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Nitrox application for leisure diving in Japan
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Introduction

Nitrox (Enriched Air Nitrox; EANx) is a gas
consisting of more than 21% oxygen compared
with air. Since the 1950’s, this gas has been used in
diving work by the US Navy, and its use for leisure
diving started in U.S.A. in 1988 1 -2) | In Japan, Ni-
trox has been approved for use in leisure diving
since 1996. Recently Nitrox has been well recog-
nized to decrease the risk of DCS (decompression
sickness) after diving, but it may be associated
with some risk of serious oxygen toxicity, if used
inappropriately 1)~5) . To promote the more wide-
spread use of Nitrox for leisure diving, this paper
clarifies the present state of Nitrox application for
leisure diving in Japan.

Methods

1. Questionnaire survey of leisure divers

We filled out a questionnaire by random inter-
view of people who participated in diving in the Os-
ezaki area of Izu peninsula. Osezaki is one of the
most popular diving spots in Japan, where about
3,000 divers enjoy diving in every weekend. The
subjects of this survey were limited to divers who
already had a certification card (C-card: diving li-
cense). The survey was carried out in the Osezaki
area in May and November 1998 and June 1999.
We carried out another survey in the Yahatano
area (one of the most famous diving spots) in Izu
peninsula in August 1999. The subjects at Yahatano
included only divers who had been diving using Ni-
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trox (“Nitrox divers”) .
2. Questionnaire survey of diving shops
In June 1999, we sent out questionnaires to all
diving shops’ staff who knew how to manage Ni-
trox, over the whole of Japan. We focused on some
questions regarding Nitrox if the shops had al-
ready dealed in Nitrox tanks.

Results

Evaluable answers were obtained from 278, 261
and 260 leisure divers in May 1998, November
1998 and June 1999, respectively. Figure. 1 shows
the percentage of divers who knew about “Ni-
trox” . Figure. 2 demonstrates the percentage of
divers who had used “Nitrox” for leisure diving.
We obtained information from 62 divers with Ni-
trox diving experience. Figure. 3 shows the
replies to the question, “How many times have
you ever dived with Nitrox?” Figure. 4 indicates
which type of dive computers, for Nitrox or for air.

This study revealed that 84 in 118 (71.2%)
shops already supplied Nitrox tanks to leisure
divers. Figure. 5 presents the distribution of
shops dealing in Nitrox tanks in each prefecture in
Japan. Figure. 6 shows the number of Nitrox
tanks supplied at 84 shops in a week. The mean
number of Nitrox tanks supplied per week by each
shop was 5.5 (data not shown). We could find out
their opinions on both the advantages and disad-
vantages of Nitrox use for leisure diving (Figs. 7
and 8). Figure. 9 shows the opinions on the safe-
ty of Nitrox regarding DCS obtained from 118
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Fig.1 Do you know about Nitrox ?
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Fig.2 Have you ever used Nitrox ?
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Fig.3 How many times have you ever dived with Nitrox ?
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Fig.4 Which type of dive computers (DC) do you use when you dive with Nitrox ?
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Fig. 6 How many Nitrox tanks dose your shop supply to divers in a week ?
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Fig.7 What are the advantages of Nitrox ?
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Fig.8 What are the disadvantages of Nitrox ?

shops.
Discussion

We performed the present investigation in 1998
(two years after approval of Nitrox use for leisure
diving in Japan). The results of this study demon-
strate the increase of divers number who knows
about Nitrox (Figure. 1), but only 23 (12%) in 188
divers had experienced Nitrox diving in the June
1999 survey (Figure. 2). Among them, 40% had
used Nitrox less than 10 times. Even at Osezaki,
which is one of the most popular diving spots in

Japan, only 12% of divers had ever. experienced in
Nitrox diving. From this fact, a much smaller popu-
lation of divers must enjoy Nitrox diving in the
whole country. On the other hand, in U.S.A.,
IANTD (one of the mixed gas-managing groups)
certificated “Nitrox card” to 17,780 divers from
1985 to 1996 3) . Since Nitrox was introduced for
leisure diving in Japan 10 years later than in U.S.A.,,
Nitrox is still not popular in Japan.

The lack of information and economical prob-
lems of Nitrox seem to prevent its more wide-
spread use for diving. We should promote Nitrox
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Fig.9 Do you expect Nitrox to Decrease the risk of DCS ?

for leisure diving to ensure a safe diving system,
and as the need arises, we have to offer a better en-
vironment for all Japanese leisure divers.

DCS occurs when excessive nitrogen foams into
bubbles in the body following inadequate decom-
pression 8 -7, According to our investigation of
DCS, one out of near 16,000 dives’times results in
DCS®). Based on this DCS incidence, one DCS ac-
cident could be recognized in every weekend at Os-
ezaki area where 3,000 persons enjoy diving. Fur-
thermore, because of the lack of divers knowledge
of DCS diagnosis, we cannot determine the exact
number of DCS accidents 9. The situation is still
too serious for comfort and steps are urgently
needed to reduce the incidence of DCS.

Because of the geographical features of diving
spots in Izu peninsula, approximately 76%'% of
divers have to return home through regions at alti-
tude (about 400 ~ 1000 m above sea level;, 970 ~
900 hPalV) immediately after going scuba div-
ing!? 13 It is well known that exposure to a lower
atmospheric pressure after diving may increase the
incidence of DCS 8)10~17 _ So, we need to empha-
size that actual investigations should be promptly
introduced to deal with the increased risk of DCS.
To decrease the risk of DCS, a dive schedule in-
cluding Nitrox use should be recommended to
divers who need to travel via roads at altitude after

diving. Since Nitrox use for the last dive of the day
can reduce the residual nitrogen level in the body
and an “oxygen window effect” by Nitrox can be
expected, the risk of DCS related to high altitudes
after diving can be consequently decreased.

Recently, dive computers that allow a diver to
perform multilevel diving have become popular’®.
However, overestimation of the advantages of Ni-
trox may simultaneously increase the risk of DCS.
It seems that the main reason for introducing Ni-
trox is to prolong the diving period without increas-
ing the risk of DCS1)~5).19 To reduce the inci-
dence of DCS, we recommend Nitrox use for all
divers in the Nishi-Izu area. If the diving profile
with Nitrox is similar to that with air, Nitrox has
less risk of DCS than air, but Nitrox may pose a
danger of DCS when a diver is beyond the margin
of safety of diving with a dive computer. According
to the diving manuals advocated by diving organiza-
tions, the majority of Japanese divers should carry
out leisure diving with an appropriate dive comput-
er for Nitrox.

At present, we are unsure of the numbers and lo-
cations of shops that are dealing with Nitrox, so we
included 118 shops known to deal with Nitrox in
this investigation. From the results of this study,
only 84 out of 118 (71.2%) shops offered Nitrox to
divers, 46.3% of which were located in Tokyo and
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the Shizuoka area. Forty-six of 84 (55%) shops
supplied fewer than 10 tanks a week (average 5.5
tanks) . Based on this fact, to reduce the risk of
DCS, it is necessary to increase the number of
shops that can deal with Nitrox and also to improve
the facilities of the Nitrox supply system. To pro-
mote its use, we must educate divers and shops
about the advantages and safety of Nitrox through
propaganda and informational activities concerning
Nitrox for leisure diving. In this investigation, many
shops answered that Nitrox has merits of “prolon-
gation of bottom time without decompression” as
well as “reduction of the risk of DCS” , but there is
the danger of possible serious misunderstanding,
because we cannot simultaneously obtain both
“prolongation of bottom time without decompres-
sion” and “reduction of the risk of DCS”.

Furthermore, if Nitrox using divers try to do mul-
tilevel diving beyond the margin of safety of Nitrox,
they may also be in danger of “oxygen toxicity” .
Indeed, many accidents have occurred during Ni-
trox diving, more frequently than with air diving in
U.S.A%) . With the familiarity of leisure divers with
Nitrox, there has been a misunderstanding that Ni-
trox provides “prolongation of bottom time without
decompression” . So it is feared that accidents with
Nitrox diving will increase in Japan as well as in
U.SA.

We would like to emphasize that education on
the correct application of Nitrox based on the table
for air diving is very important, to promote the safe-
ty of Nitrox for leisure diving. Many shops pointed
out that the insufficient supply of Nitrox was one of
its disadvantages of. Many divers will consider that
Nitrox seems expensive for leisure diving. In the
present situation, we cannot easily use Nitrox for
leisure diving in Japan, but once there is a large de-
mand for Nitrox, the price will decrease and the sit
uation will improve, and Nitrox will become very
popular with leisure divers in Japan in future.

(References)

1) Hamilton RW. : What is “nitrox” ? Basic definition
of diving with oxygen-enriched air. Jpn J Hyperbar
Med 34(3) : 11-18,1999

2) Elliott D: Nitrox. SPUMS Journal 26(3): 194-198,
1996

3) Bennett PB: Nitrox diving for sports divers in the

USA Present situations and future. Jpn J Hyperbar
Med 34(3): 19-22,1999

4) Ishiguro N : NITROX DIVING (in Japanese).
Shakai-sports-center Tokyo,1998

5) Richardson D, Shreeves K : The PADI enriched air
diver course and DSAT oxygen exposure limits.
SPUMS Journal 26(3) : 198-205,1996

6) Mano Y : Diving Medicine (in Japanese). Tokyo,
Asakurashoten. 1992, p.193-236

7 ) Kawashima M, Noro S : Decompression sickness
(in Japanese). Saishinigaku, 49(7) : 22-27,1994

8 ) Nakayama H, Shibayama M, Komiya M, Uchiyama
M, Yamami N, Takahashi M, Mano Y: Incidence of
decompression sickness (DCS) in leisure divers
(in Japanese). Jpn.].Hyperbar.Med. 33(2): 73~
80,1999

9) Yamami N, Mano Y, Shibayama M, Takahashi M :
The actual state of DAN hot-line and the use of oxy-
gen after diving (in Japanese). Jpn. J. Hyperbar.
Med. 33(3) : 143-150,1999

10) Shibayama M, Yamami N, Nakayama H, Takahashi
M, Mizuno T, Mano Y : The present state of
leisure divers — Analysis from the practical side—
(in Japanese) . Jpn.J.Hyperbar.Med. 33(4) :
201-204,1999

11) Yamami N, Mano Y, Shibayama M, Takahashi M,
Nakayama H, Mizuno T : Peculiar diving activity
on sport divers who live in Kanto-area; decompres-
sion sickness by movement to altitudes after diving
(in Japanese). J. Jpn. Society Clinical Sports
Med. 7(1) : 68-75,1999

12) Yamami N, Mano Y, Shibayama M, Fujita H, Sera
AM, Kawashima M, Kitano M, Takahashi M,
Nakayama H, Nakayama T : Hyperbaric exposure
after diving and decompression sickness on emer-
gency calls of divers alert network in Japan. Under-
sea & Hyperbaric Medicine : 23-58, 1996

13) Nakayama H, Shibayama M, Yamami N, Uchiyama
M, Azuma M, Takahashi M, Mano Y: The investiga-
tion about hyperbaric disorders of recreational
divers : part 5, Decompression sickness and moving
to altitudes (in Japanese). Jpn.J.Hyperbar.Med. 32
(1): 37,1997

14) Mano Y : The risk of altitudes and airplanes (in
Japanese). Jpn.J.Hyperbar.Med. 29(3) : 145-150,
1997

15) Sheffield PJ: Flying after diving guidelines: a review,
Aviat. Space Environ. Med. 61: 1130-1138,1990

16) Vann RD : Flying after diving and decompression
sickness. Aviat. Space Environ.Med. 64 : 801-807,
1993



2000410 A 11H th111)= Nitrox application for leisure diving in Japan 19

17) Yamami N, Shibayama M, Takahashi M, Mano Y : tual condition of leisure divers . The number of
decompression sickness of sport divers induced by repetition and maximum depth of diving. (in
flying after diving (in Japanese). J. Jpn. Society Japanese). Jpn.J.Hyperbar.Med.34 (1) : 27, 1999
Clinical Sports Med. 8(2) : 171-176,2000 19) Allen C : BS-AC gives the OK to Nitrox. SPUMS

18) Shibayama M, Yamami N, Nakayama H, Komiya M, Journal 26(1) : 50-52, 1996

Uchiyama M, Takahashi M, Mizuno T, Mano Y: Ac-



