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ManaggmentrPer§pectiVe

This paper indicates that chlorinated dioxins and dibenzofurans are
poorly assimilated by fish from fish food. The large molecular size

of these chemicals is 1ikely the reason for the difficulty in transport
across the stomach membranes. The small portion of these chemicals that
are assimilated are quickly eliminated by the fish. These results help
explain why the concentration of dioxins and dibenzofurans is so low

in field fish (parts per trillion) even from sites which are fairly
heavily contaminated with these chemicals. The low bioaccumulation
potential of these compounds is indeed fortunate because of their
extreme toxicity.
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PERSPECTIVE-GESTION

Le document démontre que les dioxines chlorées et les dibenzofurannes
sont mal assimilés par les poissons qui s'en nourrissent. La
grosseur des molécules de ces substances chimiques explique probablement
la difficulté qu'elles ont & passer a travers les membres de
1l'estomac. La faible quantité que les poissons arrivent & assimiler
est rapidement éliminée. Ces résultats nous aident d comprendre
pourquoi les poissons présentent une aussi faible concentration de
dioxines et de dibenzofurannes (parties par billion), méme dans les
endroits ol le taux de contamination est trés &levé. Les possibilités
restreintes de bioaccumulation de ces composés chimiques constituent
vraiment un facteur favorable, en raison de leur trés grande

toxicite.



Biological half-lives of chlorinated dibenzo-p-dioxins

- and dibenzofurans in rainbow trout (Salmo gairdnefi)
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'2Environmental Contaminants Division, Canada Centre for
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Abstract ; The biological half-lives of five dibenzo—p-dioxins and two
dibenzofurans were determined in rainbow trout following a single oral exposure.
Estimates ranged from 2 days for 2 7—d1chlorodlbenzo—p—dloxin to 43 days for
l,2,3,4itetrachlo§odibenzo:gfdioxin among the dioxins, and 12 days for
octachlorodibenzofuran to 24‘days for 3,6-dichlorodibenzofuran. No consistent
relationship was shown between half-1life and the degree of éhlorinatidn.
Absorption efficiences varied ffom 2 to >30% althoﬁgh most values ranged from

5-16%.
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INTRODUCTION

The chlorinated dibenzo-p-dioxins and dibenzofurans include some highly toxic -
substances whose effects on animals and environmental distribution has only

;ecently received wide attention {l 2}. -There are 75 polychlori;ated dioxin and
;35 polychlorinated furan congeners although most studies have focused on .
2,3,7, 8-tetrachlorod1benzo p—d1oxin (TCDD) because of its toxicity {3,4}.

Information on the toxicology and kinetics of dioxins and furans on fish is
liﬁited. Contaminant surveillance studies héve reported the presehée of dioxin
and fﬁran congeners andvisomérs in aquatic organisms. Levels of 2,3,7,8=TCDD
and 2,3,7,8- tetrachlorodibenzofuran (TCDF) up to 150 ng/kg have been reported
in fish from the Great Lakes {5-7}. Isomers of dichlorodibenZo:deioxin, tri-,
and pentachlorodibenzofutan were reported to be present, but not hexa-, or
heptachlorodibenzofuran in fish collected from waters or watersheds of the Great
Lake§ {8. 2,3,7,8 TCDD wgs also shown to accumulate at different rates by
several organisms in a model aquatic ecosystem {9}.

The toxicity Qf 2,3,7,8-TCDD has been shown in waterborne exposuré studies
where levels of 10<100 ng/L were 1eth§l to salmon, trqut, and pike {10,11}. A
dietary exposure of 2 mg/kg 2,3,7,8-TCDD was lethal to trout after 33 days, but
not at the 2 pg/kg dietary level {10}. Other studies would suggest related
dioxin and furan congeners ;;y be less toxic and less bioaccumulative than
2,3,7,8-TCDD. No detectabieAlgvels of di-, tri-, and tetraéhlorodibenzofurans
and oﬁli low levels of octachlorodibenzofuran were present in salmon fed diets
containing 3-9 mg/kg éf each congener for 140 days {12}. Only trace levels of
ottaehlorodibenzo-p-dioxin were present in guppiés fed on a 50 mg/kg diet for 70
: days {13}. The biological half-life for 2,3,7,8-TCDD was estimated to be 58 £
. days in trout and calculated to be in excess of 100 days in gup}ies {14,15}. !

The half-life of 1,3,6,8-TCDD has also been estimated to be 3-4 days in minnow



Demi-vie des dibenzo-gfdioxineé chlorées et des dibenzofuranes chlorés
dans la truite arc-en-ciel (Salmo gairdneri)
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Résumé — On a déterminé la demi-vie biologique de cing dibenzo-p-dioxines

‘et de deux dibenzofuranés dans la truite arc-en-ciel apreés une seule
exposition par voie buccale. Les valeurs mesurées variaient de deux jours
pour la 2,7-dichlorodibenzo-p-dioxine & 43 jours pour la 1,2,3,4-
tétrachlorodibenzo-p-dioxine dans le cas des dioxines, et de 12 jours

.pour 1l'octachlorodibenzofurane & 24 jours pour le 3,6-dichlorodibenzofurane.
Aucune relation applicable dans tous les cas n'a pu &tre &tablie entre

la demi-vie et le degré de chloration. L'efficacité d'absorption variait

de 2 p. 100 & plus de 30 p. 100, méme si la plus plupart des valeurs
gtalent comprises entre 5 et 16 p. 100.

Mots clés -‘demi-vie, dioxine, furane, truite arc-en-ciel



and trout {16}.
It is apparent that further information on the kinetics of dioxins and furans
in fish would be required to achieve a better understanding of their behavior in

: the.aquatic environment. This study estimates the biological half-lives of five

dibenzo-p-dioxins and two dibenzofufans in rainbow trout (Salmo gairdneri).

MATERIALS AND METHODS

The procedures used in this study were similar to those used to estimate the
biological half-lives of poljchlorinated biphenyl (PCB's) congeners in rainbow
trout {17}. Fish avefagingll kg each were held in three 660 L tanks at 10£1°C
and fed once daily on a dry diet at 12 of body weight. Affer 6 weeks of
acclimation, individual fish from one group received an oral dose of one ml fish
oil in a gelatin capsule which contained 82 pg/ml 2,7—dichlorobidenzo{gfdioxin
(2,7-DCDD), 38 pg/ml 1,2,4—ttichlorobidenzoig-dioxin (1,2,4-TCDD), and 30 pg/ml
octachlorodibenzo-p-dioxin (OCDD). A second group received a one ml dose
containing 37 pg/ml 2,3-dichlorodibenzo-p-dioxin (2,3-pCDD), 30 pg/ml
l,2,3,4—tetrachlorodisenzotgfdioxin (1;2,3,4-TCDD), 115 pg/ml
3,6-dichlorodibenzofuran (3,6-DCDF), and 15 pg/nl octachlorodibenzofﬁran (OCDF).
A third group of control fish received only fiéh oil. Each fish was |
anesthétized with MS-222 before the gelatin capsule was orally inserfed into the
stomach using a glass tube and plunger. The oil mixtures were preparéd by
dissolving dioxin and furan analytical standards (Analabs, North Haven, CT) in.
hexane, adding the solution to fish oil, then removing the hexane from the . -
mixture using a 3-stage cond;nse;.

Six fish each were sampled 5, 15, 35, and 7o'da§s af;ef‘igceiéipg the oral
éose for the éexposed groups, and after 5, 35, and 70 da§é'foi the contfol gfoupﬁ
All fish were frozen until analyses. |

Residue levels in fish were determined according to the foliowing procedure.

t L.
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3
Whole fish samples were prepared by using a Hobart grinder and an Oster blender
to obtain a représentative sample. A 15 g subsample was placed in a 250 ml
Qide-mouth bottle with 105 ml concentrated HCl (preextracted 3 tiTes wigh
_hexane) and 50 ml hexane then sealéd with a teflon-lined cap. Th;-éample was
digested overnight at room temperatpfe (about 16 h), then placeé in a separatory'
Funnel and the hexane layer“recoveréd. The sample was extracted twice with 30
_ﬁl hexéne and the aliduots combined. The extract was shaken vigorously with 30
ml of concentrated H,S0, (BDH Aristar) to remove most of the lipids and allowed
to sit for at least 2 h for the layers to separaté. The hexane layer was dried
throﬁgh a column of Na;504 and evaporated to 1 ml using a Kuderna-Danish (KD)
condenser. The 1 ml eitract was passed.through a 4 cm long column (6 mm I.D.
Pasteur pipette) of 40% ﬁ2804 on silica gel and 5 ml of hexane was collected.
The volume was reduced to 1 ml using the KD condenser.

Final cleanup and separation of the dioxins and furans from PCB's was
accomplishéd using Florisil: The florisil was activated by heating at 500°C for
2 h, pécked in 4 cm long columns (Pasteur pipettes), and kept overnight in an
oven at 130°C until use. The columns were prerinsed with 5 ml dichloromethane
(DCM) followed by 5 ml hexane, then the 1 ml extract vas-placed on the coluan.
The column was eluted with lO.ml hexane (most of the PCB's are present in this
fraction), then with 20 ml DCM (the dioxins and furans are present in this
ftac#ion). The dioxins and furans were transferred to heéxane by adding 10 ml
hexane to the DCM eluent, and evaporating to 1 ;i. This procedure prﬁvided
extracts sufficieﬁtly clean for pg/kg quantitation, but not clean enough for
determjnations of environmental sampigs in the ng/kg range.

——

Concentrations were determined using a Varian 4600 gas chromatograph equipped

. - i : }
with electron capture detéctors: The extracts weire run on two 30 meter

. . . : -}
fused-silica columns (SE54 and OV1), and agreement between columns was

satisfactory. Helium was ;he carrier gas. The chromatogfaphi¢ conditions were:

injector, 280°C; prograum, 50—280°C at 4°C per min; final hold, /15 min;
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detectors, 350°C. Recovery studies of the method (n=6) by spiking
.uncontaminated trout tissue wi?h dioxin and furan standards indicated
efficiences which ranged from 60-802 depending on compound with a- -
Teproducibility of +20%. Detection limits, based on the 15 g sample extract, .

for thé chemicais at an‘inst;ument éignal to noise ratio of 5:1 were 200 ng/kg
for 2,7-TCDD and 3,6-DCDF; 70 ng/kg.for 2,3-DCDD; 40 ng/kg fof 1,2,4-TCDD and
0CDD; and 20 ng/kg for 1,2,3,4-TCDD and OCDF.

Half-life was calculated using the relationship Y = Aebt where the
clearanée coefficient (b)_was based on the body burden (Y) of each compound
following the days exposed (t) to account for declining concentrétions

attributable to growth dilution {17}. Body burden was calculated by multiplying

chemical concentration by body Weight.'
RESULTS

Fish weight averaged 9701275 g (meantSD), 960+205 g, 1060705 g, and 1110£210
g for the first group, and 92085 g, 1170190 g, 960190 g, and 12802205 g for
the second group of exposed fish at the successive sample intervals. The
control fish avefaged 8602260 g, 8651210 g, and 975+105 g. Residue levels among
thé respective compounds in control fish did not differ significantly among the
three sémple intervals wﬁich averaged.4.2¢0.9 pg/kg for 2,7-DCDD, 0.510.1 pg/kg
for 2,3-DCDD, 2.711.3 pg/kg for 1,2,4-TCDD, 0.3:0.1 pg/kg for 1,2,3,4-TCDD, 0.2%
0.1 pg/gg for OCDD, 0.810.1 pg/kg for 3,6-DCDF, and 0.1:0.1 pg/kg for OCDF. It .
is probable that the hexane extract from these fish contained substances such as
PCB's which coeluted with the dioxin and furah standarés althongﬂ their
influence'would be minimal because of the low concentt;tions.: i;epe
concentratio?s were used to adjust the values reported in exposed ?ish for
residual levéls present in fish and any that may have been acquired through the

food during the study. No mortalities or anomalous behavior were observed among

o dai



5
the control and exposed fish during the study.

The residue levels of each compound was estimated from the concentration and
- body weight for each fish at the successive sample intervals. Body burden
rapidly declined among all the compounds, reaching near detection Timit levels
by the end of the study (Table 1)« 1In view of this, the regression-analysis to
estimate half—11fe for each compound was based on the values from two to four
sample intervals which showed successive declines in residue 1evels. The
biological half-lives of the five dioxins ranged from 2 =43 days, and 7- -12 days
for the two furans (Table 2).

Absorption efficiency of each compound was estimated using the amount fed,
and that present in fish at the beginning of the study. Thé values ranged from
2% for41,2,3,4-TCDD to great than 30% for 2,7-TCDD (Table.Z). it was not
possible to calculate an exact absorption efficiency for 2,7-DCDD because the
only measurable levels occurred at the first sample interval (Table 1). It is
‘noteworthy that this compound has a structure that is related to 2,3,7,8~TCDD

although it contains two less chlorines.
DISCUSSION

The biochemical behavior of_dioxins and furans have been compared to those of
PCB's berause these planar halogenated_ﬁydrocarbon groups contain a large number
of Xsomers and congeners whose activities are influenced by structural
similarltles although relative toxicities vary within and among groups {18,19}.
Members of these groups also have physico—chemical properties such as high

oétdanol-water partirion coefficients which have been used to prédict the
bioaccumulative behavior of similar priority chemicals in the aquatici
. environment {20 21}. ﬁ ‘ : _--s

The blological half-l1ves:and absorption efficiences of d10x1ns and furans =

obseived in this study were markedly different from those reported for PCB's in

- — e
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trout and carp {17,22}. Half-lives of di- to decachlorobiphenyl isomers
generally increased from a few days to no apparent elimination as the degree of
"chlorination increased, and absorption efficiences ranged from 70-90%Z. 1In view

of the short half -lives and low absorption efficiences observed in:thds study,

UL T
) AT R

tt cannot be established if the behavior of one factor influenced thé response
;E the other. The low absorption efficiences resulted in residue concentrations
;het wete lower than e#pected therefore the regression analyses did not include
the entire data set for those substances whose levels did not change during
subsequent sampling intervals (Table 2).
| The cumulative information on dioxins and furans would suggest their
half-lives within isomeric groups can vary, and are generaily shorter than those
of comparable PCB isomers in fish. Limited data suggests 2,3,7,8-TCDD is one of
the more persistent tetra- isomers with a half-life of 58 days, compared to 43
days for 1,2,3,4-TCDD (this study) and &4 days for 1,3,6,8-ICDD in trout {14,16}.
The estimates of 12 days for OCDF and 18 days for OCDD reported in this study
were much shortet than those reported for octa- to decachlorobiphenyls which
exceeded 200 days {17}. Influence of the degree of chlorination on half-life
was suggested among the di-, tri, and tetra-CDDs althdugh this trend was not
supported by the results for OCDD, ﬁCDF; and OCDF. 1If thds relationship exiéts'
for dioxiﬁs and furans, it is not as well defined as that for PCB's in fish.
Absorption efficiences of i to > 30% estimated for trout among the chpounds
reported*ie this study are lohéf than the 65-90% values reported for
l2,3,7,8—TCDD and 2,3,7,8—TCDF for rats {23,24); It could be inferred from this
and other food exposure studies that absorption efficiences of diokins and
furans -in fish are low. Only trace amounts or no detectable levels of five
dioxin and furan congeners were reported in fish fed diets containing mg/kg
quantities for extended per1ods {12, 13}. A study‘on aquatic inseeys using a
sediment-water expOSure system also reported poor absorption efficiences for

{
OChD, and the half—lives reported to OCDD and 1, 3 6,8-TCDD averaged 2 and 9 days -

U .



respectively {25}.

The results of this and other laboratory studies are consistent with an
‘analysis of the residue levels feported in environmental samples. Residue

levels in fish indicate 2,3,7, 8—TCDD and 2,3,7,8-TCDF are often preséﬁi'at the

=

ﬁjghest concentrations and frequency in samples among the tetra isomérs {6}. A

comparative analysis of furan levels Eetween sediment and fish indicate tetra-

and penta-CDF isomers occur at ratios at least 70-210 times greater in fish than

sediment {26}. Conversely, hepta- and octa—CDF isomer levels are at least

50-180 times greater in sediment than fish {26}. This observation is consistent

with the qualitative analyses of furans in fish which 1nd1cated jsomers of tri-

and penta-CDF were present in fish but not hexa—- or hepta-CDF {8}. Others have

reported tetra- to octa-CDD and tetra- to hepta—CDF were present in fish

collected from polluted areas {27}. The last observation is particularly

important because while dioxins and furans appear to be poorly absorbed and have

relatively short half-lives in fish, elevated levels may be attained through

bjoaccumulation under certain environmental conditions.

- Acknowledgements — We thank Karen Nicol and Vincent Palazzo for their

technicél assistance.

e d o ke L

e ea L



4

5.

6.

7.

8.

9.

'polychlorinated planar chemicals in fishes from maJor watersheds.qear the Great,

REFERENCES

Hutzinger, O., R.W. Frei, E. Mer:an and F. Pocch1ar1, eds. 1982. Chlorinated

Dioxins and Related Compounds. Petgamon Press, oxford, 658 P 13

Choudhary, G., L.He. Keith and C. Rappe, eds. 1983. Chlorinated Dioxins and
pibenzofurans in the Total Env1ronment. Butterworth Publ., Boston, MA, 416 p.

National Résearch Council of Canada. 1981. Polychlorinated DibenzOﬁBjdioxins:

Criteria for their Effects on Man and his Environment. NRCC No. 18574, Ottawva, gfi'

Canada, 251 p-

Rappe, C. 1983. Chlorinated dioxins and furans in the environment. Environ.
Sci. Technol. 17:124-128.

0'Keefe, P., GQ‘Meyer, D. Hilker, K. Aldous, B. Jelus-Tyror, K. Dillon, E.
Horn, and R. Sloan. 1983. Analysis of 2,3,7,8—tetrachlorodibenzoigfdioxiﬁ in
Creat Lakes fish. Chemosphere 12:225-232.

Ryan, J.J., P.-Y. Lau, J.C. Pilon and D. Lewis. 1983.

2,3,7, 8—Tetrachlorod1benzo-p-diox1n and 2,3,7, g-tetrachlorodibenzofuran residues
ijn Great Lakes commercial and sport fish. In G. Choudhary, L.H. Keith and C.
Rappe, eds., Chlorinated Dioxins and DiﬁenZOfurans in the Total Environmente.
Butterﬁorth Publ.; Boston, MA, Ppp. 87-97.

Stalling, D.L., L.M. Smith, B.D. pPetty, J.W. Hogan, J.L. Johnson, C. Rappe and
H.R. Buser. 1983. Residues of polychlorinated dibenZoﬁB-dioxins and
dibenzéfﬁtans in Laurentian Great Lakes fish. In R.E. Tucker, A.L. Young and
A.P. Gray, eds., Human and Environmental Risks of Chlorinated Dioxins and

Related Compounds. Plenum Press, New York, NY, ppP- 221-240.—

Kuehl D.W., E. Durham, B. Butterworth and D. Linn. 1984. Identification of

Lakes. Environ. Inter. 10: 45 -49.
Isensee, A.R. énd'G-E; Johes. 1975. Distribution of
2,3,7, 8—tetrachlorodibenzo—p-dioxin (TCDD) in aquatic model ecosystem. Environ.

ey

e 1 iE el i g



10

n.

-

12,

13.

14,

15.

16.

17.

18.

Sci. Technol. 9:668-672.
Miller, R.A., L.A. Norris and C.L. Hawkes. 1983. Toxicity of

2,3,7 8-tetrachlorodibenzo-p-dioxin (TCDD) in aquatic organisms. Environ. Health -
. . o= ?g . .
Perspect. 5:177-186.

‘

&

Helder, T. 1980. Effects of 2,3,7,8htetrach10rodibenzo-p—dioxin (TCDD) on early
_life stages of two fresh-water fish species. In O. Hutzinger, R.W. Frei, E.

Herian and F. Pocchiati, eds., Chlorinated Dioxins and Related Compounds.

_Pergamon Press, Oxford, PP. 455-462.

Zitko, Y. and P.M.K. Choi. 1973. Oral toxicity of cﬁlorinated dibenzofurans to
Juvenile Atlantic'salmon; Bull. Environ. Contam. Toxicol. 10:120-122.

Bruggeman,vw.A., A. Opperhuizen, A. Wijbenga and 0. Hutzinger. 1984.
Bioaccumulation of supef—lipophilic chemicals in fish. Toxicol. Environ. Chem.
7:173-189.

Neely, W.B. 1979. Estimating rate constants for the uptake and clearance of
chemicals by fish. Environ. Sci. Technol. 13:1506-1510..

Miller, R.A., L.A. Norris and B.R. Loper. 1979. The response of coho salmoﬁ and
guppies to 2,3,7,8-tetrachlorodibenzo:gfdioxinﬁ(TCDD) in water. Trans. Amer.
Fish. Soc. 108:401-407.

Corbet, R.L., D.C.G. Muir and G.R.B. Webster. 1983. Fate of 1,3,6,8—TLCDD in an
outdoor aquatic system. Chemosphere 12:523-527.

Niimi, A.J. éndﬁB.G. Oli;er. 1983. Biological half-lives of polychlorinated
biphenyl (PCB) congeners in whole fish and muscle of rainbow trout (Salmo
gairdneri). Can. J. Fish. Aquat. Sci. 40:1388-1394.

Goldstein, J.A. 1980. Structure-activ1ty relatlonships for the biochemical

- - effects and the relationship to toxicity. In R.D. Kimbrough, -ed., Halogenated

19.

Biphenyls, Terphenyls,‘Naphthalenes, Dibenzofurans and Related Products.

P

Elsevier/North Holland, Amsterdam, pp. 151-190.
Parkinson, A. and S. Safe. 1981.iAry1 hydrocarbon hydroxylase‘induction and its

relationship to the toxicity of halogenated aryl hydroéarbons.iToxicol.TEnviron.



. 20.

21.

22.

23.

24.

25.

fate of 2,3,7,8—tetrachlorodibenzotgjdioxin following single and repeated oral

Chem. Rev. 4:1-46.
Veith, G.D., D.L. DeFoe and B.V. Bergstedt. 1979. Measuring and estimating the

bioconcentration factor of chemicals in fish. J. Fish. Res. Board Can.

36:1040-1048. - o = i

~repy, ot
.:. N

Sarna, L.P., P.E. Hodge and G.R.B. Webster. 1984. Octanol-water: partition
coefficients of chlorinated dioxins and d1benzofurans by reverse—phase HPLC ‘
using several Cla columns. Chemosphere 9:975-983.

Tanabe, S., K. Maruyama and R. Tatsukawa. 1982. Absorption efficiency and

blological half-life of individual chlorobiphenyls in carp (Cyprinus ca;pid)'

orally exposed to Kanechlor products. Agric. Biol. Chem. 46:891-898.

Rose, J.Q., J.C. Ramsey, T.H. Wentzler, R.A. Hummel: and P.J. Gehring. 1976. The

doses in the rat. Toxicol. Appl. Pharmacol. 36:209-226. : . .
Birnbaum, L.S., G.H. Decad and H.B. Matthews. 1980. Disposition and excretion ‘

of 2,3,7,8-;etrachlorodibenzofuran in the rat. Toxicol. Appl. Pharmacol.

55:342-352.

Muir, D.C.G., B.E. Townsehd and G.R.B. Webster. 1984. Bioavailability of

14c-1368-tetrachlorodibenzodioxin and 14c_octachlorodibenzodioxin to aguatic

26.

27.

jnsects in sediment and water. In L.H. Keith, C.'Rappo and G. Choudhary, eds.,
Chlorinated Dioxios and Dibenzofurans in the Total Environment. I1. Butterworth
Publ., Boston, MA, pp. 89- -102.

Petty, J.D., L. M. Smith, P.-A. Bergqvist, J.L. Johnson, p.L. Stalling and C._
Rappe. 1983. Composition of polychlorinated dibenzofuran and dibenzo-p-dloxin
residues in sediments of the Hudson and Housatonic Rivers. In G. Choudhary, L.H.
Keith and C. Rappe, eds., Chlorinated Dioxins and Dibenzofurans in the Total
Environment. Butterworth fubl., Boston, MA, pp. 203-207.

' Dougherty, R.C., M.J. Whitaker, L.H. Smith, D.L. Stalling anﬂ_p.w. Kuehl. 1980.

‘.NegatiVe chemical ionization studies of human and food chain coﬁtamination with

: xenobio;ic chemicals. Environ. Health Perspect. 36:103-118.



ble 1. amount of each compo
ents the mean¥sD of six fish.

,ch value repres

und fed, and retained by trout after 5-70 days.

s

pgs per fish
T 54 15 4 35 4 70 &

ompound Amount
fed, pgs

), 7-DCDD 82

2 ,3-DCDD 37

;,2,4-TCDD 38

’ 3 ’ 4"'TCDD 30
OCDD 30
3,6~-DCDF 115

OCDF 15

23.2415.8 <0.2 <0.2 <0.2
2.3t0.7 = 0.9%0.6 0.1%0.1 0.120.1

11.4%7.4 2.6%2.8 1.61.1 0.1:0.1
0.6£0.3 0.4%0.1 0.3:0.2 0.2:0.1
3.4%3.3 1.0£0.4 0.6%0.3 0.6%0.3
14.5%2.6 6.3:4.9 1.90.7 0.4%0.4
0.6%0.5 0.2:0.1 0.240.1 0.1%0.1
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