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ABSTRACT 

The concentration profiles of Cd, Cu, Ni and Zn in a water column in 

the western Philippine Sea (located at 124
°

00'E, 21°45'N) were investigated. 

All four elements sho,ved a surface-low and deep-high distribution pattern. 

The maximum concentrations found between 0-2000 m ""·ere 0.97, 2.6, 9.3 

and 7.7 nM for Cd, Cu, Ni and Zn respecti\1ely. The distributions can be 

further classified into different types according to their relationships with 

nutrients. Cadmium was strongly correlated to nitrate and phosphate, 

whereas nickel and zinc were related to silicate. The concentration of cop

per increased linearly with depth, but it correlated poorly with either phos

phate, nitrate or silicate. A c.omparison betll'·een the present data set and 

those reported for the northeast Pacific Ocean indicates t.hat those elements 

follow similar distribution patterns across the Pacific Basin, '¥ith a decreas

ing trend on the maximum concentrations in the deep ""7ater from the east 

to the w·est. 

(Key words: Cadmium, Copper, Nickel, Zinc, Philippine Sea) 

1.  INTRODUCTION 

.. .\lthough it has been k.nown that cadmiun1, copper, 11ickel and zinc exist in oceans at ver)' 

low concentrations, ranging fron1 pM to up to a f"ew nM (Bruland, 1983 ) , not n1uch t'ielc.i data 

can be found in the literature. This is probably due to both the analytical difficulties ot· 1nea

suring these elements at such low levTels and the associated high costs. More than t'our-t'it'ths 

of' the presently· available data t 
.
. or the Pacit'ic Ocean center upon the northeast Pacit'ic includ

ing the near-coast areas ot't' Calit'ornia. Generally7, the conce.ntrations of Cd, Cu, Ni and Zn 

found are either depleted or lo�· in the surt'ace but relatively high in the deep \\later. Their 

profiles show similar patterns to that of· nutrients (Bo)1le et al., 1976; Brt1land, 198(); Jones and 
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Murray, 1984 ). These t'eatures alc)11g with the �lssu111pti(Jn th£1t the 1·egeneratic)n C)f metals 1nay 

be t()tall)' ()f p[trtiall)r li11ked tC) the cyc1es l)f. 11utrie11ts led B1·uland ( 1983 ) to i·egard these 
metals as nutrient- <)r nutrient-like- type eleme11ts. \\1hether such Cl)1·relations n1ay alS() apply· 

t<.) ()ther parts ot· the Pacific 1·egio11 is still nt1t conclusi\re because l)t· tl1e lack ot· high-quality· 

data. In tl1e western ma1·gi11al seas, such as the Philippine Sea., only C(,tdmium data have been 

re_ported (Pai and Chen� 1994). In this pape1· the distributil)ns ()·f� Cd were studied again in the 
same area, together \.v·ith three C)the1· ele1nents, i.e. Cu, Ni, clnd Zn. l""'hese data \Vere then com

pared \\?ith those f()Und in the eastern and other parts C)f. the Pacit'ic Ocecln in order to sketch a 

general, basin-'W·ide distribution pattern for these elernents. 

2. SAMPLING AND l\1ETH(lDS 

Sa1nples for trace inetal analy'ses �/CJ�e <)btained �tt Sta. I I (FigL1re I) in the Philippi11c Seel 

( l 24°0()'E. 2 l 045'N, bott()m depth 5530 n1) aboard the RIV Ol·et111 Re.\�earc/1e14 I during C:1·uise 

ORI-3 l 6a, tv1ay 5-15, 1992. Seaw<1ter clt dit't'e1·ent depths (()-20()() m )  �1ere cc>llected \Vith 2.5 

lite1· Go-Flo bottles nl()Unted ()ll the rosette S(:tmp1ing sy·stem (Gener<1l Oceanic Inc., Miami, 

FL, USA.), which was CC)nnected to the Seabi1·d SBE 9/l] CTD (Se21Bird Electronics Inc., 

Be11evue, WA� USA). An t1xygen sensor w·as usecl. For the deterrninati()fl ot' metals, a p()rtit'ln 

of.- the sub-sample was tra11 sf erred dire ct J )' t'r()m the Go Flo hl1ttJ e i n  to a 1. 28 L 
p<)lyethyleneterephthctl<:1te (PET) bottle, which has been f'illed \Vith 3() ml .. ot, ammonium maleate 

buffe1· at pH 6.5 ( Pai et c1 l . ., 1990 ). The mixtt11·e 'W·as allo\ved t() pass tl1r<)ugh �l Chelex- 10() 

d<)uble column set (Pai and Chen, 1994 ). The loaded column sets \\/·ere brot1ght back to the 

la11d-based laborator)' � and the m.etals \\1ere 14eC()Vered by eluting the col t1rnn with 10.0 rn[_, <)f. 

2N nitric acid. A cc.1ncent1·ation factt)t� (Jf' 125-f�old \Vas obtai11ed. The contents ot· Cd, Cu, Ni 

and Zn in the eluate were d.etected by a Hitachi Z-8 100 g1·<:tphite t'L1rnace aton1ic absc)rptil)n 

spectrometer. The detection limits t'c)t· Cd, Cu, Ni �1nd Zn \\t'ith this procedu1·e \:\/ere ().()2 .. () .2, 

0.2 and 0.1 11M� respectively. In a labc)rat()fy test, the 1·ec<�)veries C)t' spiked i11etals at 1 ( ) n�1 

�1ere within the range llf 96- 1 ()29(:. Discre.te samples were also collected at t\\1l1 nearby st�ttions 

(Sta. 10 ancl 18) for the dete1·mination l)f oxyger1, nitrate., phc)sphate, and silicate. 

3. RESULTS ANll DISClJSSION 

3.1 Hydrography 

'"fhe distributions ot' ten1per<:1ture., sali11it)1 ( by C�TD), ()Xygen (by DO sensor calib1·ated 

witl1 rnanual dete1·minatio11), de11sit)', c111d AOU (lt the three static)ns (Sta. l 0, 1 1, and 18) are 

shown in Figure 2. Nt1trient data at Sta. 10 and 18 are alS() pl()tted. Since the l1ydrc)g14aphic 
patterns at these three stati()TIS are aln1ost identical. Thus, c1lthot1gl1 nutrients were 11ot ana

lyzed at Sta. 11., their distributi(1ns should be si111ilar to those at Sta. I 0 and 18. The prot'iles in 

Figure 2 match well with the C()rre.spc)nding data repo1·ted pre\rio11sly in the nea14by· .region 

dui·ing INDOPAC Cruise Leg-3, and the WOCE (World Oce<:ln CircLtlatit)n Expe1�i111ent) cruises 

a]()ng the t)bser,,ration'-11 line PR-20 ( Gc)ng et l1l., 1992). It can be concluded that the water 

rn(tsses in the studied area .are \lery stable \\1ithout 11oticeable seclsonal variations belt1�! tl1e 

surf.ace mixed layer; therefo1�e the prc.>t.iles obtained in this study rep14esent the general charac

teristics l1f� the water C()ltirnn in the west Philippine Sea. 
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3.2 Cadmium 
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The vertical p1·()f.iJe <)t· c::1dn1ium sho\'Vn in Figt1re 3A gives a11 aln1<)St identical image to 

those o·t· phospl1ate <:1nLl 11itre:1te. The concent14ations (()-0.02 nl\1) f(lttnd in the surface layers (0-

150 n1) were at the detecti<)rl li111it� increasing \\,.ith depth in the therm()Cline (2()0- 1000 m) at a 

gradient (dCd/dZ) of' ca. ().1 nl\1/ l 0() m" and reaching a 1naximun1 (lf 0.93-0.97 r1M at 1000-

12()() m layer. Below 1200 m, the cc>ncent14ati<)J1 leveled ()ff flt (J.91-().95 nM. Both the shape of 

the prc)file and. the. C ()ncentration range agree well with p1·eviot1s obse14vations within + 5% 

er1·clr (
·
Pai and (-:hen., 1994 ). Togethe14 \vi th the ph()Sphate. data, it can l1e conf�irmed that cad-

111iu1n is indeed <:1 nutrient-type element, and that the linearity between Cd and P is almost 

identical ac14oss the wll()le Pacific Ocean. Howe\-'er, as can be seen tr<)m the data i11 literatt1re 

(shown in Figttre 3B), there exists a distinct dit�f�erence bet\\1een the west and the east Pacific 

Ocean. T�1() rnajor groups oi� vertical distributic)n ca11 be identit'ied f�14om the overlapping-plot

ted diagram. The group thctt h<:ls �t sharp incrernent in the shallow 0-5(_)0 m layer is located 

general1y in the northeast and north Pacit"ic regions. The concentrations ot' Cd in these areas 

C<)uld be dete.ctable ( trorn 0.05-().6 nM) in the surt'ace" ai1d the maximum concentration t)f" ca. 

1.0- 1 . 1 nM \\1as f(1und at as shallow [ts ca. 500 m. The other group, with a deeper Cd-cline, is 

ll)Cated in the central a11d western pa1·ts <lt' the Pacif.ic. The surface la)1er (up to 200 n1) was 

almost deplete-d ()f" Cd, (:tnd the 1naximum C<lnce11t1·atic)ns (ca. 1.0 nM) appeared at a depth 

deeper than 900 m. 

When the ph(1sphate data ot� the two sides of� the ocean at4e ClJmpared, the patterns look 

a11nost the same as th()Se fo14 cadmium. The concentration <)f phosphate in the surface layer of 

the eastern Pacit'ic n1ay be as high as ().5 µ M, whereas it is unde-tectable in the west. The 

maxi1num concentration ()f' phospl1ate in the eastern side (e.g. 3.3 µ M P at I 000 m) appears 
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�t little higher tl1cln that t'()Und in the \Vestern Philippine Sea <:tt the S<;lme deptl1 (�).() µ M P). 

Tl1erefore, it is not sL111p11isi11g t() t'i11d that the in£1ximurn Cd C()ncentration in the Philippine Sea 

was slightly ]()\Ver tha11 that 11eported bj' previ()US W()fke11s in the ec.1stern p£.1rts ()f' the ocean (see 

Fi g11re 3 B } . 
.._. , 

3.3 Copper 

The distribL1tion ()·i· c.:(Jppe1· (Figure 4A) c:1ls<) sh(:)\V'S cl surt'ace-loVv· c.1ncl deep-rich tt�end. The 

st1rfc:lce l4:1yer \Vas n(1t clepleted. with <l C(Jnce11t1·,1ti(111 ra11ge ()f' 0.5-().7 r1M in the 0-2.00 111 l<.1ye.r. 

\\'ith()Ut taking the spttriC)US d'1ta c.1t 25() n1 i11tc) cc_Jnsideratic)n� the C()t1centrc.1ti()tl inc11eased vvith 

clepth ir1 an <tltnost lir1ea11 way. At I 0()() 111 c_1nd 2()()0 r1·1� the conce11traticJns \\i'et1e 1.68 a11d 2.57 

111V1 t1especti vcl:y·, with �1 gt·�:idicnt ( dCu/dZ ) ot· C(l. 0.1 n I'vl/ 1 ()0 111. The CC)rre.latic)ns be.tween tl1e 

C()£1ce.nt1·ati()11s C)t. cop�1e1· (: l11c.i 11L1trients (i11cludi11g pl1c)si1h,1t:e. n1tr,1te. '1ncl silicc1te) vvere ,111 

�)()<.)1·. This i11dic<:ltes th,tt C(.1pper 111ight h[t\:e (l slc)we1· i·ege11erati()n than d<J nut1·ients du1·ing the. 

\/e1·tical sca\:er1ge p1·()ccss. In t�act. in 1nany prcvic)us 1·e1Jc)11ts ( B1·u],1nd. 198(): Mt11·c)zu1ni, I 983), 

tl1e highest C()ppe1· C()ncer1trc.1tion \Vere al\:\/ays f'()Und ne<:11· the <)Cean flo(_Jr. Their explanc.ttion 

\>i/as th,1t the higl1 C<)nce11t1-,ttio11s ir1 the deep \\1ater 111ight have bee.n a·ft.ected by the 1�e1ease ()·f· 
C()pper f'11(1m bc.Jtton1 sedi1ncnts. The general t1·end oi· the pr·c)t.ile in this stLtdy matches well w·ith 

that 1·eported by Burl<.111ci ( 1980) and Mt1rozurni ( 1983) bt1t is 1nuch lower· than that repo1·ted by 

.f ()11es (tnd i\1ur1·ay ( 1984 ). Tl1e d�1tt1 C)bt<:1ined hy the latter �1L1th()t1s r11£1y well have been Cl1n

t,lmi11�1ted (:Figur·e 48 ). 
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Fig. 4. (A) Vertical prot'iles o1' C(Jppe1· in the Philippine Sea plc)tted f1·01n the data 

()btained in this stud)'; ( B) O\ierlapping prot'1Jes C)f. C()pper plc)tted f'f()J11 dat�1 

in the liter£tture f()J4 ()ther parts of the P'tc1fic Ocean. ( :>: t-1·0111 Bruland 
( 1980), St�t. C- 1/C-II in the n()14theast P::tcific, Sta. 17 in the central n<)rth 

Pacit.ic. ( + ): t·1·om 1\1u1·ozumi ( 1983_), St21. 1\1-7 in the west Pacific near 

Gua111. ( .A. ) : t'rom }()nes and M un·ay ( 1984 ) , St�l. 2,3,,5 an(l 7 i11 the north

east Pacif'ic ()ft' the cclast of· Wc.1sl1ington. 

3.4 Nickel 

The concentratio11 ()t· nickel in the surt·,1ce layer (0-20() m )  was found bet\\'een 1.9-2.1 

nM. It increased sha1·pl)1 \�lith deptl1 in the ther1nocline and reached ca. 8 nl\11 at 1()()0-120()1n 

(Figure SA). Below 120() 1n� the concentration inci·eased more gradt1ally with depth t<.) a 9.34 

11M at 2000m. The shape <)f. the pr<.)f-ile 1·ese1nbled tl1e:lt ot· silicate rather than phc)sphate ()1· 

nitrate. Acc(1rding t() tl1e Brul,1nd's classit'ication, nickel is cl lal1ile-1·et'1·actory nutrient-type 
cle111ent. This mee:tns th<:Lt the dist1·i bt1ti on may be C()ntrol led b)' <1 cc)n1binati on C)f- a i·apid

regenerati()n 1 n the the1·111ocline and a slow-1·egene1�ation in the deeper laye1·. The t'c)rt11er p1·()

cess shot1ld result in <:t shallc)W rnid-depth conce11trati <)n rnaxirnu1n� a11d the 1£1tte1· a deeper 

mc1ximum at the depth whc1·e the 1nc1ximu111 ot· silicc1te is ]()Cated ( Che.ster� ] 990). This is 

sho'W·n in Figure 5 B that cl s1nall p1ume-shaped distribution appectres at the 80()-12.00 r11 l;:1y·er 

in the eastern Pacit'ic. Howeve1·, such mid-depth-1naxin1un1 fo1� J\�i was Jl C)t clearly t'<)Llnd 111 the 

Philippir1e Se<:1, so Ni seems t(> be 011ly silicate rel,tted. 

3.5 Zinc 

The c.oncentration of' zinc 1neasu1�ed in the surt'e:tce )ayer 'W'(;lS lo\\/ but detectc1ble (ca. 

().3 n M). It increased with depth tc> ca. 7 .6 nl\1 e:tt 12()() nl and m'1int<:1i11ed tl1e sa111e Ct)ncentrcl

tic)n be.twe.en J ·20() m arid 2()()0 m (Figure 6A). It has been noticed that the surf.ace C()ncent1·a

til)n slightly highe.r tha11 that t'()Und in the ec1ste1·n Pacit'ic bei11g ge11e1·ally less than ().1 11M in 
the surf,1ce layer (see Figu1·e 6B). i\ltl1ough the dift'e1·e.nce. was stnall but we suspe.cted that it 

• 

could hav·e been the resu 1 t of=- C()nta1ni11ati()t1 in the s<1n1pling p1�ocess ( e.g. l'f()t11 the h)1dr<.)\\li1�e 
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c1nd the b<)ttle.s). Be.�ides this small uncertainty , the. shape t)f� the pr()f.ile rnatches tl1at rep(»rted 

b)1 Brt1land (� 1980), Murt)zumi ( 1983), a11d Nowicki et ltl. ( l ')94). The correlation c>f the Z11 

C()ncentrati()ll t<) thctt of silicate \\1c1s ver·y g()C)d in the thermocline. The p()ssible rnaximum 

(might at the 1naximum ()f. silicate concentr<.1ti<)11)., h<l\\1e\1er� C<)L1ld O()t be identit'ied 'Ai'ith tl1e �. 

pre.sent data due tt) the li1nitatic)ns ot· the sampli11g depth. 

4. CONCLUSIONS 

The prese11t study p1·c)vides high qualit)1 data ()·f the f'<)Ltr ele111ents in the w£1ter C()lurnn <)f. 

Llp tt) 2(_)00 m in the west Philippine. Sea. In general the ve1·tic<.1l distrihutic)n trends are similar 
t() thl)Se reported f'<)t· C)ther parts ()f. the Pctcit.ic Ocean. This sttpp()fts the idea that the b<:tsic 

rnechanis111s C()nt1·()]]in £ the distribt1tic)ns <)f' these 1·our ele1nents a14e sin1ila1· t'c)r the w·hole P<:t-
'-' 

cit'ic Ocean. Ho\\'eve14, three dit'f'e1·ences have been obse1·ved: (I) the 1'n1etal-clines" t�or Cd. Ni'! 

<:tnli Zn \Vere deeper in the west than in the east; (2) the C<)nce11trati()11s in the middle laj1er \\i'e1·e 

slightly l<)wer in the. west than in the east (lt the san1e deptl1s. The S<:lme trends were c.1ls() t·()Und 

t'<)r ph<.)s11hate, nitrate and silicate; and (3) the. S(>-called "second 111aximL1 1n " t�()f Ni which ha\·'e 

bee11 t'c)und in the eastern P(1cit.ic at tl1e depth ()f' 1nc.txin111111 ph()Sphc.1te was D()t ()bserved i11 the 

Ph i lippine Sec.1. 
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