From UPTD to ESOT. Monitoring pulmonary
oxygen toxicity in surface-oriented diving
Jan Risberg

17.11.2023

Why care?
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Relevance - when should calculation of POT be considered?

Presumed adherence to IMCA/HSE/NORSOK U-100:2015

Clark and Lambertsen 1970
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Bardin & Lambertsen 1970
UPTD - Later OTU
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Hamilton et al. 1988 (Repex)
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We did not invent this information. The
information was developed by others it
came from experience with oxygen
exposure and was the best that we could
find. Our only contribution is to fit it
together to show how the daily dose can
be determined as a function of mission
duration.

Oxygen, the lung and the diver: friends
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UNOSRSEA & KYPERBARIC MEDICINE

Fram UPTD to ESOT: Manitoring hyperoic
exposurein surface-orlented diving

i By, Pt M7 e 0O G, L e, 40

UNDERSEA & HYPERBARIC MEDICINE

Hyperoxic exposure monitoring in diving:
uPTD
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ESOT

« Equivalent Surface Oxygen Time (min)

« 1 ESOT = The hyperoxic exposure
reached after breathing pO,=1 Atm for

1 min.
— Conceptually similar to UPTD/OUT
+ 60 ESOT
— Exposure for pO,=1 Atm for
60 min (1h)
— Exposure for pO,=1.4 Atm
for 31 min

pO,: Atm

ESOT =t x p0,%28 po:/

12

Summary - exposure limit

ESOT after Maximum number of
dive successive days of diving

Minimum surface interval: The time required in
normoxia or air diving only to ignore/zero ESOT
from the preceding exposure
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UNDERSEA & HYPERBARIC MEDICINE

Hyperoxic exposure monitoring In diving:
A farewel to the UPTD
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Hamilton et
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Summary of indices reviewed

Relationship between pO, and
time expressed as UPTD
(rectangular hyperbola).
Relationship between UPTD
VC was not mathematically
expressed but tabulated.

(Rectangular
hyperbola) and

Linear
The Repex report hods
Tecommendations for miting
(vcy + UPTD's for multiday exposure, i.e.
Inherent expectations of POT
recovery
Exponenta ve +
Exposure: Power
Recovery: ve +
Exponent
. FVC, FEV,,
[Expostic] FEFa5755 OF POT expressed as a likelihood
Eponential | pumoray  * function.
WA symptoms.
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Results 130-140 kPa continuous exposure
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Results - recovery 150-250 kPa
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Arieli K and ESOT - the ESOT
difference

« Equivalent Surface Oxygen Time
« 1 ESOT = The hyperoxic exposure

ESOT = 60 X \/E reached after breathing pO,=1 Atm for

1 min.
K = tz X p024-.57 5;Oﬁ: Atm — Conceptually similar to UPTD/OTU
$ T ESOT =t x p0,*?8% o

21

Do we need hyperoxic monitoring in
surface-oriented (non-sat) diving?

Summary - exposure limit

ESOT after Maximum numl| Minimum surface interval
successive days of (h)
24

>660

501-660 2 12
420-500 5 12

Minimum surface interval: The time required in
normoxia or air diving only to ignore/zero ESOT
from the preceding exposure

15/180 24/180
143 312

# consecutive
diving days >10 10
(Repex)

22 24
With Nitrox bottom gas and TUP or Nitrox + TUP or SurDO2 calls for
SurDO, - yes we need monitoring. hyperoxic monitoring
g > (,,,sf,\,,,,,,,,) 27/60 12/240 15/180 12/240 24/180 24/180
% ": 36 463 143 476 312 517
£ - il >0 5 >10 4 10 4
Y‘ o
25 26
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Calculation of multi-pO, segmented dives To calculate it exactly
« A dive with these segments . PO (Atm)
— 180 min with p02=1.3 m 15 30 60 9 120 150 180 240 Segments -
- 17 minwith pO,=1.9 Atm (e 031 I 5 & % w2 s 7 — 180 min 1.3 Atm __
— 96 min with p02=1.6 Atm  [Za 04 7 13 27 4 53 66 80 106 . 180 x 1.82 = 328 o7
[0 ) 18 36 s 72 %0 108 144 . [os
+ Calculus S 07> 12 24 47 71 94 118 141 189 B
— 180 min 1.3 Atm ENEEN 100 15 30 6 %0 120 150 180 240 — 17 min 1.9 atm EER——
- 328 R ol T I A BTl R I o M 17 x 4.33 = 74 __
iz St . =
— 17 min 1.9 atm ESE 152 27 55 109 164 219 273 (38D 437 . X 4 E
65 [ e S e e e e e - 96 min 1.6 Atm E—
- 96 min 1.6 Atm e TR I A TR TR + 96 x 2.93 = 281 E—
- 303 EZEE 605 91 182 364 545 727 909 1091 1454 EN
. Total SN 812 122 243 487 730 974 1217 1461 1948 « Total ER
=696 (328+65+303) — 683 (328+74+281) E
nwi
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A DMAC Guidance note for operational
Summary - part 1

support
« ESOT is a simple mathematical
i transformation of Arieli K
) « ESOT respects the Arieli K relationship
The Diving Medi = L L between pO, and time on AVC
o g S S T « ESOT simplifies hyperoxic exposure
Exposnrs ke for Puinorsiy Dy Tondchty 3 1) I ] 0 B [ S L monitoring compared to Arieli K
Surface-Oriented Diving " T « Similar to UPTD
oo T L 1 L — ESOT is a single dimension of time
5 G - ESOTs may be added for different
s e TR e pO, segments of a dive
i) T L — ESOT express the POT of a 1 min
5 T w | | om | Gy | he exposure to pO,=1 Atm
M
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Which exposure limit?

Finding

The tricky part . ‘
Recovery and threshold limits & i ]

Shykoff 2018 POT 50% after one exposure (Ppgr 34%)
"Well tolerated" for 5d, no accumulation <9d
[Shykoff 2008 502 FEV1 0.16 %/d, 18d for 25% of divers to have
significant spirometric change (Ppor 16%)

632-665 No PFT changes after 21-25 sessions
No PFT changes after seven days
{+ If2drecovery*
— 1-2 d exposure: ESOT=660
— 5d exposure: ESOT=500
— 10 d exposure; ESOT=420

*: "Recovery"=Normoxia or air dive only
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The practical consequence

Nltrnx BG: Nitrox Air
Suroo, DC: Surbo, | DC: mv Air/1

BG: Nitrox
TUP Air/0, .

(,,.';:‘:,',':, 27/60  12/240  15/180 12/240  24/180  24/180
463 143 476 312 517
4 >10 4 10 4
582 344 719 436 _ .
2 10 5
i

Summary - part 2

Extremely limited data on >5 successive
days of hyperoxic exposure
Exposure limits are heavily based on
Shykoffs 130-140 kPa exposures
Suggested limits are probably conservative
due to
— Divers are resting during decompression
— Air breaks are provided during
decompression
Suggested threshold limits will mainly affect
number of successive days with Nitrox as
breathing gas with SurDO, and TUP
decompression

41 42

Limitations and caveats

« Very limited data available on
multiday exposures and in particular
— Multiday exposure with low

hyperoxic load

— Recovery

« Arieli K/ESOT behaves unexpected for
multiday exposures ranging 1.1 - 1.4
Atm




