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Environmental baseline information is necessary in order to assess the potential environmental impact
of future manganese-nodule mining on the deep-seabed ecosystem. Total ATP (T-ATP), dissolved ATP
(D-ATP) and particulate ATP (P-ATP) were measured to estimate total microbial biomass and to
elucidate their vertical distribution patterns in the seabed of KODOS (Korea Deep Ocean Study) area,
northeast equatorial Pacific Ocean. Within the upper 6 cm depth of sediment, the concentrations of T-
ATP, D-ATP and P-ATP ranged from 4.4 to 40.6, from 0.6 to 16.1, and from 3.0 to 29.2 ng/g dry
sediment, respectively. Approximately 84% of T-ATP, 81% of D-ATP, and 74% of P-ATP were present
within the topmost 2 cm depth of sediment, and the distributions of ATP were well correlated with
water content in the sediment. These results indicate that the distribution of total microbial biomass was
largely determined by the supply of organic matter from surface water column. Fine-scale vertical
variations of ATP were detected within 1-cm thick veneer of the sediment samples collected by multiple
corer, while no apparent vertical changes were observed in the box-cored samples. It is evident that the
box-core samples were disturbed extensively during sampling, which suggests that the multiple corer is a
more appropriate sampling gear for measuring fine-scale vertical distribution pattern of ATP within thin
sediment veneer. Overall results suggest that the concentrations of ATP, given their clear changes in
vertical distribution pattern within 6 cm depth of sediment, are a suitable environmental baseline
parameter in evaluating the variations of benthic microbial biomass that are likely to be caused by deep-
seabed mining operation.
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T E mesir] 9% Ao, o] olekd s
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Tlel7] 948k A7t o} Folx grH(Thiel ef al, 1991; Bluhm
1995; Kaneko et al, 1997; Schriever et al., 1997; True-
blood and Ozturgut, 1997). #4714 U] Als|A AE3HA
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(KODOS; Korea Deep Ocean Study) 5 373 7] 2 d5+9) g abgA
B3, Hyun er al(1997b)9] =2 n| A8 Alabed 9 A ek @
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ASHHANA MAEL AU 1F EFHEIAYE)Y
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A R A et AMARAY NUXEE L FY
FHE ol#laly] A W3] d-rsolof & T Role) s}
ojth. ATP= RE AEA] o)l EAlsin], AR oR A ¥
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al, 1981), 38t o 2= SHg & FEE o] Fof(Hulett, 1970)
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et al 1979; Haberstroh and Karl, 1989).
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Fig. 1. A map showing Korea Deep Ocean Study (KODOS) area.
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POC(particulate organic carbon) gt2F
ARG BEFA B4R A1) 5
55 SEE fre vlo]Ad Hot “‘Ediﬂi o] E et AXA]
21 F, vl-Aldt(agate mortan)E H- 2
NEE 40°C Az FFolut 113}

cup)ol] 10~15mg FEE Holr] £
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3 3 2,500 pmol| A 15 B-7F AAE-E 72 21835t ATPE H

AERREH FYAAL FelE ATP £ 5mio] o] &2 (d):
Ca™") I FF4 o]2d| 93 wr s Wx|Ey] 3
phosphate buffer(60mM; Sigma Chemical Co.)Z 7H= 0.048M Na,-
EDTA €9 1ml& t]g ¥, IN NaOH §4& AH2-3te] pHE
743 F73}c}. vpx|¥ko 2 phosphate buffe(60mM)E A&}
o F AEFS 10mzE SE F, APHNMY EA w7
—20°Col A WE Haelsdch(Karl, 1993). & ATPE 2= A
Y8 HABAEE 2500 pmol A 15 £7+ A4E A F 4
A Asiel 0Me) QI gkl W Al A v}
o] ATPE FZ3le] pHE 742 ZAY &, BA u7ix
—20°Col|l A E@stgdth(Karl, 1993). A& Ao 4 o] ATP £4]&
luciferine—luciferase  7+e] WA Eajsli= ATP ol
Luminometer(Tumer designs model 20e)E Ea4 23 5= dlo
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Fig. 2. Ternary sediment classification scheme based on sand-silt-
clay ratios.

)
oX
ok
e

A

Ho

Water Content (%) Water Content (%) Water Content (%)

075 80 85 90 95 75 80 8 90 95

75 80 85 90 95

Depth, cm

Stn. 121 (MC)

Stn. 125 (MC)

5 Stn. 11 (BC) s

[T L A ]

Fig. 3. Vertical profiles of water content in the sediment samples
collected with box corer (BC) and multiple corer (MC).
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Uebgon, 53] 025 cm ojuje} ZololA 85% o4l
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A7A0]  19.17+5.77 um(10.7~25.23 pm) zu] 2l AE
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Ch(Fig. 2). 8
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t}h o] B A9 4lo] Hat 5000m LR BAE B
AF4=A1(CCD; calcite compensation depth)2.U} 21 7] wE-of &4
B UollA F71eA(CaCOyE3ol 3] & Aoz ALRHN
7] golt}. A2 B AT Qe FF3 10 cm7tA| 9] F A
AaW Fes T fUes EREHE ARE IN
HCIZ A4 3le] CaCOE AAT & &A1) FAl £4,
W g s Feka Tl ot frles e Hlvt ﬁé‘ﬂ'
0.99+0.042 F gho] 22 & Aoz YePGrhEI oAt
2. 1997).
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Fig, 4. Vertical profiles of particulate organic catbon (POC) in the
sediment samples collected with box corer (BC) and multiple
corer (MC). Bars indicate the range of standard deviation.
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o] TFHE ¢ F Utk FZHAE 0~1cm Lo moam A
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T-ATP(total ATP)

A AHA T-ATPE Zo] 6cem oJUol4] 4.4~40.6 ng/g
dry sediment2] H 92 velyttl HAE 6 cm zlo] Ulo] &A)sh
+ T-ATP %2} 60% o}]4te] ¥& 1cm ojuo] E-xdlgon,
80% ol’dol EZ 2cm Zo| Yo EA3te Ac® eyt
(Fig. 5). 1% 0~1cm Zo] Yol T-ATP7} 15.7~38.5 ng/g dry
sediment®] 34912 W AL A5 A3 HHE e 98
ng ATP/g dry sediment(Karl et al., 1984)v}, =350] Ax}pAJ4HH
o] &2 EBEtir e AsiA(4.897 m)S} £F 0~1cm Zou
o] 84 ng ATP/g dry sed}ment(Emst and Goerke, 1974: cited in
table 11 of Karl, 1980)2 t}= & Zrolt}, o] KODOS A ¥
o FFo] AuHoz WYY B8R A4 HYERe o

FA@7I—2)e) BF A7) wieltt. Tt % 1~2om
Zol W T-ATPS) 349l BXE $Eo2nE U0l 7
FHE 250 A Agse] MA@ =g UL
oulghc}, 4 ¥3HEO0~05 cmZ) U T-ATPS] AH7F &%
= 22.3~38.9 ng/g dry sediment® 7] % 0 & oA El A AE
A BRLAQE, B5e 2 HHB U folasDe]
Hls) o WgtEo] 2 Ao Jehgth ol AlsiA o] vjAlE
B3} FEo 2 RE 9] 1% 2o ¥ H(episodic event)E X
#8 QA4 #7129 HREPOC fuxol ola AL wol
(Deming and Yager, 1992), |92 o 2 B3 okijo| A31A W5}
2 92 elola.

D-ATP(dissolved ATP)

A# A B4 D-ATPS] 2 3HH4E 3 §7|1859] 3
7ol ok o xolr, whyglolrt D-ATPE #7184 9 o
Uzt oz Aggto 2, D-ATPe] AAd F23 438 &
= Ao w2 dex grHAzam and Hodson, 1977; Hodson et al.,

Total ATP, ng/g dry sediment
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Fig. 5. Vertical profiles of total ATP in the sediment samples
collected with box corer (BC) and multiple corer (MC).
Bars indicate the range of standard deviation.
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Fig. 6. Vertical profiles of dissolved ATP in the sediment samples
collected with box corer (BC) and multiple corer (MC).
Bars indicate the range of standard deviation.

1981). whebr] D-ATP2] F o= vt} && f7|ethe] A E2A
A oo, A A A HAE] M8 e Tt
st | f83tA ol8E + vk &F ATPE 0.7~16.1ng/g
dry sediment®] ¥ 9 2 VERG oW (Fig. 6), 7Y o2& 0~0.5

em FollA Hdge L}E}”“ﬂrﬂ o]%F FA43) i3, 2em

Z20] o)atel AL QHIA e g ek 78 LEGY
oA 2 4 9150 D-ATP: F202%E H4%2 ddvn,
o|ZHE ofF 8F #718E 9A FHoEne AsA =7
zo® 3RS AL F A

z10] 6 cm o|uj¢] B HEo] A D-ATP:= T-ATP2] 12.0~49.3%

(i 2535 11.1%)E X8 A LR Vet oi(Table 1), oh&

Table 1. Concentrations (ng/g dry sediment) of total ATP (T-ATP)
and dissolved ATP (D-ATP), and the percentage of D-

ATP to T-ATP

Station  Depth (cm) T-ATP  D-ATP %‘g?{gé
0.0—0.5 38.91° 12.81 32.93
05—1.0 34.41 5.24 15.24
1.0—1.5 27.82 5.59 20.08

1 1.5—2.0 15.33 632 41.24
2.0--3.0 9.55 1.68 17.57
3.0—-4.0 9.24 1.16 12.51
4.0—5.0 9.63 1.16 12.00
5.0—6.0 5.95 1.61 27.06
0.0—05 2229 447 20.06
05—1.0 15.73° 351 22.28
1.0—1.5 12.43 2.07 16.64

121 1.5—2.0 12.01 261 21.70
2.0—3.0 8.05 1.09 13.50
3.0—4.0 6.52 0.95 14.65
4.0-5.0 5.40 0.99 18.26
5.0-6.0 5.05 0.72 14.32
0.0--0.5 32,74 16.14 49.29
0510 22.02° 10.00 45.41
1.0—1.5 14.73 447 30.37

125 1.5—2.0 9.67 4.02 41.61
2.0—3.0 478 1.77 37.01
3.0—4.0 637 1.58 24 81
4.0—5.0 472 138 29.28
5.0—6.0 443 1.32 29.92

!Average concentration from 0—0.25 and 0.25—0.5 cm in depth.
*Average concentration from 0.5—0.75 and 0.75—1 cm in depth.
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A3A HAE Uio] D-ATPS} T-ATPS] v]&of g M 3
AT T Yo, ole v nAZr S5 29 12%(Maki et
al, 1983) 2 w= P d&58 oF £F59 Hd 12%
{Hodson et al., 198X 4= =& Zrolw, 32 Bransfield 33
o] FSEYZNA D-ATP7} T-ATPS] oF 30% A5g apA g
thE KoL (Nawrocki and Karl, 1989)$} #4138} gho|t}. A& o

2 A4 51‘4“ ol 4 D-ATP2] Eﬂo o] oA A gow
D-ATPS} X7} Hojgkd vehle 3 H4E(0~05cem 2
oh2] @Xﬂ %}{hvmg biomass)S =g 7]'0} ARE op7|sH

gt webd HHEY nlAE o] FEe YA FP-ATPS 3
37] $18iM & D-ATP] 4& siejsforsic).

P-ATP(particulate ATP)

A7 el GrA]l vAE A" 24 HES (1)
v %% (culture methods), (2) #w A 3+ (direct microscopy),
(3) Az}srael W (biochemical methods) & £ 4 Ut}
(Karl, 1986). 21wt 02 wjopde F& wjoba ouj(fazz)
o 483 Hlai:—‘:—f& Z48 sms QA L}H AAFE Ha
o148 WEe AL AFES Y 4

2rjoz ua ojgsio] o, 34

oFslof gt o] A<l &‘ﬁ}ﬁ‘%—i RA 2 ”"““ﬂﬁ] 57 %?“fﬂ
M () SHAYEZ] B E AEFE EAs)orsi,
2y A Eo] &3 FA w2 A7 el EsiEle] A7l glo]
7ot stw, (3) S W slol] AAGlol X Yol A vl A LA
&S FAF o 511, (4) & 2 A™ g F4o] Lolsfofditt
(Karl, 1986). ATP= EE AEA o £A43d, =& 2 24
o] 0|3, Y& Fr A N (107°M) BAjo] sl ate] Agtd
2ot E5 E AsA e} 2 oY AIFBAHNA F vgE
A9 AAF SA de] AM-Eo] grk(Karl, 1980, 1995).
AalA HAE o] ATP 34 & 53 nAE AT F44)
s Eojofdt ALk, ATP7E BE A& 4817 gl §
AE o go] X FEAM BE@2um < 7§A=7)
<1mm)o] o] 2 AAo] FgF 71 = vh= Folr}.
AR FEAMETES A HHE oA AA gAF
4~16%% NHAMFED vl BAFE Jehri(Tiegen,
1992), At M= AN AES Srlete T8 42T
_.i V55 32 9 thGerlach, 1971).
AT AN AR Y FEAM R Al &2 A
Xﬂ% ZAP} o] Fo) A A= ggtont, 8 A &7 WI 1]
B9 g A Fo] AM AN Feki BAFe 85% A%
E A §hE BI(Tiegen, 1992)8 7lsle] B ZAl9] P-
ATPE WA E AAHFo 2 B uslgith T-ATPo| A D-ATPE
Ho® vehd v A2 A FHP-ATPYS 3.0~29.2 ng/g dry
sediment(F 102+7.2)2] ¥ E veEldom(Fig. 7), o] =
A Al A HABN FYANEE] B2 A % FAR(10%)
(Tietjen, 1992)8 AlA g ¥ Yehd ARG v A8 A3
2.7~26.2 ng/g dry sediment(H 9.1)olv}h. A A\ kel 42~
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Fig. 7. Vertical profiles of particulate ATP in the sediment
samples collected with box corer (BC) and multiple corer
(MC). Bars indicate the range of standard deviation.

49%7} 2 1 cm o] ool BE5 e
8 23 RS FEA] ehdo R o8 by
ATP2] %7} A Vebd ZA(Fig 6)3 doe] gl Rog B
oy, B AP FEFo 3 E3

| 3 F

1 em o) P-ATPS) W4 REZRE FFIHFEY

Holgloz el nage REPYol $8 L YFAHFRe
e % 5 9

FXS] AR 4TS T YSE
AR ol A Kim(1997) 3 A A5

F2 BEIvhe 47 A48 Busgen, k3 Choi(1996)
£ NEAMEE] 50% =7t £33 0~2cm o] £x3Ttn
Raskgch A2 H o & 2em Zo] W P-ATP7} B
& FRREYAE eRol(Fig. 7), P-ATPS] £4& 24
7HAQL B A Mg ARz BEE diRe AF8A
AAGA wAE AAFE AFoRRY AFd AHSH
32 Hrksly] 93 83 Ao ARS-E 4 lgo] B

FIR=

&

o
f:

[‘E ol ot

&g 4 POCe| g&
ATP 2P Azt F29908 B &3] setslr]
S8l ATPS] 24 BE Y33t g8 % POCS}e] a7

& £4¢ A7, T-ATP 9 P-ATP7} 3+& % HHE W9
POC R3¢} frolide] gle o= viebyh(Fig. 8) ol ATP
7} FEoRRE HARYRE FFHE FR TTE £EA77

E(eg., D-ATP) Z HAE 9] POCY| oS wol 12 FF
HAZo] EX 3= ANE JiEshs Aod. 34, P-ATPY}
H2E U9 POCSe] AAAA (=043, p < 0.05, n=12)5}
#5443 o & ARBAC=062, p< 0.05)2 Bt o]
P4 D-ATPY 2S¢ o8 Flo] Uep), D-ATP £3¥7}
g7 WA BAE=0.70, p <0057} Q= Ho ' Vet
¢ uE HAE Ule] POC BEHE fol4o] gl A=
0.37, p > 0.05, n=23) L} ch(Fig. 8). POCY] 7%, A&
o2 FE-5) 4 (refractory) POC2] EX|2 213] P-ATP X%
Feo] AFH o] gegH WA L}EML RAOZ Al:
o). webA, D-ATP9} 22 £E77188 gl HHYE U
9] §go], FEZo2RE FFH] VA& o3 ol8HE
(labile) POC <k=} 3}, P-ATP2] A E I3 DHE B
7t 9 F23 B4 a0 2 el

=)
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