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when diving medicine books
are completely wrong, Part ||

Abstract / Methods / Results:
as per Part I:

DOI: 10.13140/RG.2.2.15199.79528

Severe errors are appearing more frequently in monographs. Omnibus
Volumes, written by teams of experts, are obviously more resilient to errors.

Discussion / Recommendations:
Single authors / editors should consult with expert teams prior to
publication.

If you want to contribute s.th. to our list, we would be very happy if you send
an e-mail to our head of lab: director@smc-de.com

(That is: to be continued with Part lll ©)
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p. 60, Fig. 4-10 bottom; r_naybe, this is not a real, i T TS
severe error, but the original manual from the when diving medicine books
ORCA Edge® (LHS) does not mention any are completely wrong
~Experience“. The ,Edge“ was coined by Dan Orr,

as an ,Electronic Dive Guide“ ...

stributed by ORCA Industries

Figure 4-10. A The Orca EDGE (Electronic Dive Guide
Experience), the first commercially successful digital
dive computer. The display of the EDGE had a bar graph
that represented the computed nitrogen tension (in fsw)
in each of 12 Haldane tissues.

Since this was an eyecatcher for us, we decided to scrutinize this page
In-depth, and found more ... 3
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p. 60, top, Tables 4-1 & 4-2; if you ignore the somewhat
misleading legend (LHS) then table 4-1 is self-consistent:

If you start with the M,-values in row 4, divide these by 33
you get the Tissue ratios in row 3, dividing these ones by .79

you get the Haldane ratios in row 2:
60 Chapter 4 Inert Gas Exchange and Bubbles

Table 4-1. Definitions and examples of safe-ascent criteria based on supersaturation™®

Buoim Aje19|dwoo ale
S)00g auldIpaw BulAlp usaym

Tissue Half-Time (min)
5 10 20 40 80 120

Haldane ratio = Py,/(0.79 x Py) 4 3.4 2.75 227 2 2
Tissue ratio = Py,/P; 215 2.67 2.18 1.76 1.58 1.55
M-value (fsw) = ratio x (D__., + 33 fsw) 104 88 72 58 52 ol

next

*The M-value shown is for ascent directly to the surface from depth. See text for further discussion.

Table 4-2. M-values for ascent in increments of 10 fsw

Safe Ascent
Depth (fsw) M-Values: Tissue Half-Time (min)
20 40 80 120 160
0 68 46 38 35 34
10 78 56 48 45 g%
20 88 66 58 55 o4
30 98 76 68 65 64
40 108 86 78 75 74
a0 118 96 88 85 84
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p. 60, top, Table 4-2; the M, values from Table 4-1 should

then appear in Table 4-2 as the 2nd. row, i.e. SAD = D,,; = 0;

this is OK for HT 5 & 10 min (yellow display). But for the HT 20 to 120 min
these M, do not match. Especially the M, with 33 fsw for HT 240 min would

Imply zero-supersaturation: a little bit annoying for real-world diving...
60 Chapter 4 Inert Gas Exchange and Bubbles

Table 4-1. Definitions and examples of safe-ascent criteria based on supersaturation™

Tissue Half-Time (min)
5 10 20 40 80 120
Haldane ratio = Py,/(0.79 x Pp) 4 3.4 T 220 2 2
Tissue ratio = Py,/Py 35 2.67 2.18 1.76 1.58 1255
M-value (fsw) = ratio x (D___. + 33 fsw) 104 88 72 58 52 51

next

*The M-value shown is for ascent directly to the surface from depth. See text for further discussion.

Table 4-2. M-values for ascent in increments of 10 fsw

Safe Ascent
Depth (fsw) M-Values: Tissue Half-Time (min)
5 20 40 80 120 160
0 104 > 46 38 35 34
10 120 56 48 45 -
20 130 66 58 55 o4
30 140 76 68 65 64
40 150 86 78 75 74
a0 160 96 88 85 84
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On p. 59 it is insinuated that these M-values have  The diving medical detectives:

something to do with the US Navy. when diving medicine books
are completely wrong

But by Comparison Wlth E::le'r?:sf::lm Allowable Tissue Tensions (M) of Nitrogen for Various Half-
the ultimate source Depth of decompression stop

on M-values, D (ft) 20 30 40 50 60 70

l.e. Bob Workmans
NEDU Report 6-65 [a];
on p. 31 we found that

A (ft) 53 63 73 83 93 103

H (Ejg! M) (F of sea water eguivale
5 140 158 176 194 212

_ 120 135 152 168 184
neither all the M-values 102 117 132 147 162

(2nd. column, D = 10 ft.) o AP L o,
as such and as well, nor &) wy | wws akd

the AM match, I.e. 7% 88 100 112

the Tables 4-1 & 4-2 74 8 97 109

are, 73 B4 95 106

to put it mildly, 72 83 94 105
only partially useful to OM/AL0 feet depth

the inclined reader. H (min) 5 10 © 80 120 160
AM(Ft) 18 16 14 13 12 11.5
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- [4], [44a], [5], [5a], [65], [234]:

| A.ABihimann | A
- Dekompression -
~ Dekompressions-
- krankheit

A.A.Biihlmann

Tauchmedizin

Barotrauma Gasembolie "
Dekompression Dekompressionskrankheit

Zweite, vollig Uberarbeitate
und stark erweiterte Auflage

Springer-Verlag
=

A.A.Biihlmann
E.B.Véllm - P. Nussberger

- Tauchmedizin

| Barotrauma

Ga;sérrlmohe

Dekompression
Dekompressions-
krankheit

T || = Gasembolie - Dekompression
Dpkmnprcsn'\onskl.mkhe:i:

Dekompressionscomputer

' 5. Auflage

Springer-Verlag

In part | we promised to have a look at our collection of Albert Alois
Buhlmanns most prominent books.
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Basis of the following slides # 8 - 14 are the The diving medical detectives:
presentations of Albi, when diving medicine books
pls. cf. the references [b] & [c]. are completely wrong

> [234] & [4]:

Since [234] is the english version of [4], it should be an exact translation:
It is not.

The a-& b-coefficients for the ZH-L ,, differ for a couple of the compartments,
(# 3, 7, 10 = 16; red display on the next slide) and, thus, a couple of the
calculated run-times and decompression table comparisons diverge between
the 2 books (for eg. p. 31).

An a-posteriori validation, like the one we did in [c], will therefore not work.

[234] finds the ZH-L,, set on p. 27, in [4] on p. 27; pls. cf. the next 2 slides:
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The diving medical detectives:
when diving medicine books
are completely wrong

Table 8. ZH-L;,. Twelve pairs of coefficients for 16 half-value times for helium and 16 half-value times for nitrogen

Compartment 1 2 3 4 5 6

He-% t (min) 1 3 4.6 7 10 14
N,-%4 t (min) 7.94 37
Factor a, He, N, 1.500
Factor b, He, N, 0.820

Compartment 11 12

He-% t (min) 70 90
N,-% t (min) 238
Y

Factor a, He 0.515 - 0.515 - 0.515
Factor b, He 0926 - 0.926 . 0.926 -
Factor a, N, 0.455 0.380 0.255
Factor b, N, 0.934 0944 - 0.962

If both helium and nitrogen are present in the compartments, factors a and b must be calculated in correspondence with the proportion of the gases, as in the
example for compartments 13-16:

a (He+ Ny)=[(Py-0.515) +(Py,- 0.255))/[Pye + PnJ];

b (He+Ny) =[(Pe-0.926) +(Py, - 0.962)1/ [Py + Py ).
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The diving medical detectives:
when diving medicine books
are completely wrong

Tabelle 8. ZH-L ;. 12 Faktorenpaare fiir 16 Helium- und 16 Stickstoffhalbwertszeiten

Kompartiment

He--;- t, min 3
Np-1 t, min 7,94

Faktor a, He, N, 1,50
Faktor b, He, N, 0,820

Kompartiment 10 11 12

H&% t, min 55 70 90

Nz-% t, min 238
Sl G SR
Faktor a, He 0,47 047 0,47

Faktor b, He 0,925 0,925 0,925
Faktor a, N, 7/ 043 0,35 0,23
Faktor b, N; \_ 0931 0,943 ./ Al 0,962

o

Befinden sich in den Kompartimenten gleichzeitig He und N,, miissen die Faktoren a und b entsprechend Gasanteilen berechnet werden:
Beispiel Kompartimente 13—-16: a (He + Nj) = (pHe - 0,47) + (pN3 - 0,23)/(pHe + pN;), L
b (He +Ny) = (pHe - 0,925) + (pN; - 0,962)/(pHe + pN,) iy
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The diving medical detectives:
when diving medicine books
are completely wrong

The b-coefficient of compartment # 4 (HT= 18.5 min) is 0.7825
(yellow display).

By using AAB‘s own formula to derive the a- & b-coefficients from the HT
(formula ibd. on p. 129) it should be 0.7725

For real-world diving this is fortunately positive:
the tolerated inert-gas pressure p,,, goes down from ca. 2.05 to ca. 2.03 Bar

As well for compartment # 5 the b-value, derived by the formula on p. 129,
IS 0.81254991 (= 0.8125) but here rounded up to 0.8126 (red line).

11


http://www.smc-de.com/

> [65], p. 158:

MARINE
CONSULTING

The diving medical detectives:
when diving medicine books
are completely wrong

Tabelle 25. Die Koeffizienten ZH-L16 fiir N,

Kompartiment tiaN; ZH-L16A theoretisch” ZH-L16B ZH-L16C
Nr. [min] Tabelle Computer
b a a a

40 05050 1,259 1,2599 1,2599
50 0.5578 1,1696 1,1696 1,1696
8,0 06514 1,0000 1,0000 1,0000
125 07222 08618 0,8618 0,8618
185 07825 07562 0,7562 0,7562
270 08126 06667 0,6667 0,6200
38,3 08434 0,5933 0,5600 0,5043
54,3 00,8693 0,5282 04947 0,4410
/7.0 0,8910 04701 00,4500 0,4000
1090 09092 04187 0,4187 0,3750
146,0 09222 0,3798 0,3/98 0,3500
187.0 0,9319 0,3497 0,349/ 0,3295
2300 09403 03223 0,3223 0,3065
3050 09477 02971 0,2850 0,2835
3900 09544 02737 0,2737 0,2610
498.0 0,9602 0,4543 0,2523 0,2480
635,0 0,9653 0,2327 0,2327 0,2327

b

1
1
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.9 16515 p. 4. The diving medical detectives:
instead of 1.1 2> 1.24 when diving medicine books

are completely wrong
- [65], p. 119:
Instead of the old ZH-L coefficients; with the 50:50 balanced new ones
(0.3723 & 0.946) it should read 0.9968

- [65], p. 12, Tabelle 1:
for 1 Bar inspired air the Vol.-% of N, & O, do not match (col. 3); it
seems rather like alveolar air ...

the conversion factor from 1 Bar = 750.06 mm Hg seems odd,
since the 1st. diver-ballpark yields 760/1013 = 750.24.
750.2 is used in all standard references, i.e.: [62], [63], [75], [178].

By consulting the ultimate source for diving physicians on
pressure-conversions [110] on p. 893, Table A-3, there yields as well:

1 mm Hg = 1.33323 * 10 3 Bar

13
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The diving medical detectives:

- [65], p. 146, Tabelle 22: when diving medicine books
for this SAT-dive on air to 30 M the P max IS CA- ars sommpleisly virond
4 * 0.8 = 3.2 and not 3.6 Bar.

Either this table was calculated with another mix, which is not indicated,
or to another depth (37 m @ air), which is not indicated as well.

However, a SAT dive with air to 36.8 m fresh water would yield the used
Pinert 3-6 Bar; the decompression-time with 54 h on air,

starting @ 23 m could be confirmed via DIVE [d],

pls. cf. the attachment, slide #17. Because this example SAT dive has a long
history, starting with [4] in 1983, we assume, that the then published ZH-L ,,
has been used to create Table 22 and not the new ZH-L 16 from [65].

- [65], p. 189, Tabelle 31.:

(only for the sake of completeness: the entries at
Nr. 2 do not match the cited source from DAN / DSL)

14
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—> Adjusting P_.,, to 1,000 mbar: 5 3
o »1.0" L SRSRE
- Loading the 1983 (german) ZH-L,, N,-coefficients (A): % % §°§
NC* 8"
- Input of the SAT profile, depth = 36.8 m, time 6000 min: hei= § =
,d  ,36.8" ,6000." s ¢ ;§
—> Check of decompression: [B D3_10 - [Graphic1] 5

a was Jetztra
" . maximale Ceiling: 22.73
y|e|ds > Vorschlag Haldane 2:1 [m] = 13.40
Vorschlag Hill=s, B. A.: DEEP 5TCP [m] = 28
PDIS fuer Tal = 10 min: 36.80 [m]
The Ceiling W|th 2273 m PDIS fuer TAU = 20 min: 36.850 [m]
PDIS fuer TAU = 30 min: 36.80 [m]
and the Eingabe der Austauchstufe in Metern & cm: (m.cm) :
. Aunstauchstufe ist zu hoch:
TTS 31241 min / 60 = 5402 h niedriger wie Ceiling waehlen!
Conﬁrm Deko Prognose:
Z24m Stopp Prognose Dekozeit: 144.0 Fomp.#: 16
[65], p 146, Tabe”e 22 Z2lm Stopp Prognose Dekozeit: 314.0 FEomp.¥: 16
18m Stopp Prognose Dekozeit: 343.0 Eomp.#: 16
) 15m Stopp Prognose Dekozeit: 377.0 Fomp.#: 16
(A) Wlth the new ZH-L 16 12m Stopp Prognose Dekozeit: 419.0 Homp.¥: 16
coefficients the TTS is Om Stopp Prognose Dekozeit: 471.0 Eomp.#: 16
ca. 61 h &ém Stopp Prognose Dekozeit: 535.0 Fomp.#: 16
Jm Stopp Prognose Dekozeit: 631.0 Eomp.¥: 16
TTS = 3241.0 17
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We from the lab (Miri, Nurit & Yael) wanted urgently

: : —]

to push this one out to RG on the morning of 09/17, %— g
even if there is now no proof-reading & no peer-review ... v @ o
This is a !]aaxn via to a very special mensch, who happens — 3 2=
. . Lo =

to be our boss, presently he is on SAT in the Aegean: o 8 = (g
19N 110 W7 g é = %
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