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A method is ~:opoSGd for the determination of organic phosphorus

1", .,b~ ..~£\t::.·,· in vlhich 'hhv organic material is ox1.dized with perchJ.ol"j.C acid

::~::'5,. f:e·~.L.::,ni~ phospho)'tlS convex'ted to phosphate a Oxidetoion in aperchloric

o.,::.!_~: m~dium is superior ·\·,0 sulfuric acid: (8.) The perchlorate salts .J~ormad
I

;J,::;,'.nldigest::.on of sea w"ter aI'S Be readily water soluble in con'~x'ast 'GO

(~·~:!.··;j~:~.n oil '/:,11e su.lfates.. (b) A smnll blank corx'sctiol'l for imp1.ll"'j:Gies needs

I»~ ~.j,PEedo Arsenic is prevented fl'orn interfering b~' volatilization of. the

;:::'s"'riC chloride f'o:rmed by heating the samples with concentrated hycrochloric

;;. ~i(l TotaJ. phosphorus is detwmined oolorimetdcally and the organic phos~

1.;i11:;rns c.91eule.ted by dedu(rGing Jtjhe inorganic phosphorus \) Prelimii1!lI7

C;:;';ia~'~:LOn with nitric soid is desirable before digesting samples of h:lgh

c:7,f.,hiC COlltent with pel'chlo;r:!..o acid 0



THE DETERMINATION OF ORGANIC FtIOSPHORUS IN SEA WATEft
_.... JttTl1~iQ"~QRIC ACID OX1.DA~ION* ...._---,

~Q'J'I'RODOOTIQ1j

The occurJ:aenc€ and d:i.s'\iribution of phosphorus in its various forms

, I
:i.n '\ihe sea is of in'Gsz:eet in conneet:ton with the produc·tivity of the sea 0

Phosphorus oocurs in th€ sea as inorganic phosphate and as organic phosphorus

pres~nt in soluble orga:r:ic forms elld pa:rt:f.ctl.late ma:(rb"er" Inorganic phosphate

if; C~1VenientJ¥ deo~el'Ta:!.l:ed by !l colorimetric method (Robinson and Thompson~
1945J Wooster and Rakestra'lj~l.) 1951) and a considerable fund of J.l1forma·~ion has

bean collee·lied regardine- its distl"ibution~ 011 JCJhe other hand litt.le informa="

"'Gion is ava.ilable on the oceurrence and distribu.tion or organic phosphorus

because of the difficulty that has been experienced in its determD1ationo

I Organic phosphorus as particulate matter has been deteI~ined by

aepstation of the pal·ticulata matter, oxidation :l.n acid soiuol;ion alld esUrnation

b;r 'the colori1l1e"tric m3tbod fOl" inorganio phospha·~e (Redfield, Smith and

Ke'~chum~ 1937) Co Just wbat is retained as particulate mat·ter depends upon the

'I

m€d;h9d of separation and of washingo Knowledge of the particu.late orgt"\nic

phosphcrus content gives incomplete information regarding the organiC) phoa,"

phm.i's con-hen"t of the SS~ unless the soluble organic phosphorus con"liont is

also !hnOl,'1lo

.................._._---
* This work was par'i;ly supported by the Office of Na.val Research under Contrac·t

No" !~8011I'=520/II1 with 'b:he University of Washingtono
1
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Hedficld:t Sn-d:ch and Ketchum (1937) diges'he(i sea wnter samples with

,
r

to"Gai 1)h0Spb,orus and 5ulJtracting l.:noI'ganic pho.~phl-itHc Total phosphorus :iB
I' -

dc'her-mined bJT color:1.m.etl'lc est~imRtirm efter qn5.d Q::d.dc2·fjion ()J~ 'the orge.llJ.c;
I

phos'ohortis t.o phosphcfte, A number of prvcedw:'es b-::V6 G;:;c:Hl re:poJ>tf~d .:l.:t~ whic.b. ~.:

o:;::ldJ'~ion of th~ organic: phosphorus h~s be·~n modi;; j.n sulf'lJ.r:l.c ecid soluti,O{l.:'I
I

1\rept and OSC:l.dic..h. (19.3.3) oxidizeo vii'~h 3 °/0 hydrc~g;~.u perox~lde j Kelle (1933)

VJj, til Ipo'tia ss5.um persulfate) and COt)r.J6I· (1931\0) witr.· 30 (I/o hydrogen peroxide ~

1'0 I.,· , f" 1 d . . f .,\,h l'd ti :"l it' ' ..!lese me'~nOGS .eJ._e 'to e.CCOUZl'v ;o:r I)... e ox . a oX') ·:';1 arsen _ e 'to al"sena-C,8 ana.

iiis lubSeqUerlt estimatic'll along with phosphate by the co:tol':lm" ..~ric methodo
I

b"'a:tlrire 'GC corl"ect fox' E. rs~na te :l.n'~roduces cOllsidGx"able errOl'" since arse:nic

occ,ls in the see to '~h", exten'~ of. 002 to 0,5 )lg atom per. liter. mostly as

arsaitta (Gorgy, Rakestr'sVI and Lutz. 1948) and the organic phosphorus content

ill OlfJ'" about 0, 5 to 0of p.g atom per liter, KaDe (19;35) attempteQ to pr.eve:wt

-thE'1 in-tel'flference of 8:t."S€nate b:r reducing .it "to arsenite with ·t!liou,~eav Coope:t~

I
(1937). hov~ever.;: VJas 1.1.'1'),[; ble 'GO reduce arsenat3 if.) BeB water usincr Kalle ~ s

. I . ~
me1jhcd;;

I
hyd'r.ogsn ~roxide ill suJfuric a cid solution and redu~ed the .arS6j1S.te b~7 heat.jJ:1g

. nith Isodium bisulfite fc r a ped.od of. eight hours 0 Harvey' (19/.,.$) des cribad
I

ano"Gne:J:' modifioo"Gio11 in ~!hich 1jD.e: eamplea were hCDted in the autoclave at 13ot~ ...
i
I

JX; ~lilftu ..:tc acid solu·ticn with ~,odlurn sulfite to radur.:e arsenatet.

I
!

of. td·tal phosphor'us 'bJ Robinson and c<>-'W"rkers (Jesseph~ 1932; Selho ~ 19.4.0) lleV8

in~iJated several inhereilt disadva!ltages in methods usirJg sulfurio acid for the
I

dige~'Gion of' the samples ~ It i.a dii'ficult to obtain sulrux·ic acid tha:t is
I



soci:L1..'Jn:, calcillli l;; ':"3·tC·., ser a.r:~t!J on aig~Bt:lon and redis~H>lve in distilled water
I

\1i::.~~·r:. Idi:?:~:i.ct11t~ll" Small u! eli ssol".Ted salt, nttol'-3i often remain and cause exce8·...
I

r.;::.V{:; Jcclo:!' ol;"fvE:lopreen·t (f ijh~~ colloidal phosphomolybdate blue :rednction compla~{c·

P:rBliminsry W('l"l1 0.';' S{ilbo aD.d Robin.son (Selbo~ 1940) :indice."ted t~t

OJ::~d~tioi.1 of' orgtjnic mai te r L~':l. sea iflater could rJe effected by perc:hlo1:-ic ac::Ldv
. i

Uf~'e qt pe:t'chloric acid :t'e~tll<;s in a i:lt11D.ber of advantage~g (a) The irrG(~1"'fer''''
I
i

i.ng :i+mplU:'i'liil,.~s IJl~esent :1.n pe>~f.;hlol~.1.·:: acid are of small. magnitudo u (b) The

org(:ir~o rnatte:z: is qUickly Dx~d:'i.zed 'by the }:'erchloric acid-:-. (0) SeJ.ts,? very

sC):i.i..-:.l?le :1J:l "'llate:l"', 8:i.'"e obt~5.rl·)cl upon digestion of the l)e.mplee A more comple'iie

I

e):D.mfnation of' the methc:d ha:~ been made by Hansen and Rob:1.i.'lson (Hcmsen~, 1950)
I

and is repor"teCi in 'tihi.s ps pe:!.', HecE!ntly ~ application of 'the perci-w.o;:"i.:; acid

., I.
rne~£lOd to:c lake 'm~ters (Hcbi::lson;: 1941) has been made to ~3ea wa'~er analysis

.•

bv
.J

All chemicals uE~d in ·this investigation were of analytical gradoo

.§l1d~~ih:~c_.",~cid ; :-\6 NOl~ 1 ~ a::·senic·,,'i'ree acid c

i

!~P~(~~~:t::,;lQ_A2i6. : 60 0/r. c l' 72 0/0 e.old 0

~;gJ-ch1l2tl2 Ad'\: 12 l: orms}. Iicid 0

!
I

SOCU.tHTl 1iu.dI\O:,-;'1.d~: 1 Normal :'1oc1ium bydrrntide solution!..,....\~....:'"'.!......~ ~..
I

.lli1m!g~.!~JIl...J1x~:'?l~l~d~; 15 Nc I'mGl e.mmonium r.ydroxide 0

[!l!!!!!9Ji~Ibd,9,'Ge-SUli~!g:1f:"':4Cid.h~: Ten goof emmonium molybdai.e.

{mil LL;or'024~/+-H20S' Viera dIssolved in 100 ml" of aistilled water,. ~~h:;.s soluijiQll
~1'lv : .

'~io~~ t4de.ec1 ~iO ;;00 rrJ.(, at 13 N Elu.li.1l!'ic acido The reagE~nt was kept in an amber

::,']p.<,td",;:..tO··-lp'eX'F'':; bo·ttle aDd p:L'otect,(;'1d from light to TJ1'ElVent "O!.• ~otochemJ.c.s.l reE'.c·~o ""I - J.- .. ..... • ~..

.'... ~ J r...· ." .. '" , '. fJUJ.V.. l"~ ._ .. OLl O·_L •. ; J.:D.Q'~



e-~np.OtlS Chloride Solu;t=6QXL# 2 Q 15 g ~ of stannous chloride jJ SnC120 2H209 were

dissolved :tn 20 rolo of :1.2 N hydrochloric acid and diluted to 100 mlr; with
1 .

I

freshly boiled distilled watero The solution was stored in an amber glass-

stop-pared bottle and a :?iece of mossy tin added to counteract air oxidationo

Ifha solution was stable for about a montho
I

I
Sj;'~Bi9..'l§..Chlor+de Solut:.Lon lIe Five mlo of Solution I VJere diluted to 25 ml.,

with Ii'r.es~ boiled dis'iiUled water. A ~ll piece of mossy tin was added to
;

s'~abilize the solution~ The solution was prepared fresh each daYe
I

I
2k~dls:;:'d Phosphate Soly;,jion.!.at O~340 go of anqdrous potassium dihydrogen

PhOS~h...te" KH2P04• was dissolved in distilled water and made up to 1 liter. The

adei~ion of 0,,2 mlQ or oh1oroform retarded possible baoterial actiono One mlo
I
I

of "bld:3 solution contained 2050 .lug atoms of phosphate-phosphoruso
I
I

sta~ai.~d Phospr4te Soiu'~on lIa for Inorganic Phosphateo Ten mlo of Standard
I .

Solution I were diluted to 1 liter with 8 sodium chloride solution having a

chlO~initY similar to tlmt of the seb water being tested. The addition of 0.2
i
i

mle- of chloroform retarded bacterial actiono One rolo ot this solution conca-
i .

tained 000250 p.g atom phosphate-pnosphoruso
I
I

§jrangard Phospbate Solu'jion lIb for Inorganic Phosphatee Forty rolo of Standard
I I

Solution I were diluted to 1 liter by me~ns of the sodium chloride solution and,
Oe2 if1lv of chloroform wus addedo One mlo of this solution contained 0 9 1oo)li

I

Er~om I0'1 phosphate~phosphorus.

§,~!JWd Phosphate Solu1iiops Us and lIb for Organic Phosphoruse Because no

saHftrect correction ~.s necessary for samples digested with perchloric acid,

the~ standards Viere prElpared in the same wsy as Standard Phosphate Solutions

IIa and IIb for inorgam.c phosphatet except that they were- diluted with distilled
I

Wltt{3J,~ rather than with f;odium eh1oridso The phospbatecaphosphorus concentrations

of: ·tla atarJdards remainEld the same in both caseso
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In order to drive off the arr.~enic presen"ti~ '3 Til:'..-

.~

The colorimetri.c estim~rG:!.(nlS were illc;de for 'tt:.e illos'h ,~~~:rt i~J.i'tI:. 1:;,

Model lc Fishel' Electrophotcmetar using fi.ltar A. of 625 JW-', S'U'<31'UgO VlaV(l:uol:,1g':;{'
1

Iand g]~ss cells with opt:tcaj_ pa'hhs of :; cm~, Some ;)f the estiIr";t'iiions W0rE) !113.t:.8

with t~e Electric Eye Photometer developed by Ford (1950)0

I

IB.9J'.,ga.k1:s._t~L{;H:1t!~J~"!.r. 0110·"'hel£ fill" of ammonium mol/bde.te l~eagen't ond O:;;~O r:l1.~

of Starous Solu·i;ion II were tho!'ough2;1' lll:b:ed with a 50 ml, sea weter sanpJ.0

as soan after collection as nossi'b2e <; A~:ter seven iT'Ll1.1t:'c,ss time ro~ C()}.Ol'
I -
I

develqpmen"t, .!Ghe resulting coler V:las meastTed in "li:le ZJ.f~ctI"opho·i~lorn8teI' i).n:L!~

I

tlisti1l1ed water as 'the reference solut:lol1~ lJ.'he ph)spl1f.:·te vO.lue VJc.8 cbta:i_n!~r1

f:l'om dcalibration cur-va prepared with standal,a r,h'JSpnat6 sclv:Uons,

!l2itiJ:.b.2!i!P.1;1~'fu1. I!'ii'.~y ml" samples of sea watsr ';Jere ·hNatad \"lith .3 mL ci'

60 8/~ perohlor:J.c acid in a 125 mle E:rlenmeyelo fla ok, Th.i.r; v'ol".m~' of pllJ,'chJ.o:~:Lc'
E),cid \'~as equivelen'i; tCJ the se.lts of a typica.l l:V:!!i 'RatE;L~ sample "lith 8 t!a1i~'.'.i'~i~l

of' 30 i8/00 plus aJJ. exceS~1 of 002 :role for o:x:idcfiiiC'll Pl.l1·pcSet~ () A.f""~E::~ E:V&,poZ':.:rt:·.c:l
I

I

GIl a hot plate 'GO fumes of' perchlo1.·ic acid~ a CClve:t' gJ.?ss \~CS placed on "jh2;

flask and "the sample was het~ted fo:~ about 5 minu.te3 ju.td: below 'Ghe fmn:tng tsr.~~·>

Iperatre of perchloric acid~.

of 12 IN hydrochloric acid were added and rapidly flt\11ed off 0 After cool:i.ng~

30 IP~~ of distilled water 'tvere added '(,0 dissolve t~e salts" The excess

acid 1'laa neutralized with a normal sodium hydroxid3 solu.tion using phenol­

phthe.J~ein as the indicator" Dilute perchloric aci:l vIas added drop by cl:rop

un.til the solution vTas slightly acidic.. The solution .Ha.S diluted to 50 ml~

•

and m:txed. thoroughly- with o'J50 rolo of ammonium molybdate solut:ton and CL20
I

o~ Stannous Chloride Solution II" After max:tmum color development j

1
I



the color was estimated in the Electrophotorneter using distilled wat~r as

the ~eferance solution~ The phosphate value was obtained from a calibra­
!

tionicurve prepared with standard phosphate solutionso

Blank solution.s were prepared by treating a sod!um chloride solue:

tion of the same chlorinity as sea waterjl ~dth parchloric acid in the manner

just descl"ibedo

INote$ on the Procedu.'t'eso It has been frequently noted (Lundell and Hoffman,
I

19451 that under certain conditions perchloric ,acid reacts violently with

orgrc material. Initial oxidation by nitric acid before the addition of

perc~loric a.cid eliminat.es this hazard by oxidizing the more easily oxt...

dizaJle material.. The amount of organic material in a typical sea wa.ter
I

sE-'1lple is relatively small and presents no hazard when being oxidized by

I
perclUorie acidibut if samples of abnormally high organio content such as

P1Jton or mud are being analyzed,it is advisable to digest with a small
I .

wnoumt of nitric acid pI'enous to the perchloric acid oxidation., Water
I

ssmples from East Sound, San Juan Islands, containing as high as 2 pg atoms

of JgllIliC phosphorus per 11tar were digested directly with perchloric acid

h"'i.th no troubleo HOltJ'ever, plankton samples obtained by filtration were

treatd first with sma:!..l portions of nitrio acid as a precaution and the

ol~d$tion idth perchloric acid always proceeded without violenceo It should
I .'

b2 e¥phasized that,_befcre using Eerchloric acid, one should be familiar

~d.thlits hazards and the precautions to be followed to insure its safe use
. I

(Kun$y. 1947) 0

I
i

i
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INVESTIClAnON OF THE METHOD OF ANALYSIS .

Tes'tiog the Method of Analysis

The method, just described, was tried on known amounts ot sodium

glycerophosphate in a SI)d1lU1l chloride solution, Cl : 17 0/000 A satisfac­

tory recovery of the phosphorus was obtainedc.

The organic phospho:r'us content of a S9a water sample was deter­

mined cy the perchloric and the sulfuric acld...h.ydrogen peroxide procedures.

The excess perchloric Q(:id was neutralized with sodium hydroxide and the

excess sulfuric acid wi'~h ammonium hydroxide as in the procedure of Redfield

at 210 (1937) 0 The ranulta are recorded in Table 10 The total phosphorus

concentrations in each (~ase were corrected for a blanko

The blank for the sulfuric acid procedure was considerably greater

than for the perohloric acid procedureo Thus the more than 3 mlo of con­

centrated sulfuric acid and 8 mlo of ammonium hydroxide, used in the above

procedure, gave a blank of 1,,09 p.g atom ot phosphorus per liter; and the 3 mlo

of perchloric acid and fJeveral drops of sodium hydroxide solutio~a blank

of 0036 p.g atom per litero Various attempts to purity the sulfuric acid

and ammonium hydroxide did not reduce the magnitude of the blanko

As shown in TlLble I, the results tor total phosphorus (and also

for organic phosphorus) by the perohloTic acid method were somewhat larger

than by the sulfuric acid procedure. It is not known whether this is due

to greater efficiency of oxidation by the perchloric aC1d,or due to error

arising from the establishment and application of the quite large blank for

the sulfuric aoidmethoc.o However, in general, it may be said that the

results by a method utilizing a large blank are apt to suffer in accuracy..

-7-



The orgen1o phosphorus was ca.lculated by' deduct:tng from th.s tot€l

i

phosp~orus "\ralue the inorganic phosphate 't'1bich 8nlcunted to lc.5B pg ato'in par
!

liter~ An organic phosphorus content; of 0063 pg a.tom per liter' '¥T&S obtained

using the sulfuric acid mthod and oll88 pg atom per liter using the per".

chlor.tc acid procedure 0 Provision for reduotion cf arsenate was not inol,,~ded
I
I
I

in ei~her method so that the final ooncentra.tions .found represented the sum
i
I

of ph9sphate, arsenate and oxidized &rsamte e

I

Time 9£ Color Development and Sta.bil:ttz of Colo!:

It was determined tha.t, after the addition of the reagents, mQJl.'"i-

mtJlll c~lor intensity developed in 3 minutes in dist-illed water or in sea

water digested with perchlorio aoidJ this color Wl1.S st.able for about 8 I1Iir:.."

utes ~efore fading begen.o On the other hmld, in undigested sea. water sam-
I

pIes, ifull color developed in about 6 minutes and was stable for 27 minutes

befo~ fading begeno
.

Effect of Perchlorate upon Color Ir:.tenaitl

For some time it has been knO't'ffi that I fer a givan amount of

phosp~a.ta, leas color is developed in the estimation of phosphate in an

undig~sted sea water sample than in distilled water, This is !mown as the
I
I

salt ~ffect(, When sea water is digested with sulfuric acid or parchloTic

acid, hydrogen chloride is evolved and salts of sl:.1fate or perchlorate

remainc: No salt effect was noted, Table II, wen phosphate tcTQS estime,tec.

in a kulfQte or perchJ.orate medi1llll and the color compared with that devel~
oped ln clist:Llled wat~r medium,' This is in accorc.ance with the explanaUolJ

.01' cor.er (J.938) that the salt eff'eet is due to t!:.e f'ormatiol1 of certain

yello~ molybdenyl halides 0



TABLE I

Determination of Organic Phosphorus in Sea Water

Phosphate Conoentrations ()lg atom.s/Lo)

Sulfuric Acid Pr.ocedure Perchloric Acid Proced"..re

To'cal pore- Organio P Total p*'~ Organi.c P

2011 0053 2036 O~18

I
2,,491,,89 0,,)1 0091

I
2008 0 .. 50 204'" 0088

2 ol~8 0090 2054 0096

! 2036 0 .. 78 2,,36 0078

: ~7E. £053 0 .. 92- I

I

I

0063 aveo 2e46 ave., 0088 l;.ve,202+ ave.

Inorg4nic phosphate concentration 1058 ug atom per liter~
I

I .

cLrected for a blank of 1.09 }Ig atom per lite:r •.

** cJrrp.cted for a blmk of 0.3~ pg atom per liter..



TABLE II

Effect of Various Salts on Color Devel~ment

Medium Phosphate Concentra.tion (pg atom/Lo)

g!50 mlo Added Found

2 go NaCl 1020 1000

2 gn Na2S04 1020 1020
2020 2020

2 g. NaNO) 1060 10$0

2 g. NaCI04 1060 1060

!
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Arsenite Interference

11

•I It is generally thought that arsenio in sea water is present

rnsirily as &reanite with inappreciable amounts of arsenate 0 However,
l .

Armstrong and Harvey (1950), as a result of experiments which they have

I
per~ormedJ suggested that arsenate ll'l.tq' be the predomina'ting forDh Acoord....

ing ito Zinzadze (1935), arsenate but not areenite fOrlns a blue reduction

product with the reagents for the phosphate determination and thus would

be +timated along -rlth phosphate. However, if arsenite is oxidized to

arsenate in the oxl.dization of organic phosphorus g there 'Would be interfer­

encel in the estimation of total phosphorus. Experimentally, it was demon~
atraIted by the authors that this is the case I Table 1110 sea water samples

,,11thl added &reamte wer·g digested wi. th perchloric acid and estimated colori­

metlcallY. From these values was subtracted the total phosphorus of the

sell. Later, oontaining no added arsenite. The total phosphorus value also

IinclUded arsenic present in the sea tt1ater which had been oxidized to arsen-

ate ls well as phosphorus. The results indicated that the added arsenite
. I .

had been ox1.dized though not quantitativelyoj

It was also noted that arsenite oauses a blue color wi. th the

phosphate reagents even though it is not thought to form a complex~ Figure 1

ShOW~ the extent of the color development by arsenite in different mediao

AlmJt as much oolor is developed by arsenite in distilled water or in a
I .

medium oontaining the digested sea. water sa.lts as bY' an equivalent amount

of phosphate, while in a chloride medium conSiderably less color is formed.
I

-rhusl arsenite in sea water would cause an error of comparative~y small

magnitude 0

,0;011-



TABLE III

OXidation of Arsenite with Perchloric Acid in .,. Sea Water Medium

I
I Arsenite Concentration ()2g atoms/Lo)

.!'

Added Found as Arsenate

Fumed S min" F1nned 1 hr.,

0022 0096

0010 1008

0010 2003

0019 2000

Ool'T 1062

-12....



15

0
0

x
10 .

>-
J--Cf)

z
W
Q

...J
«
(.)

51-.....
a..
0

O~::::::;;;;;;' ........1~..,... -.L ~

9 0.50 1.00 1.50

i ARSENITE CONCENTRATION, pg. atom / L.

Figure 1. ARSDITE lIt"BRtERDCE III VARIOUS MEDIA

1~ Arsenite in sodium chloride solution, C1 = 17 %0.

2 i Arsenite in distilled Vater or in digested sea vater, C1 = 17 %0.

3 Calibration curve tor phosphate in sodium chloride solution,
01 =17 0/0 0.
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•

The color devElloped by a:t-senite was found to depend upon the
j

ch.1o:nde concentration£! This is demonstrated by the resulta shown in

Fig+ 2. An arsanite concentration or 12 pg atom per 11ter» whioh is

t~JSnt1 to fifty times its probable concentration in sea water J was used to

acee tuate the effeot at. various chloride concentr~tionso Considerably

lass color was developec. by &reemte at "'(;he higher cblorinities 0 Thus in

undigested sea water,; arsen1te interference can ordinarily be neglected but

aho d be considered when samples contm.niDg no chloride are being analyzed"

Elimination of Arsenic

In an attempt to eliminate interference bJf arsenio, a reduotion

proc,clure using sulfite was tried. It ws found that, in a sea water sam­

ple digested with perch10ric ac1d j arsenate was apparently' reduced to

arsefte after heating for 1 hour lilt 900 C. in the presenoe or 0.4 g. or

socii bisulfiteCl The nethod was not satisfactolT, however" as the results

wre elTatic ~

In order to completelY' eliminate all forms or arsenic, a volatili­

zetian procedure was developed~ After· digestion for 5 minutes with per-
l

cr.J.oztic aoid, 3 ml9 ot conoentrated hydroohlo:ri l ) e.oid '~iere added to the
i
I
I

digested sea water sarr~les and rapi~ fumed ofro This procedure vas found

to bJ effeotive when tried with samples to which know amounts or arsenite

IhB.d 1:ieen added 5 The arsenic was probably driven off i'n the form of arsenio

trlC~Oride•



...; The V'!I~ues given in Table IV uel"'e obtained when sea "t-Tater sam-

p:Les ccllec'(jed in Dabob Bay were ana.lyzed by the recommended procedure"

The inorgani.c phosphate concen"lirat,ion increD.sed wi:th depth as :La usually

tl.W be.se w.Lth stratified ~ratElrs, The organic phosphorus values showed no

dei'ikte correlation lIii;h depth, The results in Table IV are given to

illJtrate the applicabUity o£ tlie l1Iethod,and not the oocurrenoe and dis­

trib~ltion of" organic phosphorus in sea lIater which will be discussed more

full} ill a later paper,

--16...



1'ABLE IV

i
Determination o£ Organic Phosphorus iI:. Sea Water

I

De Ith Tempo Salinity Phosphorus, p.g atoms/L~meters °Co . %0 Inorgar.d.o Organic

S 18063 2$ c. 46 0066 0036

20 8096 29007 2000 0036
I
~o 8046 29051 2019 0051
I

1r5 8006 29060 2019 0059
i

lQO 29072 20$0 0,,32

IJo 7051 29097 2074 0048

l~P 7049 30010 3007 00u5

Lojtioni ~ob Sq, Puget Sound, Lat. 480 4S.0 vN, Long. 1220 49.7 7N.

~: 20 July 19$0
I

Tide: Ebb

...17-
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SUfi11A.RY AUD OONCLUSIONS___.....................,..._~... .....iII~

l~

1

I

Of'lga.u:tc phosphorus in sea water has been determined after oxida.tion

of the orgG.nic mats1.1.al Hith pellJchloric aciclCl ttlth samples of high

orgcw.ic content, pllJalimina..-ry dtgestj~on vlth !'}.iiiric acid should precede

the percll10ric acid digestion.

pbrchloric ac:td is superior to StUfuric acid as a digest:lon mectl.u.m;
I
I

its salts are more rea.dily 've:l;er soluble l1ud :i.ts blank 51nallero
I

I

I

:N'i~ither pel"ChlOr~lte nor sulfate g:L"ve & salt, af'fec'i; :tn the colorimetl"ic
I

I

determination of phosph~teo

h. In 'l;he colorimetric detol"luination of phoS"pJ:W.tEl, '~he speed of color

o developmen'i:, in Go mediU:ll cOl1taining perchJ.m."e.:jj€ is the same 8.S i11 dis-

11
t~.lled LoJa:'c,e::, both of wilich have f.:!.s·l;er !,!.!.'\jes of devalopm'3n-t~ than a

id:I. ' .. 11'·m? . urn cOl'!.t,mnJ..ng c 1 Or':lC~0"

I

I

Arsel'1ite in a chlo:?'ide medium yIelds but a sl:tght color intensit ..y uith
I
I

the phosphc.te re&gentis; :111 a dist.illed lv~:ti!:lr n:.ediUlil, :tts C0101" i.l1ten....

sity is almost eq-t.la1 that of an eq,uivalent.. amC'lll1t of phosphe:i=te.

i

60 A~senic can be prevented from in'~0rfering :Ln the determ:l.nation of
I,

otg£h~C phc-sphort1S by tre~tl11an1:, of the sc':nnples 't-rlth concentrated

I
hydrochloric acid and 1Jolatilizs.t:lon of the arsenic.

I

-18-
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