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THE MEASUREMENT OF REGIONAL CIRCULATION
Hardin B. Jones

The distribution of the ciroulating Sleod is marked by great differences
among the many regions of the bodye. The visceral tissuese-the liver and organs
of the portal drainage, the kidneys, the brain, the secrstory glands, the heart,
lungs and bone marrow amount to approximately tem percent of the body weight, but
they receive collectively the bulk (80K) of the cardiac output. The remainder
of the body (the carcass) which is composed chiefly of skip, muscle, fat and bone
can be exjected to be perfused by less than an nvor;go of 0.025 liters of blood
per 1iter of tissue per minute. This is in oontrast tc the perfusion of the
viscersl tissues, the average of whioh is approximstely 0.6 liters of blocd per
liter of tissue per minute at rest.

Inert gases are found to move into and out of the body at camparsble
rates (Table I). 5ince their relstive behaviors are the sare within limits
of measurement {(spproximstely 5%), the process of diffusicn or permeation of the
extravascular space aust be considered to be rspid compared teo tho basic linitltioﬁ

of the perfusion of blood through the t;uuo cnpilhriu ss {ar ss exchange of

L5250

these simple substances is concerned; s{?d“tﬁf’fém! eonnunt k, of the exponential
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The goncrll fora of the gu ofchlngo cqﬁaﬁion is the sum of several

independent oxponontitl parts; the xmmbor7 ot oqmpoqentl has varied in the past

sccording to investigator and upori.inoqtnl mgndibimn. ¥hen the nitrogen

eliminstion curve can be followed ngrm prooicuig @d {or longsr periods of time,

S sy 5"::’

it can be found that there must be @a_él B Atc Ektgono more component (10) and the
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equstion becames (approximately fof & ?;f)!n;lgl 2R ) 1
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B, (1iters) 3 0.10 L (1 - ¢70+45%) 4 0.6 L (1 - ¢=0:%4%) 4 0,6 L (1 - ¢70°005%)
The squation represents, approximately, in sequencet (a) the viscers and highly
vasoularized segments cf the body, (b} the carcass tissues except adipise tissue
end (¢} adipose tissue. 5till more care in the resolution of nitrogen exchange

gives the following approximate equationt

B, (1iters) 2 0.1 (1 - ¢7%%%) 40,17 L (1 - ¢=0:1%) 4 044 L (1 = ¢70:02%)
4081 (1 - ¢"0s008t)
he fourth and last camponent again can be identified ae the exohange
in adipose tissue from experiments in whioh two yases of different waterefat
;olubillity ratic are used. The third camponent is ip agreement with the values
obtained from the rates of saturation of radiosctive gases (measured by Y-uy
detection at the surface of muscle masses of the body) which have been observed
to vary from 0,08 to 0.010 min.*! fractional gas exchange or blood perfusion rate,
measured as volumes of blood per volume of tissue per minute. The first components
of the nitrogen elimination equation are difficult to observe because of the
washing out of trsces of nitrogen in the lung gas spaces. Organs and tissue
segments whose periusion is greater than 0.5 min."l oannot be separated from the

events of mixing of gases in the lung lpqcﬂ u(ue huo 11). In this ocategory

<
- & & 03

el

are parts of the brain, parts of the 117@,,,%11 Bd‘nnyi‘, the thyroid, and possibly

&

n'diae ottput”™ from the

?3.

5 ‘% @ o
other small regions of the body. Estmt,;.o}m © Jt.hr
92325 £ 5
summated whole body nitrogen elimination ’aqj.u by ottmiting and summating tissue
. ;3 “j L)
psrtusion is usually 1.6 to 2 litars per. minuto less than the average accepted

amount of the oardiac ocutput at rest. 3@pemlti§g, drror, dilution of exchanging

o

Txing _gﬁg:jpgcu, is @ possible
explanation for the general agreerent botﬁegn ‘céae%f‘g%%n ges methods of @erdiac
output and the direct Fick method (10). ::: gig ‘é ;;:En:i

Methods of radicective gas o:u:h%xf:g %mgaau?ac";-;tn have been previously

(1)

(2)
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descrived (10, 28). They &iffer from clessical methods only in the sudbatitution
of relative radiosctivity for relative concentraticn of the substance studied.
Sazra emitting inert gases, ¥, ASO’ Krao, and Xeul have beon used to measure the
eschange between the lungs and tle tissues and between the tissues and the lungs.
Identical results are obtu’.nuble either in ssturation or desaturation of u tissue,
if the equations sre fully resolved in fitting the experimental results and if
during saturation the concentration of the gas in the lungs is maintalned constant
(10, #8). In eithsr saturstion or desaturation of tissues, the gas exchange rate
4A of e quantity of gas, &, exchanging between a tissue segment uxq the lung gn

dt 5
space is descrided in the simplest form:

sited in
n

S ESGe

iﬂ' 13 uo'kt
dat

but usually thare are twc or more independent ocomponents

‘ :,*c‘rcfl Lihrary f

A kA (1e .'k't) 4 VAN (1o oK) 4 greatey (3 L
dt

determined by the blood perfusion rates, and except for gas exchnn,gouh; gd.i 5
:J =
16 O

tissue, in whioh the exchange rate is slowed by the ratio of gas toﬁuﬁliigy

blood/solubdlity in the tissues, the perfusion rate is identiocal aifh— tﬂmoxpazg:nthl
gas eachange oonstants, Rarely does a situstion exist in the tissues, hmvcr, in
which a single tissue has such precisely uniform perfusion throughout, that a

singls exponential component Ay 8 Aoo'kt can describe the exchange events. Results
are usually indicative of at least two degrees of bloog perfusion which are
detectable as different exchange time constants in exchange equations of two or

more somponents., HNost of the tissues, however, are uniform in their perfusicn

to the extent of 70 to 95% following a single exponemtial exchange rate. These
values are referred to as the modal exchange or modal perfusion of the tissue; small
segments of mueh higher periusion rates are sufficient to bring the averags blood

perfusion of the extremities fram & model perfusion of 0.01% zin.*} to an integrated

plsaus
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average of 0.070 min."l. 1In the thigh and the leg, there is little difierence

between average snd modal values which are estimated from radiokrypton exchange

to bes
Average perfusion Modal perfusion
tiand 0.070 0.026
leg 0.01% 0.014
Thigh 0.026 0.018
tat 0.021 0.019

Blood perfusion through the hand is representative of the remainder of the body
carcass except that there is a relatively great segment of highly vascularised
tissus which presumably is skin. Vslues for blood perfusion through the hand that

have been obtained fram exchange of radicactive krypton and argon and pitrogen

sre a» followss Fat Least
Intensely perfused region Nodal region Perfusion Perfused
Ferfusion Ferfusion rate Region
rate rate
No. % of the Vol. blood/ % of the Vol. blocd/ Fat &  Vol.blood/ Vol. blocd/
Subjests tissue  min./vol. tissue min./vol. least min./vel., min./vol.
tissue tissue perfused tissue tissue
region
he) 3
> 2 3
1 14X 0.28 80% 0.025 § 3 .9
£ g [y
3o PR3
Sl :}‘ o

en the hand §s
1

Wnen the land is warm and {lushed as in mux‘cit ) .0

cr"
410(§

for

27.0 C. skin temperature, ss little as 1% of the &iaquu o

(L
e 2 [

intensely perfused. In this state, the modal :1&{.3 u@;m rerains little
VB EZT L O 3J -
L ¢ WP LoD

changed, the blood perfusicn decressing to 0.016Zaim; E n-a}_aagau perfusicn
OCeBETEEE

factors of 0.021-.02¢ min.”L,

Estimation of the perfusion rates of adipose and fatty areas of the

body has been calculated from direct messursment of the exchange of radiosotive

N IR
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b=
gas in superficlel fat pads azd by comperison of whole body exchange of nitrogea,

krypton and xenon, These values are us follows:

Uodal Blood perfusion =
k, nitrogen
exchange/min. k x sclubility in blood
sclubility in fatty tissuese

Man, rest 0.,0047 3
exercise 0.0042 )

) 0,015 to 0,025
Cat, anesthetized Eo.oo-xe }
)
(data from Whiteley)(29) (0.0G7 )

¢ Asauming fat/water solubility ratic of 5 and that the sdipose tissues are
60 to 85% fat.

Adipose tizsue is largely composed of fst droplets, hence the vital
tissus has an effective perfusiocn of 0.06 to 0.12 when the adiposs tissue is
corrsoted for its dilution by nonvital fat. The perfusiocn of blood through
pdipose tissue 1s not strictly uniiorm in terms of the pattern of open capillaries
{Gersh, 8), and by consideraticn of the fact that gas exchange of body fat is at
least s two component exponential expressions The model nitrogen exchange of fattiy
tissue approximates 0,006 mn.~l. Two to six per cent of the adipose tissue may
have gas exchange of the order of 0.08 nin.'1 and a corresponding perfusion rate

of about 0.2 min."3.

Blood perfusion through the brain has been utiut.od by gss exchange

(13, 14, 10). The method of Kety (13}; ?iz :-&Qoéu': of the exchange of dissolved
nitrous oxide between blood and cerehhii g tdeiaj; oge goneral value of 0,76 liters
through the cerebral tissues per minu& e(zi’s:_' ;3 i: garénrifiod by exchange rstes of
radicactive krypton, except that the @‘d;ieaéti;;» zipcon exchange {8 fndicative

< =

of two rates of gas exechangs or perrudh pt’ trloo

a

he

ough the cerebral tissues.

¥
There is great diffiowlty, however, 141 QWnﬂfnﬁ 't}:e lung ges mixing effects which
are reflected in the srterial blocd conooﬁt %o-n‘;'; g,f the inert gas procedures,
chEEEsT3
g ? faSag S
gl - 88 - Q= o
ERE §i.E5%8:
BEEL>aE D
DeEEELED
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Kety's method ciroumvents this difficulty by meking use of the integrated
difference in concentration of arterial blood and jugular blood during the short
period of inhalastion of nitrous oxide. The measurements as & phenomens of inert -
gas squilibration are not sufficiently rrolonged to permit essy resclution into
more than a single exponentisl saturation comjonent., Attempts of this sort to fit
exchan e processes which are more complex than a single exponential component, lead
to an assumption that the time cunsiaat, k, of the exponential term is changing
with experimental time. A similar paradox was encountered by Behnke (1) in estempting
to fit nitrogen exchange t0 & two component exponential equation. The "changing"
time constant, k, can be stabilized in Eety's measurezsnt by fitting the dats with
two components instead of a single one. This indicates that the possible pctt‘em
of cerebral ciroulation is suoh that about 18% of the cerebral tissue is perfused
with 1.4 volumes of blood per volume of tissue per minute and 82 has e perfusion
rate of 0.35 min."l. The effective avera_ce is the value calculated by Kety,
0.54 min..l, which has been calibrated against direct flow methods within the range
of the varisble time constant., Current techniques will probabdly not permit s
reliable resclution of the cerebral gas exchange data to two ocomponents as a routine
testing procedure, ln the bnin}ng‘én areas of miscle and fat in which blood

a2 d e

perfusion is estimated ix-ot3 ﬂzd exc}mami‘ substances, there is practically always

evidence for two or more poritu on n‘hl These perfusion rates do not necessarily

oonform to gross regions of differont imtomictl structure, but probably have most
relation to the random pntzorn of the p’gn oapnlu‘ies. which have average
unifcrmity, but here and xherc by eoinc}.donco of overlapping capillaries there are

RS 3
:zones of much more 1ntenu —tircultticm -thnn the modal perfusion of the tlssue.

orf]

o

£

All utmto s BL:

<

placed it as one of the &
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Porfus ion rates
Means (18) man 3.0 to 4.0 min.=d

-1

Jones {10,9) oinime in the rat $.0 to 10.0 min,

Myant, Poohin, Goldie (20) o
ninioun in man 0.6 to {15.0 min.”*, hyperthyroidism)

Stanley (24) minisum 4in norsal man
0.25 to 1.0 min.

-1

Valueg in the latter two references are cealoulated from the rate of uptake

of radioastive icdide from the oiroulating dloed. In rats, mis and in man,
intrevencusly sadministered ftodide appears to be rapidly distributed between the

blood and an extravasgular apace {the iodide space)., This space varies censiderably
from one tissue to another. The soft tissues remain in equilibrium with dlood
{odide, as cv‘ldenood from the remarkable parallelizz of the labeled ifodide ocontent
of the various tissues. Thus, the iodide {n this sphoe is oconsidered freely
exchangeable with the blood iodide.

Vl‘].‘.l for thyroid parfusion were alsc made from celoulations of the
rate of disappesrsnce of labeled iodide from the plasma and the rate of sppearance
in the thyrcid. Both of these values were correoted for the slight uripary
exaretion. This method was used to caloulate thyroid parfusion rates in Curtia-
Dunning rats ssorifioed up to two hours after intravencus injection of a tracer

doto of radiomctive fodide. 7Thyrcid permsioncx&,;;guﬂdttg be at the minimm in

these rats: 3.8, 4.1, 4.9, 4.9, 4.9, 5.7, 8. 2, a 2,: .o'wmun of blood per

volume of tissue per mimite. The average was ; } -uf ‘1“3 -Jl”rom studies eof normal

i

"f (:

G2

and hypophysectomised rats (Morton st al., 18), aoml mdsthophynctomhod rats
E i IE (]
oan be comparedi. In spite of the simllar t.hyr,‘.gld ,uu'md" thyroxin contents in

1= u : [a0 _3

these two series, the hypophysectomized rat ha; in tod}di ‘i\g‘h from the iodids
53

spaoe (the iodide spaoe is alsc the sums in t.kfo tuo § roup ;)%t only 1% per hour
[ s 2 g
; E ==

whioh osloulates te be & minimua thyroid pcrﬂ&lon :rg)f‘!évghnu of dlood per

TRAUE g s o
volume of tissus per minute, §§)wi‘33 29
SE2ZLeEEG
CeBTeO2Ey

P1505608
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The thyroxin utilization of rats is estimated at 20 to 40,mg. thyroxin

fodide per day (see Table III). This means that the thyroid must add to the plasma
0.02 mg. thyroxin iodids per min. The pl=sma level of protein-bound (thyroxln)-
{cdide is o.oslng./ll. and the minirum zinute flow of blood to the rat thyroid is
estimated to be 0.045 to 0.15 ml. of plasms per minute. Therefore, it seems that

the thyroid wust add to the bleod perfusing throuzh it 4 to 17 times the prevailing

plasma concentration. 253
The icdide fixation requirements are low: (ratk ;9
Tide
Age of 1odide per kg. body weight per mimte or 1.4 to 2.8 mg. I/xg. pers ¢ S c:,
&€
> 8

N
2!

The availadle iodide in many experimental animals fr(quintly

;iey. (

present (18,26),
approsches a minimum on the basis of thyroid utilizatiocn of the icdide '_i‘c; }.l:t:yroxl

synthesis. Some investigators are attempting to oaloulate thyroxin syﬁthelil !rm id

T

the ameunt of icdide that somumileates in the thyroid after labeled i.od&d‘ lduimht_rltion

o1
lo¥;

= 580

However, the thyreid has a consideradble reserve oapasity for fodide uﬁ-“ wfi{hgnga °
SLLU>Es2

whioh it oan retain e very efficient removal of iodide from the blood (&f € frlle; 5

in rets (200 g.), if 50 4g. fodide sre given, 2% of the fodide is removed by the

thyroid in two hours. Therefore, the axount of thyroxin formation is:

S50 ug. x .02 = 0.041 ug. 1/kg./min. or 2.6 g. I/kg./four--fized by the
min. x O. ¢ &

thyrofd. Similarly, in other rets (100 g.) given ® dose of 88 ug., 12 has been
observed to be fixed in 4 hours or an iodide fization rate of 0.34 mug. 1/xg./min.--
or 20pg. I/kg./hour--whioh is obvicusly a high va ke,

The sxohange of other substances has besn considered as a method of
measuring regional perfusion rates. There is an obricus similarity between
finert gas exchenge and exchange within the body of administered radicactive sodium
ion, Yhen sodium 1s injeoted intravencusly, it qulokly beoomes distributed in the
highly perfused regions of the body. Tissues of these regions by staying in

approximate equilibrium with the blood sodium form & scdium space ocontimous with
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the blood which perfuses the next most intensely perfused tissues, eta. Ihis
process of sodium equilibration produces s dependunt series of exponential com-

ponents for the dflution of the labeled sodium in the plesma, cp :

¢, = 1990 o~ 14t | cag 970428 | g4 o70:085t 4 gg ¢=0-0028t (, ggq ¢=0.00006t
amount of sodinm unexereted).

The time constants of the dilution processss are related to the perfusion rates

of blood through the tissues and may be oompared apvroximately to the gas exshange

time oonstant. The parameters determining the values of these time eonstants also
{nolude the effesctive volume of the perfusate with reference to the sediunm

space that precedss eseh new dilutiecn camponent. Timus far, ne one has been adle to
analyste these parameters so that the physiclogiosl wvariables in the sedium distribution
constants oan be made use of experimentally. A recent new approach to sodium

exchange by Kety (12) siroumvents the above difficulties whioch necessitate simultanecus
econsideration of the whole body equilibration of administered sodium, by measuring

the disappearance of & smsll amaunt of lntoruj:;\:ully administered radiocactive sodium.
The dissppearance of ¢ small amcunt of interstitially injected radiocsctive

sodium is entirely amalogous to the situation with inert gas exehange. ?The sodium
oontents of ti®s bleod and the tissues are ocomparable and the exponential disappearance
of scdium should be highly related to the blood perfusion rate, asit seems to be (12),
The radiocsedium is removed from the site by exehange cof scdium in the blood against

the vast pool of sodium in the body and in this respest the siuation is entirely the

cC;-'g'o

(141

; 3
same as in gas exshange wherein the arterfal blgoc gl:képg 5?. A oconstant level by
sE A8 E 2

exohange with the venti{lated lung gases. The vﬂmemtom —eﬁ, gm exponential time
- S & ot o 2
oonstant im the osse of disappearance eof oodiml, hqttho&gicud 2ite should be:
~ s R 3 :
k¥ 2 oonsentration of sodium in the blcod x wiuné pfaalcod/ﬁl.
oconosntration of sodium in the; th s X vulm of tissues

fhe oconoentration of sodium in the blood is approxfutoly t\tioo that of the tissues,

=

whersas in inert gas exchange there is the nm@ lehbi}i—tpd}utribution in blood

n
L

m‘ ‘,‘c_:g

Em,’mE:;«-:

d=2n28~-¢g%

Seydces0

120 ) U‘E:’:’ffogtz
Plogu. b R i
' Qg © @ S22

& - L X2 s s

SPsE RS0

cot ¢33
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and tissues, Therefore, it would be expacted that the tixe constant of sodium
exohange should be twioce as rapid as inert pas exchange. This is the case;
Kety (12) reports an average of muscle exchunge rate of ky = 0.050, range 0.033-
to 0.068 min.-l; whereas the gas exohange k is 0.015 to 0.025 nin.'l for musole
(10). It is insecure experimenteticn, however, to messure regional sirculation
st ths very site where a hypodermis needle has delivered an aliquot of lebeled
sodium. In our laboratory, Pace (unpublished) has not yet been able to get the

same rate of disaprearance with different injeoted amounts of radicsodium (the

method should be indepsndent of physical dose). This may mean that the injestion

has s cnewhat disturbed the blood perfusion of the region. These teohnioceal

diffioulties should be oontroliable. The method, however, represents a technique

of great promise dus to the fact that regional perfusion rates can be measured

with this method rapidly and with the exposure of the subjeoct to only very small

quantities of radicactive matarials.
Bxohange of 1inert gss in the kidneys is too rarid to measure as & mesns

of measuring renal perfusion (10). Special methods, however, have been developed

for measuring the regional blood perfusion through the liver and spleen using
colloidal radfoactive ochramic phosphate disaprearance rates. Intrn'onb;u}y

administered partioulate chromlo phosphate of about 2.8 u diameter {s evidenoed
by ¢ rapid deposition of 95 to 987 in the livers and lphenl of dogs, aice, rats

and man sfter intravenous udunhtrugionl Rsbhltc were found to looalize only
q‘bﬁef EO—M 20% was deposited in the bone
R N

@
[ hd

marrow. This seems to be a species B&ffpron;(j 7 6ther oclloids (8) oan be made

u“gv_-;'.)c'.g__~

-~

with more speoifie affinity for dcpéih‘.ibr? {n"cl&@:om marrow in several species
] RN

80 to 90% in the liver and spleen. Ehu

4

Lia
ia

C

n

w223
ircluding wan. 7The oclsarance of thi: oollotd ijﬁrnf.‘r than 86% so that liver
.< gL &
perfusion ean be measured direotly i‘ru tno~ ste Bf disappearsnce of CrFO, from the
. - m
m \- - R :'J
blood. Liver sirsulation nouuromont.l %‘Lﬁ’g‘}#nd in the following table (Dobsen,b):
': . G2 i Ioe (:‘
g ¢ u § E..;if.%
SSEESLES
REEEERR s - T I
€3 . 9e8d v
gagnless
SE5:ch 5‘; 4
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Minioum dlood tissue Clearance Maximum blood tissue
perfusion fastor vol.  through perfusion vol, dbloed/
Animal blood/vol. livar/win, 1iver vol., liver/min.

DO‘ l.2 i 0.3 0.86 1.4
anesthetizeds
normal 1,12 & 0.13 0.88 1.3
MNouse
normal 1.4 3 0.1
anssthetized® 1.7 & 0.1 0.79 2.2
Rat
normal 1.2 3 0.1
Flembutal

Disapvearance of injected ohromic phosphate from the dlood s .:pprexunuly a
simvle exponentidl funotien:
% tn blood ® % injected x o~<%

The colleoid 1s ocontained within the oirculating dlecd until it is removed by the
liver or the spincn. The time oonstant of disappearance in this case, k, $s equal
to the fraction of the cirmulating blood volume perfusing the liver per unit time.

Blood perfusion through the spleen has been estimated from the relative
uptake of spleen to liver in sacrificed animals.

Minimum volume of blood per volums
of spleen per minute

Dogs (anesthetized) 0.8
Rabbit (normal) 4.9
Eabbit (anestbetiseds) 4.7
Nowss (noraa1) BEpgesy 054
28,9 02g
Mouse (snesthetized) 5 205 235ER 0.49
se nes ggéggég;- .
Theabutal RN
sz f8rH_o 828
Vasouler changes nppar@@t&ko? {: An the body osroass, such that the
8 8. 2o o
averags blood psrfusion of the modti, tiu\ib t %ho oaroass is deoressing from 0.026
<
uin,” =1 at 18=20 yours to 0.010 nin h lt 26 ynfl. These determinations are made
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from the rates of nitrogen exohenge from the whole body (10).

They are in close

coincident agrecment with the rate of acquisition of protestion to decompression

siockness by oxygen inhalation in six seperately tested grouns of sudjeats (10).

The rate at whioh a "bends"

susosptidble tissue oan acquire protection to bends

depends upon the rapidity of its inert gas exchange which is fixed by the tissue

ciroulation.

Nitrogen elimination measurements have not been caref lly extended teo

groups over 25 years of age, but there se2ms to be & progressively decreasing

perfusion rate sioch that 3b-year-clds are estimated to have bends susseptible

tigsuves receiving only 0.006 min."1 {10).

{s also determined by tissue perfual on.

speed of rscovery from & mild exercise baut.

To a less extent, respiratory gan exohange
Berg devised a system of measuring the

The rete of repayment of the oxygen

debt and the oardbon dloxide exoess olearly folloms the same principles as inert gas

exchange.

betwean age and 002 exshange rate is r
-0.71.

And these rates of rescovery are alse highly related to age.

The ocorrelation

«0.92, between age and 0z exchange rate s

The oxygen recovery prooess is likely less reliable an index of oirsulation

as the tissue oxygen unloeding is greatly modified by the oxygen disscsistion of

hemoglobin.

with age both at rest and under conditions of mild exercise.

Thus, there ls evidsnce for deoreassd perfusion of the carcass tissues

It Ls suggestive that

an important part of the so-oalled aging prooess d.l_uké.ns plloo during a very

’l‘Q.J

early period of adult life. Whether the oirou hsu:y*clﬁqgo— tnduou aging or aging

produnes the siroulatory desrease would
Pace (21) hss recently shown a stiriking

with inoreasi ng age. This effect seems

exchange tissue perfusicn chunge with ege, huf. bher‘, 2

hemoglobin binding as well.

at um pot_,nt. rh ,pﬁ’llonophioal gquestion.
. B 3
doorourm 'o 9m£§mnu of osrbon monoxide

'«Q.,_r).:rt‘_‘

to be ‘of the um n&gnimde as the gas

?’cotbor factors such as
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TABL® I
Whole body exchange of inert gases measured for two inert gases during the some
experimental time. Results are given in terms of the tize constants of the squation:

R = R'e~Kit 4 pre=¥2t , RL"o-kst

x
. 5 k2 ks 4
K 0.69 0.022
Kr 0.89 0.022
'2 0.49 0.028
Be " 0.49 0.028
Kr 0440 0.090 0.019 -=?
!2 0.53 0.097 0.020 0.00781
Xes: 0.38 0.087 5 §&.¢pé 2 £ 0.0038 .0008
Falh v 5 .
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