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Participacdo da UMC em Orgaos Técnicos e Deliberativos

> Grupo de Trabalho (GT) de Mergulho Cientifico — Comité Executivo para a Formacao de
Recursos Humanos em Ciéncias do MAR (PPG-Mar) — Secretaria da Comissao Interministerial
para os Recursos do Mar (SECIRM) — desde 2019;

> NAUI International Diving Training Committee — 2023;

> NAUITEC International Technical Diving Training Committee — 2023;
> NAUI International Advisory Committee — 2024 & 2025;

> Space and Extreme Environment Research Center — desde 2024;

> Centro Intersetorial de Pesquisa em Alteracoes do clima e Reducéo do risco de Desastres em
Minas Gerais (CIPARD-MG) — Corpo de Bombeiros Militar de Minas Gerais (CBMMG) —
desde 2024;

> Grupo de Trabalho (GT) de Mergulho na Pesca da Lagosta — Secretaria Nacional de Pesca
Artesanal — Ministério da Pesca e Aquicultura (MPA) — desde 2024.

10



« Nucleacao: processo de natureza estocastica (flutuacoes
microscopicas) que inicia a formacao de nova fase ou estrutura.

« Heterogénea: em interfaces (liquido-solido, gas-liquido e gas-solido)

~ Homogénea: no corpo da fase (gasosa, liquida ou solida)
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« Tribonucleacao: processo de formacao de micro bolhas de gés devido
ao movimento relativo entre o liquido, contendo gas solubilizado, e uma
superficie solida.

Longitudinal Sonography
of the Metacarpophalangeal Joint

Before Knuckle Crack During Knuckle Crack
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«~ Descompressao (compressao): reducao (aumento) da pressao do
meio.

X




kn.r

« Difusao: fluxo de substancia (moléculas ou atomos) de regides de
maior concentracao para as de menor concentracao.




~ Amadurecimento de Ostwald: transferéncia de gas de bolhas
menores para bolhas maiores!!!
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tempo do mergulhador ~ 1/8 tempo do experimento
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> Nucleacdo = homogénea ou heterogénea

> Tribonucleacao

Evolucao:

> Descompressao (compressao)
> Difuséo

> Contradifus&o isobarica

> Coalescéncia

> Amadurecimento de Ostwald

Modelos de descompressao
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International Conference on Underwater Education

The 1Q was conceived in 1968 in Southern
California and grew in stature to be the largest
truvelinlg international conference of its type in
the world, bringing together diving enthusiasts
and professionuls?rom across the industry.

Join us as NAUI carries on the 1Q's legacy by
presenting the latest findings and innovations
in educational theory, scienfific advancement,
contemporary marketing and equipment
improvements during the two days of seminars
and the IQ proceedings published afterwards.

+1 B13-628-6284 | wwwinaul.erglabout/icue/

SATURDAY, MAY 6

8 AM

Dallas Edmiston and
Cheryl Thacker
Welcome and Schedule
Review

2PM

Jeffrey Bozanic
Rebreather Testing in
Antarctica

SUNDAY, MAY 7

8 AM
Cheryl Thacker
Schedule Review

1PM

Michael A. Lang, Ph.D., and
Karen B. Van Hoesen, M.D.
Amazing Polar Diving
Adaptations: What, Why
and How?

8:30 AM

Gareth Lock

Why "Human Error" is
a Poor Term if we are to
Improve Diving Safety

3PM

Oswaldo Del Cima, Ph.D.

Gas Diffusion Among
Bubbles and the
DCS Risks

8:30 AM

Dan Orr

Diver Fatalities:
Lessons Learned

2PM

Walter Chin

Artisanal Fisherman
Divers of the Yucatan
Peninsula

10 AM

Capt. Michelle M. Thornton
Distress Beacons and
SARSAT

4 PM

Thomas “Tec" Clark

Lead the Culture; Define,
Apply and Lead the Culture
You Want to Create

10 AM

William K. Dolen, M.D.
Lionfish Venom:
Cardiovascular,
Neuromuscular, Cytotoxic
and Immunologic Effects

IPM

Tim O'Leary and
Bruce Wienke, Ph.D.
Two Decades of
Deep-Stop Training

mAM

Pasi Lammi

Applying Principles of
2-D Photogrammetry
Underwater

1AM

Amie Hufton

Just Add Water: Engaging
College Students and Youth
in Scuba Diving

4 PM

Dallas Edmiston
Closing and Dive Trip
Winner Announcement




Gas diffusion among bubbles and the DCS risk

COswaldo M. Del Cima,* Paulo C. Oliveira, César M. Rocha, Hallan S, Silva, and Alvaro V.N.C. Telxeira
Universidade Federal de Vigosa [UFV),
Departementa de Fisica - Campus Universitario,
Avermida Peter Henry Rolfs s/n - 36570-900 - Vicosa - MG - Brazil.

We present some experimental and simulation results that reproduces the Ostwald ripening (gas
diffusion among bubbles) for air bubbles in a liguid fluid. Concerning the experiment, there it is
measured the time evolution of bubbles mean radius, number of bubbles and radins size distribution.
Cne of the main results shows that, while the number of bubbles decreases in time the bubhles mean
radiuns increases, hence, it follows that the smaller bubbles disappear whereas the — potentially
dangerous for the diver — larger bubbles grow up. Consequently, this effect suggests a possible

Gas Diffusion
meng-Bibbles and
the DCS Risks

Oswaldo Del Cima, PO

Safery Through Ediucarion”
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Step Into the Word of Reseorch

Journal of Applied Biotechnology & Bioengineering

Review Article
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Empirical bubble broadening and effects on
decompression schedules

Abstract

I'he question of bubble broadening {Ostwald ripening) in the diver under compression-
decompression is yirtually unanswered and untractable, E ffects in vivo have not been
measured nor quantified to date and remain unlikely in the near future. We take up
this question and suggest hypothetical impacts on diver staging using available data
and recent experimental results in the laboratory. A well known and safe bubble
model, RGBM, provides a fmmework to estumate hypothetical effects in mixed gas
diving on open circuit (OC) and rebreather (RB) systems. These are estimates and
are neither verified nor tested in divers. However the projections are consenvative,
increasing decompression time and shortening no decompression time limits (NDL),
so that implementation in diver staging protocols, software, dive computers and dive
tables is patently safe and of interest to modelers, table designers, training agencies,
dive tenders, engineers, doctors, dive computer vendors and related professionals.
Experiments impacting broadening are briefly detailed, Paticular are the broadening
studies in hydrocarbon and glycerol substrates. Features of bubble models affected
by broadening are quantificd within the RGBM framework. Comparative results
are given with and without broadening. Broadening times can range from hours to
days, Corresponding bmadening estimates of decreases in NDLs and increases in
decompression times range 2% to 8% for nominal {recreational } e xposures and 10% to
I8% for extreme diving and extended (technical ) exposures. Overall effects are small
to moderate within existing data and recreational to technical diving protocols but
diver staging effects of broadening increase with depth and exposure time. Beyond 8
hrs broadening time scales effects are insignificant.

Keywords: bubble broadening, DCS risk, decompression models. staging
procedures, laboratory ¢xperiments
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Trabalho convidado e indicado por Dan Orr para o Undersea and Hyperbaric Medicine Journal

Ostwald ripening for gas bubbles and decompression in diving

O. M. Del Cima* and A. V. N. C. Teixeiral
Universidade Federal de Vigosa (UFV),
Departamento de Fisica - Unidade de Mergulho Cientifico,
Av. Peter Henry Rolfs s/n - 36570-900 - Vigosa - MG - Brazil.

C. M. Rochat
Universidade Federal de Vigosa (UFYV),
Departamento de Fisica,
Av. Peter Henry Rolfs s/n - 36570-900 - Vigosa - MG - Brazil.

B. R. Wienket$
Los Alamos National Laboratory (LANL),
Program Manager Computational Physics,
C & C Dive Team Ldr,
Los Alamos - NM 87545 - New Mexico - USA

The Ostwald ripening phenomenon for gas bubbles in a liquid consists mainly in gas transfer
from smaller bubbles to larger bubbles. While the phenomenon itself is well know the consequence
of the temporal evolution of bubbles in the blood stream in the human physiology lacks deeper
investigation. In this word a series of direct experiments were carried out in which the Ostwald
ripening for air bubbles in a viscous fluid was reproduced. Some physical parameters of the fluid
were the same of the human blood. There it has been measured time evolution of bubbles mean
radius, number of bubbles and radius size distribution, where the initial bubbles radii normalized
distribution behaves like a Tsallis (g-Weibull) distribution. The results shows the usual behavior of
wet foam where smaller bubbles disappear whereas the, potentially dangerous for the diver, larger
bubbles grow up, while the number of bubbles decreases in time. On the other hand, it was found
a long time power-law regime with exponent 0.19, smaller than the LSW (Lifshitz-Slyozov-Wagner)
model 1/3 and the radius size distribution shown positive asymmetry during the whole experiment.
Consequently, it is presumed that such a bubble broadening effect could contribute, even minimally,
to decompression illness: decompression sickness and arterial gas embolism. This conjecture is
reinforced by the preliminary results of Ostwald broadening to RGBM (Reduced Gradient Bubble
Model) decompression schedules for a closed circuit rebreather (CCR) dive to 420fsw (128msw) with
21/79 Heliox gas mixture, where the first decompression stop lengthening time thanks to Ostwald
ripening is at the Pyle-type deep stop, a stop at the half bottom depth, 210fsw (64msw).

Keywords: gas bubbles; Ostwald ripening; diving; decompression theory; RGBM

Dedicated to the memory of Prof. B.R. Wienke (1940-2020)




no Ostwald Mergulho com CCR (Closed Circuit Rebreather) a

., ondening. (rocdenig 128m (420ft) usando mistura gasosa Heliox 21/79
depth time time

(fsw)  (min) (min) (21% O e 79% He) com tempo de fundo de 15min.

420 15.0 15.0
340 0.0 0.0
330 0.5 0.5
320 0.! 0.5
310 0, 0.5
300 0. 0.5
200) 1.0 1,0
280 1.0 1.0
270) 1.0 1.0
260 1.0
250 1.5
240)
230
220
|_;_;‘1 0
00
190
180
170
160
150
140 4.0
130 5.0
120 5.0
110 5.5
100 6.5
90 7.0
80 7.0
70 100
60 10.0
50 13.5
40 15.0 ;
30 18.0 21,
20 24 0 26,
10 305 35.5
219.5 228.5
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TABLE 1. Decompression schedules for 420fsw (128m) CCR
dive and bubble broadening.




Estresse da descompressao

Eduardo N G Vinhaes, MD, PhD, P\V/
NAUI # 36674



Primeira descricao de DD em humanos

“... em consequencia ele se feriu severamente
enquanto mergulhava, n&o por algum acidente e sim
por seu extraordinario empenho que o induziu a se
superar e permanecer muito tempo debaixo da agua, o
que Ihe causou certo tipo de paralisia na metade do
corpo...”
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Diving operations on the Royal George - 1834
Major General Sir Charles William Pasley FRS KCB (1780 - 1860)



John Scott Haldane

Em 1904 a construcao de
submarinos ficou ameacada
pelos acidentes e as D.D.

JSH prop0s uma teoria radical
para evitar a D.D.

Um comité da Marinha Real Em

mergulhos profundos foi criado

para pesquisa |
Lord Haldane (irm&o mais velho de
JSH) foil o Ministro da Guerra |




1as. tabelas de descompressao

442 The Prevention of Compressed-air Illness

APPENDIX IV.

TABLE I

Stoppagyes during the ascent of a diver afler ordinary limits of time from surface,

Pressure
Depth — Time from surface  Approximate  Stoppages in minutes at difierent depths’ Total time

pe—ma M em—— Pouatuls per to begiuning tine to ~ ——-. for ascent
Feet Fathowg sguareinch of ascent firat stop ft. *a30ft. 40f0t. 230fMt. 20 I\L 10 (t. in mins.

0-36  0-6 0-16 Nolimit .., (-1

86-42  6-7 16-184  Over 3 hours 6
' Up to 1 hour 13

42-48 7-8 183-21 {1-3 hours 64
_ {Over 8 bours 114

Up to § hour 2
1-1} hours .. ‘o
13-3 howrs ., 12
Over 3 hours 99
Up to 20 mins. 2
; : 20~43 mins, .., 7
54~60 9-10 24-26} -<3-1% hours .., 12
‘ 13 hours .., 22
\Over 3 hours 32
Up to } hour. 2
. 5 }-4 hour 7
10-11  263-294 14;—1 hour 15
22

32
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Estresse da descompressao

Formacao de microbolhas venosas
Disfuncao endotelial
Aumento de mediadores inflamatorios

Estresse oxidativo



Deteccao de Bolhas por Doppler

Tamanho variavel — 19 a 700 pum.

Animais — Inicio apos 5 min deco, pico de atividade
apos 25 min, estavels (detectadas) ate 120 min apos
deco.

Humanos — Inicio em minutoes a 1 h apos deco,
variavel dependo do tipo (perfil) do mergulho.

Hills BA, Butler BD. Undersea Biomed Res 1981; 8:163-170
Butler BD, Morris WP. Undersea and Hyperbaric Medicine, vol 22, no.2, 1995.
Dunford RG eta al. Undersea Hyperb Med 2002; 29(4): 247-259



Escala de Graduacao de Bolhas Spencer

Grau Definicao

4 0 Sem sinais de bolhas

¢4 1 Sinals ocasionals

Sinais < gue a metade do ciclos cardiacos
Sinais em todos os ciclos cardiacos

=
> W

Sinais superam os ciclos cardiacos



D.D. & Doppler Scores

Mergulho com Ar*

Grauda %
Bolha D.D.

0 0
1 1
1
0

2

S
4 10

=395 D.D.em 1761
Mergulhos (Ni1sh1:1993)

Altitude de 9.100m*

Grau da %

Bolha D.D.
0 10
1 11
2 50
3 00
4 ke

64 D.D. em 275 VVOO0S
(Duke 1997)




Ecocardiografia

TRANSTORACICO TRANSESOFAGICO

Transducer located
in esophagus

. Inferior wall of LY Aortic arch

S & Z_ 20 aterst
Interventricaiar —= - 2 “wall of LY
- seotumn P '

~Anterior
wall of LY

£ Transesophageal
b7 transducer




4 Camaras Cardiacas - Eco




EVG em mergulhos com trimix

Dept of Physiology vV
Medical School in Split . '
14/05/2009 17:33:48 : '

15\

Ljubkovic M, et al. J Appl Physiol 109: 1670 —1674, 2010



Seguranca na descompressao

- Ascent | | Breathing Gas | ‘ State of | F’h". sical ‘ | DCS Hx | | Age |
. Rate | ' Hydration | | Fitness

. -.I""'-.h | Repetitive | ""' f - Sex? |

(DIVE PROFILE FRED]BPGEIT]{}N Euddx_

1 Circulation |

DECOMPRESSION | Nutrition/Drugs

" Atmospheric |

. Pressure SAFETY | Biological Health |

| Type |

| i — THERMAL | Acclimatization |
| Timing [ | Intensity | STATUS

P % _ 7 ‘I Warm/Cool Intensity |

| Genetics/Epigenetics |

| Economy | | Buoyancy | | Timing |

Pollock NW, Sellers SH, Godfrey JM, eds. Rebreathers and Scientific Diving.
Proceedings of NPS/NOAA/DAN/AAUS June 16-19, 2015 Workshop



DD e microparticulas

Ativacao celular e apoptose levam a liberacao de
microparticulas (MPs 0,1 a 1,0 um) pelas células
(PMN, linfocitos, plaguetas, endotélio, etc.) que
levam a ativacao de diversas funcoes (coagulacao,
comunicacao intercelular, etc.).

Ha associacao entra as MPs liberadas por
neutrofilos e a DD.

Neutrofilos liberam MPs durante
exposicao a gases inertes devido
ao estresse oxidativo no citoesqueleto. ‘ﬁ g
Bels T e
.Diamant M et al. European Journal of Clinical Investigation (2004) 34, 392-401

.Thom et al. J Appl Physiol 119: 427434, 2015
.Thom Sr et. THE JOURNAL OF BIOLOGICAL CHEMISTRY VOL. 289, NO. 27, pp. 18831-18845, 2014




Conclusao

A Doenca Descompressiva (DD) e decorrente da
producao excessiva de bolhas de gas inerte
apos a descompressao e seu quadro clinico
depende da origem, intensidade e localizacao
destas bolhas.

A grande variacao de apresentacao da DD,
particularmente guanto ao seu tempo de
evolucao, indica gue varios outros fatores alem
da formacao da bolhas gasosas estao
envolvidos na sua fisiopatologia.



As Bolhas sao passageiras...
...as lesoes nao!

Francis TJ. J Appl Physiol 68: 1368-1375, 1990.



Parametros clinicos e perfil de citocinas inflamatdérias em
mergulhadores autonomos: estudo bioldgico e computacional
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Parametros clinicos e perfil de citocinas inflamatdérias em
mergulhadores autonomos: estudo bioldgico e computacional

Objetivo Geral

Investigar a ocorréncia de eventos inflamatorios em mergulhadores a partir do delineamento do
perfil sérico de citocinas em praticantes de mergulho auténomo (scuba diving) e empreender
estudos de mineracao de dados e de simulacao computacional a partir dos dados obtidos.




Parametros clinicos e perfil de citocinas inflamatdrias em
mergulhadores autonomos: estudo biolégico e computacional




Parametros clinicos e perfil de citocinas inflamatdrias em
mergulhadores autonomos: estudo biolégico e computacional
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Parametros clinicos e perfil de citocinas mflaméﬁ)rlas em
mergulhadores autbnomos: estudo bioldogico e computacional

I - INFORMACOES GERAIS

Codigo de identificacio do mergulhador:

e

Sexo: ( ) Feminino

Etnia: ( ) Branca ( ) Parda () Preta

Profissao:

( ) Masculino ( ) Nao respondeun

Altura: (metros)

() Nao respondeu Peso: (quilogramas)

Tempo como mergulhador: (anos)

Nivel de escolaridade:

() Ensino Fundamental (primeiro grau) incompleto
() Ensino Médio (segundo grau) incompleto

() Superior completo. Se sum. Qual(is) curso(s)?

Qualificacio como mergulhador:

() Ensino Fundamental (primeiro grau) completo
() Ensino Médio (segundo grau) completo

() Especializacédo
() Doutorado

Utiliza algum medicamento (qual?):

() Mestrado
() Pos-doutorado
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Parametros clinicos e perfil de citocinas inflamatorias em

mergulhadores autbnomos: estudo bioldogico e computacional

IT — Parametros clinicos do mergulho

PARAMETROS MERGULHO 1 MERGULHO 2 MERGULHO 3
DATA
HORARIO
TEMPERATURA DA AGUA
TEMPO (MERGULHO)
PROFUNDIDADE (MERGULHO)
CONSUMO DE GAS
DADOS CLINICOS E Pré Pos Preé Pos Pré Pos
LABORATORIAIS
Frequencia cardiaca (bpm)
Frequeéncia respiratoria (irpm)
Pressiao arterial (mmHg)
Saturacio de oxigenio (%)
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Parametros clinicos e perfil de citocinas inflamatorias em
mergulhadores autbnomos: estudo bioldogico e computacional

1 = ITI- Parametros laboratoriais do mergulho E I_
e _ 05 ] =t
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CITOCINAS. proteinas soluveis que interagem com receptores celulares especificos =
que séo envolvidos na regulacdo do crescimento e ativagdo das células imunes, =
mediando as respostas inflamatdria € imunologica normais e patologica.
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