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CHERRIE J , DODGSON J, GROAT S, MACLAREN W. Environmental surveys in the European man­
made mineral fiber production industry. Scand J Work En viron Health 12 (1986): suppl I, 18-25. This
paper presents estimates of airborne fiber concentrati ons and fiber size for European man-made mineral
fiber (MMMF) factories on the basis of measurements made in 1977-1980. The airborne fiber con­
centrations previously reported at a conference of the World Health Organization (WHO) and the Inter­
national Agency for Research on Cancer in 1982have been revised to harmonize the results with the WHO­
European MMMF reference counting level. The result was an approximate doubling of the reported air­
borne fiber levels.After the revisions the average combined occupational group concentrations in the rock­
and glass-wool plants were still generally low « 0.1 fibers/ml) . In the glass continuous-filament factories
the airborne fiber concentrations were very low «0.01 fibers/ml). The average plant median for fiber
length ranged from 10 to 20 /Lm, and the corresponding median diameters ranged from 0.7 to 2 /Lm . In
general the glass-wool fibers were thinner than the rock-wool fibers. The fiber concentration s measured
in other studies in the MMMF production and user industries are reviewed. Higher levels (between 0.1
and 1.0 fibers/ml) have been measured in some insulation wool production, secondary production, and
user industr ies. The highest levels (> 1.0 fibers/ml ) occurred in very fine glass-fiber production and in
other specialist insulation wool usage.
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Between 1977 and 1980 the European man-made min­
erai fiber (MMMF) production industr y, via their Joint
European Medical Research Board , support ed en­
viro nmental research in th e indust ry. This research
comprised a series of environmental surveys by the In­
stitute of Occupational Medicine in Edinburgh in those
factories selected for the epide mio log ic study coordi­
nated by the International Agen cy for Research on
Cancer (IARC). The principal aim of these invest iga­
tions was to assess the fiber number concent ration and
fiber size distribution to which workers were exposed .
These data have been reported earlier (9).

In general the respirable levels of airborne fibers
were low, the average concentrations in the insulation
wool plants being less than 0.1 fibers/rnl and less than
0.01 fib ers /ml in the glas s cont in uo us-filament fac­
tories .

During the course of th is research it became ap­
parent that the phase contrast op tical microscope meth­
ods used to monitor fiber levels did not always produce
the same results when applied by di fferent laboratories.
A similar problem had already ar isen in asbesto s fiber
assessment (I , 7) and th erefore the se find ings were not
wholly unexpected.
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A consul tation was arranged by the World Health
Organ ization (W H O ) during 1980 to consider these
pr oblems. Followi ng this meeting a scheme was insti­
gat ed to produce reference sampling and evalua tion
me thods an d to harmonize th e performance of labo­
ratories during th e use of th ese methods. The work o f
th e gro up o f laboratories which particip ated in this
scheme has produced substantial cha nges in their fiber
counting levels, and, in particular , the level o f the Edin­
burgh Inst itu te ha s increased (13).

As a consequence the fiber concent ration s previously
reported would have been lower than current ly assessed
levels. Cherr ie et al (2) have estimated that the respi­
rable fibe r concentra tions from th e original surveys,
assessed on the WHO/EURO refer ence level (13),
could have been up to three times high er th an the
ori ginal assess me nt.

The pr esent pap er provides revised estimates of the
fiber number concentrations and summa rizes the fiber
size measu rem ent s from the factories included in the
IARC epidemi ologic study .

Outline of the original investigations

Thirteen fac tories were selected for incl usion in the
IARC epidemiolog ic study, seven facto ries 2 pro ­
ducing ro ck wool, four producing glass woo l, an d two
manu factu rin g glass continuous filam ent s.

2 One rockwool factory closed prior to the survey period. This
plant was replaced with an additional glass continuous­
filament plant, not included in the epidemiologic study.



A detailed description of the sampl ing and analysis
procedures is contained in the report of Ottery et al
(9). At each factory the workforce was classified into
occupational groups on the basis of job and workzone.
A proportion of the workforce in each occupational
group was selected at random, and personal airborne
dust samples were obtained from these workers . The
samples were collected with Casella pumps and a
shielded Gelman filter holder 25 mm in diameter. The
samples were collected on two types of filter, cellulose
ester membranes for evaluating fiber number concen­
trations by phase contrast optical microscopy (PCOM)
and Nuclepore polycarbonate membranes for assessing
fiber size by scanning electron microscopy (SEM).

For interplant comparison the occupational group
data were collated into seven combined occupational
groups (preproduction, prod uction, maintenance, gen­
eral, secondary production I, secondary production
2, and cleaning) according to uniformly defined cri­
ter ia for each factor y.

The sampling and analytical techniques which were
used in this work were broadly in agreement with the
methods and equipment selected for the WHO/EURO
reference methods (14).

Airborne fiber concentrations and fiber size

For estimates of the airborne respirable fiber levels in
relation to the WHO/EURO reference level, a random­
ly selected proportion of the original survey samples
(about 10 0J0) from the rock-wool and glass-wool
plants were reevaluated. Ten samples were selected at
random from each of the 10 factories together with
an additional 20 "high" and "low" density samples
to insure adequate coverage of the complete range of
fiber densities. This was a more representative selec­
tion of samples from the original surveys than reported
previously (2). The microscopist selected for this task

:= 1.4 0
~
~ o gl a ss wo o l ( g)
~ 1.10:!!
:: . rock wool (r )
c
0 0.81
;;
c.
'''1

u
c
0 . / / / /u

Z 0 . 36
~

~ ."0

'''1
.
~

~.. &:7'= 0

~.. 0 .09..
e

0.0 2

has been shown to produce a counting level similar to
the average of the five laborator ies which participated
in the scheme. All of these assessments were carried
out in accordance with the WHO /EURO phase con­
trast optical microscope reference method (14). The
results from this exercise are shown in figure 1.

As expected, the new fiber concentrations were
higher than the original estimates. To investigate the
relationship, a multiple linear regression model was
fitted to the data . The results from this analysis showed
that the increase in level differed significantly (p < 0.05)
between fiber types. For rock-wool plants the average
increase was 1.8 times , while for glass wool the levels
were increased 2.2 times. This difference between fiber
types is similar to the earlier findings (2) and may pos­
sibly be attributable to the poorer visibility of glass
fibers than rock-wool fibers when observed with a
phase contrast microscope.

The fitted relationship shown in figure 1 explains
over 80 010 of the variation between the original and
recounted data. The derived factors have been applied
to the original data, and the revised respirable fiber
concentrations are summarized in tables 1 to 4 in terms
of arithmetic and geometric mean values .

In the rock- wool plants the combined occupational
group means ranged from 0.01 to 0.67 fibers /ml, the
highest concentrations being observed in certain
specialist secondary production groups . The mean res­
pirable fiber concentrations in the main production and
secondary production groups ranged from 0.05 to 0.12
fibers/ml.

The range of the group means of the respirable fiber
concentrations measured in the four glass-wool fac­
tories was 0.01 to 1.00 fibers /ml, the highest concen­
trations being associated with the manufacture of
special fine fiber earplugs. In the main production and
secondary production groups the concentrations
ranged from 0.01 to 0.16 fibers/ml.

0.0 0 7 0 .0 2 6 0 .0 5 6 0 . 10 2 0 . 1 6 0 0. 2 30 0 . 31 4 0.41 0 0 . 5 1 8

orig ina l fi be r con ce ntr at ion (flbers /mU

Figure 1. Comparison of the original
and reassessed respirable fi ber con ­
cent rations.

19



Table 1. Respirable fiber concentrations (fibers/ml) in combined occupational groups of six European rock-wool plants (arithmetic me,

Combined Plant 01 Plant 05 Plant 04 Plant 03
occupational
groups Na Mean Range SD Na Mean Range SD Na Mean Range SD Na Mean Range SD

Preproduction 8 0.08 0.Q1-0.22 0.08 2 0.01 0.Q1-0.Q1 7 0.03 0.01-0.07 0.02 3 0.06 0.03-0.11 O.O!

Production 36 0.10 0.02-0.37 0.06 22 0.06 0.02-0.14 0.03 27 0.06 0.02-0.19 0.03 28 0.12 0.03-0.32 0.0:

Maintenance 9 0.08 0.05-0.18 0.04 12 0.05 0.01-0.14 0.03 20 0.05 0.02-0.12 0.02 8 0.05 0.03-0.10 0.0:

General 16 0.08 0.02-0.37 0.08 7 0.04 0.03-0.07 0.01 13 0.06 0.02-0.09 0.02 8 0.07 0.04-0.14 0.0-

Secondary
production 1 32 0.10 0.03-0.21 0.05 16 0.07 0.01-0.15 0.03 28 0.08 0.03-0.33 0.06 11 0.12 0.06-0.23 O.O!

Secondary
production 2 11 0.40 0.09-1.40 0.44 3 0.34 0.25-0.41 0.01

Cleaning 5 0.09 0.04-0.11 0.03 8 0.06 0.02-0.14 0.04 4 0.13 0.05-0.29 0.1"

a Number of measurements.

Table 2. Respirable fiber concentrations (fibers/mil in combined occupational groups of six European rock-wool plants (geometric
mean values, revised 1986).

Combined Plant 01 Plant 05 Plant 04 Plant 03 Plant 08 Plant 09
occupational

Mean SD Mean SD Mean SD Mean SD Mean SD Mean SDgroups

Preproduction 0.05 2.87 0.01 1.22 0.03 1.66 0.05 2.07 0.04 1.00 0.01 1.44

Production 0.09 1.72 0.05 1.66 0.05 1.76 0.11 1.66 0.04 1.84 0.04 2.03

Maintenance 0.08 1.56 0.04 1.93 0.05 1.52 0.05 1.48 0.03 1.70 0.03 1.95

General 0.05 2.32 0.04 1.31 0.05 1.57 0.07 1.58 0.04 1.03 0.05 2.03

Secondary
production 1 0.09 1.67 0.06 1.80 0.07 1.59 0.11 1.45 0.07 1.99 0.0 1.68

Secondary
production 2 0.26 2.60 0.34 1.30 0.24 1.42 0.51 2.52

Cleaning 0.08 1.5 0.05 1.97 0.11 2.09 0.07 2.24 0.11 2.07

Table 3. Respirable fiber concentrations (fibers/mil in combined occupational groups of four European glass-wool plants
(arithmetic mean values, revised 1986).

Combined Plant 07 Plant 02 Plant 06 Plant 10
occupational

N' Mean Range SD N' Mean Range SD N' Mean Range SD N' Mean Range SDgroups

Preproduction 5 0.01 0.02-0.01 0.05 8 0.01 <0.01-0.01 <0.01 5 0.01 0.Q1-0.Q1 < 0.01 5 0.01 <0.01-0.03 0.01

Production 39 0.05 0.01-0.62 0.10 26 0.01 < 0.01-0.027 0.01 27 0.03 0.01-0.11 0.02 61 0.05 < 0.01-0.22 0.05

Maintenance 20 0.07 0.01-0.60 0.13 4 0.03 0.01-0.06 002 12 0.04 <0.01-0.17 0.05 27 0.02 <0.01-0.06 0.01

General 15 0.03 0.01-0.06 0.02 10 0.02 0.01-0.043 0.01 10 0.023 0.Q1-0.04 0.01 12 0.03 <0.01-0.06 0.03

Secondary
production 1 37 0.04 0.01-0.11 0.02 32 0.05 0.01-0.21 0.05 26 0.03 <0.Q1-0.G? 0.02 36 0.02 <0.01-0.06 0.01

Secondary
production 2 23 1.00 0.17-4.02 0.87 2 0.07 0.05-0.09 0.03 45 0.16 0.02-1.39 0.22

Cleaning 4 0.01 0.01-0.02 0.01

a Number of measurements.

The fiber size distributions from the SEM assessments
are summarized in the appendix in the form of length
and diameter matrices. Figure 2 shows the median
length and diameters from 185samples collected in the
rock- and glass-wool factories. The median lengths
ranged from 5 to 44 Jlm, and the median diameters
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from 0.3 to 3.3 Jlm in the rock-wool and 0.3 to 2.5
Jlm in the glass-wool plants.

The observed correlation between median fiber
length and diameter (correlation coefficient 0.63) was
similar to that previously reported for a subset of these
data (3).



Figure 2. Relat ionship between th e median f iber lengt h and
diameter.

values. revised 1986).

Plant 08 Plant 09

Na Mean Range SO Na Mean Range SO

1 0.04 0.04-0.04 4 0.01 < 0.01- 0.01 < 0.01

19 0.05 0.01-0.13 0.03 51 0.05 0.01-0.16 0.03

9 0.03 0.01-0.07 0.02 10 0.04 0.01 -0.11 0.03

2 0.04 0.04-0.04 < 0.01 23 0.06 0.01-0.36 0.08

24 0.08 0.01-0.20 0.05 55 0.06 0.02-0.39 0.06

3 0.25 0.19-0.36 0.09 22 0.67 0.06-1 .37 0.38

8 0.09 0.01-0.18 0.06 12 0.14 0.02-0.44 0.11

There is a clear distinction in size between the two
types of factory, samples from rock-woo l facto ries
tending to conta in longer and thicker fibers. This dif­
ference is clearly reflected in the median diameters ob­
tained when all of the samples within a factory are
pooled.

The plant median fiber lengths were within the range
10-20 JLm for the rock-wool plants and 8- 15 JLm for
the glass-wool plants. The corresponding medians for
the diameter distributions ranged from 1.2 to 2 /lm and
from 0.7 to I /lm for the rock-wool and glass-wool fac­
tor ies, respectively.

Table 5 shows the percentage of all of the fibers mea­
sured which were greater than 8 /lm in length and less
than 1.5 /lm in diameter. This size category corresponds
to that suggested by Stanton et al (12) to be biologi­
cally significant. These fibers have been termed
Stanton-type fibers or S fibers.

In general there was a higher pro portion of S fibers
in the glass-wool plants than in the rock-wool plants.
No clear pattern existed for the fiber types or the oc­
cupat ional groups.

In the bulk of the SEM assessments no estimate of
fiber number concentrati on was obtained. To obt ain
a compari son of fiber concentr ation assessed by
PCOM and SEM, paired samples from the MMMF
factories were evaluated with the two techniques.
Figure 3 shows the average relationship between the
PCOM and SEM counts of all fibers longer than 5 JLm
and the SEM S-fiber concentration. For purposes of
comparison data from nine pairs of chrysotile textile
samples are also shown. The concentrat ion of SEM
fibers longer than 5 JLm is about eight times the PCOM
concentration for these chrysotile asbestos sampl es,
while for MMMF the corresponding increase is only
1.3 times.

The measurements reflect the ability of asbestos
fibers to split longitud inally into long thin fibers. The
S-fiber concentrat ions determined by SEM were on the
average of four times higher than the PCOM fiber con­
centrati on for the asbestos and 40 070 lower than the
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Table 4. Respirabl e fi ber co ncentrations (f ibers/mIl in co mbined occ upational groups at fou r European glass-wool plants
(geomet ric mean values . revised 1986).

Comb ined Plant 07 Plant 02 Plant 06 Plant 10
occ upati onal
groups Mean SO Mean SO Mean SO Mean SO

Preproduction 0.01 2.03 0.01 1.95 0.01 1.25 0.01 1.98

Producti on 0.04 1.99 0.01 1.53 0.03 1.81 0.03 2.95

Maintenance 0.03 3.00 0.02 1.97 0.01 3.73 0.01 1.90

General 0.03 1.80 0.02 1.47 0.02 1.51 0.02 2.43

Secondary product ion 1 0.03 1.76 0.04 2.29 0.02 1.96 0.01 2.54

Secondary produ cti on 2 0.77 2.15 0.07 1.69 0.11 2.47

Cleanin g 0.01 1.79
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Table 5. Percentage of all fibers with length > 8 I'm and diam eter < 1.5 I'm.

Combined occupational group

Plant Secondary SecondaryPreproduction Product ion Maintenance General production 1 production 2 Cleaning

01 16 31 40 22 31 32 0
05 29 32 25 16 26 0 0
04 24 26 24 17 27 33 0
03 54 34 20 20 20 37 0
08 42 22 23 24 28 0 23
09 40 30 32 21 30 38 39

10 39 44 34 48 49 33 0
07 24 42 27 24 28 32 0
02 21 27" 23 31 51 0 0
06 31 40 26 37 44 42 30

a Production of fibers with nominal diameter about 12 I'm.

Table 6. Comparison of airborne fibe r conce ntrat ions in the
man-made mineral fiber produ ction indus tries of Europe and
the United States.

Figure 3. Relationship bet ween the di ff erent measure s of fiber
concentrations. (MMMF = man-made mineral fiber, PCOM =
phase contrast optical microscopy, SEM = scanning electron
microscopy, S fiber = Stanton-type fiber)

Range of occupational group
mean (f ibers/ml)

l Mineral wool refers to facto ries producing either rock or
slag wool or mixtures of these materials.

PCOM concentration in the case of the MMMF. For
equivalent PCOM concentrations therefore we estimate
that there would have been approximately six times
more S fibers in the chrysotile asbestos samples than
in the MMMF samples.

Discussion

In the past five years there has been considerable effort
within Europe to standardize the sampling and eval­
uation of MMMF and to harmonize the performance

, of various national laboratories using these methods
(13). To achieve this better interlaboratory agreement ,
the counting level of several laboratories changed; in
particular that of the Institute of Occupational Medi­
cine in Edinburgh has doubled. The original measure­
ments made in the European MMMF production in­
dustry (9) therefore underestimate the fiber concen­
trations in relation to the WHO /EURO reference level.
This paper has presented revised estimates of airborne
fiber concentrations based on a recounting of a pro­
portion of the original samples. These data confirm
the systematic increase in counting perform ance: 1.8
times in the rock-wool plants and 2.2 times in the glass­
wool plants. Despite these chan ges the airborne fiber
concentrations in the factories remained low; in the
principal production and secondary produ ction groups
the average fiber concentrations were generally less
than O.I fibers/m!.

These revised estimates of fiber concentrat ion are
consistent with measurement s made in other European
factories (10), and they compare favorabl y with data
from manufacturing plants in the Unit ed States (5).
Table 6 shows the range of average fiber concentra­
tion s from production and secondary production
groups in the American study in compari son with our
revised data. The result s from the glass-wool plants
are directly comparable, while the range of average
concent rations in the American mineral-wool 3 plant s
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Table 7. Summary of airborne fibe r concent ration and fi ber size measurements.

Fiber concentra tio n Locat ion/use
Nom inal
fiber size

(pm)

Percentage
S fibe rs

in ai rborne
dust

Very low « 0.01 fi bers/ml)

Glass con t inuous f ilament
Coarse glass fiber

Low (0.01- 0.1 fi bers/ml)

Glass wool

Rock wool

Mineral wool

Medium (0.1- 1.0 fiber s/ml )

Fine gl ass fi ber
Rock woo l

Mine ral wool (United States)

Glass wool

High (> 1.0 fi bers/ml)

Very fin e glass fiber
Glass wool/ rock wool - loose

Glass woo l/rock wool - w ithout dust suppressants

Product ion and use 9-25
Produc t ion and use > 10

Produc tion and most
secondary production 5-7
Produ ct ion and mos t
seco ndary product ion 3-6
Product ion and most
secondary produ ction 6-8

Produ ct io n about 3
Some seco ndary
produ ct ion and
user industry 3-6
Some prod uction
and user indust ry 6-8
User industry 3-7

Produc t ion and use < 2
User industry -
blowing into attic 3-6
Product ion and use 3-6

5-25
< 5

20-50

20-30

30-40

30-40

about 30

about 60

is slight ly larger. Thi s difference is primari ly due to
one factory where high fiber levels were associated with
some oper ations involving an unu sually large number
of cutti ng, sawing, and sanding products.

Esmen (4) has reported the proportion of S fibers
from the 16 facto ries included in the aforement ioned
studies. In mineral-wool plants approximate ly 30 lJfo
of all fibers fell into th is catego ry, while in glass-wool
p lants only 20 lJfo of all fibers were the S-fiber type.
These data are similar to the Europea n data , although
a slightly higher proportion of S fibers was found in
European glass-wool plants.

The available data concerning airborne fiber con­
centra tions and the percentage of S fibers in a range
of production, secondary production , and end-user in­
dustries are summarized in table 7. The following four
broad categories of fiber concentration have been iden­
tified: (i) very low « 0.01 fibers/ ml), (ii) low
(0.01-0.1 fibers/ml), (iii) medium (0.2- 1.0 fibers/
mil , and (iv) high (> 1.0 fibers/ml).

There is a genera l pattern of increasing concen tra­
tion s and percentages of S fibers as the nomin al
diameter" of a product increases, as found by Esmen
et al (5). In the user indu stry, as the ventilation condi­
tion s (ie, roo m volume and air cha nges per hour ) be­
come poorer and the method of handling becomes
more aggressive (ie, cutting, sawing, blowing, etc), the
airbo rne fiber concentr ation also increa ses.

4 Nomi nal diameter is a length-weigh ted average diameter
assessment of the bulk pro duct.

Where insulation wools are produced or used with­
out the addition of oil as a dust suppressant , high fiber
concentrations may be expected (8).

Tabl e 7 shows the concentration which might be
expected during the production or use of various
products. In some situations, part icularly in the user
industry, the dur ation of exposure may be shor t, and
hence the overa ll exposure may be considerably lower
than the measured fiber concentrations. Schneider (I I)
indicates that in a survey only J2 lJfo of various groups
of construction workers spent more tha n 3 d per month
working with MMMF. In addition it is likely that many
workers involved in these dusty jobs would use respi­
ratory prote ction.

Conclusions

J. The previously reported airborne levels of respirable
fiber from the European MMMF production indus­
try were made prior to agreement on a Eur opean ref­
erence cou nting level. When these samples were re­
evaluated, the revised fiber concentrations were ap­
proximately twice the original level.

2. Afte r these changes were applied , the airborne fiber
concentrations within the insulation woo l factories
were still generally low (ie, average concentrations less
than 0. 1 fibers/ ml). Con centrations in the glass
continuous-filament plant s were very low (ie, less than
0.0 I fibers/ ml).

23



3. On the average between 20 and 50 010 of all airborne
fibers in the insulation wool plants were within the S­
fiber size category. The S-fib er category comprises
fibers greater than 8 /tm in length and less than 1.5 /tm
in diameter , and it has previously been indicated by
Stanton and his co-work ers to be a biologically sig­
nificant fiber- size fraction.

4. Higher airborne fiber levels (between 0.1 and 1.0
fibers/ml) have been measured in some insulation wool
production, in secondary production , and in the user
industries. The highest levels (greater than 1.0 fibers/
ml) have been found in very fine glass-fiber produc­
tion and in other specialist insulat ion wool usage.
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Length (}Lm)

Diameter (}Lm)
s1

1.1­
5

5.1 - 10.1- 20.1- > 100
10 20 100

Diameter (I,m)
s 1

1.1­
5

5.1- 10.1- 20.1-
10 20 100 > 100

Plant OJ Plant 02

s O.2 0.1 5.1 2.5 1.1 0.3 0 s O.2 0 5.3 3.0 1.5 0.2 0
0.21-0.6 0 7.4 6.2 3.5 1.8 < 0.1 0.21-0.6 0 11.1 6.2 4.7 3.0 0.2
0.61-1.0 0 4.2 7.3 5.6 3.1 < 0.1 0.61-1 .0 0 3.9 7.7 5.5 5.5 0.4
1.1-3 0 1.2 9.7 14.9 15.7 1.3 1.1-3 0 1.5 7.7 8.8 14.3 1.9
3.1-5 0 0 0.1 2.0 5.2 0.3 3.1-5 0 0 0 2.1 2.6 0.8
>5 0 0 0 0.1 1.0 0.2 > 5 0 0 0 0 1.5 0.8

(continued) (continued)
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Length (J<m) Length (J<m)

Diameter (p.m) 1.1- 5.1- 10.1- 20.1- Diam et e r (p.m)
$1 1.1- 5.1- 10.1- 20.1- > 100$ 1 5 10 20 100 > 100 5 10 20 100

Plant 03 Plant 09
$ 0.2 0 0.4 0.4 0.2 0.2 0 $ 0.2 0 1.8 0.5 0.4 0.2 0
0.21-0.6 0 3.8 3.3 2.9 2.5 0 0.21-0.6 0 5.3 3.5 3.2 3.0 0.2
0.61-1.0 0 2.7 3.6 3.4 3.9 0.7 0.61-1 .0 0 2.2 4.6 3.9 5.6 0.7
1.1-3 0 0.9 10.8 20.6 21.8 2.6 1.1-3 0 0.4 6.0 11.9 22.3 6.1
3.1- 5 0 0 0 3.4 8.0 1.2 3.1-5 0 0 < 0.1 3.4 9.8 2.5
> 5 0 0 0 0 1.9 0.6 > 5 0 0 0 < 0.1 1.7 0.7

Plant 04 Plant 10
$0.2 0 4.2 1.3 0.3 0.1 0 $0.2 0 2.7 4.7 2.7 0.6 0
0.21-0.6 0 7.5 4.8 2.8 1.9 0 0.21-0.6 0 7.4 8.9 6.9 5.1 0.1
0.61-1.0 0 2.3 4.6 4.4 4.0 0.4 0.61-1.0 0 3.4 6.6 6.4 5.8 0.5
1.1-3 0 0.8 7.0 12.2 21.7 4.8 1.1-3 0 0.7 5.9 10.1 13.2 1.6
3.1-5 0 0 0 1.8 9.0 2.3 3.1-5 0 0 0 0.7 3.0 1.1
> 5 0 0 0 0.1 1.5 0.3 > 5 0 0 0 0.1 1.3 0.8

Plant 05 Plant I I
$ 0.2 0.1 3.6 1.3 0.4 0.2 0 $ 0.2 0 0 0 0 0 0
0.21 -0.6 0 6.1 4.1 2.7 2.9 0.3 0.21-0.6 0 17.6 5.4 1.4 0.7 0
0.61-1 .0 0 2.8 2.8 3.8 4.5 0.6 0.61-1.0 0 6.8 4.7 4.1 2.7 0
1.1-3 0 0.9 8.2 13.4 20.2 4.5 1.1-3 0 1.4 13.5 12.8 4.7 2.0
3.1-5 0 0 0 2.4 6.9 3.0 3.1-5 0 0 0 3.4 10.1 4.1
> 5 0 0 0 0.2 2.8 1.1 > 5 0 0 0 0 3.4 1.4

Plant 06 Plant 13
$ 0.2 0.1 2.2 1.3 0.7 0.4 0 $ 0.2 1.0 7.6 5.7 1.0 1.0 0
0.21-0.6 0 10.5 8.6 5.6 4.6 0 0.21-0.6 0 20.0 9.5 5.7 2.9 0
0.61-1.0 0 3.9 6.7 5.8 6.8 0.8 0.61-1.0 0 8.6 10.5 2.9 3.8 1.0
1.1-3 0 0.7 8.2 7.7 13.6 4.3 1.1-3 0 1.0 5.7 5.7 2.0 0
3.1-5 0 0 0 0.9 2.9 1.3 3.1-5 0 0 0 1.0 2.0 0
> 5 0 0 0 0 1.8 0.7 > 5 0 0 0 0 1.0 1.0

Plant 07 Plant 14
$ 0.2 0.2 8.6 5.0 1.8 0.1 0 $ 0.2 0 12.6 1.6 0.2 0 0
0.21-0.6 0 12.3 10.0 7.3 3.5 0 0.21-0.6 0 48.0 13.2 1.6 0.2 0
0.61-1 .0 0 5.6 7.3 4.7 2.6 0.1 0.61-1 .0 0 8.9 5.8 0.9 0 0
1.1-3 0 1.0 8.4 10.2 6.8 0.5 1.1-3 0 0.4 2.1 1.4 0.7 0.2
3.1-5 0 0 0 1.0 2.4 0.1 3.1- 5 0 0 0.1 0.5 0.4 0.2
>5 0 0 0 0 0.5 0 > 5 0 0 0 0 0.7 0.3

Plant 08

$ 0.2 0 1.0 0.3 0.1 0.2 0
0.21-0.6 0 3.3 2.6 1.9 1.9 0
0.61-1 .0 0 2.5 4.1 3.3 3.6 0.4
1.1- 3 0 0.8 10.0 17.5 25.3 4.2

a Number of fibe r measurements: plant 01: 2 373; plant 02: 532;3.1-5 0 0 0.1 3.8 9.8 1.3 plant 03: 967; plant 04 : 1 200; plant 05: 985; plant 06: 1 064;> 5 0 0 0 0 1.5 0.5 plan t 07: 1 456; plant 08: 1 436; plant 09: 2 466; plant 10: 3 013;
(cont inued) plan t 11: 148; plant 13: 105; plant 14: 1353.
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