gobooooooooooon 2011

gooobbbobooooobbod

gooo

00000000000000000000
000 000000% (Yabashi Lime®)-f00
000000000000000000000
(0000)00000000Co, 000000
000000000000000000000
00oo0oo0o

Dooooo®ooooo0oo
gbooooboon

000000 (soda lime, calx sodica) 0 00O
00 (slaked lime, Ca(OH),) 0000 NaOHO
O00000000Ca(OH), 00000000
gbobooboboooooooooboooooon
OO0O00o0bDDoOWisonOOOOOOOOODO
oboboobooboobooooboooooooo
gbobooboboobooooooboobobo
0000000000D0000000000 Yo
00 192000000000000000000
0000o0oooooooooono co,0ood
bobobobobobobobobooon
00000 ?000000000000000
obOooOoooobooooooooooooo
dooooooooooooooboooogo
OO00D0D0000 WilsonOOOOOO dry base
004500 NaOHOOOOOOOO 18000
000 (wet base) D CO, DDOO0ODOOOO
gbobobobobobobobobobo
boboboboobobobobobobo
oboooooboooooon
1) O CO2+H>0 O HyCOg3
2) 0 Hy CO3 0O 2NaOH - NayCO3 O 2H,0
3) 0 NapCO3 0 Ca(OH); - CaCO3 O 2NaOH
O (Qooo)

BB A X% ARE
7-FA4L
WAKOLIME’

(AR P& E2E 21

IS4 LB B —)LE)11000F/15Kg

0 1 WAKOLIME®O OO0 (19540) O
00000000 (0)0 15KgO00 (0)
00000 11,0000 /15Kg 0000000000
00000000000000000000000
000D0000000000000000000
000D00000000000000000000
000D0000D00000000000000
000D000000000000000

000000000
COs+ Ca(OH); — CaCO3 O HyO
0ooooon

Oo0oOoooOOoooooboogco,00bonoog
00 CO, (00D00DoOoooooo)oooo
gooooooooooobobbboboooogo
OO0 NaOHOOOOOOOOOOO (NagCOs3)
0000000000000 Ca(OH), 0000
0000000000000 (CaCOs)0 000
NaOHOOOOOOOOO 3OOOOODooOOo
obobOobobOooboobobOooonoon
000 CaCOs000000O00OO00OODODODOO
ONaOHOOOOOODOOOOOOOODOOO
OO0 NaOHOOOODOOOOOOOOOOOO
obOobOoooobooooboobobonbo
ooooboog

00000000 (00O000000000O0nN) e-mail: satotoru@orange.ocn.ne.jp



Abhsor

M ] [ T ] T | T 1 T T T T
2 4 6 8 10 12 14 16 18 20 22 24 26 28

¥ ¥

Moisture Content (% wet)

gobooooooobooooooboo

Apparatus (T : Thermometer, S:5mg. of
Wako-lime in a copper-wire gauze container).

H20

it vy y—Fy~7 (No. So 9—720—
D UEED Ly=z—F4 4 (No. 9858) (5
) RkELTEg 3.

A RBOWE KR (on wet basis %).

Helh: S5 1AMA, 5 SNk, 105MO, 15
SO OFFERA A TR (cc).

0D200000000000000000000000000
0o00o0oooooooo (@)?ooooo (o) o

000000000 (00 Wilson Sodasorb®0 O 0 Wakolime®) 0000 (w/w O)
0001000500010000150000 CO,000 (ml)O

000000000100 (224L@GN.T.P.) O
CoO, 00000000 10000000000
0000200000 275Kcal00000OO
003000000000 (000000000
oo0oooOooo0oooOooooobooOooon
00 200 100 Keal/molOOOODOOOOO0OOO
0o0o0ooooooooooo)oooooo
000000000 1Keal/molOOOOOOO
oooooooooooooooboboooooo
oooooooooooOoooooDoooond
oo0000000000o00O0000000000
01gO0000 580 cal0000O0O Canister(O
0000cCco,000)0000on 4005000
ocooooooOooooco, 00000000
oooooooooooobooobooogvonooo
ooooooooooooooobooooono
ooooooooOODODOOOOOOO

000 co,00poooooooooooon
ddddddoooooooooooooga
O00O0Oco.000000000OWilson So-

dasorb® (Dewery & Almy Chemical Co, Cam-
bridge, MA O, 000 195400 W. R. Grace &
Co.00OD0ODO)OODODODODOOODOO
0O 0 0 O Calcium hydroxide 80 O, Sodium hy-
droxide 50,0 15000000000000 20
oo 1l1obo3co0doonooooooboon
gdddoooobbbbbobobbbbobobo
(000)000 Wakolime®0 000D (1953 0
00000oobooooboooboonog 540
DDDDDDE]@DDD)DDDDDDDDDD
Sodasorb®0 0 0 0 NaOH 50, Ca(OH) 80 O,
H,0 150000 (0 1)0

00000 (00000200000 19610
D)Wakolime®DDDDDDDDDDDDDD
obooooooooooobooooobooooo
gboooboobooooooooobooooon
obobOobobOooooooooboooon
O00 Canister 00O O0O0DOD0OOOOOOOO
gbobooboooooooooboooooon
gbooooooooooooooobooooon



gobooooooooooon 2011

000000 Wakolime® BKgOOOOOOO
(01000)00o0o0UooOOOoUOoOoOoOn
oboboobobOoboobobobobobo
oboboobobobobobobobobo
oooooobooooooooobog1esTo
0000000000 Y 00000000000
oboboobob9uonboonbooooooboono
SO0O00Db00bo0oooobomobooobooon
boboooobo1ooboooooboobona
obobOoboboboboobobobobo
ooooogo

00000000000 Wakolime®O 00O
Co,0000000000000M00000
000000000000000000000
000000 30000000000000
010490000000000196500000
000000000000000000000
00000000000000% 002000
0000000 Wakolime® (O 0) O Sodasorb®
(00)000000050000000000
0000000000000 140000000
0000000000000000000000
000000000000000000 w/wD
(wet base) 000 0000000000000
00000 (00)0000000000000
0000000000000000000 100
0000000000000 100000 peak
000050000 1600100000 180015

OO00020000peak000000O0DOCODO

gboobooobogobobooileg2000000
boboboboobooboboboboobo
CoO,00O0OboOoDOOoOoOoooooooooon
oooogog co,oopopoooooooopooo
gobooboboobobooboooboon
oboboobobooobooboooood

oooO,0000000000000000
oo oobooobon
00 (adsorption) 0000000000000
00000000000 (absorption) 0O 00O

Fig. 5. Diagram of the apparatus. (For ion see text.)

g3000booooooooobooooboooon
oboboooooooooooooooboboo
goooooo

0000 (sorption, McBain 19320000000
gdodoooooooooooooboooon
dodoobooooooouoooooonoa
00)0000000 (chemisorption) 0000
0000000 0oOooo®®g ooooooo
050 COy 0 Canister 00O D00O t(0) O
00000 y(0)OOOOUooOOooooooo
yleO(lD%)D a & k : constants
a
00000 ?P000000000000000
dobodooboooobooooboooboooa
gdodoooodoboooooooooon
0 560
doodooooooobooobooooboo
0000000000 Canister 0000000
gdododoodooooouooooooon
dobooooboooobooobouoooooa
Canister(CO, 000)00000000OOOO
dooddoboooobooooooooooa
0000000 ®0000000000000
000000 Canister 000000 10000
Odo00ddooboooo sonoooooobooa
0 0.0300.040 CO,00ODODODOOOO
gdodoododoooooooooooon
doooooboooobuooobouoooooa
dooddboooobooobobooooooa
ood 3DDDDDDDDDDDDDWakOIime®
00000 Canister D00 ODO0DODOOODOO
4.60 4.70 CO,00O0DOOOOOODOOOOO



imin.)

Tig, 6. Lom| arison of CO, conee cntration at different levels of absorbent layers (1, 5, 10 cm
venti hmr) conditions.
¢ 24{rain., stroke: pausc=1:4 (0.5 sec.: 2scc.),

troke: Do 1:4 (1 sec.: 4 sec),
of C
. and minute volume is 9.6 [jmin.

0400300000000000000000
00000000000000 (00 300)
400 ml x 240 /00 800 ml x 120 /00

200000000
0000000 (600000)ODDDO Co 000

Ub0odooo0n cm, 5cm, 10emO0O0O00000O0O0
pooooooOoOoOoOoO0OO0OO cooboboOoOoO
gooooooooobooboooboooooooon

e
In cither condition, fow velocity is 800 cc,

O00OOCanister 000000 CO,O000O0O
0000000000 Yoooooooooo
0000000000000 Canister 0000
00oooooooobobobooboooooo
1,5, 10emI 0000000000000 sam-
pling0 000000 CO, OO0 Capnograph
Type KK(Godart) 000000000 COOOO
oooooono MFpP-1BOOOOOOODOOO
0oo00doooo20000000 SP-H40O0O
godobbobboooooobobobooood

00000000 4 (Fig6inref. 3) 0000
00000000000 800 ml/min0000O0
0 9600 mlO I/E(stroke/pause) 00 1/4000
O00O0O0 AQO0O 10000 400ml0O 240/
0000 B)OO 10000 80mlO 120 /0
O000000o0oO0o0o 6000000 (0D0O)O
00 1,5 10cm00000 COx(0) 00 (O
0)0000o0oO0oOoOoOoOoOoOoOoOoOoOoOooo
000000000 D000oOoo0oooon COq
000000000 sampling0 0000000
Jodobbobobooooobobobooood

gobooooooobooooooboo

{min.}

Fig. 7. Comparison of CO: concentration at different levels of absorbent la ayers (1, 3, 5,8,
10, 12 cm f rom the two different ventilatory conditions.
1:2 (53 sec.:10/3 sec.), upper

: flow
limit —-—and lower limit —+— ot CO B
In either condition, tidal volume is 600 cc and frequency is 12/min.
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ABSTRACT

Development and Shifting of Carbon Dioxide
Absorbents
Toru Sato, MD, PhD, Professor emeritus,
Tottori University

1. How soda lime (calx sodica) does act to ab-
sorb COs is apparently depending upon a very
quick physical adsorption process by the very
wide porous active surface at the first stage,
and then puts on the end to CaCOg, by chem-
ical neutralization reactions such as

1) CO2+H>0 O Hy COg,

2) H2 COg 0 2NaOH - Nag CO?, O 2H207 and
3) Nagz CO3 O Ca(OH); - CaCO3 O 2NaOH.
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Thus, the total absorption process is a com-
bination of adsorption and absorption called
Sorption or chemical adsorption (Chemisorp-
tion).
2.Regarding CO4 absorption efficiency (O ) in a
(semi-)closed circle anesthesia system; i.e. ab-
sorbed COsy ratio from COg upstream in the
expired gas to COy downstream after through
the canister intermittently, the CO5 absorption
speed plays a more predominant role than the
absorption capacity of COs through the COq
absorbent layer in the canister.
3. Previously J. Adriani’s statement that,
when tidal volume of the patient is equal to the
air space between granules in the absorbent-
packed canister, the optimum efficiency should
be obtained was widely accepted, because it is
likely to be understandable as such that COq
in the expired tidal gas can be absorbed by the
absorbent during the pause due to enough time
available for absorption. But this theory should
be applicable only in the To & Fro absorber
system where COs absorption stays within the
tidal gas exchange zone, causing the gradually
increased the dead space. In the circle absorber
system where the expired gas moved intermit-
tently causing the CO5 absorption zone moving
downstream in the canister, the situation where
COs is absorbed very quickly by the fresh soda
lime as above stated in 2. should be quite dif-
ferent. The relation between the COy absorp-
tion efficiency(y O ) and the gas-absorbent con-
tact time(t sec.) is expressed by

y =100(1 0 1/akt),

where a= 4 and k= 10.
Only 0.1, 0.16 or 0.3 sec. is required for absorb-
ing 75, 90, or 98 0 of the original COy concen-
trationd e.g. 5 0), respectively. When COq
starts to leak out during the pause, excessive
COg already passed through the canister.
4. Free water is essential in the neutralization
reaction as stated in 1., and the optimum initial
H50 content is found 130 18(w/w) O in soda
lime. With less moist soda lime than this range,
CO; absorption reaches a lower peak within a
shorter time. With more moist soda lime CO,
absorption becomes slower, because excessive
free water covers the active porous surface of
the absorbent. High heat generation by ad-
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sorption and neutralization reactions can evap-
orate a majority of water in the absorbent and
the moisture moves downstream by the heated
gas stream. Thus, the drying zone of the ab-
sorbent layer moves downstream with the COq
absorption zone, and the absorption ends when
drying becomes complete from upstream, while
the downstream absorbent looks wetter due to
condensed water.

5. While original soda lime like Wilson Soda-
sorb® or Wakilime® (19540 90) used to contain
5 0 NaOH to accelerate the CO5 absorption
reaction, most brands of soda lime became to
contain more KOH than NaOH as a stronger
base, to improve the CO2 absorption efficiency.
6. While Baralyme® (barium hydroxide lime)
originally contained 20 O (dry base) Ba(OH)0
8H50 only, instead of 5 0 NaOH in soda lime,
it became to contain more HoO up to 120 150
(wet base) including free water and also contain
50 KOH to improve the COy absorption effi-
ciency.

7. Halogenated inhalation anesthetics like
trichlorethylene and chloroform were easily
broken down to strong toxic substances like
CO, phosgene, etc. by strong bases contained
in soda lime. Therefore, they were out of the
modern anesthesia market.

8. Prior to sevoflurane on the Japanese mar-
ket first in 1990, it had been known that it is
easily degraded to nephrotoxic (on rats) Com-
pound A and etc. by soda lime. So we
deleted KOH from Wakolime® to make a new
absorbent named Wakolime®—A(Ace) contain-
ing 4.2 0 NaOH and no silica in 1990. While
degradation of sevoflurane was markedly de-
creased by Wakolime®—A, levels of Compound
A in the filtered gases were not always found
much less, or sometimes found even higher than
Wakolime®. Therefore, we planned to delete
NaOH also, and made a patent application
from Wako Pure Chemical Industries Ltd. on
December 24, 1993. This was registered as Jap.
Patent No 3433493 on May 30, 2005.

9. Since 1993, a few cases who developed el-
evated CO-Hb after desflurane, isoflurane, or
sevoflurane anesthesia, especially with anesthe-
sia machines which had been unused for 200 3
days after such anesthetics used, were reported.
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Investigations demonstrated that CO(carbon
monoxide) can be accumulated in desiccated
CO4 absorbents containing strong bases with
-CHF; type anesthetics.

10. On Nov. 17, 2003 Global Medical Direc-
tor of Abbott Lab. USA announced worldwide
in the letter to Dear Health Care Professional
about awareness of reports on fire and/or ex-
treme heat in the respiratory circuit of anesthe-
sia machines when sevoﬂurane(Ultane®) was
used in conjunction with desiccated COy ab-
sorbents. It appeared on MedWatch by FDA
on Nov. 20, and its Japanese translation was
.shown as a medical treatment safety informa-
tion by NIHS (National Institute of Health Sci-
ences) -URL in Japan on Nov. 28. 2003.

11. Ministry of Health, Labour and Wel-
fare(Japan) requested awareness of the dan-
ger of abnormal heat generation and ignition
with dried absorbents in inhalational anes-
thesia through each prefectural administrative
division with the official guidance document
No0.0906001, dated September 6, 2004 to the
related users, anesthesia machine manufactur-
ers and importers.

12. APSF called expert-anesthesiologists, re-
lated manufacturers, etc to discuss these prob-
lems on COy; Absorbent Desiccation Safety
Conference in Chicago on April 27, 20050
While fires in anesthetic circuits had been re-
ported only in association with sevoflurane ex-
posed to dried Baralyme®, which was already
withdrawn from the market, many evidences
were shown that extreme exothermic reactions
caused by dried soda lime and halogenated
volatile anesthetics such as desflurane, isoflu-
rane, and sevoflurane should produce toxic
products like carbon monoxide, compound A,
methanol, formaldehyde, etc. Such dangers can
be eliminated by the use of absorbents contain-
ing no strong bases. Amsorb® Plus(Armstrong

Medical Ltd.) and LoFloSorb®(Intersurgical
Ltd.) are available on the market, while their
patent applications have not been approved in
Japan.

13. After Wako Pure Chemical Industries
Ltd. stopped manufacturing Wakolime® A in
2008, Yabashi Industries Co. Ltd. took over
Japanese Patents Nos 3433495 and 4689417
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to develop new absorbents containing nei-
ther KOH nor NaOH called Yabshilime®.
Yabashilime®- f(an improved type, named af-
ter its floral shape) is now on the market,
and its distinctive features are as follows; 1)
No degradation of sevoflurane, 2) No dan-
ger of generating CO from degraded volatile
FyHC-ethyl-ether type anesthetics like isoflu-
rane, even dried. 3) Not generating abnormal
heat. 4) No powder formation. 5) Due to its
floral granule with 4mm max. diam, it does
not pass through 4 mesh or punch-holes at the
bottom of the canister. 6) Due to its floral
granule shape, it does not stick to the wall of
the canister. with condensed water; Easy clean-
ing. 7) 1L size milk-type package made of rein-
forced papers is handy for use, and is also easy
to be disposed after use. 8) Carbon dioxide
absorption efficiency is equal to those of con-

ventional soda lime. 9) Granules change color
to bluish-violet when desiccated, same as when
exhausted.

In place of NaOH, Yabshilime®- f contains
a bit of NaCl. Therefore, it is a new kind of
soda lime without strong base contained, for
ultimate safety, and can still absorb COs as
quickly as conventional soda lime due to this
trick (JP No. 4689417), supported by the
large porous surface to improve adsorption, etc.
Clinical use of Yabashilime®- f is strongly rec-
ommended to prevent all possible dangers in
inhalational anesthesia at modest cost.

Key words:

soda lime. Baralyme, Yabashilime-f, car-
bon dioxide absorption, adsorption, sevoflu-
rane, degradation, carbon monoxide.
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