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AHE DETER@INATIOH OF ORGANTC PHOSPHORUS IN SEA WATE:

San—asn

| %.TH PERCHLORIC ACID OXIDATION

ABSTRACT

A umethod is wiroposed for the determimation of organic piosphorusg

xoces waber in whizh the orgenic material is oxildized with perchloric acid

the orgenic phosphorus converted to vphosphate. Oxidation in & perchloric

redium ig supericr to sulfuric aeid: (&) The perchlorate salts formed

digestlion of ses water are so readily water soluble in contrast +o

<sain of the svlfates. (b) A small blenk correction for impurities needs

P2 applied. Arsenic 1s prevented fyom interfering by volastilizetion of the

zrsenic chloride formed by heating the samples with concentrated bycdrochlorie

Total phosphorus is determined colorimetrically end the organic phoge

vhorts caloulated by deducting the inorganic phosphorus. Preliminary

. E

b
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stion with nitric acid is desirveble before digesting samples of high

¢rranic gonteat with perchloric acide
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THE_DETERMINATION OF ORGANIC PHOSPHORUS IN SEA WATEX
- . | : WIT_PERCHLORIC ACID OXIDATION®

(NTRODIGTION

The occurrence and distribution of phosphorus in its verious forms
in the sea is of interest in conmectlon with the productivity of the sea,
Phosphorus occurs in the sea as inorganic phogphate and as orgenic phosphorus
present in soluble orgaric forms snd perticulate metter. Inorgenic ﬁhosphate
is couvenlently determlred by & colorimetric method (Robinson and Thompson
1948; Yooster and Rakestraw; 1951) and a considerable fund of information has
beenicollecﬁed regarding its distribution., On the other hand little informa-
tion|is aveilable on the occurrence and distribution of orgenic phosphorus
because of the difficulty that has been experienced in its determination.

} Organic phosphorus as partliculate matter has been determined Uy
sepayation of the particulate metter, oxidetion in acid solulion and estimation
by %he colorimetric method for ihorganic phosphate (Redfield, Smith and
Ketcﬁumg 1937). Just what 1s retained as perticulate matter depernds upen the
method of separation and of washingo Knowledge of the particulate orgsnie
phosphcrus content gives incomplete information regarding the organic phos-

phor%s conbent of the sea, unless the soluble organic phosphorus contont is

alsc knowne

1
i

# This work was partly supported by the Office of Nawval Research under Contract

No. NBonr=520/II1 with t1e University of Vashington.
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Host freguenily the total crgenie phosphorvs cowsent, which tnalunes

bcth;soiuble and particilste orgendc phosphorus, is sttelned by determining

oy 1 vhosphorus end subtracting inorgenic phosphsis. Total rhosphorus is

~

determined by colorimetyic estimation after gold o niov of the organic

phCS?hCTuo to phosphete. A& number of procedwres have besn reporited in whish
!

axid%tion of the organic phosphorus bee bsen meds in sulfurle ecid solubicn,

Krepé and Osadich (1932) oxidized with 3 ®/c hydrcgau veroxide, Kails (1933}

withipowassium persulfaie, and Cooper (1934) withk 20 “/o hydrogen peroxide.

A

These methaeds feiled to sceouni for the oxldatior of arsenite to srssnate an

3

ihs subsequent estimaticn along with phosthats by the colorimetric method.

Failure te correct for ersenate introduces comsiderable error since arsenis

occuj? in the sea to the exteni of 0.2 to 0.5 pg atom per Ilter, wostly as

arsenite (Gorgy, Rakestraw and Lutz, 1948) and the organic phosphorus content

i oﬁl; about 0.5 to 0.¢ pg atom per Mter. Xalle (1935) ettempied to preveat
she interfersnce of a;s~nate by reducing 1t to arsenite with thioursa. Cooper

(193?): however, was uncble o reduce arsenata in sea vater using £alle's

nethed . Redfield, Smith and XKetchun (1937) digested ses weter samples with

|

bydrogen peroxide in sulfuric acid solution and reduced the srsenste by heating

with | sodium bisulfite fcr & veriod of eight bours. Harvey (1948) described

|
another modiflcation in which the samplea were hcoted in the sutoclave at 130%C.

|
|
o i S
iv sulfuric acid soluticn with sodium sulfite te reduce arsenate.
Extensive investlpation of various yrocedures for the determination

|
of d tal phosphorus by Robinson snd co-workers (Jesseph, 19323 Selho, 1940} heve

indicated several ilmherent diszdvanieges in methods using sulfuric acid for the

tlon of the sempies, It is diffieult to obtain sulfufig acid that is

diges
i
suffied ilently free of iantirfering lmpuritlies. Anhydrous sulfate salts of
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sogirm, caleium, abe, soyarzte on digestion and redissolve in distilled water
witn @Affieulty. Small vrdisselved salt nuclel often remain and cause exces-

|
sive color development ¢f the colloldel phosphomolybdate blue reduction complex.

Preliminary werk of Selbo and Robinson (Selbo, 1940) indiceted thaet

oxidation of organic maiter in sea water could be effected by perchloric acid.

-
Uae 6f perchloyic acid resulss in a awmber of asdvantagess (e) The interfap-

ing ¢mnurilius present In peschlords aecid are of smel: magnitude. (b) The
organic matter is quickly oxidized by the perchloric acid. (c) Salts, very

,0¢;nle in weter, are clizinad upon digestion of the semple. A more complete
exam%nation of the metacd ha: been made by Hangen and Robinsen (Hansen, 1950}
and is reported in this psper. Recently, application of the perchloric aeld
method for lake weters (licbinson, 1941) hae been msde 10 sea water analysis

by Rochford (1951).

T:E._PROPOSED METHOD

Heegent:; pnd Standerd Solutione

E 411 chemicals ueed in thly investigation were of anelyileal grads.
§g;§ﬁgic deld: 35 Normel, a:rsenlc-iree acid.
Perchloric Agid: 6C °/c cr 72 /o acid.
Hygrcehlopic seids 12 Formel acid.

gium Hydroxide: 1 Normal sodium hydraxlde solution.

Ammonivm Hydeorddss 15 Nermal emmonium hydroxide.

Ammenivm Holvbdste=Sulfvric icld Reagent: Ten g. of emmonium molybdate,

444ﬁ209 were dlssolved in 100 ml. of distilled water. %Thile solutlon

wes added to 200 ml. of 13 N suvlifwic acid. The reagent was kept in su amber

zlase~ztoppered bottle acd protected from light to prevent thotochemicsl reec-

Baoag feon oscurping,




Stannous Chloride Solubion I, 2.15 g- ofl gtannous chloride, SnClp.2H20, were
diss%lved in 20 ml. of 2 N hydrochloric acid and diluted to 100 ml. with
fres?ixly boiled distilled water. The solution was stored in an smber glass-
stopéered bottle and & diece of mossy tin added to counteract alr oxidation.
The solution was stable for about & month,

Stepgous Chloride Sclutlon II, Five ml. of Solution I were diluted to 25 ml,
wi‘bhli?:eshly boiled disiilled water. A small piece of mogsy tin was added to

s-’ua‘oiilize the solution. The solution was prepared fresh each day.

‘mn}ﬂard Phogphate Solwilon I, 0.340 g. of anhydrous potaseium dihydrogen
phos‘hate,, KHyPO, , was di.ssolved in distilled water and made up to 1 liter, The
a&dim}tian of 0.2 ml. of chloroform retarded possible bacterial action. One ml.

I .
of b_?iq solution contained 2.50 ug atoms of phosphate=phosphorus.

: : Ten ml. of Standard
Solu}ion I were diluted to 1 liter Wﬁ.th a sodium chloride solution having a
chlorinlty eimiler to thet of the se§a water being tested. The addition of 0.2
mle éf chloroform retarded bacterial action, One ml. of this solution con=
tain}?d 0,0250 g atom phoéphatewpnosphoruso

St&n@x ard FPhosphate Solu;

Solution I were diluted to 1 liter by mesns of the sodium chloride solution and

Forty ml. of Standard

0.2 ml. of chloroform wus added. One ml. of this solution contained 0.100 ug
etom| of phosphate=phosphorus.
Standerd Fhosphate Soluf;

seli=effect correction ls necessary for samples digested with perchloric acld,

Because no

taese standards were propared in the same way as Standard Phosphate Solutlons
Ila z;and ITb for inorganic phosphate, except that they were diluted with distilled
wator rather than with sodium chloride. The phosphate=phosphorus concentrations

of ‘the standards remained the same in both cases.

wly=




Model AC

and gl%ss cells with optical paths of 5

Apparsius

w The colorimeberic estimatione

wore madae for dhe mosh part with &

B

Figher Electrophotometer using filter 4, of 625 wp average mavelengil

cnt., Some of the estimztlonz wesre made

with the Electric Eye Photcmeter developed by Ford (1950).

Aralybical Procedvres

»

Inorsaniec Phosphata. One~helf ml, of ammenium molrddate weagent snd G.20 al.

of 81annozs Solvigion 1T were theroughly mixed with o 30 al. gea weter sanpls

ag soon after collection as pnosaibls.

After seven minuvtss time for color

-

development, the resulting coler was mezaured in lie Zlzcltrophoiometer using

distilled water as the reference solution. The phosphate velue weg cbtainsd

from a celibration curve prepared with

€0 8/0 v

I
|-
acid q

as equivalent to the salte of a typlcel ses zater gample with s ssiialy

standaxd rhosphate sclvutions.

Fhosphorus, Fifty ml. samples of sea water were freated with 3 ml., of

erchloric acid in a 125 ml. Erlenmeyer flask. This volume of perchlerin

EERES Y

of' 30;8/00 plus an excess of 0,2 ml. for oxidatlen purpesas. After evepcrabtio

| s .
cn & hot plate to fumes of rerchloric a

fMasl

peraty

of 12

re of perchloric acld. In crder

cid, a cover glass wes placed on “hs

and The sample was heated for about 5 minutes just below the fuming tzu-

to drive off the arsenic present, 3 ml.-

¥ hydrochloric acid were added and rapidly fumed off. After cooling,

30 mld of distilled water were added to dissolve the salts. The excess

acid was neutralized with a normal sodium hydroxidz soclution using phenol-

l

pbthaTein as the indicator. Dilute perchloric acil was added drop by drop

util

the solution was slightly acidic.

The solution was diluted to 50 nl.

and mixed thoroughly with 0.50 ml. of ammoni um molybdate solution and 0.20

ml. of Stannous Chloride Solution II.

5

After maximum color development,
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the color was estimated in the Electrophotometer using distilled water as
the reference solution. The phosphate value was obtained from a calibra-
tion [curve prepared wlth standard phosphate solutions.

Blank solutiors were prepared by treating a sodium chloride solu-
tion|of the same chlorinity as sea water, with perchloric acid in the manner

Just |described.

Noteé on the Procedures. It has been frequently noted (Ilundell and Hoffman,

19h5$ that under certain conditions perchloric acid reacts violently with
organic material. Initial oxidation by nitric acid before the addition of
perchloric acid eliminates this hazard by oxidizing the more easlily oxi-
dizaéle material. The amount of organic material in a typical sea water
semple is relatively smsll and presents no hazard when being oxidized by
perchloric acid;but if csamples of abnormally high organic content such as
plankton or mud are being analyzed,it is advisable to digest with a small

amount of nitric acid previous to the perchlofic acid oxidation. Water
ssmples from East Sound; San Juan Islands, containing as high as 2 pg atoms
of organic phosphorus per liter were digesied directly with perchloric acid
with|no trouble. However, plankion samples obtained by filtration were
treated first with small portions of nitric acld as a precaution and the
oxidation with perchloric acid always proceeded without violencs. It should

he erphasized that, befcre using perchloric aeld, one should be familiar

withiits hazards and the precautions to be followed to insure its safe use

(Kuney, 1947).

~6=




INVESTIGATION OF THE METHOD OF ANALYSIS °

Testing the Method of Analysis

The method, just described, was tried on known amounts of sodium
glycerophosphate in a sodium chloride solution, C1 = 17 ©/oo. A satisfac-
tory recovery of the phosphorus was obtained.

The organic phosphorus content of a ssa water sample was deter-
mined by the perchloric and the sulfuric acld-hydrogen peroxide procedures.
The excess perchloric acid was neutralized with sodium hydroxide and the
excess sulfuric acid with ammonium hydroxide as in the procedure of Redfield
et el. (1937). The results sre recorded in Table I. The total phosphorus
concentrations in sach case were corrected for a blank.

The blank for the sulfuric acld procedure was considerably greater
than for the perchloric acid procedure. Thus the more than 3 ml. of con-
centrated sulfuric acid and 8 ml. of ammonium hydroxide, used in the above
procedurs, gave a blank of 1.09 pg atom of phosphorus per literjand the 3 nl.
of perchloric acid and several drops of sodium hydroxide solution,a blank
of 0.36 nug atom per liter. Various attempts to purify the sulfuric acid
and ammonium hydroxide did not reduce the magnitude of the blank.

As shown in Teble I, the results for total phosphorus (and also
for organic phosphorus) by the perchloric acid method were somewhat larger
than by the sulfuric acid procedure. It is not known whether this is due
to greater efficiency of oxlidation by the perchloric acid,or due to error
arising from the establishment and application of the quite large blank for
the sulfuric acid methoc. However, in gemeral, it may be said that the

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



| The orgenic phosphorus was calculated by deducting from the totel
phosphorus value the inorganic phosphate which amcunted to 1.58 pg atom per
liter; An organic phosphorus content of 0.63 ug stom per liter was obtalned
using the sulfuric seid method and 0.88 pg atom per liter using the per-
chldf%c acld procedure. Provision for reduction cf arsenate was not incivded
in ei%her method so that the final concentrations found represented the sum

of phosphate, arsenate and oxidized arsenite.

Time of Colcr Development and Stability of Color

It was determined that, after the addition of the resgents, magxi-

mum color intensity developed in 3 minutes in distilled water or in sea
water |digested with perchloric acidy this color wes stable for sbout 8 min-~
utes %efore fading begar. On the other hend; in vndigested ssa water sam-
ples,@full color developad in about 6 minutes and was stable for 27 minutes
befor% fading begen.

|

Effect of Perchlorate upon Color Irtensity

For some time it has been lmown that, fcr a given amount of
phosphate, less color 1s developed in the estimation of phosphate in an
undigested sea wzter sample than in distilled water. This is known as the
salt effect. When sea water is digested with sulfuric acid or psrchloric
acid, hydrogen chloride is evolved and salts of svlifate or perchlorate
remain. No salt effect was noted, Table II, when phosphate was éstimated
in s sulfate or perchlorate medium and the color compered with that devel-
oped in distllled water medium. This is in accorcance with the explanation
of Cooper (1938} that the salt effect is due to tre formatlon of certain

yellow molybdenyl halides.




| TABLE I

Determination of Organic Phosphorus in Sea Water

Phosphate Concentrations (pg atoms/L.)

|
|

Sulfuric Acid Procedure Perchloric Acid Procedure
Total|P* Organic P Total P¥*¥ Organic P
2,11 0.53 2.36 0.78
1.89 0.31 2.49 0.91
2.08 0.50 2,47 0.68
2.18 0.50 | 2.54 0.96
2 2.36 0.78 2.36 0.78
. — 0.7k 2.53 0.95
2°2i ave. 0.63 ave. 2.46 ave. 0.88 ave.

Inorganic phosphate concentration 1.58 ug atom per liter.
*  Corrected for a blank of 1.09 g atom per liter..

i Cirrected for a blank of 0.35 pg atom per liter.

~9e
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TABLE II

Effect of Various Salts on Color Develorment

Medium Phosphate Concentration (pg atom/L.)
g/50 ml. Added Found
2 g. NaCl 1.20 1.00
e s i
| 2 g. NaNo, 1.60 ) 1.50
2 g. NaCl0 1.60 1,60

=3 0=
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Arsenite Interfersnce

It is generally thought that arsenic in sea water is present
meinly as arsenite wilh inappreciable amounts of arsenate. However,
Armstrong and Harvey (1950), as a result of experiments which they have
performed, suggested that arsenate mey be the predominating form. Accord-
ing to Zinzadze (1935), arsenate but not arsenite forms a blue reduction
product with the resgents for the phosphate determinstion and thus would

be estimated along ﬁth phdsphe,teo However, 1f arsenite is oxidized to
arsenate in the oxidization of organic phosphorus, thers would be interfer-
ence in the estimation of total phosphorus. Experimentally, it was demon-
strated by the authors that this is ths case; Table III. Sea water samples
with added arsenite wers digested with perchloric acld and estimated colori-
metrically. From these values was subtracted the total phosphorus of the
sea water, containing no added arsenite. The total phosphorus value also
included arsenic present in the sea water which had been oxidized to arsen-
ate as well as phosphorus. The results indicated that the added arsenite
ned been oxidized though not quantitatively.

It ivas also noted that arsenite causes a blue color with the
phosphate reagents even though it is not thought to form a complex. Figure 1

shows the extent of the color development by arsenite in different media.

Almost as much color is developed by arsenite in distilled water or in &
nedium containing the digested sea water salts as by an eduivalent amount
of pI osphate, while in a chloride medium conéiderably less color is formed.
Thus| arsenite in sea water would cause an error of coamparatively small

magni tude.

ralln-
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Added

2.00

TABLE III

xidatlon of Arsenite with Perchloric Acid in s Sea Water Medium

Argenite Concentration (pg atoms/L.)

Found as Arsenate

Fumed 5 min.
0.22
0.10
0.10
0.19
0.17

12—

Fumed 1 hr.
0.96
1.08
2.03
2.00
1.62



100

OPTICAL DENSITY x
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ARSENITE CONGCENTRATION, ug. atom /L.

Figure 1. ARSENITE INTERFERENCE IN VARIOUS MEDIA

1
2.
3l

Arsenite in sodium chloride solution, C1 = 17 °/oo.
Arsenite in distilled water or in digested sea water, C1 = 17 %/oo.

Calibration curve for phosphate in sodium chloride solution,
Cl = 17 9/oo0.
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Figure 2. ARSENITE COLOR DEVELOPMENT WITH VARIATION IN CHLORIDE

CORCENTRATIOK.
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The color dewveloped by arsenite was found to depend upon the

chloxLide concentration. This is demonstrated by the results shown in

Fig 2, An arsenite concentration of 12 yg atom per liter, which is
twenty to fifty times its probable concentration in sea water, was used to
accentuate the effect at various chlorids concentrations. Conslderably
less |color was developec. by arsenite at the higher chlorinities. Thus in
undigeéted sea water; srsenite interference can ordinerily be neglected but
should bs _considered vhen samples containing no chloride ars being analyzed.

Elimination of Arsenic

In an attempt to eliminate interference by arsenic, a reduotion
procedure using sulfite was tried. It was found that, in a sea water sam-
ple digested with perchloric acid; arsenate was apparently reduced to
arseniite after heating for 1 hour at 90°C. in the presence of 0.4 g. of
sodium bisulfite. The method was not satisfactory, however, as the results
were erratic.

In order to ccmpletely eliminate all forms of arsenic,a volatili-
zetian procedure was developed. Mter.digestiom for 5 minutes with per-
cklomic acid;, 3 ml. of concentrated hydrochloric gcid were added to the
digested sea water samples and rapidly fumed off. This procedure was found -
to ba effective when tried with samples to which lmown amounts of arsenite
had hieen added. The araenic; was probably driven off in the form of arsenic
trichloride. '




©

Analysis of Sea Water Sgmples

The vziues given in Table IV were obtained when sea water sam-~
ples|collected in Dabob Bay were analyzed by the recammended procedure.
The inorganic phosphate concentration increased with depth as is ususlly
the case with stratified waters. The orgenic phosphorus values showed no
defini‘be correlation with depth. The resuvlts in Table IV ars given to
illu.si:raté the applicebility of the method, and not the occurrence and dis-
tribution of orgenic phosphorus in sea water which will be discussed more

fully in a later paper.

w1bee




TABLE IV

Determination of Organic Phosphorus ir Sea Water

e TP SYmw Tomenes pegeml

’s 18.63 25.46 0.66 0.36

20 8.96 29.07 2,00 0,36

5!0 8.46 29,51 2,19 0.57

?_E5 8.06 29.60 2,19 0.59
1&0 : 29.72 2.50 0.32
11;10 7.51 29.97 2.7h 0.48
17’5 7.49 30.10 3.07 0.45

Location: Dabob Bay, Puget Sound, Lat. 48° 45.07N, Long. 122° L49.7'N.

Times 20 July 1950
Tides Ebb
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SUMMARY AND CORCLUSICHS

|
05.°ganic phospirorus in sea waber has heen deteimined after oxddation
of the orgsnic material with perchloric acid. With samples of high
organlc contsat, preliminary digestion with nltric acid should precede

the perchloric acid digestion.

P;erchloric acid is superior to sulfuric acld as a digestion medium;

|
i%‘bs salis are more veadily waler soluble and its blank smaller.

| :
N;either perchlorate nor sulfate glve & sall effect in the colorimetyic
|

determination of phosphate.

In the colorimetric deteormination of phosphste, the speed of color
developnent in a mediuvm containing perchlorate is the ssme s in dis-
tilled water, voth of which have faster rates of devzlopment thaa a

‘ ) - . , =
medium containing chlorice.

A%‘saxﬁte in a chlorlde medlum ylelds bubt a slight color lateasity with
|

the phosphete reggentss in a distilled water redium, its color inten-

sity is almost egusl thet of an eguivalent amcunt of phosphate.

Argenic can be prevenved from inmverfering in the determlnation of
o#‘ganic phesphorus by treatment of the samples with concentrated

h}Ldrochloric acid and volatilization of the arsenic.

~18-
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