BSPE 00429-751-7

r&"

TS E BB AN TALY WHEN 217

Methodological Studies on the Investigation of Nearshore
Environment Using Scientific SCUBA Diving

1994. 6.



2 YIS IS BT ARBPzA] PHER A7 Alde] 3

Z ¥R AES3ch

1994. 6.

QYR B A
A F A L8
A 4
AR
o871
o] ¥4



213t HF oM BEE | TAE F AL = 540] AR Bl 933
QA Aol HFE 3 Qlow, olo Wty wekx
o= o ek

Ax| 7] e gaat Fofo] Ax=U& AXshe T, v, I oA

£ Fa1es] 7idel AKAR] FA} o] FolA e, ol 1 e

—~
[72]
(¢}
—
]
=3
=.
g ]
(¢]
e
<.
=

o2

~

N

Hy

o

i)

24]

o W

olN

Q1 APAAREE AR AgzAlel] LA 02 08531 glor} A3k 7}
Al A2 Y o] 944 G St W7t AL TR v

ol
ox
o
%4_.'—'
i)
Hl
w
=)
o
ol
A
@
30
rie
e
oX
o
L

o) #EH AN Ao 2X2 thoe] e o] $HT Qe W BT
£9 A galo] B 7hx| ALY ZAMI S LA BT ol R




A A7Ee) HHH AL 421 BARRe) Suo] YYF o §43 wol
ohe}, o Uolr} sl edwtet Solella} Hfetaleee) H8A1S Mzo) QIAA) 3

T AEAHEEE A= A717H E Zloz 7t

. Soletel L gl He
FERRE o] 831 Q1A Ay o) A Q) ARA

(1) AMRAES] Z3 9 AT 2AlY] 5389 =4
AMBEALE 758Y3l] 853 AR image scanner2
710l JEsted, 3PFEA (image analysis)S 3 B ES B71E

HE N

Q) FEET-E G833 A HT AS5oiThy g
1) Air-gung 883 5305 0

H
Air-gun®] F71HEE o) &, £ vz BAARE Y g

W

T e M A

=
2) A5T7NEE ol 8T U5y

[



Iv. 2oHe 2o 9! &3of e e
(1) $5BIYE AT DR Alel B&3ta BRTAR] ARl FH
& A Ag 2AKE 5= low, = AE A Dot ] el Az
A Ee] o] g3E o o4 4 Atk ok, Awe] A2l A
2 £9)3te 84 A2 E oS Fsta F&shA 4 7hsstelE 7l

(2) Air-gung o]£3F £EH S RV EH 2AR] 2 7EE A
AR o)A 7P 2R E 2 A EE A5 £ JQouE, V|E BPAR
(3) ET/T9] 7|4 o] &3 LEoiahy S EE3, BT
A3} Z7hol| FolR) 931 AT A B E FA) 0T = glom, of2E] A

2] WA g wolFol Aol AFL Mol skt



ABSTRACT

l. Title
Methodological Studies on the Investigation of Nearshore

Environment Using Scientific SCUBA Diving

il. Significance and Objectives

Scientific diving has become a day-to-day research technique in almost
every institution that has some special interest in ocean research. In recent
years the development of SCUBA diving has provided a new tool for the
marine biologist. However, the biological sampling methods should be
improved more quantitatively and conveniently.

Conventional quantitative sampling techniques generally involve
manual cleaning of test areas by a diver. The procedure is time-consuming,
and only a very limited bottom area may be investigated in a diving day.
Furthermore, many organisms are difficult to detach from rocks, or are
easily damaged or lost during the sampling. To overcome some of the
problems, the underwater photogrammetry has been a new technique for
quantitative studies on sublittoral rocky bottom biota.

Also, conventional water sampling and filtration techniques are needed

for an expensive apparatus and a power supply in field.



During the present study, therefore, we endeavored to improve the
methodology on the investigation of nearshore environment using some

diving apparatus.

lll. Scope and Contents
(1) Underwater photogrammetry
- Biomass estimation of macroalgae with image analysis of
vegetation photographs
(2) Water sampling and filtratin method
- Underwater water sampling with air-blow gun

- Filtration method with diving air-pressure

IV. Results and Discussion

(1) For estimation of macroalgal standing stocks the underwater
photogrammetry using image analysis was methodologically experimented.
A quadrat frame (70 x 50 cm’) was specially made of aluminum angle and
was attached to underwater camera like a close-up lens kit. From slide
films photographed using it in field, outlines of specific boundaries were
drawn on the screen of slide projector, and they were saved in computer
with image scanner. Frequency and percent coverage of each species could
be easily obtained through image analysis. Finally, strength and weakness
of the photogrammetry including' our application of image analysis were

campared with previous works in this report.



(2) As a part of the scientific diving techniques, two simple methods
for collecting water sample in situ, using some sports-diving tools, were
introduced in this report. The one is underwater water-collecting method
using air-blowgun. For studies on the near shore or freshwater
environment, because the sampling is carried out immediately around the
water layer (or habitat) required, it can be effective to obtain quantitative
and qualitative data such as chlorophyll, nutrients, salinity through the
water sample. The other one is filtration method using pressure of air-tank,
and it may be also useful in fieldwork owing to no power supply needed

when filtering the water collected.
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An Application of Underwater Photogrammetry Using Image Analysis

for Estimation of Macroalgal Standing Stocks

1A A &

Zalt o] SN AT B A/PE o £33 B
714 (A%, 1% &%)t Aol 23 % 53 Fol o-8= L U} (Drew,
1971, Mueller-Dombois and Ellenberg, 1974; 71, 1983; 312} A1, 1983;
Kershaw and Looney, 1985; Chung et al., 1991). 124, $Folrle] 33t
71 AA 24130 -3 2| FA130e] ARt eR ol 7127 B4
HAAY B o] T E o] AR 9] BE2FE Bhsh=t o] 2L/EH
g 7Fs7g ol Ak Aol oM A L E 2] o] Age] b3 Ay
< 719] Brbashe, ZARAAS 28480 3713 B3 88 Aldd= A8
o] AR QT A7) BAEA 0l #A7 H7 )= gk

o|e}E JES AUt YA Y] g5 FF AT AJANAEE R

72 ZO NGB 2ARN S A 98 B wE e HRIs] 2

on, E3] £FEHIE o283 ZAPH S tizis 8 2A1E)a1 It} (Johnston et

- 15 -
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Fig. 1. A quadrat frame with underwater camera (Nikonos-V) made for an
application experiment of underwater photogrammetry

Table 1. A specification of camera equipments prepared for underwater
photogrammetry in the present study

Equipment  Specification

Camera Nikonos-V
Lens Nikkor 28mm /3.5

- picture angle: 59°

- depth of field: 20 cm(f/5.6) ~ 40 cm (f/16)

- distance scale: 60 cm ~ o

( = measured distance*: 80 cm ~ oo )

Strobes SB-102 (2 ea)

- attached diffusion filter to front-cover

- connected with a double code

* due to the refractive index of water, distance measured should be reduced
by 25 % before being set on the distance scale of lens

-18-
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2 248 Solol AW SAR REFE B2H1F V212U IR
F 152 5 517 Fol9, o] 7Rl £5AR1E S8 FHEH Alddle St
2 o3 FRE = 25 v I3t} (Table 2). 3 Marginisporum
crassissimum, Amphiloa spp., Lithothamnion cystocarpideum 52| 3 25
B8 A R s e FAAT RN ARSI
ZA1E WE1Ee) AAE £5FdCM ) 8Dt deaAe
(50x70 cm’, ©18} ) 608.1 g2 & 713 Etow Wa7-Bet A7} 289.5 g
3} 266.8 g 22 thEdtaL, FA e 0 BIHT-ColAs TE2 AR
23 A 718 R 137.5 & 71 5334Tt (Table 3). 8, ¥ 7D
o AYs= th& 22 Ecklonia cava (7)) 2] F3& A2k £33 03
A, B8} 712] SARIITE
AFFAANNE zAQ] A5F BT E REARF 4091 %7t &7
2 v Aol Hleh AthQ) ZAE B W, A7 A-olAY gl &

ox

2 Plocamium telfairiae (1.47 %), Cladophora wrightiana (11.72 %) &>
AR o7 71 Zho] FA WYXt} (Table 3, Fig. 3). A7} 81 Ecklonia
cava$} Prionitis angusta’= A 282 71 £ ¢ A= AT EY

o] (Table 3), WM 2F% vlgAldx Az 4T A% &
ol HA] ket (Fig. 39 TZ7- Csl D). ZAFH o=, GAAT (50x70
cm’) 2052 RS2} WY ZR E. cavadl 23l FE5 ¥FFD
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Table 2. Occurrence of benthic marine algae collected around Seoguipo
city, Chejudo Island for an application of underwater
photogrammeltry (+: present, -: not present)

Species \ Quadrat A B C D

Macroalgae distinguished easily with the naked eye

Plocamium telfairiae + + + +
Cladophora wrightiana + + - +
Prionitis angusta + + - +
Ecklonia cava - + + +
Coralline algae
Amphiloa spp. + + + +
Marginisporum crassissimum + + - +
Melobesioideae
Lithothamnion cystocarpideum + + - +
Other Melobesioideae + - + -
Red algae distinguished not well with the naked eye
Herpochondria corallinae + + - +
Polysiphonia atlantica + - - +
Griffithsia heteroclada - + - +
Griffithsia venusta - + - +
Acrosorium uncinatum - + - +
Dasysiphonia chejuensis - + - +
Erythroglossum minimum - + - +
Antithamnion nipponicum - - - +
Cruiopsis japonica - - - +
Total species 9 13 4 16

-23-
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oA} 128.8 g0 & 713 Egtow, SAAI3 27} wo] 283 WML A0 A
F‘J: (52 0 g) ] ‘%k \ﬂ] —7/\] 0]] 3}0}01 31‘63:11 B (39 9 ).E’.‘:]' _?_'5’] aq lﬁ‘o}ﬁ
T} (Table 3).

i)
ok
o
?é
(-j)

N
>
—'—J

& Fig. 49t o] 3Px{ejste] @2 I gl v
Az o} el o3 5 F AR E HEE 810, o] & W] 2ol ulel 4k
&% T8315°| Table 4] FFE o] Utk o714 94 s12fsliof & AR
2= P22 Ecklonia cavaZ} 283 3 -D2] 724, £ A7
MEE. cava®) 9% 19.9 % (181,052 pixel/911,138 pixel)E 7]|A ¢ Hx
100 %ol 7RY¥5}t0] A IS S 119.9 %8 M58l oM (Fig. 4), o= 8
2 AEAOIE 100 %2 $H41R] @3 I8 A 8-819iTh (Table 4). =3
pixel®] Aol ofal] ¥ =& T ek 4] pixel 471 Fig. 4c2] $5oA] &
= Q1%o] 71X AHEA] (881,971 pixel, Fig. 4b)2} canopy plant 2F&A)
(911,138 pixel, Fig. 4a) TYHA] &2 212 2B {2E 2AX &) &efol=
BEo| £93 Z7]2] ZpolollA] u]ZH Zlolw, W Al Aol o3 A
& (F A5l e Alol & 2R -2 AFs) Tk ok, AtiHIE 4HEA]
ol %= canopy plant$! E. cava2] Y15 (12)£ 7|1AH S8 2E2] ¥ 31 (102)
of thet ul-& (11.7 %) & 4] 714A A= 3 (100 %)l 7R8Itk
(Table 4).
vl ¥R T FUEE O] FEEIY ST B (7EA
3)zo} 348 X3HE A8 A (Fig. Sa, Table 4), WA, B, D] 28
20~21 % B=E 719 fARRE, WE-Co) T2 usEe] 337 ¥
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(b)

Fig. 4. An example (St. D) of underwater photogrammetry: (a) photograph
before removing canopy plant, (b) photograph after removing the

overlap-plant, (c) vegetation map and the relative coverage counted
by image processing
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Table 4. Macroalgal vegetation in four quadrats (50 x 70 cm’) around Seoguipo city,
Chejudo Island (F: frequency, C: coverage, DW: dry-weight, RF: relative
frequency, RC: relative coverage, RDW: relative dry-weight, IV: important
value, ? : data could not be obtained)

Raw data According to Melobesioideae and bare ground
Including Excluding
St. Species F C DwW RF RC 1V RF RC RDW v 1v
(RF+RC) (RF+RC) (RF+RC+
(£35) (%) (g) 2 /2 RDW)/3

A Plocamium telfairiae 13 6.6 21 118 6.6 9.2 178 9.1 40 135 103
Cladophora wrightiana 33 468 164 300 468 384 452 646 315 549 471

Prionitis angusta 3 07 9.0 27 07 17 41 1.0 173 25 75
Coralline algae 24 184 245 218 184 20.1 329 254 47.1 29.1 351
Melobesioideae 14 68 7 127 68 9.8 - - ? - -
bare ground 23 207 7 209 207 208 - - ? - -
Total 110 1000 52.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0

B Plocamium telfairiae 23 161 34 205 16.1 183 277 193 85 235 185
Cladophora wrightiana 34  49.1 27.7 304 49.1 397 410 589 694 500 564

Ecklonia cava 2 04 13 18 04 1.1 24 05 33 1.4 2.0
Prionitis angusta 1 02 03 09 02 05 1.2 02 08 0.7 0.7
Coralline algae 23 175 72 205 175 190 277 21.0 180 244 223
bare ground 29 167 ? 259 167 213 - - ? - -
Total 112 1000 39.9 1000 100.0 100.0 100.0 100.0 1000  100.0 100.0
C  Plocamium telfairiae 4 09 09 62 09 35 286 125 36 205 149
Ecklonia cava 6 52 233 92 52 172 429 722 921 575 69.1
Coralline algae 4 1.1 1.1 62 1.1 36 28,6 153 43 219 16.1
Melobesioideae 16 94 7 246 94 170 - - ? - -
bare ground 35 834 17 538 834 68.6 - - ? - -
Total 65 1000 25.3 1000 100.0 100.0 100.0 100.0 1000  100.0 100.0

D Plocamium telfairiae 16 9.7 5.1 157 97 127 178 95 40 136 104
Cladophora wrightiana 26 203 123 255 203 229 289 198 95 244 194
Ecklonia cava (overlap)* 12 199 S51.1 11.7 199 158 133 194 39.7 164 24.1

Prionitis angusta 1 02 18 1.0 02 06 1.1 02 14 0.6 0.9

Coralline algae 35 524 585 343 524 434 389 511 454 450 45.1

bare ground 24 174 7 235 174 204 - - ? - -
Total 114 1199 1288 111.7 1199 1158 100.0 100.0 100.0 100.0 100.0

* overlap value of canopy plant calculated seperately and added (See Materials and Methods)
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68.6 %ol D3ttt WEE AT £} W T A LB, DX F3]
Cladophora wrightiana (22.9~38.4 %), S AA13]% (19.0~43.4 %) 2
Plocamium telfairiae (9.2~18.3 %) 2 thdg ol ¥is}o], W FA-C= T2 43
Z (17.0 %)7} Th2= 2P ol B A8 S ¥ itk $HA, canopy plant
Q) Ecklonia cava (15.8 %)7} £83h= W7D A& AL 843 %
7} oA $EH e HEke B T A8 WA, Bell HSlo] 712] &4 0]
RAck.

TR 20 AL ALt e NIs e g Fo3t2 =
22 Abw] 2 (Fig.5b, Table 4), $-3E<] vlg2 A& Z 59 T 1
Ehdth e, SRR FEEQ oF EAE, TR A3 g
(85.6 %) A h= WET-C2| 75 3 Al AHof ety 7.2 %] 5
Q78 7= Ecklonia cava7Z} ©18 3& A LJstaL AFESA 1 Fa3k0]
57.5 %= 52 8 vl /1% 2 gke zb) 9ok & Fig
F-Co| FAN3| 29} T2 A &g Fig. 5bet 2o
o] 271l 2l Zlolth. 2 A% vial o 3 7eke] A4 BlwA] o
e TthE ALATHE, o] WETe 3 A7) AA 8 2 e A
o ulEl o] JA S BlEte) FiHyHE ARV 3k

Z27k ARl AR THA T B9l QoM E AFHe] AR E 7T
A¥sto 2A] Tha: 71 ko] ¥idl= ¥ ojX| KFig. Sc, Table 4), $357%80| €7}
53 W2 o) FA I FHA3| x| Fho] HHPEA] Xt} Fig. Sbek
AR FAE BT

AR o7, WHTH ¥Fo A BAE & F1-E Adstas

A 9312 FE o} T F 0] TS 12T BTN o2 v B
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Mad o &

TETEUUL ol ST AL B4 B olrie] A WAL} vlRHA|
2 493 Yo 23358 Iz IS AE3P] 918 2ol (Littler,

1971; Littler and Littler, 1985), 4F&% ZFS- o] 83 Ae] k&9l =X 841 |}
HE 2R Al FA3lt} (Mueller-Dombois and Ellenberg, 1974;
Barbour et al., 1980; Kershaw and Looney, 1985). wW2lA, #3H A&
A WelA] A shed] BEs] 24T 5 e SFAIY S e
25 uhpie] shteAl 9t B EASClA) B Sl & 4 3l (Johnston
et al., 1969; Liuler, 1971; Woods and Lythgoe, 1971; Laxton and Stablum,
1974; Littler and Littler, 1985).

Ngo| Pt AR S Hohe JAH BFES AE ARl ERNT B
2] 32 AY (Biederman-Thorson, 1980), 0] 4] £siA1E= A8 7)<
THE S| Boks A0 v3e Sshe Zlo] v sttt (Litder,
1971). wA A E2He] Bt JloiM slxe] £32 vig- Fad ov|E
7 ™, si=F/e] 739 =3 o] 9} o5 2ol 8}t

24 3] 59| Ak&4Y © 2413 Braun-Blanquet's cover-abundance scale

£35}o] (Mueller-Dombois and Ellenberg, 1974; Barbour et al., 1980;
Kershaw and Looney, 1985), 21A8-& 21X 3t Zo]& FHE oo}l 7 F
Aol Bdigte g S35k WY Sl 28+ gtk (Laxton and Stablum,
1974). & Q7N E A& o] 83 3P E & =ste] oS &4
oA L3t 2E A e, o] IelA FHE AN AR RA T

P

Z
gl

rir
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3, w5 AHEA] SR gl 587 stellA B 7Rl o areisliof
AP B f5oll wh Yo 41T} 4 80] f5 284, ©]% Z 5 canopy
plant 3] A& A1 Ao]| th3r 337} FA1 2 A|7]A]171ct}. Canopy plante] B 71

B9 B9 oelgo] Fluet AR ER S T ARIEA ] A =57

1}, 7]A A A (basal area) == F322)173 (diameter at breast height)2] &3 2.

2 thx]=| 31 ATk (Barbour ez al., 1980). 124, siz=fet 2ol thE 232

717} 2H& 21 80] Bl 2719 A1 7%E AU 7HA T (B density) £ 3

olAth= A& 79 B7Fs3l9, 0|21t B3delA] Chung et al. (1991), &%

2 (1991) 52 ol A HHT Yo A5 E AN FER YH
HE3E A4S E stk

Canopy plantel] 2}3F 5] TA120] o2 F5EIH] A= &
A7} Elo) A 2] Z g oAfA 3tk Tjsle] FEEIUS YA 2
A]ol 8018k Coral reef2] AA BT F-H A3 27e] AR v FYA

o] 2531 9Jc} (Littler, 1971; Laxton and Stablum, 1974). & A7) & o]
218 HE Hasto), iy =fr £33 13 7] 35 94 T E A8 2
33 3 7)AE wlojula 5 B G oH, ANEAA] canopy
plant®] 3 £Zk& A% A1482] 2k (100 %)l MEE 7HISIAT. wWEtA B
T A £3%9) 932 canopy plante] ¥l w2t & 100 % & 571
T on, olgigh uhgo] si=fre] 2 Bl ol B el A4
o} TR ZANERA 713 Bl a7 el 4 A8E TR B
5t % canopy plantE W T H95 08 Ho} Bol 31 Y-S sh= Uy

09,

O

ol
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okgel, $3VYY BEAllE WA FUY £30| Sselnz, 2
]

8 S Vs (Feks o) 2] 3R] A RE TEACh e
DR Aole) 2P AR tES 226 17} A58 Ao s Bow
ok ET 323 A4l BRH R olgElE A EL 285 WA dx

gl i3 S Fe] vl o] W& 3 $I= =t Barbour e al., 1980), o]

2 28350 Adu et ol A2 B g (FF0] £ 3PolE 38 4

thatol 7Fs = o] the W Tele] A48 wlwA] B 7] 7] A4kolt). et

A, 323} canopy plantE 25 X3 Alefo] B e 7k 2 a7k AlEAdE
TR Agshe Zlo] AT 238 A3 Aoz waHch

TTEYUS § AV I, Yk 5o £32 T3t 3

28 o]FoR|7] & st AFH AR E TR el Dol EAjgi 11

A, gl 23 EA4AlelE P AMAIEIQIRe] AAdo] EANSIA] Qe T

Bhe B2 5ol FAIHO] Akt 088 9% F3ke] A4 Be] A3 By
B7HE % 9l A7 9ee ARSI Bk ED QBT HHZRE
28] YTk 2 9] Bobssio, QaAIA gk M3lzfel FAS
Z%0] 4% 2AR AL 2B VE IPSHE FATSE QT ol
oA, 2AK] FelMle] Bzl SlHNE B s 58 g
F9] (Table 3 3299 ABES Y fol55E 55412 Fx9) 230
FolThe, FH &Aool zAht A4e] AL 2O F71 B 2A)

28 gl 13N 2 e8] AFS MYH o2 WY S 9le
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TTEIE 2L +5A1A (underwater visibility)7} 53] By
SET Y Fhedhe, wheF Az AlRle) sjaker) WojR): 7 9ol Ua
ABE EHE o] gk wehA, o] Wha S 883 wjo]i= 2ALA WS
Tuleh Ho] 27, Y] 20| 278} WrsA] wkR IS o} 5]
3L, viee] BBl dojur] e AT Fo)5) Westtt Transect
lineo] 2I3F 2RI ZAWA] HlEto 2 RE] ZALE AlRIS0] 1 0 2 Akss)
© Zlo] vigAlslth= A ole A Fe Tk

BoE, & A7dst a7ke] O A7AIEe) Bt 23 B
2ol A2 1) BT 225 A0S 22818 4= gl on, ulal]
2) B0t WS A 34 = Qa1 3) 9] $7h8 B39} vy
o U AT & BE 4 2100, 4) ZAKI]S Dejo v Dol g Sajol
BUHHN Y AZE D& 5 Aok $08 ZoK 4= gln} (Laxton and

Stablum, 1974; Littler and Littler, 1985).
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Methodological Studies on Underwater Collection and Filtration of

Water Sample Using SCUBA Diving Tools in Fieldwork

HM1E ME

| Sepders 2l BANR R 34T Q73T iRl 42T R
REA 29 S 8l shebihie] Fa4lo] tiFEm Qi W (s,

1990), 2F€e) Z7t2 AT AART 2] Blo] = HAT FAY 2 74

diving) 7]&2] Boge] Fohs i ok
Q| 7] gt} Fofe] Me= L AXsh= T2, v=, Y Sl
A71E0] M) A &A FAL ol oA gho, o] & T3 THEH
) AZAFEL AA| PRzl FHA o2 o] 83 Ik (Christie, 1976;
NOAA, 1979; Koop, 1986; A<}t 5, 1990). JEM o] 71x1%1410]
AR Y=o AR @2 e UetlrE vt 7Y iR Gt AE
MY =2 o] 31 e AH otk
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X 23 Air-blowgung 0|23t +=Fzl3-H

S CEEEEL DRERPEBPREES RS ZEE BCRE
st} £l A At Wad B97} 5] Bt IRl NOAA
(197952 FA1E 0188 A% & 208 vl glow], 2 Apela of
A o] FrAF el BRI airblowgun ol &3to]

Zrstm Wejsp A aA sisi

k)
ret
K

{4
ol
ok
o

=

Ho

2.1, B ] 74 5 ALY
Aol Y23 ©73= Table 13} 2t} Air-blowgun 315 zHA2] gun
TAE &8s AR ZojFd 7L WEE L o1 WEe] FAlHE
9% P28 Hol ok AeE S batel] vl Zeta M Eo] F&
Nalgene HDPE bottle- S AF-3}3it}.
57| (regulator)] 137 (Ist stage)ell QAR ool AUz A (LP

\

hose)ol| air-blowgun& FEAITL. A5 slegel ZFGTE 715 ANE
FEollale] He] Fahg WARRITL l5sto] Al A el Zoba Ay e vl
MNE I3 BE AFE MEF air-blowgung ¥ g7l thi 3715 Bol ¢
o} (Fig. la). 27171 71 214 8.8 Sizio] Zo] g43] Sof Zuj7iA] 7|
chIth (Fig. 1b). '8 AHE 918t o] F5e 1-2 3 WEY F wpxstes

B8 7120} A5 o hE B
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Table 1. Equipments required for underwater collection of water
sample using SCUBA diving tools

Equipment Description
Air-blowgun

L.P hose fit to regulator
Sample bottles 1L Nalgene HDPE

(narrow-mouth)

SCUBA regulator , air-cylinder

@) (b)

Fig. 1. Underwater collection of water sample using air-blowgun :
(a) bottle cleaning, (b) sample collecting procedures
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22. PYEAVHE

Air-blowgung 0] 83t 2 $ZH S NOAA (1979)2] 183 A
Zg0ll ulslo] AR o] vl ZHskaL AjpAlZto] Fhew, A AT EE
o A WX ok PET/NETH TFY] T ST BHE AAEL A
A o] 0] &)= A3 (air-blowgund} AT )2 7142 50,000 € =
2] oS- A sl

FFol|xl o] A4S FAIA 9} o] xR o] WHEHA] Rtz ¢
51 2837183 Fu7) o790 2R)EA 9] BY =3 a2jsh, Al
Fejslojo} 3l NOAA(1979)= At
Zp (Zrrol 7t Hol e S84 AR} 22) flol ATAEE 2o ATEE
& A3 v} glow, S URATA (1993)F A8 vl SHE-E Lol &
2 22 loopE THEO] LATIE 58-S 7o) ARtk

G, 334} 2 v 2L 2] B £3APE S BET Aol o)
3 fgel 2RHFE ATE AP Aelck ol Al F718E
dol glod Q5w gkale] osfl Bol AjoiEo 7 Pejrt Jleng ol
AW71A B Fofstolo} Sk

B AR S| 4 Aelle] WA FPzAllA HEAAR F3A5
o] BHL 1) ZAR A v| 487 &7 g5l H§str, 2) 270uL Bl F
21w o} 7hHsh, 3) AR o] ksl 3) AV Atk 3§28

208} = o} (Bl A4, 1993).
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H3E §FEBI|ES 0|3t 7iety oiny

Nl Al 5e] YUA ol A BENLF s 5o B48 9)5loir=
Aol DAt o3t eFolt, dWrH oz Alge| o= NFHX
(vacuum pump)7} ©]€%] 31 ) o1}, vacuum trap-& AFEslojo} slmg ool
N7 EBsIoE =3 Alge] R/ HAT 4= glom A% Bgslojof &
T =200 Atk o213 F & eisle], # A e dE e I

& o189 Fh ofshi mshe] wlek

31, 339 74 B A

ojz}o]] W3t =7+ Table 20 FE5|of Qt} (Fig. 2a). ©7]A],
HDPEY 2 &8-3F of7}17] $7-29] A7 Cho et al. (unpublished paper)ollA]
5831tk (Fig. 2b).

35719 1970l A5 ool At5 2o ez H 7] (pressure
control knob), 7H|7] Y 7| & |2 473 2, 7is7] 9} oi2}7) 2H
o] A48 one touch fitting 2 8 =g o] ZHHsIE & A aslgith

T AR - Thdete], 94 sl A3 e) v Qo] A&
Y 7185 7IIREE AL Al S S E71E @9 o9t

i,

32. YHIAVHE

YET7IF o182 JRH o333 BB, Koop (1986)% o1}
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Table 2. Equipments required for pressure filtration of water sample
using SCUBA diving tools

Equipment Description

Pressure contro knob

Stop valve

Airosol Filter Holder NUCLEPORE 47 mm

Adaptor teflon

Tubing flexible (4 mm in diameter)

L.P hose fit to regulator

Sample bottles 1L Nalgene HDPE
(narrow-mouth)

SCUBA regulator , air-cylinder

712} funnel Zth7)oll A T2 AAshH= & AAIR B vk T2,
B AR E] ojato] /AE AR = A & 23] o] ol 32
3lo] ALRBIER, A2 E o] funnelol] $71 Botol She =319} o] Fe]
A ke ede] A S £ o ok =3 9% Aol AHH R &
A= B2 Al go] AFYAIE ¢1% check valve, trap® BLX] gt} 71944] o]
& SA A=) FJAlojahel ulste] 1 AFEEI} F uf o] W2
T} (Cho et al., unpublished paper).

3h, Fhpo]l YWrA o2 ARSEE 80 cu.ft. (9F 10 L) dvlE 3718

ths7] 23CHA pony air tank (4 L I3 6 L) 9} Zbo] 239 A8 AHEsHH
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T

=

o

e

3
ol

= ol 2tmAog 2,000 psi 9819 pony air tank (4 L)E AHS-3}
o7}g} 4= Q1= A1 EH (1 L)9] 5 7RKste] B3 T35 2t} oj71A, o
25 psi 2 AR on, AR 7]tellE Ty 19 (14.7 psi)& 7RIBI3IT

X
L2

4L x 2,000 psi

= 406.1 bottles
1 L x (14.7 psi + 5 psi)

olgjzdo] AlEH wAlAle] 7] AN H SR, 31 pony air

tank SRS 1L A| 238 2k 400 7) 7} o3 7bssith. 8y, 45371
o] Aol ojutd Al 20| U} AHEFe] F71EA TS $E3] I
Aol

B Apatso] 4= o] BRzAl] HEAAR 453 715E 018 7t
Q) ojzhy el AL 1) HMAFFol WRXA] ot o] Ael] Heslar, 2) =
zto| ZHAsIH, 3) 037} A gAlTto] AlaL 4) o] F7] Aol 719 §lof A
LA 7o) k= A o8 Sk 4 vk Rl 974 1992, 1993).
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