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Man-made Vitreous Fibers: 
Present Status of Research on Health Effects 

/ . 

Paul Gross 

The Industrial Health Foundation , 5231 Centre Ave., Pittsburgh, PA 15232, USA 

Summary. Concerns engendered by inappropriate extrapolation from ~at 
intracavitary cancer experiments stimulated the initiation of new retrospective 
and prospective epidemio.logic studies of man-made vitreo~s fib_ers (~M~F). 
The results of these new studies have confirmed those of previous mvest1gat10ns 
that MMVF exposure had not caused an increased risk to develop lung cancer 

or nonmalignant respiratory disease. 
In contrast to the high pathogenic potential of MMVF (thin long fibers) 

when injected into the body cavities of rats , tbe pulmonary reaction of rodents 
inhaling such fibers has been that of a nuisance-type dust. The results of new 
experimental inhalation studies have not yet bee~ ~ublished: 

In vitro studies have demonstrated cytotox1c1ty of thin long MMVF. 
Although there is a parallelism between the in vitro cyto~oxicit~ res~lts of 
MMVF and those of the in vivo intracavitary carcinogenesis studies with the 
same fibers, it is difficult to attach significance to this parallelism insofar as man 
is concerned because the rat intracavitary carcinogenesis results have ~o 
relevance to man . 

Key words: Man-made vitreous fibers - Pulmonary reaction - Nuisance-type 

dust - Rat intracavitary carcinogenesis 

Heretofore the climate of opinion regarding the health risk of fiberglass dust was 
best expressed by the following conclusion in "Documentation of the Threshol~ 
Limit Values for Substances in Workroom Air," a highly respected and authon-

tative publication: 
I~· light ~fthe preponderant evidence to date, although admittedly still not complete 

irt all detail of the lack of adverse effects on health of fibrous glass dust of respirable 
size, a TLV '(threshold limit value) of a nuisance-type dust of 10 mg/m

3 
is recommended 

. .. [6] (emphasis supplied). 
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. Howe:er, with the discovery that the intracavitary implantation of ma d 
vitreous fibers (MMVF) in rats caused the roducti n~~a e 
regarding health effects of MMVF b p ~n of cancers [25], opinions 
were derived from the results of thecame c.ontrov~rs1al. The specific conclusions 
. . . e experiment involving th . I . 

.1nJect1on of insoluble mineral fibers int 1 . c rmp antat1on or 
r~gardle s of chemical composition the %~e~: ~~er:t cC:v1.ty or ~b~ome~ o~ rats; 
s1ons were within certain limits i e c'J • d . rcinogen1c 1f their d1men~ 
I • · ., leir 1amerers were Jess than 1 5 d 1 • 
ength tonger chan 8 µm (25) Altl 1 1 d ·. · µm ao t 1e1r 

rodents, some professionals .extr~o~~~:~erh evclopment of cancers was limited to 
considerable alarm ObJ·ection tip t' edresulrs to man, thereby generating 

. · ia appeare persuasive and J'd d 
against the ex trapola tion to man of the . . va ' were ma e 
N I . rar intracav1tary cancer results [14] 

even ieless, regulatory agencies viewed MMVF . I . . . 
basis of admitte~ly inappropriate extrapolations 7~~: ;;~~e than susp1c1on on the 

imp~~et=~~~o~:;~;i~~:~~: ~~ti:~~lal~~:g !:~: ~~~;e~ov~ intracavitary injection or 
development of cancer in rats u--' · •' . te on the ground that the 

uut:r rnese circumstances is a 1 f " . 
state carcinogenesis" which is recognized t I I n examp e o sohd-
denial of relevance of intracavitary cance~ ~;~~u:~ . re e:anc~to man [13]. This 
supported by the Ad Hoc C . . !On m ro ents to man was 

ommrttee of the Nat10nal Cancer Institute [20): 

Any substance which is shown conclu iv 1 considered carcinogenic and iher f s e Y_to cause wmors in animals shou ld be 
s'1011/d be considered only where tle1eocrc a _poten~ 1al cnncer haza rd for man . Exceptions 
I . nrcmogemc effect is clear/ ~ / P iys1cal rather than chemical ii1d11c1io11 or wh l . . Y_ s 101~11 to res11 t from 

grossly inappropriate in lerms o' co11c '. bl le1111e ioute of adm1111stra11011 is shown to be 
~ c1va e 111111011 exposure (emphasis supplied) 

NIOSH and OSHA sep L I I . 
from the intracavitary c~nce::: e/: iave also agreed that. extrapolation to man 
NIOSH stat . "I . . p nments on rodents was mappropriate (22 23] 
exposures ine:.ni~~~s ~~t I~~~~ lo ~xtrlapolatekfrom the results of the intraca;itar; 

, ns m l 1e wor place." 
OSHA s renouncement of the validity of extra l . . 

~~ec_ant~er ;x
1
p
1 
eri~ents is found in the Federal R~~s:~~n;f ~~:~~~ ~~tr~~~~it[~;Y] 

ie ie io owing statements are found: , 

(2) Tumors i11d11ced a1 sire of administration A 
administration should not be considered I ·11 b rgu~~enis that tumo~s at the site of 
administration is noc oral respirato d v1 ~ cons1 .. ercd . on ly if: (1) The route of 
establishes that inducc1'on'of local. try or ~rma, •and (11) Evtdencc is provided which 

' umors 1s re aced to ti 1 • I formulation of the maierial ad · . d { . te P lys1ca configura tion or 
material , or matrix of an impre:~:1:~ci: 

1 
e.g., cryscallmc form or dimensio11s of a solid 

same material is adminiscered-: ' d' l't' p ant) and that ~umors are not induced when the 
rn a 111 erent configuration or formula . 

Because of the apprehensions and concern created b . . . 
extrapolations that were made to man from th t . . y the tn~ppropnate 

t . era -rntracav1tary expenment ne 
~l~or~:::~~1 ~~ ~:ri:~:p:~~v~ e:i:emiologicstudies were initiated.on the heaith; 
years [7 8 19 21 24] I a ddi ~en exposed to ~MFV; some, for as long as 40 

, , ' ' . n a tron, aew expertmental studies w . b 
determine if inhalation of thin long MMVF would I L . . e1e . cgun to 
olar l"b · d'd I · a so resu t In rrnld penbronchi-

1 rns1s.as ' t1etnrratrachealinjectionofsuchfibers(J7] andin 't d ' 
on the effects of MMVF on cultures of . ' vr ro stu ies 
started [2, 4- 6, 10). various types of mammalian cells were 

Epidemiologic Studies 

Recent retrospective studies on the health of workers in factories producing 
MMVF [7, 8, 19, 21, 24] have reinforced the findings of previous investigations [16] 
on fiberglass workers by demonstrating conclusively that long-term exposures to 
MMVF in factories producing these fibers have caused no increased risk of lung 
cancer, nor have these exposures been associated with the development of 
mesothelioma-the cancer found in rats which had been subjected to the 
intracavitary deposition of MMVF. 

A preliminary report of the mortality patterns and occupational exposures ofa 
cohort of mineral wool production workers by a group of NIOSH investigators 
[21] was concerned with a cohort of702 white males who had had at least 1 year of 
employment beginning January 1, 1940. They were traced through 1974. There 
were 199 deaths, of which 181 were traced. The SMR (Standard Mortality Rate) for 
all malignancies was found to be 98 and for nonmalignant respiratory disease 
(NMRD), 90. When these were broken down into specific diseases, it was found 
that there were excessive deaths, particularly in the category of NMRD other than 
influenza and pneumonia. However, none of the excessive deaths was statistically 
significant. 

A new study of workers in a textile fiberglass plant in the United States included 
a cohort of 1,423 men who had worked I year or more from January 1, 1945 
through December 31, 1963 [7]. There were 216 deaths for which death certificates 
were found (96%). The SMR for all causes was 88.3; for all cancers, 88. 7; for 
NMRD, 48.3; and for respiratory tract cancer, 65.8. It was concluded that the 
workers exposed to fibrous glass suffered no excess in mortality from malignant or 
nonmalignant respiratory disease. 

A report on the mortality among man-made vitreous fibers workers in the 
United States , still unpublished [8], involved a cohort of 7,049 males who had 
worked I year or more in manufacturing during 1945 through 1963 in three 
fiberglass plants and three mineral wool plants. Also included were men who had 
worked 6 months or more during that period in two plants producing glass fibers of 
very small diameter. The mortality was determined through 1973. A total of 1,006 
deaths was identified, but death certificates were not located on 39 of these. The 
SMR for all causes was lower than expected based on U.S. white male mortality 
experience. The SMR for respiratory cancer was 88.6 based on 54 deaths. For one 
of the mineral wool plants which may have used asbestos in the manufacture of 
some products, the SMR for respiratory cancer was 393.7. The relationship 
between respiratory cancer and exposure to MMVF is therefore unclear in this 
group. There is no evidence of an excess in respiratory cancer related to MMVF in 
five fibrous glass plants and in two of the three mineral wool plants studied. There 
were 30 deaths caused by NMRD. The SMR for this category was 105.7. The SMR 
was 99.0 in the fiberglass plants and 129 in the mineral wool plants. The overall 
excess deaths among mineral wool plants was attributable to one plant (SMR 
175.4). This was not the plant with the excess in respiratory tract caricer. None of 
the excess deaths from NMRD was statistically significant. There was no clear 
evidence of excess in NMRD related to MMVF. The deaths in two fiberglass plan ts 
producing very fine fibers provided no evidence that exposure to very fine fibers 
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was related to malignant or nonmalignant respiratory disease. However, thiJ aggregates which lodge unnaturally in larger air passages . Obviously, an inhal~tion 
conclusion is somewhat tenuous because the number is small.- experiment of improved design incorporating the use of carefully charactemed fibers 

106 

The fiber exposure of rock and slag mineral wool production workers at a plant is now required [l ?). 

:'hich_ had been in operation since the early 1900s was studied by NIOSH New experimental studies have been initiated here and abroad to determine if 
rn~est1g_ators_ (24]. The authors concluded that their findings corroborated those of r;i ts exposed by inhalation to thin glass fibers of specified lengths (longer than 
ep1dem1?log1sts who had conducted an earlier mortality study of men employed in 10 ~tm) would also suffer peribronchiolar fibrosis . Some of these studies have been 
four m~neral woo_l plants. [7]. No excess in mortality from malignant or in progress for more than 2 years but the results have n~t yet been published . One 
nonma!tgnant respiratory disease was found. ·tudy conducted at the Atomic Energy Research Establishment at Harwell, U.K,, 

Another recent study of fiberglass production workers involved 6,536 men who ~ed to, the conclusion that alveolar deposition decreases steeply (from about 13% to 
~rnd been employed for 10 or more years [19]. A special component of this study about 2%) as the aerodynamic diameter of fibers increases from 2 to 3 µm and that 
rncluded 1,222 men with 20 or more years of employment and 30 or more years for fibers with the same diameter, this deposition decreases with increasing fiber 
latency. It was con~luded that the mortality pattern of the fiberglass productjon length (18]. This finding is in agreement with the results obtained by Harr~s and 
workers was considerably lower than comparable U.S. patterns. Long-term Timbrell [15] and the graphs derived from their work [14] where the highest 
workers' mortality was similar to that of the men employed for shorter periods. alveolar deposition was found to be about 18% by number for glass fibers 0.5 µ_~in 

Animal Studies 

Ten years ago it was reported that the inhalation of fiberglass caused no pulmonary 
fibrosis in rats or hamsters [IO, 12]. The results of this investigation were often 
ignored because although the diameter of the fibers was well within the pathogenic 
range (0.6 µm), the average length of the fibers was only 10 µm, a length considered 
to be at the lower end of the spectrum capable of inducing fibrosis or 
carcinogenesis. Little or no consideration was given to important additional data 
included in the paper, namely, that the range of lengths extended from 5 µm to 
20 µm and that the dust concentration was very high, about 95 mg/m3

• Since the 
average length of the fibers was 10 µm and the range of lengths was 5-20 µm , one-
half of the fibers were 5-10 µm long and one-half, 10-20 µm long, the latter length 

diameter and 10 µm long. Glass fibers 20 µm long have an alveolar depos1t1on 
probability of 2%, 4%, and 10% if their diameters are ~·. 1.5, and I_-? µm, 
respectively. Glass fibers 40 µm long have an alveolar depos1t10n probability of 
only 1 %, 2%, and 6% for diameters of 2, 1.5, and 1.0 µm, respectively . 

Regardless of the dearth of information on the effects of inhaled long, thin glass 
fibers in the lungs of animals of the experiments now in progress, it appears that the 
intratracheal injection technique causes excessively high (extraordinarily high [17]) 
local deposits or·aggregates that do not occur when the same fibers are inh~l~d. ~he 
peribronchiolar fibrosis obtained in guinea pigs by the intrat~acheal InJ~Ctton 
technique is also in conflict with the documented absence of increased nsk of 
nonmalignant respiratory disease in man [7, 8, 19, 21, 24]. 

generally believed to have considerable pathogenic potential. The significance of In Vitro Studies 
these data is that exposure to high concentrations of glass fibers with dimensions 
considered to be within the pathogenic range did not cause pulmonary fibrosis in The theory that the pathogenicity of insoluble fibers resides in their dimen~ions and . 
animals when inhaled. not in their molecular composition has stimulated much interest in testmg these -

On the other hand, an investigation published 6 years after the above inhalation fibers for cytotoxicity. In vitro studies, in general, have served to demonst_rate by 
study, dealing with intratracheal injections in guinea pigs of asbestos and glass means of various criteria that thin long glass fibers are toxic to mammalian cell 
fibers that had specified diameters and lengths, demonstrated that long, thin glass cultures. Comparisons of this toxicity with the available data on the potential of 
fibers caused slight peribronchiolar fibrosis compared with severe fibrosis resulting oJass fibers to produce intracavitary cancers in rats, pointed to the conclusion that 
from asbestos fibers [ 17]. The diameter of the glass fibers was substantially below : positive relationship exists between the demonstrated cytotoxicity and the 
I µm and the length was longer than 10 µmin 92% of the fibers in one group and in carcinogenic potential of these fibers for rats. Also, a parallelis~ ha~. been 
50% of the fibers in another group. This demonstration of mild peribronchiolar suggested between the cytotoxicity of thin, long glass fibers and their ab1hty to 
fibrosis in guinea pigs injected intratracheally with thin, long glass fibers is in produce peribronchiolar fibrosis in guinea pigs upon intratracheal_ i~jection .. 
apparent conflict with the reported lack of fibrosis in the lungs ofrats and hamsters Although neither asbestos nor glass fibers caused mutagenes1s m bacterial 
exposed by inhalation to high concentrations of glass fibers, 50% of which had cultures [5], when tested against macrophage cultures, glass fibers produced an 
dimensions generally held to be within the pathogenic range. The authors of the 1 increase in cell-membrane permeability as measured by the amount of LDH in the 
above guinea pig study suggested a possible explanation of the conflicting results: j medium (2]. The conclusion was: 

It must be conceded that the conditions of the experiment, that is, intratracheal 
injections, are highly artificial. (Indeed, as artificial as intrapleural instillation .) It pro­
duces an uneven dose and therefore an extraordinarily high local dose. It also produces 

I 

A non-specific effect on cell membrane due to the slow and sometimes incomplete 
process of ingestion of long fibers is probably a function of the morphology, particularly 

the length of the fibers . 
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Dust 

llOT 

' llOR 

lOOT 

lOOR 

Number of fibers 
per gram 

9 x 109 

25.2 x 109 

54.5 x 10 10 

78.2 X lQIO 

' Modified from Table 2 (ref. [4]) 
T= total fibers; R = respirable fibers 
Code 110 fibers were coarser than Code 100 A . 

l 7 rn · pprox1-
mate y O,o of Code 100 fibers were :5 0.3 µmin diameter 
"".hereas only 29% of Code 110 fibers were :5 0.3 µm in 
diameter 

Table I'. Calculated number of 
glass fibers per gram in each of 
the four glass fiber samples 

In a more recent investigation two grades of glass fibers were tested for their 
:f9f~ts font! cefl~bcultures [3]. The results indicated that Code IOOT fibers with only 

. io o le ' ers > 10 µm long and < I 6 I . k 
Code l lOT fibers tl;;t had 41.67% of the fi:e~ ~ l~~ were muc~ more activ~ than 
the following criteria: - µm ong an :S 1.6 µm thick by 

A. Greater cytotoxicity 
B. Greater inhibition of growth (cloning) 
C. Greater cell enlargement 

D. Greater release of enzymes from cells (LDH and fJ 1 'ct g ucorom ase) 

. Alt.hough these data seem to contradict the hypothesis that thin Ion fibers 
b10log1cally more active, the authors calculated that Code IOOT ' t ~ d are 
than 60 times th b f f'b con ame more 

e num er o I ers per unit mass than did Code l IOT (T b 
Therefore, on the basis of the number of fibers to which ea h II a le I). 
results were considered · . c ce was exposed, the 
J'k I ti . I supportive of the hypothesis. The authors concluded "It is 
i~a:~ve~:t m t le system used in the present paper, fibers less than 10 µm lo~g <ue 

In a conference report on an international worksho d I' . . . 
effects of mineral dusts [9], it was concluded that: p ea mg with m vitro 

The size of fibres which dete · d tl · . . . 
by Stanton and Layard (1978) rmrne . ie m vllro activity was similar to those reported 

as causrng pleural tumours in rats 

natu~l~t~~~~te ~ cytotoxicity in th.e~e cell cultures is probably i~dicative of the inert 
genie. . owever, a cytotox1c1ty response indicates that the dust may be fibro-

. At pr~sent the validation of these tissue cultures stems is ba d .. 
lat10ns with in vivo data Clear] b f 1 Y se on empirical corre­
relied u .' y, e ore t i~se systems can be generally accep1ed or 
dusts a:::~1~o:~t:o,·nr~'1~•~onaecedss.ary.concernrng the mechanism of interaction becween 

, , n m vitro. 

and Another recent study ?f vitreous fibers showed that glass wool as well as rock 
slag w.o?J are cytotoxic, although not as much as crocidolite [ 4]. The criterion 

~; cytotTolx1c1ty was ~nlargement of the diameter of tissue culture cells greater than 
µm. le conclus10ns were as follows: 

Our experience to date is that fibrous dusts which are cytotoxic in these in vitro 
svstems are those which produce mesotheliomata in experimental animals; nonfibrous 
d.usts are not toxic in these systems. 

At this state it is not possible to judge the significance of these results to the assess­
ment of hazard to man, but we expect that these samples will produce a small number of 
tumours in experimental animals following intrapleural inoculation. 

These conclusions appear reasonable inasmuch as these in vitro results 
obtained with glass fibers are incongruous with the results of an animal inhalation 
study with thin, longish fibers [16]. Considerable emphasis has been put on the 
parallelism between cytotoxicity of fibers and the production ofmesotheliomata in 
rats by the in traca vi tary deposition of fibers. Since the production of in traca vi tary 
tumors in rats has no relevance to man [13, 22, 23), one can be sceptical of the 
>ignificance or value of a test that relies so much on a comparison with results that 
<ire irrelevant. 

Because of the obvious demonstrated differences in the results of epidemiologic 
studies on asbestos-exposed workers and the results of such sti{dies on workers 

I 
exposed to man-made vitreous fibers, it would be inappropriate to lump the health 
effects of these two different kinds of fibers regardless of similarities in their 
geometry. The statement that the cytotoxicity of a fibrous dust suggests that it may 
be fibrogenic to man is certainly correct for asbestos. However, there are recent 

I 
investigations [7, 8, 19, 21, 24] which indicate that the suggested parallelism 
between the demonstrated cytotoxicity of glass fibers and their fibrogenicity is not 
applicable to man, even though mild fibrosis was produced in the lungs of guinea 
pigs by the intratracheal injection technique [17). There is no question but that 
glass fibers, regardless of size, will cause a fibrogenic reaction when embedded in 
animal tissues. This, however, is a tissue reaction characteristic and common to all 
insoluble foreign solid materials, and it does not necessarily have any bearing on 
the reaction of the alveolar membrane to these materials when inhaled. 

The insolubility and, hence, the durability of fine glass fibers in lung tissue has 
recently been questioned. The as yet unpublished results of investigations 
conducted at the Brookhaven National Laboratory have demonstrated that thin 
glass fibers undergo statistically significant reductions in diameter during an 18-
month sojourn in the lungs of rats (DM Bernstein, Written communication to Jon -
L. Konzen, M.D., dated June 26, 1981). Earlier, Wright and Kuschner [27] had also 
questioned the durability of long, glass fibers compared to the durability of 
asbestos: 

In the experiments in which long glass fiber was introduced (into the lungs) a sur­
prising amount of short fragments of fibers appeared in the lymph nodes. This fragmen­
tation is confirmed by electron micrographic studies of ashed lung and lymph nodes of 
animals in which long fibers had been introduced. 

It may be of interest to mention that a flaw has appeared in the hypothesis that 
only the geometry of a fiber and not its chemical composition determines its 
biologic activity. This flaw resides in the finding that when the magnesium content 
of chrysotile fibers is leached out, the fibers will have lost much of their pathogenic 
potential in spite of the fact that their geometry remains unchanged [19). That the 
fiber geometry remained unchanged is suggested by the similarity of the side-by­
side electron micrographs of the leached and unleached chrysotile as well as by the 

( 
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observation that "there was no evidence that the leached samples fragmented more 
than the unleached in vivo" [19]. However, these relatively short-term observations 
from animal experiments (lifetime of the rat) do not necessarily controvert the 
suggestion that chrysotile fibers may fragment and disappear by dissolution in 
human lungs during a sojourn of decades. 

Conclusions 

Inappropriate extrapolation to man from intracavitary cancer experiments on the 
rat with man-made vitreous fibers raised concern and apprehension regarding the 
risk to health from the production and use of these materials. This concern 
stimulated new epidemiologic studies, which included workers not only from 
fibrous glass producing plants but also from those producing mineral wool; these 
studies involved many thousands of men who had been exposed to MMVF for as 
long as 40 years. These investigations confirmed the results of previous studies and 
concluded that exposure of workers to MMVF has not caused an increased risk to 
develop lung cancer or nonmalignant respiratory disease. Many of the experi­
mental studies are still in progress. 

Attention is drawn to a recent report which indicated that alveolar deposition 
of glass fibers decreases steeply as the aerodynamic equivalent diameter of the 
fibers increases from 2 to 3 µm and that for fibers with the same diameter, this 
deposition decreases with increasing fiber length. From the work of others it was 
determined that the probability of alveolar deposition of glass fibers 40 µm long is 
only l % for fibers 2 µm in diameter; 2% for fibers 1.5 µmin diameter; and 6% for 
fibers 1.0 µm in diameter. The previous animal experiments were reviewed and the 
absence of pulmonary fibrosis when longish glass fibers were inhaled was 
emphasized. The development of slight peribronchiolar fibrosis when thin long 
fibers were injected intratracheally requires confirmation by inhalation studies 
which are not yet completed. The authors of the intratracheal injection study 
suggested that the peribronchiolar fibrosis may be caused by the unnatural 
technique employed. 

In vitro studies have demonstrated that thin, long glass and 'other vitreous 
fibers less than 1.5 µm in diameter and longer than 8 µmare cytotoxic. Although 
there is parallelism between the cytotoxicity and the cancer production by the 
fibers in rats, caution is expressed by the investigators regarding extrapolation of 
the in vitro results to man. 

Considerable emphasis or reliance has been placed on the parallelism between 
the cytotoxicity of fibers and the production of cancers by the intracavitary 
deposition of the fibers in rats. Inasmuch as the production of these intracavitary 
cancers in rats have been judged to have no relevance to man, reliance of cytotoxic 
test results on comparisons with results that are irrelevant can serve no useful 
purpose. 
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Standards for Chemical Quality of Drinking Water: 
A Critical Assessment 

R. L. Zielhuis 

Coronel Laboratory, Chair of Occupational and Environmental Health, Faculty of Medicine, 
University of Amsterdam, The Netherlands 

Summary. The author critically reviews present standards for the chemical 
quality of drinking water, particularly the limits proposed by the Commission 
of the European Communities (CEC) in 1979. Particularly, the general 
principles of standard setting are discussed. It appears that there exists a 
surprisingly high similarity in drinking water limits, issued by various national 
and international authorities, although for other environmental compartments 
important discrepancies exist. Usually, drinking water limits lack adequate 
documentation, and appear often to be copied from other existing lists. There is 
an apparent lack of logical consistency in limits set for food, ambient or 
workroom air, and drinking water, probably due to lack of communication 
between health experts and decision-making authorities. Moreover, there is a 
lack of toxicologic studies, explicitly aimed at setting limits. Extrapolation 
from the acceptable daily intakes (ADI) for food or the Threshold Limit Value 
(TLV)-Maximum Acceptable Concentration (MAC) for workroom air could 
be undertaken to derive tentative drinking water limits, as long as explicitly 
designed studies for drinking water are not yet available. 

Key words: Drinking water standards - Acceptable limits 

The Validity of Numerical Values 

Regulatory or recommended operational standards (limits) for the chemical 
quality of environmental compartments (e.g., ambient or workroom air, food, 
drinking water) aim at preventing health risks. Critical assessment of the validity of 
such values requires to consider at least five questions: ( 1) What does the actual 
numerical value mean? (2) What is the scientific basis? (3) Which health effects are 
to be prevented, and in which groups at risk? (4) What value-judgements have been 
made in deriving a health-based recommendation? (5) What is the impact of 
economic and technologic constraints on the ultimate operational standard or 
recommendation? 
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