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40 Turbidity sensor 15730 | 1 15,730 Ho| &&t 1 1(')
with bio-wiper =M= :
41 | 24M Buoy Hull 26620 | 1 26620 |  HO| Bt :
oy =< 08. 1
BE=X=}
. 2 RIS QL=
Inductive =UloC T 12016,
REXF
42 | communication set 380 1 3850 70l ZH 11. 10
285
Modular sensor for SXsjyar= 2016
43 use in profillng 4180 | 1 4,180 Ho| &t 1 16
mode only E=E™= :
SIS L= 2016.
FEIPCMIE =2LllNo™/
44 2IPCHIE 1276 | 1 1,276 S0[ XIR AR 6. 7
STIHYTS
45 Par sensor 9713 | 1 9713 | o] =t | 2016
=x= 11. 10
grseRE | L o
46 oxygen Sensor 11451 | 1 11,451 Ho| &&t 9 8'
283 |
WET Labs SXsjYar= 2017
47 | ECO-Chlorophyl & 15675 | 1 15675 | =o0| EH&t o8
Turbidity sensor =™z '
SRS
48 | MOSE G-1000 20150 | 1 | 29150 | =of mx | 2017
=xz= 11. 23
3.5.3. g7 Y=FH| #E=

Oceanographic System)T-=

O 7¢& RDBMS? Oraclecl J3tElolEE A%, &, =Z38}7]
SDE(Spatial Data Engine)E|©] & 62071 &
st AT AAES
22071 SDEHIC|E, 22 I3t ZUY(shp)o] FFH o e
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H3% stRsiasiey Ay axsg ||

AEsHEE AE/20 HAHEIIE HAE MAIBERR/EE MH|A
: - EREFEEE Qc/QA | [ o srzsa| [BHE]
o (Excel VBA) (Excel VBA) ‘R doleizizs [ 7=t
L+ P P 297) BEHS B9l ClO|EIA AZF2H 58, |IAEE 55, GlS data
| R i Qcs file
1SABU M2 [ 5 / ] w.
Ld = L m
. csv ' “
ar
& H| G4 TEST ‘
A > R Batch Programming 277 B I: I 6{ <
R-Data F o
ES 1| (R-pta Frame) Boud TEST
Uploaded file Check! _ azdd il fie KUMOS 2L |«
999 REZ HEa mot - gl gl
BE). [= cir|l S
= csv o L
FZCHE D LR MNB=XE
r TEST
St oY Fu(ze
te oY F==Eel) L — I =R oc iz
N Qc2 file oving a

e
o
o
>
>
na
Hu
=
o2

N rows,

-

29 columns i Qc3 file (Filtered) o |
Ll ! ‘,
(Meta) @ @ i @ & PDFEIN o

0!

o THAN WA

QEHE MH|A(ZHY web): '17.11 open et A2 & H2|8
rkumos.net
KUMOS/GFOR LINUX/HADOOP
HP DL380 GA 2015: ipTIME $624000(24 port Hub) |
13 Backup Server 2016 :naa . i (e i

2017 : 10§11
Stratus FT 2800 EB..

11
Realtime Monitoring Server
_— No. IP Address etc
1| 192168101131
2 192.168.101.130

3 192.168.101.132

9 HPDL360 Gend
Centos 6.7 Data node 4

10 192.,168,101.144

L= 2 M H| A 1 _Stratus FT 2710 1 192.100.2.150 oMz
== LS — I
. WAS & WebGIS server HADOOP(BIGDATA) PLATFORM e

kumos.kiost.ac.kr 17) cimoorumms |

rE——— 4 192.168.134.171
R el 2 ratus :
i HP DL360 Geng
Database servar(Oracla) I 2 P AL ARG AT \ 6 Centos 6.7 Master2
_— 6 192.168.134.172
ARCOT
10_Stratus FT 2800 | 2 !
Weblog Analysis Server 8 192.168.134.174 4 HP DL360 Gend
| Centos 6.7 data node 1
9 192.168,134.175

RMS 2042HQ 42U Server Rack HP 42u 600x1075mm enterprise pallet rack
(19" Rack mount compitable) {15 Rack mount campitable)
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H|= (BLEI A H]) A QO AF H| 71

KUMOS £ 3 Sw 20|l A HTF FX| H4=H|

- HojZ2|A0] 4 AME| 20| A (1set) =3,500,000H
- Ol MB| 22 M 210| A (1set) =3,500,0002
SE7|7 A 8l Al 2] 25,000,000 |- B2 14 M| 2}0|4ll A (1set) =6,000,000H

- At Al 2t0[ 4l A~ (5set) = 2,000,000

- DBAH| @2}Z 20|l A (1set) = 4,000,000

- ArcGIS Desktop 2t0[ 41l A (1set)= 6,000,000

=3 olaH] 60,000,000 | - 30,000,000&*22!
7| 2 EH| 5,000,000
+EH| 2,000,000
Af=H| 9 H A2 1,000,000
= LiOH] 4,000,000
2|9H| 3,000,000
A 100,000,000
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ws)
w2
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R3Y SHIAYTLT|IS AZNY 75T

HS XHH| INEBY ZHIEE 74
= ee =eT E#87ls ®3&0D (THel: HHTHR)
A2 . Laser Ablation
Multi-Collector Inductively Z2£0| ANsE =X,
Coupled Plasma Mass o= =224
Spectrometer 1 247|ut Y 58 1021
_ _ _ — O — . 9 1
_ (LA MC71<CP 7I(\iIS) o oI MIEf 74+I;a+sLer ablation1} (800,000 2.2)
=& fO|X FAMEK| FE ASIStO 2N DHAIE
ChsdE7 Hxel glo] 58
srZdgEet=0t (=, 4=, XE)

[=]
SEIRep]

02

Ao

Mo

High Resolution
Multi-Collector Inductively

Coupled Plasma Mass 2290| A= =,

Spectrometer sH47|Ht o= /A 766

(HR MC-ICP-MS) AL MIE Mal =X (600,000 S =)
P AEss CEdE| (3t} M= X13)

QEZBER}=D

=
el

. SCIMSE
Y& : Laser Ablation system = %19 0f IHAIR ™X|Z| K]
. =M o = -
= : O Faf AlAH Ml (el = X3)
A& : Stable Isotope Ratio Mass sporm= Bt A, MA = 530
Spectrometer (IRMS) XPE*T o b = (425,000 22)
& . QY RAH HEEAY = (el M= X3) e
AHDAlﬁé OIX-"I'l
. o= = HMM=
A2 : CONFOCAL MICROSCOPE L Ad CO{S mARSH A Ol
SYSTEM [m=] = O = 22 T M 350
o ALMIE s 0|4
22 . TXAM S0|H = cce —=-lo
— .o ¢ () =
(OE)
& : NMR(Nuclear Magnetic S 27 9 BI|I5eE
Resonance) Spectrometer 23t AR 7Y 814
=& . x| 38 247 M (2teh, =)
E& : WD-XRF(Wavelength
Dispersive X-ray oy | XM 452 8% 229
Fluorescence) XA Y, g 24 -
= . OEEME AN MIE (CIEIAPNES)
R FTRER]
. 0|MES one cell¥
Y& : Portable cell sorting system | +HE{Z|Ht .:.EEEA ol= xl-g| 336
=& . 0|&4] ChM= Z2|7| ATl E TR e ©
(OE)
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A3 AL Z1ECd o8l e 2

7}
= m7lo|Z S
gfetd | - KIOSTo| 20{E 7[=2X AH7|s0| fedst= FE|el7t 10
Ab Kb
e Bl - KIOST Ujofl SAES RH|7} gk
TR |- EH Ol 280 2Hsdinh .
Eres ST |- otz 7|#o| 2R3l UCetE KIOSTZt SXtE oz pasjore
ZH|elo
Sjpipiz | - KIOSTSl DJ2 et MElo) £g0] Sl FuloIp
mgx | - HY BH EQI0| AT HO RN KOST =Lhe| f1¢ Mo | 10
fie S| c | 7o eIk
=2
WM | syeq |- NOSTY o7y sheoh dzwe ¥t Sof £80| St
B | RHIR 20
=TT | - olie mH|9 gell =i Al ZalE el o|]Tt AR
2o | - iy HH|of Chet M= 2Fs8s 2Rt A=717 5
Azl |- "R HHEE A20| £ Y=Tp
e o
o 82N | meao |- U AREIET} £2 AT FH|oIp
?lﬁ,if - EU AT Zhol BEHTE &% MER ZH| §E0| 7tser | 15
ST |- QR ARTIOAH AR HLO| ThsT BH|QATHOHZ B AH|A)?
- ‘Open LabAI'S £t T120| EFZSh AlMEH(QIT7} (SR
oAt WHAM'S ZIEF U ZH| X AY Ee= AT ANE 15
. ot =2 o227h?
dA E - 7171 Z)HIE 39 3 O|YQIZTHEMZE LIRS 7|4 FHI=Y X|Y)?
CHAH ZHH
Fz0 - =9 FH[O| AQJO| BRI HRTIO| Tl RTARIS BIEAPTISIR
SESES 45 |- TY ZH[2l WX} A0l DJafof K¥El= 7IeH sES AFL 5
A0 A ZH[e] WA QO] F7(Zh 2&0| 7587t
oxjma | - FAIHIBOL S2IHolo] &2 Bofppf :
T - B O|ME 1Y W, ol W HX(7F SO[Stp
O A7AH EYFAEHd B F5YH
Milss 20154 201644 20174
- BOIX FARA| R - oPEElAAY WE
CHsdE7IfRedgmet | - dA|SEEE7|(Nuclear =47
AOPEZEE M Y| Magnetic Resonance (High Sensitivity
(LA-MC-ICP-MS) Spectroscopy) Isotope Ratio Mass
RH| LA Z (103F9LHTHR) - 97| B QALY A spectrometer)
- 0|34 EMZE =217 T /5 2l Al = K (56T 6H )
(Portable cell sorting | 7§ U BEIMRHALY | - IHEMY AN ¥
system) ZEXY) A
- 30j649uHTtel - 33 woig
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R3Y SHIAYTLT|IS AZNY 75T

AA FX1%
O W3 Axe ditgAd o=z Aqfqlel thal FrHlelE ol X3y g
O FE4vd%
olcty olZoH |
oy oz A TR ey TEEY mezot ey mn
sie
. Thermo 27184 &
Hybrid o Lol o
=o| obH
1 | Multicollector | 9€NC | 955974 | 1 | gp5,974 | 2152 8 | 2016,
ICP-MS Neptune o dHiAE | 6. 10
Plus S/
24
Portable cell
; OlAHS
o | somting system/ | qanncep | 291424 1| 201424 | I1S= | 2016

OlsA! EhAM|Z =2|/24 | 6.8
22|7|(FACSJazz)

—— 297,113,165
T iy AVANCE 1II HAHZ 2017 (KIOST
SHXI7| =2 (i .
3 o -E'r-f'—lF7o| c HD 600 848086 | 1| 848,086 TEEAN 3. 13 | OpenLabOf A
=8 M )
253plus Isotope
Ratio Mass Thermo Eta, A,
Spectrometer o A4 gGlo=h | 2018.
4 System with gglaensil;lz 527484 | 1 | 527,484 So|glat| >
standard =X

accessories
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713 32 geloete] 850 2F U H2E fst 718 ¢
O FEAVAS
olcty ol==oH o
aw | oguw | RF | TR aw | TESM ) mswo | Fuw | un
ezt AE2|X| | 600 KIOST &l 2015.
1 A H] B 89,980 1 89,980 7D} x{E 9 28
ICE X HEEl 24 KIOST 2 &l 2015.
2 Lc 210§ 12,267 | 18 209,840 gt 9. 28
ICE X HEEl 24 KIOST 2 & 2015.
3 = 0] 10,506 2 27,271 et 11 20
ICE X #H=El 24 KIOST &l 2016.
4 Lc 2104 12291 | 20 245,826 JHer 6 6
ICE X HEEl 24 KIOST 2 &l 2016.
5 LC S0] 11,000 3 33,000 Pt 10. 10
ICE X #H=¥l 24 KIOST &l 2017.
6 = 20] 11,000 20 242,000 Tt 5 3]
CHgsf AE2|X| | 400 KIOST ZEl 2017.
7 o 18 50,468 1 50,468 A XA c 31
3.5.6. AIAMEH| &3
O AalZe] #5E 53 R YAN &Y AAGAT B A P4 5
713Hst o= Y dF AYddrEEd AT 9 8 FAAEEAY, g5
ARSIEQE BA A A 4143 XY 5 oiule 9% s
O FEAHAY
:'I'%I :I.|.0|_’.'=_0H
| FH|E +4 7t | o 2230} +UA H| o
(M=)
(M)
1 | DELL R730 | INtel ES 2695 1) o0 | 1 11,200 | ®SH2HE =¢
v3(28core) S =22 Qsloj|
2 | DELL RE30 | INTEl ES 2695 | g oon | oo 244400 | @ TRIAE &
v3(28core) Al5H0] 20181 o
3 | DELL Re30 | INte! ES 2680 | g 00 | 4 9,100 | X & 8IHFXM(H
v3(24core) orast.J|S
6TB 3.5-inch MIE|, A Ef 7] HHH
6G SAS 7.2K TME,ses A | 2015.
4 MD3400 RPM * 11,157 | 1 11,157 | HrAMSQILMIE, | 10. 28
12EA(RAID6+S Sl L oM o LM
PARE) H oY dMg,
4TB 3.5-inch ATA 22| A,
6G SAS 7.2K SiMgdEEA
5 MD1200 RPM * 7,000 1 7,000 T 288
12EA(RAID6+S O £ ME)19
PARE) Fo| HLXIt
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H3T st=sidatety|s

o as|
| FH|Y 4 oIt | =% xigl) 2EEO0} TAY H| 1
(H) ==
Mellanox oz FMAXY
6 InfiniBand | 36 QSFP ports | 10,500 1 10,500 s zlgx
QDR 36Port
*E D RES| 0| Al
Mellanox e i =
7 | MR8 1 finband | 1160| 27 | 31310 | EZ @S W
Cable QDR HCA U ojfest of%
S oI5} BlQkAS|-
g™ 19" AEHszlirsLOH;aT %AH
. 27} 8]/ A By
8 Cabinet o 920 | 2 1,840 | EfA 2N
42U/H2000_W ' *O|EOF sl AYX|
600_D900/ slst A mEg
DELL16PortkV I
KVM& | MSwitch&17"C *Ej= 2z 7| =
E 2LH onsoleMonitor | +383 1 4383 o4
(1u) *ShEtE s o] Ol
BTS2150 15K SMEIB 2] ol
10 UPS UPS 12KW 7,200 1 7200 | Mz MEMXIZ
ML U HAZE o
DELL48PortSwi HA|AH 29
11 HUB tch10/100/100 699 | 1 699 | *SSHAO| Tyt X}
0(Rack)V-LAN =37 S
o DI MY
12 | DELL Re30 | Mtel S 2695 14y o6 22,132 | "=EMEHES S
v3(28core) SoE A (A
HCA & Mellanox TEALE D25 1210157
13 N Infiniband 1485 | 2 2970 | = Flet doldE
Cable QDR HCA +X 2g 43 o
B AE)
14 | DELL Ry30 | Itel E5 2695 | oo 13200 | SEILtE FHisE
v3(28core) ZAlo R s ME]
Intel E5 2695 8 oy =g A
15 | DELLR630 | = o0 07 | 10516 | 17 178772 | MENA =X7|
- ot AT E 25t of
6TB 3.5-inch 6G %t‘f'_\‘%‘AoHEHm E
16 | Mp3doo [ TAKRPMI 4608 | 1 14608 | & X9 7|7 2
L2EA S8 U £7|88
(RAID6+SPARE) *JO-H%;:)&L{%_IQI_HI_” 7|
Mellanox HEME 2= 0l 2
InfiniBand FEEHQ AME2EET
17 QDR 36 QSFP ports | 13200 | 1 13200 | 2100 ar agy
36Port MERO[5H 2016.
Vellanox 3z gz oz | &
HCA & . S 93t JSjAE
18 Infiniband 1,430 18 25740 | & TI= L0l
Cable QDR HCA 14 28 =8 A
1o 7| AL 2y
=g *SEALE| QtnE|=2
19 | Cabinet 231/ 880 | 1 880 0l&8 KOOSSSTa|
00,0007 e s
3 A7 SIRRE 30}
DELL16Portkv A e Y ERtR
KVM& | MSwitch&17"C ot MEM XrE
20 2LUH onsoleMonitor | %490 | 1 4400 | ojget n4e/x
(1U) gz oy Hed
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:'I'OEI :I.I.OI_*_OH
| TH|E 4 oL | = ;1'2?1" 2E8E20f T H| 11
) —
BTS2150 15K
21 UPS Ups 1ok | 13200 | 1 13200 | o ojo) 7o
L ASE (A
O|@XfHE MZEE)Q| L0 Al
e L0
2 2|3t ROMS 2= MHE
K22 8 W | e |HHASHEA
22 | 8t2347| | PAO10-ALES-U | 16856 | 1 16,856 | AE 1l 220
BAZME Q| £27k55t0f
SR 2 =g o THEY
AIREM |I_E =
*Ehdm 2EY % EXel =
630 8G AL oA
R B memory *O|ZX|s YnE
23 | MHEg 2133MHz 162 | 120 19536 | Syt s 125 2(1)1061'1
o 22| Quad Rand *2 )MEfTY  WRF
24 | DELL Re30 | ™ E5 2990 | 9000 | 19 | 171000 | 7I82E 2" ) 20T
v4(28core) *HWRFZES z8 2.28
Mellanox 3 B ZERZ o=
25 | CAS | mfinband | 1419| 19 | 26963 HE A el
QDR HCA :
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2R (2R us L5
Al T2 EEFF7|(CTD System)
A2 Ctet2=M7|(Multi-Parameter Probe; YSI)
A A3 BHEST2HEE7|(Thermosalinograph; TSG)
Sl=EM A4 CHESO0|MTZ=Z7 7| (Microstructure Profiler; TurboMap)
2| A5 ML (EFY M M) (Sensor)
A6 MAMZF ==l X|A|AH|/7| 2 A /ZE 7 7| (Indicator/Recorder/Meter)
A0 g2e| 2REA = die5d 25|
B.1 20t =22 A (Acoustic Doppler Current Profiler; ADCP)
B.2 28 F=H|(Propeller Current Meter)
& EB'EM B.3 M| S A (Electromagnetic Current Meter)
%gég’l B4 aFnt sfjl=M 2= 80| (High-Frequency Ocean Surface Radars)
B.5 EEg 8 MAM(EHLMHA)(Doppler Current Sensor;DCS)
B.0 ge| 2REX Y= oiF 25T
Cl1 A 2| A|(Pressure Type Tide Gauge)
C2 Al I A (Pressure Type Wave-Height Meter)
Cc3 20t Z|A|(Ultrasonic Tide Gauge)
_7F_$—I(;ﬁf_?_ c4 Z2at mA(Ultrasonic Wave-Height Meter)
=R C5 Oro|3 21t mpA|(Microwave Range Finder)
Co6 2 0|Al mtzknta A|(Directional Waverider Buoy)
Cc7 =7hAL TbT A|(staff type wave gauge)
CO | 22| BRE/X| = X9 Ot1 B
D.1 CHeEl =A== 7|(Single Beam Echo Sounder)
D.2 HE|E] =AI=H7|(Multi-Beam Echo Sounder)
D.3 et SakgAl EFALY|(Forward Looking Sonar)
D4 EHZAL S3FEFALY|(Side Scan Sonar)
X@Pﬂ% D.5 Mg s|X X|= EALZ|(Single-Channel Sub-Bottom Profiler)
DpEEIH| D.6 ZH|E S| X|= EHALT|(Sparker)
D7 A2 SiXH X|= EALZ|(Multi-Channel Seismic Data Acquisition
System)
D.8 3D X|& EfA}Z|(Lidar)
D.0 gHe| 2REX e XY XS 25T
E1l Sl F7| A EHH|(Ocean Atmosphere Equipment)
E2 ZoFE2=MA(Wind Moniter)
E3 3= ESFE=(3-D Sonic Anemometer)
7|¢;.':H7| E4 7| &MlM(Barometric Pressure Sensor)
=R E5 7|2t A|(Barometer)
E.6 25/55 MX(Temperature/Relative Humidity Probe)
E7 O|AFSEFAZ=H M A (CO,Sensor)
EO gHe| 2REX Y= 7Y, o7 25T
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Hag 2

328 | 2R s =
F.0 Sl A X2 AH|(Marine Magnetometer)
= F.1 ol| A= 2| (Marine Gravimeter)
XA = F.2 SMXE A (Land Magnetometer)
2SHH| F3 SAMZ=87(Land Gravimeter)
F4 gHe| 2REX Y= XX, S 25T
Gl FUHE 918 |X| FEAIAB(Hand Held GPS)
G.2 AN K| HHA|AHI(Global Positioning System; GPS)
G3 QM st HA A|AH(Differential GPS)
G G4 0|5 Fot 8 &8 = A|AH|(Dual Frequency DGPS)
_?lil G5 7t 718 A|AH(Virtual Reference System; VRS)
THEEH| G.6 AMAIZE O]l =QA|AEI(Real Time Kinematic; RTK)
G7 =5 K| =™HA|AEI(Supper Short Base Line/Ultra-short baseline;
SSBL/USBL)
G8 X}O| 2(Gyro)
G9 g2e| 2REA Gi= fIX| 25EH|
H. H.1 =372t AMAE(Underwater Camera System)
YL H.0 S| 22X U= A BHERH]
I1 =388 HZ7|(Hydrophone)
s gtlg»g 12 | ==23%F 20}7|(Transducer)
THERH| L3 23F 0{gy|0|(Hydrophone Array)
10 ge| 2REX e S25d SEE|
J1 Sl M-SR EH|(Water Sampler)
) J.2 TSHE MEXEEH|(Aquatic Organism Sampler)
*lExH;’Fl’gﬂl J.3 S AHEX) T ZHH|(Submarine Topology Corer)
J4 E|IMES MEXHZIZEHH|(Sediment Corer)
J.O He| BREX Y= AlZXFE|
K1 == El(Acoustic Modem)
K2 Bs82s [IE5™% R E(CDMA Modem)
K EAIRH| K3 S BEl(Inductive Modem) _
K4 2’ EAl A|AHI(Satellite Communication System)
K.5 ShtA! |AZ2|7|(Acoustic Release System)
K0 g2e| 2REX| e SAEH|
z1 2IX](Winch)
7|Z|.5f 2.2 H X 7| (Generator)
SRR Z3 ™ (Pump)
z0 | ge| BREX 2= HUBEIH]
O A F=efFHstriede] sFATAE-FH BEFAAE 7|2H 02 I71ATAl
A BEEFAAE we 2R
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(3) Hlel8 A& 7n],

(6) F7]- A7,

N

I AE A FH A,

Ton
LS

A1 (234, 5%), 7]

Jo

AA A wet A

(303, 6%), HlolEl A2 AH(268, 6%), =82 Z3A8|(1270, 27%),

A7gH BEEF

7=

k3l
of

7}

(53|
=

A-7Fs Al

A AF- o) Z AN (24, 1%), A7]- AAAE(84, 2%), SFEEAA T - B A1 (1017, 22%),

- AR A (60, 1%), PIE-F(1412, 30%) 2 BF3
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M4 srasignisiee avm 2z ||

e WA EUTY|, 234,
5%

7| AI7HE- A E A, 303,
6%

0|2/, 1412,30% _ e _ ool ] * 2|, 268, 6%

IEEHI ZHEHY|, 1,270,
27%

[ BAZGAMSAE, s0,1%

SHEE M2 BAE|,

1,017, 22% H7|- xR, 84, 2%

Uko| 2T, 24, 1%

(02 4-2) hERDY SHEsfYniel|ae Mu|TSE2(201882)

O 2018 gt=3dHslr|Ed F5 AT FEFHol| we} TEES HH 4£F
AT o] SF3= 1009HL~1,0009H4 (21657, 46%), 1,0009HL~2,0009+HA(11387%,
24%), 2,0009H1~3,0007+-9 (5253, 11%) A¥7F Z 382802 oF 2%E A3,
4d AFAH o FEst= 3,0009HE~5,0009H4 (4667, 10%) 5,0009H4~1¢] ¥
(2194, 5%) ZAHI7F & 685 (15%), T8 ATAHlol sidste 19 9~59 A(136
A, 3% 59 A~104 D173, 04%) ZHI7F F 1538 3.4%), 183 THE AT
Ao &3k 109 9209 A(63,0.1%)°12 Y e 2U1d AFPH= D57

O NTIS H7}AFAA -0 F5&8 Aulzo FEHE] AH|FF0]80] 3,0008F ¥
ol AHle F 13697 0= A 5 AHl] oF 29%<%
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| 30,000,000, 525, 11%
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<& 5-1> JHE(eh SHLEHIEFAA

s 525 LE5
MIIMEE $2 Z=H7|(CTD system)
0| M 7tZ=Z=H7|(Microstructure Profiler)
Q&9 2 (Directional Current Meter)
g ZSEH|
Q| ot A|(Tide Gauge/Wave-Height Meter)
ST/ Iefut i1 A|(Directional Wave-Height Meter)
2re=
=4 YH| el 2REA| = 2 2EEH|
BtAOIXE 7| (Environmental Parameter Measuring
Equipment)
514 S MZEH| LA OIXHE M 7| (Environmental Parameter Measuring
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2ol 2REA @e 2 48|
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A|(Gravimeter/Magnetometer)

X|HHEM R ALEH|(Geotechnical Observation Equipment)
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| A= ZHH| (Atmospheric observation Equipment)
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S 40| 5 H|(Powered Sea-surface Mobile Vehicle)
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H% SESITETISY ATAL B & 5] EOIE B2 eI
A (M) s (M)
o=

KIOST QHSS KIOST KANSO
NO, 0.003 - 0.01 >0.008
NO; +NO;5 0.003 0.04 0.01 >0.013
NH,* 0.02 0.06 0.07 -
POs 0.009 0.01 0.03 >0.039
Si(OH)4 0.02 0.02 0.07 -

Voyage IN2017_V2 (17-29 March 2017)
MNF/CSIRO, Australia

H7t=: 253, EHWE 05,55

QuAAtro System (SEAL Analytical)

- LED light source (545,545,660,880,820)

- 5 channels (Nitrite, Nitrate+Nitrite, Ammonium,
Phosphate, Silicate)
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O FIAYAAI| &Y FEAT FU-A2W] FP] FEAYL FYs] A5t
Es) fye] AGATAN -] T FEANL AVRD FTAATAL-F
ol el Hd AN

ol sHSAFAIE-EH| S-F7] +=H=(2011)

O m= sfFATAAL AR T4V F5AYS AHR7] YA 2011d0 vl= =7
713} 8}<H(National Research Council of National Academies of Science) 3l &1
FHOcean Studies Board) 4Fstoll AX]E «2030 v|=r FATE A g Azt
gk 2] Y 3](Committee on an Ocean Infrastructure Strategy for U.S. Ocean Research
in 2030)"ll A wl=re] SjSFAT 7NN FFoll Rk FRof ARIALE S ol E T
a7 feked vl o]l BuARl e FATet ARSI g dlgEtr] A7 ¥
Al AF719K(Critical Infrastructure for Ocean Research and Societal Needs in 2030)"&

g =&, AL FA e} A4 FF F3, A& T s 2 A AR
S FAYEN A Ao A o] Wat S3 e N3 ARdcke vFe Vx 2 &

6.1.1, O|=2 HYHT Q21X 2} Ocean Research Infrastructure)2| H9|

O “Infrastructure”= Merriam-Webster Dictionaryl| A= ¥ A|A| = XA O ZH «F
Y21 7]Z(the underlying foundation)” & “7]Z4 Q1 S(basic framework)®E |3
O “Infrastructure”= “7|Z27} 2 T3 vlES Sobe 7IRHER) H <o) FEolY &
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Information/knowledge

Societal objectives
* advance basic knowledge
= manage natural hazards

= preserve environment
egtc..

» understanding of the ocean

* climate projections

= weather and storm forecasts

* ecosystem response to forcing

* etc...

Models

(research and

Answers to
science questions

operational)

LN

y

Research
activities | 7

Data I'-'

Monetary

il i st e
infrastructure funding ::ﬁgs f::iﬁg" sgement
models enabling organizations
data sets people
Ao M2 BAZoA Qlaietet ALSZ EA S AT A= PN B8
2 %32 (bottom up)” E= “SF3FA(top down)” B T U=
HA st os Bd
7} ARSA EA 2 B AGHA R £8E onstH, o]’k FHo 5=
A& ABE ST od VX E THA
m ARE dodH TF AT Sl thEstAY 2 o8 A VY B
71 5-¥ 3} E%”é—)%% 7H‘Qo]-_3_ AZ3= 7o) W
m 3 AEES FF H UL FIHEdd e ATAY d7HA Ade B
AT FsES FEs ?i:rl g2 1 AREA ARYS, £4, d8a B
g 7jdko] A4
n A5t RS2 GA dge] gt IR HAEES Ao EN #4E A
T3 A &5 ol MAE f%F BRE AFT
m o] BE AR ARE FF, ¥y 2 BHE] A% =7 Ade 2% 6l
FATF Azl o
m AR H AT fFEDH dE] ASEHE 7S REE P A5 AEE =z o
B2 IFeAN 3 3 e 7 o dFAelA A EHE RdEY A5 AE
= AFAT] HFol £
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3ol 1990~2010 713F B¢k SFATE A A A=zehe] AN ARE-A
4%S Tefstal 203002 AAH

FF 208 B¢ T8 A A2 AlEgt b9l 2 A=, At 3 Al
Aol d2, T3 =23 A-AFSH 54 AT + e vUs Tdd Ax9
Ms 878kl e

TE R TELE Azl teiA F2 O

dlzehe] /= () °ols 3 A F9E, (2) @8 AA, 3) ARAA 7T @)
AL (5) 29, (6) A4t 2 VIES A AMulx, (8) A]l=ze}

6.1.5.1. ©]5 EE(Mobile Platforms)

O

ol EWFole= AT (Research Vessel)

O AYH3 FA AHHIcebrakers and Other Polar Assets),

O

Al (Drilling Ship & Rig)

6.1.5.2. % EZZ(Submersible Platforms)
A

O o0 O O O O O

O
@)
©)

1520 #<(Human Occupied Vehicle and Remote Operate Vehicle)
o QIA] 2~Ell(Towed System)

= = A D ) g ]

ZE 7V (Drifters) floats, gliders, Autonomous Underwater Vehicles

olal ZZE(Argo float) ¥ 3%ZF =7M(Surface Drifter)

=2}o| Bl(Glider)

ZAH&-&FATH(AUV)

6.1.5.3. 1 EYE(Fixed platform and systems)
Al A =8l (Mooring system)
3l| 4 A ] E(Cable)

&}l A A 5=-8-(Bore hole)

6.1.5.4. tlo]H %44 2L FAl(Data telemetry and Communication)



6.1.5.5. @3 A= A A (In Situ Sensors)
= 2] Al A (Physical Sensing)
3}3}41l 4 (Chemical Sensing)
Y ZA A (Biological Sensing)

A7+ 2] Al A (Geophysical Sensing)

O O O O

6.1.5.6. A] &3 #| (Sampling)
O #3tAE A3 7](Chemical Samplers)
O AEAS ANFH7](Biological Samplers)
O AAANE AWH7](Geological Samplers)

6.1.5.7. ¥ Z = H(Remote Sensing),
O #4d(Satellite)
O 3g}F(Airborne)

O 34 (Fixed)

6.1.5.8. 2@ 2 H4kA-A(Modeling and Computational Infrastructure)

6.1.5.9. A5 ¥ 2] (DATA Management)

6.1.5.10. XY Z2Z|(Enabling Organizations)

O Sponsors

O Community-Wide Facilities

O Technology Development, Validation, and Transfer Groups

O Shipboard Technical Support Groups

6.1.511. = 2 &9
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Gridded Data
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Geophysical Sea level and Bathymetry
Shoreline position
Temperature and Salinity
Currents and Surface Waves
Sediment grain size

Chemical Sediment organic content
Dissolved organic nitrogen, phosphorus and silicon
Dissolved oxygen

Biological Benthic biomass
Phytoplankton biomass
Fecal indicators

Biophysical Attenuation of solar radiation
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Table 1: Marine research infrastructure categories or components - Description and roles®

I. MOBILE PLATFORMS

Research vessels A research vessel Is a ship designed and equipped | Provide access to the sea as carriers for measuring
to carry out research at sea. instruments and sampling equipment for scientific
;o cruises, process study campaigns, event-driven

- - responses, surveys and mapping, and routine
g monitoring.

Ships of The Ships of Opportunity facility utilises a | Repeated measurements for operational
opportunities/Ferry boxes | combination of volunteer merchant and, less | oceanography, biodiversity (plankton..), marine
frequently, research vessels to  collect | pollution (nutrients, chemicals, micro plastics...)
measurements related to physical, chemical and
biological oceanography. FerryBoxes combine a
set of sensors and biogeochemical analysers that
are installed on ships of opportunities.

I1. SUBMERSIBLE PLATFORMS

Human Occupied Vehicles | A vehide designed to carry people under the | Provide water column and seafloor access for process
(HOVs) surface of the water. Also referred to as a | study campaigns, event-driven responses, surveys and

submersible. mapping as well as routine monitoring, and sampling.

Remotely Operated | A crewless submersible vehide tethered to a | Provide water column and seafloor access for process
Vehicles (ROVs) vessel by a cable. It carries a variety of devices | study campaigns, event-driven responses, surveys and
(sensors, cameras...). mapping as well as routine monltoring, and sampling.

Towed Systems Systems that have been towed behind ships and | Provide observations and sampling from near surface
boats to  perform  different  types of | to just above the seafloor, with use on research
T measurements, vessels or ships of opportunity.
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III. AUTONOMOUS AND DRIFTING SYSTEMS

Autonomous Underwater
Vehicles (AUVs) and
gliders

Programmable, robotic vehicles that, depending
on their design, can drift, drive, or glide through
the ocean without real-time control by human
operators.

Underwater gliders are autonomous vehicles with
typical endurance reaching now up to 4-6 months.
They move horizontally on wings and profile
vertically by controlling buovancy, from the
surface down to mare than 1.000 m, monitoring
physical, biogeochemical or acoustic data in quasi-
real time,

Gliders can operate in coastal and open ocean areas
and are ideal for sustained monitoring of key control
points, They provide near real tme observations
(temperature, salinity, velocity, nutdents, optics,
flusrometry, acoustics, multi-beam or side-scan sonar)
for process study campaigns, event-driven responses,
surveys and mapping. Different  technological
challenges are being addressed to increase endurance
at sea, and implement new energy efficient sensors
and optimized satellite communications for real time
data availabllity, This would allow the development of
emergency response capabilities andfor knowledge
based environmental decision-making tools.

Drifters and Floats (e.g.
Euro-ARGO)

Float designed specifically to drift passively with
the flow of water, Drifter and float are used
Interchangeably; historically, however, drifter has
applied to instruments on the surface and float to
those in the water column.

Provide scalable, adaptable arrays with near real time
observations  (wind, light, passive radiation,
atmospheric  pressure,  temperature, salinity,
chlorophyll fluorescence, dissolved oxygen, nitrate) for
routine monltoring and assimilation into forecast
models.

IV, FIXED PLATFORMS AND SYSTEMS

Moorings

A collection of devices connected to a wire, held
up In the water column with various forms of
buoyancy and anchored on the sea floor.

Pravide surface and water column observations with
high spatial and temporal resolution, Including
persistence at key locations and groundtruth for
remaote sensing, Provide full integration with mobile
autonomous systems,

Cabled Seafloor
Observatories (e.g. EMSO)

Seafloor observatories can have a range of
sensors (physical, blochemical, geologlcal, optical,
acoustic...) to collect data in a fixed point In the
seabed and transfer them through a submarine
cable linked directly to a shore station,

Provide  continuous real-time power  and
communication to coastal, deep ocean, and seafloor
Instruments and networks. Routine [nteractions with
mobile autonomous systems,

V. IN SITU SENSORS

Physical

T

Devices which respond to physical parameters
such as temperature, salinity, oxygen, density,
currents.. and provide a signal that allow
measuring them.

Provide measurements essential to physical process
studies and basellne dynamical contexts for
biogeochemical sensors.
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Chemical Devices which respond to chemical parameters | Provide routine time-series measurements for major
such as PH, nutrients, COZ... and provide a signal | and trace elements, carbon species, nutrients, and

3 that allow measuring them. pollutants in a broad range of environments.

I

Biological Devices which respond to biological parameters | Provide routine measurements with small, inexpensive
such as plankton, chlorophyll ... and provide a | sensors that replicate current complicated laboratory

. % signal that allow measuring them. technigues,

Geophysical Devices which respond to geophysical parameters | Provide measurements for understanding solid earth

such as sediment thickness, seismic reflections,
magnetics, gravity.. and provide a signal that
allow measuring them.

processes of the ocean
gechazards.

crust and mitigating

VI. MRI REMOTE SENSING

Satellite Satellite remote sensing uses devices embarked in | Pravide global to reglonal scale remote observations
satellites to detect at distance natural radiation | for sea surface height, temperature, salinity, ocean
(. (infrared or other) emitted or reflected by the | color, winds, precipitation, ice and radiation.
I~ ocean surface (or close to the surface), This is
then used to determine related parameters such
= as temperature, color...
Airborne Alrborne remote sensing uses devices embarked | Provide low-cost, regional to local-scale remote
In airplanes for the passive chamacterization of | observations with  adaptive and  event-driven
s ocean surface (Imaging), or active collection using | capabilities. LIDAR is also an effective technology to

energy emission to detect reflected or
backscattered radiation (e.g. Lght Detection and
Ranging - LIDAR).

map coastal areas and seabed in shallow coastal
areas.

High Frequency Radar

High Frequency Radar is based on the analysis of
a backscattered radio wave sent on the ocean
surface. It measures speed and direction of ocean
surface current near the coast (up to 70 kms).

They are part of observational systems for both
fundamental research (sustained monitoring for e.q.
coastal ciraulation models) and applied needs
(emergency response e.g. for pollution events or
preparing search and rescug).

VII. ANALYTICAL DEVICES FOR DELAYED

MODE ANALYSIS

Laboratory equipment for
analysis of marine samples

This comprises all laboratory analytical equipment
to perform physical, chemical, biological,
geological measurements on extracted samples. It
also covers analytical devices for gene sequencing
of marine arganisms.

Laboratory equipment analysis provides more precise
and sensitive measurements than real-time analysis
with sensors.

In some cases (e.g. gene sequencing), it produces
data that cannaot (yet) be acquired with in-situ sensors
in real time.
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VILL. DATA MANAGEMENT and COMPUTING

Databases and sample
storage systems

e R

IT systems that store and organize collected
marine data (physical, chemical, biclogical,
genomic...), with a view to make them accessible
and avallable for further retrieval and use.

"Omics" data management - bicinformatics

Physical systems for the organised storage of
samples (e.g. geological or biological), with a view
to keep them available for further retrieval and
use by scientists or stakeholders.

Numerical models and | Super computers that allow running complex | Simulate oceanographic processes from the open

computational models to simulate oceanographic processes, ocean to the coastal scales.

infrastructures
Provide transformed and value added information such
as analyses and forecasts of different environmental
variables.
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Table 3: UK-IMON Core Variables identified by partners as essential measurements with for monitoring
ecosystem structure and function in UK waters

Salinity
Temperature
Bathymetry
Sea level
Surface waves

Surface currents

Physical

Optical properties
(e.g. CDOM & SPM)
Heat flux

Ocean colour
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Benthic habitats v Y ’

Wind speed & v v v

direction

Surface alr v v i

temperature

Tidal stream flow v ’ ! ’

Contaminants % % # g

Dissolved nutrients Y] ¥ ¥
'E Dissalved oxygen '( ¥
s CO2 partial pressure v Y !

o v v

pH acidity

Chlorophyll 4 v
Pathogens ’ ’ ! Y
L4
Phytoplankton species b % b ¥ (Indicator i
spp.)
g Zooplankton abundance ’ Y
2 Zooplankton species v ’ Y
Shellfish toxins? v ’ Y
'
v v v
Incidence of fish kills
(fish kills)
Fish species 4 v i
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ANNEX 3 - MARINE RESEARCH INFRASTRUCTURE CATEGORIES - CURRENT AND FUTURE TECHNOLOGICAL

CHALLENGES “

I. MOBILE PLATFORMS

Research vessels

.

-Fleet planning at European level as part of a
marine Infrastructure review process, Induding
platform construction, and on board equipment
upgrades, with particular attention to the renewal
of reglonal fleet (bullding on EUROFLEETS' wark),

-Continued avallabllity of general purpose ships and
some special purpose ships for the deployment of
complex and heavy equipments,

~Flexibility in fleet scheduling, for efficient use,
event response, and surge capacity. Further
improve the efficiency of the Ocean Facllities
Exchange Group (OFEG) for regional vessels.

-Abllity to meet Increased demand for rapid
launch and recovery for diverse arrays of
autonomous platforms,

-Electrlc propulsion and alternative power
systems to limit fuel consumption,

Ships of opportunities

-Increased use of volunteer observing ships to
collect and transmit underway sclentific data to
national repositories for verification and analysis.

- Develop standardized "contalner type” sensor
packages with small footprint for compatibility
and rapld exchange.

- Develop methodologles for transect sampling

II. SUBMERSIBLE PLATFORMS

Human Occupied Vehicles
(HOVs)

Improved ability to recover water column, seafloor,
and sub-seafloor samples.

Remotely
Vehicles (ROVs)

Operated

-Broader ranges of biological, chernical and optical
SENs0rs.

-More sophisticated sonar systems for bathymetry
and water column uses.

-Advancements in underwater navigation for more
precise and geodetic referenced vehicle locations.

-Continued development of hybrid ROV,

-Continued development of advanced ROV
capabilities (e.g., higher power, greater depth
ratings, sampling tools, sensors), Including
ROVs to be deployed from coastal or regional
vessels not equipped with DP systems.
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Towed Systems

Broader ranges of biological, chemical and Imaging
SENS0rs.

Reconnaissance sampling using high-speed
data uplinks that allow for simultaneous video
and sample recovery.

I11. AUTONOMOUS AND LAGRANGIAN SYSTEMS

Autonomous Underwater
Vehicles (AUVs) and
gliders

-Scalable, multiplatform arrays capable of local,
regional, and global-scale observations at broader
ranges of spatial and temporal resolution.

-Improved battery power for increased mission
duration, expanded range, and abllity to support
more Sensors.

-Expanded ocean depth capability for a variety of
platforms.

-AlVs with larger payloads, higher endurance, and
ability to work In rough conditions (e.q., high
currents, sea states, ice coverage) and at all
expected working temperatures,

-Improved under Ice capability for all autonomous
platforms

-Equip platforms with broader suites of
multidisciplinary in situ sensors (detailed in
section below on in situ sensors).

-Autonomous  refuelling, at-sea  energy
harvesting, or other methods for replenishing
or self-generating power.

- Improvement of piloting algorithms to allow
deployment of several ALVs at the same time
and have better piloting.

-Permanent, large-scale subsurface acoustic
positional networks (analogous to GPS) for
improved undersea navigation.

-Full ocean depth capability for a variety of
platfarms, including ability to use AUVs in
shallow areas with heavy activity, shipwrecks,
high turbidity and strong tidal currents.

Drifters and Floats (e.g.
Euro-ARGO)

- Sustain the global array (T & S) for the next
decades,

-Advancements in underwater navigation for more
precise and geodetic referenced vehicle locations.

- Evolution of Argo core mission to answer new
requirements

« Increased float life time and reliability, reduced
costs

« Extension to biogeochemical parameters with
miniaturized, low cost and reliable sensors

« Telecommunication (two way) and Inceased
bandwidth

« Extension to deeper depths (below 2000 meters)

*« Under ice operations (ice detection, acoustic
positioning).

-Increased deployment options for autonomous
platforms such as wvolunteer ships or aerial
vehicles.,

-Autonomous
harvesting, or
generating power.

refuelling, at-sea
other methads for

energy
self-
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IV. FIXED PLATFORMS AND SYSTEMS

-Continued, sustained support of centers for deep
ocean  mooring  design,  construction  and
deployment.

-Ability for docking mobile autonomous systems
(e.g., AUVs, benthic crawlers).

Cabled Seafloor
Observatories (e.g. EMSO)

s a)j

-Abllity for docking mobile autonomous systems
(e.g., AUVs, benthic crawlers).

Multiple data extraction modes (e.g., long
range acoustic communication).
Autonomous  or manual release  of

automatically collected data capsules and
samples,

V. IN SITU SENSORS

Physical -Measurements of the exchange of mass (e.g., | - Optical imagery for spatial and temporal
gases, aerosols, sea spray, water vapor), | observations of ocean surface, estuarine, and
momentum, and energy (including heat) across the | riverine processes.
air-sea interface in a broad variety of conditions
(e.g., high wind conditions, severe storms). - Development of computerized image
~Techniques to infer gas exchange under high wind | 'é¢odnition technology for analysis of large

: image datasets in relation to pollution (marine
conditions with chemically active (e.g., DMS) and litter) and biclogical assessments (e.g
inert (e.g., CO2, Ar) atmospheric gases. habitats) bt
-Fully networked and widely accessible data on
river outflows, precipitation, and from tide gauges. | - Development of higher resolution Marine
acoustics technalogy for

Chemical -Observations of the carbon dioxide | Sensor methods for surface  micro-layer
system(including pH), major and micronutrients | chemistry.
and elemental speciation of key micronutrients
{such as iron). Cheap, easily available sampling systems for
-High-resolution analytical tools that enable testing for chemical pollutants.

< detailed analysis of oceanic carbon components.

A -More portable micronutrient analytical systems and
speciation analysis for assessing micronutrient
speciation and determining its influence on
biclogical activity.

-Sensors for identification of chemical pollutants.
230 oo




HeE st=cidatet’|ed S8

e HPEH|-AAY F-B7| 2EHE

Biological

-Development of methods to obtain organism-
specific growth rates and advective, turbulent, and
sinking fluxes.

-Sensors for identification of plankton biomass and
community structure - genetic, imaging, and
acoustic.

-Sensors for identification of higher trophic levels
(e.g., fish, marine mammals) - genetic, Imaging,
and acoustic.

-Sensors for toxin identification (including harmful
algal blooms and pathogens).

-Cheap, species survey sampling systems for
broad distribution throughout coastal reglons.

-High throughput genomic, protionomic,
metabolamic techniques.

-Cheap, small toxin sampling systems for
broad distribution throughout coastal regions.

-Wide-area benthic sensors for seafloor
mapping to provide estimates of benthic
community state and function,

Geophysical

-Seafloor strain measurements (e.g.
extensometer), seismic reflection and refraction to
detect seismic events in remote areas of the ocean.

-Ability to measure bathymetry and processes
occurring beneath and at the margins of glaciers,
ice shelves, and sea ice Including observations at
the base of the ice canopy.

-Deepwater mapping systems with better sensors
(e.g., lower power) and automatic seafloor
classification algorithms.

-EM sensars that provide proxies for crustal fluids.

-Global-scale, reliable, continuous sensor
networks for real-time measurement and
warning of seismic, volcanic, or mass wasting
events,

for seafloor
including the

-Wide-area benthic sensors
mapping at high resolution,
ability to penetrate the seafloor.

Genomic Observatories

genomic r

observator -

2s *

'!-Malnstraam biodiversity -genetic variation- into

-Integrate genomic information with enviranmental,
soclo-ecological and other biological data.

Earth Observation systems to enable predictive
maodelling of biodiversity dynamics and resultant
Impacts on ecosystem services,

-Digital characterzation of whole ecosystems,
from all-taxa biotic Inventories to time-series
‘amics studies.

VI. REMOTE SENSING

Satellite

\l‘

Sustained gravity missions that inform crustal, ocean
circulation, and geoid observations.

Gepstationary ocean colour and LIDAR

remote sensing capability.

Airborne

F ;

-Increased use of unmanned aerial vehicles for
campaigns and monitoring.

-Ability to remotely measure ocean surface and |ce
properties beneath cloud cover,

Use of commercial aircraft to collect and
transmit ocean surface observations,

Fixed Systems (HF radar)

-Increased use of electro-optical and infrared
instruments for monitoring and long time-series data.

~-Completion of the land-based HF radar Network.

HF radars map surface currents in wide swaths of
coastal waters up to 200 km off shore, 24 hours a
day, and in all weather conditions. The EEA analysis
of In situ needs for the GMES marine core service has
|dentified that an R&D project on HF radars to design
and coordinate an array of HF radars in Europe could
be a valuable contribution for improving coastal
current monitoring and forecasting.

-Extension of broad area surface current
arrays (e.g., HF radar, optical imagery) to
offshore activities (e.g., offshore platforms,
wind farms, volunteer observing ships).

-Increased use of tethered aerial platforms.

-lncreased data gathering capabilities
through
-pxpanded wuse of commercial ocean
activities,
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Model NexION 300D (PerkinElmer, US)
Location L2336
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ICP (Inductively Coupled Plasma) MS (as an ionization source for Mass Spectrometry) has gained general acceptance as a method to analyze the inarganic elements. The

advantages of ICP/MS are well known: low limits of detection and simultaneous multi-element determination with the possibility of measuring isotopic abundance.

Specifications

» Background signal : Mass 220 <1 cps

» Short-term precision : < 3% RSD

* Quadrupole peak hop (slew) speed : 1.6M amu/sec

* Quadrupole scan speed : 5000 amu/sec

Application examples

Mexss spectrum for relalive abundance of Jead solopes by ICPMS

Applications

+ Environmental : Water guality / Pollution control

« Clinical : Blood, urine, serum, isotope tracer studies

« Petrochemical : Ultra-high purity chemicals

« Semiconductor : Ultra-high purity chemicals

+ Geochemical

« Metallurgical
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Scientific Facilities & Services

WHOI offers a range of services and faciies that make it one of the
world and & laader in the soentific ressarch community,

Analytical

Café Thorium Radioanafytical Facility
ARiBlyTiEa SUBRSTE fof T deLecEan ot
‘natural ang man-mage rathonuchdes n
enviconmental samplet

Isotope Geachemistry Facility
Neble gas sbundance and hsiope ratio
measurements for seawater and fresh
WaTErL, rocks, And other materials

Northeast National lon Microprobe
Faility

Measuting the scundances of diverse
frace elements and stabie and radiogenic
motopes M Micron scalet

Nutrient Analytical Facility
Quantifying bio-siement concentratans in
ENVIFONMENtal Sarmaiet

Organic Mass Spectrometry Facility
isoiopic and compossional campound
specific ana bulk anahyses of carbon and
nitragen

Seawater Facilities

Experimental seswater facilites are
weptabie =1 Redfeid, Shore Laboratary and
the Environmenal Systems Lanaratory.

H78 st=sidatety|s

=

SR TS QO0E

Fourier-Transform Mass
Spectrometry Facility

Samiphe analyses requiring e Usrahigh
resolution end Mass SCOUrACy.

Micropaleantology Mass
Spectrometry Facility

Anatysis of eptehem carbanate sEmples iy

inthe

I SSEE MHIA §2H
Sea-going Science Support

CTD Cafibration Labaratory
CT0 strumén cadbeation end
hygdrographic suppart

Instruments
Muntkfateted oteanographic inttrument
Gevelopment and SUPROTL.

Mis0
Deep.ses digtal imaging equipment snd
Basnciated sentors and scoustc

Fnnigen MAT253 mass
sysems

National Ocean Sciences AMS Facility

Proviaing ansiyses of 'C atnamaral
stundance levels

Organic Geochemistry Analysis
Laboratory

A GEXGE tacility proséding high resalsion
g3 chramarsgragey

Plasma Mass Spectrometry Facifity
Trace mesal and iotope o
messureTena

ol
pas

REQUESTS AND RATES

o]-&

Vehides
Auenemous, tethered, and humen
oecipled vehice expertise.

Uppar Czan Processes Group
Providing secnnal 16000 1o upper
oces and eir-ses research programi

Advanced Imaging and Visualization
Laboratory

image system design, deveiopment, and
scquiitian for unigue and hosti
environments

Graphic Services
Dessgners, WLISIFIOr, PROIEFARNeTs, ana
WEnAInBRS Speclalzing i o0ssn wienge,

| sngnesring and egucation

Skilled Trades

Skilled Trades

), 1™,

TTH,

INSTRUMENTS  PERSONNEL

Welcome to the Plasma Mass Spectrometry Facility

The WHOI Plasma Mass Spectrometry (or ICPMS) Facility is a laboratory for trace element and isotope ratic measurements operated under the auspices of

of ml¢-2E il
Aol AH| 2of gk

PUBLICATIONS

&

p =)

YA A=A

Diving Program

Open.circlit SCUBA, cosed-cireuit
resrenthiers, and surfecesuppiied diing
sysems

WHOI Buoy Operations
Moonng design and falsication plus st ses
SUPPOT and piEtics.

UNOLS East Coast Winch Posl
Maintaining preparing and repairing
partanhe winches usd inihe Neet

Sub-Surface Mooring Group
Desgrong, depioyng 808 muntaineg
mones ndtruments and data derfved

fram them.

WHOI Long Core
Capatie of recovering undmturied deep
o8 sediTeNT Corea Up F 154 feet long,

Computerited Scanning and Imaging
Facility

o and three dimensionsl vsualizstions
ofinzermat mrscurer

CHPENtRTE. BMCUICNS, MECTANAE, whllars, nd expeenental MBthinists working .oyt wan
ressschen to find innovative wys 1o Sbtain and record inforenation Bboul the cteant

=g Adge] &4d3stsa nf

o] vhehd

ggdT=

718F

Q

USEFUL LINKS

the W.H.O.l. Marine Chemistry and Geochemistry Department. We serve the marine and geo-chemists of the Woods Hole Oceanographic Institution and

the greater academic community in the US and abroad. Our instruments include argon plasma source magnetic sector mass spectrometers equipped with a

variety of sample introduction devices for gaseous, liquid and solid samples. We also provide analytical services that include sample preparation, element

separation and purification for Sr, Nd and Pb isofope analyses.
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REQUESTS AND RATES WUMEN PERSONNEL PUBLICATIONS  USEFUL LINKS Q

The three argon plasma mass spectrometers in our facility (Neptune, E2, and iCAP Qc} are all designed by

Thermo Electron Corporation (mnow Thermo Fisher) in Bremen, Germany.

The Element 2 is a rapidly scanning, magnetic sector, single collector mass spectrometer used for elemental

analysis of gaseous, agueous or solid samples.

The Neptune is a large format, magnetic sector, multicollector ICPMS best suited for high precision isotope
ratio measurements. It is equipped with eight Faraday cups, eight continuous-dynode electron multipliers,

(MIC - multiple ion counters) and a central SEM with RPQ for high abundance sensitivity. Element 2, asingle collector, magnetic sector
ICPMS.

The iICAP Qe is our latest addition to the facility (installed in Nov. 2015).

Solid Samples can be directly sampled and introduced into either the Neptune, the Element2, or the iCAP Qc
using the New Wave Research UP 193 nm eximer laser ablation sampling device. This system is equipped with
a large-format laser ablation cell, the first of its kind in the U.S. (introduced at the 2009 Fall AGU meeting in San

Francisco). This cell can hold significantly more samples and standards than regular laser ablation cells.

Aqueous solutions are sampled by a variety of nebulizers and spray chambers from Elemental Scientific Inc.
Desolvation of aqueous solutions improves sensitivity and decreases oxide and hydride interferneces. We use
Apex, Apex-IR, Aridus1 and Aridus2 systems from CETAC Technologies.

Our lab also provides access to a HEPA-filtered exhaust hood, a Millipore water purification system (Elix10,

Element) and analytical balances.

RATES INSTRUMENTS PERSONNEL PUBLICATIONS USEFULLINKS Q

WithinWHOI, each day’of analyses on
This lab operates as a facility (cost center) that is financially supported primarily through user fees. Expenses SitheF the Elemanto or e Neptiine st
h lari d benefits, dabl \ torches, . etc) and i Il ch that t
such as salaries and benefits, expendables (argon, torches, cones, etc.) and repairs are all charges that mus have a valid WHOI project number to cover
be covered by user fees. Note that the reduced "weekend" rate is for internal (WHOI) users only.
charges. At the end of every month, we

submit a balance sheet to accounting listing

o = v the project numbers used for that month.
We have a new benchtop, quadrupole iCAP Qc in the facility that can now be used by all users. We are

charging $425 for use from morning setup until noon, another $425 for use until midnight. and another + A day starts with the technical staff
$425 for a full day (close to 24 h). This instrument is ideal to "make just a few measurements". selting up the mass spec and ends the
following morning when the instrument is
NEPTUNE: $1950.00 4975 half-day being prepared for the next user.
ELEMENT 2: $1650.00 $825 half-day Users signing up for a day commit fo using
the facility that day. Facility staff needs to
Reduced weekend day rate (Neptune and E2, internal users only): $1400.00 be informed of cancellations as early as
possible, but at least two days in advance.
Bl e it 342500 Any later cancellation will resuitina
Might Ar: $140.00 charge of one unit (day) unless another
usercan use the instrument that day.
Full Isotope Analysis (Sr, Nd, or Pb): $425.00

Overnight use: We need to charge users who are operating the mass spectrometers beyond 2 am a "Night

Ar" charge to cover the cost of gases used during very (<24 h) long analytical sessions.

Adjustment of rates: We reserve the right to change rates during the year in case expenses increase

unexpetedly. Any rate changes will be posted on this website.
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INSTRUMENTS  PERSONNEL PUBLICATIONS USEFULLINKS Q)

Obtain an estimate from Jurek or Gretchen for amount of time needed to accomplish the analytical goal. We will arrange for a quote to be sent to your
institution, along with a "Payment Authorization Information Form" (PAl), which must be completed in full and returned to us so that we cansetup a
project # to incur the costs. Please note, you will not be invoiced until completion of the project.

Please do acknowledge the use of the WHOI ICPMS Facility in your publications and presentations. The U.S. National Science Foundation and WHOI are
supporting the facility financially, and our skilled operators appreciate seeing their contributions acknowledged. We therefore recommend the following
sentence for the "Acknowlegements" section of your publications:

"We acknowledge the use of the NSF-supported WHOI ICPMS facility and thank [Gretchen Swarr, Jerzy Blusztajn] for their assistance”

Fridays will usually be maintenance days or used preferentially for work extending into the weekend. Users, with appropriate training, desiring a Friday
for work extending into the weekend must sign up not later than 2 weeks before the Friday. If not assigned during a period less than 2 weeks before the
Friday, the day may be designated for single day usage.

Up to three consecutive days per month will be assigned for core analyses. Core analyses are defined as those for which the Neptune was initially
obtained and are solution analyses of Sr, Nd. Pb, U and Th. Users of these days are encouraged to prescreen their samples on the Element2 or iCAP Qc as
much as possible for concentration and matrix adjustment and to coordinate usage with Jurek. Sign up for these days is on a first come-first serve basis.
A user group (defined inclusively as Pl, post docs, graduate students, internal and external collaborators) may sign up for one 4-day consecutive session
per month. Periods of less than 4 days are not regulated with regard to frequency of sign-up by any individual or group but good faith, non-exclusionary
use is encouraged. 4-day periods that include Friday and weekend use are permitted.

Use of Neptune by independent outside investigators will be decided on a case-by-case basis dependent on instrument availability. Please contact Jurek
for details.

Maonthily Plasma Facility Steering Commitiee meetings will be held to fix the schedule up to 2 months ahead. Potential clients should send Jurek their
"wish lists" for consideration at these meetings.

Users will endeavor to reasonably assist others in need of analyses on short notice.

O @AYol thet BEE Personnel #IFE M thg3 o] v

ICP-MS Facility

REQUESTS AND RATES INSTRUMENTS P INEL PUBLICATIONS USEFULLINKS Q)

Jerzy Blusztajn

MNeptune and 123 laser ablation system, operation & scheduling, budgets, repairs, and analytical protocol development.
MS#25

Clark Laboratory Room 435A

‘Woods Hole, MA 02543

(508) 289 2692

email:jblusrtajn@whoi.edu

Gretchen Swarr (part-time)

Element2, iCAP Qc and 193 laser ablation system, operation & scheduling, budgets, repairs and analytical protocol development.
MS#51

‘Watson Building 117

Woods Hole, MA 02543

(508) 289 3905

email: gswarr@whoi.edu

Sune Nielsen (Chair)

Geology and Geophysics Department

Mak Saito

Marine Chemistry and Geochemistry Department
Tristan Horner

Marine Chemistry and Geochemistry Department

Simon Thorrold

Biology Department
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ICP-MS Facility

REQUESTSANDRATES  INSTRUMENTS =~ PERSONMNEL USEFULLINKS Q)

Publications

ng

WHOI ICP-MS Facility Bibliography

Download a current list of WHO! ICP-MS Facility Publications (pdf)
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ABOUT NEWS RESEARCH EDUCATION SHIPS RESOURCES AND FACILITIES GIVING PEOPLE

# | Resturmes and Fasiies | Research Facilifies.

Resources and Faciliiss

Research Facilities
Safety al Scripps
T
= Saripps Fleet
Scripps Fleet
Scripps Pier
‘Scnpps institution of Oceanography at UC San Diego operates one of the largest academic research feets in the world, Oceanographic Colisckions

Hydraulics L abaratory
Marine Science Development
Cenler
Scripps Pier UCSD Research Core
Facilti
s one of the workd's biggest research piers, Scripps Pier is used for boal launiching and & variety of experiments. e
Shared Facilies
Adminésiration, Services, and
Supparl
. ; < Mags and Directions
Oceanographic Collections
Seripps's oceanographic collections contain more than 100 years of biclogical and geological specimens and
geophysical data, including more than 2 million fish specimens and 15,000 sediment core sections.

Employee Resaurces

Oceanographic Collections

Contact Us

Enirepreneurial Resources

Planning for fhe Future
Hydraulics Laboratory

The Hydrauiics Laboratory offers many testing faciities, including a wind-wave channei, two flow channels, three
pressure testing vessels, a desp fank, and a lemperalure/pressure cafibration facifity

Marine Science Development Center

MSDC speciaiizes in the design, development, fabrication, and assembly of cceanographic, space, and general
scienfific hardveare from minute {aser components Lo large scale integrated systems.

UCSD Research Core Facilities

UC San Diego's Office of Ressarch Affairs maintains a listing of current research core facilities that are accessible to
faculty, fefiows, staff, and students.
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FACULTY & STAFF

Search: @ This Site O All UCSD Sites

blink

MOME - Rescarch - Conuoting Fleseareh - Gore Snared Factlies

Core Shared Facilities
Controlled Substances M 15,2018 22210 P12 60
Find information on core shared research facilities at

Blink Topics ¥ Personal Tools v

Conducting Research

Gose Shared Facilities
Postdocs & Visifing Scholars
Research Safety

Shipping & Receiving Expand all

g for SracamiPioiecty » ACP Animal Phenotyping Gore

» ACP Caesarian Rederivation Services
» ACP Diagnostic Laboratory Services

Material Transfer Agreements (MTAs)
Compliance

SEMGIonis » ACP Irradiation Services

» ACP Surgical Operative Suites & Equipment Rental
» AGP Veterinary Technical Services

» Biochemical Genetics and Metabolomics Lab

v

» Bioengineering Confocal Microscope Facility
» Bioengineering Flow Cytomeiry Core
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Find Faculty/Staff

Tools ¥ Tools v

Tools ¥
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UC San Diego.

The Office of Research Affairs maintains a listing of current research core faciliies that are accessible to UCSD faculty, feliows, staff and
‘students. Mest of these core facillies are sel up as recharge cores and many are equipped 1o aceept outside business.

Bicengineering/Orthopaedic Sugery MicroComputed Tomography Facility

Facility Director: iasd Ghassemian, Project Scientist

Faculty Oversight: Elizabeth Komives, Professor

D Chemistry & aiso CTRI, Superfund, and SOM
D ion: Core services i from gels or prior to nanal G
MSMS, protein quantitation by SILAG and ITRAQ, of post. including acetylation,

and methylation, walk-up MALDI-TOF for trained users 1o analyze biomaiecular samples. Cote equipment includes ABSciex 5600 triple-
TOF, QSTAR Elite hybrid CL-TOF (AB Sciex), 4500 MALDI-TOFTOF (AB Sciex), Akta Explorer for oftline multidimentional
chromatography, and Veyager DE-STR MALDI-TOF (A8 Sciex).

Active Recharge: Yes

A8 FH oA E AdEstd 771 R, o] &=

BIOMOLECULAR AND PROTEOMICS MASS SPECTROMETRY FACILITY

Rates for Services | Training & Frotocols | HDXMS | Linkes

- Protein Based Analysis

instrumentation

=2

._\_1_

o84zl AHAHKR &

2 5

UC San Diego
T —

Contact

Welcome to the Campus-Wide UCSD Proteomics Fa

Biomolecular and Proteomics Mass Spectrometry
Facility

Th goals. of the Bi roteomics Mass Facility are to

with University of California San Diego {UCSD) resaarchers and Lo collect the highest quality

mass specrometry data possible on biological samples. The facility is actively engaged in
vidas

and also

0 more routine ir
for protein and peptide mass spec analyses.

Facility Personnel
Facility Director

Maiid Ghassemian
Has been conducting research in the field of

cility
ONLINE SAMPLE SUBMISSION & PRICE QUOTE REQUEST
New Instrumentation: "The Orbitrap Fusion
Lumos with ETD, the most advanced mass
protein quantification service
exchange mass spectrometry: a method to

spectrometer for proteomics work flows"
SWATH Acquisition: a new .

ideal for biomarker discovery “
Hydrogen—-deuterium

map protein-ligand interactions

sciances for the past 17 years.

Faculty Oversight

Elizabath Komives

Is focused on understanding the parameters that govemn protein-
protein interactions mediated by non-globular proteins.

Courses:

CHM2B3\BENGZ8\BIOM208

A graduate course, with both laboratory and lecture series, to

train students in the theories and practical applications of protein
y. Co in the spring of 2019.

Recent Publicatians

- Inhibition of FAK activity p
metastasis by enhancing barrier function.
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BIOMOLECULAR AND PROTEOMICS MASS SPECTROMETRY FACILITY

Protein-Based Analysis | Rates for Services

HOME  Instrumentaion  Hydrogen Deuterism Ex

Instrumentation
MALD;

HDX MS

QroF

Orbitrap Lumos

Supported By

The Tadility is supported by the NiH
shared instrumentation grant numbers
S10 OD0162 34 (Synapt-HDX-MS} and
S10 ODO21724 (LUMOS Orbi-Trap).
Please raference these grant numbers.
for publications resuiting from data
obtained from these instrumentations.
Funds from Moores Cancer Center of
UC San Diego

Training & Protocols | HDXMS | Links

change with Mass Spec (HDX MS)

Instramentation

Contact

RELEE

=

ZH:]]

1 O

_g]

UC San Diego

Sampte Subrmizsion & Price Gucte convest [ T

Instrumentation: Hydrogen Deuterium Exchange with
Mass Spec (HDX MS)

THE SYSTEM:

The Jevel design i

all o yio

 reproducibly — and most of all, easily

— perform protein conformation studies. The Waters UPLC HDX MS system removes the barriers to adopting high resolution
LT and MS for routine studies of protein conformational changes, making HDX a core competency for your laboratory.

ACQUITY UPLC* with HDX Tachnology

A core element of the system is the HDX Manager, which is purpose-buill to manage samples separated under higher
operating pressures, at 0° C and with no compromise in dewuterium recovery. its improved chromamatographic resolution is
paired with a state-ol-the-art mass spectrometer such as the Xevo™ G2-5 QTof of SYNAPT® G2-5i HDMS systems. The system

also integrates ondine
miktures of peptic digest.

Enzymate™ Online Digestion Column

is with trapping

and MSE gy for

a of complex

An immobilized pepsin column packed with mechanically strong BEH particies, the Enzymate BEH Pepsin Column (2.1 x 30
mm, 5 pmj is capable of operating at 15,000 psi, whose digestion efficiency is enhanced at both low and high digestion

pressures.

Mass Spectromstry: Wators SYNAPT G2-S

The SYNAPT G2.5 ir both high

technologies along with a suite of new infarmatics tools to take qu

new level. SYNAPT G2-S provides a 30X improvement in signal intensity for mass spectral peaks, better than a 5X

improvement in signal-to-noise, and up to a 10-fold i

The signil increase in

Waters ™ jan transfer optics and Triwave® ion mobility
live and high per toa
in limits of aver mass

together with the unrivailed selectivity and analytical peak capacity made

possible by ion mobility separations, allows the SYNAPT G2-S to identify and quantify sample analytes at lower concentrations
than any other high resolution mass spectrometer and easily and routinely reveal details about complex samples that were

previously difficult or impessible to obtain
DynamX Data Analysis Software v 3.0

In HDX studiies, data are produced across multiple time points, multiple species, and with replicates. Curating this data
‘manually is not time-eflicient and requires expert interpretation. Interpretation of this data is a repetilive process that requires
‘counting and measuring spectra. DynamX Software s desighed to systematically select spectra with predetermined criteria

and measure the mass change of the deuterated form. The software automation was greatly simpiified by utilizing the sharper

BIOMOLECULAR AND PROTEOMICS MASS SPECTROMETRY FACILITY

IPmamBasedAnatygs Rales for Services | Training & Profocols | HOXMS | Links

HOME | Sample Submission & Prics Quote requsst
BPMSF
Protein Based Analysis
Rates for Sarvices
Training & Protocols

HDXMS

Instrumentation

Sample Submission & Price Guote
request

Sample Submission & Price Quote
request

Supported By

The facility is supported by the NIH
shared nstrumentation grant numbers
510 ODO16234 (Synapt-HDX-MS) and
510 ODO21724 (LUMOS Orbi-Trap).
Please reference these grant numbers.
far publications resulting from data
obtained from these instrumentations.
Funds from Moores Cancer Center of
UC San Diego

Sample Submission

a7

UC San Diego

Cantact ple

& Fri at

Mass are i that are

y sensitive to large range of contaminates such as salts, detergents, and
biological buffers. For this reason sample preparation is a critical step for mass spectrometry analysis. For sample submission

the nature of ple and

through email

orin person.

in detail with Majid Ghassemian

Majid can also help you determing the best type of analysis for your particular question if you are not familiar with what types
of questions can ba answered by what types of mass spectrometry.

For sample drop off, please see our location to guide you to our facility.

NEW: SUBMIT YOUR SAMPL

AR
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Shared Facilities
Is there out of date or inct

VC Area/ $I0 Szction Department ‘Search Facility Names Type
-any - M- ~ ~any - 2]
Sarch
I e
ve
Areas
sio
Seafion Depariment Faity Deseription
PO (MBS GBS Stared 500 Mz NVIRS (one newy purchased n 2016) and high resoluion LGNS
instrumentation. Ofher equipment is shared among the organic chemistry oriented
groups such as FT-IR, polarimeter and fermentation faciities, 2 addiional Low
Resolution LCMS instruments, 1 GCMS, many HPLCs (probably around 10 total), 1
FPLC, Teledyne Isco CombiFlash RF+ Lumen with UV and ELS detectors
Type: Insirumentation
Recharge: No
Director: Sil Gervick
Contact:
Hioy MERD i;‘;:;‘:\'j’:“"‘ Fadiities for in vivo studies include two large Sxperimental aquarium fooms. Hubbs

O Shared Facilitiesol|A] 2% Ho|A =
o

7b b9l #o]7,

JTION OF OCEANGG

Séripps Isot

HOM

s thest ol

|

A<

o] =
AA

Hol A7} Vg

orrect information? Send us an email with the correct information.

Hall experimental aquarium faciliy s 2751 square feet with 12 trays and 30 fanks
(most insulsed) of volumes ranging from 1020 | to 7560 |, uilizing an open
seawaler system' that can deliver chilled (8 deg C), ambient (12 deg C-21 deg C),
and wamm (28 deg C) seawater . Chiled and warm Seawater lemperatures are very
reliable, usually fluctuating no more then +- 1 C deg. Four addfional aquarium wet
abs exist throughout Hubbs Hall, including a chiled ‘closed syster in a confrolied
temperature room. The Ritter Hall Experimental Aquarium faciity is 2150 square
feet with 18 frays and 19 1anks with volumes ranging from 300 | to 21,000 |, @ two
chambered controlled fight room and three each 3 m square cubicle rooms. Chilled
(10 deg C) and ambient (12 deg C-21 deg C) seawaler i also available via an ‘open
system’

Type: Experimental AG
Recharge: Yes

Director: Mark Hildebrand
Contact: Phi sk
Website: htips://seripps ucsd L

A Bk

TAA, 14

SSEE MHlA §8X 29

Instruments

Ay -

Instruments

NMR (Nuclear Magnetic
Resonance), LC/MS (Liquid
Chromatography-Mass
Spectrometry), FT-IR (Fourier-
‘Transform Infrared
Spectroscopy), Polanmeter
and fermentation facilfies,
BGCMS (Gas Chromatography
Mass Speciromelry), HPLC
(High Parformance Liquid
Chromatography), FPLC (Fast
Protein Liquid
Chromatography),
CombiFtash R+ Lumen with
UV and ELS defectors

e
EIRId

ope Geochemistry Laboratory | James Day
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. .S;:ri.pps Isotope Geochemistry Laboratory | James Day

FACILITIES »

Metal-Free Clean and TIMS Lab

The Metal-Free Lab at SIGL houses our k Ther
f and Metal F Lab

Plasma Lab Recharge Facility
Metal-Free Clean and TIMS Lab
General Preparation Lab

Highly Siderophile Element Preparation Lab

Petrology Lab

O w4 ICP Sample analysiss A3t o] &5 FRE AT + 93 LAB
GroupE AE st JAHHRE U

Scripps Isotope Geochemistry Laboratory | James Day Scripps Isotope Geochemistry Laboratory | James Day
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Dr. Marine Paquet
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- Salinibacterium amurskyense gen. nov.. sp. nov.. a novel genus of the family Microbacteriaceae from the marine environment
oA, OI Medashkovskaya, W Mikhailov, ZS8 gid=
INTERMATIOMNAL JOURMAL OF SYSTEMATIC AMND EVOLUTIONARY MICROBICOLOGY, 2003
- OHOledh 4 A S gk
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(s m AR A v e s, 2012
- Monspecific cleavage of proteins using graphene oxide

Heeyoung Lee, Minh-Hai Tran, Hae Kyung Jeong, Jinwoo Han, Sei-Heon Jang, ChangWoo Lee
AMALYTICAL BIOCHEMISTRY, 2014
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