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ABSTRACT

SIFBRIN §E TIRFRE Ui Sl ol ABEYLES] Yo DR DIFYFOR el e oo
FollA] 0] §3 ol G §7IM IR} A5 BBt ol d-R7| BT ES A 5|7 0|2 1) AR 187 %
Srol& 2] ofel (2] i 5 ol 532 59 o2 S Heh. o] ol Aol kot 2] Fefel et A
7 27 ol ofs] 715H9) 201, 58 A7 A S Bote] mlea el sfot S0l oi A sare] HIAIE oy 8 o,
o571 g o] ol o] B ol 8|1 A, olels Aio] 57|45 TES FASI L £ 571 NSAA ) 712000 o
o 71shiet.

Zinc (Zn) is known as an essential micronutrient for phytoplankton in the ocean. In surface waters, most of total dissolved Zn presents
as organic complexes, and organic complexation dominates the speciation of Zn in seawater. Organic complexation reduces the
bioavailable fraction of Zn, the free metal ion (Zn>"), which present less than 5% in surface waters. In this paper, a brief introduction on
chemical speciation of dissolved Zn in seawater and analytical method for chemical speciation measurement is provided. Some
representative studies were also introduced to describe the importance of chemical speciation of Zn (or other trace metals) on
bioavailability and biogeochemistry in the ocean.

Keywords: Trace metal, Zinc, Clean sampling, Chemical speciation, Organic ligands
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S Fof] 2RI GE B4 YaE e o2 pM — nM (102 - 10° mol/L)2] s &2 ZAj6tH, o] e en 2
Qlsto] ik ax(Trace element) T= v]3Fg<3(Trace metal).2. 2 B2t 1 5 F(Fe), F2](Cu), YZ(Ni), ZHE(Co),
7HEF(CA), °}°4(Zn) 2 ol oA A EEFAES] Aol B4Rl v S A(micronutrient) © BA T=24 0=
= oo ghaeehar} AR 715 Rle]| ek ntial d2iA Slth Anderson, 2020).

SHAEE 5_7%714 A5 5ol Hald 8 nFEH see L2 s Foll2At ul¢ 2 AolE B, A 24 7171
N HE AE2E U W2 vFEE sk HMES HESP] o2t Ak AR, s A& A 9 A3 A4 2], 24 Al
AEEE 8719 Aok, TR 2 = S 0 2R Z]RIRt AR o] @ o] ZHY E AN o1F- 24 7 24, 298
theh 7id o] =33 @74 20008 S0f Al2FE A A5 21591 GEOTRACES S 5ot H[&a49] @ g5 %43}
She 4 s Al = Al o] AAIA C & Y= A3 Cutter er al., 2013), oI mlFEE0] =7t ul¢- H2 S48
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0 & A, n|EFas 248 B Sl (SAFe) & A AlAlof| v 2sto] AT O] AS-S T Rt A} ol A & 4lE] /o]
=2 |50 e AR E A 4= A =itk Johnson et al., 2007).

S 0SS A4 5, 85 oFd(Zn)2 Sl 2 OA YUY EF (Nutrient type) 2] AZEIZE UEPHTHFig. 1). ol &
ol Aol ool -8 ofdo] AHE T F7] PAI= AF o= oF5sto] AgEslol ofol thA| 8402 Fote 7| it
o]tk Bruland and Lohan, 2006; Anderson 2020). 0}33-2 o|AFslEbA-S ghAEY © 2 HBEA]7]+= G491 Carbonic anhydrase
(Morel et al., 1994; Lane and Morel, 2000), -5-7121(Organic phosphate)= 7] ?](Inorganic phosphate) ©. 2 FIStA|7|= &
421 Alkaline phosphatase 2] 1|2 = o]-8- %tk Shaked et al., 2006).

SfoF eoll EAIGE & ofdle] B E Age] 4 & o A HASolE &6t 8 ofdo] A=rHeA
(bioavailability)-< “§2t5] B7Isl7 = of2t2H), 7P 2 91024 8 77184 organic ligands) 2 {171 oF¢1<] Sfet]
ZA)| @Hl(chemical speciation)= = 7 31Tt 8& F7[Hl 1A= sl gollA] 8 ofel& 2?t o8] §& nldasy
o At 5712kl = organic complexed metals)S FAoH= 8E4(<0.2 um)e] 7] EAKorganic
molecules)= A 2JF ). o] F & oAy} Agdote] 4% ofA-7-712Fel = organic complexed Zn; ZnL)-2> 78t A9t
o Qloff sfig|=]7]7} o], o= Qlaf LI FFolM= AEEdTE] A48 YHsH dElo] Ql= ofd ol
(Zn*")0] F-8F o119] 5% oot FHAse pM (1077 M) 2] ke T2 a9 A EA51HA| Htk(Bruland, 1989). wabA]
B olA BE7HAIE olalicl] flolAE Sk BT opd BFehA] EAf FE| 3t A o] tiFEgloH, s
A} Bl sto] EAgeh BA v 24 5 A @ Aol dold 4 Yl 2Rl 0= I5l -8 oo SfetA] ZA) FHlol o
S A A A= A2 o= ol B v o] §17] oirt.
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Fig. 1. Vertical profile of total dissolved Zn (Cz,) in the subtropical North Pacific (23° N, 160° E). Modified from Kim et a/(2015b).
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upo] disl Aok, 70 Q7 ARIES oliste] B AP Se] 4 ofele ek nlaka: 940] iz Wt oby

S} 2] et TALS 71 4 Sl 718kS Aok S

whebA] o] = Rel Al 8 o] 15} £A) Wef Y] Slat sl ALR0] 815, B uPo] o) 24 vt B
A=}

2, zfebd EAl HElf EM S flet Sl Al Al YH

| g a5o] w9 ok EA] FHl 248 ol Al AF Al o] Dofd 4 = W2 T R Skl A5t
|, 71 A2 2= AH1E 2Esto] Wghs 354 elooj 27 e et @ |, Aol FabH 3148 A= (sacrificial anode)
O 2R [gt @, A= 25 Al LAY 4, Ar719] AMIA mlEAIZ 18] A7 A =R E Freficks 0
5 UK Cutter and Bruland, 2012; Kim et al., 2015a). i<+ 5 Do = = A= 0] @ 92 vfjAlislr] gt A A sirerl=
g2 oe] AHE Foto] vt o= SHECE T A= Agr = 6]A] Shi= 23Eo] Apr] 2)Fe]
EAeh= Nisin-X type 2] A7] Ti= BIEE FH % Go-Flo 457101 O-ring= Viton A= W AR & 4|23 A Aot 2|4
71014 Zefiohs B 940] L HS RISk, A7 & ARols 241 T2 o EA] Eim Ee] et
S 2HE FHL 4 e T LGS viAlshH, Auht 2AlS Adsh= Alo|S2 AlER, EleHE, B WERC R 0EE 7
O]& 5= o] &3H Table 1). 1 2] YIEFH=2] Royal Netherlands Institute for Sea Research (NIOZ)oA = SF.Q 2351 2
HJ2]dl(Polyvinylidene fluoride)A| =7 |(PRINSTINE sampler) S E[EFsA] 4 Za|Jo] 451, AlEetz o2E 7|
ol5 ARSh= To ARl A siirAlE A AIARIQI TITAN-= 7H S © #(de Baar ef al., 2008; Rijkenberg et al.,
2015), @A glftelr e ol e & AlARRS AT oJARRe] EQiste] iRt AE sstal QItk(Kim et al.,
2019). A A= Qi Teslo] ok 2pAg A E = Kim ef al.(20152)2} Kim ef al.(2019)2 Z115}7] vightt,

B nldaS A48 ol Alee A dleAlm AgS ol 8ste] A& AR TR, o 5719 F-4E aiAleh g
7% (clean container T=bubble) 22 7|5 o[ 5AZ] &, AG7]of| APAIAS AR AEEE(0.2 — 0.4 um)S 214
A5t sl A= 0] o 1E HAISHA =W, o|FA] ok Sl AlEA= AAA S low-density 4= high-density 2o E
2l 8710 Hol HERHHKim ef al., 2015a).
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Table 1. Major components of trace-metal-clean sampling devices

Sampler Frame Wire, Cable Reference
Go-Flo water sampler — Kevlar wire (Bruland et al., 1979)
Go-Flo water sampler Epoxy painted Al frame Kevlar cable (Measures et al., 2008)
Go-Flo water sampler Titanium Frame Kevlar cable (de Baar et al., 2008)

PRISTINE sampler Titanium Frame Kevlar cable (Kim et al., 2019)
Go-Flo water sampler Polyurethane coating Al frame Vectran cable (Cutter and Bruland, 2012)
External spring type .
water sampler (OTE) Titanium frame Plasma rope (Wyatt et al., 2014)
External spring type . . .
water sampler (Niskin-X) Polyurethane coating Al frame Ti cable (Kim et al., 2015a)
External spring type Polyurethane coating Al frame Vetran cable (Obata et al., 2017)

water sampler (Niskin-X)
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Al g ol| 4T (ultra high purity) GAT Fi= ZARS 71510 < pH 1.8 2 HISEATK Cutter ef al., 2013), 0} E3
Faso] ofehd A JHl A= Sl ol Alms 4he H7FE A A7 HIRIARE 22 -8 771529] 90% oVdo
S=)7] miiol 4k 7ol A28 BHsk= A2 B7Fsolth(Kim et al., 2015a). 12| B2 51514 £2)] e 24985
Az A&l EAok= B Yart 8710l 52t Bi= A& it UAlsh] ffote] ojabe Y di Al a2 Alm &

16| Aol = & AFotH, f7lEo] EaoliE 1l Hsloh= A WAl | flol SA| S 2AA 74 A7k] JE Ry

AF & GeEat Alae A2 Aol nj2] W Easte] HAds] shEAlzl £ dA2E el

N
> fe

i
=
o

3. 54 AIZS| 32| U 24| 0|27 b

3.1 lig= A= 24x{2| L 24

S -8 ofo] Skl A FEfoll tiet 242 i A ek BY / 2 w5 2= W AR H(Competitive
Ligand Equilibrium / Adsorptive Cathodic Stripping Voltammetry; CLE-ACSV)H-2 ©]-8<H (van den Berg, 1985; Donat
and Bruland, 1990). CLE-ACSVHL: H715f8F £49919] shbA] 345 o1 20] o] wlefshA tehts 891 ARae
ZASRe EAHo|c, o] =R Al ofelo] sfalal £7) ) B4 Slat He] uhiat B o
o}, 31512 A4 e Foku at sk B ol ufet AL AT B9} ke Ry
sp7] wlel mlaka: A obdlut g Ao 2 st 24 W) A7t s ofRei A
A} e 371491 B Rue and Bruland(1995)2F Wong ef al.(2018)2 alsl7] vigttt.

CLE-ACSVH2 o-§=toe1o] Sfoha] ZA| el A4S S1oll AAIAS HAIRH HIEE o] 4= 107] A= =H[RI(Fig. 2).

0 - 6 nM of Zn standards into each Teflon vial.

No No 0.2 nM 0.4 nM 0.6 nM 0.8 nM 1 nM 2nM 4 nM 6 nM

addition addition \l, \1, \l/ \l/ \l/ \l/ \1/ \ll

":' Competing ligand
10 mL Borate buffer ! (APDC) Determination

sample
\ \l/ / \l/ by voltammetry

12 hr wait

2 hr wait
(overnight)

Fig. 2. Flowchart of the procedure for Zn speciation analysis.



AHA /ol 5 8 o1io] sieka Z4) el A7 5 + 71

= Azol EAoh= F< AT EIEE Hlo|ge] FHO S&= = Z1S WAl $lolo] 5 o A=
UHF HHoto] 2 HI 22 o] YRS 2-33] 415-5] s)Ho] &= ok ARSE k= AlZ= T2 Hc) o] & 7Y
= et ol A= S 10 mLA RF5HL, pHE 8.28 F-2AI5F7] 91l %8415 4 mM borate S

T}, o] 3 Z}ZFo] B EE Hio|gol HXH 0 2 F7ok= ofd BEEH ] 5% (0 -6 nM)E 71t vhs 2Fet M2 ¢
o 2AIZF A T 7|31t up]uko 2 Z} HlEE dio|dof| Q1F v $AF] ammonium 1-pyrrolidinedithiocarbamate (APDC)
£ Aot Aol EAok= A G2 IRket 124 A& g AXIckFig. 2).

o|ZA A=A H7H ofd BEEE-L2 AF) EAchs A f7 IRt -8 0 2 AlslA =11, o]gA 34
9 oA A3 fr1EERMES 7)ske o & vy AT QOﬁ EEHE2]|(Voltammetry) oA oF9] 2Hl HF= 1=
=) 2] A9 2471 ofd BEEH O] T A=l EAohs A [ HIRIAe] S ot =S A A frHieiter 2
ol Jol gli= ofd o] % X7toll5== APDCe} Agtste] A 71@@7@2% Z4o] 7153} Zn-PDCE FAsHA Fck

A7} k= A2 e ER] o] HIE2 Aol &4 B49& A HFig. 2). AA| 42 ARl of 9EA] Al=e]
i 71AIE QA FYsto] Aol ERc= AMAE RE A AFFO 2 A] 4hAae]] o)) UrE’rUrh o] 2 AR5 APttt
24 Al Zn-PDC= 7| A=11 Ag/AgClell tiste] —0.6 Vol A7 71K 42 A=l 32, 5550, 42 250l -
0.75 VOllA -1.2 V2 20| ko 2 Q5 FAHH — 1.0 V 71710]o| A Zn-PDC 2] Zn* 7} Zn’ 2 2HIE|H, o]uff Fofz]=
oh AFE2 Zn-PDC Y| Fof| HlHolA Yehdth(Fig. 3a).

3.2 BZ 0352 afehd ZAl JEl 42| 0|24 i E

o|gA| 742 Foll BolX A4 A (titration curve)S ©1-8(Fig. 3b), ] Atk Fall ol Foll A= HA /7]
U] S (Cy), 8 ofdo] FIaleIRtet Quit AskA Agste] EAek Ql=AlE Ueie 24 PE A
oL 7o) O Aol EAok= ofd 0] 2.9] S ie(Zn* Y& AFE 4= SITh. ofig= A=l
EAok= oFA9] F FE(Can) s HES T BAS Foll 92 Tt olom, thaat 2ol 4o Hr.

(conditional stability constant; K’

C,y =[ZnLl+[Zn']1+[Zn*7] )

o714 [ZnL]= A F7HiIAe Agst ofa-f7 12tk =2] 55, [Zn']= F71H oF(inorganic Zn)2] Et, 12|11
[Zn*' = ot o] 9] H55 yePdL), of7)A Zn'T} Zn* 2 BLFSH of(labile Zn; Znjwie) 22 =M, Znpies
APDC2} ZE1ole] Zn PDCSRIE & 9%, BeE21S 5o} ) 1Rl 2790] 7Hsgh ol SJolatol, [Znn.] = [Zn]

+ (20019 WAES AR s Aol §7 1SSt Aestol 1 2ekE e 94T olle thewt ol o] Bk
, __ [2ZnL]
K ZnL, Zn*" T [Zn2+][Lr] )

ATV K., oo (207 1ol tht ol §71 5B 0] 270 P A4S Uehfie], (LT sl ARl E4jsks Al
IR} 5 otedal IR ek 57 1MI A free ligand)©] 55 5 LERdIh
Sl Al zel ZAIsHE A 47 1uj9IAR0] & (0 0] B Thet o] Ao et

C.=I[ZnLl+ L] 3)
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Fig. 3. Example of Zn titration data. (a) Voltammetric scans for Zn additions. (b) The response of Zn peak current with
increasing Zn additions. The line and blank circles indicate the response of UV-irradiated sample. (c) Linear relationship
obtained by transforming the titration data. The calculated C, and log K’ Lz N this linear relationship were 0.9 nM and

10.1, respectively. Modified from Kim et a/(2015c).

4 @9 [L'}E A (3) 02 A3ste] Helsh ofefe] AL 0 E ek 4 olet.

[Zn?"] [Zn?"] 1

[ZHL] CL (K ZnL-Zn2+><CL)

“4)

o7V xF S [Z0”), y5& [Zo YZnLIZ Belote] Jeme ehd 5%, AFTANHL] 1271 1ol Sigsto, y
Zo] AHL 1/(K',,, e <)o SAFHER €3t K, & FE 4 9P H9], 0l van den Berg/Rusic

linearization2} TFCH(Ruzi¢, 1982; van den Berg, 1982)(Fig. 3c). 2] (4)E 55l van den Berg/Ruzi¢ linearization®]| ZA| &=



x50 (20719 y %] [Zn® [ZnL10) GEE S14= Al 2ol ofd BERAO| 58 YUK 0 2 277 T Bep=] 242
S Qloj2)i= 217be] 9 AR, 2 o8l 2ol 2 glrk WA A (4] [Zn” T the02 o) e

ip
5
Sxa Q)

(Zn*"] =

714 i,y = EEHE] o] o6 HER= 2h MRS UEIH, S& EEHIES Y] (ARt s E)E HEU=t,
o= Ak4l-& AN U V-irradiation)5to] 2 F7 1M 9IRS 25 25l], A|AR sl Al =oll BE24-& H7oto] BRI E
22 Hojx]= HFAlS Foll et ERHERE o8-8 S7glA iy/S Ah2 f1ollA a1t BEeF o] [Znjwie] (= [Zn'] +
[Zn* ))& onlalr] wiol SEfH E] oA A== 2H HRgelA [Zn* 12 AKX ] YlaliAl= ofa ] FRESAISside
reaction coefficient; o’ & Bol& Q7| 9J.0H, o' = 23} Zro] Ao =it

a’:aZn+aZnPDC (©)

A7 a1y, = 57] o] BES AR LR, pH 8.20] a0l A1 o} 2301 mele] ofa] 2.29] ZH& 71Tk Turner
et al., 1981). cryy = Zn-PDC] BHESAR-2A] H7HeH APDCE] 0] oJal) A7 Hm, T2} o] o] et

QznpDC :K,ZnPDC[APDC’] (7

A7 K yupp & 24 P A0]H [APDC = o4l o] 23} AlsiA] o2 APDCO] 5 oJn|tet. SHA|Th 574

sl A=l H7sh= APDCE] 525 — 50 pM)= oF19] ‘s et E55] 7] tizel [APDC']E thilsto] 71t

APDCO| F &1 GH=[ADPC])= OF8RMH. K7, pp ¢ #1:2 pH 8.2 Slis=oll] 10*2 HaT|of 9lrk(van den Berg, 1985).
2] (42 53l van den Berg/Ruzié linearization®] EA| == yZ2] [Zn*")/[ZnL]oIA] [ZnL]&= th2-0 2 AXEE 4= it

[ZnL]=C,, — (Z—‘) ®)

S

DlolA g HERE 2] (iyS)= [Znwie] = 2JP15H ] whizell 4] (1)2 AR [ZnL]o] AKEEL 4] (5)2F 4] (8)2 st
A [Zn*})[ZnL] = th&at 2ol vreRd 4= Qlrt

[ZH2+] _ i
[ZnL] — o' x((Sx Cy)—1i,) )

=, 2 (5)2F A (9)F °l8ote] 4] (4)2] van den Berg/Ruzi¢ linearization®] =237} 71531211, ©]& Foll C .2t
K')op g2 T2 5 A Aok w0 2 S5 Al g of] EAf6k= AA] [Zn = Tharo] o|xPEA A1 o] 85t 7 4=
THEllwood and van den Berg, 2000).

(20 Py, K, e F 1202 TIK e CL =K e Can Fay,) = Cpy =0 (10)
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4. 82 oflo| 3fara Zx Hel
82 ojelo| 3[3t3 ZA Hefol chst 22 7 Zat
Table 2+=-8-F o1 9] 3fek ZA)| ol thet 38 A+ A7HE A 2]et Ao|th. tiFE9] sfjHof|A ot} Aetoh=-&
Z 471 EE(CL2> nM (10° M) 2] w1k THeI= EARIch s 2 vl & 749 th2-9] 2]%F%(open ocean)C]|
A A9 (marginal sea)oll HISl| dT4 0 &2 W2 8E F7 1AL B oF =2 2 S A E 7= AS Holw
o}, |Fg2 Aepdo g Sx]et Ee] ol A Q7] wiell S 1Y F7 1 IAte] £ 7Fs g 0] =2 At} Bl wsto] 4
Aog ko ax 97ujorto] g Holk 7 0 2 delA 9IthKim ef al., 2015b). 5718 $JA1e] 71Q0]] thsiAl = of
of| A ZpAJ5] A7lekarA} Rt -B<E ofddo] 7|l IAe}t dri 75k ARtsto] EAfeHL QleAlE Uehle 240 SFE
Aol A o 2 VA Yeh b= A 0= BT E|l=Tl|(Table 2), S47| G797 dH2 o= ot 2
AL & 7Fs 32 AlAFsh, Qi eActedoll EAeH= F-7 18 AR 2R Eo] tigh BV 75| whis
THA| . ARt of| A A A 0 2 WA U= 270 P A7t of | elef] Slof Lreh =] of] thaliA= & e
¢Ie¥tHBruland and Lohan, 2006; Kim ef al., 2015b).
Fig. 4= ofgdl] el ellA dojxl -8 oA 2] afatd £ el thigt 2] 5 HojErh B304 -8 77140
A FE([CL])= OFA9] & E 5 ([Can]) 2F HlSEO] A2 0 = 7] U= Ze o o= 2L O H(Fig. 4a), &

o*;“é{‘.:

J

>
r

"_
=)
.
o}
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<
o
N

1

)
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Table 2. Zn chemical speciation data from relevant studies

Region Sample [CL] Log K') | , o+ Reference
(nmol/L)
OpenOcean  Central subtropical North Pacific ~Profile 1.0-1.5 10.7-11.3 (Bruland, 1989)
Eastern North Pacific 60and 150 m  1.7-2.3 11.0-11.5 (Donat and Bruland, 1990)
Eastern subarctic North Pacific 15m 0.7 10.5 (Lohan et al., 2005)
15-150 m 1.1-2.6 10.3-11.3 (Jakuba et al., 2012)
Western subarctic North Pacific  25-40 m 2.3-2.7 10.1-10.8 (Jakuba et al., 2012)
South Pacific 20m 1.3 10.2 (Ellwood, 2004)
20 m 1.2 10.6 (Ellwood, 2004)
Western subtropical North Pacific 6-198 m 0.2-0.5 9.5-10.8 (Kim et al., 2015b)
Western subarctic North Pacific  10-37 m 0.7-1.2 9.7-10.2 (Kim et al., 2015b)
Northeastern Indian Ocean 17m 0.5 10.0 (Kim et al., 2015¢)
Northeastern Atlantic Surface 0.4-2.5 10.0-10.5 (Ellwood and van den Berg, 2000)
Central North Atlantic Profile 0.9-1.5 9.8-10.5 (Jakuba et al., 2008)
Profile 0.6-1.3 9.8-11.3 (Jakuba et al., 2008)
Southern Ocean 10-200 m 1.4-5.3 9.1-10.4 (Baars and Croot, 2011)
Marginal Sea  Sea of Okhotsk 20 m 2.6 9.5 (Kim et al., 2015b)
East Sea 20 m 1.3 9.2 (Kim et al., 2015b)
Andaman Sea 5-100 m 0.4-0.9 9.6-11.4 (Kim et al., 2015¢)
Bering Sea 20 m 3.6 9.6 (Jakuba et al., 2012)

Black Sea 10 m 7.8-16.6 9.7-10.7 (Muller et al., 2001)
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e / s -8 ol 2y A4 B A7 5% - 75

A7} obAt Aol ofA-F7 12 8FtE(ZnL )& /35 =L, o] 2 Qlste] oFd o] (Zn*")2 pM (107 M)9] W2 &
T2 Uehe Z& o 5 Ut(Fig. 4b). BTA 0 & §F o1 o] T w7t 2 ot SHIE <, ofdd thAl<Y, 1=k
FZ0||X=959% o]Afe] o} o] o}l G 7| ZsltE R ZAgirtal ¢l A] ¢l o W(Bruland, 1989; Donat and Bruland, 1990;
Ellwood and van den Berg, 2000; Jakuba et al., 2012; Kim et al., 2015b; Kim et al., 2015c), 2 o}shl SejHf, =
Sfjel o] -B<E o} T T H I A 0 2 = LR b= sl oM = 5 ol & st [l eAte] s T =
7|wizol] Y5 ofA-2 [l eIAtet AotelA] Zat FHlE EXsHA F a1, o] 2 ]I5f o o] 9] FLrt iAo 2 =4
LeR = Z1 0 2 H 15 9] O H(Baars and Croot, 2011; Kim ez al., 2015b), 10F ©] 749 21 3173 @ Qlof oIt 8% o}l
T 8 7191 Frd o= o o 29] B e thksHAl LR 4= Stk (Muller et al., 2001; Jakuba er al.,
2012; Kim et al., 2015b).
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Fig. 4. Concentration profiles of (a) total dissolved Zn ([Cz,]), and total organic ligands ([C,]) and (b) free Zn ion (IZn**])) and
total dissolved Zn ([Cz,]) in the upper 600 m of the subtropical North Pacific (28° N, 158° W). Note that [ZnL] between [Zn*]
and [Cz,] indicate the concentration of organic complexed Zn. Modified from Bruland(1989).
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