted at street level with poor dispersion behave as area sources in 

the general urban environment. The pollutants carbon monoxide, hydro

carbons appear with relatively low geometric standard deviations. Sulphur 

dioxide, which is associated with fixed source combustion, has a much 

greater geometric standard deviation than for the area source pollutants. 

Methane which is predominantly a natural background species with some 

pollution contribution from mans activities, shows the smallest geometric 

standard deviation of all the air pollutants studied. 
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3.5 The logarithm of maximwn concentration showed a linear relationship 

with the logarithm of the averaging period for a number of pollutants. 

This relationship was found to be useful for extrapolating to averaging 

times not easily or directly assessible from the data itself, 

3.6 Elevated ozone concentrations have been measured in Central London 

during warm, sunny spells during the months of April to September inclu

sive. The highest hourly mean ozone concentration reached during 1973 

was O. 136 ppm with the levels elevated over 0.1 ppm usually for several 

hours on each occasion. The origin of these elevated ozone concentra

tions is clearly photochemical and is strongly related to meteorological 

conditions. During winter months, the ozone concentrations are much 

lower and show an opposite dependence on meteorological conditions. Only 

on days with strong winds do ozone concentrations significantly exceed 

0.01 ppm. 

4. Some Aspects of the Results for Kerbside Sites 

4.1 Monitoring sites have been established in heavily-trafficked streets, 

one in each of London, Cardiff, Glasgow and Birmingham. The air is 

sampled at a height of two metres, half a metre in from the kerb and is 

pumped to the instruments for analysis in situ. Simultaneous measurements 

of wind and counts of vehicles passing the sampling point are also made. 

4.2 The pollutants carbon monoxide, total hydrocarbons, particulate lead, 

total particulates and nitric oxide follow the traffic flow very closely 

at all times of the day. During the early hours of the morning the 

traffic flows and pollutant concentrations fall to low values. The 

correlations between hourly traffic flow and pollutant concentrations for 

each day are usually highly statistically significant, (p>0.9, N • 24). 

These correlations are affected by the vind. This effect is not generally 

noticeable on an hourly basis due to'noise' in the pollution emission 

rate, but is noticeable on a daily basis. With increasing wind speed, 

the ratio of carbon monoxide to traffic flow decreases significantly on 

a day-to-day basis. 

4.3 The amount of pollution per vehicle flow appears to be heavily 

dependent on street geometry when comparing different sites. Such 

variables as 1. the height of buildings on both sides of the street, 

2. traffic flow; unidirectional or bidirectional, 

3. on which side of the street measurements are made, 

and 4. the proximity of intersections, traffic lights, 
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all appear to influence the pollution vs traffic flow correlations. 

4.4 The crosscorrelations between the pollutants listed in paragraph 4.2 

are also well-characterized on an hourly basis. Sulphur dioxide, provides 

a contrast for example, and does not correlate well with these other 

pollutants. Since motor vehicles provide only a small contribution to 

total emissions of sulphur dioxide, these observations are relatively easy 

to explain. 

4.5 The ratios between the other pollutants have been obtained for canyon 

streets near to city centres. Generally our ratios agree reasonably well 

with other published surveys. Further sites are planned, for example to 

provide information on the influence of the street gradient on these 

inter-pollutant correlations. 
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ETUDE DE LA CONTAMINATION DE FOURRAGES ET 
LEGUMES PAR LE PLOMB ET LES METAUX LOURDS 

- ,...+ •• + ++ + ++ E, DEL~ARTc / R,J,~PENS 'R.KIRCH~ANN / P1NANGNIOT / E.FAGNIART 

+ Facult~ des Sciences Agronomiques de l'Etat, Gembloux, 
Belgique 

++ Centre d'Etudes de l'Energie Nucl~aire, Mol, Belgique 

RESUME 

Lea auteura d4crivent la m4thode qu'its appliquent dans 

l'dtude de la contamination de Z'environnement et de la chatne 
alimentaire par les m~taux lourds, et tout particuli~rement par 
le plomb, le cadmium et le zinc. 

Une premibre phase oonsiste d prdtever en sites industriels 

et urbains, ainsi qu'd proximit4 des autoroutes, des ~chantitZons 
de sol ainsi que oertains v~g4tauz tr's r4pandus dont Plantago 

major ~· (plantain majeur), Ligustrum .!£• (tro,ne), Trifotium 
repens f· (tr,fle rampant) et Tussitago farfara f· (tussitage). 
Les concentrations en 4l4ments m4talliques de oes 4ohantillons 

sont d4termin~s par osoittopotarographie d tension impos4e. 

On d4timite ainsi des zones d risques aoorus oa des pr4t'
vements ayat4matiques de fourrages, l4gumes et fruits sont faits 
tout au long de la p~riode de v4g4tation. L 14volution et t'im
portanoe des retomb4ea en Zn, Od, Pb, Ni, Co et Cu sont suivies 
dans ces potagers et vergers de Za vaZl4e mosane, d proximit4 

d'usines traitant des mineraie. Les r4suZtats sont oompar4e d 

oeux obtenus dans ta bantieue de Bru=eltes, pr's d'4ohangeurs 

autoroutiers et en zone t4moin, 4toign4e de toute source de pol

lution. Ces r4suttats font apparattre dee risquee importante 
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d'intoxiaation ahronique des hommes et animaux aonsommant lee 

vegetaux aontamines. ParalZeZement, des essais portant sur 

Z'absorption, Za retention et Za toxiaite de aes elements metaZ

Ziques, chez Zes plantes, sont menes en Zaboratoire. Les reeuZ

tats acquis, d Z'aide de Pb stable et de 210Pb chez Zea mays f· 
(ma£e) sont discutes. 

Enfin, des essais d'affouragement de vaahes Zaitieres d 

Z'aide de fourrages artificieZZement enrichis en Pb stable et 
210Pb sont en cours. Its ont pour but de calculer le taux de 

transfert du Pb alimentaire dans le Zait, Zee urines et Zes 

matieres fecales. 

La discussion des resuZtats fait apparattre Zea risques de 

contamination de la chatne alimentaire. 

ABSTRACT 

Desaription of the methods used by the authors for their 

study of contamination of the environment and of the food chain 

by heavy metals, with particular reference to lead# cadmium and 
zinc. 

The first phase consists of taking samples, in industrial 

and urban areas and in the vicinity of motorways of soil and 

various common plants including PZantago major f · (greater plan

tain), Ligustrum .!£• (privet), Trifolium repens f· (white clo~e~J 
and Tussilago farfara f· (coZtsfoot). Concentrations of metal 

substances in these samples are measured by means of oscilto
polarography at a set voltage. 

Risk areas are thus demarcated ~here fodder# vegetabte and 

fruit samples are taken regularty throughout the vegetation pB~

iod. A ~atah is kept on the progress and extent of Zn, Cd, Pb# 

Ni, Co and Cu fall-out in kitchen gardens and orahards in the 
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vicinity of ore dressing works in the Meuse valley. The results 

are compared with those obtained in the suburbs of Brussels near 

motorway intersections and in a control area, away from any source 

of pollution. These results reveal that there is a serious risk 

of chronic poisoning in human beings and animals ~hich feed on 

contaminated plants. Parallel laboratory tests are being car

ried out on the absorption, retention and toxicity of these metal 

substances in plants. The results obtained using stable lead 

and lead 210 in Zea mays ~· (maize) are discussed. 

Finally, dairy cattle are being experimentally fed on fodder 

which has been artificially enriched with stable tead and lead 
210 The aim is to calculate the rate of alimentary lead trans-

fer to the milk, urine and faeces. 

Discussion of the results sho~s the risks of contamination 

of the food chain. 
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1. Introduction 
La contamination du milieu et de la chaine alimentaire par 

les metaux lourds et tout particulierement par le Pb, le Zn et 
le Cd, est une agression contre notre environnement relative
ment recente, dont les repercussions biologiques ne sont enco
re qu'imparfaitement cannues. Nous decrivons, ci-dessous, la 
methode que nous utilisons pour suivre la dissemination des 
metaux lourds (Pb, Zn, Cd, Cu, Co, Ni, Hg, Mn, etc.) dans l'en
vironnement (air, eaux de surface, sol, vegetaux) et leurs 
voies de transfert dans la chaine alirnentaire (baissons, ali
ments). D'autres publications decrivent plus en detail les 
principaux resultats acquis (I~PENS et al, (1), (2), {3), 
DELCARTE et al. (4)). 

2. Techniques 

Des prelevernents reguliers d'echantillons sont faits dans 
tout le pays. Apres dessication a l'etuve, les echantillons 
sont mineralises par voie humide, puis extraits a !'aide a•une 
solution chloroforrnique de dithizone et analyses par oscillo
polarographie a tension imposee (NANGNIOT, (5)). Les resultats 
exprimes en ppm/M,S. (mg/kg de matiere seche), ainsi que tou
tes les caracteristiques et coordonnees de l'echantillon, sont 
mis sous forme codee en rnemoire d'ordinateur pour ~tre traites 
statistiquement. Les echantillons t~moins, non suspects de pol
lution, proviennent d'une clairi~re en foret (Demaine des 
Epioux, Lacuisine). Enfin, les essais faisant appel aux radio
nuclides ant lieu au C,E,N./S.C.K. de Mal. 

3. Dispersion du plomb dans l'environnement 

Nous suivons la dispersion des particules rnetalliques A 
l'aide de plantes-temoins. Celles-ci sont presentes dans tou
tes les stations. De culture aisee, elles se maintiennent en 
etat de vegetation pendant la majeure partie de l'annee. Leurs 
caracteristiques botaniques (port des feuilles, rugosite ou 
pilosite de l'epiderrne, presence d'une cuticule) nous ont fait 
choisir: Tussilage farfara L., Plantago major L., Liqustrum ~· 
et Trifolium repens L .. 

Panni les f acteurs qui modifient la dispersion du plomb le 
long des autorautes, nous avons fait des observations sur : 
- l'eloignement de la voie de circulation, 
- les caracteristiques du trafic automobile, 
- la date du prel~vement d'echantillons, 
- les precipitations et le climat, 
- le profil de la route et l'orographie, 
- la presence d'ecrans. 

A l'aide de ces plantes-temoins nous avons pu delimiter 
des zones A risques accrus, ou des prel~vements systematiques 
de fourrages, de fruits et de legumes sont faits. 

4. Presence du Plomb dans les fourraqes, plantes industrielles 
et legumes 

D~s le 15 aofit, la plupart des echantillons d'herbes pr6-
lev6s dans une zone de 30m de part et d'autre d'une autoroute 
moyennement frequentee (25.ooo vehicules/16h) ant des concen-
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trations en plomb qui depassent les 100 ppm/M.S •• La consonuna
tion prolongee de ces herbages par de jeunes animaux pourrait 
etre une cause d'intoxication saturnine du betail. A titre 
preventif, nous avons preconise l'elimination des produits de 
fauchage des engazonnements autoroutiers les plus contamines. 

Des observations similaires ont ete f aites egalement sur 
d'autres plantes fourrageres: betterave, luzerne, navet, ainsi 
que sur les cereales, la chicoree, la ponune de terre et les 
betteraves sucrieres. Fort heureusement, pour ces plantes, les 
parties entrant dans l'alimentation humaine (grains, tubercu
les, ou racines) ont des teneurs en plomb tres faibles, tou
jours tres inferieures A celles des feuilles et tiges. Ce qui 
conf irmerait que la contamination plombique est essentielle
ment due a un depot superficiel et que !'absorption de ce me
tal par les racines, meme dans un sol tres contamine, est tres 
reduite. 

Les resultats analytiques obtenus chez des legumes et des 
fruits sont moins reconfortants (tableau I). Les legumes folia
ces (epinard, salade) OU a epiderme Velu (haricot) sont les 
plus contamines. 
Les risques d'ingestion de quantites de plomb appreciables,par 
ces legumes, est d'autant plus grand, qu'un lavage energique 
(a l'acide chlorydrique 10%) auquel certains legumes ont ete 
soumis, s'est revele peu efficace pour eliminer les depots de 
plomb. 
L'analyse simultanee d'autres metaux sur ces echantillons n'a 
pas montre de correlation entre de fortes concentrations en 
plomb et des teneurs elevees en d'autres polluants metalliques. 

Tableau I - Contamination de l~gumes (potager entre 30 et 3Sm 
de distance du Ring Nord de Bruxelles - 1973) • 

Esp~ce 23 juil. 20 aoOt 6 sept. 4 oct. 7 nov. 

Chou blanc 01 20 9 14 13 
Chou rouge 03 52 25 13 8 
Chou fris~ 11 21 41 11 
Poire au 03 34 12 22 14 
Epinard 19 

R~sultats exprim~s enp~ -P,b./M.S. 
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5. Passaqe du plomb dans la chaine alimentaire 

L'etude en serre de la contamination foliaire de Zea mays 
L., age de un mois, a montre que la presque totalite du plomb 
depose sous fonne de gouttelettes de Pb(N03)2 (marque par 
210pb), reste localise dans la zone de depot. ~oins de 2% sont 
transportes vers les autres feuilles et organes de la plante. 
Par ailleurs, les essais d'affouragement de deux vaches laitie
res, a l'aide de plantes de mais contenant 2,4 millicurie de 
210pb(NOJ)2, sont termines. Les mesures en cours permettent de 
calculer le taux du 210pb dans le lait ainsi que le taux de 
disponibilite par l'animal du plomb associe a une ration de 
mais fourrager consomme en vert. (Tableaux II et III) 

6. Presence de metaux lourds chez des legumes cultives en zone 
industrielle (Engis) 

Nous disposons de parcelles, a distances croissantes a•usi
nes traitant des minerais de zinc. Des prelevements reguliers 
de vegetaux (legumes et plantes-temoins) et d'echantillons de 
sol y sont faits. 

La grande heterogeneite des resultats d'analyse des sols 
est due non seulement a l'eloignement OU a !'orientation par 
rapport aux sources de pollution mais aussi au bouleversement 
des terrains tant par l'exploitation industrielle que par les 
travaux de genie civil. 

A proximite des usines, sur les coteaux exposes, la flore 
s'est considerablement appauvrie, seules quelques especes re-

sistantes survivent (dont Agrostis sp.J. 
Les vegetaux cultives dans les potagers (~ plus de 600 m de 

l'usine, dans la direction des vents dominants) contiennent 
d'importantes concentrations en Cu, ea et Zn. A t"itre d'exem
ple nous donnons les resultats analytiques pour certains 
d'entr'eux (tableau JY). Nous comparons les teneurs en ces me
taux de differents organes des plantes (feuilles, tiges. raci
nes) en precisant si les echantillons ant ete laves (a HCl 10%) 
ou non. Les teneurs en elements metalliques du sol en contact 
avec les racines sont egalement donnees. Des prel~vements a 
date differente permebtent de suivre l'enrichissement progres
sif en metaux lourds des organes foliaces soumis aux retombees 
industrielles. La comparaison de laitues cultivees sous couches 
vitrees et en plein air permet d'apprecier l'importance quan
titative de ces retombees actuelles. 

Dans certains cas, nous faisons subir a ces legwnes conta
mines un traitement correspondant aux preparations culinaires 
normales (epluchage, lavage, cuisson). Les differentes frac
tions sont analysees separernent. Si une partie des elements 
metalliques se retrouve dans l'eau de cuisson, les concentra
tions en cu, Cd, et Zn dans les tissus consommes sont encore 
tr~s ~levees: ex. des racines de carotte apres ~pluchage, la
vage et cuisson contiennent 30 ppm de Cu, 3 ppm de Cd et 69ppm 
de Zn (ppm/M.S.). 
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TABLEAU II 

Excr6tion (urine,feces) et s6cr6tion (lait) du 210Pb ing6r~ avec 
des tiges de mats fourrager (vache 36) 

Temps 6couU depuis % dansx % dansx '%. dansx 
l'ingestion les feces l'urine le lait 

1 10,95 1,5.10 -3 -4 
4,5.10 

2 44,16 7,3.10 -3 2,7.10 -3 

3 28,21 8,8.10 -3 3,4.10 -3 

4 12,17 5,5.10 -3 -3 3,4.10 

5 3,89 4,4.10 -3 1,9.10 -3 

6 1,29 7,5.10 -3 1,3.10 -3 

7 0,25 5,2.10 -3 9,2.10 -4 

9 0,02 1,7.10 -3 5,2.10 
-4 

14 l ,3.10 -4 

21 ~0,004 ~2 ,8.10 
-4 1,0.10 -4 

25 
-5 (6,5.10 

x pourcentage de l'activit6 admini1tr6e au jour 0. 

TABLEAU I II 

l[ 

Transfert dans le lait du 
210

Pb ing6r6 avec du mats fourrager 
(feuilles et tigea). 

Forme conaODJD.6e Vache N~ x 
Taux de transfert Temps 6cou 1' 
maximum depuis l'ingeation 

(joura). 

Feuilles 44 -'.Jl /I. 1,2.10 .... 4 

Tiges 36 
-41 

2,5.10 ;.. 3 

pourcentage de la quantit6 ing6r6e, secret6e par litre de lait. 
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Tableau JY - Dete:anination du cu, Cd, et Zn sur des legwnes 

preleves a Engis. 

Cu Cd 

Raehanus 18-V-73 Sol 103 24 

sativus racine;c 9 9 
tige * 10 5 
feuilles * 40,l 8,9 

31-X-73 feuilles * 166 16,8 
feuilles *it 257 62,3 

Lactuca 18-V-73 sol 102 20 

sativa *** 
racine * 70 13 
feuilles * 34 14 

18-V-73 sol 80 24 
racine * 37 20 
feuilles * 46 12 

31-X-73 feuilles x 285 1 
feuilles z;c 295 

Alli um Eorrum 31-X-73 feuilles ;ex 152 7,7 
f euilles x 54,2 1 

15-I-74 feuilles zx 7,4 28,9 

Legende : les resultats sont exprimes en ppm/M.S. 

s echantillons laves A HCl 10% 

~ echantillons non laves 

Zn 

10.594 
532 
728 

1. 962 

2.354 
3.433 

2.153 
1.406 

421 

9.612 
687 

5.591 

961 
1.618 

1.275 
294 

1.338 

zxx plantes cultivees a l'abri des retombees, sous 

ch~ssis de verre. 
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7. Conclusions 

Nos observations sur la presence du plomb le long des rou
tes et dans les villes, ainsi que sur la contamination du mi
lieu par les metaux lourds en zone industrielle se poursuivent 
selon le schema esquisse ci-dessus. 
Les sites "a risques accrus" sont determines a l'aide des plan
tes-temoins. Celles-ci servent aussi d 1 indicateurs pour suivre 
l'evolution de la contamination. Les prelevements reguliers de 
plantes cultivees pennettent l'estimation de la contamination 
des fourrages et aliments d'origine vegetale. L 1 importance sa
nitaire de cette contamination est appreciee en etudiant les 
taux de transfert sol-plante-animal (etape en cours). Si la 
toxicite de ces metaux est encore peu ou mal connue, ils n'en 
presentent pas moins un danger potentiel. En attendant la fi
xation de seuils d 1 intoxication et de nonnes admissibles, no
tre etude se propose de : 
- estimer !'importance de la contamination du milieu, 
- connaitre les voies de transfert du milieu a l '-honune, 
- guider les recherches epidemiologique~ sur les risques d'in-

toxication de l'homme et des animaux par la chaine alimen
taire. 
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ABSTRACT 

As part of an interdisciplinary environmental research pro

gramme, soils and vegetation around two lead recovery smelters 

were initially screened for their lead content. Lead accumu

lation in surface soil had reached~5% close to one smelter and 

exceeded 5,0oo1ug/gram in residential gardens close to both 

plants. Although this level of contamination may have been 

caused by past emissions, the lead content of foliage exceeded 

1,0oo1ug/gram close to one smelter, thus suggesting an ongoing 

pollution problem. The rate of lead accumulation in vegetables, 

tree saplings and grass turf transplanted into the contaminated 

area substantiated this conclusion. 

While concentrations of suspended lead particles in the 

atmosphere near the smeZters ~ere significantly higher than at 

an urban controZ site, the monthly means of 2-5
1

ug/m3 were simi

lar to values recorded in do~ntown areas of other large North 
American aities. In contrast, the Zead in dust-faZl was ezt-
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remety high, monthly averages being as high as 600-1200 mg/m 2/ 

30 days in a residential area close to one smelter. Particle 

size analysis of the lead aerosol sho~ed the difference to be 

due to large particles, probably from found-level operations, 

falling out close to the smelter. The lead-bromine ratios also 

indicated that localized industriat rather than automobile emis

sions, were responsible for 75% of the current fallout. 

Analysis of lead in blood and hair of residents living wi~h

in 150 metres of one smetter were compared with an urban control 

group. The major difference in the data was caused by about 

25% of the children sampled having blood lead levels in excess 

of 40/ug/100 ml and hair values higher than Bo1ug/gram. An 

ezponential relationship between lead in hair and blood was 

established. It appeared that ingestion of contaminated dirt 

and dusts rather than paint "pica" was the major lead source. 

Neurological and biochemical abnormalities were recorded in lOX 

of the children sampled. 

As dust-handling rather than stack emissions appeared to 

be the major source of lead contamination of the neighbourhood 

it is hoped that secondary smelters in urban areas enclose such 

operations and buffer zones be established around ne~ seconda~y 

smelters. 
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During the spring of 1973, surface soils and leaves from a variety of 

tree and grass species were collected from around metalliferous industries 

located in Toronto in order to determine whether the biological monitoring 

techniques used by Goodman and RobertJ1brovided a useful tool for identify

ing areas of elevated metal fallout in a large urban area. An intensive 

survey of the urban background indicated that leaves of·Poa and Aaer 

species contained less than 100 ppm. lead, and surface soils less than 

500 ppm. A number of abnormal concentrations were found in industrial 

areas but the most significant were around two secondary lead smelters 

where vegetation and soil samples contained 500 and 8,000 ppm respectively. 

--

,.,,,,,,. -- .---.. -

• Smel••r• A. and 8 , 
0 ~00 400Mel,-•• 

Fig. 1. Lead in surface soil (0-2 cm) around two secondary lead 
smelters. 
Isopleth values are micrograms Pb extracted by hot 
HN0

3
/HC104 acids per gram air-dry soil. 

A = Smelter A B = Smelter B 

M.I. = municipal incinerator s.r. = sewage incinerator. 

Both smelters are located to the north of an elevated expressway, and 

close to municipal incinerators with residential housing to the north 

(Figure 1). Smelter A recycles car batteries whereas Smelter B also pro

cesses crude lead oxide. The pollution problems associated with secondary 

smelters are different from those of primary smelters in that there are 

fewer guest elements and sulphur in the raw material. Although one would 
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expect a mosaic of elevated lead concentrations in surface soils in an area 

with such a multiplicity of sources, isopleths constructed from analysis of 

samples for 150 sites in each area, indicated an exponential decrease with 

distance from each smelter and with depth in soil. Within 50 metres of the 

stack of Smelter A lead accumulation in surface soils reached 4-5% and was 

greater than 1,000 ppm in grass leaves. High soil levels may be caused by 

past emissions but high metal levels in foliage indicate current contamin

ation (Roberts and Goodman (2)). This conclusion was tested by transplant

ing saplings of birch (BetuZa alba) and maple (Acer saacharinwn) into the 

contaminated area. The rate of lead accumulation was rapid at first, foll

owed by a slower asymptotic phase reaching 1200 ppm for birch and 300 ppm 

for maple at the time of leaf-fall. 40-60% of the contamination was super

ficial and could be removed by washing in a 1% detergent solution. Lead 

retention was greater in the birch leaves, probably because of their greater 

pubescence and the large size of the stomata. A marked decrease in product

ivity was noted. The physiological basis of these effects caused by lead 

deposits is now being investigated. 

A number of authors (Graovac-Leposavic et al (3)J Mcintire and Angle 

(4) and Stofen (5)) have found significant increases in both daily lead 

intake and lead body burdens of people living in high exposure conditions 

close to both primary and secondary lead smelters. As the distance be

tween crushing/smelting operations and the nearest residential area was 
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Figure 2. Lead in Suspended Particles and Dustfall Close to Two 

Secondary Lead Smelters and in an Urban Control Area. 

Sd = standard deviation of all values recorded in each region. 
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only 50-100 metres at Smelter A, an extensive survey of lead concentrations 

in the' air, the people and their home environment was instigated. The re

sults have been compared with an urban control group living in similar aged 

housing. 

Monthly arithmetric means of lead concentrations in suspended particles 

collected over 24-hour periods by high-volume samplers varied between 2 and 

5 ug/m3 close to both smelter A and B compared to 0.45-1.1 ug/m3 in the con

trol area (Figure 2). The daily values for the smelter site form a log

normal distribution, as values up to 14 ug/rn3 were recorded on days when 

the wind was from the smelter direction. The smelter and control daily 

values were subjected to a paired-comparison test and found to be signific

antly different at the 0.1% level. The mean values around the smelter, al

though high for Toronto, are not unusually high when compared to downtown 

areas of large U.S. cities. In marked contrast, lead in dustfall was ex

tremely high - up to 1200 mg/m2/30 days - compared with less than 35 in the 

control area. Lead in dustfall also decreased exponentially with distance. 

The rate of total deposition (cm/sec) obtained by dividing the lead and dust

fall by the concentration of suspended particles, was found to be 1-2 for 

the urban area and increased up to 14 in the vicinity of the smelter. This 

difference was explained by particle size fractionation of the aerosol 

using an Anders~ Impactor,which indicated that the percentage of particles 

above3.3microns increased from 20% in the urban control area to 70\ close 

to the smelter on episodal days. The mass median diameter of airborne lead 

on episodal days was 4.6±1.3 microns compared to O.B±0.2 microns for urban 

control sites. These large particles were mainly of smelter origin since 

lead in automobile exhausts is mainly submicron in size. The automobile 

contribution to total atmospheric lead burden near the refineries was estim

ated to be about 20% on episodal days using the Br/Pb ratio of the urban 

area and the bromine concentration by the smelter to calculate the airborne 

automotive lead. Weslowski found similar changes in l3r/Pb ratios around smelters. 

The high concentrations of lead in dustfall were of particular concern 

as Nordman et al (7) found mean blood lead levels increased from 12 to 24 

ug/100 ml as lead in dustfall increased from 20 to 200 mg/m2/30 days close 

to a secondary lead smelter. Analysis of capillary blood using the method 

of Cruz and Van Loon (8) from 45 people living in our urban control area 

gave a mean of 17 ug/100 ml for adults and children - no individuals above 

40 ug/100 ml were recorded. This baseline data has since been substantiated 

in a survey of over 1,000 individuals by the Toronto Board of Health, and 
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is surprising in that it is considerably lower than has been reported for 

downtown areas of large U.S. cities. 

The arithmetric mean for the smelter community was significantly higher 

than the control group. The mean is skewed, however, by occurrence of a 

small number of individuals with markedly elevated levels. It is interest

ing to note that these individuals are usually male and under the age of 14. 

This observation of an upward shift in the population lead norm was borne 

out by analysis of hair using the Photon Activation Analysis technique des

cribed by Chattopadhyay and Jervis (9). The urban control group had a 

modal concentration of 17 ppm compared to a range of 20 to 160 ppm in the 

smelter group. This difference was not due to surface contamination as 

only 10-20\ could be removed by vigorous washing. Correlation of lead in 

blood and hair from 67 individuals indicated an exponential distribution -

values ranging from 10 to 60 ug/100 ml in blood and 3 to 166 ppm in hair -

fitting the equation log Y=0.7001+0.0277 X (r=0.798 1 • A similar correlation 

has been found by Hammer et al (10) for schoolboys living in smelter and 

u~n areas. This is of considerable interest as individuals exposed to 

acute doses of lead, where hair and blood lead levels fluctuate widely over 

short periods, exhibit no.~uch correlation (Kopito et al (11).These observa

tions, together with the finding that lead concentrations do not fluctuate 

widely in centimetre sections along the hair of children whose blood lead 

levels are between 40 and 60 ug/100 ml, suggests that their body burden is 

in equilibrium with the environmental burden. Any further source of intake 

TABLE I 

PERCENTAGF. DISTRJBUTION OF LEAD IN CAPILLARY BLOOD AND HAIR 

OF PEOPLE LIVING NEAR A SECONDARY LEAD SMELTER AND A CONTROL AREA 

n x 0-9 

Urban Control 45 17 9 

Smelter Area 32 33 0 

n x 0-9 

Urban Control 45 17 27 

Smelter Area 51 52 0 

Blood Lead Level (ug/100 ml) 
10-19 20-29 30-39 40-49__ 50-59 

64 22 5 0 0 

6.5 25 41 18.S 9 

Hair Lead Level (ug/gram) 
10-19 20-29 30-39 40-49 50-99 

37 18 18 0 0 

22 8 26 16 12 

x = arithmetric mean 

60+ 

0 

0 

100+ 

0 

16 
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would increase the body burden from this sub-clinical level to levels at 

which clinical symptoms of lead poisoning may appear. 

More extensive blood sampling has since been completed and 16 children, 

i.e. 2\ of those living within 500 metres of both Smelter A and B, have 

been given Ca EDTA treatment. All children showed lead excretion above 

baseline levels and 2 achieved more than 600 ug Pb within 24 hours. 7 dem

onstrated more than 1000 ug ALA in urine per 24 hours. There were 5 cases 

of hyperactivity and 5 with neurological abnormalities. 3 showed definite 

lead lines in bone epiphyses. It appears, therefore, that the increased 

lead absorption,associatea with ingestion and inhalation of dirt and dusts 

in the Toronto situation,does not appear sufficient to cause clear-cut 

symptoms of poisoning but may cause subclinical metabolic effects. 

It would seem that if it is not possible to have buffer zones around 

secondary lead smelters in urban areas, both ground level and stack 

emissions will have to be better controlled than is the current P!actice. 

In addition, air quality criteria based on the lead content of dustfall as 

well as suspended lead particles are required to prevent environmental con

tamination. Levels of 100 mg/m2/30 days for lead in dustfall and a daily 

concentration of 5 ug/m3 or monthly geometric average of 2 ug/m3 for lead 

in suspended particles has been suggested for this region. 
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SUI VANTAGGI PRESENTATI DALL'USO DELLA FORNACE A 
GRAFITE COME NUOVA TECNICA DI ASSORBIMENTO ATOMICO 

NELL'ANALISI DELL'INQUINAMENTO DELL'AMBIENTE DI LAVORO 

D. CASULA, G, DEVOTO 

Istituto di Medicina del Lavoro dell'UniversitA degli Studi di 
Cagliari, Italia 

RIASSUNTO 

Alcuni elementi metattici (Piombo, Zinco, Cadmio, Antimonio, 
A~gento, Rame, NioheZ, Cobalto) presenti a ZiveZZi di traace in 

differenti ambienti di Zavoro, sono stati analizzati mediante 
Z1uso delta spettroscopia per assorbimento atomioo, con le 

nuove te~niche che utitizzano iZ fornetto a grafite. 

Vengono presi in esame i vantaggi presentati dalte nuove 

metodiche di dosaggio e di prelievo. 

ABSTRACT 

Some metallic elements (lead, zinc, cadmium, antimony, 

silver, copper, nickel, cobalt) of which traces are sometimes 

found in various types of working environment, were analysed by 

means of atomic absorption spectroscopy and new techniques based 
on the use of the graphite furnace. 

The paper covers the working conditions, the results ob

tained and the advantages offered by the new methods of sampling 
and quantitative analysis whioh were used. 
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La determinazione degli inquinanti atmosf erici negli am
bienti di lavoro rappresenta un parametro importante nella V,! 
lutazione della salubrita dell'ambiente e deve essere esegui
ta con la rnassirna precisione possibile data la particolare im 
portanza che orrnai viene attribuita alla presenza anche di 
tracce minirne di divers! inquinanti. 

Per queste ragioni nel nostro Istituto si ~ sempre voluto, 
nel corso degli anni, affinare le varie determinazioni, modi
ficando e migliorando le tecniche operative. Riferiremo, nel 
corso di questo nostro intervento, sui vantaggi offerti dal-
1' impiego della fornace a grafite per la deterrninazione abi
tuale di tracce di metalli nell'aria degli ambient! di lavoro. 
I dati che riportiamo si riferiscono, principalmente, al do
saggio ripetuto di rnetalli, present! nell'aria di alcune mi
niere metallifere della Sardegna, durante diverse fasi della 
estrazione del minerale. 

L'uso di un fornetto a grafite, oltre a permettere di rile 
vare tracce minime dei vari inquinanti, ci ha dato la possibl 
lit~ di ripetere su di uno stesso campione la deterrninazione 
contemporanea di diversi metalli e, data l'alta sensibilitA 
della suddetta rnetodica, ~ stato sufficiente eseguire campio
namenti ridotti sia nel volume sia nel tempo. 

METODICA 

Prelievo dei carnpioni 
Per i prelievi dei carnpioni d'aria sono state impiegate le 

seguenti attrezzature: 
1) prelevatori automatic! Dual e Sequential Sampler (Gelman); 

prelevatori automatic! modello D P 12 (Terzano); 
2} contatori registratori (Terzano); contatori a secco (S.I.M. 

Brunt); 
3) portaf iltri metallici (Gelman) corredati di membrane Metri 

eel con pori del diametro di 45 micron (Gelman). -
I prelievi dei campioni d'aria sono stati effettuati in 

punti opportunamente studiati, onde poter disporre di un qua
dro rispecchiante le condizioni general! dell'arnbiente di la
voro: gallerie, fronti di avanzamento, coltivazioni, sgombero 
fornelli, carreggi, tramogge. 

L'aria ~ stata prelevata a m. 1,50 dal suolo, alla veloci
tA di 1-2 litri al minuto e per 30'-60' per ciascun filtro. 

Oosaggio 
Per la determinazione dei metalli abbiamo utilizzato uno 

spettrofotometro per assorbimento atomico mod. 495 (Beckman), 
corredato di un fornetto a grafite "Massmann Cuvette" (Beck
man) • Per la introduzione delle piccole quantit~ di campione 
sono state adoperate le micropipette Eppendorf Marburg da 10 

, 



Pb Zn Cd Sb Ag Cu Ni Co 

Max Min Max Min Max Min Max Min 

a 0,064 0,012 0,090 0,010 0,0010 0,000 0' 0007 0,000 0,000 0,000 0,000 0,00 

b 0,046 0,008 0,045 0,007 0,0000 0,000 0,0000 0,000 0,000 0,000 0,000 0,00 

c 0,062 0,012 0,068 0,005 0,0008 0,000 0,0004 0,000 0,000 0,000 0,000 0,00 

d 0,022 0,005 0,031 0,003 0,0001 0,000 0,0011 0,000 0,000 0,000 0,000 0,00 

e 0,009 0,003 0,015 0,002 0,0005 0,000 0,0000 0,000 0,000 0,000 0,000 o,oo 

f 0,028 0,004 0,035 0,003 0,0002 0,000 0,0000 0,000 0,000 0,000 0,000 0,00 

a) Minier a di San Giovanni (SO determinazioni) 

b) Minier a di "Su zurfuru" (35 determinazioni) ester no 

c) Minier a di "Su Zurfuru" (50 determinazioni) inter no 

d) Minier a di "Barega" (30 determinazioni) 

e) Minier a di "Masua" (20 determinazioni) 

f) Minier a di "Mantega" (20 determinazioni) 
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e 20 microlitri. 

Soluzioni standard dei metalli 
Sono state adoperate soluzioni acquose dei seguenti metal

li: Pb, Zn, Sb, Cd, Cu, Ag, Ni, Co, della ditta BDH, tutte al 
la concentrazione di 1000 ppm. 

Le membrane utilizzate per i prelievi, su cui si era depo
sitato il materiale proveniente dall'aria dei cantieri di la
voro, sono state trattate ripetutamente con aliquote da 5 ml 
di HN03 concentrato "Suprapur" della Ditta Merck, onde manda
re in soluzione tutto il Materiale residuo;quindi con acqua 
bidistillata abbiarno portato a volume, in palloncini tarati 
da 25 ml, le soluzioni ottenute e sulle stesse abbiamo esegu! 
to i dosaggi dei rnetalli presenti. I metalli sono stati deter 
minati direttarnente nelle soluzioni acquose e la loro concen
trazione e stata ricavata da una curva di taratura allestita 
preventivamente. Per valutare piu precisamente la concentra
zione dei metalli, abbiarno operate anche con il metodo delle 
aggiunte successive, ed allo stesso modo abbiamo anche con
trollato le interferenze della presenza conternporanea di di
versi metalli. 

Ci limitiamo a riportare in tabella dei rilievi eseguiti 
nelle varie miniere, i valori (in mg/m3) massimi e minimi, 
nonche, per ciascuna miniera, il numero di prelievi eseguiti. 

Conclusioni 
L'uso del fornetto a grafite nella determinazione quantita 

tiva dei metalli, present! nell'atmosfera dei vari ambient! -
di lavoro, ci ha fornito notevoli vantaggi legati soprattutto 
alla alta sensibilita di questa metodica rispetto ad altre. 

Come risulta dalla tabella allegata, con queste tecniche 
abbiamo ottenuto sia dei risultati piu precisi nella determi
nazione di metalli (come Pb e Zn) presenti a livelli piu fa
cilmente rilevabili, sia nel dosaggio delle tracce minime 
(come Cd e Sb) non altrimenti evidenziabili con altre metodi-
che. Infatti per la deterrninazione di queste tracce minime cc 
correrebbero dei prelievi massivi e prolungati nel tempo, il
che potrebbe comportare l'interferenza dei metalli presenti 
in concentrazioni superiori. 
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LEVELS OF SOME TRACE ELEMENTS IN BABY AND ADULT 
DIETS IN ITALY 

M, ALLEGRINI+, E, LANZOLA+, C, ROGGJ+, 
G, GIANANI++, G. C. SABATINI++ 

+ Istituto di Igiene, Universita di Pavia, Italy 

++ Ministero della SanitA, Rome, Italy 

ABSTRACT 

Cadmium, chromium, copper and zinc have been measured in 

nearly 60 samples of various infant foods present on the Italian 

market, including powder milk, strained meats, infant cereals, 

flours and fruit juices. 

Similar measures have been completed in a pool of food 

samples representing an average adult diet for one week. 

The same elements have also been measured in maize, cassava, 

rice, peanuts, beane, tomatoes, spinach coming from an African 

region (Dahomey). 

From the results, the daily intake for infants and adults 

has been calculated and compared with data shown in other re

ports. 
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1. Introduction 

The problems of food contamination by different elements 

is to be approached, keeping in mind that many of these are the 

so called ''trace elements" whose role in human and animal nutri

tion is well known since the deficiency of some of them in the 

diet may induce particular syndromes of malnutrition. 

At present the nutritional requirements of all the elements 

found in the human body, are not yet known. 

Actually the trace elements can be divided into three 

groups (1) the essential ones, the probable essentials, and the 

non essentials. 

Ten trace elements considered essential nowadays are: iron, 

iodine, copper, zinc, manganese, cobalt, molybdenum, selenium, 

chromium, and tin. Among the trace elements of which there is 

no certainty as to their essentiality, are: nichel, fluorine, 

bromine, arsenic, vanadium, cadmium, barium and strontium. 

Furthermore, a certain number of trace elements (between 20 and 

30) though found in different body tissues, do not meet with 

the criteria established by Cotzias (2), to be regarded as 

essentials. 

1. The criteria are: Presence in healthy tissues of all 

living beings; 
2. - Approximate constant concentration in different species; 

3. - Biochemical, functional and structural abnormalities 

induced by the deficiency of an element in the diet; 

4. - Reverse of these abnormalities after the addition of the 

deficient element to the diet. 

The non essential elements are believed to reach the 

,human body trough environmental contamination and, in confir

mation of such an hypothesis, attention is drawn to the different 

distributing pattern on the concentration of essential and non 

essential trace elements in the human organs: for the essential 
ones normal idstribution has been noted, whereas the non essen-

tial elements have a log-normal distribution. 
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Cadmium, is among the elements that present this last 

behaviour but, for other reasons, it is thought to be essential. 

Finally it should be emphasized that for some elements the 

levels which can give rise to accumulation and toxicosis are 

not far from the nutritional requirements (3-4-5). 

2. Methods 

Starting from the above consideration four elements have 

been measured: three essential, chromium, copper and zinc and 

one probable essential, cadmium, in the following items: 

a) infant foods, sold on the Italian market (table I); 

b) samples of infant formula milk produced from 1952 to 1966; 

c) dishes of an average diet for adults, sampled for one week 

and pooled before analysis; 

d) a certain number of foods sampled in an African area 

(Dahomey) . 

TABLE I Infant £ood types analysed. 

Food No producer No products 

1 Milk powder 7 17 

2 Inf ant £lours 7 14 

3 Strained meats 4 8 

4 Strained fruits 5 9 

5 Fruit juices 4 7 

.?-.?P..?.F..?J:..11.§J 

The atomic absorption spectrophotometer used in this 

research was a Jarrel-Ash-Atomsorb . 

.Procedure: ----------
so g. of the sample was ashed at 400~C then dissolved in 

concentrated HN0
3 

and left in a muff le furnace until the ashes 

became completely white. The ashes were added with HCl (1:1) 

then heated, filtered, trnnsferred to 25 ml. volumetric flask 

and diluited with distilled water to the mark. 

All the samples were then measured by the additioning me 

method. The performance of the analysis was tested by deter

mining the recoveries of Cd. - Cr. - cu. and zinc. 
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Therefore known amounts of Cd, Cu, Cr, and zinc were added 

to 50 g. of each sample, the samples were then processed by a 

procedure already described (6). 

Analyses on fifteen replicated samples indicated recoveries 

as follows: 71,0 ± 5,7% Cd, 100 ± 3,2% Cu, 99,l ± 2,7% Cr, 

100,l ± 3,4% Zn. 

The reproducibility of the analyses has been determined 

by analysing each sample three times therefore calculating the 

standard deviation. 

3. Results and Discussion 

The results concerning infant foods measured are shown in 

tables II, III, IV, v, VI and VII. Each figure is followed by 

twice the standard deviation. 

No evidence has been found of a rise in the levels of Cd, 

Cr, Cu, and of zinc in infant milk produced from 1952 onward. 

On the basis of the average values in the examined foods the 

daily intake of the four elements has been calculated (table VIII 

according to the food consumption data in the 1st year of life 

( 7) • 

Table IX shows the daily intakes of Cd, Cr, Cu and Zn in 

adults with average adult diet. 

In figure 1 a comparison has been made between the daily 

intake concerning inf ants and adults found in the present 

research work and those reported in other surveys; the maximum 

non toxic levels, as far as they are known, have also been in

dicated. From figure 1 it can be seen that the daily cadmium 

intake is very near the maximum allowed level, indicated by the 

WHO expert conunittee in 1973. 

It is also evident that at the end of the 1st year of life 

the intake of cadmium and chromium are very near to the adult 

level. The results of the measurements of Cd, Cr, Cu and Zn 

in some African food samples are shown in table 10. 



Samples 
no 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

!Average 
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TABLE II 

Cadmium, Chromium, Copper and Zinc in infant formula milk. 

( The values are followed by tvice the standard deviation ) • 

Cd Cr- Cu. Zn 

p.p.m. p.p.m. p.p.m. p.p.m. 

0,20 + 0,01 0,29 + 0,02 0,79 + o, 12 18,6 + 4,6 - - -
0,23 + 0,02 0,32 + 0,02 0,77 + 0,06 23,3 + 0,5 - - -
0,24 :!: 0,03 0,27 + 0,03 0,69 + 0,03 15,5 + 1,4 - - -
0,21 :!: 0,02 0,30 + 0,04 0,47 + 0,06 23,5 + 0,6 - - -
0,23 :!: 0,01 0,28 + 0,02 0,10 + 0,04 23,6 + 1,2 

0,24 + 0,02 0,28 :!; 0,02 o,64 + 0,03 11,4 + 1 ,6 - - -
o, 21 + 0,03 0,27 :!: 0,03 o, 53 + 0,04 27,3 + 3,2 - -
0,21 + 0,03 0,26 + 0,05 0,97 + 0,06 24,4 + 1,7 -
0,22 :!: 0,02 0,29 + 0,03 0,50 + 0,05 25,6 + 2, 1 -
0, 14 :!:. 0,01 0,23 + 0,03 0,26 + 0,02 9,7 + 0,6 -
o, 18 + 0,02 0,23 + 0,03 0,37 + 0,02 19,2 + 2, 1 - -
0,23 + 0,02 0,27 + 0,02 0,35 + 0,05 22,2 + 3,8 - -
0,20 + 0,02 0,31 + 0,04 0,53 + 0,03 24,2 + 3,4 

0,24 :!: 0,02 0,29 + 0,03 0,46 + 0,05 20,5 + 1,4 - - -
0,23 + 0,04 0,37 + 0,02 0,73 + 0,04 24,2 + 3,4 - - -
0,23 + 0,02 0,37 :!: 0,04- o,67 + o, 10 23' 5 + 2,1 - - -
0,21 + 0,05 0,29 + 0,08 0,58 + 0,36 - 21,0 + 10 
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TABLE III 

Cadmium., Chromium, Copper and Zinc in infant £ormUla milk produ

ced .from 1952 to 1966. ( The values are followed by trice the 

standard deviation ). 

Samples c~. Cr, Cu :zr, . 

p.p.m. p.p.m. p.p.m. p.p.m. 

1952 0,20 ! 0,01 0,34 :!: 0,03 1,0 ± 0,14 21,0 + 0,5 -
1954 0,21 ::!: 0,02 0,31 + 0,04 o,87 :!: 0,04 23,2 ± 0,7 -
1955 0,24 ::!: 0,02 0,33 + 0,02 0,81 ± 0,05 25,0 ± 1,4 -
1956 0,21 + 0,01 0,32 ± 0,02 0,73 ± 0,2 1'9,7 :t , ,o -
1957 0,23 ! 0,03 0,36 ± 0,04 0,68 ± 0,01 24,6 ± , ,Ei 

1958 0,22 ! 0,02 0,33 !. 0,02 0,78 '!:. 0,04 22,5 :t , ,4 

1959 0,21 + 0,02 0,36 + 0,04 0,80 t 0,02 23,2 ± 0,1 - -
1960 0,22 + 0,02 0,37 !. 0,03 0,77 t 0,01 24,8 ± 2,2 -
1963 0,21 + 0,02 0,31 t 0,04 o,83 t o,os 22,5 t. 1,4 -
1963 0,21 !. 0,02 0,33 + 0,02 o,68 + 0,05 21;5 + 1,4 - - -
1964 0,21 + 0,03 0,30 + 0,02 o,69 + o,os 22,2 + 0,1 - - - -
1965 0,20 + 0,02 0,31 t 0,04 o,67 ± 0,03 21,6 ± 1,4 -
1965 0,21 + 0,03 - 0,30 + 0,07 - 0,67 ± 0,05 22,3 ± 0,5 

1966 0,21 ± 0,02 0,30 '!:. 0,02 0,63 '!:. 0,05 24,7 :t o, 7 

1966 0,21 ± 0,02 0,31 t 0,04 0,64 ± 0,10 26,2 ± 2,0 

Average 0,21 t 0,03 0,32 t 0,04 0,74 't 0,20 23,0 t 3,4 
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TABLE IV 

Cadmium, Chromium, Copper and Zinc in baby foods (strained meats). 

( The values are followed by twice the standars deviation ). 

Samples Cd. Cr. Cu Zn 

p.p.m. p.p.m. p.p.m. p.p.m. 

1 0,04 + 0,005 0,20 + 0,01 1,2 + 0,07 20 ,O+ 1,3 - - - -
2 0,04 + 0,005 0,23 + 0,01 1. 1 + 0,07 19,0+ 1,3 - - -
3 0,03 + 0,004 0,21 + 0,01 1,3 + o,oe 35,0+ 2,4 - - - -
4 0,05 + 0,007 0,28 + 0,02 1,1 + 0,07 38,0+ 2,5 - - - -
5 0,07 + o,oos 0,22 + 0,02 o,s + 0,05 11 ,O+ 0,1 - - - -
6 0,03 + 0,004 0,10 + 0,005 0,4 ! 0,02 16,6+ 111 - -
7 0,02 + 0,003 o, 10 + 0,005 0,4 ! 0,02 16,2+ 1 '1 - - -
8 0,05 + 0,006 0,10 + 0,005 0,4 ! 0,02 22,8+ 1,5 - -

Average 0,04 + 0,03 O, 13 + 0,14 0,8 + 0,7 22 + 18 - -
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TABLE V - VI 

Cadmium, Chromium, Copper and Zinc in baby foods ( A - fruit 

juices, B - strained fruits ). 

( The values are followed by t'Wice the standard deviation ). 

A 

Samples Cd. Cr Cu Zn. 

p.p.m. p.p.m. p.p.m. p.p.m. 

1 it:. 0,01 0,04 0,34 :!: 0,04 0,95 + o, 1 -
2 < 0,01 0,04 + 0,01 0,10 + 0,02 0,76 + o, 1 - -
3 0,01 0,04 + 0,01 0,30 + 0,03 0,95 + o, 1 - - -
4 0,01 0,04 + 0,01 0,30 ::!: 0,01 0,57 + 0,2 - -
5 0,01 c::. 0,001 0,27 ::!: 0,02 0,95 + 0,2 - -
6 0,01 0,04 + 0,01 0,29 + 0,03 0,91 + o, 1 - -
7 0,01 0,07 + 0,01 o, 50 ::!: 0,03 1,33 + o, 1 - -

Average 0,01 0,04 + 0,04 0,29 + 0,22 0,92 + 0,44 - - -
B 

1 0,02 0,05 + 0,01 0,6 + 0,2 3,3 + 0,5 - - -
2 0,02 o, 12 + 0,02 1,5 !: 0,2 3,3 + 0,4 - -
3 0,02 o, 10 + 0,02 o,87 + 0,3 3,5 + 0,3 - - -
4 0,02 0, 12 + 0,03 0,91 + 0,2 3,3 + 0,4 - - -
5 0,02 o, 91 + 0,10 0,65 :!: 0,2 1,B + 0,3 - -
6 0,02 < 0,01 0,37 + 0,2 1,8 + 0,4 - -
7 0,02 0,01 + 0,02 1,05 + 0,3 3,0 + 0,5 - - -
8 0,01 0,04 + 0,01 0,61 + 0,3 2,6 + 0,3 - - -
9 0,01 0,04 ! 0,01 0,39 + o, 1 1,3 + 0,3 - -

Average 0,02 o, 16 + 0,56 0,76 + 0,72 2,7 + 1,5 - - -
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TABLE VII 

Cadmium., Chromium, Copper and Zinc in in£ant .flours. (The values 

are followed by twice the standard deviation). 

Samples Cd. Cr. cu. Zn 

no p.p.m. p.p.m. P•P••• P•P••• 

1 0,21 + 0,03 0,22 ! 0,07 4,7 + 0,3 23,0 :!: 1,4 - -
2 0,18 + 0,03 0,09 + 0,02 1,7 + o, 1 11,5 + 2,8 - - -
3 0,12 :!: 0,02 0,16 + 0,02 2,5 + 0, 1 , 5,3 + 2,2 - - -
4 0,21 ! 0,03 o, 17 + 0,03 1,3 + 0,3 12, 5 + 2,8 - - -
5 0,22 :!: 0,01 0.,42 + 0,07 6,8 :!: 0,5 25,5 + 3,4 -
6 o, 11 + 0,01 o, 23 ! 0,03 3,9 + 0,4 17,3 + 2,4 - - -
7 0,18 + 0,05 0,09 ! 0,01 5,0 + 0,3 20,0 ! 2,8 - -
8 0,10 ! 0,01 0,05 + 0,01 1,2 + o, 1 11,2 + 0,7 - -
9 0,20 :!: 0,02 0,26 + - 0,05 0,9 ! 0, 1 11,7 + 0,7 -

10 0,18 ! 0,03 0,31 + 0,03 2,5 + o, 1 18,2 + 2,0 - - -
11 0,05 ! 0,01 0,03 + 0,01 2,5 + 0,3 12,5 + 1,4 - - -
12 0,22 + 0,03 0,49 :!: 0,03 2,5 + 0,1 , 2,5 + 0,28 - - -
13 0,18 + 0,02 1,4 + 0,20 1,7 + 0,2 15,0 + 1,0 - - - -
14 0,16 + 0,02 0, 13 + 0,04 7,4 ! 0,4 15,5 + 1,4 - - -

Average 0,16 + 0,08 0,22 + 0,68 3,2 ! 4,0 15,4 + 2,2 - - -
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TABLE VIII 

Daily intake oE Cadmium, Chromi'UDl, Copper and Zinc from. 4th. 

month to 12thnonth o.E li.Ee. 

gr. Cd (pg) Cr (pg) Cu (µg) Zn. (mg) 

4th. month 

milk 640 21,0 (14-24) 29, 1 (22-39) 58,9 (25-103) 2, 1 (0,9-2,9) 
.El ours 15 2,4 (0,7-3,3) 3.3 (0,4-21) 48,0 (13-111) 0,2 (0,2-0,4) 
meat 30 1,2 (0,9-2,1) 4,8 (3-8,4) 24,0 (12-39) 0,6 (0,3-1,0) 

Total 24,6 (15-30) 37' 1 (25-68) 131,0 (50-253) 3,0 (1,4-4,4) 

5th. month 

milk 640 21,0 (14-24) 29,1 (22-39) 58,9 (25-103) 2, 1 (0,9-2,9) 
£lours 25 4,0 (1, 2-5, 5) 5,5 (0,7-35) 80,0 (22-185) 0,4 (0,3-0,6) 
meat 100 4,0 (3-7) 16,0 (10-28} 80,0 (40-130) 2,2 (1 ,1-3,8) 

Total 29,0 (18-36,5) 50,0 (33-102) 219,0 (87-418) 4,7 (2,3-7,3) 

6th. month 

milk 510 16,5 (11-19) 23,2 (17-31) 46,9 (20-82) 1,7 (0,7-2,3) 
.flours 50 8,0 {2,s-11 1 0) 11,0 (1,4-70) 160,0 (44-370) o,s (0,6-1,2) 
meat 100 4,0 (3-7) 16,0 (10-28) 80,0 (40-130) 2,2 (1,1-3,8) 

Total 28,0 (16,5-37) 50,0 (28-129) 287,0 (104-582 4,7 (2,4-7,3) 

7th. 8th. month 
milk 600 19,5 (13-22) 27,3 (21-36) 55,2 (24-96) 2,0 (0,9-2,7) 
.El ours 50 8,0 (2,5-11,0) 11,0 (1 ,4-70) 160,0 (44-370) 0,8 (0,6-1,2) 
meat 100 4,0 (3-7) 16,0 {10-28) 80,0 (40-130) 2,2 (1, 1-3 ,8) 

Total 31,5 (17,5-40) 54,0 (32-134) 295,0 (108-596 5,0 (2,6-7,7) 

9th.12th.month 
milk 650 22,0 (14-25) 29,5 {22-39) 59,8 (26-104) 2, 1 (0,9-2,9) 
.flours 70 11,2 (3,5-15,4) 15,4 (2, 1-98) 224,0 (63-518) 1,0 (0,8-1,8) 
meat 120 4,8 (3,6-8,4) 19,0 (12-33) 96,0 (48-156) 2,6 (1,3-4,5) 

Total 38,o (21-49) 64,0 (36-170) 380,0 (137-778, 5,7 (3,0-9,2) 
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TABLE IX 

Daily intake of Cadmium, Chromium., Copper and Zinc (average 

diet for adults). 

Cd - mg/d Cr - mg/d Cu - mg/d Zn - mg/d 

Soup * 0,013 0,017 0,360 2,066 

Main course * 0,006 0,006 o,863 3,900 

Dessert * 0,006 0,007 O,U99 0,366 

Wine (1 litre) 0,006 0,020 0,750 7,300 

Water N.D. N.D. N.D. 0,013 

Fr\lit 0,002 0,001 o, 102 0,262 

Di£ferent Foods 0,011 0,017 0,336 2,240 

Total 0,046 0,074 2,530 16,147 

N.D. • Not Detectable 

* = The values for soup, main co\lrse and dessert were obtained 
respectively from pools of various itP.llts. 

TABLE X 
Cadmium, Chromium, Copper and Zinc in some food samples frm 

an African region. ( The values are followed by twice the 

standard deviation ). -

Samples Cd. Cr Cv Zn 

p.p.m. p.p.m. p.p.m. p.p.m. 

maize flont <. 0,05 < 0,1 1 ,9 ! o, 1 20,3 ! 1,4 

maize paste < 0,05 c 0,1 1 ,4 :!: 0,2 8,9 + 0,6 -
cassava < 0,05 o, 10 :!: 0,01 3,3 + 0,5 13,6 + 2,5 - -
boil et cassavf 0,05 c:: o, 10 1,6 + 0,2 5,2 + 0,4 - -
beans 0,07 + 0,01 <0,10 5,6 + o, 1 25,3 + 1,5 - - -
peanut pastry o,os + 0,02 0,25 :!: 0,01 6, 1 + 1,1 28,9 + 2, 1 - - -
rice < 0,05 <. o, 10 1,2 + o, 1 11,1 + 0,5 -
rice < 0,05 < 0,10 2,1 + 0,2 12, 1 + 1,5 - -
tomates 0,05 ± 0,01 0,20 :!: 0,01 8,7 + 0,7 22,5 + 2,5 - -
spinach < 0,05 c 0,10 8,4 ± 0,9 18,2 + 1,6 -
vegetable sau- 0,08 + 0,02 0,10 + 0,01 3 ,4 :!: o, 1 19, 2 :!: 1,3 ce - -



TABLE XI 

Ratio Cd/zn in adUlts diet: Ratio Cd/zn in a£rican £00<1 Ratio Cd/Zn in babies diet: 
samples: 

Soup 1 : 160 Beans 1 : 361 4th. month 1 : 121 
Main course 1 : 500 5th. " 1 : 162 Dessert 1 : 63 Peanut pastry 1 : 361 
Wine 1 : 1000 6th. II 1 : 160 
Fruit 1 : 1500 Tomatoes 1 : 450 

7th.-8th. month 1 : 158 Dif'ferent foods 1 : 200 Vegetable sauce 1 : 240 
Total diet 1 : 300 9th.-12th. " 1 : 150 
Total vine and fruit 1 : 200 

....... 
Ratio Cd/Zn in flour samples: Ratio Cd/Zn in milk and strained ....... 

0 

'° 
1 1 : 110 foods (average): 

2 1 : 63 Milk 1: 100 
3 1 : 120 
4 1 : 60 Strained mead 1 : 550 
5 1: 115 
6 1 : 155 
7 1 : 110 
B 1 : 112 
9 1 : 58 

10 1 : 100 
11 1 : 250 
12 1: 43 
13 1: 90 
14 1: 100 

Average 1: 100 
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Although it is not possible to carry out a complete 

comparison with similar items produced in Italy the values of 

cadmium and chromium seem considerably lower in the African 

samples. 

It is known that cadmium is a natural contaminant of zinc 

and that the ratio Cd/Zn is 1/350 in the earth surface and 

about 1:100 in foods (average). 

our results (table XI) generally confirm such a ratio, 

particularly as far as milk and flour are concerned. 

These results also suggest that a limitation of cadmium 

in the diet is impossible unless the zinc is also limited. 

In effect considering the ratio of the intake of cadmium 

and zinc is about 1:300, the latter element should not exceed 

30 mg. in the diet. 

Higher values could bring into the organism an excess of 

cadmium. 
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THE USE OF RADIOISOTOPES 32p AND 35s IN STUDIES ON 
BEHAVIOUR OF PESTICIDES IN THE SOIL 

z. SZPERLINSKI 

Institute of Environmental Engineering, Technical University, 
Warsaw, Poland 

ABSTRACT 

Activated atoms were used to determine the possibility and 
extent of contamination of underground ~aters by pesticides used 

in agriculture. The sorption and dynamics of the migration of 
t~o organo-phosphorous pesticides, fenitrothion and malathion, 
were studied. These t~o products are currently being proposed 

as agricultural pesticides. 

They would replace other substances of the chlorinated hy

drocarbon group, including DDT, ~hich are more dangerous to 
health, but are themselves source of potential contamination of 
underground waters. 

Studies were carried out on different types of soil: sandy 

and clay. Isotherms ~ere determined for the sorption of the 

pesticides examined, together with their distribution coeffici

ents, Kd. The effects of pH values, exchangeable ions, organic 
substances (organic C and N) and the mechanical composition of 

the sorption of fenitrothion and malathion were studied. 
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1. Introduction 

The negative effect of pesticides from the group of chlor

inated hydrocarbons on the environment is conunonly known. This 

particularly concerns such persistent pesticides as DDT and 

lindan as well as aldrin, dieldrin, endrin and heptachlor. In 

Poland, as in many other countries, the production and use of 

DDT is gradually being limited with simultaneous introduction of 

such substitutes as organophosphorus compounds and derivatives 

of carbamic acid. Our industry is already producing several 

organophosphorus insecticides as malathion and fenitrothion which 

may replace DDT in the combat with insects. Organophosphorus 

pesticides, in comparison with DDT, are much easier subjected 

to various changes in soil and plants as biodegradation, hydro

lysis or oxidation and furthermore can be absorbed by the soil. 

However, one should consider the possibility of the pesticides 

being displaced from the soil as a result of rainfall. These 

factors favour the migration of pesticides and their metabolities 

to subsoil waters. 

This report presents the results of studies on the so

rption of fenitrothion and malathion in the soil and the wa

shing out of these pesticides from the soil by rainfall. The 

investigations were conducted with the use of the radionuclide 

labelled compound technique, at present often employed in 

experimental practice. 

2. Materials and methods 

The investigations were conducted on pseudopodsolio 80118 
taken from top layers /0 - 25 cm/ from which textural groups 

of soils differing in their mechanical and chemical compos1 tion, 
cation exchange capacity and organic matter, were taken 

/table I/ 

The studies were conducted with malathion - 35s with 
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Table I 

Charactoristic of soils used for study 
~-

Clay Organic pl{ Exchangeablo 
Soil - textural groups (0,002 mm matter H2 0 in KCl Cations Cal•+ Mg-2+ 

% in per 100 g 

1. 
') -· 
3. 

4. 
G. 

6. 

"' JO 
m.e 

Silt loam 4,0 0 1 11 5,4 4,4 1,6 
Silt loai:i G,O o,ao 5,8 4,9 3,0 

Silt loam s,o 0,94 7,4 7,3 7,8 

Silt loan 1,0 1,54 7,6 7,4 9,8 
Silt loam 13,0 3,55 6,7 6,4 11,6 

Sandy loam 5,0 8,47 6,1 5,3 1817 

specific activity 4 1 5 mCi/mmol and fenitrothion - 32P with 
specific activity 1,25 mCi/mmol. The labelled pesticides were 
from the Uadioohemical Cuntre, Amersham, Buckinghamshire, En
gland. 30 cm long glass columns with inner diameter 2.7 om 
were filled with 100 g samples of soil dried in the air and 
then 1 mg of labelled pesticide in 5 ml water solution /mala

thion - 35s/ or 5 ml diluted ethanol solution /fenitrothion -
_32P/ 

was added drop by drop. The columns of soil were eluted with 
distilled water imitating rain water. Through each of the columns 

were passed 350 ml of the distilled water, equalling 616 mm of 
rainfall. The height of the soil in eaoh of the columns wass 

1 - 13,2 cmJ 2 - 13,6 cm; 3 - 13,0 cm; 4 - 14,1 cm; 5 - 16,0 

cm: 6 - 20,5 cm. After dilution with distilled water the co
lumns of soil were divided into 1 - 2 cm thick layers. Th~ 

radioactivity of individual portions of the eluate /25 - 50 ml/ 

and layers of soil was determined. The samples of eluate and 
soil for radioactivity measurements were prepared in standard 

aluminum containers with 24 mm inner diameter and 4 mm depth. 
The activity of funitrothion - 32P was determined in o,s ml 
of solution and malathion - 35s from 1 ml after evaportion to 
dryness. The mass of the soil taken tor radioactivity measure

ments was 300 - 500 mg. Additionally a correction was determi
ned for the self-adsorption of activity emitted by the soil. 
The radioactivity of the samples was determined with Geiger 

II 

Muller counter type BOH - 42/0 introduced as part of a measu-
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ring unit produced by 11 Polon". Geometry of calculation 2 '1(, and 

time unit 100~ were employed. The activity of samples was ca
lculated for the concentration of the pesticide in pg per soil 
mass unit or volume of solution. 
3. Results of studies and conclusions 

The results of the studies on the penetration of fenitro· 
thion - 32P and malathion - 35s through soils with varied me
chanical and chemical composition are presented graphically in 
figures 1 and 2. The axis of ordinates gives the % quantity 
of pesticides eluted from the soil by distilled water imita
ting the size of rainfall in mm. Fig 3 presents the adsoption 
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FIGURE 1. ELUTION OF FENITROTHION THROUGH VARIOUS SOILS 

5 

6 

of fenitrothion - 32P and malathion - 35s in individual layers 
of a column on the example of two soils. The studies indicate 
that fenitrothion - 32P is adsorbed by soils to a much greater 
degree than malathion - 35s. This is probably due to the dif
ference in the structure of the molecules of the examined pes-
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ticides. The displacment of pesticides from the soil occurred 
with rain fa I I up to about 350 mm and was for feni trothion - 32p 

between 10 and 45% and for malathion - 35s between 38 and 76 % 
of the amount introduced. There has been observed a oertain co-

rrelation bewteen the content of the clay fraction/(0.002 mm/,ion 

exchange capacity and content of organic matter in the soil and 

00 I 
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F"IGURE 2 ELUTrON OJ=" MALATHION THROUGH WARrOUS SOILS 

its capacity to absorb malathion and fenitrohion /fig 1 and 
The rate of adsorption of the studies sol is in µg/g soil is 
follows: tor malathion 35 2 .... 2,7i 3 - 3,4; - s - 1 - 2,3; 
4 4~6j 5 5:i>O; 6 6~1; for fenitrothion 32 

p - 1 - 5l)4; 
2 ti'!); '"' c,1; ff - 6,1; r: 7,8; 6 - 8990- The sorption 01' ..) - :& '-' ... 

2/. 
as 
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the studied pesticides was not similar for different layers of 
a column /fig 3/ which may indicate the possibility of the 
migration of these compounds in soil as a result of rainfall. 

The conducted studies allow the following conclusions: 
1. Soils have a certain capacity to absorb fenitrothion and 
malathion and this capacity depends on the mechanical composi
tion, ion exchange capacity and content of organic matter 
2. Fenitrothion and malathion can be displaced from the soil 
due to rainfall which indicates the possibility of their 
migration to subsoil waters. 

....J 
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FIGURE 3. ADSORPTION OF FENITROTHION _32p AND 

MAL.ATHION-355 IN SOIL COLUMN 
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3. The use of pesticides labelled with radionuclides in inve

stigations on the behaviour of pesticides in the environment 
facilitates comparatively accurate measurements of low con
centrations of these compounds in soil and solutions. 
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DIE BELASTUNG DER NAHRUNG MIT DEN SCHWERMETALLEN BLEI, 
CADMIUM, QUECKSILBER, ZINN UND ARSEN IN OSTERREICH 

H, WOIDICH, W, PFANNHAUSER 

Forschungsinstitut der Ernghrungswirtschaft, Wien, Osterreich 

KURZ FAS SUNG 

Aufgrund der statistisch ermittelten Verzehrsgewohnheiten 

des Osterreichers und unter Ver~endung der analytischen Daten 
fllr Sch~ermetallspuren in Lebensmitteln ~ird die Aufnahme von 
Blei, Cadmium, Quecksilber, Zinn und Arsen abgesch~tat. 

Die ermittelten Werte ~erden far einen Uberblick Uber die 

durch Lebensmittel aufgenommenen Mengen an potentiell tozischen 

Schwermetallen in Osterreich und far einen Vergleich mit aus 
der Literatur bekannten Aufnahmedosen in anderen L~ndern und 
internationalen Toleranaen herangeaogen. 

DarUber hinaus haben ~ir ausfUhrliche Untersuchungen an 

verhaltnismassig stark mit Schwermetallen kontaminierten Lebens

mitteln durchgefllhrt, ~obei sich aeigt, dass es far die Elemente 
Quecksitber, Cadmium und Arsen jeweils gana bestimmte Gruppen 
von Lebensmittel sind, die einen gegenUber den durchschnitt
lichen Werten anderer Nahrungsmittel erh~hten Gehalt auf~eisen. 
Zinn ~ird in ~rheblichen Mengen lediglich in eingedosten Lebens

mi tte ln gefunden, ~nhrend Blei unregetmnssig auf Lebensmittet 
verteilt ist. 

Die ermittelte monatliche Aufnahme an Sch~ermetalten betrllgt 

pro Person 2,5 mg Btei, 0,6 mg Cadmium, 0,2 mg Quecksitber, 
10 mg Arsen und 100 mg Zinn. 
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Gemessen an der Schwermetallbelastung in anderen Landern 

Ziegen die in Osterreich aufgenommenen Mengen bei Quecksilber, 

Blei und Arsen verhllltnism~ssig tief, wlihrend die nahrungsbedingte 

Aufnahme von Cadmium an Spit2enwerte industrialisierter Staaten 

heranreicht. Insgesamt liegen alle Werte weit unter den von 

PAO/WHO angegebenen vorlllufigen annehmbaren Aufnahmedosen. 

ABSTRACT 

The intake of lead, cadmium, mercury, tin and arsenic is 

estimated on the basis of statistics on Austrian dietary habits 

and analytical data on traces of heavy metals in food. 

The values obtained are used in a survey of the intake of 

potentially toxic heavy metals via food in Austria, and in a 

comparison with intakes (reported in the literature) in other 

countries, and international tolerance standa2•ds. 

In addition we carried out detailed investigations of foods 

which were relatively heavily contaminated with heavy metals. 

These showed that there are distinct groups of foods which have 

a high content of the elements mercury, cadmium and arsenic, as 

compared with the mean levels of these in other foods. Tin is 

found in considerable quantities only in tinned foods, while 

lead is irregularly distributed in foods. 

The monthly intakes of heavy metals found per person are 

2.5 mg lead, 0.6 mg cadmium, 0.2 mg mercury, 10 mg arsenic and 

100 mg tin. 

Compared with the incidence of heavy metals in other coun

tries, the intakes of mercury, lead and arsenic in Austria are 

relatively low, whiie the cadmium intake via food reaches peak 

levels for industrialized countries. Taken as a hlhole, all 

levels are well below the FAO/WllO provisional acceptable intakes. 
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1 .Einlei tung 
Zur Ermittlung der nahrungsbedingten Schwermetallaufnahme 
in Osterreich wurden die durchschnittlichen Verzehrsge
wohnheiten nach Ergebnissen der Konsumerhebung 1964 heran
gezogen. Wir untersuchten alle Nahrungsmittel, deren monat
licher Verzehr 0,4 kg Uberstieg, sowie fallweise auch in 
geringen Mengen konsumierte Lebensmittel. Tabellarisch 
werden jene Lebensmittel aufgefilhrt, filr die eine besondere 
Belastung mit einzelnen Schwermetallen festgestellt werden 
konnte. 

2.Belastung der Nahrung mit Schwermetallen 
2.1. Blei 
Blei zahlt wegen seiner hauptstichlichen Verbreitung Uber 
Autoabgase zu den systematisch schwer faBbaren Schadstoffen, 
da der Standort der pflanzlichen Nahrungs- und Futtermittel 
von Bedeutung ist. Es existieren kaum besonders belastete 
Lebensmittel. Viele in Autobahnnahe gedeihenden Pflanzen 
weisen erhebliche Mengen Blei auf [1]. Die Streuung der filr 
bestimmte Lebensmittel erhaltenen Werte ist deshalb auch 
sehr groa. 
Wir fanden, daB hinsichtlich der aufgenommenen Mengen die 
gewichtsmaGig an der 1;ahrung stark beteiligten Lebensmi ttel 
zur Bleiaufnahme den groaten Beitrag leisten. Die Tab. I 
gibt neben einigen Grundnahrungsmitteln auch einige verhalt
niamaGig hohe Werte in verachiedenen anderen Lebensmitteln 
an, die vielfach nur vereinzelt gefunden wurden. 

Die abgeschatzte Gesarntaufnahme von 2,5 mg Pb/Person und 
Monat liegt unter der fUr hochindustrialisierte Staaten an
gegebenen Aufnahmedosis von 6-9 mg Pb/Person und Monat. 

2.2. Cadmium 
Cadmium hat sich ala ubiquitar verbreitetes Spurenelement 
erwiesen. Nach jtingsten Berichten [4] hat in einigen Li:i.ndern 
die Aufnahme von Cadmium mit der Nahrung bereits die Grenze 
der vorlauf igen annehmbaren Do sis der \JHO/FAO erreicht. 
Einzelne Gruppen von Nahrungsmitteln (Tab. II) sind nach un
seren Untersuchungen [3] tatsachlich verhaltnismaCig stark 
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Tab. I 

Bleigehalte ausgewahlter Lebenswittel 

Lebensmittel 

verschiedene 
Brotsorten 
Schweinefleisch 
Fische (konserviert) 
.Milch (frisch) 
Milch (konserviert) 
Johannisbeersaft 
Apf elsaft 
Orangensa.f t 
Hafer (Ganzkorn) 

Preieelbeeren-
konfi ttire 

Tab. II 

Proben
zahl 

7 
7 

18 

4 
4 

1 

2 

1 

11 

1 

Bereich 
C PPrril 

o, 10-0, 61 

0,05-0,24 

0,05-0,47 

0,08-0,15 
0,20-0,29 

0,90-0,95 

Gehalt 
CppmJ 

0,330 
0, 157 
o, 190 

o, 110 

0,275 
0,74 
0,72 0,90 

0,62 

0,93 

0,70 

Cadmiumgehalte ausgewahlter Lebenawittel f'3J 

So rte Probenzahl Bereich £pprJJ] Mittelwert 
[ppmJ 

Mais 3 0,59 - 1,05 
Weizen 13 0,006- 1,05 0,24 
Hafer (Ganzkorn) 4 1 t 1 - 1,93 1, 32 
Haf'erflocken 3 0,007- 0,090 0,045 
Haf erkleie 1 5,56 
Gerste 4 0,05 - 0,27 

Muscheln 39 0,05 - 1, 74 0,31 
Thunf isch 13 0,05 - 0,97 o, 14 
Sardin en 27 0,05 - 1,00 0,23 

sonstige Fische 65 o,os - 1,46 0,13 

Schweineniere 15 0,01 - 0,41 o, 15 

Schweinefleisch 15 0,008- 0,025 0,014 
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mit Cadmium verunreinigt. Dazu zahlen die Hilllenmaterialien 
einzelner Cerealien, Innereien (Niere, Leber) und Muscheln. 
In einigen Spezialbrotsorten, die sich durch geringen Ver
mahlungsgrad auszeichnen, fanden wir beachtliche Cadmium
gehal te. Aufgrund unserer experimentellen Daten schatzen 
wir die Cadmiumaufnahme in Osterreich auf 0,6 mg Cd/Person 
und Monat. 

2.3. Quecksilber 
Quecksilber findet sich in wenigen Lebensmitteln in beach
tenswerter Konzentration. Viele Proben lagen an der Nach
weisgrenze der verwendeten Methode [5]. Tab. III enthalt 
eine Aufstellung der mit Quecksilber beaonders belasteten 
Nahrungsmitteln zu denen Thunfische und auch Pilze zahlen 
[6]. Die Gesamtbelastung der Nahrung belauft sich auf etwa 
0,2 mg/Person und Monat und liegt an der unteren Grenze der 
in der Literatur angegebenen Werte [4, 1J. 

2.4. Zinn 
Hauptquelle der nahrungsbedingten Zinnaufnahme sind in ver
zinn ten Behaltern eingedoste Lebensmittel. 
Da Zinn unter den betrachteten Elementen die geringste Toxi
zi tat aufweist, wird die Zinnaufnahme aus dem Verzehr von 
Gemtise- und Obstkonserven, Obstsaft- und Fischkonserven 
allein abgeschatzt (Tab. IV). Basierend auf eigenen Unter
suchungen [!3,'fl ergibt sich aus diesen Quellen eine monat
liche Zinnaufnahme von etwa 100 mg. Zu berUcksichtigen ist
daO bei einzelnen Gemtise- und Obatsorten eine .Anreicherung 
von Zinn in der Frucht festgestellt wurde, die bevorzugt 
verzehrt wird {!J]. 

2.5. Arsen 
Mit Arsen sind vor allem Muscheln, Innereien und einzelne 
Ra.ucherprodukte starker belastet. In einzelnen Fallen weisen 
auch Biere merkliche Arsengehalte auf (Tab. V). 
Die aufgrund unserer Untersuohungen geschatzte Belastung der 
Nahrung betrugt hochatens 10 mg/Person und Monat und liegt 
damit deutlich unter Angaben aus der Literatur [1o_/. 
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Tab. III 

i.,!ueckr.il bergehal te auoc;c1-1,.i.hl tc:r 1c:bc:ml1Ji ttel [~] 

LebenL1mi ttd Probtml'.ahl llereich l'ii ttelwert 
[Pprg 

'.l'lrnnfisclie 95 0,005-1,57 0,330 
Heri:r.ge 71 0, 001 -0, 108 0,02J 
Surdinen J5 0,001-0,091 0,015 
Huscheln 27 0,005-0,077 0,027 
Scelachs 10 0,038-0,370 0, 101 

He is 1 0,001-0,007 0,003 
Teigwaren 3 0,001-0,018 0,007 
lHer 6 0,001-0,204 O,O'j6 

Pilze ( trockrm) 7 0,002-2,52 1'376 

Tub. IV 

Zinncchal t cin~cdoster J,ebc:ns,!1i ttel /fl, 9J 

Gewlise- und 
~~.!"!!~_ff on H"~:!::::'.~'..!l 

Spargo! 
Chnrnpignon 

Annnaa 
}~rd be: er en 

Boh11en 

Marillen 
Pfirsiche 
Schwarzwurzel 

Ananassaft 
Gewliscsaft 
Grapcfruitsaft 

Oran8ensaft 
Karottenouft 

Towatensaft 
Zi tronelrnaft 

lfoschf~l 

Sorel in en 

l'robenzahl 

8 

11 

5 
7 
2 

2 

6 

7 

1 

1 

4 
4 
2 

4 

2 

6 

1 

Bereich 
[µpig 

117 - 309 
61 - 117 
81) - 244 
10 - 42,5 

17' 5 
Tl, 5- 97,5 
19 - 77 ,5 

120 - 408 

192 

66 

63 - 95 
53 - 216 

15 - 17 
16 - 135 
25 - 80 

20 - 95 
15 - 85 

Mittclwert 
LPPefl 

211 

12 
127 

25 
17 ,5 
87,5 
54 

225 

192 

66 

76 
123 

16 

32 
52 

44 
25,5 
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Tab. V 

Arsengehalte in ausgewi.ihlteE Lebensmitteln 

Lebensraittel Probenzahl Bereich Mittelwert 

Dorschleber 9 
Muscheln 34 
Raucheraal 1 

Tintenfisch 1 

Bier 4 

Reis 4 

LPPrrY 

0,05 - 3,54 
n.n. - 1,20 

0,38 
0' 13 

0,05 - 0,33 

0,02 - 0,09 

0,88 

0,21 

0' 21 

0,055 

3. Diskussion der ~rgebnisse 
Aus unseren Untersuchungen geht hervor, daa die Schwerme
tallbelastung der Nahrung in Osterreich im allgemeinen un
ter der stark industrialisitrter Staaten liegt (Tab. IV). 

Tab. VI 

Schwermetallaufnahme aus Lebensmitteln Ling/Person u.Monat] 

FAO/WHO vorl~ufige Brrni ttel ter Literatur-
annehmbare monat- Wert angaben 
liche Aufnah:me 

Pb 12 ,o 2,5 6-9 [2 t 1v 

Cd 1 , 6 - 2,0 0,6 0,45-0,90 [2, 12' 19 

Hg 1 '2 0,2 0,2 -0,3 £2,6,11,1v 

As 100 (max.Auinahme) 10 15-70 [1Q7 

Sn 100 100 [1~7 
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Die Bleiaufnahme ist deutlich geringer, ala beispielsweise 
in den USA [2]. 

Der Quecksilbergehalt in Lebensmitteln ist sehr gering, 
ausgenowwen bei bestii.1mten Fischarten und bei Trockenpilzen. 
Eine Gefiihrdung der Gesundheit ist selbst bei starkem Fisch
verzehr nicht zu erwarten. 

Zinn ala wenig toxiaches Ion gelangt nahezu ausschlieBlich 
durch eingedoste Lebensmittel in nennenswerter Menge in die 
Nahrung. 

Die groae Empfindlichkeit von Kindern gegen Zinn und Blei 
mua aber berilcksichtigt werden und erfordert laufende 
Kontrolle. 

Arsen findet sich kumuliert in Nuscheln und Innereien. 
Hauptnahrungswittel weisen dagegen sehr geringe Arsenspuren 
auf. 

Lediglich bei Cadmium konnte festgestellt werden, daa die 
Belastung der Nahrung im Mittelfeld der Literaturangabe 
zu liegen kommt. 

Wir erachten es deshalb ala notwendig, der UberprUfung des 
Cadmiumgehaltes der Nahrung erhohtes Augenmerk zu echenken. 

[1] 

[2] 

n1 
[4] 
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ASBESTOS MEASUREMENTS IN THE CALIFORNIA ENVIRONMENT 

J, J, WESOLOWSKI, R, STANLEY, G, SMITH, L, CARPENTER 
AND A, BERNER 

Air and lndustrial Hygiene Laboratory, State of California Dep
artment of Health, USA 

ABSTRACT 

The California population is exposed to asbestos from nat

uraZ sources such as wind and water erosion of asbestos-contain

ing rock formations and from a multitude of anthropogenic sources. 

Of particular concern are such sources as asbestos mines and 

miZZa, automobile brake Zinings, asbestos spraying for fire

proofing of buildings, asbestos cement pipes for transporting 

drinking water, talcum, and the widespread use of asbestos fil

ters in the food, drug and beverage industries. 

Inhalation of asbestos fibers in sufficient quantity is as

sociated with at least three diseases - asbestosis, lung cancer 

and mesotheZioma, with latency periods measured in decades. 

Thus it is important that Zong-range monitoring programs be 

established now to help assess the health effects of this pol-
lutant, The mechanism of pathogenicity may be dependent on the 

size of the fibers, so monitoring schemes should include siae 
distribution data as weZZ as identification and counting tech

niques, Since most of the particles of asbestos found in en

vironmental media are too smalZ to be resolved by the optical 

microscope, eleatron miaroscopy must be used. This paper 

briefty discusses the ourrent status of the sampling methodology 

and the eZeatron miarosaopic teahniques used to identify, count 

and size asbestos particles in environmental media and presents 

data from ambient air sampling near a California asbestos pro

oesaing plant. 
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1. Introduction 

This discussion is restricted to the measurement of asbestos in air and water, although 

much of what will be said is applicable to food, drugs, beverages and other media. The 

methodology of asbestos quantification in environmental samples falls ifllo four interrelated 

areas: sampling, preparation of the sample for subsequent analysis, identification, and 

determination of the concentration of asbestos. 

2. Sampling Methods 

Air is moved through a membrane filter at a specified flow rate for a length of time 

determined by the expected concentration of asbestos in the air. For ambient air monitoring, 

the Air and Industrial Hygiene Laboratory (AIHL) method employs 0.8 µm pore size 

Nuclepore filters of 47 mm diameter, at a flow rate of ten liters per minute, for 2 to 24 hours. 

For water samples, a suitable amount, usually about one liter, is collected in a clean 

bottle or nask. The water is then passed through a filter, such as Nuclcporc, which collects the 

asbestos particles. Although the filter collection efficiency for small asbestos particles remains 

to be determined, clearly the smaller the pore size, the higher the collection efficiency. 

Unfortunately, filtratiori of water through a small pore filter is a slow process and if, as is 

usually the case, the water contains many other kinds of particles, the filter may clog before all 

the water has gone through. It has been estimated that errors of the order of 50% may occur as 

a result of inefficient filtration through 0.8 micrometer and larger pore size filters. 

3. Sample Preparation 

Two general classes of sample preparation utilized to obtain size distributions by 

electron microscopy arc the direct-clearing technique and the separation technique. The direct 

method presents the microscopist with a sample on which a minimum of manipulation has 

been carried out but which contains hoth asbestos particles and all other particles which were 

present in the environmental medium when the sample was collected. The separation 

technique presents a sample which contains a minimum of interfering particles, but which was 

prepared with much manipulation. 

In many air samples and in some water samples it is possible to use the direct-clearing 

method to size and count asbestos fibers among the other materials present. In this method the 

sample filter is coated with a layer of silicon monoxide or carbon to hold the fibers in place. 

The filter itself is then dissolved by vapors of a solvent such as acetone or chloroform. The film 

with imbedded fibers and other particles is then examined by electron microscopy. However, 

urban air containing 100 micrograms of particles per cubic meter will probably contain on the 

average only 0.01 microgram asbestos per cubic met~r. Thus the sample filter contains 10,000 

times as much non-asbestos as asbestos material by weight. The ratio of particles depends on 

the densities and sizes, but for average conditions encountered in urban air will vary frorn 
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Diffraction pattern obtained from a chrysotile fiber 
collected downwind of an asbestos mill. 



1732 

around 10,000 to 100,000 non-asbestos particles for every asbestos particle. The ratio is even 

larger in water samples. Under sucl1 circumstances, qu:mtitation by the direct clearing 

technique is difficult. 

In the separation technique tl1c filter is ashed to destroy organic particles and fibers, 

carbon, and the filter material itself. The ashed sample is then mixed with a solution of 0.5% 

Parlodion in amyl acetate. An aliquot of the suspension is dropped on a water surface within a 

confined area of known size. Electron microscope grids arc then drawn through the 

asbestos-containing Parlodion film for subsequent counting and sizing, (Smith ( 1 ]). 

4. Identification and Sizing 

After sample preparation, the grid is scanned at 1000X to determine uniformity of 

sample deposition. The search for fibers is conducted at 8000X. Each fiber detected is 

identified at 20,000X morphologically and by electron diffraction if necessary. (Seshan [2]). 

The length and diameter arc then measured. 

Although chrysot ile may be prcsumpt ively identified by recognition of a central 

longitudinal canal in the fibril, positive identification requires electron diffraction. Figure t is 

an example of a diffraction pattern obtained from a dirysotilc fiber collected downwind of an 

asbestos mill. Crystal lattice parameters arc computed from such spot and ring patterns and 

compared with those of standards (Skikne 13 }). 
This technique allows differentiation of asbestos from non-asbestos materials and of 

chrysotile from amphibole asbestos. It does not, however, normally allow the identification of 

the specific type of amphibole present. Fibrils smaller than 0.05 µm in diameter seldom 

produce diffraction patterns suitable for identification. 

Since electron diffraction identification is slow and expensive, in most cases, only 5% 

of the morphologically-identified asbestos fibers have their identifications confirmed by 

electron diffraction. 

After examining a minimum of 20 grid holes per each of three grids for each sample, 

the total number of fibers in each size category is calculated, producing the size distribution. 

5. Asbestos Size Distribution Data 

An experiment was conducted to determine the feasibility of measuring the 

concentration and size distribution of asbestos fibers in ambient air near an asbestos processing 

plant using the Parlodion method developed by AIHL. Sampling was carried out at a chrysotile 

asbestos mill located near King City, California. The asbestos ore and spent ore were stored in 

unprotected heaps upon the ground within the plant's perimeter. This storage, combined with 

strong summer winds, made the operation a possihlc source of airborne asbestos. 

One sampler was located approximately 500 meters northwest of the source and 

another 100 meters soutl1wcst. Samples were collected for three hours during the afternoon of 
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Figure 4 

Asbestos fibers in ambient air near asbestos mill 

shown by le11gth and diameter. 
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April 26, 1972. During this sampling period the weather was clear, the temperature averaged 

650f and the wind blew steadily from the northwest at an average velocity of 600 cm/sec, 

occasionally gusting to 1300 cm/sec. Due to the location of the mill at the base of a 100 meter 

hill, the wind trajectory may be complicated. Tims botl1 samplers would be expected to collect 

source emissions, with the northwest or "upwind" sampler collecting less. Figures 2 and 3 give 

the fiber size distributions for length and diameter. As expected the "downwind" sample has a 

greater number of fibers than the "upwind", and the mean fiber diameter is slightly larger. 

Figure 4 is a three-dimensional plot of the number of asbestos fibers by length and diameter 

"downwind" of the plant. The number of fibers per liter is shown by the height of the column 

plotted over the appropriate cell in the length by diameter matrix. The plot demonstrates that 

the large majority of the fibers are both thin and short (less than 0.5 µm in diameter by less 

than 2.5 µm long). The "upwind" plot is similar but with slightly smaller fiber diameter. 

AIHL has also carried out similar asbestos characterizations for other ambient air 

locations in California and for water samples collected from rivers and taps. Although there are 

variations in the shapes of the distributions and in the concentration of fibers present, all 

samples demonstrate that the large majority of the fibers arc too small to be detected by light 

microscopy. 

6. Conclusions 

We have demonstrated the applicability of electron microscopy using the Parlodion 

method for characterizing the fiber size distribution of asbestos. Further, our data, as well as 

that of others, dearly show that most fibers are too small to be detected by light microscopy, 

thus making electron microscopy a necessary tool for assessing the health impact of 

environmental asbestos. 
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SITING CONSIDERATIONS FOR AIR QUALITY MONITORS 
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ABSTRACT 

Every honest researcher has the insecurity that his con

clusions may be biased by measurement technique or the environ

ments in which the tests were conducted. A difficulty we have 

al~ays had is "have we measured what we think we have measured?" 

There are three factors in any of the environmental investi-

gations. Those factors entail the inner-relationships between 

the emiaaionJ the transport and the effect on the object or 

organiam in question. ThusJ in any assessment of effect of any 

environmental assaultJ one must consider the aharaateristias of 

the emission and the effect of its transport media before arriving 

at the receptor. This is especially true in "ambient" monitoring. 

Epidemiological studies using air monitoring dataJ ~ncluding 

those data provided by peraons ~hose monitoring purposes are 

other than epidemiologicalJ usually are accepted on face value. 

It can be shown that the ambient air quality is very sensitive 

to the plaaement of the aensorJ relative to the emission sourae. 

Thus, correlations of thia data with respect to health effeats 

can beaome overly biasedJ according to this placement. Some 

currently impo~tant pollutants are discussed with reapeat to 

these siting considerations and the ~elationahip between sources 

and the ultimate receptor exposure. 
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This paper presents some suggestions for siting of air 

quality monitors with respect to the pollutant and its souroe. 

It is imperative that perspective air quality data be investigated 

to assure that the data is not overly sensitive to the sensor 

location. 
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1. INTRODUCTION 

It is well known that much of the available air quality data, 
historically as well as presently generated, contains many points where 
the data becomes sensitive to interference parameters that are un
desirable and unknown to the final user. The three major influences on 
data as gathered for air quality measurement purposes are: 

1. Unknown variation in emissions 
2. Sensitivity to various types of transport conditions(meteorology) 
3. Sensitivity of the instrument site to local phenomenon 

Unless the above influences are properly described in the statistics, 
the conclusions can easily be misleading. 

&t>st standard techniques use a large sample taken at various 
physical locations in order to come to their conclusions. Cor
relations with various population groups are taken as subsequent 
analysis. Usually, those data points lying outside "acceptable .. to the 
models are discarded. There is always the danger that these exceptions 
may be the rule. In lieu of meaningful documentation one can easily 
rationalize that this is the best alternative. 

It is this researcher's opinion that it is better to work at the 
"front end" of the problem: either document the existing station so as 
to show its relationship to its immediate environs, or survey a 
potential site in order to place the sensor at a point which will 
optimize the sensitivity to the function which one is trying to 
describe. 

2. EMISSION CONSIDERATIONS 

When using air quality data one must be fully aware of the 
variations of the emission rates in both the immediate and general area 
surrounding the sensor. A case in point is sulfur dioxide. Since 
sulfur containing fossil fuels are used extensively in heating of space 
(space heating), as well as industrial and power generation uses, there 
is a base line on which a seasonal variation is super-imposed. This 
phenomenon is usually accentuated by the use of "cleaner" fuels in a 
scheduling called "interruptible service". In the northern United 
States clean fuels are used in the warmer months. In colder months the 
residential heating units use the cleaner fuel, but the industrial and 
electrical industries use fuels containing more sulfur. 

Suspended particulate also has seasonal variation. In Chicago 
typical maximum months would be May and June as well as the winter 
months. The minimum is typically in July, caused by the variation of 
the agricultural activities, July being the maximum growing month and 
minimum tillage. This emission variation, both from natural and man
made sources, linked with the greater frequency of inversions during 
the latter part of the summer, lead to an interesting variation. 

3. TRANSPORT AND METEOROLOGY 

Til.e variations in temperature, rainfall, wind speed and wind 
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direction play a great part in the measured concentrations of any of 
the pollutants. As for suspended particulate, temperature as well as the 
rainfall and growing season make a large difference in the total 
measured during various months of the year. In most areas winter winds 
are stronger and more northerly, whereas the summer wind speeds are much 
less. Frequencies of stagnation and/or inversions are greater. All air 
quality values are dependent upon these parameters. If one considers 
re-suspension as a significant source of particulate [l) there is a 
Point at which increased wind speeds increase the particulate which is 
contradictory to most modeling considerations. 

Parameters such as ozone are almost completely dependent upon solar 
radiation but are also dependent upon natural sources. It is well known 
that many photo reactive organic materials are emitted by natural pro
cesses of plant respiration and metabolism. Similar statements can be 
made concerning hydrocarbons. Location of meteorological monitoring 
equipment is extremely important. Many times it is overlooked to the 
point where not only technical skills have been neglected but common 
sense also has been ignored. Thus transport and meteorology are im
portant controlling factors as to the concentrations of air quality 
sensed at any single point. 

4, SITING OF SENSORS 

The technique of properly siting air quality instruments is not at 
all well developed. Each situation exhibits a unique local environment. 
Location and deployment of air quality sensors are thus left to the in
dividual under broad guidelines. The final user of the information is 
at a disadvantage. He usually has to accept the information without 
question and without full confidence that the air quality data presented 
is representative of the organism's exposure. 

'I\vo examples are presented in Figure 1 and Table 1. Figure 1 rep
resents a location where the sensor is located six feet above the lip of 
a depressed expressway. Portable carbon monoxide sensors were de
ployed on 27 occasions under various meteorological conditions. The 
nearest residence was approximately 50 feet from the telemetry station. 
The hypothesis was that the telemetry station is not representative of 
human exposures. As one can see from the results, the nearest household 
was exposed to approximately one-half of the concentrations seen at the 
telemetry station. Correlation with health effects with this historical 
station would, indeed, be spurious unless this factor was taken into 
consideration. 

Table 1 represents a three-day study at three different stations 
throughout the city of Chicago so as to determine the height dependence 
relative to total suspended particulate. It is easily seen that the 
lower sensors recorded higher values. This fact, combined with the in
formation that most of this added particulate was in a larger "non
respirable1 size range, makes the correlation between suspended partic
ulate and health indeed difficult. Similarly, Table 2 shows the height 
dependence of the highest and lowest station in the Chicago air quality 
network. These stations are located within two city blocks of each 
other. Both sensors are above the city-wide average for total suspended 
particulate and are located in the business and commercial center of 
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TABLE 1 

High/ Low 24-Hour Concentration 
of 

Suspended Particulate at Selected Stations 

Geographical 
Description 

Industrial 

Sensor Height Above 
Ground Level (in feet) 

High Low 

57 19 

Concentration 
(in ug/ m3 ) 

High Low Difference 

32 81 49 

75 

113 98 -15 

2. Stevenson "Clean" 51 -6 56 67 11 

3. Austin 

Residential 

"Dirty" 
Residential 

-l,• 

(Hi-Vol located 
in a depression) 

61 10 

llfNN(OY ANO E~NS JvNCtrON 

' 2'.• [ .,., 

- 40 i 
' ......... ·~-· -20 .~ 

2.1 i. .. 
- 0 :I: 

94 70 -24 

84 91 7 

100 152 52 

82 127 45 

52 91 39 

Fig . 1 . Composite of 27 se t s of samples f or carbon monoxide a cross 
a j u ncture o f t wo expr e ssways . A t e l eme try s t a t i on is 
de s i g na ted a s TAMN 1 . The ne a r es t occupi ed re s idence i s a t 
"H". Note that the nearest residence i s expo s ed to 25% 
less than at the telemetry s t a tion and less than half that of 
t he expressway . 
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TABLE 2 

Loop Area Study of Height Dependence 
of 

Suspended Particulate Concentrations (24-Hour Hi-Vols) 

1. CAMP Station: 
12, Height - Severe Canyon Exposure 

2. GSA Building: 
133' Height - Moderate Canyon Effect 

Date Concentrations (in ug/m3) 

CAMP GSA Difference 

Oct. 12/72 218 72 + 146 
15/72 109 61 48 

(Sun.) 17/72 179 78 101 
19/72 239 150 89 
29/72 94 41 53 

(Sun.) 31/72 121 74 47 
Nov. 2/72 127 87 40 

5/72 143 124 14 
(Sun.) 7/72 146 93 53 

9/72 299 128 171 

(Sun.) 14/72 163 68 95 
16/72 199 171 18 
19/72 94 65 29 

(Sun.) 21/72 218 113 105 
23/72 140 63 77 

26/72 63 
(Sun.) 28/72 210 105 105 

30/72 262 145 117 
Dec. 3/72 170 33 137 

metropolitan Chicago. 

It is well known that ozone is quickly converted by NO to oxygen. 
Thus, in the areas of large automobile traffic where some NO is emitted 
directly from the exhaust pipe, ozone concentrations are relatively 
small. Maximum ozone concentrations will occur two to three hours down
wind of the source regions and at higher levels. At this point the ozone 
would be well mixed, 

Hydrocarbons, like suspended particulate, are a catch-all category 
for many compounds and combinations. Since many hydrocarbons are 
emitted, both by stationary as well as mobile sources (automobiles), it 
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is difficult to correlate this parameter with those health effects under 
presently available data. 

Finally, sulfur dioxide usually will decrease as the sensor height is 
decreased. Most sensors are located on building roofs slightly below the 
horizontal centerline of the plume. The further one departs from the 
centerline the less the concentrations become. (The opposite condition 
is true with total suspended particulate due to r~flotation phenomenon.) 

5. CONCLUSIONS 

The above comments are a brief description of some of the variables 
not always considered in the statistics and monitoring of air quality 
data. We will probably never rid ourselves of these difficulties. How
ever, some suggestions can be made. The most important is that one 
should gain a full knowledge of the local environs, both through visita
tion and photographs and obtain first hand evidence of possible local 
influences. Portable sensor documentation such as presented in Figure 1 
is invaluable. Prevention is always the better quality. Thus when de
ploying sensors for such studies one should document the area in question, 
placing the sensors so as to best represent the people exposure. Finally, 
any conclusion of the health effects and standards for air quality data 
should include some description of the sensors, location and exposure 
with respect to the organisms. A case in point is the current guideline 
for siting of carbon monoxide sensors where the sensor can vary from the 
curb up to twenty feet from the curb, 15 feet high! Thus, unless the re
searcher knows fully the variation in concentrations between these two 
extremes as related to the people in that area, the best standards be
come absurdities relative to the variation in concentration possible 
through inadequate siting criteria and guidelines. 

1. Harrison, P.R., et al, "Identification and Impact of Chicago's 
Ambient Suspended Dust': unpublished, June 1974. 
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EVALUATION OF A RAPID INDEX OF ENVIRONMENTAL POLLUTION 
BY TOBACCO SMOKE AND STUDY OF THE COMPOSITION OF 
THE MAIN-STREAM AND SIDE-STREAM CIGARETTE SMOKE 

G, SCASSELLATI SFORZOLINI AND A, SAVINO 

Institute of Hygiene, Medical Faculty, University of Perugia, 
Italy 

ABSTRACT 

The Authors refer the results of the researches direct to 

study the composition of both the main-stream and side-stream 

cigarette smoke. 

The constituents detected are: tar, nicotine, CO, co2, N0 2, 

Nn4, and some poZyoycZia aromatic hydrocarbons: Pyrene, Anthraoene, 

3,4-Benzpyrene. 

From the results the Authors point out that the quantities 

of tar and nicotine found in the side-stream are greater than 

those present in the main-stream smoke, with the only exception 

for the nicotine in the BJ without filter cigarettes. In all 

other oases the ratio between the side-stream and main-stream 

smoke is: about 2 for the tar in no-filter cigarettes and from 

about 2 to about 6 for filter cigarettes; for the nicotine 

about 2 for no-filter and from about 2 to about 4.5 for filter 

cigarettes. 

With regard to the gas-phase, the different gases are 

differently distributed in the two portions, but, with the 

exception of CO, they are also found in greater measure in the 

side-stream than in the main-stream smoke. 
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The Authors note that the polyayalia aromatia hydroaarbons 

are also formed during the period of non-inhalation and that 

the quantity of 3,4-Benzpyrene found in the side-stream aorrea

ponds to more than 2,5 times that present in the main-stream 

smoke. 

An index useful for a rapid evaluation of environmental 

pollution by cigarette smoke has been worked out and CO was 

chosen as a significant index, because: it is always present in 

very high quantities in room-air where people smoke; in these 

ambients, if they are rationally heated, it is only produced by 

tobacco smoke; it may be evaluated easily, rapidly and exactly 

by "Draeger System". 

From CO, using formulas proposed by the Authors, it aan 

work out other indexes, as the 3,4-Benzpyrene, and calculate 

also the equivalent number of cigarettes a non-smoker would in 

theory have passively smoked breathing for a some time the 

smoky air of social meeting rooms. 
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1 • Introduction 

'lhe current literature concerning the toxic and carcinogenic 
substances present in the inhaled portion of cigarette smoke is very 
rich and exhaustivei on the contrary the researches directed to study 
the CCIII.position ol the cigarette saoke dispersed in roOD-air 1 in order 
to evaluate the environmenta1 pollution by tobacco smoke and to assess 
the danger to which no-saokers are exposed in rooas where other people 
are smoking, are fev and fragmentary. 

'l'he papers by VYnder [1], Iotin and Falk [2], Galuslcinova [3] 1 

Neurath et al. [4], Ferri and Baratta[5], on the distribution o.t some 
compounds in the di.f .terent portions 0£ cigarette saoke, should however 
be mentioned. 

2. Bxperimental 

For this purpose, we have carried out dil.terent researches, already 
published {Seassellati SEorzolini and Saldi [6] 1 Pascasio et al.[7] 1 

Sc:assellati S.torzolini et al. [8], Savino and Scassellati Storzolini [9], 
Scassellati Storzolini and Savino [10D, that ve s'Ullla&l'ize here. 

In these studies we used apparatus able to uaolce cigarettes 
reproducing human smoking (according to the stan4ard parDeters) and to 
collect separately and contemporuily both the aai,n...streaa azid side-
stream cigarette aaoke (Pig • 1 and 2). 

2.1 Detection ot tar, nicotine and some gases in the main-streaa and 
side-stream cigarette saoke. 

The determinations were carried out on different kinds of 
cigarettelli 1 with and without filter, and the results shovn on Table I. 

From the results it is seen that the amounts of tar and nicotine 
lound in the ULbiental saoke are greater than those present :ln the smoke 
inhaled by the smoker; the only exception is Ror the Jlicotine oE B) 
no-tilter cigarettes. In all other cases the ratio between. side-stream 
and Jnair-stream smoke iss about 2 tor the tar in no-filter cigarettes -and .trom abCNt 2 to about 6 J!or filter cigarettes; .tor the nicotine 
equally about 2 .tor no-£11 ter U1d .lrom about 2 to about 4. 5 for tilter 
cigarettes. With regard to the gas-phase, the dUterent gases are 
differently distributed in the two portions, but, with the excertion of 
co, these a1so are found in greater quantities in the aabiental portion 
ot SJ11oke. 

2.2 Detection Of some polmclic aroeatic hydrocarbons ( P.A.B.) in the 
main-stream and sid ... streaa cigarette smolce. 

The determinations were macle on a single k1D4 ot cigarette without 
filter. 

On Table II the distribution of some P • .A.B., taken as !Mexes, in 
the two portion.a of smoke is represented. 

Prom the values shovn on the table, it can be seen that these 



A) 

A) 

B) 

B) 

c) 

D) 

Tab1e I 

Distribution 0£ tar, nicotine and some gases in the main-stream and side-stream 
cigarette smoke (mg/cigarette). 

I NO + N02 Xin.d 0£ Portion 
Tar Nicotine co co

2 
detected 

cigarette 0£ smoke 
a.s N0

2 

No-.filter 
Main-strea:111 17.7250 0.7915 23.1100 55.4200 0.0130 
Side-stream 38.4900 2.0660 4.9425 56.9884 0.0550 

Filter 
Main-stream 8.3650 0.4564 22.2200 72.5300 0.0120 
Side-stream 33.6800 1.7550 2.9673 98.4344 0.0110 

No-£ilter 
Main-stream 18.8193 0.9531 23.4100 56.0100 0.0150 
Side-stream. 38.8447 O.H695 3.2950 93.2537 0.0550 

Filter 
Hain-stream 11.9580 0.4608 21.8000 72.5000 0.0120 
Side-stream 35.3297 0.7992 4.9425 56.9884 0.0770 

No-£ilter Main-stream 26.0481 1.0337 18.9000 79.2100 0.0160 
Side-stream. 54.9800 2.1273 3.2950 88.0729 0.0440 

Double- Mai.n-streu 4.3253 0.1451 12.0000 49.5000 0.0080 
filter Side-stream 21.1000 0.6524 2.6360 93.2537 0.0110 

NH+ 
4 

0.1375 
8.0000 

0.1000 
7.5000 

0.1875 
7.5000 

0.1500 
7.0000 

0.1687 
6.6500 

0.0500 
5.5000 



Fig. 1. 
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Apparatus able to smoke and to collect separately 
both the main-stream and sid&-stream cigarette 
smoke: detection of tar and nicotine. 

Table II 

Distribution of some P.A.H. in the main-stream and 
side-st eam of cigarette smoke . 

/lg /100 cigarettes 
P.A.H. 

main-stream side-stream 

Anthracene 4.75 5 .40 

Pyrene 4.56 1.77 

3,4-Benzpyrene 2.54 6.51 
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Fig. 2. Apparatus able to smoke and to collect 
separately both the main-stream and side
stream cigarette smoke: detection of 
gases and P.A.H. 

hydrocarbons are .l'oriaed during the period ol non-inhalation and that, 
with regiU'd to 3,4-Benzpyrene, the amount found in the side-atrea b 
aore ~ 2.5 t:iaes that present in the mai.n-streaa 9aoke ol the smae 
king o~ cigarettes • 

2.3. lvaluation o~ a rapid and significant index ot enrivonmental 
pollution by ciaarett• aaoke. 

Froa vhat is reported in 2.1 and in 2.2, it can be dedw:ed that 
the carbon aonaxide may be taken as • significant index for a ~apid 
eva1uation ot environmental pollution by tobacco smoke, because& it is 
always present in very high qwmtities in rooa.--air vhere people anoke; 
in these ambients, i£ they are rationally heated, it i1 only produced 
by tobacco saoke; it may be evaluated easily, rapidly and exactly by 
the "Draeger System•. 

From the ppa of CO lftea9W"ed in the roosa-air, it can ca1eulate 
other pollutants pre.sent, as the 3, +.Benzpyrene ( 3, 4-BP). In lac:t 
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transforming the ppm 0£ CO to mg/m3, making the ratio between the 
quantities of 3,4--BP and those of CO present in the side-stream smoke 
(see tables) and considering that the rate of air inhaled by a man 
under nonnli conditions is about 500 l/h (Bell et al. [11] ), it can 
calc11late the amount 0£ 3, +BP taken in 1 hour and also the equivalent 
number ol cigarettes a non-smoker would in theory have passively smoked 
breathing £or 1 hour the smoky air of that place, using the following 
£ormulas: 

~g ot 31 +BP inhaledA • ppm CO • A • .!! • £ 

where: A• -
.!!• 

CO • to 28 010 • 273 
~------ - ------------------ - 1.1644 t • Vo {273+20) • 22 414 
x ---- -y 

0.0651 
------ • 0.0111 3 .. 68 

{ 1) 

X • pg 0£ 3• 4-BP in the side-stream smoke 0£ 1 cig~ette 

Y • mg of CO " " " " " 

C • air inhaled under norm.al conditions • 0.500 m3Jh 

equivalent n•of cigarettes 
passive1Y smoked by a 
nollNsmol:er 

A • ,R • C 
• ppm co • ---------'='-~ 

(2) 

where: .!? • JJ-g of 3,4-BP in main-stream smoke 0£ 1 cigarette 

.!.:.i.:.: il in the room-air there are 10 ppn 0£ CO (an amount very 
lrequ.ently .tound in places where people smoke), we have: 

J.!fl ol 3a4=BP irlhaledJb • 10 • 1.1644 • 0.0177 • 0.5 • 0.1030 

equivalent n°o£ cigarettes 
passively smoked by a non-smoker 

leterences 

• 10 • 
0.0103 

._ ........ -..... 
0.0354 

. ~ 

1 VYIJ>IR, 1.L., •The biologic el/ects ot tobacco•, Little Brown and 
Coapany, Boston 1955 1 p. 17. 

2 XOTDI, P., FALr, B.L., •The role and action o.t environmental a9ents 
in the pathogenesis of lung cancer. II. Cigarette saok~"• cancer, 
13, 250 (1960). 

3 GALUSIINOVA, v., •3,4-benzpyrene determination in the smoky 
ataosphere ot social meeting rooms and restaurants. A contribution 
to the probla of the :noxiousness ot so-called passive smoking•, 
Beopl19:ma, 11, 465 (1964). 
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4 NIUR.ATH (von), G., 1~1 H., und HORSTMANN, H., •:rntluence 0£ 
moisture content of cigarettes on the composition 0£ smoke. III.• 
Beitrage zur Tabal::lorscbung, 2, 361 (1964). 

5 FBRRI, 1.s., BARATTA, l.J., •Polonium 210 in tobacco, cigarette 
s•oke and selected hUIDaJl organs•, Pl.lblic Health Reports, 81, 121 
( 1966). 

6 SCASSILLATI SFORZOLINI, G., SALI>l, G., •1Jlteriori ricerche sugli 
idrocarburi policiclici del £um.o di sigaretta. Con.£ronto lra il 
lumo aspirate e quello raccolto nell'aria ambiente•. Boll.Soc. 
Ital.Biol.Spe1., 37, 769 (1961). 

7 PASCASIO, F •• SCASSILLATI SFORZOLINI, G.' SAVINO, A., •eatrame e 
nicotina nella porzione aspirata e nella porzione ambientale del 
ftuno di va.ri tipi di sigarette•, Ann.San.Pubbl., 27, 971 (1966). 

8 SCASSILLATI SFORZOLINI, G., PASCASIO, F., MASTRANDRBA, V., SAVl 
NO, A., •Attivitl cancerigena del .tumo di sigaretta. Quantifica.
zione degli idrocarburi aromatici policiclici presenti nella por 
zione aspirata•, Riv.Ital.lg., 27, 175 {1967). -

9 SCASSILLATI SFOBZOLINI, G •• SAVINO, A., "Valutazione di un indi
ce rapido di contaminazione ambientale da tumo di sigaretta, in 
relazione alla composizione della lase gassosa del lumo•, Riv, 
Ital.Ig. 1 20 1 43 (1968). 

10 SAVINO, A., SCASSILLATI SFORZOLIJl'I, G., "Determ.inazione del 
3,+..benzopirene nella porzione aiabientale del .tumo di sigaretta 
con metodica combinata di gascromatogratia, cromatogralia su 
carta e spettrof'otoaetria•, Riv.:Ital.Is., 29-30, 265 ( 1969/ 
1970). 

11 BILL, G.H., DAVIDSON, l.N., SCARBOROtx;H, H., "Trattato di Fi
siologia e Chil\ica Fisiologica", Parte II, p. 19, Bd.Scienti
tiche Italiane, Napoli 1958 
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BEEINFLUSSUNG DES KOHLENMONOXIDSPIEGELS 
DURCH LOFTUNGSTECHNISCHE ANLAGEN 

.. 
H, RUDEN, K. BOTZENHART UND H, LANGER 

Hygiene-Institut der Universitat Bonn, BRD 

KURZFASSUNG 

Es ist bekannt, dass in ZUftungsteahnisahen Antagen parti

kuZllre Substanzen durch FiZter abgeschieden werden k~nnen. Hin

sichttich der gasf~rmigen Substanzen ist dies bistang ungekZllrt, 

wenn man von grosstechnischen Anlagen (2.B. so2-Abscheidung in 

Rauahgaswtisahern) absieht. So wurden fUr Kohlenmonoxid, das 

in Hauptverkehrsstrassen den gesundheitsgefllhrdenden Bereich 

oft erreicht, indoor-outdoor-Messungen vorgenommen. 

Die CO-Bestimmungen wurden vor und hinter lUftungstechni

schen Anlagen durchgefUhrt, von denen die erste nur aus einem 

Geblllse ohne Filterung (AbZuftanlage einer Tiefgarage) und die 

z~eite aus Faser-Filtern, Aktivkohtefilter, Dampfbefeuchtung 

und weiteren notwendigen Aggregaten (Ktimaanlage in einem BUro

gebllude) bestand. 

Die Messungen haben gezeigt, dasa Kohlenmonoxid in den 
" AnLagen nicht abgeschieden wird, so dass in Ubereinstimmung mit 

anderen Autoren die Aussenluftkonzentrationen in gleicher H~he 

auch im Innenraum erwartet werden mUsaen. 

Wenn daher bei vorgegebener hoher Immissionsbetaatung eine 

KZimaanlage instatLiert wird, muss sie so gestaltet werden, daaa 

der Anaaugstutzen fUr die Auasenluft in gr~saere H~hen oder in 

andere bodennahe Bereiche gelegt wird, die weniger Kohlenmonoxid 
enthatten. 



1758 

ABSTRACT 

It is well known that particles can be filtered out by air 

conditioning plants, but with regard to gases the situation is 

stilZ uncertain, except in the case of large plants (for example 

the extraction of so 2 by fZue-gas scrubbers). Accordingly, indoo~ 

and outdoor measurements ~ere made of carbon monoxide, which on 

main roads often reaches levels dangerous to health. Measurements 

were carried out at the intake and exhaust sides of two venti

lating plants, one of which (the extraction ventiZator of an 

underground garage) was simply a fan without a filter, white the 

other (the air-conditioning plant of an office building) comprise, 

fibre filters, an activated charcoal filter, steam humidification , 
and other necessary units. 

The measurements showed that carbon monoxide was not removed 

by air-conditioning plants, so that the concentration indoors 

must be expected to be as high as the concentration outdoors. 

This is in line with the views of other authors. 

Hence, if an air-conditioning plant is instalZed where 

there is a high exhaust gas level, the external air intake must 

be located at a high point or, if at a low level, at a point 

where the carbon monoxide content is lower. 
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1. Einleitung 

In den letzten Jahren wurden zahlreiche Gebaude erstellt, de

ren Innenraume oft teil- oder vollklimatisiert sind. Die Not

wendigkeit einer Klimatisierung wurde nicht nur unter dem Ge

sichtspunkt einer ausreichenden Ventilation gesehen, die bei 

Gro8raumen durch ~ffnen der Fenster nicht erreicht werden 

kann, sondern sie wird auch gefordert in der Annahme, daB die 

Luft in klimatisierten Rliumen eine bessere Oualitat aufweise 

als die Au6enluft. Hinsichtlich der Abscheidunq von Feststof

fen durch Faserfilter verschiedener Gilteklassen trifft diese 

Pramisse zu. Ob sich gasfBrmige Substanzen auch in den Aqgre

gaten lilftungstechnischer Anlagen abscheiden, ist bislang 

nicht ausreichend geklart (1,4,5,6), so auch nicht filr den 

Hauptbestandteil der Kfz.-bedingten Luftverunreinigungen, das 

Kohlenmonoxid, das den MIK-Wert in verkehrsbelasteten Reqionen 

erreicht (2,3). Da klimatisierte Gebaude haufig an Hauptver

kehrsstraBen mit hoher Immissionsbelastung liegen, ist es da

her von groBern Interesse, den Gehalt der Luft an Kohlenmon

oxid vor und nach ihrer Passage durch eine Klimaanlage zu 

untersuchen. Zu diesem Zwecke wurden Untersuchungen an zwei 

Anlagen durchgefilhrt, wobei nur ein Ausschnitt aus den durch

gefilhrten Messungen dargestellt werden kann. 

2. Versuchsmethodik 

2.1. Tiefgarage 

In einer Tiefgarage mit drei Stockwerken, die von Kraftfahr

zeugen unterschicdlich frequentiert wurden, wurde die Abluft 

durch ein etwa 30 m langes, aus Mauerwerk bestehendes Kanal

netz Uber Dach eines nahegelegenen Hauses abgefilhrt. Die me

chanische Entlilftungsanlage bestand nur aus einem Gebl~se 

ohne zusatzlicher Filterung. 

Die MeBpunkte waren alternierend in drei Etagen der Tiefga

rage sowie im Bereich hinter dem Abluf tkanal auf dem Dach in 

der frcien Atmosphlire angeordnet. 

Die CO-Messungen erfolgten mit DrMger-Rohrchen Kohlenmonoxid 

S/c, deren relative Standardabweichung 15 - 10% hetrMgt. Ent

sprechend der Gcbrauchsanweisung wurden 10 Hilbe gemacht, Die 
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gleichzeitig erhobcnen MeBwerte aus den drci Decks der Tiefga

rage wurden zu einem arithmetischen Mittelwert zusammengcfaAt 

und den Werten im Abluf tschacht gegenlibergestellt. 

2.2. Klimatisiertes Gebaude 

Die AuBenluft wurde 6 m ilber Niveau einer IlauptverkehrsstraBe 

entnornmen und in einem Kanal aus Zinkblcch etwa 10 m abwarts 

in ein InstallationsgeschoB geleitet, wo sie neben Erhitzer, 

Klihler und Dampfbefeuchter ein Filter der Klasse B2 sowie ein 

Aktivkohlefilter passierte. AnschlieBend wurde.die AuBenluft 

mit Umluft aus den klima~isierten R~umen gernischt und nach er

neuter Passage eines B2-Filters den RHumen zugefilhrt. Der 

AuBenluftanteil betrug mindestens 10%. 

Die MeBwerte lagen 3 m vor dem Aktivkohlefilter im Zuluftka

nal, unmittelbar hinter dem Aktivkohlefilter und in einem 

klimatisierten Raum. Infolge der geringeren CO-Konzentration 

wurden 20 lliibe durchgeflihrt. 

Da alle Messungen im Winter erfolgten, lag die AuBentempera

tur unter io0 c, die relative Feuchte betrug 50 his 70%. 

3. Ergebnisse: 

Die folgenden Abbildungen zeigen nur einen Ausschnitt aus dem 

MeBprogramm. 

Aus Abb.l geht hervor, daB die Schwankungen der CO-Konzentra

tion in der Tiefgarage relativ groB sind und bis zu 25 ppm 

Uber den Werten liegen, die am Ende des Abluftkanals gemessen 

wurden. Bei den dort gemessenen Werten muB eine Vermischung 

von AuBenluft mit der Tiefgaragenabluft berilcksichtigt werden. 

Eine Adsorption von CO an die Kanalinnenwande ist im Gegen

satz zu so2 (4) unwahrscheinlich. 

Die Ahb.2 zeigt, daB die CO-Werte vor und hinter dem Aktiv

kohlefilter fast identisch sind, wenn man in die Beurteilung 

die groBe Standardabweichung der MeBmethode mit einbezieht. 

Die CO-Raumluft-Konzentrationen liegen haufig unter denen der 

Ubrigen MeBpunkte, da der Raum von Mischluft versorgt wird, 

die zurn liberwicgenden Teil aus den klimatisicrten Raumen 

stammt. 
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Abb 1 : CO - Messungen in einer Tiefgarage 
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4. SchluBbetrachtung 

Die Ergebnisse hahen gezeigt, daB Kohlenmonoxid durch Geblase, 

Mauerwerk, Dampfbefeuchtung, Faserfilter oder Aktivkohlefilter 

keine wesentliche Verminderung erfahrt. YOCOM u. Mitarbeiter 

(6) komrnen aufgrund eigener indoor-outdoor-Messungen von Koh-

lenmonoxid zu dem SchluB, daB die Innenluftkonzentrationen in 

klimatisierten Raumen (ohne die Art der Klimatisierunq zu be

zeichnen) die AuBenluf tkonzentrationen von Kohlenmonoxid ge

nauer widerspiegeln als in natilrlich belilfteten Raumen. 

Mangels einer leistungsf ahigen Methode zur CO-Abscheidung 

<lurch herkomrnliche lilftungstechnische Anlagen 1st daher anzu

raten, den Ansaugschacht klimatisierter Gebaude wegen der mit 

zunehmender Hohe abnehmendcn CO-Konzentration (3) mindestens 

40 m Uber Stra6enniveau zu legen oder in Bereiche auszu

weichen, die weniger CO-belastet sind. 

Literatur: 

1. Benson, F.B.,J.J.Henderson u. E.D.Caldwell: Indoor-Outdoor 
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RECAPITULATION OF EXPOSURES AROUND A 
POINT SOURCE OF AIR POLLUTION 

M. B, HERTZ 

Human Studies Laboratory, National Environmental Research 
Center, Research Triangle Park, North Carolina, USA 

ABSTRACT 

The Salt Lake Valley offers a unique setting for observing 

relationships between the health parameters of the Community 

Health and Environmental Surveillance System (CHESS) and a 

gradient of human ezposure to sulfur diozide. Four communities 

in or near the Salt Lake Valley were chosen to represent an 

ezposure gradient to sulfur diozide, emitted primarily from a 

large copper smelter. The study communities, Magna, Kearns, 

Salt Lake City, and Ogden, are located approzimately 6, B, 13 

and 36 miles from the smelter respectively. 

Air monitoring sites were positioned approzimately in the 

center of each study population. Total suspended particulates 

and their sulfate and nitrate fractions, sulfur diozide, and 

nitrogen diozide were monitored daily. Dustfalt concentrations 

were measured monthly. 

Arithmetic mean sulfur diozide and suspended sulfate con

centrations showed that Magna had the highest levels with Kea?ns, 

Salt Lake City and Ogden following in that order. 

Past sulfur diozide and suspended sulfate ezposures were 

estimated from annual smelter emissions and currently measured 

levels and indicate that past ezposurea ~ePe eonaidePably higher 

than pPesent levels. 
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l. Introduction 

Previous epidemiological studies, in urban areas, investigating sulfur 

dioxide effects have been confounded by mixed exposures to total suspended 
particulates and other pollutants. In the Salt Lake Valley, exposures to 
sulfur dioxide and suspended sulfates are primarily influenced by a large 
copper smelter west of the four selected study communities. The Utah 

CHESS study areas are situated in the north central part of the State of 
Utah and include Ogden, Salt Lake City, Kearns and Magna. These communi

ties were selected on the basis of meteorological information, emission 
inventories and previous air quality measurements to provide an exposure 
gradient for sulfur dioxide with similar levels of other pollutants below 
the National Ambient Air Quality Standards. 

2. Pollutant Measurement Techniques 

For the Utah CHESS communities, the air monitoring sites were located 
within approximately 1.5-mile radius of the center of the human population 
under study. 

Twenty-four-hour sulfur dioxide and nitrogen dioxide measurements 
were obtained with standard qas bubblers using the modified West-Gaeke[l] 
and Jacobs-Hochheiser[ 2] techniques respectively. High volume air 

samplers collected 24-hour samples of suspended particulate matter. For 
the sulfate and nitrate fractions of suspended particulate, turbidimetric 

and reduction diazo coupling methods were used respectively. The measure
ment of atmospheric particulate dustfall collected in a dustfall bucket 
over a month-long period provided an approximate gauge of the amount of 
environmental contaminants that precipitated out of the atmosphere on to 

the respective CHESS neighborhoods. 

3. Results and Discussion 
Table I summarizes the Utah CHESS 1971 annual averages for all 

pollutants. The National Ambient Air Quality Standards are shown for 
comparison. Annual average sulfur dioxide and suspended sulfate con
centrations show that Magna had the highest levels with Kearns. Salt 
Lake City and Ogden, following in that order. Although Salt Lake City, 
Ogden and Kearns had similar average sulfur dioxide levels, Magna had 

the highest daily peak values. Daily sulfur dioxide peak values for 
Kearns were considerably lower than Magna, but higher than either Salt 

Lake City or Ogden. 



1765 

Table I. SUMMARY OF UTAH CHESS 1971 ANNUAL AVERAGES 
FOR POLLUTANT CONCENTRATIONS 

l Ogden Salt Dollutant Lake Kearns Magna 
i City 

Sulfur dioxide,a µg/m3 8.0 15.3 21. 7 61.8 

c 4.8 6. 1 6.4 9.6 Suspended sulfate, 3 µg/m 

Total suspendeE 3 66.5 70.9 38.2 53.9 
particulate, µg/m 

· d' 'd a I 3 Nltrogen iox1 e, µg m 37.4 40.6 22.3 20.8 

Suspended nitrate,c µg/m3 2.0 2.4 1.7 1.3 

Oustfall particulate,a 4.34 3.56 2.44 4.61 
g/m2/mo 

a. Annual arithmetic mean values 
b. National Primary Ambient Air Quality Standard. 
c. Annual geometric mean values. 

Standard 

80.0 

-

75.0 

100.0 

-

-

The highest total suspended particulate concentration occurred in 
Salt Lake City followed by Oqden, Magna and Kearns in that order. 
Nitrogen dioxide and suspended nitrates exhibited similar gradients. 

b 

Salt Lake City received the highest exposure while Ogden recorded slightly 
lower levels. Kearns and Magna had similar but considerably lower con
centrations that the other two communities. 

It should be noted that annual mean concentrations of total suspended 
particulates and nitrogen dioxide were below the National Ambient Ai'r 
Quality Standards for all communities. 

4. Past Exposure Estimates 

Measured pollutant concentrations, of course, provide the most 
accurate data for use in epidemiologic studies. In the absence of 
measured values required for long-term studies; however, it is sometimes 
necessary to estimate past exposure levels. 
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Table II. ESTIMATED ANNUAL ARITHMETIC AVERAGE POLLUTANT CONCENTRATIONS 
FOR UTAH CHESS COMMUNITIES, 1940-1971. 

-
Concentration,a µg/m3 

Pollutant Conmunity 1940-49 1950-59 1960-69 1971 

Sulfur Low (Ogden) -- -- -- 8 
dioxide 

Intennediate I -- -- (20) 15 
(Salt Lake City 

Intermediate II -- (50) (33) 22 
(Kearns) 

High (234) (142) (95) 62 
(Magna) 

Suspended 
sulfates Low -- -- ( 4.8) 5.6 

Intennediate I -- (11.4) ( 7.5) 7.3 

Intennediate II -- (10.4) ( 8.8) 7.8 

High (27.7) (19.5) (15.3) 12.4 

aParentheses indicate estimated values. 

bKearns, the Intennediate II colTITlunity, was established in 1953. 

Past exposures to sulfur dioxide and suspended sulfates were estimated 
from sulfur dioxide smelter emissions dating back to 1940. For each year 
the ratio of that year's sulfur dioxide emissions to the emissions for the 
year 1971 was calculated. This ratio was then multiplied by the 1971 
annual averages for sulfur dioxide and suspended sulfate to give crude 
yearly past exposure estimates for sulfur dioxide and suspended sulfate 
levels respectively. These results are shown grouped by decades in 

Table II. 
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RECAPITULATION OF METROPOLITAN AIR POLLUTION EXPOSURES 
ARISING FROM MOBILE AND STATIONARY SOURCES 

D, Q, HINTON 

Human Studies Laboratory, National Environmental Research Cen
ter, Research Triangle Park, NC, USA 

ABSTRACT 

Measurements of previous air pollution exposures and con

tinuing air monitoring surveillance in a study community provide 

an exposure basis for epidemiologio studies on the health ef-

feats of ambient pollution. Sulfur dioxide, total suspended 

particulate and dustfall measurements for the city of Chicago, 

Illinois, and for the Chicago-Northwest Indiana Metropolitan 

area have been obtained in recent years. Based on these meas-

ured values, it was possible to estimate past pollutant exposure 

in these areas for the period 1950-1970(l). 

Limited data were available during the earlier years of the 

1950-1970 period. A consistent correlation was found to exist 

between dustfall and total suspended particulates, and dustfaZl 

and suspended sulfates for those years ~hen these measurements 

were available. Using this relationship total suspended parti

culate and suspended sulfate exposures were estimated from 

dustfall for those years when only dustfall was available. 

Sulfur dioxide was not correlatable to dustfall; ho~ever, lim

ited data provided exposure estimates for 1960-19?0. 

The estimates were useful in determining an exposure gra

dient within the city of Chicago and across the entire area. 



1770 

1. Introduction 
In order to carry out epidemiologic studies on the health effects 

of ambient pollution, it is important to have measurements of previous 
air pollution exposures for the community under study as well as con
tinuing air monitoring surveillance. An epidemiologic study[2] conducted 
to determine chronic respiratory disease effects of combined exposure to 
particulates and sulfur oxides, required exposure estimates for two dec
ades prior to 1970. Data were available from which to determine current 
and recent exposure; however, data between 1950 and 1960 were very limited. 
A method for providing exposure estimates during this time period, there
fore, was required. 

2. Pollution Sources 
Mobile pollution sources include automobiles, trucks and airplanes. 

Stationary pollution sources include primarily power generating plants, 
residential, commercial and various industrial sources without dominance 
from any one specific type of product. Combined pollution effluents from 
these sources are continually influenced by changing climatological 
conditions creating complex exposures to area residents. 

3. Exposure Methodology 
A data search which included city, county, state and Federal 

sources was conducted. Air sampling methods and sampling frequency 
were analyzed for consistency. Graphical trends of individual pollutants 
were determined. Pollutant concentrations before and after implementation 
of control devices were examined. Meteorological models using available 
inputs (wind speed and direction, topography, source emission, source 
[stack] height, etc.) were compared with measured data. One model[3J 
available for the Chicago area was useful in determining sulfur dioxide 
distribution in the area from 1960-1970. 

The above procedures were useful in determining estimates of exposure 
during the latter decade. Air monitoring data for the 1950-60 period 
were very limited. Except for annual particulate dustfall in Chicago, 
many data points were missing. Relationships between pollutants were com
puted from more recent years to provide reasonable estimates for missing 
data points. The annual arithmetic mean for Total Suspended Particulates 
(TSP} and the annual arithmetic mean for Dustfall were examined over time. 
Both revealed a similar trend of decreasing concentrations with time. 
A least squares fit of TSP (Y) versus Dustfall (X) gave the linear 
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regression equation: Y= -49.5 + 14.4X and provided a correlation 
of r = 0.747. This approach indicated that Dustfall is a reasonable 
basis for estimating TSPt however, it did not account for the ratios 
changing with time. A second graph with TSP divided by Dustfall (Y} 
plotted against the corresponding year (X} was made which provided the 
linear regression equation: Y = 12.4 - .134X and r = .336. This ratio 
multiplied by the annual dustfa11 value was used for estimating annual 
TSP concentrations for 1950-1953. 

Repeating this approach for suspended sulfates versus dustfall gave 
a least squares fit of Y = 3.40 + l.276X with a correlation of r = .738. 
A plot of suspended sulfates/dustfall versus time yielded Y = 1.16 + .OOBX 
with r = .235. This technique was used for estimating suspended sulfates 
for 1950-1953. 

A similar comparison between sulfur dioxide and dustfall data showed 
no consistent relationship. Data from a conductometric instrument was 
used to provide exposure estimates for 1960-1970. 

4. Conclusions 
Measured pollution levels provide the most accurate estimate of 

pollutant exposure in an area immediately surrounding the monitor. 
Emission inventories from point sources and traffic count of mobile 
source offer additional information from which to base meteorological 
models which can be used for larger area coverage. 

In the absence of measured data for a given pollutant, weighted 
consideration can be given to major source emission levels, traffic 
changes, meteorological models and relationships between pollutants to 
provide past exposure estimates. Although the limitation of subjective 
analysis and extrapolating to earlier years is recognized, this provided 
a crude estimate of previous exposures in the Chicago area where measured 
data was unavailable. The exposure estimates indicated a definite 
pollution exposure gradient highest in east central Chicago and decreased 
radially toward the city boundary. Overall exposure in the suburbs was 
generally lower than exposure within the city, with the exception of 
sulfur dioxide. In some instances, sulfur dioxide exposure in the 
suburbs equaled or exceeded the city exposure, possibly as a result of 
point sources. Low exposures for non-urban areas, attributed to fewer 
sources per unit area, were verified. 
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THE PROBLEM OF PASSIVE SMOKING IN MOTOR CARS 

H,-p, HARKE 

Research Institute of the Cigarette Industry, Hamburg, FRG 

ABSTRACT 

Interest in measurement of concentrations of tobacco smoke 

in closed rooms has been stimulated by a growing concern over 

air pollution. Since 1969 a number of investigators have re-

ported on measurements of tobacco smoke constituents, especially 

of the toxicological most important CO and nicotine. Measure

ments of the absorption of these compounds by nonsmokers were 

also reported. The situation in motor oars has not been inten-

sively investigated so far. 

Therefore, we carried out CO measurements in a motor oar of 

the lower middle-class which was occupied with 3 smokers and one 

nonsmoker. Experiments were carried out in a wind-tunnel. 

Doors and windows of the oar had been closed and the motor was 

off. At a relative-wind velocity of 0 and 50 km/h ventilation 

was varied. In one series of experiments the 3 smokers smoked 

a cigarette simultaneously following intervals, in total 6 or 9 

cigarettes; in another series of experiments one smoker after 

another smoked a cigarette, in total either 4 or 6 cigarettes. 

These experiments were completed by CO measurements in 

driving motor cars of different types, During a running time 

of 20 min. on a fixed route through Hamburg 2 x 2 cigarettes 

were smoked under conditions of ventilation as in the wind-tun

nel experiments. 
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Results of our investigations may be summarized as follows: 

1) There was an increase of the CO ievei during smoking of cig

arettes in a driving car. 

2) This CO-level decreased in smokeiess periods to ambient co 
level within a few minutes. 

3) Smoking without interruption ted to an equilibrium concen

tration but not to a constant cumulation of smoke constitu

ents in the air. 

4) Absolute concentrations were depending on ventilation. 

5) Only in a stationary, unventitated car the CO level constant

ly increased when smoking during the experimental period. 

However, this seems to be an unrealistic situation. 
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Introduction 

SRCH (1) observed that smoking of 10 cigarettes to a 5 mm butt length in 

an enclosed car standing in a closed garage caused CO levels up to 90 ppm. 

These cigarettes were smoked by 2 smokers within one hour. This study was 

done to clear up a murder. SEIFF (2) published results of investigations 

carried out in a stationary bus with running blower. Under "worst-case" 

conditions (all passenger seats occupied with smokers smoking 50% of the 

time, i.e. a 100% load factor for the bus with 43 seats - this situation 

was simulated by having one cigarette burning at each two seating 

positions all the time) he found a stable CO level of 33 ppm with an 

ambient level of 1 ppm about half an hour after the beginning of experiment. 

Under more realistic conditions (5 cigarettes burning all the time, 

simulating that 20% of the bus seats were occupied with smokers smoking 

50% of the time) the CO-reading stabilized at 18 ppm after 42 min. Ambient 

CO level was foWld to be 13 ppm. 

The objectives of our investigations were to study the influence of 

smoking and other circumstances, such as ventilation, air stream and 

ambient CO level, upon the CO concentration in motor cars (3,4}. 
M?thod 

Experiments in the wind-tunnel*were carried out in a 4-door "European" 

motor car (55 PS) at a relative-wind velocity of 0 and 50 km/h. Windows 

and doors had been closed. Ventilation was varied as follows: Ventilation 1 

= air jets closed, blower off. Ventilation 2 = air jets opened, blower off. 

Ventilation 3 = air jets opened, blower on. The car was occupied with 4 

persons - only the driver was a nonsmoker. Smokers smoked either 

simultaneously at intervals or one after another. CO was measured with non 

dispersive IR (Harmann & Braun, Germany). 

Ex~riments in driving motor cars were carried out in 9 different types of 

cars on a route of 15 km through Hamburg. Conditions of ventilation were 

the same as in the wind-tunnel experiments. During the course of experiment 

air samples were taken inside the motor car at 13 measuring points. 

Samples were analyzed immediately after return to our institute. CO was 

measured with non dispersive IR ( .Maihak, Germany). 

*carried out in collaboration with W. Liedl and D. Denker, Forschungsinsti
tut filr Kraffahrwesen und Fahrzeugmotoren, University of Stuttgart, Germany 
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Table I: Wind-tW1nel experiments: Mean CO level in a motor car occupied 
with 3 smokers and 1 nonsmoker. The smokers smoked simultaneously at 
intervals or one after another. 

Speed Ventilation Ambient Mean CO level in the car (ppm) Decrease 
km/h Air 3 cig pause 3 cig pause 3 cig of co 

ppm CO 20 min 10 in.in level 

to after 
ppm min 

0 1 1 41 50 75 Bo 96 100 2.5 
0 2 2 9 2 8 - - 2 2 

50 1 0 25 2 23 - 27 5 6 
50 2 3 22 3 19 - - 3 4.5 
50 3 2 11 2 8 - - 2 4 

Mean CO level in the car after 
smoking 

1 cig 2 cig 3 cig 4 cig 5 cig ~ cig ---0 l l. 5 15 33 115 57 67 74 62 11. 5 
0 2 2.5 6 6 7 8 - - 5 l. 5 

50 1 3,5 14 13 13 13 14 13 5 4,5 
50 2 1.0 6 8 10 8 - - 2 2 
50 3 3.0 5 5 5 6 - - 6 1 

Table II: Mean CO level in motor cars occupied with 2 smokers and 2 non
smokers. With smoking = 9 cars at ventilation 1 and 2 and 5 cars at 
ventilation 3 were tested. Without smoking = 23 rides. Between point 2 and 
3 and between point 8 and 9 cigarettes were lightened. Smoking was stopped 
near to point 6 and between point 11 and 12. 

Measuring Distance Mean speed Mean CO level (ppm) 
point km km/h non- smoking 

smoking ventilation 
1 2 3 

1 0 0 0.8 0.5 o.8 LO 
2 0.95 33 3.2 l. 7 2.5 2.3 
3 1.95 39 3,8 11. 3 12.0 11. 4 
4 2. 40 17 6.o 17.9 15.9 13.6 
5 4.60 17 2.3 21.1 9.9 6.o 
6 7.10 88 1.1 7 .. 8 3,9 3,3 
1 8.10 47 1. 3 4.o 2.0 1.5 
8 9.90 42 3.6 4,5 2.6 2.3 
9 11.50 46 5,6 11. 3 7,9 8.o 

10 12.30 33 5,3 24.3 18.4 18.9 
11 13.4b 40 4.8 21. 4 15.7 12.0 
12 14.80 35 2.5 9,3 6.9 5,6 
13 (1) 15.35 22 4.5 7.6 5.7 3,9 

.. 
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The route through Hamburg included autobahn, main roads and by-streets. 

Two rides were carried out in the morning after rush-hour. During the first 

ride no cigarettes were smoked, during the second ride 2 of the 4 
passengers smoked simultaneously 2 x 2 cigarettes. As blowers are installed 

in some motor cars only, it was not possible to carry out measurements at 

ventilation 3, i.e. air jets opened and blower on. 

Results and Discussion 

Results are summarized in table I and II. Experiments in the wind-tunnel 

demonstrated a quick increase of the CO concentration during the smoking 

period as well as a quick decrease of CO concentration a~er smoking 3 

cigarettes simultaneously at intervals. The absolute CO level was 

depending on the ventilation. At a relative-wind velocity of 50 km/h 

...,25 ppm were measured in an unventilated car and ~10 ppm in a well

ventilated car. Only in an unventilated car at a relative-wind velocity of 

0 km/h no sufficient decrease of the CO level was observed in the smoking 

intervals, and consequently the CO level increased during the second and 

third smoking period. Only tll1der these circumstances the Threshold Limit 

Values were exceeded. 

Corresponding results were obtained in experiments when one cigarette was 

smoked after another. Only in an unventilated car at a relative-wind 

velocity of 0 km/h there was an increase of the CO level a~er each 

cigarette smoked. In all other series of experiment a stable CO level was 

observed already during smoking the first cigarette. 

Measurements in driving motor cars showed that our experimental results 

from one single motor car may be transferred to other cars. Just as in the 

wind-tunnel experiments the CO level in the car increased during the 

smoking period and decreased very quickly a~er smoking. When smoking the 

first two cigarettes, the car was rW'lning relatively fast. Accordingly, 

there was a better "natural11 ventilation and the absolute CO value was a 

little lower than smoking the other two cigarettes. 

l 

2 

3 

4 
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ANAESTHETIC VAPOUR POLLUTION IN OPERATING THEATRE 
ATMOSPHERES 

R, S, BARRATT+, R, BELCHER+, W, 11 STEPHEN+ 
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+ Chemistry Department, Birmingham University, Edgbaston, 
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++ Anaesthetics Department, Queen Elizabeth Hospital, Birmingham, 
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ABSTRACT 

This paper desaribes part of a comprehensive investigation 

to examine the exposure of operating theatre staff to pollution 

of the atmosphere by halothane, trichloroethylene and methoxy

flurane vapours as well as nitrous oxide. 

The extent of atmospheric pollution in the operating theatre 
is determined by a aontinual, electron capture gas chromatogra
phic system in 1~hich air samples from discrete predetermined 

locations in the theatre are analysed automatically at regular 

intervals. The influence of ventilation and scavenging systems 

on the pollution levels are important parameters. The advan

tages of a diffusion cell for the preparation of standard mix
tures of anaesthetic vapours in air make this a useful technique 
for research in anaesthetics. 

The results of some initial investigationi are presented. 
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1. Introduction 

There is no doubt that pollution of the atmosphere in an operating 

theatre occurs through the discharge of anaesthetic vapours. It is 

important to know the extent of this pollution so that any harmful effects 

of chronic exposure can be examined and ways of reducing the contaimina

tion can be investigated. However, there are many ways of measuring the 

concentrations of the vapours and of interpreting the results. 

Several workers have taken air samples manually into syringes or 

plastic bags, but this approach can cause errors by leakage or adsorption 

of samples on surfaces. Nevertheless, the concept of measuring the 

distribution of the pollutants at different points in the theatre by 

'snatch' sampling is useful. It does seem meaningless, however, simply 

to produce an average value of these results, particularly when a broad 

distribution of concentrations is found. Trapping the components in a 

large volume of air, followed by their analysis, is a more efficient way 

of obtaining an average concentration. 

We consider that it is important to examine the distribution of 

anaesthetic vapours as well as the exposure levels of selected personnel 

in the environment. For this purpose the analysis of discrete samples 

is essential. 

2. Techniques 

2.1 Analysis 

Gas chromatography is very useful for the separation and analysis of 

anaesthetics, but major problems concern the sampling technique and the 

presentation of the sample to the instrument for analysis. The system 

used in this study incorporates a multi-stream arrangement in which a 

pump draws samples from various sites within the operating theatre 

through nylon tubes to a gas sampling valve and then to a gas chromato

graph (Hewlett Packard Model 5713). Each sample point can be selected 

automatically in turn for analysis to allow repeated, discrete sampling 

over long periods. This approach gives a reliable estimate of the 

distribution of anaesthetic vapours. For environments where halothane 

and trichloroethylene occurred together, a separation was obtained on a 

glass column (4.6m x 0.6cm o.d.) packed with silicone fluid, DCS60, on 

Universal support (80-100 mesh). The carrier gas was Argon/methane (5%) 

flowing at 60 ml min-l through the column maintained at 90°c. For the 
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ultimate sensitivity to the halogenated agents, a pulsed electron capture 

detector is ideal; the linearity and stability of response are completely 

compatible with an automatic analysis system. Sampling through nylon 

tubes caused no losses by adsorption and the technique has the advantage 

that the tubes can be attached to personnel in order to monitor their 

immediate environments. The whole system is mobile to facilitate 

transport to operating theatres for on-site analysis. 

2.2 Calibration 

An accurate method for producing low concentrations of anaesthetic 

vapours is essential to give reliable analytical data. An ideal absolute 

calibration was carried out with a diffusion dilution cell as described 

by Savitsky and Siggia CU and adapted by Robinson et al [2) • This 

technique relies upon the diffusion of vapour through a precision bore 

capillary tube into a gas stream to give a predicted concentration under 

established conditions. The reliability of the analyser system and the 

stability of its response were checked by this apparatus. 

3. Discussion 

The techniques described above are well known but hitherto have not 

been combined and applied to a study of air pollution in operating 

theatres. The system was used initially to investigate the pollution in 

a dental-outpatient, general anaesthetic department where relatively high 

levels of anaesthetic in the air were expected from the use of a semi-

open breathing system. The sampling points were distributed throughout 

the surgery in positions of maximal activity and the overall distribution 

of positive measurements is shown in Figure 1. These values were 

surprisingly low by comparison with other published data and considering 

that air flow measurements indicated poor ventilation in the room. The 

distribution of the exposure levels of anaesthetists, however, was 

considerably wider and halothane levels exceeding 5.lo-3g.l-l were 

recorded. Admittedly, the anaesthetists' inhalation zone is near to the 

expiratory valve of the nose mask, but it must also be significant that 

the flow studies indicated a stagnant zone of air where the anaesthetists 

work. 

A complete interpretation of the data is proceeding and studies of 

other operating theatres are planned to give a more complete picture of 

the extent of air pollution by anaesthetic agents. 
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TOTAL LEAD LEVELS IN URBAN ATMOSPHERES 

R, M, HARRISON, R. PERRY, D, H, SLATER 

Public Health Engineering, Imperial College, London, United 
Kingdom 

ABSTRACT 

A sensitive adsorption technique for the determination of 
organic tead in urban air is described. Levets of organic tead 
as tow as o.011ug m-3 may be determined with a 30 minute sampting 
period. The vatidity of the method has been tested~ particu
tarty with regard to possibte adverse effects of other air pot
tutants upon the anatyticat accuracy. A summary of the tevets 
of organic tead measured by this method in the London (U.K.J area 
is given~ together with the tevets of particutate tead measured 
concurrentty. The highest tevets of organic tead and the high
est proportions of totat airborne tead in the organic form were 
measured at a petrot station. A substantiat reduction in tevets 
of organic tead has been found upon moving away from a road or 
entering a buitding. 
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1. Introduction 

Organic compounds of lead, used as petrol additives, are exhausted 

from motor vehicles largely in an inorganic, particulate form and abundant 

data are available on the levels of particulate lead in air. A very 

small proportion of the lead, however, is exhausted in an unchanged organic 

form, and this together with crankcase emissionsond petrol evaporation 

contributes to the organic lead in urban air. Lead alkyl compounds normally 

exist in air in the vapour phase, and as they present a more difficult 

problem of measurement than the particulate form of lead little informa

tion regarding the exposure of the urban dweller to such compounds has 

been published. Some data have indicated that under certain circumstances, 

both for periods of short (Laveskog (1)) and long duration (Colwill and 

Hickman (2)), organic lead in urban atmospherIBmay account for in excess 

of 50% of total lead, although substantial variation between the results 

of different workers is apparent. In view of the known toxicological 

hazard associated with organic lead compounds, which is quite different 

from that due to particulate lead, and the uncertainty regarding levels of 

organic lead in air, further study appeared appropriate. Consequently a 

sensitive analytical procedure has been developed for the determination 

of organic lead in air which allows a rapid assessment of exposure. 

2. Air Sampling and Analysis 

Few methods have been reported for the determination of organic lead 

compounds at the very low levels found in urban air (Laveskog (1), 

Snyder (3), Purdue~ al. (4)), and to date only one procedure has involvm. 

the use of short sampling periods in conjunction with modern instrumental 

techniques of analysis (Laveskog(l)). The method developed in this labor

atory for the measurement of organic lead compound:iin air, however, is 

readily applicable at levels as low as 0.01 fig m- 3 involving a 30 minute 

sampling period (Harrison et al. (5)). 

In essence, the air sampling procedure involves drawing approximately 

0.02 m3 of air through an adsorption tube packed with G.C. column packing 

material maintained at the temperature of liquid nitrogen (Figure 1), 

after prior collection of particulate lead by passage through a 0.22 flffi 

Millipore filter which is subsequently analysed for lead. A short heat-

ing coil immediately preceding the adsorption tube maintains the enclosed 

tube at slightly above ambient temperature and ensures thnt any condensa-

tion of vapours occurs within the adsorption tube. After sampling, the 
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Pump Gas Meter 0·221Jm 
Millipore 

Fiiter Liquid Nitrogen 

Figure 1 Air Sampling Apparatus 

tube is stored immersed in liquid nitrogen and when required for analysis 

is inserted in an oven with its ends sealed by connection to a six-port 

switching valve (Figure 2). A nitrogen stream, passed initially through an 

identical blank tube, is diverted through the sample tube when the oven 

temperature stabilises at 130°. The eluted organic lead compounds are 

passed into the combustion air stream of an atomic absorption spectro

photometer set up for lead measurement. The analytical procedure, calibrat

ed by the analysis of adsorption tubes dosed with an aliquot of a dilute 

toluene solution of a lead alkyl compound, has a detection limit of 0.2 ng 

of lead, corresponding to 0.01 µg m-3 of organic lead in a 0.02 rn3 sample 

of air. 

2.1 Validity of the Method 

The validity and precision of this procedure were tested initially in 

a number of ways (Harrison~ al. (5)). A near quantitative collection 

efficiency was found for the sampling of known aliquots of tetramethyllead 

and tetraethyllead from air and the analytical procedure was found to be 

free from errors resulting from background absorption, or matrix effects 

due to trapped hydrocarbons and water. 

2.1.1 The Effect of Other Air Pollutants upon the Analysis 

It was subsequently suggested that other air pollutants, such as 

oxides of nitrogen, expected to be trapped during air sampling, might 

react with trapped organic lead compounds during air sampling or analysis, 
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Figure 2 Organic Lead Analytical Apparatus 
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thereby converting volatile organic lead compounds into involatil~ lead 

compounds and hence introduce an error into the analytical result. Were 

this the case, it might have implications for other procedures involving 

the use of cooled sample tubes for the collection and determination of 

organic lead in air (Laveskog (1), Cantuti and Cartoni (6)), as well as 

for the procedure outlined above. 
To investigate this problem urban air was sampled through two adsorp

tion tubes connected in parallel (Figure 3)~ Prior to sampling, one tube · 
was dosed with an aliquot of a lead alkyl compound, comparable in lead 
content to the anticipated quantity of organic lead to be collected from 

the urban air sample, whilst the other tube remained blank. Both tetra
methyllead and tetraethyllead were used in this procedure. Air sampling 

was then performed in the normal way, the flows through the two tubeabeirg 
equalised by use of the needle valves and rotameters (Figure 3). Both 
adsorption tubes were BUbsequently analysed in the usual manner. Analysis 

of 16 tubes used to sample air at 4 sites of widely differing levels of air 
pollution and airborne organic lead revealed a quantitative recovery oftb! 
dosed lead compounds to within the analytical error. Hence other air 
pollutants appear not to effect the analyses. 

3. Levels of Organic Lead in Urban Air 

Levels of organic lead and particulate lead collected concurrently 
were determined using the above procedure. Results were calculated both for 

the levels of organic lead in the air sampled, and the percentages of total 
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figure 3 Apraratua tor Sampling through 'l"Vo 'l'Llbee in Parallel. 

lead present in the organic form. The latter statistic is valuable as it js 

less dependent upon prevailing meteorological conditions and sampling site 
topography anrl is more reflective of source characteristics. 

3.1 Kerbside Levels 
In the London (U.K.) area measurements on streets of widely varying 

dimensions and traffic flow showed levels of organic lead of 
0.04 - 0.11 µg m-3 with the percentage of lead in the organic form being 
0.3 - 2.6%, the majority of results being in the region of l - 2!Jf,. Levels 
of particulate lead varied from 3.2 - 20.3 ug m-3• Samples collected in a 
busy road tunnel showed particulate lead levels of 23.8 - 32.2 ug m-3 

whilst organic lead levels remained around 0.02 µg m-3; ca.0.1% of to12ll.lead. 
Measurements taken on the forecourt of a busy London petrol station 

revealed organic lead levels in the range 0.21 - 0.59 ug m-3, representing 
3.9 - 9.r;;, of total airborne lead, whilst at a less busy petrol station out 
of the city an organic lead level of 0.07 ug m-3 (4.~ of total lead) was 
measured. Thus although, as anticipated, elevated levels of organic lead 
were found at petrol stations, particulate lead ie still far the major 
form of airborne lead. It is clear that people working in close proximity 
to petrol pumps are exposed to significantly higher levels of organic lead 

than the population as a whole. 
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3.2 Leveln at Greater Distance from the Road 

Preliminary studies have indicated that levels of organic lead drop 

significantly with distance from the road, and upon entering buildings. 

In moving 20m from the kerbside of a busy London street the organic lead 

level was reduced from 0.07 to 0.01 µg m- 3 , whilst particulate lead 

changed from 4. 4 to 3. 3 rig m - 3• Moving lOm further and into a building 

the organic lend level dropped to(0,01 µg m-3 , whilst the particulate 

8 -3 lead level was 1. ltg m · • 

On a less heavily trafficked suburban road the levels of organic and 
-3 particulate lead 2m from the kerbside were 0.03 and 0.7 11g m respect-

ively, whilst moving n. further l+m and into a house the levels were reduced 

to 0.01 and O. 6 11g m - S re spec ti vely. In view of the dilution with ambient 

air upon moving from the source of the lead, and the known instability of 

organic lead in air (Anon (7)) these results are readily explicable. 
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ENQUETE PORTANT SUR LA CONSOMMATION FAMILIALE DE 
PESTICIDES DANS LES FAMILLES HABITANT DANS 
DE GRANDS ENSEMBLES DE LA REGION PARISIENNE 

<METHODOLOGIE) 

C. PIVA, M.L. EFTHVMIOU ET E. FOURNIER 

Centre de Toxicologie, HOpital Fernand-Widal, Paris, France 

RESUME 

L'~tude ~pid~miologique de la contamination par pesticides 
se justifie par Ze nombre minime de dosages en France parmi la 
population non ezpos,e. Le propos suppZ~mentaire de cette ltude 
est d'essayer d''tabZir Za corr,Zation entre Zea tau~ sanguine 
lee plus AZev's et Z'origine de Za contamination pour proposer 
des mesures prAventives destin's d Za diminuer. 

Les diverses enqu~tes s'attachent habitueZZement d prdciser 
l'importance de Z'apport alimentaire, certes pr,pondlrant, mais 
non exctusif; ta mesure de la consommation domestique d'insec
ticides m'nagers peut faire apparattre un facteur favorisant de 
contamination. 

ABSTRACT 

This epidemiological study of pesticide levels is motivated 
by the very small number of determinations carried out in France 
among the unezposed population. A further aim of the study is 
to attempt to establish correlation bet~een the highest blood 
levels and the source of the substances with a view to suggesting 
preventive measures to reduce the contamination. 
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Surveys of various kinds are usually designed to determine 

the quantities ingested with the food, this being certainty the 

most important, but not the only route of intake. Determination 

of the level of use of household insecticides in the home may 

bring to light a factor enhancing contamina~ion. 
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MATERIEL HUMAIN 

Les sujets etudles ont ete selectlonnes en fonction de trois criteres : 

1.1. - leur habitat urbain dans les inneubles de la banlieue parisien

ne, de fa~on a exclure l'exposition semi-professionnelle des ma

raichers et des proprietaires de jardin lors du traitement de 

leurs cultures, de fa~on aussi a obtenir une homogeneite relati

ve dans les lieux d'achats des aliments pour laisser son impor

tance au facteur d 1utillsation de pesticides menagers. 

1.2. - leur metier, pour eliminer naturellement tout facteur profession

nel d 1exposition0 

1.3. - leur cooperation enfin, necessaire pour repondre aux questions de 

l'enquftte et accepter le prelevement sanguin, la visite de l 1en

qu8teur A leur domicile. 

Aucune selection n•a volontairernent porte sur l'ftge ou le sexe 0 

ENQUETE 

Divers elements sont precises lors de l'interrogatoire : 

2.1. - l'habitat anterieur, pour ne pas meconnaitre un sejour prolonge 

et recent dans une zone d 1agriculture intensive riche en pestici

des, et la date du dernier demenagement. 

2.2. - la situation de l'appartement dans l'inrneuble, car les e~ages in

ferieurs proches des espaces verts des residences et le dernier 

etage possedant une terrasse jardin sont plus exposes aux produits 

de jardinage s 1 1existence de pelouse a 1 1entour de la maison, l'a 

presence d1arbres dans les cours interieuras sont precisees. 

2.3. - la presence de plantes. 

2.4. - l'existence ou non d 1 animal domestique, chien, chat, oiseaux, sou

ris, hamster, tortue, herisson, OU autres I les produits veteri

naires contiennent souvent des organo-chlores (schampoing insec

ticide) ou des organo-phosphores (vermifuges), les colliers in£ec

ticides pour chlens sont a base d 1organo-phosphores, le nettoyage 

et la desinfection des cages sont realises avec des produits mul

tiples. 
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la nature des parasites connus ou redoutes, dans l'appartement, 

sur les plantes, sur les animaux ; selon qu 1 il s•agit de mousti

ques, de mites, de rnouches, de puces, de pucerons, l'insecticide 

utilise differe ; par exemple, les produits contre les cafards si 

resistants sont quasi toujours des organo-phosphores. 

2.6. - la description exacte des produits rnenagers trouves sur place le 

jour de la realisation de l'enqu~te. 

2.6. -1- les produits insecticides, sont notes en fonction de 
leur nom conrnercial, leur mode de presentation (bornbe, 

plaquette, poudre •• Q), le nom du fabricant, le lieu 

d'utilisation (cuisine avec son risque de pollution ali
mentaire, chambre avec contact journalier d 1 au moins 7 
heures, salle de bains avec temperature plus elevee). 

2.6. -2- les produits menagers proprement dits, releves selon les 

m~es critcres, correspondant aux detergents, detartrants 

•••• , certains conane les desodorisants de lavabos, sont 

a base d'organo-chlores type paradichlorobenzene. 

2.6. -3- les produits utilises pour traiter les plantes d'appar-

temento 

Pour chacun de ces trois groupes, des precisions sont demandees sur les 

changements eventuels de marque par rapport aux mois precedents, ainsi 

que la notion d'incidents imputes par le public a leur manipulation. 

Pour cet interrogatoire, il est recommande a 1 1 enqu~teur de demander la 

liste sans suggerer lui-m~e les noms commerciaux des produits les plus 

courants, pour ne pas influencer les menageres. 

Cette partie de l'enqu@te suppose le depouillement dans un second temps 

de la liste de produits deceles sur place et obtenus par interrogatoire ; 

1 1 aide technique du Centre National d 1 Informations Toxicologiques, 

l'A.s.r.T.E.s.T., perrnet de connaitre la formule des produits utilises 0 

2.7. les habitudes alimentaires dans le cadre familial sont precisees 

1 1enqu@te s'attache a noter surtout deux point : 

2.7. -1- le lieu d'achat : super-marche 

magasin a succursales multiples 

detaillant individuel, 

car les circuits sommerciaux et la provenance risquent de differer. 

2.1.-2- l'habitude de consomrner cru : les legumes non epluches 

(salades) lds ecorces de fruits frais. 
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2.8. la possession OU non d'une residence secondaire qui naturellement 

majore le risque de contamination par l'emploi de produits pour pro

teger les charpentes, detruire les parasites dans la maison, trai

ter les plantes du jardin ; la frequence de sejour (tous les week

end, les 15 jours, une fois par mois, tous les 6 mois, une fois par 

an) est appreciee. 

2.9. le lieu de vacances annuelles comportant cornme risques supplementai

res : le sejour en milieu rural, 1 1 installation e~ zone chaude in

festee de moustiques. 

Cette enqu~te relativement detaillee n 1a pas fait apparaitre de differen

ces signicatives dans le mode d'alimentatio11, ce qui laisse son importan

ce aux autres f acteurs. 

PRELEVEMENTS TOXICOLOGIQUES 

L'enquete se poursuit par un prelevement sanguin destine au dosage des 

pesticides. Lors de la prise de sang sont notes systematiquement : 

- le poids et la taille de 1 1 individu, 

- la nature des traitement rnedicarnenteux en cours. 

Le volume de sang preleve sur heparine est d'au rnoins 10 ml. Son uti

lisation est double. 

3.1. - une determination et un dosage des insecticides organo-chlores : 

2 ml de sang sont eleves, apres addition de 2 ml d 1acetone et agi

tation, sur colonne de chrornatographie garnie de sulfate de so-· 

dium anhydre et chargee de florisil sur une hauteur de 12 cm ; 

les 16 ml d 1 eluant ainsi recueillis sont etendus a 50 ml par une 

solution a 2 % de so4Na
2

, puis extraits par 2 ml d'hexane, se

ches sur du so4 Na
2 

anhydride et injectes a raison de 5pl en 

chromatographie gazeuse • 

. 3.2. - un dosage du taux de cholinesterases sanguines, seriques et glo

bula ires. La technique utilisee derive de la rnethode de Mitchell. 

Les erythrocytes, une fois laves, sont maintenus a une temperature de 

250 dans une solution riche en phosphates dans laquelle a ete ajoutee 

de l•acetylcholine comme substrat. Les variations de pH, mesurees au 

pH metre, exprimees en pH/h/25°, sont comparees au taux considere comme 

normal clans notre laboratoire, o,75 pour les cholinesterases erythrocy

taires (0,70 pour les seriques). 
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L'analyse peut 8tre repetee en cas de rcsultat nette.ment pathologique 

puisque le volume necessaire est inferieur a 1 ml j le lavage preala

ble des erythrocytes est une precaution supplementaire contre les causes 

d'erreur bien que le resultat ne differe guere. 

Le dosage direct des organo-phosphores dans le sang n•est pas envisage 

dans le premier temps de cette etude. 

Les resultats actuels temoignent d 1une contamination relativement homo

gene de la population dans la banlieue parisienne. L1apparition even

tuelle de divergences liees a !'utilisation differente de pesticides 

menagers suppose : 

- soit l'affinement de 1 1 enqu8te pourtant deja detaillee, 

- soit l'extension de l'etude a un nombre plus eleve de sujets • 

• Unite de Toxicologie Experimentale u. 26 I.N.S0 E.R.M. 

et Faculte Lariboisiere - Saint Louis, Universite PARIS VII • 

• H8pital Fernand Widal 

200, rue du Faubourg Saint Denis, 75010 PARIS, FRANCE. 

• Contrat de Recherche : contamination des chatnes alimentaires. 

Ministere de !'Environnement. 
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APPLICAZIONE DELL'ANALISI SPETTRALE 
ALLO STUDIO DELLA DISPERSIONE DEGLI 

INQUINANTI ATMOSFERICI NELL'AREA DI VENEZIA 

L, IOVENITTI, M, MENENTJ, F, FERRARI-BRAVO, 
I, GIOVANNINI EA, LEVY 

Tecneco SpA, Fano, Italia 

RIASSUNTO 

La presente ricerca ha cercato di individuare i meccanismi 
di dispersione degli inquinanti atmosferici nell'area di Venezia, 
partendo da dati rilevati al suoio. 

Si disponeva delle medie orarie detie aerie temporali di 
concentrazione di so2 rilevate per un mese e mezzo in diverse 
stazioni di monitoraggio, sia nelZ'area industriale che a Venezia 
stessa, e dei dati di velocitd e direzione det vento raccolti in 
due stasioni meteorologiche. 

Utilizzando l'analisi di Fourier, sono state evidenziate 
te caratteristiche spettrali delte eerie temporali di concentra
zione e di vetocitd e componenti orizaontati det vento at suolo. 

Si conta di ottenere tutta una serie di utteriori informa
zioni effettuando l'analisi di coerenaa e fase su diverse coppie 
di eerie temporali di concentraaione e crosscorrelando i dati 
di concentraaione con quelli meteorologici. 
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ABSTRACT 

Thia research deals with the evaluation of the atmoapherio 

dispersion mechanism of pollutants in the Venice area in connec

tion with wind-speed and direction patterns at ground level. 

Disposing of six series of continuous records of so2 con

centration, collected at different fixed points in the induat~iaZ 

area as well as in Venice itself, the Fourier analysis waa 

applied to hourly averaged data in order to obtain the spectral 

properties of the modulations of so 2 concentration. 
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1. Introduzione 

Se ci si pone l 'obiettivo di indagare sulla dinamica nel tempo e nello spa 
zio del campo di concentrazione di un inquinante atmosferico, si incontr.!. 
no subito notevoli difficolta quando si voglia entrare nel dettaglio degli e!._ 
fettivi processi fisici che evolvono nell'atmosfera. Le difficolta diventa
no praticamente insormontabili quando si vogliano studiare aree caratte
rizzate da forti disomogeneita superficiali: in tali condizioni si dimostra 
inadeguata gran parte della modellistica oggi disponibile, ne migliori ri 
sultati si ottengono cercando di risolvere le equazioni del moto, date le 
notevoli complessita che si incontrano nella loro integrazione. 
Una possibile alternativa e quella di ricavare informazioni sulla dinami
ca dei fenomeni fisici in esame direttamente dai dati sperimentali, me
diante l'utilizzazione di opportune tecniche di analisi. In tal senso va in
tesa 11 applicazione delle tee niche di analisi spettrale allo studio del tra
sporto e della diffusione degli inquinanti atmosferici (M. Tilley e G. Mc 
Bean, 197 3). Tali tee niche permettono di scomporre i1 fenomeno, per 
quanto complesso, nei processi elementari che lo compongono e di dete.,t 
rninarne l 'importanza relativa. 
In questo lavoro, l'analisi spettrale e stata applicata allo studio dell'in
fiuenza dei fenomeni meteorologici a me soscala sul trasporto e la diffu
sione di SO sull'area di Venezia. 
L'area di ~nezia si presenta particolarmente valida per la sperimenta
zione di questo tipo di metodologia. In essa, infatti, sono present! notev~ 
li discontinuita super !iciali (terra-mare, zona induatril[l.le, zona urbana, 
zona rurale) che danno luogo a fenomeni meteorologici a mesoscala part!. 
colarmente complessi, interessanti sia la circolazione che la st·ruttura 
dei bassi strati dell'atmosfera (Lyons, 1973). 

z. Dati utilizzati 

I dati di concentrazione utilizzati. so no quelli relativi ai livelli di SOz ril.!_ 
vati dalla rete per il controllo della qualita dell'aria nella zona di Vene ~ 
zia. Tale rete, realizzata dalla Tecneco SpA per conto dell 11stituto Supe 
riore di Sanita e dell 1 ENI, consta di 24 analizzatori in continua Philips 
9700 che campionano a una altezza di 4 m dal suolo. 
Per questo studio, sono state utilizzate le medie orarie dei dati raccolti, 
nel periodo l febbraio - 14 marzo 1973, dalle 6 atazioni di fig. 1. Infatti, 
a quella data, delle altre stazioni alcune non erano state ancora installa ·. 
te, altre avevano avuto dei periodi relativamente lunghi di non funzlona
mento per manutenzione. 
Come dati meteorologici, sono stati utilizzati i datl orari di direzione e 
velocita del vento, mediati sui dieci minuti precedent! l 'ora di attribuzio 

. -
ne, rilevati nelle stazioni di Tessera, del Servizio Meteorologlco dell'~ 
eronautica Militare, e dell 'Ospedale a Mare (stazioni A e B di fig. 1 ). 
Tali dati aono relativi al periodo 1 febbraio - 14 marzo 1973. 
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Map of the Venice area 

Per le serie tcmporali delle concentrazioni di SOz e del modulo e delle 

componenti orizzontali della velocita dcl vcnto, sono state calcolate le 

funzioni di autocovarianz.a, a ritardi variabili da 0 a 200 ore, e le rela 

tive trasformate di Fourier, nel carnpo di frequcnza tra 0. 005 e 0. 5 h.:-1, 
Gli algoritmi usati sono in Jenkins Watts: "Spectral analysis and its ap

plications" (1968). La finestra spcttralc uirnta e quclla di Bartlett; cornun 

que, da prove c:ffcttuate, si e verificato chc la forrna degli spettri non -

carnbia in moclo apprezzabile al variare dcl tipo di finestra. L'effctto di 

"aliasing" sugli spcllri dei dati della concentrazione di SO l l- trascurahl_ 

le poiche i dati sono rncdiati sull'ora. Per i dati di vento, merliati sui 

<licci minuti precedenti 11ora di attribuzione, si e proceduto a filtrare 

dalle serie ternporali le componenti con periodo inferiorc a 3 ore. 

L'intervallo di confidenza del1'80% sull 1 ampiczza dcgli spettri va da 

+ 90% a - 40% dell 1 ampiezza calcolata. 
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4. Risultati 

Poiche lo studio e in corso di completamento, sono stati riportati solo 
alcuni risultati preliminari. Nella fig. 2, sono riportate le funzioni di 
autocovarianza e gli spettri di potenza delle serie temporali della con
centrazione di so 2 rilevate nelle sei stazioni di misura, 
Nella fig. 3, sono riportate le funzioni di autocovarianza e gli spettri di 
potenza del modulo e delle componenti orizzontali della velocita del ven
to, rilevate al suolo nelle stazioni A e B. 
Negli spettri di potenza della concentrazione, sono evidenti le righe diu.!. 
ne, semidiurne e inerziali. Le righe con periodo attorno a 72 e 48 ore 
sono presumibilmente dovute al passaggio di perturbazione sulla zona di 
Venezia. Tale interpretazione e confortata da un esame qualitativo delle 
carte meteorologiche relative al periodo in esame. 

5. Prospettive 

Considerando gli spettri di potenza delle concentrazioni di SO e quelli 
di velocita del vento, particolarmente interessante appare la ~iversita 
nei due casi dei pesi delle armoniche di periodo di circa 48 e 72 ore ri
spetto all 1integrale dello spettro. Tale diversita di peso rende evidente 
la necessita di cercare un'interpretazione fenomenologica dell'influenza 
dei moti atmosferici a piccola energia (effetti inerziali, maree atmosfe
riche, ••• ) sui fenomeni di inquinamento atmosferico da sostanze in fa
se gassosa. 
Dall'analisi degli spettri di fase delle serie temporali di concentrazione 
di so

2 
sembrano emergere indicazioni sulla,struttura del regime di bre~ 

za neil'area considerata. Tale analisi e ancora in corso, insieme a quel 
la sulla coerenza spaziale. -
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STUDIO E VALUTAZIONE DEGLI EFFETTI DEL-
L' INQUINAMENTO AMBIENTALE SULLA SALUTE DELL'UOMO ATTRAVERSO 

SIMULAZIONE CON MODELLI BIO-INGEGNERISTICO-CHIMICI 

M, DEL BORGHI, G, FUMAROLA, R, GARDI E G, FERRAIOLO 

Istituto di Scienze e Tecnologie dell'Ingegneria Chimica, 
UniversitA di Genova, Italia 

RIASSUNTO 

Sulla base dei pi~ recenti studi a livello interdiscipli
nare che si collegano anche alle applicazioni biomediche del-
Z 'ingegneria chimioa si propone un modello bio-ingegneristico 
chimico per la correlaaione fisico-matematica esposiaione-effetto 
ai fini della valutaaione dell'inquinamento ambientale sulla 
salute dell'uomo. 

IZ modello ~ basato sulla applicaaione della ben nota 
analisi compartimentale gid con successo sperimentata nello 
studio della distribuaione, effetti e tollerabilitd dei farmaci 
nel corpo umano concepito come uno o pi~ reattori biochimici in 
serie-parallelo. 

It modello tiene conto al contempo dei principali parametri 
signifioativi ai fini degli effetti presunti o osservati sullo 
stato di salute dell'uomo quali: la concentraaione dell'inqui
nante, it tempo di esposisione, le oaratteristiche intrinseche 
del aoggetto esposto e per ciascun tipo di inquinante. 

Il modello oostituisoe una alternativa di pi~ rapida infor

maaione, ad altri a tutt'oggi adottati di tipo epidemiologioo e 
statistioo e sembra si possa ben prestare all'inte~p~etaaione 
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deZZe aZterazioni fisiologiche e deZ comportamento deZZ'uomo in 

seguito ad esposizione ad inquinanti. 

Esso inoZtre e un'utile risorsa per valutazioni e previsioni 

significative sugli effetti: ainergici, antagonisti e addizio
nali degli elementi inquinanti aia a breve che a lungo termine. 

ABSTRACT 

On the basis of the most recent interdisciplinary studies 

concerning the biological and medical applications of chemical 

engineering, ideas have been put for~ard for a mechanical bio
chemical model designed to provide physical and mathematical 

correlations of exposure and effect, to assess the impact of 

environmental pollution on human health. 

The model ia based on the familiar analytical techniques 

already successfully tested in studies on distribution, effects 
and acceptable levels of drugs in the human body, and ia in the 

form of one or more biochemical reactors in parallel series. 

The model is designed to provide simultaneous measurements 

of the most important parameters indicating suspected or observed 

effects of pollution on human health, such as pollutant concen

tration, duration of e~poaure, and intrinsic characteristics of 

the e~posed subject, relating these to the type of vehicle 

(atmosphere, water, food, noise), for each type of potlutant. 

The model representa a faster-working alternative to the 

other epidemiological and statistical methods used so far, and 

it coutd wetl provide an e~cetlent means of interpreting physio

togicat and behavioural changes in man as a result of e~posure 
to pollutants. Moreover, it provides a useful means of moni

toring and making significant estimates of the synergic. anta

gonistic and cumulative effec~a, both short and tong-term, of 

various pollutants. 
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1 .r n trod u z ion e 

Quando un gas tossico e presente nell 1 atmosfera e v1ene re

spirato dall 'uomo si stabilisce una certa velocita di assorbi

mento attraverso le membrane alveolari entro il sangue polmon~ 

re prodotta da una differenza di concentrazione tra l'aria e 

il sangue. 

Nella generalita dei casi i gas inquinanti non vengono met~ 

bolizzati e escreti attraverso le normali vie, ma sono elimina 

ti quasi interamente attraverso i polmoni da cui vengono assor 

bi ti (1). 

Il trasferimento netto dagli alveoli al sangue e inizialmen 

te rapido e quindi progressivamente diminuisct fino a che non 

si raggiunge un equilibria. 

Se c e la concentrazione di inquinante nel sangue, c que! 
s a 

la alveolare si avra per uguali volumi di sangue e aria a con 

tat to: 

{1) 

e poiche in prima approssimazione si suppone costante la concen 

trazione alveolare (c =cost) si puo considerare il fenomeno c~ 
a 

me un assorbimento di ordine zeroed una eliminazione del 1° or 

dine (2). 

All 'equilibria 

kl ca 
c 

s 
c 

a 

81 scrivere: 

( 2) 

- s (3) 

Dove S e la solubilita del gas inquinante nel sangue. Sostitue~ 

do nella (1) il valore di k 1 dato dalla (3), il valore di ca 

data dalla (2) e chiamato f il rapporto c /c tra la concentra 
S R 

zione nel sangue istantanea e quella all'equilibrio, la (1) di 

vent a: 

df 
Cf't .. 

che risolta da: 

1 - f 

(4) 

(S) 

La Fig. 1 e la espressione grafica della (5) e da essa per 

vari tipi di inquinanti caratterizzati da diverso S e k
2

, nota 

la concentrazione alveolare si puo ricavare la concentrazione 



Fig. 1. 

1810 

0,8 

0,15 

0,4 

0,2 

0 

Andamento del rapporto c /C =f in funzione del parametro s s 
adimensionale k2t, 

' . 
Q c 0 

If 

V1 C1 

' 

I r 

V1 Ct 
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Fig. 3. Andamento della concentra 
zione alveolare di gas toesico 
(riepetto all'equilibrio) per gas 
gacilmente diffusibili k1:8. 
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Fig. 4. Andamento della concen
trazione di gas tossico nella 
frazione acquosa del corpo umano 
(rispetto all 1equilibrio) per 
gas facilmente diffusibili k1=8. 

nel sangue e quindi per ogni tipo di inquinante prevedere gli 

effetti che esso avra sul corpo umano. 

In un approccio di seconds approssimazione occorre tener 

canto che la c raggiunge il valore della concentrazione atmo 
a -

sferica dell'inquinante solo dopo un certo tempo dipendente es 

senzialmente dalla solubilita dell'inquinante nel sangue in 

particolare, ed in generale nella frazione acquosa del corpo 

umano. 

2.Modello a due compartimenti 

Per tale caso piu generale viene proposto un modello a due 

compartimenti che tiene canto oltre che del volume di sangue o 

frazione acquosa,anche del volume polmonare. La Fig.2 schema

tizza il modello (3 1 4,5,6). 
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Le equazioni che lo descrivono sono: 

dc
1 

-klvlcl + k2v2c2 + Q(co-c 1 ) vl = dt ( 6) 

dc 2 
vlklcl v2k2c2 v2 = -

dt 
(7) 

dove v 1 e v 2 sono i volumi rispettivamente polmonare e del san 

gue, c 1 e c 2 le concentrazioni di gas tossico nei due comparti 

menti, Co la concentrazione esterna ai compartimenti, kl e k
2 

costanti di diffusione attraverso la membrana alveolare, Q la 

portata di aria ai polmoni (lt/min). 

All'equilibrio si ha : c 1ao= Coe c = 
2 00 

Le (6) e (7) s1 possono riscrivere in termini di: 

y = 
1 

e y = 2 per cui: 

dyl 
-(k +-Q-)y + kly2 

+ _Q_ 
dt = 1 v

1 
1 vl 

(8) 

dy2 
k2yl k2y2 dt = - (9) 

Si tratta di un sistema di equazioni differenziali lineari 

di 1° grado che risolto con le condizioni iniziali y
1

=o e 

y 2=0 per t=O conduce a: 

{lo) 

(11) 

(12) 

Riportate in grafico (Figg.3,4,5,6) le {10) e {11) mostrano 

l'andamento delle concentrazioni di gas tossici in funzione 

del tempo per diversi tipi di gas ovvero per differenti valori 

di S e k
2 

e nei due compartimenti scelti ovvero i polmoni e la 

frazione acquosa del corpo umano. 

Come si puo vedere dalle curve e ricavare analiticamente 

dalle (10) e (11) per i gas poco solubili dopo breve tempo la 

concentrazione negli alveoli raggiunge il valore di equilibrio 
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Fig. 5. Andamento della concen
trazione alveolare di gas tossico 
(rispetto all 1equilibrio) per gas 
poco diffusibili k1=0,5. 

Fig. 6. Andamento della concen
trazione di gas tossico nella 
frazione acquosa del corpo umano 
(rispetto all'equilibrio) per 
gas poco diffusibili k1=0,5. 

c 0 e identicamente la concentrazione nella frazione acquosa 

raggiunge il suo valore di equilibria in tempi piuttosto brevi. 

Una situazione opposta e fornita dai gas ad alta solubilita 

per i quali l'equilibrio,nei due casi di alveoli e frazione ac 

quosa 1 viene raggiunto in un tempo piuttosto lungo. 

Il modello qui proposto puo costituire una alternativa di 

piu rapida informazione e quanto meno un utile ausilio ad al

tri a tutt'oggi adottati di tipo epidemiologico e sembra si 

possa prestare all'interpretazione delle alterazioni fisiolo

giche e del comportamento dell'uomo in seguito ad esposizione 

a gas tossici. 

Gli Autori ringraziano il Prof. F.L. Petrilli per l'atte~ 

zione rivolta al presente lavoro e per gli utili suggerimenti 

critici ricevuti. 
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A STATISTICAL ANALYSIS OF THE AIR POLLUTION DATA 
IN CONNECTION WITH THE METEOROLOGICAL CONDITIONS 

D, YORDANOV 

Geophysical Institute, Academy of Sciences, Sofia, Bulgaria 

ABSTRACT 

The potiution in the ptanetary boundary tayer (PBL) with a 

height of about 1 km is investigated. Under conditions of 
stationarity, and a hori2ontai homogeneity of the underty~ng 
surfaae the turbulent state in PBL is futty determined by the 
fotlo~ing ezternai to PBL parameters: Rossby's number, the 
ezternal parameters of thermal stratification and two ezternat 
parameters of the barocliniaity. These parameters may easity 
be determined by the synoptic information. In the work it is 

looked for the retation between these representative for the 
diffusion process parameters and the data on the air poltution 

in different cities for a few year period of observation. It 
is shown that there ezists a close relation between the ezternal 
to PBL pa~ameters and the air pollution. 

These investigations give a possibitity by data on the 

numeriaat weather forecast to predict the oases of strong air 
pottution, especiatty important for the industriat oity regions 
since the necessary preventive measures oan be duty undertaken. 
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1. Introduction 
Meteorological conditions influence considerably the 

air pollution. Once studied this relationship enables us 
to predict the pollution by menns of weather forecasts and 
when necessary to take in ~ood time the required preventive 
measures. When statistically evaluating thP air pollution 
data it is necessary to define the meteorological parame
tGrs on which it solely depends. Studies of relations of 
arbitrary meteorological conditions is inadequate. We are 
going to investigate the pollution in the planetary bouJllt
dary layer (PBL). That is the layer with height of the 
order of 1 km above earth surface and naturally the pollu
tion in it is of the greatest practical interest. 

2. Representative meteorological parameters 
The air pollution depends on the turbulent state: 

wind profile, coefficients of turbulent exchange etc. Let 
us assume conditions of stationarity and ba.rathropy. The 
contemporary conceptions concerning the structure of PBL 
( crf. (1) ) show that under these conditions the turbulent. 
characteristics depend solely on the following dimension
less parameters 

Ro =~ 

s = -1L. • 
T 

surface Rossby number 

external parameter for 
thermal stratification 

( l!) 

(2) 

where Vg is the geostrophic wind which could be assumed to 
be equal to the wind of the top of PBL, f - Coriolis para
meter, Z

0 
- roughness length of the order of several meters 

for a town, g - acceleration of gravity, T - the mean po
tential temperature, TH - T

0 
- the difference between the 

potential temperatures of height H and Z0 sine~ both exter
nal parameters (1) and (2) are fully responsible for the 
turbulent state they must solely define the diffusion pro
cess in the PBL (crf. [2] ) • If we assume that the sources 
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of pollution around a particular measurement station do not 
change and have constant strength 

b 

bm 
= F(Ro, s,K) (3) 

where b is the concentration measured at the given measure
ment point, bm is the mean concentration for a given period, 
angle K defines the direction of geostrophic wind which is 
necessary only when the sources around the measurement 
point are disposed unhomogeneously.Usually when measuring 
in the centre of a town it could be reasonably assumed that 

%- does not depend on the direction. 
m 

3. Statistical anallsis of the air pollution 

Fig.1 gives an example for a similar systematization 
of date. We have used the air pollution observations in 
the towns Krasnojarsk, Chita, Kursk, Leningrad, Svredlovsk, 
Novosibirsk, Krivoy Rog, Irkutsk publishea in [3],~] and [5]. 
As a characteristic of air pollution we use the parameter 

P = ~ , where m is the number of observations with a con

centration of 1.5 above the mean seasonal value for the 
period concerned. Since the mean P is approximately equal 
to 0.2 for the differents towns, cases with higher concen
tration of pollution are assumed P > 0.2 and are given oru 
Fig.l with black circlets. The cases P < 0.2 are given with 
white circlets and those P~ 0.2 with asterisks. It is 
obvious that with greet Rossby numbers and little S we have 
slight air pollution and vice versa. 

4. Conclusion 

The systematization of air pollution data by means of 
parameters (1) and (2) is very advantageous since those 
parameters are solely responsible for the diffusion process 
and could be obtained from the numerical weather forecast. 
With a sufficiently reliable statistic it enables us to 
predict air pollution. It is easy to make such a statistic 
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when there are enough experimental air pollution data, 
since parameters (1) and (2) could be readily obtained from 
the synoptic maps or data of serology for the corresponding 
past periods. The baroclinic effects influence mainly the 
high sources. In such cases two more external to PBL baro
clinic parruneters are added as shown in [2] • The statistic 
evaluation could be improved when some other parameters 
are included in (,), for example the parameter of inertia, 
giving the extent of pollution from the previous day. When 
designing new enterprises we should be able to determine 
the concentration patterns from them on the ground of syn
optic data. A theoretical approach to the solution of this 
problem is studied in [6] and [ 1]. 
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IL CONTENUTO DI PIOMBO NEI CAPELLI COME INDICE 
DI ESPOSIZIONE AL TOSSICO NELL'AMBIENTE 

s, CACCURI, L, PECORA E A, ROSSI 

Istituto di Medicina del Lavoro dell 1Un1versitA di Napoli, Italia 

R:rASSUNTO 

Data ta arescente diffusione det piombo nett'ambiente vi I 
oggi la possibilitd di intossicuaione saturnina non soto per gti 
operai ohe vengono a oontatto con it tossico per motioi di 
lavoroa ma anche per te popotasioni cioiti> con gravi oonseguenas 
per quanto riguarda i bambini. 

Alto scopo di oontribuire at controtto sia detto stato di 
esposiaione sia dei oasi iniaiati di intossicaaione prsotinioa 
si ~ studiato se ta .ricerca dst piombo nei capetti puo' costi
tuire un indioe di esposiaione e di intossioaaions. 

In un gruppo di soggetti saturnini s in un gruppo di soggetti 
scetti a oaso fra ta popotaaione si I dsterminato it tasso det 
piombo net sanguea nette urine e nsi oapetti. E' stata anohs 
pratioata ta ricerca dette protoporfirine tibere sritrooitariea 
dette ooproporfirins urinarie e dett'ALA urinaria. 

Si l inoltre determinato it piombo nei aapstti di gruppi 
di soggetti in quartieri diversi delta aittd di Rapoti. 

E' stato trooato ohe oi I una differenaa signifioativa fra 
ta quantitd di piombo nei oapetti dei soggstti normati • dei 
soggetti satu~nini. Inottre it compoPtamsnto di questo parametro 
risutta motto simite a quetto degti attri parametPi studiati~ B 
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che vengono aomunemente impiegati per la diagnosi biologiaa di 

saturnismo. 

Non sono state trovate differenze significative nel conte

nuto di piombo nei capeZZi fra gli abitanti di quartieri diversi 

deZZa aittd. 

In conclusione, da questo studio risulta che la riceraa 

deZ piombo nei capetti puo' essere un mezzo motto utile per le 

indagini suZ saturnismo e riguaranti grandi masse di popoZazione. 

ABSTRACT 

In view of the increasing spread of Zead in the environment, 

it is now possible for lead poisoning to affect not only worke~8 
who oome into contact with the poison in the course of their 

work, but also the general population, with serious oonsequencea 

for children. 

To assist the investigation of the exposure situation and 

initial cases of pre-clinical poisoning, a study was made of 

whether the lead content of hair could be used as an index of 

exposure and poisoning. 

The level of lead in the blood, urine and hair was determined 

in a group of subjects suffering from lead poisoning and in 

another group chosen at random from the population. The free 

protoporphyrins in red blood cells, the urinary aoproporphyrina 

and the urinary ALA were aiso measured. 

In addition, the iead aontent was measured in the hair of 

groups of subjects in different parts of the city of Naples. 

It was found that there was a significant difference between 

the ievei of iead in the hair of normal subjects and in that of 
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subjects suffering from Zead poisoning. Thia parameter was 
very similar to the other parameters investigated, which were 
those generally used in the biological diagnosis of lead poisoning. 

No significant differences in the lead content of the hair 
were found between the inhabitants of different parts of the 
city. 

To conclude, this study showed that determination of the 

tead content in hair might be a very useful method for studies 

of lead poisoning involving large sections of the population. 
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tntroduzione 
I metalli pesanti costituiscono una fonte importante e 

sempre piu pericolosa di inquinamento ambientale. Per quanto 
riguarda i1 piombo e stato ca1colato che negli ultimi 100 anni 
ne sono stati immessi nella biosfera oltre 100 milioni di ton
nellate. 

Cio porta ad una crescente esposizione e ad un sempre piu 
forte aasorbimento de1 tossico da parte degli organismi viven
ti, per cui la possibilita di intossicazione non riguarda piu 
solo coloro che vengono a contatto per motivi professionali, 
ma tutta la popolazione civile e in particolar modo i bambini, 
piu sensibili al tossico specie per quanto rig11arda il sistema 
nervoso. 

Oltre le provvidenze per ridurre le fonti di inquinamento 
e limitare l'imrnissione nell'ambiente, e necessario non solo 
oontrollare il grado di esposizione delle popolazioni civili 
ma anche il tasso di assorbimento nei singoli individui e p,li 
eventuali stati di intossica?.ione. 

Sta per il ~an numero di soggetti da esaminare, sia per 
le difficolta pratiche del prelievo del sangue e della raccol
ta delle urine, specie nei bambini, sarebbe piu agevole e niu 
pratico un controllo eseguito attraverso la ricerca del piom
bo nei capelli. 

Perche cio sia possibile e necessario accertare un effet
tivo e costante ra'!lporto fra. la q_uantita di piombo nell'ambien 
te, il grado di assorbimento, la pio~emia, la piombiuria e -
gli altri pararnetri biologici impiegati per la diagnosi di sa
turnismo, con la quantita di piombo nei capelli. 

Sinora pochi autori si sono occupati di questo argomento. 
Fra gli altri Kopito ha riportato 5 casi di bambini nei quali 
l'intossicazione saturnina fu sospettata per l'elevato tasso 
di piombo trovato nei capelli. Hammer ha trovato che la con
centrazione di piombo ed altri metalli pesanti nei capelli di 
5 citta in USA riflette fedelmente i diversi livelli di espo
sizione ambientale. 

Ricerche 
Tenendo canto di queste premesse, ahbiamo studiato il COft 

tenuto di piombo nel sangue, nelle urine e nei cape11i di due
gruppi costituiti da 42 soggetti norihali e 41 soggetti satur
nini. Sono stati anche ri~ercati i tassi delle prutoporfirine 
libere eritrocitarie(PLE), delle coproporfirtne urin~ric(CPU), 
e dell 'acirlo tt?~.ta-aminolevulinico urinerio(ALAU). 

E' stato anche determinato il contenuto di piombo nei ca
pell i, ~n gruppi diverni ni vari quartieri della ~it+.~ ~i Napo-
li. 

I risultati della prima ind~gine sono riportati nella ta-
bella I. Si e trovato che i dati medi per ciasnun para.metro 



Soggetti 
normali (42) 

Sogretti 
saturnini (41) 

SA:r.p;ue 
Pb 

microg/100ml 

37,1'15 

118±24 

Quartiere 

S.Lorenzo 
Chiaia 
S.Ferdinando 
Ponticelli 
Barra 

TAB~LA I 

Urine Capelli PtE CPU 
Pb Pb 

microg/24 h microg/g peso !?'icrop-/100ml microg/24 h 
secco gaobuli rossi 

29:t18 42±15 24%19 82+15 -
132±27 114±23 201±38 172+20 

T"BEJ,IA II 

Contenuto di. Pb nei capelli(microg/g peso secco) 
in gruppi di vari quartieri della citta di Napoli 

Nosoggetti Pb 

11 41±7 
15 38.t2 
10 4ll:t:7 
12 37•8 
11 44:t"i 

-

Secondigliano 10 43±q 
S.Giovanni 12 41.:t-10 

At AU 

mg/~4 h 

::.,2z1,2 

7,4!2,~ 

.... 
CIC 
N .... 
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nel gruppo dei soepetti saturnini sono stati sempre e signifi
CFttivamente sureriori ai dati cn,.-ri spondentj ne1 p;ruppo disog
r:etti normAli. Per quanto riguarda il contenuto di pjombo nei 
Capelli ].a media nei ~n.turnini e risuJtata superiore di circa 
tre volte quell a dei soggetti. normali. Questa rapporto e quasi 
uguale a quello trovato per il piombo ne1 sane;ue e nelle urine 
( circa 4:1), per cuj si pub ritenere che la vAli~jtl del ri
lievo e quasi la stessa per i tre paramentri. 
Il tasso de1le PLE nei saturnini e risultato molto elevato ris
petto ai normali ( 8:1 ), mentre per quanto riguarda le CPU e 
l'ALAU il rapporto e circa ugua1e a quello trovato per i Ca
pelli. 

I risultati dells seconda indagine sono riportati nella 
tabe1 lA. II, e non mostrano differen;;;e significative fra i 
gruppi dei vari quartieri cittadini, per quanta rigu~rda il 
contenuto di pjombo nei capelli. 
Conclusioni - I risu1tati da noi ottenuti prova.no che la ricerca del 
piombo nei capelli puo essere considerate un test valido dell' 
assorbirnento organico del r)om'ho. Inoltre la facilita del pre
lievo, 1a possibilitk dalla conservq~ione e della ripetizione 
lo rendono adatto come primo esame su grandi masse di popola
zione. Esso rende posflibile dj individuare facilmente i sog
getti che possono essere coniderati normali e quelli che do
vranno essere sottoposti ad ulteriori accertamenti per quanto 
riguarda l'assobimento di piombo e l'eventuale intossicazio
ne. Inoltre la omor,eneit8 <lei dati di base, provata dal fatto 
che non sono state osservate differenze fra i gruppi nella po
polazione di una grande citta, rende piu agevole la individua
zione dei ~asi dj aumentato assorbimento. Questa data aumenta 
l'utiljta dell'irnpiego della ricerca del piombo nei capelli 
come indagine di massa. 
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APPLICATION OF LEAD MOBILIZATION 
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ABSTRACT 

Various parameters indicating lead exposure are followed. 

The investigation has been performed on following groups of 
persons sho~ing various levels and duration of exposure: 

I Group: ~orkers exposed to high lead concentration for some 

months with acute clinical signs. 

II Group: ~orkers from the same place but without severe cli-

nical symptoms. 

III Group: ~orkers with chronic lead poisoning. 

IV Group: ~orkers suspected of lead poisoning. 
V Group: inhabitants living around a lead smelting plant. 

For studied groups the following analyses are presented: 

Hematologic determination in blood: Hb, erythrocytes, SRC, 

RTC. Toxicologic determination in urine: ALA, coproporphyrin, 

lead. Lead mobilization by 1 injection (for children % amp) 

of Ca Na 2EDTA. Lead in urine ~as determined before injection 
and in 24 hours sample after. 

Analyzing obtained data it is quite obvious that mobiliza

tion of lead represents a very useful method, importance of 
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which dependa on the level and duration of ezpoaure. In acute 
and chronic poisoning all parameters are positive~ including 

mobilization yield. On the other hand in the case of lo~ but 

long ezposure (inhabitants and ~orkers in group IV) mobiliaation 

yield represent the moat characteristic parameter pointing out 

the integral lead e%posure. 



1831 

For evaluation of the lead exposure many "exposure tests" 
are available. Generally, such tests are based on the direct 
determination of lead in biological samples (blood, urine) or 
on determination of the effects of toxic action of lead on 
porphyrin synthesis or on erythropoiesis. In environmental and 
occupational health, however, very often it is necessary to 
evaluate the integral exposure during the life. For such in
vestigation all existing exposure tests are not useful. Recently 
some papers appeared suggesting evaluation of the lead body 

burden in the skeleton using "mobilization" by CaEDTA injection 
and determination of the quantity of excreted lead (mobilization 
yield) (l,2,3,4,S,6,7,8,9). 

Here is presenting a study on various parameters, character
istic for lead exposure and mobilization yield in some groups 
of workers and a group of population with different level and 
duration of exposure. I group: 22 monters hospitilized in the 

Institute due to severe signs of poisoning (acute abdomen, lead 
colics, adinamy or digestive disturbances). They worked some 
months, exposed to high lead concentration O,S-20mgr/m3 • 

II Group: 13 monters from the same place with slight clinical 
signs reached the Institute 2 months after the end of work with 
lead exposure III Group: 31 workers exposed to lead s-10 y. in 

battery factories treated into the Institute due to chronic lead 
poisoning. IV Group: 30 workers lead welders, who were examined 
as suspected on lead poisoning. 

V Group: 124 inhabitants of a valley livinq 1-6 km from 
lead smelting plant emitting more than 200 t. of lead aerosols 

Concentration of lead in air was registered from 1,3-85 micrograms/ 
m3• In these persons ALA excretion was from 1,4-42 mgr/l varying 

in the course of years. In this group 20 males, 37 children and 
67 females are included. In all persons mentioned analysis has 
been performed except ALA for groups I and II. 

Results 

Obtained results are presented in a series of graphs as 

percentage of cases with values out of normal limits. Pe:c.. 
centage of cases with decreased Hb values under 80% (for women 
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and children 75% is presented on graph J. The lowest values 

of Hb were registered in group I (64% under 75% Hb). 
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GRAPH I 

PERCENTAGE OF CASES WITH DECREASED 

Hb VALUES UNDER 80% 
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FOR WOMEN AND CHILDREN UNDER7S'l.Hb. 
Percentage of persons with decreased number of Er under 

3.900.000 (for women and children 3.600.000) is presented on 

graph II. In the group I also the lowest absolute numbers are 

evident, in 45% of examined less than 3 mil. In group IV and 

inhabitants decrease of Er is practically negligible. 
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GRAPH II 

PERCENTAGE OF CASES WITH DECREASED 

NUMBER OF Er. UNDER 3.900.000 

.----
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examined aroups 

FOR WOMEN AND CHILDREN UNDER 3.500.0JO Er. 
On graph III the percentage of cases with the increased 

number of stipled red cells (SRC) over 300 on million Er. (for 
population over 100) is presented. Comparing the absolute number 
group I is showing 32% cases with over 2.000 RSC and group III 
only 19%. In population in 65% of males, 73% children and 55% 
of women we found increased number of RSC. To add that in 54% 
of children number of RSC was over 300. 
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GRAPH III 

PERCENTAGE OF CASES HAVING INCREASED 
NUMBER OF SRC OVER 300 (MILLION Er.) 

-

I II III 
examined 

-

I 
I 
I 

IV m : c 
v 

I t 
I W I 
I I 

arouos I 

FOR POPULATION OVER 100 SRC MIU.ION Er. 
Next qraph is presentin9 the percentage of cases with 

increased number of RTC over 1,6\. Group I and III are showing a 

moderate percentage of increased values. In other groups per
centage of cases is negligible. 



1835 

GRAPH IV 

PERC£NTAGEOFCASES HAVING INCREASED 
VOLUES OF RT C OV£R 1. 6% 

% 
j 

60. 

50. 

40. -
30. 

20 

10 

II 
I I ' 
I I I 

m : c : w ~ I II III IV I • .• 

--·~--~---------~~~--~v~~~---1 examined qroups 

Graph \7 is presenting the percentage of persons with 
an increase of coproporphyrin excretion over 500 µq/l (for pop
ulation over 200 µg/l). The highest values are found in group 
1, in 27% examined results are from 2000-5000 Mg/l. 
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GRAPH V 

PER(~NTAGE OF CASES WITH INCREASED COP

ROPORPHYRIN EXCREr/ON OVER 500mqll 
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FOR POPULATION OVER 200mq/l 

Graph VI is presenting percentage of cases with increased 

excretion of ALA over 20 mgr/l (for population 10 mgr/1). Results 

for group I and II are missing. In group III all examined had 

values from 20-lOOmgr. 
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GRAPH VI 

PERCENTAGE OF CASES WITH INCREASED 

A L A EXCRETION OVER 20mq II 
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FOR POPULATION OVER 10mq// 

Graph VII is presenting the percentage of cases with in

creased values over 120 µg/l of spontaneously excreted lead and 
the "mobilization yield". In group I excretion is increased in 
78\ of examined and 32\ of them showed quantities over 300 µg/l. 

In group III the increase of excretion is registered in similar 

percent (71%) but only 3,2% of examined had the increase over 

300 µg/l. 
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PERCENTAGE OF CASES WITH SPONTANEOUS EYCRETED LEAD OVER 

120mg/l AND MOBILISATION YIELD OVER 1000 mg/l 
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FOR POPULATION MOBILISATION YIELD OVER SOOmg/l 

In inhabitants 6% showed increased values of lead excretion. 
As normal mobilization yield is accepted for workers l.ooo µg/l 
of lead and for population 500 µg/l. In all groups high per

certage of cases with increased mobilization yield is evident, 

but a significant difference between groups exist in the quantity 

of mobilized lead. For example, in group I in 86\ of cases 

mobilization yield is 2.000 - 4.000 µg/l, and in 9\ even more 

than 4.000 µg/l. In group III values over 4.000 µg/1 are regis

tered in 54% of examined. In population 86\ of men, 96% of 
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children and 78% of women excreted more than 500 µg/l of lead. 
The yield of 1.000 - 2.000 µg/l is registered in 41,3% men, 

61% children and 18% women. 

Discussion 

Comparing parameters for each group some interesting obser

vation could be made. 

In group I with clinical signs of acute poisoning, all 
parameters are changed in high percentage of examined. Also 
the absolute value of each parameter is showing the greatest 

deflection from the normal value. 

In group II with slight clinical symptoms the absolute 

values and percentage of deflection are smaller in relation to 
the first group. Here the spontaneous excretion of lead re
presents the most characteristic finding. 

In group III (chronic lead poisoning) ALA excretion repre
sents the most important findings~ increase is established in 
all examined. In this group is lacking the parallel increase 
of coproporphyrin excretion. Comparing results obtained for 
group I and III it is possible to conclude that the percentage 
of cases with increase SRC and RTC in both groups are similar. 
In Hb, Er and coproporphyrin expressed difference in percentage 

is evident but it is not statistically signi.ficant. 

In group IV (workers exposed to lower lead level) only 
decrease of Hb and increase of ALA represent characteristic 
parameters. 

Exposure of population of lead is characterized by two 
parameters: SRC and ALA. ALA increase in population is more 
expressed than in workers of IV group. This could be explained 
probably by the fact that inhabitants of valley are exposed to 
lead 24 hours per day from birth. 

We followed all parameters in inhabitants of valley for 
5 years consecutively and found great variation each year, 
according to technologic and meteorologic conditions. But 
determination of mobilization yield gave us real apprehension of 
the size of the integral exposure from birth. 
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BEZIEHUNGEN ZWISCHEN RAUMLUFTKONZENTRATION, 
BLUTSPIEGEL UND METABOLITENAUSSCHEIDUNG 

AROMATISCHER LOSUNGSMITTEL 

O, SZADKOWSKI 

Zentralinstitut fUr Arbeitsmedizin der Gesundheitsbehorde det 
Freien und Hansestadt Hamburg, BRD 

KURZFASSUNG 

Um den Beaiehungen a1.11is·chen dem Gehatt von ·To"tuot del' 
Raumluft, seiner Konaentl'ation im Btut undder Metabotitenaue
scheidung im Harn nachaugehen, wul'den bei 94 Besch~ftigten einer 
Dl'uokel'ei Bestimmungen dieses L~sungsmittets im Blut und seines 
Metabotiten Hippul's~ure im Hal'n dul'ohgefUhrt und den gte~1.lzaei
tig erfotgten Raumtuftmeasungen gegenabel'gesteltt. Bei einem 
Vel'ateich del' aemessenen Toluolkonaentrationen in del' Raumtuft 
mit dem MAK-Wert fUr Totuot ePschien arbeitsmediainisch-tomiko
toaisch die Belastun« Petativ gel'ing. Tl'otadem wal'en die mitt
tel'en TotuotkonaentPationen im Blut gegenaber den Wel'ten einel' 
KontPotlgPuppe stark el'h~ht. 

Es aeigt sich, dass eine Beul'teilung del' Gef~hPdung am 
Al'beitsptata auf Grund von Raumtuftmessungen mit el'hebtichen 
Unsicherheiten behaftet ist. Die Hippurs~ul'eausscheidung im 
Harn is ausserberuftichen EinftUssen untel'WOl'fen. Diese Ein
schl'~nkungen getten fUl' eine L~sungsmittetbestimmung im Btut im 
wesenttichen nioht. Ein VoPt~ufigel' Gl'ena~e~t flll' einen 
a~beitsmediainisch nooh akaeptabZen Bereioh deP Totuotkonaentl'a
tion 1.11ird auf Grund del' Untel'suchungsel'gebnisse vo~getegt. 
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ABSTRACT 

In order to investigate the relationships between the 

tofuene content of air in an enclosed apace, toluene concentra

tion in the ~lood and ezcretion of totuene metabolites in the 

urine, the levels of this sotvent in btood and of i~B metabolite 

hippurio acid in urine were determined in 94 employees of a 

printing works and compared with totuene tevets in the air in 

the room measured at the same time. Compared with the MAC 

value for toluene, the atmospheric toluene concentration measured 

in the room seemed to indicate relatively slight exposure from 

an industrial medical and toxicological viewpoint. Despite this, 

the average toluene levels in the blood were very much higher 

than the figures for a control group. 

It is clear that considerable uncertainty attaches to the 

assessment of health hazards at places of work from measurements 

of the room air concentrations. The excretion of hippurio acid 

in the urine is affected by non-occupational factors. In the 

main, these reservations do not apply to the determination of 

the solvent in the blood. On the basis of the experimental 

results, a provisional limit value is proposed for a range of 

toluene oonoentrations whioh is aooeptable from the standpoint 

of industrial medicine. 
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FUr eine Uberwachung des Arbeitsplatzes ist es relativ 
einfach, die Konzentration aromatischer Losungsmittel in 
der Raumluft zu bestimmen. Ein Vergleich dieser Raumluft
analysen mit den zugehorigen MAK-Werten ermoglicht in 
vielen Fallen eine Beurteilung des gesundheitlichen Risikos. 
Man muB sich jedoch darUber im klaren sein, daB diesem Vor
gehen nicht mehr als eine orientierende Bedeutung zukommen 
kann. Individuelle Faktoren, etwa das Atemminutenvolumen, 
lassen sich namlich haufig nicht gebUhrend berilcksichtigen. 
Bestimmungen des jeweiligen Schadstoffes oder seiner 
Metaboliten im biologischen Material geben daher eine 
bessere Aussagemoglichkeit zur individuellen Belastung. 
Auf diese Weise konnen n~mlich nicht nur inhalative Re
sorptionsquoten mit erfaBt werden, personliche Faktoren 
oder spezielle Arbeitsplatzsituationen gehen ebenfalls 
integrierend in den Endwert ein. 

Um den Beziehungen zwischen dem Gehalt von Toluol der 
Raumluft, seiner Konzentration im Blut und der Metaboliten
ausscheidung im Harn nachzugehen, wurden bei 94 Beschaftig
ten eines Tiefdruckbetriebes Bestimmungen dieses LOsungs
mi ttels im Blut und seines Metaboliten Hippursliure im Harn 
durchgefilhrt und den gleichzeitig durchgeftihrten Raumluft
messungen gegenUbergestellt. Die Toluolbestimmungen in Luft 
und Blut erfolgten gaschromatographisch nach einer anderen
orts von uns beschriebenen Methode. Die Hippursaurebestim
mungen erfolgten nach dem Verfahren von Lieberman. 

Die Toluolkonzentrationen in der Raumluft schwankten je 
nach Arbeitsplatz zwischen 318 mg/m3 und 935 mg/m3. Die 
mittlere Toluolkonzentration im Blut von 68 Beschaftigten 
im Tiefdrucksaal lag bei 159,1 µg/100 ml (s = 107,0) und 
von 11 Tiefdruckern im .Andruck be! 161,5 µg/100 ml 
(s = 118,4), wMhrend die mittlere Toluolkonzentration 
im Blut bei einem Kontrollkollektiv (n = 30) von BUroange
stell ten 5,3 µg/100 ml (s = 4,2) betrug. FUr die Hippur-
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saureausscheidung im Harn ergaben sich in der gleichen 
Reihenfolge 3,7 g/l (s = 2,2), 2,8 g/l (s = 1,8) und 
0,82 g/l (s = o,4). 

Bei einem Vergleich der gemessenen Toluolkonzentrationen 
in der Raumluft mit dem MAK-Wert filr Toluol erschien 
arbeitsmedizinisch-toxikologisch die Belastung relativ 
gering. Trotzdem waren die mittleren Toluolkonzentrationen 
im Blut gegenilber den Werten der Kontrollgruppe stark 
erhoht, die Unterschiede lieBen sich varianzanalytisch 
mit einer Irrtumswahrscheinlichkeit van p < 0,01 sichern. 
Inwieweit hier temporare Erhohungen der Toluolkonzentra
tion in der Raumluft (gemessene Spitzenwerte lagen bei 
1872 mg/m3) oder die Tatsache eine Rolle spielte, daB die 
Drucker ihre stark verschrnutzten Hande regelmaBig in 
Toluol wuschen, mag dahingestellt bleiben. Unverkennbar 
ist jedoch, daB eine Abschatzung der Gefahrdung am Arbeits
platz allein auf Grund von Raumluftmessungen einen groBen 
Unsicherheitsfaktor impliziert. Eine Beurteilung auf 
Grund dP-r Hippursaureausscheidung im Harn ist jedoch auch 
nicht ohne Probleme. Es ist bekannt, daB die Hippursaure 
nicht nur ein Abbauprodukt von Toluol ist, sondern eine 
vermehrte Ausscheidung auch nach dem GenuB bestimmter 
Nahrungsmittel, etwa Backpflaumen oder Preiselbeeren, zu 
beobachten ist. Auch die zu Konservierungszwecken manchen 
Nahrungsmitteln zugesetzte Benzoesaure bewirkt eine er
hohte Hippursaureausscheidung. So kann es geschehen, daB 
die Hippursaureauscheidung zu Beginn einer Arbeitsschicht 
hoher liegt als bei Schichtende, wie wir es in einem kUrz
lich durchgefilhrten weiteren Untersuchungsprogramm an 
Tiefdruckern in Einzelfallen sahen. 

Die stark erhohten Toluolkonzentrationen im Blut lassen 
zunachst nur die Aussage zu, daB es sich hierbei um eine 
vermehrte Belastung der Exponierten handelt. Um nun darUber 
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hinaus auch konkrete Beurteilungskriterien Uber eine 
beginnende Vergiftung in die Hand zu bekommen, haben wir 
neben den quantitativen Toluolbestimmungen im Blut 
samtliche flir eine Beurteilung der Leberfunktion rele
vanten Parameter untersucht, wobei aus verstandlichen 
Grlinden bei einer derartigen epidemiologischen Studie 
van Leberbiopsien Abstand genommen werden muBte. Vorbe
haltlich der noch nicht vollig abgeschlossenen Auswertung 
kann schon jetzt gesagt werden, daB es bis zu Toluolkon
zentrationen im Blut von 400 µg/100 ml nicht zu klinisch 
oder labordiagnostisch objektivierbaren Leberschaden 
kommt. Man wird diesen Wert zunachst als einen vorlaufigen 
Grenzwert ansehen konnen, der den arbeitsmedizinisch 
akzeptablen Bereich charakterisiert. Darilber hinaus hoffen 
wir, durch eine VerknUpfung der Toluolkonzentration im 
Blut mit der zugehorigen Hippursaureausscheidung im Harn 
zu noch differenzierteren Aussagen zu kommen. Dazu sind 
jedoch noch weiterfUhrende Untersuchungen und statistische 
Analysen notwendig. 
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HOW USEFUL ARE THE BULK OF ENVIRONMENTAL DATA? 

JON C. VAN LOON 

Institute of Environmental Studies and the Departments of Geology 
and Chemistry, University of Toronto, Canada 

ABSTRACT 

It is crucial in the setting of environmental or health 
standards that a reliable data bank be available, Unfortunately 

a review of the literature on most pottutants reveals that there 

ia frequentZy no way to Judge the validity of the numbers which 
are given, Reasons are poor documentation and control of samp
ling, sample preparation and the subsequent analysis. 

The inadequacies of data have been demonstrated frequently 
but never more clearly than in the case of mercury pollution prob
lems around the world. Mercury analyses have been done routinely 

for most of this century. Much of the work was undoubtedly car
ried out using so-called "standard methods", commonly available 
from health and pollution control organiaations. However, it 
was only subsequent to the 1953 Minamata incident that the true 
chaotic nature of mercury data was revealed. In fact the liter
ature shows that as recently as 1971 little agreement could be 

found even on the choice of the analytical method. 

In this presentation evidence of deficiencies in other health 
related data banks e.g. blood lead values, will also be discussed. 
Suggestions will be made regarding a more rationai approach in the 
future. 
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1. INTRODUCTION 

Reviewing the literature for environmental chemical data reveals 

that there is frequently no way to judge validity of the numbers. 

Reasons are poor documentation and control of some, most, or all 

aspects of the analytical process including sampling, chemical 

analysis procedures, and data dissemination. These inadequacies 

cause serious problems when government standards for environl!lental 

quality have to be decided upon and enforced. 

2. DOES USE OF A "STANDARD METHOD" GUARANTEE USEFUL DATA? 

It is conunonly believed that use of a "Standard Method" (one 

published by a number of health and pollution control organizations) 

is sufficient to validate data produced. In published environ

mental studies it is common place to find that the description of 

analytical methods and assessment of the validity of the results 

consists only of a reference to the use of a "stCW1dard method". 

A number of authors (e.g. ref.3,4) have provided data to show 

that the use of standard methods does not necessarily result in 

accurate results. In addition performance of a laboratory must be 

continually be evaluated through use of interlaboratory control 

samples, "standards" and participation in round robin studies. 

3. MERCURY - A GOOD EXAMPLE OF INADEQUACIES IN DATA 

What happened when high levels of mercury were found in fish is a 

good example of the problems to be faced in setting and enforcing 

envirorunental standards. When the dangers of mercury were realized, 

a limit was put on the amount allowed in fish flesh offered for 

sale in Canada and the United States. Because of the almost 

complete lack of valid data, however, the selection of an 0.5-ppn 

level, was, at best, an educated guess. Fortunately, as the vast 

quantities of useful data now accumulating are evaluated, this 

arbitrary. choice is being justified. 
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In establishing permissible levels for a substance such as 

mercury in fi~h. many questions must be asked. What are the normal 

background levels for mercury in various fish species? What levels 

of mercury can be safely tolerated by the human population in 

question? Is there analytical data of suitable validity to allow 

sensible answers to either of these questions? When officials were 

faced with the task of establishing the permissible mercury content 

of fish, the answer to this last question was an emphatic no ! 

Th:! inadequacy of mercury data is well documented in the 

literature. The Niigata report (2) in 1967 shows variations 

between neutron activation (NA) and dithazone mercury values, for 

the same sample. of up to 100%. In 1970, 13 laboratories analyzed 

a mercury spiked, flour sample by the same method (NA) (S). A me.an 

value of 4.6 ppm was obtained with a range of values for 10 of the 

13 laboratories of 1.4 ppm. The other laboratories were outside 

this range, one giving a value deviating from the mean by 50 times! 

In 1971 two homogenized fish samples were analyzed by (NA) and 

flameless atomic absorption spectroscopy (FAAS) (6) Results showed 

that although the mean values for each technique were close, 

l.37 ppm (FAAS), 1.36 ppm (NA) for sample 1 and 0.11 ppm (FAAS), . 
0,10 ppm (NA) for sample 2 there was a wide range of values sub-

mitted by the laboratories, 0.9 to 1.8 and 0.03 to 0.21 respectively. 

In light of the variability of this data one might ask how it 

is possible to enforce a limit of 0.5 ppm mercury for fish flesh. 

A recent evaluation of the performance of laboratories engaged 

in mercury analysis has shown that with a careful selection of 

good laboratories, data in good agreement for standard samples can 

be obtained (1). Gelatin samples spiked with known amounts of 

mercury.were sent to 18 laboratories. Results collected from all 

these laboratories on a sample spiked with 2 ppm mercury showed a 

mean of 2.02 ppm and a maximum range of from l88 to 2.18 ppm - a 

variation of 15% at this level of concentration. This is a vast 

improvement over performances at earlier times recorded above. 
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In spite of this, it could still be asked whether the same 

laboratories would perform with the same reliability after doing their 

own sampling and then analysing a natural sample such as a fish. 

Fortunately samples more like those chemists actually test, such as 

leaves, liver, and fish flesh, are now being prepared and tested 

as standards for mercury analysis. How laboratories will perform 

on these samples is yet to be seen. Because of this, it still 

remains a question in this writer's mind how closely the 0.5 ppm 

limit set for mercury in fish flesh can be reasonably enforced. 

4. WHAT ABOUT THE FUTURE? 

Few environmental pollutants have been the subject of such an 

intensive appraisal of data validity as mercury. Fortunately, in 

this case the arbitrarily chosen limit of 0.5 ppm seems to be 

standing the bombardment of valid data. One must, however, worry 

about sudden needs to set limits in the future for other substances 

in the environment. Will we have the same luck as we did with 

mercury? Will skilled analytical chemists help us approach the 

problem in a more rational way? Or will inadequacies in chemical 

data force us to guess about questions vital to health? 
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AllS~I R!<l INr,EN DER BLEI-lJMWELTKONTA~INAT ION 
AUF LEBENSMITTEL VON SCHLACHTTIEREN; 

EIN BEITRAG ZUR PROBENAHME UND BEURTEILUNG 

W, KREUZER+, p, WISSMATHT, B, SANSONI++, 
++ ++ W, KRACKE UND F, DIETL 

+ Bereich fUr Hygiene und Technologie der Lebensmittel 
tierischen Ursprungs der Universitat Munchen, BRO 

++ Gesellschaft £Ur Strahlen- und Umweltforschun9 mbH, Institut 
filr Strahlenschutz, Gruppe Radiochemie und Analytik, 
MUnchen, BRD 

KURZFASSUNG 

Von 139 Rindern aus einem vorwiegend landwirtschaftlich 

atrukturierten Gebiet des achwabisch-bayerischen Voralpenlandes 

und 22 Tieren aua st~rker bleie%ponierten Arealen der BRD ~urden 

in Fleisch, Leber und Niere von jedem Tier nach nasaer Minerati

sation mit n2o2/Pe++ der Pb-Gehalt flammenlos atomabsorptions

spektrometrisch bestimmt. 

Mit nur 2 Ausnahmen enthielten die Nieren der Tiere aus 

dem Voralpenland ateta die h~chaten Pb-Gehalte, gefolgt von 

Leber und Pleisch. In den Nieren variierten die Pb-Konaentra-

tionen zwischen 0,10 und 0,80 ppm, in den Lebern z~ischen 0,06 

und 0,40 ppm; im Fleisch Zagen sie fast immer unter O,OS ppm. 

Die Variationskoeffiaienten betrugen bei Lebern 54,2%, bei 

Nieren 39,0%. Sie dUrfen prim~r individueii verursacht sein. 
Eine Abh~ngigkeit der Pb-Xon2entration in Nieren und Leber von 

Atter~ Geschlecht und Jahreszeit war daher statistisch nicht 

abzusichern. Dagegen beatand z~ischen den Nieren- und Leber

Pb-GehaZten der Rinder ein hochaignifikanter Zusammenhang. 
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Das Fleisch starker bleiexponierter Rinder enthielt selbst dann, 
wenn die Tiere mit Symptomen einer Pb-Intoxikation notgeschlach
tet werden musaten, kaum erh~hte Pb-Gehalte, Nieren und Lebern 
jedoch ein mehr ala 100-faches der Konaentrationen wie in 

Nieren und Lebern der Hinder aus dem Voralpenraum. Eine ein-
deutige Abhllngigkeit von der Expositionsintensitat konnte dabei 
jedoch nicht festgestellt werden. 

Fleisch kann ala ein Pb-armes, Nieren als ein Pb-reiches 
Lebenamittel gelten, Lebern als durchschnittlich Pb-haltig. 

Der Beitrag von Fleisch, Lebern und Nieren zum Gesamt-Pb-Gehalt 
der Nahrung ist gering. 

ABSTRACT 

The lead content of the flesh, liver and kidneys of each 
of 139 heads of cattle from a predominantly agricultural sub
alpine area of Swabia and Bavaria, and of 22 animals from areas 
of the German Federal Republic which are more severely exposed 
to lead, was determined by atom absorption spectrometry unde~ 

flame-free conditions after wet mineralization with n2o2 I Fe ++. 

With only 2 exceptions, the kidneys of animals from the 
subalpine area always had the highest lead contents, followed 
by the liver and flesh. In the kidneys the lead concentrations 
were in the range 0.10 - o.80 ppm, in the livers they we~e 
o.os - 0.40 ppm, and in the ftesh they were almost always betow 
O.OS ppm. The coefficients of variation were S4.2S in livers 
and 39.0~ in kidneys. They may depend primarily on individuate. 
Hence, a dependence of lead concentration in the kidneys and 
liver on age, sex, and season could not be established statisti
cally. On the other hand, there was a highly significant co~~a
tation between the lead contents of the kidneys and livers of 

the cattle. The ftesh of cattle more heavily ezposed to lead 

showed hardly any increase of lead content even when the animate 
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had to be emergency staughtered ~ith symptoms of tead poisoning, 

but the kidneys and tivers sho~ed concentrations more than 100 

times aa high as those in the kidneys and livers of the cattZe 

from the subatpine region. However, it ~as not possible to 

establish a definite dependence on intensity of ezposure. 

Fteah can be considered to be a food ~ith a tow lead 
content, kidneys as one with a high lead content, and liver as 

one ~ith an average lead content. The contribution of flesh, 

liver and kidneys to the total Zead content of the diet is 
smatt. 
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l. Einleitung 
Uber die Auswirkungen der Aufnahme geringer Mengen Pb fUr 

langere Zeit auf den menschlichen Organismus int relativ we
nig bekannt. Unklarheit besteht vor allem Uber seine Lang
zeittoxizit~t. Pb reichert sich in den Knochen, aber auch 
in Leber und Nieren des Korpers an und libt off enbar schon in 
schwachen Konzentrationen bestimmte biologische Wirkungen 
aus. 

Die Hauptzufuhrquelle stellt dabei, bestirnmte Extremsitua
tionen ausgenommen (Emissionen von Pb-Hlitten, Pb-verarbei
tender Industrie, GroOstadt), die Nahrung dar. Mit ihr wer
den dem menschlichen Korper mehr als die Half te seiner Ge
samt-Pb-Aufnahme zugeflihrt {10, 44, 47). Die WHO veran
schlagt diesen Anteil auf 57 - 66 % (47), 
Allein schon deshalb beansprucht Pb als potentieller Rlick
standsbildner in Lebensmitteln lebensmittelhygienische Be
achtung. Tierischen Lebensmitteln kommt dabei besondere Be
deutung zu, da Pb in ihnen tiberwiegend organisch gebunden 
vorliegt. Die leichter loslichen organischen Pb-Verbindun
gen sind aber einer Resorption im Verdauungstrakt leichter 
zug~glich als die im allgemeinen weniger gut loslichen an

organischen. 
Wenn auch bis jetzt beim Menschen noch keine augenscheinli
chen Pb-Langzeitintoxikationssymptome beobachtet werden 
konnten, halt man aus Unkenntnis der Pb-Langzeitintoxika
tionswirkung eine weitere Zunahme der Pb-Belastung in Um
welt und Bevolkerung nicht allein aus Grtinden der Vorsicht 
ftir kaum mehr vertretbar. 
Im Interesse des Konsumentenschutzes haben deshalb bereits 
verschiedene Staaten ftir Lebensmittel zulassige Pb-Hochst
werte festgelegtt andere, unter ihnen die BRD, erwagen ge

genwartig deren Festsetzung. 
Dies gab Veranlassung, ab Frilhjahr 1972 Fleisch- und Organ
proben von Schlachtrindern auf ihren Pb-Gehalt zu unter
suchen. 
Diese Untersuchungen dlirften auEerdem Hinweise auf das Ver

teilungsmuster des Pb im Rinderorganismuo und Uber den An-



Tabelle 1: Pb-Konzentrationen (ppm/Fg) in Fleisch, Leber und Nieren von Schlachtrindern 

Muskulatur n Leber n Nieren n Land Unters.-Jahr Literatur 
0,10-0,25 4 0,10-1,00 4 D 1934 8 

0,16 D 1963 5 
0,29-1,65 8 D 1968 28 

<0,1 10 (0,1 10 <0,1 10 D 1970/71 13 
0,092 

(0,03-0,35) 
127 0,1-1,4 0,26-1,7 D 1972/73 15 

JgBulle/ 0,96 30 D 1972/73 16 
Farse 

0,1 CH 1960 20 
0,3-1,5 0,3-1,5 GB 1951 1,2,3 

0,01-0,50 GB 1971/72 45 .... 
CX> 
VI 

0,4-1,7 6 GB 1969 34 
....,, 

<1,0 (1,0 I 1966 22 
Frlihling (O,l 0,17-0,54 25 s 1969 33 
Herbst '(O,l 0,20-0,92 25 s 1969 33 

0,015 5 0,085 5 SF 1969 23 
0,07-0,2 USA 1961 40 

0,3-0,5 USA 1966 32 

0,003-0,63 1961 9 
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teil des Rindfleisches am Pb-Geftalt der Gesamtna.hrung, bei 
Fleischerzeugnissen auchHUckschlUsse auf eine, bei der Her
stellung und Verpackung erfolgte Kontamination geben. Mog
lichkeiten dazu bestehen beim Kontakt mit Pb-haltigen Ma
schinenteilen oder dem Zusatz von Gewilrzen und Fremdstoffen. 

Einen tlberblick Uber bisher in Fleisch, Lebern und Nieren 
von Rindern ermittelte Pb-Konzentrationen gibt Tabelle 1. 
Aus den Daten ist jedoch mit Ausnahme der Ergebnisse von 
HECHT, MIRNA und SCHRAML (17) sowie GRAHWIT (13) nicht er
sichtlich, welche Fleischstilcke untersucht wurden und ob die 
analysierten Fleisch-, Leber- und Nierenproben jeweils von 
einem oder von verschiedenen Schlachtkorpern entnommen war
den sind. Auaerdem fehlt es i.d.R. auch an Hinweisen zur 
Probenahme, insbesondere an Angaben Uber Alter, Geschlecht, 
Rasse, Haltung und FUtterung. 
2. Untersuchungen 

2.1.: Untersuchungsmaterial 
Von 77 am 12.5., 5.7., 26.7. und 13.12.1972 sowie 62 am 14. 
3., 19.6., 18.7. und 25.9.1973 geschlachteten Rindern unter
schiedlichen Alters (0,8 - 15 Jahre), Geschlechts und ver
schiedener Hasse wurden pro Tier jeweils 100 - 200 g schwere 
Proben aus den Mm. adductores, dem Lobua caudatus der Leber 
und dem apikalen Pol der rechten Niere schlachtfrisch ent
nommen und bis zur Analyse tiefgektihlt aufbewahrt. 
Fleisch war fUr die Untersuchungen wegen seiner Bedeutung 
in der menschlichen Ernahrung ausgewahlt worden, Leber und 
Nieren als Target- und vermutliche Speicherorgane des Pb im 
tierischen Organismus. 
Filr die Entnahme der Fleischproben empfahlen sich bei der 
groaen Konstanz ihrer grobgeweblichen Zusammensetzung die 
Mm. adductores (26). 
Die sehr inhomogene Vcrteilung des Pb in Lcbern (25; 26) und 
Nieren (25) veranlaJ3te, die Proben immer gleichen Stellen 
dieser Organe zu entnehmen, um die Reproduzierbarkeit der 
Ergebnisse zu sichern. 
Die Rinder stammten aus einem vorwiegend landwirtschaftlich 
strukturierten Gebiet des schwabis.ch-bayerischen Voralpen
landes mit Weidehaltung im Sommerhalbjahr. Das Probenein-
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zugsgebiet lieg t zwischen den ('>'..'ten Augsburg - Memmingen -
Ettal - Weilheim und FUrstenfeldbruck. 
In diesem Areal schwanken die langjahrigen Niederschlags-
mi ttel zwischen 700 mm im Raume Augsburg und 1200 mm Nieder
schlag im Ammergebirge (Ettal). Dieses Gebiet war ausgewahlt 
worden, weil es ala reprasentativ fUr andere, ahnlich struk
turierte landwirtschaftliche Gebiete Mitteleuropas gelten 
kann. Verschiedentlich konnten dabei wiederholt Proben von 
Tieren aus gleichen Ortschaften bzw. gleichen Betrieben ent
nornmen werden. 
Auswahl der Tiere und Schlachttermine sollten die Prilfung 
eines eventuellen Einflusses von Alter, Geschlecht, Herkunft, 
Jahreszeit und Filtterung auf die Pb-Konzentrationen in 
Fleisch, Leber und Nieren ermoglichen. 
Zum Vergleich waren noch Proben von Rindern aus verschie
denen starker Pb-exponierten Gebieten der BRD untersucht 
worden. Sie stamrnten von 
a) klinisch gesunden Rindern aus Betrieben in unm.ittelbarer 
Autobahnniihe und aus der Wesermarsch, wo im FrUhjahr 1972 
mehr ala 60 Rinder wegen einer schadhaften Filteranlage des 
Preussag-HUttenbetriebes verendet waren und 
b) von mit Verdacht auf Pb-Vergiftung notgeschlachteten Tie
ren aus der Wescrmarsch, aus 2 weiteren Gebieten der BRD, wo 
immer wieder Hinder an den Symptomen einer Pb-Intoxikation 
aterben und 
c) van Tieren, die nach Aufnahme van Mennige notgeechlach
tet werden muaten. 
2. 2 : Me thodilc 
Die Bestimmung des Pb in l<'leisch-, Leber- und Nierenproben 
erfolgt flammenloa atomabsorptionsspektrometrisch im Gra
phi trohr (Perkin-Elmer HGA 70 und 290 G). Das Untersuchungs
material, bei Flcinch, Leber und Nieren je 100 g, wird zu 
diesem Zweck mit HN0 3 nuprapur und n2o2 (DAB 7) naB verascht, 
vorhandenes Fett abfiltriert, das Pb aus einem Aliquot der 
Losung durch Fallung mit NH4ou angereichert, abzentrifugiert 
und zur Injektion in das Graphitrohr in 20 ml salpetersaurer 
Losung aufgenommen. Die Ausbeuten werden mittels tragerfrei
em radioaktiven 212 Pb kontrolliert und schwanken zwischen 



Ta belle 2: Pb-Konzentrationen ~P2ra/?g) in Fleisch 2 Leber und iHeren 1972 geschlachteter 
Rind er (n = 77) 

Alter±s(a) + ( ~~) * N" + v (%) * Pb-Konz. Fleisch Datum n Leber-s v r iere-s r 
Nieren/Leber 

12.4. 11 4,5±3,2 * 0,21±0,09 42,8 0,39 + 53,5 -Q,26 2,5 0,09 0,43-0,23 
(l,0-9,0) (0,08-0,39) (0,18-0,80) (0,8-6,2) (~,05-

0,24) 

5.7. 17 + 0,13!:0,06 4o,2 0,00 + 43,8 0,13 2,5 .4'0,05 4,3-3,1 0,32-0,14 
(0,8-10,0) (0,05-0,2) (0,10-0,51) (l,0-4,5) 

26.7. 22 + 0,15!0,05 0,35±0,12 34,3 0,09 2,5 5,3-3,0 ~ 

(2,6-11,0) (J,06-0,23) 33,3 0,20 (0,14-0,57) (1,3-4,5) <0,05 00 
0\ 
0 

+ + -0,14 + 27.9. 15 7,4-3,5 0,16-0,05 31,3 0,37-0,15 42,9 -0,05 2,4 .c::0,05 
(2,0-15,0) (0,06-0,23) (0,16-0,80) (1,7-6,3) 

+ + 0,27-0,05 19,5 -0, 11 1,7 13.12. 12 6,4-1,2 0,17-0,06 39,2 -0,17 <0,05 
(5,0-8,5) (0,09-0,28) (0,20-0,35) (0,8-2,5) -- - _____ .,._ --- ----- -~ -- -- ---~ - - - --- ------ - - ---- - - -- -- ---- --- --·-

1972 77 5,3 0,16:!:0,07 43,8 0,342:0,15 44,1 2,4 .(.0, 05 
(0,8-15,0) (0,05-0,39) (0,10-0,80) (0,8-6,3) 

* = Schwankungsbreite der Einzelwerte 



Tabelle 3: Bleikonzentrationen (pnm/Fg) in Fleisch, Leber und Nieren 1973 geschlachteter 
Rinder (n = 62) 

Datum n Alter!s(a) 

14.3. 12 + 5,3-1,9 
(2,0-9,0) 

+ 19.6. 17 4,0-2,3 
(1,5-10,0) 

18.7. 17 + 5,5-2,7 
(1,5-11,0) 

+ 25.9. 16 4,8-2,4 
(1,5-10,0) 

+ Leber-s 

+ 0,17-0,06 
(0,10-0,24) 

+ 0,13-0,04 
(0,01-0,23) 

+ 0,12-0,03 
(0,06-0,40) 

+ 0,15-0,03 
(0,10-0,21) 

V (%) r* Niere~s 

!39,2 0,07 0,27!0,10 
(0,10-0,22) 

±30,a 0,01 0,39±0,46 
(0 , 18-2 ' 7 5 ) 

±25,0 0,27 o,2a!o,11 
P,14-0,52) 

±20,0 0,13 o,3a±o,09 
(0,21-0,56) 

v (%) r* Pb-Konz. Fleisch 

"i:.37,0 0,18 

Nieren/Leber 

1,6 
(1,2-2,7) 

+ -117,9 0,13 2,2 
(1,5-4,3) 

+ -39,3 0,28 2,5 
(1,2-3,8) 

+ -23,7 0,10 2,7 
(2,1-4,0) 

(.0,05 

<o,os 

<0,05 

< 0 ,05 
.._.. _______ -- - - - - - - - -- - _.._ __ .,_ __ ...... -- - - - ---- --- - -- - -- - - - ---
1973: 62 4,9 

(1,5-11,0) 

* 

0,14.!o,04 
Co,06-0,40) 

r = Korrelationskoeffizient 

V = Variationskoeffizient 

±2a,6 + 0,30-0,10 
(0, 10-2 '75) 

:!:33,3 2,7 
(1,2-4,3) 

(0,05 

....... 
co 
CJ'\ 
....... 
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Q9 p~m/Fg 

as 

a1 

Q6 

as 

• s. Tabellc 6 

ABBfLDUNG 1: Bleikonzentrationen in Nieren und Lebern von Schfacht -
rindern at.:s dem oberbayerisch -schwiibischen Vor -

alpengcbict 
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85 - 95 %. Die Nachweisgrenze ll·~gt fUr 100 g ~inwaage bei 
20 ppb, der Gesamtfehler der Pb-Bestimmung bei<l.O ~. 
3. Ergebnisee 
Die Durchschnittswerte, Standardabweichungen, Streubereiche 
und Var!ationskoeffizienten der Pb-Konzentrationen in Lebern 
und Nieren gibt fUr die 1972 geschlachteten Rinderkollektive 
Tabelle 2 und fUr das Jahr 1973 Tabelle 3 wieder. Beide Ta
bellen enthalten noch jeweils das Jahresdurchschnittsmittel, 
desaen Standardabweichung sowie Variationskoeffizienten und 
geben Auskunft Uber den Umfang der Probenkollektive, das Al
ter der Tiere, den Korrelationskoeffizienten zwischen der Pb
Konzentration von Leber und Niere und dem Alter der Tiere so
wie den Quotienten der Pb-Konzentrationen von Nieren und Le
bern. 
Die Einzelwerte der Leber- und Nierenkonzentrationen sind 
fUr alle untersuchten Rinder aus Abbildung l ersichtlich. 
Ihre Anordnung erfolgte in Schlachtkollektiven nach £allen
der Nieren- Pb-Konzentration. Gleichzeitig veranschaulicht 
die Tabelle auch die inter- und intraindividuellen Unter
schiede im Pb-Gehalt beider Organe und deren eventuelle jah
reszeitliche Abhangigkeit. 
Tabelle 5 faBt auBerdem noch die Nieren- und Lebereinzelwer
te zu Konzentrationsklassen zusammen, wobei ein Klasseninter
vall jeweils 0,1 ppm betragt. 
Tabelle 4 informiert Uber die Pb-Konzentration in Fleisch, 
Leber und Nieren der starker Pb-e~ponierten Rinder. Die Da
ten sind durch entsprechende Angaben aus der Literatur er
ganzt. Die Tabelle weiat auoh fUr Rinder in Leber und Nieren 
vermutlich toxische, offensichtlich toxische und todliche 
Pb-Konzentrationen aus. 
In Tabelle 6 sind verschiedene zur Zeit diskutierte, empfoh
lene oder fUr Fleisch und Organe bereits gUltige Pb-Toleranz
werte zuaammengeatellt. 
4. Beaprechung und Diakussion der Ergebnisse 
Be! 137 von 139 aus dem bayeriachen Voralpenraum untersuch
ten Rindern enthielten die Hieren stets die hoohsten Pb-Kon
zentrationen. Es folgen Leber und Fleisch. Lediglich in 2 
Fallen wieaen die Lebern die hoheren Konzentrationen auf. Ein 



Tabelle 4: Pb-Gehalte {ppm/Fg) in Fleisch, Lebern und Nieren starker Pb-exponierter Rinder 

Alter Fleisch Leber Niere n Jahr Literatur 
a a 

Klin.g:es.Rinder 

1 • GroBstadtnahe 0,42±0,71 0,23±0,48 0,42±0,59 20 1971/72 1 3 
2. Autobahnnahe 

3,5 {rnassiv Expos.) 0,08 0,66 1 , 44 1972 

3. Wesermarsch 1-6 0,02-0,03 0,2.j-0,85 0, 64-1 , 91 7 1972 

Notgeschl.Rinder 
(Verd .Pb-Versiftq.} 

1. Wesermarsch 5,5 0,08 2,89 2,60 1972 

2. 3 ,87-11,73 t-' Wesermarsch 0,15.0,98 8 1972 15/16/17 00 
~ 

3. Ander er Herkunft 2-6 0,11-0,38 3, 80-12,20 4,9-22,8 7 1972/73 
.::-

4. Ander er Herkunf t < 0, 1 18,0-22,8 23,2-62,8 5 1971/72 1 3 

Auf nahme v.Mennige_ 3-6 0,04;0,07 5,7:20,2 14,0;59,0 4 1971 24 
0,09;0,18 3,1 ;4,4 7,6;5,9 

---------------------------------------------------- -----------· -------------- -------------Vermutl.tox.Konz. 2- 20 10- 25 ~L.14;35;38;39; 
N.1 ;2;6;14;21 ;27;35 

Offens.tox.Konz. 4- 20 10- 50 L.14;30;35;42;43: 
N.6;11;14;21;27;30;35; 

43; 

todliche Konz. > 20 > 25 L.1;2;31; 
N.1 ;31 ;42;43; 



Tabelle 5: Zusammenstellung der Einzelwerte (Leber, Nieren) nach Konzentrationsklassen 
(ppm Pb/Fg) 

Lebern Nieren 

Klassen Probenzahl Anteil in 'lo Probenzahl Anteil in % 
~O,l 0 0 24 18,6 

0,1-0,2 14 10,9 79 6lt2 
0,2-0,3 44 34,1 24 18,7 
0,3-0,4 36 27,9 2 1,5 
0,4-0,5 21 16,3 
0,5-0,6 11 8,5 
0,6-0,7 0 0 
0,7-0,8 1 0,8 
0,8-0,9 2 1,5 

- ---- ----- -- ----------- -----------
Tabelle 6: Verschiedene filr Fleisch und Organe von Schlachttieren diskutierte und vorge

schlagene zulassige Pb-Hochstwerte (ppm/g Fg) 

WHO/FAO Expert Committee: Vorlaufiger wochentlicher Toleranzwert ftir Lebensmittel: 3,0 mg 

Land 
BRD: 

VO-Entwurf 
Empf ehlung 

Fleisch 

0,05 

0,2 

*ohne Nieren, •~Leber 

Innereien 

0,3 
* 0,5 

2 o•• 
' 

Fleischerzeugnisse 

0,1 46 

12 

~ 
CG 
CJ\ 
l.Jt 
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Grund hierfilr ve.cmag nicht genannt zu werden. Moglicherweise 
hatten beide Tiere kurz vor der Schlachtung mehr Pb aufgenom
men ala die anderen Hinder. 
Mit Ausnahme des am 12.4.72 geschlachteten Tierkollektivs la
gen die Pb-Konzentrationen im Fleiach stets unter 0,05 ppm/Fg. 
Die Tiere dieses Kollektivs waren vermutlich mit Futter, ins
besondere Heu und Grummet aus dem Jahr 1971 ernahrt worden. 
1971 fielen in Mitteleuropa extrem wenig Niederschlage. Trok
kenes Wetter aber begilnstigt im Grilnfutter hohe Pb-Kontam1-

nat16nen. 
Lebern enthielten durchschnittlich 0,16 ppm, Nieren 0,33 ppm 
Pb/Fg. Die Minimalwertc betrugen bei Lebern 0,09 ppm und bei 
Nieren 0,10 ppm, die Maximalwerte 0,40 ppm bzw. 2,75 ppm. 
Die Niere mit dem Pb-Gehalt von 2,75 ppm etammt moglicher
welse von einem Rind, das entweder langere Zeit bleireiches 
Futter aufgenommen oder frUher einmal Zutritt zu stark Pb
haltigen Gegenstanden beseasen hatte. 
Die Nieren enthielten, wie die Quotienten aus der Nieren
und Leber-Konzentration ausweisen mehr ala doppelt so viel 
Pb wie die Lebern (Minimalwerte: 0,8, Maximalwerte: 6,3). 

Besonders fallt in Lebern und Nieren die groae Streuung 
der Pb-Einzelwerte um die Mittelwerte auf (V = 54,2 % bzw. 
39,0 %). Selbst bei Tieren aus 'gleichen Bestanden oder dem 
gleichen Ort waren sie kaum geringer. Die Variationskoeffi
zienten schwankten bei Lebern innerhalb der Einzelkollektive 
zwiachen 20 und 46 %, bei Nieren zwischen 18,5 und 53,5 %. 

Dennoch bestand zwischen der Pb-Konzentration in Leber 
und Nieren des Einzeltieres, innerhalb der Kollektive und 
der Gesamtheit der untersuchten Tiere ein hochaignifikanter 
Zusammenhang ~= 0,001). Rinder mit hohen Leber-Pb-Werten 
weisen demnach auch hohe Pb-Konzentrationen in den Nieren 

auf. 
Eine statistisch gesicherte Abhangigkeit der Pb-Konzentra
tionen in Nieren urn Lebern vom Alter der Tiera besteht, wie 
ein Blick auf die Korrelationskoeffizienten in Tabelle 2 und 

3 beweist offenbar nicht. Deehalb kann auch die Frage, ob 
die Pb-Konzentrationen in Organen von Rind.:rn ahnlich wie 



1867 

bcim Menschen mit steigendem AlLcr zunehmen (10) oder der 
Einbau des Pb bereits nach einer bestimmten Zeit im wesent
liohen abgeschlossen 1st (4) anhand des vorl!egenden Unter
suchungsmaterials nicht schlUssig beantwortet werden. BARRY 
(4) beobachtete be! Menschen in Weichgeweben nach dem ersten 
Lebensjahrzehnt kaum mehI· eine Pb-Zunahme. 
Auch ein jahreszeitlicher Einflua auf die Pb-Konzentrationen 
von Leber und Nieren war statistisch nicht absicherbar.Aller
dings ergab der t-Test beim Vergleich der Pb-Gehalte von Le
bern und Nieren 1972 und 1973 geschlachteter Tiere nur 1972 
!Ur Lebern signifikant hohere Pb-Werte (t = ~9; n = 77; 
c(= 5 ~). Moglicherweise begUnstigten die 1972 nur geringen 
Niederschlagsmengen diesen Umstand. 
Die weitere AufschlUsselung des Untersuchungsmaterials nach 
Rasse, Geschlecht, Herkunft, Haltung und FUtterung lieferte 
bis jetzt noch keine zusatzlichen Anhaltspunkte fUr eine Er
klarung der gefundenen groSen Schwankungsbreiten im Pb-Ge
halt von Lebern und Nieren, 
Die Ursache dafUr dUrfte primar individuell bedingt sein und 
muB vermutlich in Unterschieden bei der Absorption, Vertei
lung und Auascheidung des Pb in verschiedenen Tierkorpern ge
such t werden. Sie wUrden auch erklaren, warum selbst bei 
gleichalten, gleichgeschlechtlichen Tieren eines Bestandes 
ahnlich gro6e Schwankungen gefunden wurden wie innerhalb der 
Tierkollektive. 
Ein Blick auf Tabelle 4 laBt erkennen, daB starker Pb-expo
nierte Rinder in Leber und Nieren zumeist erheblioh hohere, 
in Fleiach dagegen nur geringfUgiger erhohte Pb-Konzentra
tionen aufweisen ala die von uns in weniger stark umweltbe
lasteten Arealen untersuchten.Rinder. Wenn sie mit den Symto
men einer Pb-Vergiftung notgeschlachtet worden waren, ent
hiel ten ihre Lebern und Nieren Pb-Konzentrationen, die den 
Verdacht einer lebensbedrohlichen Pb-Intoxikation recht
fertigten. Die Zunahme des Pb in den Fleiao.hproben war auoh 
bei diesen Tieren nur gering. Diese Befunde decken sich mit 
einer Mitteilung H~GGERS (19), der bei drei 36 Tage mit Heu 
von einem Autobahnmittelstreifen (99 mg Pb/kg TS) gefUtter-
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ten Kilhen in Le bcrn unJ id eren Uber elne u tarke, in der Mu1;3-
kula tur dagegen nur schwache Zunahme der Pb-Konzentrationen 
berichtete. Auch unseren Untersuchungen zufolge, bedarf es 
fUr eine erhebliche Erhohung des Pb-Gehaltes in Leber und 
Nieren von Rindern des Zusammentreffens einer Reihe die Akku
mulierung des Pb in Futter und Tieren optimal begUnstigender 
Faktoren. Bei Rindern aus autobahnnahen Betrieben konnte bis 
jetzt erst bei einer Kuh in Fleisch ein signif ikanter An
stieg der Pb-Konzentration beobachtet werden. Das Tier stamm
te aus einem lOm tiefer, unmittelbar neben der Autobahn in 
Richtung der Hauptwinddrift gelegenen Betrieb, wo zum Tran
ken der Hinder Wasser aus einem TUmpel verwendet wird, der 
Sickerwasser und auch von der Autobahn herabrinnendes Regen
wasser aufnimmt. Daa Rinder aus autobahnnahen Betrieben bis
her in Nieren und Lebern keine starker erhohten Pb-Konzentra
tionen aufwiesen, dtirfte mit darauf zurtickzufilhren sein, dail 
die Tierbesitzer entweder von sich aus auf die VerfUtterung 
von unmittelbar neben der Autobahn gewachsenem Futter ver
zichten oder den Tieren in erheblichem Umfang weniger stark 
Pb-kontaminierte Futtermittel zufilttern. 
Die in den eigenen Untersuchungen bei Fleisch, Lebern und 
Nieren van wenig~r und starker Pb-exponierten Rindern er-
mi ttel ten Pb-Konzentrationen entsprechen im wesentlichen den 
in der Literatur mitgeteilten Werten (Tabelle 1 und 4). 
Allerdings ist ein Vergleich nur bedingt moglich, da es zu
meist an detaillierten Angaben zur Probenahme fehlt. 
Der durchschnittliche Pb-Gehalt der Nahrung betragt in Eng
land 0,13 ppm (44i 45). Vergleicht man damit die Pb-Werte 
in Fleisch, Lebern und Nieren der van uns unter3uchten, we
niger stark Pb-exponierten Rinder , so zeigt siah, daa 

Fleisch relativ geringe, Lebern durchschnittliche und Nieren 
Uber dem Durchschnitt gelegcne Pb-Konzentrationen aufweisen. 
Auch Fleisch von starker Pb-exponierten oder sogar mit SymP
tomen einer Pb-Vergiftung notgeschlachteten Rindern enthielt 
fast stets Pb-Konzentrationen unter 0,13 ppm/Fg. 
Fleisch zahlt demnach zu den bleiarmen, die Nieren zu den 

bleireicheren Lebensmitteln. Lebern enthalten etwa Durch-
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schnittswertc. 
Der Antell des Fleisches am Gesamt-Pb-Gehalt der Nahrung 
kann daher ala gering veranschlagt werden. Das gleiche trifft 
trotz hoherer Pb-Konzentrationen auch ftir Lebern und Nieren 
zu, wenn man deren geringen Beitrag an der Gesamtnahrung in 
Rechnung stellt. 
Allerdings sollte hier auf bestimmte KontrollmaBnahmen nicht 
verzichtet werden, da Nieren auch bei starker Pb-exponierten 
Rindern bereits beachtliche Pb-Konzentrationen enthalten. 
Legt man den im Entwurf der "VO Uber Umweltkontaminanten" 
der BRD fUr Innereien diskutierten zulassigen Hochstwert von 
0,3 ppm Pb/Fg zugrunde, hatten 55 % der von uns untersuchten 
Nieren und 1,5 % der Lebern Pb-Konzentrationen Uber diesem 
Toleranzwert besessen. 
Auch bei Zugrundelegung einer Toleranz von 0,5 ppm Pb/Fg 
Uberschreiten irnmer noch 10,8 % der untersuchten Nieren die
sen Wert. 
Ea wird deshalb vorgeschlagen, fUr Nieren eigene Pb-Toleranz
werte zu erstellen. 
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