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a Fig 1-1: Depth profile of TOC values (@) and depth averaéedp 28(a)
AN

. List of Figures ‘

TOC values (A). Measured with a wet,ox1dat10n method
Samples collected in (Gulf of St. Lawrence (5~6/75).
See Map #. pg. 73b.
Fig. 1-2: Depth profile of TOC values measuted with a wety, 'p 28(b)
i - oxidation method (@) . LSamplee collected on Scotian
<.+ Shelf and Slope.(8/75) See Map # Pg. 75b. < -
Fiqg. 1-3"Depth profile of TOC value (.0 and depth averaged p 28(c) .
% TOC values (A)- measured w1th a wet ox1dat10n method. 4
' Samples collected im an area off the coast of Senegal *°

' (2,3,4/76). See Map #. pgy. 79a. .

Fig. 1-4. The TOC values obtained by the wet ox1datlon ‘method p 29(a)
- from the Gulf of 5t. Lawrence plotted Versus the
' sigma-t values. - ' C
Fig. 1-5: Coastel effect on the TOC values. The averaged @0019 29 (a)
o T " values (1, 10'25, 50,75m) obtained-with the wet:® .

4 -

. oxidation method plotted with distance from the coast
of Nova Scotia on~the Scotian’ Shelf (8/75),. The bars
represent the range of measured TOC values. "* * |

. Fig. 1-6: Comparison of TOC values from Northwestern Atlantic. ps32(a)

measurad by wét oxidation methods of Sharp (1973) ([J)

and_MacKlnnon (this 'study) (.).

N

~ ¢

N\
A - ‘averaged TOC values caleulated from Sharp, (1973)
) %'— averaged ®OC values calculated from MacKinnon
\\ (this study). - . o

Fig. 2-1: Callbratlon lines for Dry, Ox1dat10n ‘Method #1 prepared
.with a Dextrose standard. a) d:Lrect addltlon'(ﬂ)
precleaned’ quartz tubes (slope ‘58 qounts/ug C) b) added

. to seawater sample (M) that was dried and analyzed

;““Q- (slope 530 coupfs/ug C) with no water correction. c¢)

-~

added to seawater sample (A) where correcq.pn was made -~

-

for the mater of resulting dried salt (slope 586 .
counts/yg T). .......22.v.zl;ﬁé..:f....n........p 60 (a)

&

:
°
N ™’

»

-
» Al
0 N «
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Fig. 2+2: Calibrataon lines for Dry Oxidation Method #2 prepared

Flg. 2 3:

.addition (w) 1nto prepleaned quartz lontainers (slope

with a Dextrose standard 1. Darect addation (@) to
precleaned quartz contalners (slope = 546'counts/gg &)
versus addltlon into super Q water (A) that was dried
1n the quartz tube (slope 548 count/ug c) 2. JDirect

461 -counts/ug C) versus addaition to seawater samples

(W) which were dried in the quartz container '(slope

= 492 counts/ug C) R R ALY .-p 60(a)
Comparlson of TOC resulis by Rry Oxidation Method #1

*, and Dry 0x1datlon Method #2 for identical samples

collected in the Gulf of St. Lawrence in May 75 (0)

- and November (®). The dashed line. rdpresents the

theoretxzcal relationship. R R R R TR p“59(a)

Flg 2 4m,éomparlson oﬁF&OC resu&ts ﬁy Dry Oxidation Method #1.

-

v~

* .

Flg. 2-5:

i\

Flg. 2-6:

Flg. 2~7:

and Dry Ox1datlon Méthod #2 for identical samples

collebteﬁ from the Scotian Shelf (@) and Coastal Ty .

Reglons (0) 'QI.C"’ll'l...:n.:‘.l.i“'l'i.l....p 69(a)
the TOC results from the Gulf of St. kawrence (5 &,
6/76) (Dry Method #1-0; Dry Method #Zjl)

TOC values obtained by the Dry Oxidation methbds

Y

A averaged TOC values obtalned.ﬁy'the Wet Ox1datlon
method. :....................u.L...............p 73( )
The TOE results from the Scotian Shelf and Slope.
(8/75) (bry Method #1-0; Dry -Method #21-.) O - average
TOC values obtained by the Dry Ox1datlon methods A

AN~ averaged TOC values obtained by tge Wet Oxidation

method. +v.eeeeenenrtneiniasererennerneens.gpe-p 75(a)

The TOC results from an area off the coast of Senegarl

(2,3,4/75) (Dry Method #1-@), []~ averaged TOC values

obtained by the Dry Oxidation Method A - averaged TOC

values<obtained by Oxidation Méthod............p 77(a)
. . .

4
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A

’

a- average&
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Fig.

Fig.

Fig.

2=9:
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The TOC veiﬁes obtalned by” the Dry 0x1 atlon methods N
plotted against the smgma»t values £
in the Gulf of st. Laurence (5 & 6/7 ) I 10 °))

®

samples collected
Frequency dlstrlbutlon of TOC values

of §enegal (2,3,4/75). PP 4 . ..,.;.Q 78(6),1\ z
a) All the TOC values .. ’ ‘
b) TO lvelues in surface zone (0-60 m).
¢) TPC values beldw pycnocline (>60 m).

"2-10: Depth profiles Qf 9., TOC, temperature, and sigma-tp 78(b) °

. values for specific stations in ‘the area off ‘the coast

of Senegal. Seé Map # pg. 79(a)” ) .
a) Station 1: 14° 59'N, 20° 16'W ° , K
b) Station 3:  15° 21'N, 20° 41'W - )
) ‘statfon 4: 15° 21'N, I° 44'W ’ )
'd) sthtion 11: 13° 41'N, 22° 11'W , R
.e) station 12: 14° 30'N, 18° 59'W .'f; . )
£f) sStation é: 16° 23!N, 18° 30'W ) -

2-11: Averagyed TOC values * standard deviation obtained p 84(a)

-
by Dry Oxiddtion method #1 for samples collected
in the Northwestern -Atlantic (26° N to 43° 20'N). -« °

,\*”#,/ The upper line - the TOC values From the surface zone

”

1

10-200 m) arg averaged in the lower line the TOC
values from deeper water (>200 m) are averaged.

. -

| Sargassé Sea Cruise 52/75 ) - . ’
® Bermuda Cruise (10/74) . . . Y.

¢

C)Scot;en Shelf and Slope Crulses (5/74, 8/75, and 3/76)

2-12: Pepth profile ef TOC values (@) colLected in the

Northwestern Atlantlc. Thea TOC values were measured )
Qy the Dry Oxidation method #1. A - averaged TOC
ValueS‘ O:l‘l"..l'..l\.bil‘lI'...!-..'....:qiﬂ..p 86(a)

2-13: Comparison of averaged TOC results from,Northwestern -

Atlantic by authorswusing, dlfferent methods... p 86 (b)

L . )‘ -
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, - @ MacKinnon- (th’:.s’study) -« .Dry Oxxdatlen Methoq

#1; @ Skopintsev et al., 11966) Dry:Oxidation - -

after. evaporation; M Gordon and Sutcliffe (1973) - °

Dr& Combination after freeze drying; ASharp (1973) -

. . Direct Comblnatlondof sample; A Menzel (1970) - .

¢

‘ wet ox1datlon
Fig. 3-1: Effect of temperature on thé amount of volatile . .
. organic carbon extracted per unltﬂtlme.......p 11l (a) .
,ni Fig. 3-2: LfflClency of the extractlon of acetone' added to
* seawater samples (500 ml) . The dashed line represents .
o V. . the 1dea1fextr£¥:;on. ..... e eencetcaccnanons :t@ 122(a) -
Fig. 3-3:, Eff1c1ency of my x%ractﬁmn procedure for volatlle o

compounds added to seawater samples (500. ml).p 123(a)

-
~ ; 0 .,
s ' b “ Y 2 . °
.
B

o, 1 A+ Acetone ; . ‘ o , ,
> . . . L .
’ B.-,2 - Butanone - . ‘ W .o :
Q - Diethyl ether B . °
- D - Ethyl acetate . ) . "
K ﬁ\; E - Ethylene diamine AN * w
. ! v s * ! N °
.- . F -, Benzene . - 1 ) (
* - B q - »
- Fig. 3-4: EfflCiency of my extractlon procedure for. vqlat;le o -,
: . compounds added to seawatervsamples (5@0 mil). p 123(a)‘
~ q\ "\\
. ¢ g Heptane L7 ‘ LS . .” v . T
' 2 - Butanal -
. N :Mﬂ~ ~ -
- /—-—\_/ :\3 - Methanbl . T . “
o . -4 - lso—propanoL hd Lo ‘ S,
) 5 -~ Propionic ac1d / ’ : ‘ . ' .
. , - - Py e
- t 6 - Adetonitrile CLF RO

Fig. 3-5¢ Depth proflles ‘of the vOC concentratlon qu) and‘p 133(a), 4‘ 0
- VOC/TOC values (0) which were collected on th&» |

% Scotian Shelf and Slope (5/74, ?/75, en& 3/76). i -
) » A - averaged VOC values : o0 . )
a - aveﬁaqed VOC/TOC values. AN ‘
- ‘ ‘~ ‘ . . 1 “L . . 1
’ « . - ¢ L 4 "" o
. . % ] . . _
- -~ . ~
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Fig. 3-6:

Fig. 3-7:
3-9:

' Fig.

Fig. 3-10:

-

Ll

Depth profiles of the VOC, -TOC and VOC/TOC values

for specific stations

Slope.
a) . Station- 1
b) Station 2
c) Station 3
d) sStation 4
e) ©Station 6
f) Station 7

Depth profiles of the VOC concentrations (@) and
the VOC/TOC (0) values which were collected in
the Gulf of St. Lawrernice (l11/75).

See map # pg. 75b

t

(3/76)
(3/76)
(3/76)
(3/76)
(8/75)
(6/74)

A - averaged VOC values

A - averaged VOC/TOC valu?s~

values (o) which wete collected in the Sargasso Sea
(10/74 and "2/75) .+«

A - averaged VOC values
A - averaged VOC/TOC values

bepth profiles of VOC, TOC, and VOC/TOC values for'

’

Depth profiles of the VOC concentration (@) and VOC/TOC

[

2

[

.

N A A A N N

4

.enes P 1l35(a)

-

4

on the Scotian Shelf and..p 133 (b)

specific stations in the,Sgrgasso Sea (10/74 and 2/75).

See Map # pg. 140b. eevevesvecorescsescaas..p 138(D)

a)
b)
c)
d)
e)
£)
g)

The effect of geographical position (transect in thep 140 (a)
Atlantic Ocean from 26°N to 43.3°N) on the averaged
VOC and VOC/TOC values. »The bars represent.ﬁhe '

See Map # pg.,140b.

.

standard deviation of the values.

26° 00'N,

62° 45'W (3/75)

32° SO'NL/§2° 40'W (2/75)

36° 35.2'N, 63° 17.6'W (10/74)

42° 18'N,
33° 30'N,
38° 59'N,
42° 01'N,

619 30.5'W (10/74)
64¢ 00'W (10/74)
62° 46'W (2/75)
63° 05'W (2/75)

’

»

)

n
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@® ~ Samples collected 2/75=
, 0 - Samples collected 10/74 .
Fig. 3-11: Map of coastal areas used in this study. ....p lSE(bfs
A - North West Arm.-Stations [o T
# - St. Margaret's Bay Station -
Fig. 3-12: Effect of biological activity.durlng-the spring bioom
’ (1/76 - 6/76) on the organic carbon in the North West ;

Arm. ,.... e e e REREERE neenes e enanee .p 149 (a)
&-"roc ’ ' . )
O - poc ) )
— O - voc/ToC . -
" A- voc ‘ ) ~
A ' - 12-A - hveraged results from 1 and 5 m a%\station A -
- see Figure 11. ‘ ‘
: 12-B. -~ Averaged results from 1 and 10 m at Station B -,
. ' -see Figure 11. . ‘

Fig. 3-13: Effect of biologigcal activity during the ,spring
: bloom (2/76 - 6/76)\on the organic carbon at station

. 1n St.,6 Margaret's Bay}. Values are avé}gged over 3
depths (1, 5, 25 mz. SaE\Flgure 11, ceveenenns p 153(a)
[ - ToC
O - voc/Toc s

' A - VOC -
@ - Chlorophyll a ‘ Ie ’ .

Flg. 3-14: Plot of the averaged TOC and Chlorophyll a values
during the period of the spring bloom in St. Margaret's
Bay (2/76 = 6/76) cnscrsccesosssancnnccnassensaaspr 153(b)
0 - TOC averaged over 5 depths (l,‘5, 10, 25, 40 m)
+ 40 - Chlorophyll a averaged over 5 depths (1, 5, 10, 25, .
40 m). ‘
Fig. 3-15: Effect, of biological deéomp051tion on the organic
carbon in seawater from t?e Northwest Arm......p' 158(a)
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Fig. 3-16: FEffect of biological decomposition on the organic

S ca:;bor’i in seawsite;: from St. Margaret's+ Bay...p '158(b)°
» @F:Lg. 3-17: Effect ~0fp biological decomposition on thé organic ‘
& carbon in seawater ~which was pumped into the %’ab -
from N.W. Arm. """'-""q.;""a."‘”‘ ........ p/l’58u(c)’
Co ! [ TOC - sample fixed with Hg cl,
B TOC - sample not fixed waith Hg Cl, . % ; °'
" O vocyTog~ Sample fixed with HgCL, ‘
@ VOC/TOC: - Safiple not fixed with HgCl, - )
A VOC - Sample fixed with HgCl, . N >
| A vOC - sample not fixed with HgCl, . .
’ Fige 3-18: Reconstructed G.C. chromatogram 6f VOC sample. el
. collected orr Tgnrax G.C. and desorbed. Sample {vas
‘ analyzed by P. Gschwend, W.H.O.I. e eiews . p 169(a)
G.C. condifaons 0.4% Carbowax 1500 on Carbosieve'
AR .. 1/4" 0.D. ylass column, 6'ft. '

- < LY

. . Temp. program 1 min. @ 80°C '

, 80° - 170° @ 4°C/min.
Fig. 3-19: The cycle of, the VOC 1in natural waters.--ufp 177(3}3
3 »
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ABSTRACT )

’ @
A-method has been developed for the direct quanglflTatlon

.a
o

-
*

of the volatile grganic matter in seawater. %ﬁe volatile
gaterlal'haé been defined b& a working defination as that
material which is cépable of being extracted, concentrated,
and measured with the methodology presenteémin this study.
The distribution, sources, and fate of this volatlie material
in Qatural waters are discussed. The fraction of the total

organie matter which is volatile has been meésuned. Dry

\ kS

oxidation methods for the measurement of the’ total organic

carbon have been developed "and are descraibed. , The TOC
€

@ ¥

results by dry oxidation methods are compared to results

obtained by é‘%odlfled standard wet oxidation procedure for

° °

identical or saimultaneous samples collected in dlfferent\

geographrc areas. Begsides presenting methods for the

analysis of the VOC and TOC in seawater, i have attempted to
i

show many of the potential shortcomings of these and previous

methods for the analysis of oqianlc matter in natural waters.

-
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GENERAL INTRODUCTLION - /

-

The organic matter in the sea 1s composed of a complex

a

mlxﬁhrq of organic components; only a small fraction of

the organic matter has been characterized structurally.\ The
total organic carbon (TSC) 1s classed into two broad and
arbatrary divisiond dissolved (DOC) and particulate (POC).
C;Z:;lculaéé organic material 1s that material retained v«

by a fslter of specific slzeu(6.45—0.8u), while the filter
paSSLng’materlal 1s classed a¥ _dissolved. -Tﬁe physical
lelSlqp of these ciasses 1; not rigid (Sharp, 1972, 1973)
since the size separatien of thé'partlcleszpredlcted by tﬁe,
filters 1is not accurate (Sheldon, 1972) and the efficiency
of the-separatlén 15 dependent on the type ofnfllter
{(Wangersky, sgrs. comm. ) . Slhllarlly; the filter passing
materaials wﬂ%ﬁ/contaln colloidal as well as dissolved organic
matter (Sharp, 1972). . \

The cycle of organic flatter in seawater and the source,
pathway, distribution, fate, and hngly51s of the organic
components of seawater have Péen e d 1in past étu@1e§?
General reviews by Provasola (1963) D ma (1961, 1965),
Wagner (1969), Riley (1970}, ﬁlley (19%1), Menzel (1974),
Wllllgms {(1975), Parsons (19?5), ananangersky (1965, 1976)
as well as recent symeiia edited by Hood (1970, 1971),

Yo

Faust and Hunter (1971 Woodwell and Pecan (1973), and tﬁe
]

» ' - -~

¢
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Symposium on Concepts lndMaruuzénqanlc Chemistny (1978) e
have béc 'presentedfand tdt/;ole of the organic matter iIn
the ch mistry of the sea has been d}scussed.,_The charaéterlzed
compongnts o% the organic matter have been surveyed by

Vallen yxe“@}?S?), Koyama (1962), Duursma (1965), Wagner

(1969) Lley (lQ?l})iJo§efsson (1973), Duursma and‘Marchaﬁd°' N
(1574), Wllrlams,(1975); and W;ngersky (1976) and only a,_

small fractloé (5-10%) -of the total organic matter has been
identafied. The i1dentification of specific components has

been hampered by dlff}cultles in t?e extraction, concentration,
and analysis procedures and by the very low conceﬁtratlons

of orgahic matter found in seawater., Most qualitative

methods are difficult (Jeffrey and’Hood, 1958, Josefgson,

1973) and the results are guestionable (Blumer, 1975) or

inconclusive., Much of the work done on the role and cycle
!

N 0}

of orgaﬁlc matter in the ocean has been based on the
b4

. s .
quantifacation of the TOC. In seawater; the salts have

- e, ' v
hampered the estimation of the TOC but quantitative methods

have been developed (Duursma, 1961, Szekielda, 1967, anJ

Wangersky, 1972, 1975, 1976). .

> -s__,l ® o -
. b J
The principal sources of organic¢ matter in seawater are

marine organisms, land, and the input by man. The particulate-
fraction (POC) of the organfc carbon is a small fraction fﬁ7
(seldom more than 10%) of the total. The role of the POC in

the cycle of organic matter has been discussed (Riley, 1970,
AY

.
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M necl, 1974, Paksons, 1975, Ladie and Jeffrey, 1973, leyers

~, §
///”‘\\ and Quinn, 1971, Khaylovsand T'inenko, 1968, Sharp, 1972,
. .

Agatova and Bogdanov, 1922, Sholkovitz,.1976) and studies of

v

seasonal (Gordon, 1970, Banoub and Williams, 1976) and
regional (Menzel, 1966, Chester and Stoner, l974: Wangersky,

1974, 1975, 1976) distributions have been conducted.

3
a

"The dissolved organic fracﬁfgn (DOC) 1n seawater 1§

-

derived from the extracellular production of plants and
animals, the decompoéltlon of organisms or particulate

4matter, the input from land, and man (Wangersky, 1976,

"™ Duursma, 1963, Riley, 1971 and Williams, 1975). The !

distrabution of] the dissolved organic materials has been

determined rn most areas _of the oc ns such as the Atlantic

Ocean (Duurgma, 1961, Menzel, 1970, Skopintsev, 1966, Sharp,

¢

I9;3, Gordon and Sutcliffe, 1973), the Gulf of Mexico
(Fredericks and Saqkett, 1970), the Mediterranean Sea
(Skopintsev, 196, Banoub and Williams, 1972), the Black Sea
(Starlgova, 1971, Deuserz 1971), the Indian Ocean (Menzel,
1964), the‘Pa01flc Ocean (Starikava, 971, Starikova and T
Yablokova, 1974, Ljutsarev et al., i9751 Holm-Hapsen“et El'g
1966, Williams, 1971, Ogura,‘l970), énd the Agctlc Ocean '

(Loder, :1971). In these studies, discrepancles in the DOC

or TOC concentrations have been noted with different methods.
4

-

Highsy calculated concentrations were found with the dry

oxrdation than with the wet oxidation procedures. However

- . \ -
A
o

| ~

.
»
. . &
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o

dlffereng,mifhods are similar;, higher concefitr

2 . o \ - ' r <

the broad distributions of the TOC concéntrations by the

Iy .

atiorfs in the
qué&ace, decre@51ﬁg to about 200-500 m, and relatively -
- - N +v 2.

o

conskant for the rerainder ‘of the depth profllg. A dgcrease» o

1n TOC with depth i1s i1hdicated in the study.of Starikova,

o

-

1971 whaich contradlcfs theildea of refrpctivity of thes

organic matérial 1h deep water (Ménzel, 19%94). = .

v

9 » . «
Rates of production andyutilizgation of organic matter ’

Yl
- >

1n thé _surface zone have.been postulated to Exp]aln the I3

- +

distribution of the TOC. The‘ﬁge%of fns\if?anlc material in

2

1 Y
» the deep water has been estimated at 1000-3000 years

LY

(Williams et al., 1969, Skopintsevy, f97l). If the organlc0

matter in the oceaﬁs 1s at steady state, then the rate of

f

“removal or remineralization of the arganic matter must equal

o - L
the rate of phoduction. From the calculated age and the
) v > N

estimated amount of productavity, about 0.3-1.0% of the

7 o , o
yearly productivity has been calculated as eﬂfef?hg ﬁhe deep

- : ' R .
ocean each year. et .

} 3

This 1s a small fraction of the primary productivity
but mechanisms for the loss of this material myst be
JPostulated. The pathways for removal include biolodical
utilization and dgcdmp051tlon. /Heterotroph&c utilization of

1) N o ’
the organic mattger by phytoplankton and animals and

—a

bactérial deqomp951t10n will occur mainly in the ﬁpper 200'm

Q(Wangersgy, 1976). The estimates of variations in heterotrophic

“ ‘ s

¥ »
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>

1.

. + Ll 1 ' &

( . % >,
act1%1ty (Wi1lliams, 1970), and the rates and extents 6f the
* S

decomposition of the TOC have been determined ,(Ogura, 1970,

RN e »

-

1972) . The kinetics of the.utilization of the DOC in |

ynteractLoﬁmW1th the depritus was calculated by Khaylov et

al., <1968, 1971, 1972).

’ L .

qdn51QGred to be réf?actlve (Menzel,

The organic matter had, been

oo

1974) but Khaylov

showed °a: potentlaLmethwéy:fQ; the utalization of the

- b3
L S - 1w

organic matter 1n‘tﬁe ocean. .Chemical ané physical processes

¥ i

are also possible mechanisms for the removal of organic

Y] “w

. . ea mattqyﬂ Chemical remineralization by photochemical
v [ - -

L

f

Lt

P s s o .

L]

L

reactiong hag been propoged Qyw%aflfiou (1976) for. the
* - % IR U' - ¢ Qﬂm -

otential décomposrklon of the biologically "refractive"
b s g y

‘l

cpmbonent of the organic materiq} while work by Zika (pers.

comm.) has indicated that-decomposition of labile grganics
I ] L4 " N 1] .

w1ll occur under the gonditions found in nature. The

] <@ ot

formationof particles from the dissolved organic material
- Fy . -~

AY

k]
in nature by mechanisms, such as, flocculation-(Sholkovitz,

1967) bubble breaking (Sharp, 1972), bubble dissolution or

collapse "(Johnson, 1976), &dsorption to detritus (Méyers, |

a

and Quinn, 1971) and photochemlstry'(Z1ka} pers.‘comm.), may
be important steps in-the pathway for thekthe utllngilon by'

organisms or for removal by sedimentation of some of the

- N

organic material produced in the surface zone. Low
3 > »

.

molecular weight organics may be prbdpced as byproddcts in

® .
.

these processes of production or utilization of the organic
° (4

f
« o
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matter In nature. If these byproducts have dfalgh enough
vapour pressure, they will be volatile and may p@ logt from Y

<

the natural system through pﬁysméal methods_ (stripping or

volaeilization). - ' o

The removal processes (biologrcal, chemical, physical)

« @

for the organic matter in seawater must balance the production f

2

péoggpses-(blological, terrestial input, man) so that the |

distribution of organic matter in the sea can be explained.

©

Since no build up of organic materials 1s seen-in the ocean \\

Br in the sediment (Eadie and Jeffrey, 1973) a steady state
[

relationship must exist. Wangefsky (1965, 1972, 1976),

* Y3
Parsons and Seki (1970), Menzel amd Ryther (197, ), Williams

(1971), and ékoplntsev (1971) use this argument in their
e
explanations of “the cycle of the organic matter in natural

waters. ¢

~

The following study will attdmpt to answer some of the
guestions of the source, role, and distribution of the
@ O" R ? °
volatile fraction of the total organic matter in seawater.

For the first time, a direct method for the guantification

of the volatile fraction (VOC) in natural waters will be

bdegcribéd. The distribution of the VvOC, its wvariations

(geographical, spatial, and temporal), and potential sources

and pathways will be examined. The amount of* VOC extracted

from seawater samples will be normaliz to the TOC (VOC/TOC).

-
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Therefore a method for the determinatien of the TOC in
-

L3

scawater was developed. A precise  and accurate dry oxidation
{ =

‘

method for TOC will be described and it will be compared to

tlic standé}d wet oxidation procedure. The reasons for the
. .

differences fouhd in the TOC by the two methdds. will be

postulated.> Explanations for the observed distributions of
-, N \ e
the YOC/TOC ratios will be presented and paessible sources,

<«

pathways, and tentative identification for this volatile

fraction will developed énd dgscribeds

L)

3
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' *DETERMINATION O THE TOC IN SLAWATER: )l’f’?' OX“I‘DATI'ON

A. -Intrdduction . ‘

“

-

I3 v [ a

. The procedures for the wet oxidation of organic matfer

s

?

»t

] . ‘.
in natural waters have undergone many changes over the years

in both the cqndltlons for the ox1datlon and the methods

’ 4 ¥ ‘
o

used for the detection of ‘the resultant products. Methods

. =

|
are based on the oxidation of the- grganic mateylal present
\ s "

-
(4

in the water to CO; , which is aﬂa‘yzed by volumetric, gfaylmetric,

4 1", bl

conductometr;cz,g;trlmetrlc: or coulometric methods or /the; "

. e
g
*newer methods of non-dispersive infrared analysis, gas

- 3
" - M

. [ kad -
chromatography, or mass spectrometry. $Since measurément 1s

N -

based on detection of thé produced cozﬂ interference f;om

9 [N
3

» 1
N @ 1 4
inorganic CO, must be eliminated., In-seawater the, inorganic .

€

carbon (CO;= and HCOs;z) 1S about 20 to 30 times the ¢oncentration
2 -

. N u{ L4 ’ - N ﬁ/‘
of the organic carbon. To rem?ve lnérégﬁlc carbon, the p
. 1 AR

-

[

1s normailly adijusted to below 4, sofkh t the CO3= and- -HCO3~-
, ; 3.

1

arce converted to COz4 which is sc¢rubbed from the sample. e

° ’ . A
Questions concerning the completeness of oxidation, }nterference

from other oxidation products, blank problems, loss of -

P

volatile organzcs+ during the purging of inbrganic CO:,
t N v
incomplete remova} of the inorganic CO; and mamny others, have
t s | .‘
. | -
been raised. . .
o : I‘Ql& e »

. The earllest tethod for the quantlflcatlon of the

[

dissolved organic matter® in seawater was derloped by Putter -

.

v

(1909), using chromic acid as an oxidant. Raben (1910) was

%

T
1
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7
1

@ "

-
e

quick to point out thét Plitter's results wére not without
. R . .
*fault and could be\\éproved In these early methods, Cl;
) R
produced during the ox1datlon step was an interference.

o

Lrogh and Keys (A934) used a thallium sulfate trap to removeé

LN r

.

“.the, lnterferlng Clg. Kay (1954), using chromic acid as an
L . £

‘oxadant in a closed system anddsilver:dlchromate to repove
- -, * *

the imrterfering ha‘lﬁg”’éxﬁ, was able to amalyze orgénlc natter

in. seawater 1n anpas of high concentration (range ofrl-4
L =

1

mé ¢/ kiter) w1thz€gde£ectlon system based, on ak;;trlmetnfﬂw o

1 % o

v
determination. * “

e
3

i
Duursma (1960) used a modification of this procedure, in

which the CO, which was trapped in barium hydroxide was

estimated with a coulometric method. &he oxidant was a

i

mixture of sulfuric acid, potassium dichromate and silver
,y -~

°

dichromate which was added toa 50 ml. sample of seawater

o

7

and heated to 130°C for 2-2 1/2 hours. Duursma obtained a
high precision (:0.03 mg.C/l}tér} for sample’s in the 0'1:3\\\
C%@u C/liter range and he 6bta1ned a consistent and reliable
analysis of the organic matter 1n natural seawater samples.
These values for the organic carbon boppare favourably waith
results obtalned’by other methods since then but his method
was tedlous,'tlme consuming, and required scrupulous care.

In descraibing his method, Duﬁrsma carefully presents the

sources of error in .his and other methods for the oxidation

) .
of the orgdniic matter 1n seawater. He discusses problgms of °

by ~
L]

w¥



atrospheric contamination, reagent blank determination,

-

preparation of "carbon-free™ yater, detector variation, -

-

gonpleteness of the oxidation, 1dss of volatiles, interfering

gases, and sampling and preservation procedures.

@

One of the main drawbacks to earlier methods was overcome
- * ° N :
by the introduction of the non-dispersive 1nfrar$d analyzer
'1 } z .
and the gas chromatograph for the detection of, the *CO»

produced during the oxidation. With time, the oxpdants have

- “
- e

been changed in the belfgf that the stronger the oxidant, the,

more cogplete the oxidation should be. Oppenheimer, Corcoran
- . v b

anduv§n Afman (1963) used a sulfuric acid and silver-potassium

¢ e

dichromate and detected the products with a gas chromatogfaphr

B “

They noted the increasing complexity of the orgawic matter

led to incomplete oxidations, with up to 5% carbon monoxide
» T
A

being produced along with the carbon dioxide. With pure

materials they reported quantitative oxidation. " Szekielda

° '

(1§3q3 used sulfuric acid and dichromate for analysis of
»

seawater and with a conductometric detector measured organicC

carbon in 5 ml. samples with a preClSlOH’Of 5-6%.

Using pbtaSSLum persulfate as his oxidant and an
1nér4¥ed detector, Wl%son (196l) repérted a"precise method
forfdeterminlng the TOC in seawater. However, largé samples
(ZOOKml) and the long times were required for each- analysis,
50 this method was not adopted until the simplified and -

more manggeable procedure of Menzel and Vacarro (1954) was

\
»

[
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introduced. The method of Menzel and Vacarro provided

speedy analysis of scawater samples with a reported precision

of +0.1 my C/liter in a range of 0.1-20 mg C/Iliter.
H;,~\?ota351um persulfate was used for the oxidation of the

sample 1n a sealed glass ampoule which was autoclaved and the

¢ o

resultant CO, was analyzed with an infrared analyzer. Thais

o

method has become a standard procedure (Straickland and

‘Parsons, 1968) for determining organic matter .in naturdi

vaters. - - o
-

While the wet oxidation method has been accepted as a
standard method, ﬁgny questlon§ have been raised over .the
accuracy of the results obtained by this procedure. The
1osé of the volatile orgﬁg;c components during the purging
of the inorganic carbon from the sample, premature oxidation
of‘organlg‘materials in the water by the persulfate before
sealing, and 1ncom§lete oxidation of more resistant organic
R materials are possible problems witd this method. Two camps

have forme@; one believes that the oxidation 1s complete,
while tpe other questions Ehe accuracy of the method because
of the &15crepancmes which exist between wet and dry

ox1d tan results. Williams (1969) used a C'*-labelled
gld%{se and amino acid mixture to detgrmlﬁe the completeness
©f the ox1détlon by persulfate and found that for these pure
compounds 1t was moré than 95% effective. He concluded

that, for the organic compounds which he used, the method of

Menzel and Vacarro (1964) was complete.

o

\

[

i
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However, he Jelt that the cormpleteness of the oxidation
~

e

for all the organiec naterials in seawater was still an

I .
question. , . . :
‘ \ -~

"~ \
. Shanp (1973) gucstioned the accuracy o#Fthe wet oxidation

proceéZZQ of Menzel and Vacarro and showed that simple

LY . 4 o
changes in operational procedure led to:increases in, the \

o ?

amount of organic carbon neasured.. He arqued that the

- r -

addition of persulfate dﬁrlng the purging of the inoruganic®

. —— »

afbon dioxide coulds possibly lead tq premature oxidation of

the very labile, easily oxidized drganic compounds. An

indirect coméarlson between the two procedures by Sharp

o
4

1% »the pe;sulfate’bx1dant was adéed aftgr the inorganic s

carbon dioxide had been scrubhbed fromp thg;éamplé. .

Russian workers (Ljutsarev et iﬁz' 1915;:Stax1ko§a'and

ol ! ,
#“Yablokova, 1975) have used a wet- oxidation method with a

LS

mixture of sulfuric acid and silver and potassium bichromate

-

as their oxidant. ®Phe values obtained by this method fo;‘
. <
wateré of the equatorial Pacific (0.55~2.0 mg C/liter) are
£ }
similar to those obtained by Sharp (1973) for the Morthwestern

Atlantlc; which may indicate that thé same kainds of organﬁf

~

matter are measured by their methods. °
i

h

. Another wet oxidation method for organic matter ain 4
seawater 1s photeo-oxidation (Armstrong, Williams and Strackland,
1969 and Armstrong and Tibbitts, 1968). With irradiation .

from a U.V. lamp, the oxidation of the organic matter in
. . £, Q
p .

)

(1972) showed that up to 30% more organic éaron was measured\\_’\\Y
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shawater was found to follow

complete oxidation was noted

s
~

/

frrst order Linetics. Almost

within 2-23 hours for nost

] 4

<ﬁ‘cqmpounds tested except uréa. Problems with this method

2

.~the _TOC q?ﬁgentration in areds where polyphenols’ are

include time of oxidation, temperature control, and doubt as

e

to completeness of oxidation, especially since urca is such a

problem.

Williams (1969) found that the U.V. method yielded

about 10°% higher results than the persulfate'oxidation p

R

method and he argwed that the Menzel and Vacarro (1964)

M a 1, ’ '
method musH be a complete oxidation since the two methods

EN

give similar results.

assumption thaﬂ%ﬁﬁ%

Mattson g gl.

«ronlitori

o

of the Qéter.

r i

This conclusion is based on the

-

U.V. method results in complete oxidation.

-~ o

, (1974) descrlbed an in situ continuous

ystem 1n whi

e

Prbblems with this lie in sen51t1?lty and

é&’the organic material in coastal

4

regions 1s gquantified By a freasurement of therU.V. absorbance .
’ R " ' - -

o
¥ ﬂg

4 ¢ -

interferences, .put the method mdy have poteﬁtlal in areas of -.

hlgh'TOC with a similar matrix of or@anlcs. Vork Ey‘Ragan

and Cralélé’(l&76)i

components exuded by algae may dgreatly affect the

4

shows

tﬁgé 1nterferénces from the polyphénolic

U.v.’

r
. o / 3 N

absorbance of natural'waters and lead to an overestimate of

r %
by brown macrophytcs. 5

exided

1

* ¢
7
L -

These are the praincipal wet ovadation methods)which -
v s ¢

¥ »

have beeh developed over the years. There has been a

, progression to use of stronger oxidants, from potassium ',

»

* ) kY

el .
L]
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-

permanganate to later variations in which potassaium

3

Jichromate and potassium persulfate were used. Recfinements

"

in sample hanallng,«appartus, and detection have.resulted in
i P -

-

bétter reproducibility and improved precigion. But problems

A -

4

and ¢uestions still remain. As Wangersky (1976a) summarizes,
* @

]
8

there are major points of contention in the wet oxidation
- ¢

v
¥

o

e )
methods: ‘(y N : = a

& 1

The excessive handlimg of the sawmple with potential L

Contahlnaé;on during the removal of inorganic hgg,

The loss o% volatile éompounés during thé purging of)
o Lpogganlc Coq;’and the potential prematére ox1datlon' f
mqore labile forms of'organlc matér}al 1f the persulfate
1S present duglnggthe purglng; ')

3. Most procedures reguire discrete sampling so that the

v . d

analyst 1s prevented from immediate examination of results

. whlch wouid be provided bv real time analyses.

5

4. The problem of oBtalnlng "carbon-free" water for the ° lﬁ‘

o

determination’ of .reagent blanks. i ’ )

5. The discrepancy between wet-oxidation and drv combustion

°

4
numbers. If these differe s are real then the

inceompleteness of oxidation by wet oxidatipn as indicated,

¥

and future users of the wet oxidation procedure will have
to accept that at least some fraction of the organic matrix

1s resistant to the oxidants used in solution, Whether

A

this unoxidized material 13 a constant. fraction with



\ o J\

locale and depth 1s,a question which will have to he

i
B

answoered. /
B. Development of My Vet Oxadation Method for TOC in Natural Waters
) L
R T Determination of Reagent Blanks
in order to obtain absolute values of the organic .
carbon 1in seawater by wet oxidation reagent blanks must be '

s

LA
I !

determined. In?guded 1n\thls blank will be the carbon added
by the phosphoric acid, the oxidant (potaéélum persulﬂgte), f
and theuox1datlon ampoule. This value coilld be obtained by
use of "carbon-~free" water as the sampl If the éx.!rlor
contamination was eliminated, then the ganic carbon Q%lue %
Ffound will be th; reagent blank. |

Treatment of double distilled water with pok§331um
pgrsulfgte was assumed to give "ca%bon—free" wateri(Menzef
and Vacarro, 1964) éhlch cbula‘be used to calcﬁlgte\the'
blanks. Wangersky (1965, 1976 a) disputed this and recommended
the use of ,a high temperature oxidation still. éharp,(1972)

v

found that even this water had a concentration of 0.1-0.2 mg,

o

C./llté&. Thex?mé%ﬁt“of carbon was abdut the same as waFer

from a Millipore Super-Q purification system operated under
manufacturers specification., Analysis by my ébmbustlon Y
techniques has showed that SuperLQ water waﬂ 1ndeed very low

in measurable carbon and averaged .about 0.04—0.0ﬁ’mg C/liter.

sSince "carbon-free" water is difficult to obtain, the “

e

" L ’



rewgent nlank was calculated indairectly. Menwel and Vacarro
v
N

(1974) suggested that when the carbon values from a gradient

< . -

of volumes (1,2,3,2 and 5 ml) of low carbon seawater were -

cxtrapolated to zero,s an estimate of the reagent blank could

e obtained. Loderu(197 ) 'calculated a reagent blank 1
, S
indirectly and found that the reagents added about 0.05 ‘
mg C/liter, but his total blaﬂk was about 0.3 mg C/liter,
Y ' !

which he att®ibuted mainly to the ampoule.
Y ]

R 3 . v
Using 5 ml samples of acidified Super-0 water, 1

: L

calculated the reagent blank by the addition of '1, 2, and 3
times the normal amount of persulfate required (Table I).

The reagent blank added from the persulfate was on the drder

e

of 0.05-0.1 mg C/liter, with carbon fromlthe Super-0 water
and the awpoule making up the rest. The high ampoule blank
of Loder (1972) was not seen and the reason for his hig
blank wés not obvious. Discrepén01es in the values of

reagent blahks determined by various workers 1s an obvious -

source of difference in the absolute values for organic,

1
.

carbon 1n seawater (Table II).
The quality of theg persﬁlfate 18 very important in the

blagk determlﬂatlon, and batch variations are to bef expected.

A}

However, 1f in the blank determination the water in the

a

sample was considered "carbon-free" (TOC = 0 mg £/liter).,,
then the blank would be overestimated and there would be
overcompensation in the calculation of the TOC concentration

[y
' !

' ; }

-
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T
oy

el 3
Reagent Blank Determination: Effect of the' Amount” of
Potassium Persulfate Added

¢ 1

b

_Sample Amount of KZSZQS Concentration of
Added Organic Carbon
(mg..) . Meastured
o, . (mg.C/liter)
1. 5 ml. Super-Q 200 , 0416%.037
. ° water + gonc.. '
I§3PO4 ! ¢ ,
2. 5 ml. Super-Q 400 0.21+.04
water + conc. . ’
., H,PO, ¥ L
1“3, 5 ml. Super-Q 600 0.30%.01
watexr + conc. g
H3PO4 .
: 'TABLE II
S TUs S

Reagent Blanks Calculated for the Wet Oxidatien
Procedure by Different Investigators

| Investlgatpr Reagent Blank Calculated
‘ N \\ . (mg.C/liter)
4

1. Duursma (1961) 0.30

2. Wilson (196%1) 0.30

3. Menzel and Vacarro (1964) 0.52-0.54 *

4 Strickland and Parsons (1968) 0.15-0:30 -

5. Maurer and Parker (1972) . ¢ ,0.48-0.66

,6. Loder (1972) : ' o 0.31 .

7. Sharp (1973) b no value given

8. MacKinnon (this study) ' 0.08~0.12
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1 ‘ e
° ’ % '

1t the natural samples, This of®d tend to lead to an under-—

Bo

estimation of the natural carbon in the sample, gnd would

>

explain some of the difficulties in the comparlsbn of TOC o

.

%alugs from various studies but would not grossly affect the
§ e ’ ’

14 - <

qualitative interdretation. » ‘ , /

| - i

Y
2. Calibration of Infrared Detector ‘

IS
- <

The detectbr was céllbrated %lth standard solutions in
low carbon water. I found that Millipore Super-Q water

14 ]
.

obtained under manufacturer's specifications was satisfactory

@ n

for the preparation of standard solutions of dextrose. TIn

o
-

the range of carbon values required, the response of the

a

infrared detector was found 'to be linear. °The amount of

organic carbon in natural samples was calculated by subtracting

the reagent_ blank from the ‘deteétor response and daviding

this by the slope of the calibration line obtained with the

R “

° r 7
standard solutmxon. Calibration lines were prepared daily so

that a

—

parison of r%iulky from different runs could be

b3

T e

dgne with confidence.’ \ s .

Rendification and Removal of Inoraanic C%rbon

t
Amount of Acid Added . .

norganic carbon in seawater 1s 20-30 times the

concentration of the organic carbon prescent and must be
-

a /\
removed Cfmplet ly 1n order to obtain accurate' values of TOC

in natural samples. Acidification of the sample to pH less

L}

@ ﬁ~ .
than 4.5 results 1n the shift of the carbonate species to

-

-
e .
o

» [

&,
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. ° “

@

GOy , which is swep@ from the systemr with a flow of N..

)

Strickland and Parsons (1968) usid 0.25 ml -«of 3% phosphorig

acld per SJﬁl sample, but I useé 0.05 ml concentfated

phbspher}c a§1d in 30 ml of sample since 1t Seemed Tess b

pﬁéne to contam%nallon (Sharp, 1973). ) (4 T .
11) Time of Scrubhing N

8
L]
’

With 5 ml samples in the gl@ss(gppoules, Strickland and‘§
S ’ -
Parsons (1968) recommended 5 minutes of scrubbing at, 200

o

miAﬂén.'Nz to purge the acidified sample of inorganic CO,.

4

sharp (1973) states that 5 wminutes of 100:200 ml/Mmin. N,

o

will remove CO. from“h}s 30 ml sapples. Sharp obtainsh ¢

higher numbers for his wet oxidation procedure than those

® <

reported by other workers in the literature. This

dlfféreﬁce may be jthe result of incomplete removal of the

inorganic CO;. &
L. Gordon (personal communicatipn) found that 5 minutes
@ ¢ L]

of purging at 100 ml/min. was not sufficient to remove all

i i

" the ineorganic ’/CO,, although at a rate of 200 ml/min.’

4

complete removal was noted. Using the standard Menzel and
?acarro (1964) method and Sharp (1973) method, he noted that
at 5 minutes the Sharp method showed about 5°¢ higher DOC,
which dlqﬁﬂxghed}as‘t@e purging time was léngthened. This
1nd1c§tes ghat great\pare must be exercised in thisjscrubblng
procedure. I examined the purging times rethred (Table

III) by taking 35 ml seawater samples at varying temperatures

2 AN '

LY



TABLE ITT . ’ -,
[ 2 . /

: The EBfficiency of the Inorganic CO2 Purging in the

Wet Oxidation Procedure

Sample *Flow Rate of Sample °Scrubb1n$ Measured
) N2 Temperature Taime Conc. of
. , (ml./mln.l ©c) (min.) . Inorg.GO, .
% . in sample
. . , - {mg.(/liter)
1. Tap ‘Sea 250 - 15 \\ 2 1.00
Water 5 0.20
pH=2.5 . L7 0.03
. |10 0.05
15 0.%00 .
2. Tap Sea 250 25-30 5 0.01
Water . 7 0.00
pE=2.5 . .10 0.00 .
3. Tap Sea 250 " o0-1 .5 '0.26
Water 7 0.04
pli=2.5 ’ 9 . 0.01
o . 11 * 0.00
. ‘ 15 0.00
u i s
K#Jj
e
| =
/ ,
, ““N

R e s
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4
B

and, after 1c1dify1ng to pH 2.3, s¢grubbing them with a flow

» -

2f N (250 ml/min.).

Ll o

After specific intervals (2,,5, 7, 10 and 15 min.) of
‘ i

scrubbing, an acidified sample was placeéd in an ampoule,

/
/

sealéd, and the ameunt of CO, still préﬁent was measufed%f
v t
with the usual procedure. ®Almost complete rermoval of

o

inorganic CO,+'was noted in the sample at room temée&a%ufe

«after 5 mlnute; byt 5-10 minutes were xequxréﬁ for the

sambles at lower temperatures. With the conditions . )
descraibed By Sharp (1973), complete removal 1s gquestionable.
This may explain his higher TOC)Qumbens and some of the

/ N

111) Loss of Volatiles during the Purging of Inorganic

Carbon . £ -

"wild values" (Wangersky, 1975).

%he voi'tlle fraction of the organic material present
in t&é seawater may bé lost by prolonged purging and result
1n an underestimation of the TOC concentration. Duursma
(1961) used a heat digestion to remove the 1norganic CO, but,
by monitoring acetic acid, he concluded that the wvolatile
organlc'lbss was small {about 10%). Using demineralized
water, Van Hall, Barth and Stenger (1965) concluded that
most of the hydrophilic compounds exccptuacctoﬁb and acetaldchyde
were not readily removed, while hydrophobic forms were

rapidly lost.

I checked the fatc of some volatile organic compounds

LN




’ 9

by the preparation -of samples, spiked with volatile compounds,

in ac1d@f;§é\3ﬁﬁer—o water which had beeg}purged of inorganic

CO-. These samples were scrubbed with N, at 225 m¥min. for

»

0.5, 5, and 10 minutes, and then the oxidant was added, the’

2

ampoule scaled and the remaining 'volatile organic material

14

was analyzed. As seen in Table IV, the hydrophoblc/materlals

"were lost significantly, while the more hydrdphillic materials

¢ v

were less easily removed. This indicates that although the
lowes weight materials are lost during the scrubbing step,

1t 18 not quantitative. in the scrubbing time used. This

effect on the measured TOC should be small (estimated at 1l-

3 of TOC),.

49 Loss of T0C by Premature Oxidation

i
I3

In the method of Menzel and Vacarro (1964), the oxaidant,
gKﬁSgOg) and the phosphorit acid are added simultaneously to

the sample, which 1s th&n purged of 1ts inorganic CO,.

y

Sharp (1973) argues that dissolution of the potassium .

.

pcrs&lfate wi1ll begin during this 5 minutes period of

purging and the more 'labile materials will begin to be
oxidized. He advocates that the inorganic CO, ghould be
purged before tﬁe oxidant 1s added and he claims that his
20~30% higher TOC Valueg are the result of this modification.
The Merck Index states that dlssglutlon of the persulfate 1s

® L)

very rapla at elevated temperatures but 1t proceeds slowly
{

T

-

a0h

s
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TABLE IV \kj
g - ’ -
3
. Fate of Volatile Organic Compounds During the Purging
» of the Iﬁorgaqlc CO2 /
Sample =, ) Time of Amount of « Amount of Amount of .
scrubbing Volatile Volatile Volatile
“(min.) Organics =~  Organics . Organics
Added-~ Measured Lost in
(mg.C/lztek) (hg.c/llter)‘Scrubblng
(%)
1./ super-Q 0.5 0.. 66 ' 0.66 0.0
+Dextrose 5.0 0.66 0.66 0.0 °
|
2. tuper-Q 0.5 1..00 0.98 2.0
. +Acetone 5.0 *1.00 0.84 16.0 -+
10.0 1.00 0.79 21.0 A o)
a~ ) . \;"’0‘
3. Super—b .5 . 1.85 " . 1.83 4 1.0 .
+I150-~ .0 1.85 ¢ 1.72 7.0
propanol )
4. Super-Q 0.5 Coo0.11 Q.11 0.0 -
* +Burtyr- 5.0 1 0.41 0.04 77.0
aldehyde 4 g 0.55 0.53 % © 4.0
5.0 0.55 % . 0.41. 25.0.
. - ’
5. Super-Q 0.5 0.47 ° 0.44 6.0
, ‘+2-Butanone 5.0 - 0.47 0.40 ¢ 15.0
6. Cuper-Q 0.5 ° 0.47 .0.32 32.9, °
+Diethyl 5.0 0.47 - 0.02 96.0 v
Ether .3
7. Super-Q 0.5 2 o0.10 0.10 0.0 "
+Propionic 5.0 0.10 0.10 ,0.0
Acid .
. -~
- @ .
i N \
. .

=9
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-
«ven at room temperature.

y o

Since premature oxidation would appear to bhe a

'y [N

potential problem ain the wet oxidation précedure, I examined:

a

‘the cffect of persulfate on the TOC values duraing the -

purging. Tresh samples from near surface coastal water and
i

aged deep sea Sargasso Sea water were analyzed to see 1f g

> 5

organic material i1s oxadized- during this scrubbing step (Tablepv}f
Samples were acidified with phosphoric acid and bubbled with
pltrégen at 250-300 ml/min. for 10 minutes. Sampips {5 ml)

were withdrawn and placed in glass ampoules to which 200 mg
’ i %

of potassium persulfate had been added. These samples were
- . N

)

further purged with N, for various times (0.5, 5, 10, 20

min.), at which point the ampoule was sealed, autoclaved,, s -
and analyzed. If premature oxidation were occurring, lower

measured TOC concentratréggrwould be seen with 1nc;eased

a
1 . B

time of scrubbing (Table V). FEven with 5 mlﬂutes éf scrubbing
in the presence of oxnidant, a slight drop in the neasured

TOC (approx. 2-8%) was seen. In the surface water from the

. W. Arm, the largest drop (about 0.13 mg C/liter 1n‘5
minutes) was found, while in the other samples TOC values N
vere reduced by about 0.02-0.06 mg C/liter in a 5 minute ) ;
perrirod. Turther reduction in measured TOC of about 2-6°% was

noted w1th’extended.scrubb1ng. The temperature of the ‘

‘'sample was critical to the rate of dissolution of the

oxidant, and sat room temperature complete dissolution of

1

.

N



Premature Oxidation Caused by the pfesence of KZS 0

'

TABLE V

Y

2°8

\

\ ;
During the Purgaing Step in the Wet Oxidation Method

Sample

Time of
Scrubbing

Concentration

of ToC’

Cﬂange in TOC
from Inaitaial

' _1in Presen@e (mg.C/liter) (%)
of K2?208 . a
(min)

1. Surface water 0.5 1.74%.05 - o
from N.W.Arm, 5.0 1.61£.02 -7.5 :
Halifax Harbour 10.0 1.55%.08 -11.0

{20/8/75) 20.0 1.492.03 -14.4

2. Aged Sargasso 0.5 0.687£.05 - v
- | Segwater , 5.0 0.81+.04 -6.9
i , 10.0 - 0.80+.02 -8.0

. 20.0 0.82£.04 -5.8" |
. 3. Tap Seawater ‘0.5 1.08£.03 -—-
5.0 1.06%.06 -1.9
10.0 1.02%£.03 -5.6
|- 4. Tap Seawater 0.25 ~, 1.16%.04 Ve o
0.5 1.13%.05 "t =2.6
) i 5.0 1.13+.04 -2.6
10.0 1.10+.01 -5.2
i

5. N.W.Arm(lm.) 0.5 | 1.21#.07 —

(13/1/76) 5.0 1.17+£.03 -3.3
10.0 1.15%.02 -5.0

T
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thie potassium persulfate wad seen an 20 minutes. This 7~
¥ *

LY

modification to the wet oxidation procedurc 1s minor but 1t

/%houid be used Or a fraction.ef the sample may, be 1osgd£y
o P B \; i .- ?
) - 3 ot *
{ vremature oxidation. - o ' N

@

. t

‘

-

s 4
5. Contamination ‘Problems § .
t

a

Iin the analysis of TOC in ;éaWaQer, the introduction cf

"

. . contamination must be prevented becauge’the amount of organic
A - t

Ll

. material in 5 ml saﬁples of seawater (TOC = 0‘5—125 mg

= . , [
' C/liter) will be Vvery .small (2.5—7.@ pag C). §erupulous care
, b v \
in, the analysis 1s reguired to prevent the 1ntroducﬁigﬂdpf

- 1

2 foreign materigl into ghe sample.’ Since wet oxidation

- v A

! proceduyes require extensive sample handling in collection,
- g
. storage, and analysis, the choice of sampling apparatus,
. b -~
sample bottle, ah@gsample ﬁrgsbrvatlon“aré critical.

>
"

%
A further seurce of coﬂtaéunatlon in the wet oxidatio:n

procedure 1s in the aC1d1flc$tlongand purglné of the

u a

M u
t ¥
inorganic 'CO,. Blanks wete run and khe¥contamination from _,
1Y

the purging process was conslderedl egligible. Contﬁ%lnation

» 3 . 1 »
. frem the atmosphere, the scr elry ‘and the system for sample
% . o [} l

Y

. * transfer were éll monitered and randémly high values in thg
\

\ ® v . ¥

triplicate analysis may be tiie result of contamln%tlon from

to

these sources: The introduction of atmospheric CO; by leakage

3

, was minimized by the use of\a small glass tpbe packed ‘with -
. ascarite (soda lime) that was fitted with a tygon tubaing :

joint to the top of the ampoule during the trapnsferring and |
" , .

W e b bt



o \ v
s -

: . \

f '
° 1
1 1

q

1

from the ampoulé itself was minimized by preox1datfon (450°)

of the ampoule and use of pluminium foil to cover thée

R ampoules during storage.

-

L

I

The accuracy and precrsion of the wet oxléation method
will suffer 1f the sample or the-oxidatzon product is lost

during prepargtloﬁ and analysis. Sharp (1972) reports 15-

o 20% loss of samples because of Fontamlnatlon or leakage. In

'

o my system the:.sample poule is ‘encloged 1n a large tygon

It N .

- tube during the brea®ing of the ampoules. This mthod was
found to be effedtive anﬁ the oxidative produ;t (CO,) was,
safely swept to the IR analyzef.

+, With these precautions, the threat of atmospheric
vcontam}ﬁatlon and the loss of oxidation products\?ér be .

(
minimized bug, by. the nature of  the w%t oxaidatiom. procedure,
) \

* q
complete elimination of contamination cannot be assumed.'

. o 3 ~
s 8] - i q
) 9

4

// 6. Completeness of, Oxidation :

. .~ 1) Standards g

- , 2
efficiency determined by the comparison of CO, measured and

\\ . the amount of compound'added. The vtiidity of thas approachi °

* where up to 1000 times the concentrathon of the specific

component in natural waters is used, has been questioned

-

. (Williams, 1969) since the completeness of oxidatién fox *

& ’
u
- N -

t 1

\3 23.

during the seaglhg step with the propane flame. Contamination

®
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*

’ f ) ~ !

[
® -

.
standards ¢oes not guarantee similar efficiencies for the
-~ o i ( -
compler natural organic materials. ’

©

i 9 0

I the analysis of standards i1n seavater by wet .

onidation (Table VII) the per cent recovery’yas good and

complete ox1daﬁhon was 1n?1cated. The efficiency of the

(;-\

oxidant for these materials seems high but extrapolation to .

the whole matrix of organic material in seawater may not be

valid. A comparison of the method with one which 1s
complete would provide the basis on which to calculate the ;

* [y

A}
cd@gletcness of the oxidation. Sharp (1973) indicates that

o L4 [

the high temperature oxidation is'more accurate than the wet

v

oxidation. Later I will compare the results obtained from

wet and dry methods and will argue that the accuracy or

-

- n

completéﬁesé of the dry oxidation:.is higher than that of -the

&

wet oxidatign proctdure. When the wet oxidation methods "\ .

were compared (Williams, 1969)° the TOC results by U.V. oxidation
3

and wet oxidation were not significantly different. In my

work, I found that after U.V. oxidation with-a 1200 watt

0 i '

mecury arc lamp for 24 hours in the presence of hydrogen

per5x1@e, up to 25% f5~25%) of the original material (TOC)

was still measured. Thus the competeness of the TOC results
3

obtained by UV oxidation, must be questioned.

. ‘

11) Procedures *

\
. Changes 1n the standard procedures have been made by

I

several workers in order to ensure completeness of oxidation.

e

®

S A

°a
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‘ TABLE VI

N »
°
i

The Various Temperatures and Times of Heating Used

for the Persulfate Oxidation of the TOC in Seawater ,

1

o

4 Study ' Temperature of Time of
Heating Heating
D (°c)
. 1. wilson(1961) - 100 ~ /P 60 min.
. 2.lenzel and Vacarro(1964) ' liO 30 min.
| /3-Strackland ang-Parsons (1968) 130 | 40 man.
f “ / 4.Williams (1968) : " 100 25 hr. )
;%’ +5.Fredericks and Sackett (1970) 175 o . 24 hr.
. 6.Maurg;‘and Pa%kér (1970) 125 YY) min.
D 7.Loder: (1972) | 130 K hr. .
8.Lharp (1973) , 121 , ) 60 min. -
\ 9.herr and Quinn (1974) ) 105 ) \% hr.
¥ lO.Gord;n,L. (personal comm.) Room N extended:
temperature,
. 1ll.MacKinnon (thais study) 121 . 60 min.
] ' \ ’ v ,
' A

-

£



. “ ) +TABLE VII

Efficiency 'of the Persulfate Oxidation for Known

o
N

Compounds
., Sample Calculated Measured . Theoretical
Concentration of Concentration of Recovery
Standard Added Standard (%)
*  (mg.C/later) (mg.C/ther) :
M ] e
T l.Benzoic acid J.47 1.38 94 ¢
* ‘ in Tap S.W. 2.16 ° /] 1.98 92
L . ,
2.Urea in, 1.53 ’ - . 1.53 ( 00
°, Pap S.W. 2.35 . 2.22 +v95
' . 3.Clycollic acid 1.40 - 1.37 98
{10 Tap S.W. s
4.7Thiamine HC1 ° 1.45 - 1.33 * Te2
in Tap S.W. 2.24 . ~1.87" * .. 84
5.Na OleaEe / . :‘ '
‘a) in Tap S.W. 1.58 . 1.20 > 76
2.44 . 1.59 65
. b) J.n_SAﬁer—Q 1.25 T 0.96. " 83
‘ 2.30° 2.00 87 .
: e *> & 4 }_‘
s 6.Fulvic acid . ,
., material . ’ R f
+ a) in Tap'S.W. 4.18, 1.19 100
, 1.357 » « 1.27 94
"+~ ", ) b) in Super-Q 0.88 0.86 97
5 1.76 1.64 94
’ - * / \ v . ta
7.Dextrose | N ) 95-100 _
in Tap S.W. ' ' ’
or Super-Q , e
, : e
\ou
s -

AT

$

-
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In the persulfate method, the temperature (100-175°) and

~

time (O.S—2§/M{/;qulred for the autoclaving or heating of
. the “sample with the oxidant has been varyed conélderably
(Table VI). Workeds have argued that these changes have

resulted in maxXamum results even though the persylfate

activity should not be affected by mlnor-operational dxf ferences

as long -as temperatures are elevated to ensure complete

°

dissolution of the persulfate. 'I.. Cordon (personal cormmunication)

- wlaims that the values for TOC that are obta%ned by room -

& -
temperature dissplution of the persulfate are comparable to

&

those obtained by dissolution at elevated tempefatures.
3 A .

o

*111) Effect of the Ox1dént

‘The efficiency of the oxidant itself must be gonsidered.

There has Been progression to stronger oxidants from

7

permanganate to persulfate and increasing concentrations in

measured TOC have been noted with each change. Earlier T0OC

¢ 1

values have been assumed to be the result of the measurement

a
’ L

of 'the more iabile, biologically important organic materials,

-

but as the strength of the oxidant increased the more

1 !

highly refractive materials were measured. Even after

»
v *

- prolonged oxidations with nitric-sulfuricrperchloric acid

v

mixtures at elevated temperad@res (up to 320°C) some
i '

cbmpoundsJ particularly those containing nitrogen, were not
! i

@

completely oxaidized QMartlnle and Schilt, 1976). This

indicates that the oxidants which are used in the wet
s .

"

m ' v
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o
,ox1dation procedures may not be ag effective as workers
.

26

14

H
would like to helieve. T“\
L ) *

-

X

9
7. Outline of the Wet Oxadation !lethod
- The procedure described by Sharp (1973) was uséd for
a [ 7

the wet oxaidation of the organic matter in water, with the

® 1

introduction of some further modifications in the handling

of the samples.
- ’ b

The water samples which had been collected and frozen
L}

in the 50 ml serum bottles were thawed and well mixed. ',
$

About 30 ml of the sample were acidified (pH 2-2.5) with

“about 0.05 ml concentration HPO,-and scrubbed with N, at a
N -

flow rate of 200-250 ml/min. fér a mi) um of 7~ld minutes.

Mive mlkgllquots were withdrawn with glass syringe and

placed in pr ox1diéed (heated at 450- OOiC for at least 2 Y
hours just Pprior to$a;;3nld ml ampé as (?1e£ce Chemical Co.
.+ 1980¢) 1Rto whlch\EQmeg. of K,5,05 had been addég?ﬁ,After

a further 30 seconds of purging with N,, the ampoule was

» s

}
capped with an Ascarite-packed tube to prevent atmospheric

contamination until 1t was sealed with a propane torch. The

sealed ampouile was ﬁhen autoclaﬁﬁd at 121°C for 60 minutes.

The Coptproduced during the oxidation was megﬁuned
using a non-disperswve infrared analyzer (Beckman I.R. 15A).
A Tygon tube§}17 mm ODJx 13 mm ID) was placed ove{ the '
ampoule so that the neck and the top section of the ampoule

J ‘ '

Ly
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body was completély enclosed. The other end of the Tygon

tube was connected to a "T" joint so that the oxidative

nproducts cou#d pe flushed from the ampoule, through the "T"

and carried to the IR analyzer. Before the ‘ampoule was -
attaéhed to the Tygon tube, the neck w® scored with a fllé'
and a 1.5 cm polypropylene (10 mw ID x 14 mm OD) sleeve was
fitted over the neck of the ampoule. With pliers held‘at {/h—sNS\\
thls(pofnt around the Tygon tube, the neck of the amﬁodle
was crushed and leaks caused by sharp pleces of broken glass
pliercing the Tygon tube were prevented. Flow meters were
placed 1in line before the ampoule and at the exhaust from
the sanalyzer, to permit easy monitoring of the system and

a

earlyﬁdetectlon of leaks.

! »

A tube (1/16" stainless steel tubing), which passed
. .
through the top of the "T" tonnection, was ymmersed into the
operned ampoule and N, was flushed through thebsaﬁple to scrub

out the CO,. A slow flow of O, (50-60 ml/min) was used for

3

the initiag, 60-90 seconds of scrubbing. This was followed
by a ragld flow of N, (300-350 pl/min), which swept the
produced CO,; into the infrared %nalyzer (Beckman* I.R. 15 A)

after passing through an acidified WeCl, trap (20% w/v), a

o

saturate? si1lver sulfate solution (Ag,;SOy4), a condenser in ice

¢ a

(O°é§ and a drying column (Mg(ilou)g). The dead space in the
system was sufficient so that the pe appeared as a sharp,

symmetrical signal about 60 seconds ter the fast flow of
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%, was startcd. This signal vas recorded on a recorder

(Honcyﬁell Electonik 194) and integrated (Royson Lectrocount

«
-

III). The response of the.detection system was lincar over
g

the nge cof concentrations expectad for natural samples.

Total time for analydgis was about 4-5 mainutes.

C. Analysis of T0OC in Matural Waters by Vet Oxidation
Procedure ®

11)° Areas Studied

r

I analyzed data from different areas (Gulf of St.

»

awrence, Scdtian Shelf and Slope, and an area off the coast
&, .
of Senegal) with my wet oxidation procedure. The station

locations and data are presented in the Appendix. General

features and distribution are evident in Figs. 1, 2, .and 3.

\ )
2) Prgciélod of TOC Analysis ,
L3 q

'

Samples were run 1n triplaicate, and with my handling .

Wy &
methods only a few were lost by breakage in the study.
r ' | *

"Wild values", as described by Wangersky (1975), were found
in a number of samples (5-10%). Contamination or incomplete

removal of inorganic CO; were probably the cause of most of

*

these. A value 1s considered "wild" 1f 1t varies from the

3
-

mean by dreater than 10% and unless explained was discarded.
In my analysis, precision was»cal¢u1ated as + standard
error of the mean (¢//n). ., The.precision @£ the TOC
analysis by my wet qiidéé;on method 1s presented' (Table

VIII) as the relative standard errors (standard error /

. & w «

S G i
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TABLE VIII

¢

o

%

Relative Standard Errorsi (£0/vn)/%)-100} For

Persulfate Oxidation of Natural Samples

|

Sample Origin n Relative Standard Range
‘Errors t @ (%)

(%)
Gulf of St.Lawrence 41 3.1x2.0° 0.2-¢.0
(5-6/75)
Scotian Shelf 67 3.0£1.9 0.6-10.0
(8/75) ‘
Off Coast of Senegal 76  3.2%1.6 0.5-7.5
(2,3/76)

TABLE IX //

-

Averaged Concentration of the TOC at 5 Depths (1,10,25,

50,and 75 m.) from Stations 1-7 on the Scotian Shelf

(8/75)
Stataon * Distance from the Averaged TOC
Coast Concentration
(Km.) (mg.C/l1iter)
1 5-10 1.08
2 25 1.12
3 80 ~ 0.97
4 125 0.89
5 - 170 0.88
6 v 210 0.87
7 250 , 0.88 ’
h ! »

\x
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'ig. 1-2:

Fig. 1-3:

©

Depth profile of TOC values ‘@) and depth averaged

‘Toc values (A). Measuréd with a wet oxidation method.

Samples collected in (Gulf of St. Lawrence (5-6/75).
See Map #. pg. 73b. E

Depth profile of TOC values measured with a wet
oxidation method (@). Samples collected on Scotian
Shelf and Sldépe (8/75). SeeJMap #. pg- 75b.

Depth profile of TOC value (@) and depth averaged

TOC values (A) measured with a wet oxidation method.
Samples collected in an area off the coast of Senegal
(2,3,4/76). See Map #. pg. 79%a. . .

[y
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) o Q . -
mean,) x 100) uOnlyasaméles which were done -in triplicate
with . no oﬂyrous "Wle‘valgegﬁ were 1ncluéed in this d
, calculation of error. 5 ‘J '
, \ O.The pre01316p of indaividual sample analysis was‘hléh U‘
\ with an avegage relat%ve standard error of about 3.1%. | The -
\j \ calculated error mas similar even thou the place agd time
\ ' . of orlglh of the s;mples varied. ' . , \\
T 3) Distributions of Toé values. , .

0 S . -
»

e Because of variations from station o station, scatter:

£
L

in the TOC reéults was to be expected.
Ce In the Gulf:of St Lawrence (Flgure 1) tﬁszOC values were
e

highly scattered, particularily in the sunfac one. Examlnatlgh

« of the origin of thé samples led to a better understanding

‘ ’ of the distribubions. In areas with high fresh water input,.

v
A

. ’ the highest TOC concentration were measured. @%Wstrpng

negative correlation (r=0.87) exists between thHe TOC and \
N 2

sigma-t (ot) values (Fig. 4). The surface or/euphotic zone

and those areas with the greatest fresh watgér 1nﬁluepce
(Corner Brook Bay and the mouth of tﬁeaSt. Lawréhce) have
the lowesé sigma-t values and the hlghgét values of TOC.
These areas also have the highest calculated partlculate
organic carbon (POC) values (Pocklﬁngton ersonal comm. ,
- 1976) . However, the POC only averaged about 3-9% of thé TOC .

in the surface zone and 2-5% in deeper water. " This 1s not

enough to explain the high values and wide scatter of the

1

¢

© t
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I'ig. 1-4. The TOC values obtained by the wet oxidatlion method
from the Gulf of St. Lawrence plotted versus the ’

9

sigma-t values. :

Fig. 1-5: Coastal effect ‘on the TOC values. The averaged TOC
values (1, 10,25, 50,75m) obtained with the wet .

: \ox1datlon method pibtted withidistance from the coast
of Nova Scotia on’the Scotiam Shelf (8/75). The bgrs

.

<
4

represent the range of measured TOC valpes.k

1)
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' «

TaC. Hléh values of TOC in the euphotic 'zone (area of .high

>
o ©

biological activity) are to be expected. Estuarine areas
may be influenced b& tHe TOC from the river (range of TOC
about 2-20 mg C/liter depending on source and arca) cither

directly or <through fIocculation of dissolved materials in

T .

Ny

tﬁearlver—seayater mixlﬂg‘zone (Sholkovitz, 1976). A
i

significant correlation between the TOC and POC was expected

rd

but data collected by Pocklington in the Gulf cruise (May- =
June/75) does not show this. However, for specific high

values of TOC, high values of POC were noted. The %,

n s
-

(POC/TOC) was never greater than 10%. e >

. )
, h

S

The data from the Scotian Shelf and Slope was collected

“ +

¢ 3y
in August 1975 during a transect from Halifax 'to the continental .-,

’

slope (Figure 2). The gcatter rs smaller than was seen in
& - R N . LY Py

the G?lf of St. Lawrence (Figure 1}, Smaller sca1e°var1qt%o

7 i
° 3 a

r

ns

in the hydrographic‘pafametérs (sal%nity, 02, nutrients, an%
" z ¥ a 4

« ¢ = J

the “anfluence from ﬁyeéh water) were exhibited on éhg .

[ 4 a N ~

Scotian Shelf solthét less scatter in the TOC valueskwou'd

@ t
~ e ° o N '

be prealcted.'?ﬁowéver, when the averaged TOC concentratlbns

1

(over 75 m) were plotted with distance from the coast (Flg;
* 1 * ! w )

5), an inverse reldtlonship was noted between the TOC and

¢ '

the distance from the céast. Stations 1-7 were run as a
4 A%}

v,

» * ]

transcct from just off Halifax Harbour (5-10 km) to the -

PR

. . P

slope of the continental shelf (250 Km). A definite coastal

-

a

x

-

Y

\

A

effect was evident, with the highest averaged TOC concentrations

AY
hY

LN

>

®r
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being measured at Stations 1 and 2 (1.1 mg. C/liter), ‘

dropping off at Station 3 (0.97,mg. C/liter) and 10ve%11ﬁq
N B

to a constant value at Stations 4, 5, 6 and 7 (0.88 ma |

C/liter) ' (Table IX). The scatter of TOC (Figure 2) was;low

s\ 1 -

in deeper watery (> 100 m), whxle the higher scatter was
found in the s L

face zone. Influence from coastal proximity

was a possible ason for this since high TOC valuyes ‘were

.

» )
found close to tHe coast and low TQC values were npted as

»
a vt

the distance from the coast increaséd. .
The twird area of study (Figdre 3) was a region off the\ )

cqast of Senegal which was sampled in early1976.7 This 1s an

area of upwelling with high productivity and‘muqh of the

scatter in the top 2 O'm\ﬁay be explained by this. Below-

200 m.the distribution pf-TOC was much less sga%tered and

the results were similar to the type of decp watervdlstrlbﬁhlon

0

of TOC proposed by Menzel (1967, 1970, 1974), who argued, that

below 500 m the organic matter was refractive and DOC values

will show little variabilaity. ‘ .

4, Comparison of Wet Oxidation Results with ther Studiés

1) domparison with Shaip (1973)
L ] ' °
One purpose of this study was to compare methods usedy
. ' [}
for TOC determinatlons.\\Lack of-access to data derived from

similar areas at the same tame of,?ear hak hampered meanlﬁgful

comparison. Since I used basically the same wet o%idatlon

01-

°
wiug

ki o hesalinie e s o o ot o S



., The?TOC results were compaked as depth zones (Table X). !

f
R ¢ 4
. °
f ( 3

. > a

Lo \ . / '
+ n e
\

procedure as Sharp (1973), a cqmpar%sbn of results Scemed \\

feasmbl% 1f common areas of analysis could be fouﬁ@. There

L } L] n

appeareé to Be an overlap of my dat% from Stations 6 and 7 .

in the Scotian Slope area.in Aggust 1975 and w1£h Sharp's

a

(1973) data from slope, Gulf Stream, and northexn %arggéso

a

Sea of June 19313‘ In this comparison (Fidure 6), 1t-was
seen ‘that Sharp measured higher TOC concentrations in hlgS
wet bxidation method Ehgn I did. The small number 'of points

plué‘the dlfferenég;_ig\gkﬁe and position of sampling will
gxg&alg some the discrepancy. The methodology was similar,
except for the mod%flcatlons wﬂlch have been/dlscuss d. 1If
Sharp was not completely“remov1ng the 1inorganic COz’jﬁglng

., 4 p
his purging step as shown in Table V, hais higher TOC values

"and haigher scatter, parta‘ularly at depth, may be explained.

I3

With a paireé "t" test, the\difference was found to be \

significant at the 995 confidence level. Sharp's TOC values
are sagnificantly higher (20%) than those obtained by my
work. Qualitatively the picture of the distribution with »

depth’1s the same for both studies. A 51mllar'cdmparlson

3 .

» N '
wlth the TOC data preseqﬁed by Menzel (1967) for the same -

region was attempted and Menzel's TOC values were found to .

be aboﬁt 10-15% lower than mine.

q

‘11) Comparaison with Menzel (1970) '

. The TOC data from Menzel (1970) for an area off the

<

-
1” -
R S . v - - EROUEY



TABLE X

8

. Coliparison of Wet Oxidation Results of Sharp (1973) apd

Macinnon (this étudy) from Similar Areas of the Atlantaic

®

Depth ' n  TOC Measured n TOC Measuﬁed . Ratio of
Zone by Sharp (1973) by MacKinnon TOC (MagK.)
(m.) . {ng.C/liter) {mg.C/liter) T0C (Sharp)
. o _ (%)
‘ 0-25 6 1.29%.12 16  0.96%.06 74
26-75 - 5  1,18%.13 5  0.78%.11 66
100-400 6 0.92+.12 15 0.64+.04 70
500-900 5 ~0.79%.08 3 0.66+.01 84 .
1000-1400 6 0.80%.07 4 0.67+.04 84
- 1500-1700 6 0.794.07 2 0.64 8l
’ 1800-2000 .6 OLiﬁg.ll 3 0.€4%.01 79
. v - \
TABLE XI !

\
Comparison of Wet Oxidation Results of Menzel (1970) and

MacKinnon (this study) from Off Coast of Africa’

#

Depth n TOC Measured ° n TOC Measured Ratio of

Zone by Menzel (1970) by MacKinnon ° %0C(Menzel)

., (m.) (mg.C/liter) . (mg.,C/liter) T?C{Mam&.)‘
. %
1~50 20 0.99 . 24 1.13 88
g ' 50-150 20 0.87 10 .0.78 112
150~250 20 0.75 7 0.77 97
. 250-500 ~ 50 0.59 15 0.73 g1
v 500-900 80 0.53 10 0.63 84
0.64 . g0

A 1000-1500 59 0.51 9

ot~
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Fig. 1-6: Comparlsbn of TOC values from Northwestern Atlantic

measured by wet oxidation methods of Sharp (1973) [I;

and MacKinnon (this study) (@).

A - averaged TOC values calculated from Sharp.(1973)

A - averaged TOC values calculated from MacKinnon
(this study).
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o

coast of Africa and in the central Atlantic, were compared
with TOC values obtained by my wet oxidation in a similar area.

The times and areas were not identical and values can be

a

expected to be somewhat diffeérent. In Menzel's study, °

o

similar coﬁcentrations of TOC'forjseveral arﬁgf of th%
Atlantic were found below 500 m. Above 500 m, the values
were more dependent on area. I compared his values for
gsanples tdken from an upwelling area off southwest Africa .
with those I obtained off Senegal (Table XI). 1In the top

250 metérs, no significant difference in the TOC valugs from

the two studies was found, but belew 250 meters, my TOC .

K
results were significantly higher (about 20%) than those

. N

obtained by Menzel (1970). The surface gdne 1s more susceptible

*

to seasonai‘and spatial effects, so the comparison of the

TOC wvalues méy not be truly significant unless simultaneous®
1

analysis had been carried out by both workers on the same

camples. However, since smaller scale variations in TOC

.

values are expectéd in deeper water samples, the comparison

}
of TOC results from the two studies may be valid.

Rl E

i

5. Conclusion
The TOC values which have been measured by my wet
oxidation proceduré in natural areas {Gulf of St. Lawrénce,
Scotian Shelf, amd Sengal) have shown that the pr60151én of

my method i1s high for natural samplgs and that TOC values

g e [



!
simllar to those reported by other workers can be obtained.
Also the variability and distraibutions that were found-in
the TOC values were supported by other hydrographic data.
Comparison with previous studies has shown that TOC analyses by
my wet oxidation are lower than Sharp's (l9i3) but hlghéi
than yenzel's (1967, 1970). These differences in the
calculated TOC values may be the result of different sampling
areas and times, but other e&planatlons seem reasonable. If
Sharp\dld‘not completely remove the 1norganic CO, or had

a

underestimated his reagent blanks, he would have obtained

{
higher TOC values than I found. If Menzel overestimated the
reagent blank or had encountered premature oxidation because
of his purging of tbe inorganic CO2 1in thecpresence of his
oxidant, his wvalues for Tob would be lower than those
obtained in my study. These are obvious sources of difference, ,
wﬂ'qh my study has é01nted out, but Eot until simultaneous
anafysxs of natural samples are carried out will the difference
in TOC numbers by wet oxidation measured by differegt
workers be explained once and fog all. In short, are the

differences we see the result of gnalytical problems or do

they really exist?
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,» DLTERMINATION OF TOC IN SEAWATER: DRY OXIDATION

7

Al JIntroduction !

L it

In wet oxidation methods, the -organic matter 1is

oxidized with an oxidant which is added to the, water. 1In

ried-samples

dry oxidation meibpds, the organic matter in
lé oxidized by chemical oxidants or high tempkrature oxidation.
In seawater, the inorganic CO, 1s an interfefence which 1s
removed, in the wet procedure by acidification and pﬁrqing,
while in dry methods the ;arbonate species are removed
during the drying step. In both wet and dry methods the
organic material is 5x1dlzed to CO,, which 1s then analyzed.
In the following work I hope to better define and quantify
the relative efficiencies of the two approaches. *
Krogh (1934) described a combustion method for dried

fresh water samples but 1t was unsuccessful i1n seawater

because of the salt 1nterferepce. He tried a wet oxadation

v a i

of the salt, and élthough Euperlor to previous wet ,oxidation
procedufés, his TOC values were high aqd showed no vertical o
differentiation over a 5 Km vertical water column (TOC = >
2.35 * 0.09 mg C/liter).

Laittle work with the dry ox1d£tion of TOC in seawater

+

was reported until the Soviet workers presented their s \

results in the 1960's (Skopintsev, 1960 and Skopaintsev and

Y

Tlmofeyeva, 1962) . Theair dry éombustion method was based on

the evaporation of 30-40 ml of seawater at 50-60°C and the

le

L T g p—— -
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high temperature oxidation (700°é) of the remaining salt.
- |
Thé interfering substances produced by -the high temperature

oxidation were removed and the CO, produced was analyzed by

-

a titrimetric determination. Value€s for TOC in the Atlantic
] R ‘
Ocean range from 0.99-2.7l.mg C/liter witlH an average of

N
1.56 mg C/liter and a marked decrease 1in TOC concentration

< l
with"depth. !

Skopintsev et al. (1968) compared TOC values from
similar ocean areas,whlch had been analyzed ;by Duursma
(1961) and found that the TOC values by the wet oxidation

method of Duursma were about 50% of the dry oxidation

A r

values. Skopintsev (1966, 1972) and Starikova (1970) have
%

analysed the TOC concentration in many*areag and they noted

a consistency of the TOC results (between-1l.00-2.50 mg

C/liter). Starikova suggested a common distribution of
\

organic carbon in seawater with hl:;?é% values in the

2

surface zone and a steadily decreasing concentéatloq 1th
degth,'probably representgtlve of the mineralization ¢f
organic carbon occurring in the water cczumn. This 18 a
direct contradictioh of Menzel's (1967, 19685“1dea of *
refractoryhorganic carbon. - !
The Skopintsev dry oxidation method is time consuming
(1-1.25 hours per analysis) and, although }ts precision
appéars h@§h, questions as to the accuracy have been raised

.

because of extensive handling and the types of detection

FOIERY
-

T
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system (Sharp, 1973). With sample evaporation at 50-60°C,

the loss of the volatzle component of the TOC was complete.

4

This loss was estimated at 159.
B procedure in which the sample (10-~50 m}) wasg distailled

. . ~ i
through a ‘combustion furnace with subsequent combusticn of

! ’

)‘ s
the remaining residue was described by Montgomery and Thom

(1962) . Their high temperature.combustion was coﬁplete with

<

volatile determination by oxidation of the vapour during

dlétlllatlon. An infrared detector was used, but blahks -
wéremrelatlvely high (0.7—3.0 mg C/liter), the time of
analysis was also long (1.25-3 hou;s), and applicability to
salife waters doubtfu% because of reducegasenéﬁt1v1ty and

interference. ‘ b

T
i -

Gordon:and Sutcliffe (1973) developed a dry combustion

’

method in which the seawater samples were prepared with a »

freeze drying procedure and' aliquots of 'the resultant salt
were oxidized in a Perkin-Elmer CHN analyzer. Distributions
of TOCﬂflmllar to those obtained by the Skoplnésev {(range

of 1.00-2.8 mg C/lrter) were found in the N. W. Atléntlc. '
These valuez were about 2-3 times thé TOC values reported by\
Duursma (1961) and Menzel (19§7). Precision was high (about

8%) but problems with potentlalbcontamlnatlon by extensive

LN

hapdling And work up have been raised.

v A long delay between sampling and aﬁalysms 18 required

L ‘ 2,
in all these dry methods. This may be overcome by a method

I
! ¥
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of dirfct sample injection into a combustion furnace. The 3

¥

©

sample size in dircct injection 1s llmltea\ﬁééause of the

-
water vapour production when the sample i1s antroduced into

the high temperature oxidation furnace (1 ml yields 5.6
iiters of stecam at QSdEQ). Since secawater has a low

concentration of TOC and the amount of carbon that 1s ¢

introduced by these dairect 1nﬁection methods will pe small,

a very sbn51§1ve detaction-system such as a non-dispersive

¥
-

IR or gas chromatograph 1%mrequ1red.

Van Hall, Safranko anfl Stenger (1963) descrabed a
direct injection method an which 0.02 ml of samples purged
of inorganic CO» was injected into a high temperaturé
oxadation furnace and the produced CO; was measured with a
non-dispersive IR, A detection llmlF of about 2 mg C/liter
limited 1ts use to fresh‘natural waters of high organic
carﬁon concentration., Van Hall and Sighger (1967) modified
this method by using a dual furnace unit which allowed
determinataon of the total (high temperature combustion at »
9509C) carbon and inorganic {low temperature acid treatment
gt lSOJC% COJ in gbout 5 minutes. In this procedure the g
organic carbon conteﬁt was determined by a different method. -
Th;s method is less useful\1nrseawa%e€/becauée the inorganic
L0 organic .carbon ratio 1s larye. With a sensativity of 2

mg C/liter, this method was limited to samples of high TOC

\ -
concentrations. Jones and Dagefarde (1968)'attempted to

]
a



\ 39

| \

improve the sensitivity by ¥ncreasing sample size to 0.10 ml
but 1t st1ll had a lower limit of sensitavity of about 1

-pm, which is not enough for TOC an?ly51s in seawater., This
design was incorporated into the Beckman Total—nfdhnlc~0arbon—
Mialyzer, which works well for waste water (Busch, 1967).

west (1964) described a method which increased sensitivity
i;\g?alrect injection method by the usé of a gas chroma%dgraphic
detection system. A sensitivity ¢f 0.4 ug C with.,a precision

of 8" was reported rrmith fresh water, but the applicability of
his proc?dure to saline waters appeared limited by interferences

>

_and by his c%mbustlon apparatus.

A commercial total carbon analyzer (Dohrmann DA~50) 18
a direct injection (Takahashi, Moore and Joyce, 1972) method
in vhich Xhe water (30 pl) 1s evaporated at 90°C. After the
sample has been dried, the residue is oxaidized to CO, and
reduced to CH,, which 1is analyzed by a flame ionization

detector. With a system blank of 1-6 ppm, 1ts application,

& - .
to saline waters is guestionable. Pocklington (perscnal

-

communication) has concluded that is ainstrument is not

acceptable for seawater samples bed¢ause of high blanks and
large sample, variability cauged by \interference from the
salt or oxidative products. ,

All of these methods have been désigned for waste or

fresh water and theil use in the analysis of TOC in seawater

has been limited. Sharp (1973) developed a direct injection



A

40

4

method for the analysis of TOC in seawater. A 0.160 ml
acidified sample, purged of inorganic COj, was injected into

a combustion furnace at 1000°C, and the oxadized organic

- ’ ’

carbon was analyzed with a non-dispersive IR. A precision
of about 5% with no measurable system blank or interference

problems allowed determination of the TOC in seawater .

sample$. Sample analysis required about 3 minutes and his

-

system provided the possibility of shlpboérd analysis.

0

However, maximum instrument sensitivity ‘was required and the
apgaratus was a persqQnalized piece of equipments His

precision was good‘but the scatter in his TOC results was
- L]

high and the accuracy may have suffered. '0f course, this

3

[y

variability might have been real, this will be discussed

later. The TOC values 1in open ocean seawater samples varied

from 0.75-1.8 mg C/liter and by direct comparison, he concluded

that persulfatg oxidation missed about 28% of TOC in natural

samples. While Sharp"s direct injection method yielded

higher results than wet oxidation, his values were still }

only about 70-80°% of the dry oxidatipn results of Gordontand
Sutcliffe (1973) and the Soviet  workers.
Controversies still exist in this field regaﬂdlng the

effectiveness of dry oxidation procedures. While'individual
. Ks

-~

workers have produced high precision in their analyses, the

°

raccuracy of these methods 1s still in quéstlon.‘ The .

AY Y

t ‘~
controversy between wet and dry oxidation values for TOC has

]
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not been concluwded and the development ofvreal time analysis

of T0C from seawatqr sample? has yeﬁﬁf& become a reality
because of the problems of low organic carbon concentration,
high 1norganic carbon concentration, chemigal d physical

interferences, sample handling, and contamingtiom\ : The
“ /
need for such an qppfﬁach to TOC analysis has been discussed’
A

by Wangersky (1975) but 1ts introduction has been hampered

by the above.pgoblems. ‘ |

¥
o

I devéloped a dry oxudation method method in which the
- %
sampling and handling procedure of Gordon and Sutcliffe

(1973) was used, the combustion method of Skopintsev (1960,

'1966L was followed, and the TOC values could be compared to

the lower values of Sharp (1972). I will attempt to prove
that previous high temperature oxidation syste&s have led to
overestimations of the TOC in seawa%ef>becausc,of systematic
crrors and contamination. Also T will compare the TOC-
values obtained by the weg and dry ox1dat10n methods from

¥

31muléaneous sgmples. ° -
™ Two metgdds for dry éxxdation will be described ;nd the
advantages and dlsadvantaggsaof both wxil be glscussed.
Neither of these téchniques solves the problem -of real time
analysis of samples since both require a dlsgrgﬁe sample,
work up, and analysis. One involves the evaporation of a
larger volume (15-20 ml) of acidified sample from which an

aliquot of the salt 1s removed and oxidized in a high

-
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temperature oxidation furnace. Uncertainties pertaining to
o ® \

; N

the homogeneity of the salt and loss by absorption to a

-

+ \. \
container were investigated by a second dry method in whlch‘
N Fl

aliquots of ?Cldifled sample were evaporated in large éxbes'

v

and then oxidized. ' In this proceduxe the Sample handli é '

was reduced but blank and contamination problems may haye\ '
LY v -
offset'tk}s advantage. The TOC resuwlts from the two methods
a ‘\\S |
will be compared.: In the Iollowing. prges, the method

1 o,”

development, evaluation of results, and applicability for TO

¢

analysis in natural scawatér samples will be examined.

Cy o

\
B. Development of Dry Oxidation Method§
e ) ) R o & . ! \
1. %2ﬁple Prepafatlon . , =
a) Contamination Problemd %. " )

« Wh U
>,

3 ®

In thé analysis of TO n séawater, szﬂupulcus care .
¥ ¢ 0 . )

with sampling procedures and rebaratiog isirequired to

» ~ 2

5 *

]
ensure that the organic carby tnatmgss measuires has not

v

been altered in thé handlihg. At concentration

ranges of 0.5-1.5 mg C/liter, the seawater sampleg contain

3

0.5~l.§ ug C/ﬁl. The TOC results will be invalidated by

”

minor contamination. Both discrete and systematic contaminations

\

must be prdvented.' . . . .

In most caseg a "wild value" (2-3 times mean) 1in

\

homogeneous water can be eliminated unless explained b

. L)

othex factors since they are' usually the result of contapination.

1

This does not eliminate the possibility of ;nhomogeneit& in

+

2
&
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the T0€ distraiburion in natural waters, but questions the

acqeptance of unexplained high TOC results as being "real"

more difficult to identify systematic contaminataon-whych

.

unless trends *in &ther hydrographic parameters are noted.

3

Discrete "wild values" are easy to locate, but 1t is

r

may have a small individual effect but will be uniform

A

durmmg the collecting, storing,-and transporting-:of

v
samples,

a

in drying the samples, and in oxidizing the dried salt.

v

" yb)

¢ g

ﬁ \

% ]

®

1

t * . rubber).

- * were kept clean and épmple contact was kept as short as .
’ I3 - ” v

N "

}
Sample Collection .

The Niskins and the stopcocks for samp

postible.,

3
’ -

o .

Most watercsamples were collected with Niskin bottles

[ “

(General Oceanics): which were fitted with stainless steel
.sprangs_ainstead of Uuaéfualgsurglcal rubber tubing (no

2y
ta
A
°
N N Ty
e [ \

obvious source of'contamination was observed from the ;
| * L

'
® »

"
“ L3 . v

dell&Ery

B b B ¥

~

.
. [ -
< A \

o ~ i -
v
[N

. -
\ LI .

g After the\sample was “withdrawn from the Nlé%}n, 1t was

]
ot

» % M
. + e PR

> stored 1n a 50 ml ampoule, sealed, and frezen. The feasibility

' of filtration'of the seawater samples has been questioned

»

{Gordon §nd Sutcliffe, 1973, and Sharp( 1973) since thel . .

3 w o~

pdrtlculate‘prganlc garbon (POE) 1is ‘seldom more than 10% of

reg

.
A n v ~
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Litfect of the Addition of Concentrated H,TC

TATLE 1

ES

‘ o
,_on thé TOC Values

famples of
Seavater
(20 ml.)

Mumber of Drops of!
Aci1d Added Lrom a
£20 Gauge Needle

Meegurcd TOC
Concentration
{(rg C/liter)

1 0.02

2 . 0.96

3\ , *0.89 !

0.92
0.93
0.94
1.401

. 0197

MTAN oké4z.o4
.

00 ~I O U1 Lo o
oY Ul > s W

e

TABLE II | '

-
o

Effdct of the Type of Septa on TOC Concentration in Seawater

3

L Sample Depth T.0.C. Measured (mg.C/ll%er) % A .
v A B
Samples” Samples {(A—B){ﬁé
) : Sealed wath Sealed with %
v Butyl Rubber Hycar :
\ ’ Septa . Septa )
' 1. N.W.Arm 1 1.75%.15  1.60 ~ /o4 9.4
) , 15 1.4px.03 1.25%.06 +12.0
(10/7/75) B ' §
. 2. N.W.2rm 1 1.44+,08 1.24%,.04 +16.1
. - v 10 1.40%.03 1.12%.01 +25.0
: (10/7/75) - N
z\ 3- N'W_,"Arm' K l 1;58i102 1.621001 .« - 2.5
\ + 10 1.38+£:01 1.42 A - 2.8
(24/7{75) ? ,
"4 L.V.AIm 1 1.87:.01 o 1.58%.04 4 +18.4
- « 10 1.73£.06 1.52%,.61° +13.8
. (24/7/715) v % I
oo _ MEAN = . 1.57 . 1.42 -  +10.5
Via R Y - aﬁ' . ° v 4
7 [ . *
I f ﬁ\ .
. e b u{‘ * o ? )
1 RIS N ]
! ‘;‘ ‘



3
the TOC 1in natural waterg and only about 1-2° of the TOC 1n
open ocean.’ Contqmlnatlon from the filtration could be

potentially thuis High and Pnly 1n areas with high particulate

content did filtration seem necessary.

The seawater samples“were lmmedaateiy acirdified to a pl
@ \ ’

of 2-3 with concentrated phosphoric acid (about 3-4 drops
* 4 ¢ \ 1
of reausent grade 85% ortho phosphoric acid from a #20 gauqe

L4

needle to 20-30 ml of seawater) so that the inorganic
carbonate species were converted to CO, and rdpoved during ' \

[ 4 0

the drying procedure. The potentmal\contamlnat on from the

of the phosphorié¢ acid to a series of 15 ml samples of

phosphoric acid was estimated by the addition of 1-

1dentical seawater which were then evaporated and analyzed.
The effect of the acid on the measured TOC concentration was®
negligible, with the variation in TOC (0.94 * 0.04mg
C/liter) w1thin the‘preCLSlon of the method (Taﬁle 1). fhe
pH effect also appeared to be negligible since in the pH
ranée of 4-5 (1 drop of acid) to 1-2 (6 drops of acid), the
- measu%gd TOC concentrations wére about the same.

; c)® Storage of Samples

. 1) Lffect ;f Sample Container
After the s;mple(wés collected and acidfied, the serum
bottle was capped W}fh a septum, sealed wath an aluminium
seal and frozen. Since the septum is rubber, it 1s a

-

source of contamination which must be considered. Gordon

A

ot e i I e S TR N—
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¥
and Sutcliffe (1973) reported that butyl rubber septa were
inert,. but I have found that Ehey are not inexrt and are’
‘potentlally a major source of contamination. The use of

'

harder rubber such as liycar septa (Pierce Chemical Co.

<f;z?§0) after dilute acid washing and seawater aging 1s

’.\

f

rocommended, . since Hycar septa are less susceptible to é;ganlc
carbon bleed,.

A strong rubber odor Qas noted when‘samples were stored
with butyl rubber septay this odor was not evident with
samples sealed with the Hycar septa. The TOC contamlnatlon§
for samﬁles stored with the butyl septa were both higher and
more‘varlable than noted with the samples stored with the
QHycar septa (Table ITI). Samples taken from th N. W. Arm,

were treated identically except that half were stoppered
-with Hycar septa and the other half with butyl rubber.
These samples were frozen and stored for 1-2 weeks before
analysis. The difference between the pairs of TOC values
was significant bysa pélred "t" test at the 959 cqnfldence
level. Higher TOC values (ave. drfference = lliB.B%) were
obtained with the butyl rubber stoppers with a difference
ranging from - 2.8%,to +25%.
" 11)  Septum Effects on TOC During Sample Storage

. The rate and amount of contamination appeared to be

dependent on how effectively the septa had been aged and

4 " .
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cleaned and by the time of storage of the frozen sample. A
corparison oOf samples handled the same way but stored for

/
different times (Table III) was performed on samples ~

e
collected 1in the Sargasso Sea (2/75) by Dr. D. Gordon and
myself. ‘These scawater samples were a0151f1ed, frogen and:
stored for periods of 3 anths and 9 months. Large ;na g
significant differences in the measured TOC values were
evident with the samples sealed with the different septa“fer
dliﬁgrent”perlods of time.

While the samples were not collected from identical
water, the dlscrepancies 1n TOC values cannot be explained
by watér mass differences nor solely from contamination by -

.

different Niskin samplers. The samples stored for 3 months

with Hycar were found to yield lower and more consistent TOC '

concentrations (Table ITI) than samples stored forc3 months
with the bgﬁyl rubber septa (TOC values were about 20~ -
25% higher in the deeper water samples while they were
éﬁmparable in the surface samples@. However,‘the saﬁples
which had been sealed w1th'the butyl rubber septa and stored
for 9 months gave mucﬁ higher and more variable TOC values
getween samples. In column (a) and (b) (Station B) of

Table III, the TOC results from the different casts in the

-

same water are shown. These samples had been stored for the

-

same length of time (9 months) and yet the TOC values varied

as much'as 50% from each other. These TOC concentrations

]
' )

2y ~
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. were significantly higher than those calculated for the
samples stored for 3 months with the Hycar septa (50-100%
higher) and were also higher than those for samples stored

for 3 months with the butyl rubber septa (5-70%).

. The contamination from the septa 1s possibly a majéﬁ’
sourcae of the plgh TOC values found by Gord;n and Sutcliffe
(1973) in theair analysas since they used the butyl rubber
septa. The contamination was not constant and was dependent
on factors such as the aging and cleaning of the butyl
septa, length of storage, contact of water with the septa;
and pregsence of septa during the freeze dryLngAprocedures.

If samg&es are to be stored with a septa, the butyl rubber -
toe T .
is a poor %p01ce}and is not recommepded. Better accuracy -

1

and precisron should be obtaineﬁ in the TOC analysis 1f more

\

. |
1nec§ materials like Hycar, silicone, teflon ‘or viton are used

,>
for the septa after being carefully cleaned. !

.d) Drying the Samp%es for the Dry Oxidation Methods
1) Freeze Drying '
Freeze drying was carried out in a Virtis (bench model

10~800) freeze drier in the early, development of the method

:, and the results were encouraging. However, when I was~
® | & s td

-

forced to‘use other freeze driers, contamination problems

-

became unacceptable. A method for the determination of the

‘contamination during the sampde drying is described by

<

Gordon and Sutcliffe (1973) in which 1dentical samples were '

n o R R MO T b W it ot - - s X A o



L )

A

-

run for different lengths of time i1n the freeze drier and
any changes in the TOC results were measured. In their

procedure contamination is assumed to be a furjction of the
« a

time ‘in the drying chamber. "I do hot agree wifh this method

¢

because I feel that the dried salt 1s surface active and the
salt should become saturated with the organic contaminants.
I determined the contamination of the drying system

with freeze dried salts which had been cleaned fo; several

"

hours at 450°C. These samples were handled identically to a. -

4

natural sample and run through the drying procedure. The
difference in the measufed carbon before and after the

drying step will be the amount of contamination picked up ’

"

during the freeze drying step. The concentgatlen,of organic

’

hcarbon added by this contémrnatlon in the fxeéze drier was
estimated to be in the 0.5-2.0 mg C/lltér'range whick for'
] 3 N -

the analysis of TOC in seawater 1s unacceptably high. Thais

can be assumed to be the maximum "potenklal" contamination

r L1 o ¥

(D. Cordon, personal cofmunidafion) since the salt was

reshly oxidized and the absorbance of contaminants by the

1§lt should have been maximized. During sample drying,
water 1s continually sublimating, and diffusion of’

contaminants into the sample container should be prevented

%

because of the water vapor from the sample. If thais

&

"potential" contamination can be held to a minimum, the

actual contamination of the samples during drying will be

~
L =

v ‘ . t

-
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small In a-freoze drier tnhe condenser (-30 to -40°C)¥

/ R

o should prevent contamination from the vacuum pump. If the

ciamber was cleaned of all crease and of the pdtential

. ' . ‘.
» KLontaminants (rubber O-rings, b&epta,,plasticizers) a \

I
-

redué%xon in the contamination should be'noted. Dr. D.

. Cordon attempted this, and after much work lowered the
L3 ’ £ w -
» . contamination. It stall remained unagcc¢eptably high. .

However, the freeze drier does not operate with a perfect

v may be gdsorbed onto the fresh drigdd shlt. Contamination

[ ¢ \

M ’ Y
may pe derived from the rubber O-ying

H
|

vaguum seal around the door cf it e\gha ber or' other ormanic

- . - L " -
materpals whicn arc used in tne/cmnstru tion of”theyg&amu&r.
2 A & ra
11) Dvaporation / ;

@
o o y .

~ ’ ql
: I ‘have designed a simple.drying system ¥n which there

t P * m—‘y I \ LV * o
are no organic materials ‘and whicn 1s eaay and Luezpensive to

’ A >

5

3
l

construct. However, i1t 15 slower than a frecze drier, - a
D s k. ‘ é
operates at a higher temperature, and the 'resulting salt
i -

¥ - { *
contains more water than in freeze drying B0 that a water
¢ - - ° | £

. » "
. correction in analysis must be made, -A '€leaned vacuum.
/ 3 z

s J @
. s desiccator was used as the drying chamber andwthe;E}Luum
(A} . %

vas provided by -a water asplrétor.“%ﬂhe desiccator w%s
- ‘ Y

’

encltsed 13 a large glass baEEefyﬁaa%;&nto which purified

, , air (passeq through CuO catalyst at 900°C) was lntrod;ced at

’ . - .

\ ® ¥

w e o
.
.
.
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4 rate of 1-2 11Leﬁ&fm1nute. The ground glass of tho

desiccator did not make a perfect seal and a vacuuym of only

abour' 7-15 mm Hg was @btalne& with a water aspirator. However,

since only purifried élr, mhich filled the battery jar, vould
enter the desiccator, contamination was minimized.
) The potential contamination observed with the

'froshly oxidized sea salts was in the range of 0-0.15 ng
C/liter with an average of 0.05-0.1 mg C/liter. Vhen the
dryaing step was Lrlcé witn freshly OgldlZPd salts (450°C

'

heatiny) théh had been dissnlved in 15 ml Of‘ﬁuper—g water,
a blanx approaching zero was nbtained; the plank with no
vatcr addatzon showed o 0.1% wo C/Liter carbon pn;k—upﬂ
Vitn vt prescnce of water duaxang thqwdrqug step, the
vontarinetaon Wil e roeduced o né;llgszu Anounto. Witk

Lthio appreoach, *

<y

ory low Llanks from my evaporation systep
A
ware radbalned, which for nataral seawater sarples ceened

aceptible, *
¥
171 Comparisen of Yrecze Drying and Dvaporation fcr
the Propariation of Sanples

[}
\

» \ 5 v
I'n Pablle ¥V, a oromparaison between results obtained with
the freeze drier and my evaporator i1s presented. Dr. D.
ourdon collected replicate samples from Redford Basin. Half
z

® o
were prepared in his freeze drier and half in my evaporator.

Both sets were measured by my combustion procedure. The TOC

. values obtained by freeze'grfing the samples were significantly,

n s bl

]
o«
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Comparison of rocze Dried and Bvuporated Samples Drom
J

L]

Dedford Pasin fnalyized Py Dry Ciidation Method (#1)

T.0.C. Concentration T.C.¢0. Congentration
Mrasured for Samples Measured for Soempleo
\ Preparcd in Frecze Preyared in Lhe
\ Dricr Lvaporator
{mg.C/L.) N : \ (ra.C/L.)
' 2.30 2.18
-~ 2.78 . r 2.11 -
2.70 ' 2.04
2.73 y 1.89
2.56 2.27
. 2.08 \ 1.95
2.51 \ N
’ 2.63
v 2.61
1= G . I3
FLAN= 2,674,130 2.07%e34
- .
v
- [ 4
\ - )
4
v ]
A J
L
o +
° ’ x - N

A\

- [ORPEIPERE e e =
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-« freeze dried samples (3.21 4 0.1 mg C/liter) and the -

IS

»

v

E’3

b
»

hiagler by a "L" test at the 9% confidenco level, About 299

y

more organic carbon was measured in the freege dried samples

“(2.67 v 0.10 ner C/later) than ud the evaprated samples

(2.07 * 0.14 mg C/literf, indicating a majoer source of

contantnation in the {reeze drier. e,

LS
|

- Contamination fLrom both the freeze drier and septa”

(seal for the setum botiles) vas examincd (Table VI) in

samples from Vetpeswick Inlet. Half were prepared by frecze
drying and half by my cvaporation system. Tnose in the : -

irecoe drying process were capped witn either putyl rubber or |

- . “ ~
livear septa, wvhiles the evaporatdd samples used only the HXPa
: ) .
S2Led.  Dr. W, Suwcliffe prepared and analyzed the freccze ,

fdrired salis 1.0 a Porran-7lmer CHII analyzer, obtaining C/N -

-

rati109 as well as the TOC. Tha cvaporated samples were run

in my analyzer and the Perkin-Ilmer CHN analyzer. Tng

~
<

results from both methods were not significantly dkfferent °

(241 ws. 2.28 my C/laiter) by a paired "t" test at the 953% »

3 4 K
confidence level. Thus the same fraction of organic carpon \ -

a o
v 6 o

was being measurcd by the two oxidation prodedures. C oy

i

However, a 51%3§:10ant\dlffeience by a paired "t" test

at 95% confidence leXel was fouhd between the-TOC values for the

Y

1

evaporated samples (2.42 % 0.063 mg C/titef) in which the o
Hycar septa were used. When seawater samples were préparedd \
”~ o * R ‘ N
B
¥ ‘ ! N . * l”‘\
‘ » . o . - : [y
-, . .
, ) i )
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\

by the froeze drylnq method, a duff arénce of about 129

A4

noted between the Hycar gtopperaed gaupleg (1.2 mg </liter)

\and tgbﬁbutyl rubber stoppered samplos (3.60 mg C/liter).

Thla difference 'an TOC wvas concludcd to be the résult of f

@ -

contamlnatlon*foM the butyl rubber septa. \ " ]

The C/N ratios OEFalnéd for the %amplés whlch(yereh

bt@épéfmﬂ with Hycar scpta were compared. The s;mpla%

brepared'ln the f}eéze drierwere found to be smgnlf:cantly

dlfleént, by a‘palled’“t“ test at tﬁé 959 confidence level,
o A—

from the samples which were dried in the evaporator. The

3

raverage C/N obtained for the evaporated‘samples“(C]N =~ 9,38

o N

, LY
t 1.3) was twace the,average C/N ratio obtained for the

v )

freere diied samples (C/N = 4.48 + 0.8). .In natural waters a
C/ti ratio of less than 6 1s d%fficu?t to explain unless the

Y

organic¢ compositioh 1s mainly urea or other highly nitrogenous
PO
compounds. The C/N ratios for the cvaporated samples appear, .

to be more believable ;han those for thqrsample§ prepared in

the freece drier. These results seem to confirm the -
-~ s & °
<« " ¥
. | N *
contamination problems with the greeze drier which I thank

i

are overcome by using my evdporator., a

, 1v) Water Effects .

a

e ’

The‘sedhater samples ‘dried 1n the evaporator are not as

N -~

easy to work with as those prepdared by thé freeze drier’ and®

-
4

the salts are fwore difficult to scrape from the walls of the

J 1
serui bottle. The water content (both absorbed water and-
M El » * .

a

o

&




EXpn

wvater of hyuration) of the residual salt i1s higher in the
pvaporated salts? Ia my dry oxidation meothod 42, zhexu 5 ml

aligtots of the sample are dried in individual tub this
1d
vater content 1s noi a problem, but in dry Okldatl n method

“1, where aliguots of* the evaporated salt are welghe\ and

. \
analyzed, the water content bec&wzi critical. In this\

iS

9

meth»d the concentration of TOC 15 calcihlated -by, measuring

»

the ug-C/mg salt. The seawater volume equivalen% that 1s

+ ™, >
wnrroduced wnto the combustion furnace 1s calculated from
\

ithe salinity, The concentration can be” expressed as ug
\ . .

v v -

C/ml ®f mg C/liter. .If the water content 1g high, the

<

weighed salt aliquot will yield as ove;estlmaté of the

volume equivalent of sample 1ntroduced into the furnace and’

+

thus the . calculated estimate of the real concentration wall

*

be lower. A water correction is r@quiied and 1s ecasily
- \ y
computed>  An alﬁquot of salt from the dried sample is

*

welghed, heated to 350°C for 1 -hour and the water loss 1s

calculated. ‘Strlckland and Parsons (1968) define salinity
3 3

as "weight in grams of the solids obtained from 1 Kg. of

@eawater when the solids have been dried to a constant
o
\ . } ,
weight at 480°C, the organic matter completely oxidized, the

»

t

hromide and the rodide feplaced by an equivalent amount of

chloride and carbonates converted to oxides”. The corrected

i - < )

" TOC value qﬁ the sample is computed by the relationship

-




’

&

»

¢

n

. waight of‘sa;t aligquot

\!
.

il

volume aequivalent of salt aliquot

54

water in salt aliquot = weight loss on heating at*350°C ‘% 100

. salanity (g/ml)

.

concentration of organic carbon C
{uncorrected)

i

volume equivalent

\
concentration of organic carbon C # [¢] uncorrected x_ 1

ug C measured = ug. C/ml

!

({corrected for water in salt)

.

»

The .water content of a random group of samples (n=236)

averaged 10+29+1.8% with a range of 7.2 - 16.9%. This

water correction is major but 1s relatively constant (about

11(:,‘) .
4 ¢

Anbther drawback of the evaporator system is that the
drying trme for seawater samples 1s quite long (about 72
hours are required to §ry 15-20 ml of seawater). Since the

evaporation 1s done at‘slightly above room temperature there
&/

“

15 the possibility of thermal degradatwon, while in the .
3 1

¥
freeze drier, where the water sublimes ) )rom frozen samples,

o

»

I
this degradation is mlnl@lsié. In the evaporator system, tg;
¥ - N L4 L

loss of volatile organic materials has been observed but
> - |

o

Xhermal breakdown has not-been noted during the dryang.

2., High Temperature Oxidation of Sanater Samples°

v -

sI developed a high temperature oxidation system based

T

¢

on that,of Skopintsev (1960). The'o§1datloﬁ furnace
consisted of a quartz combus;%pn tube heated in a furnace at
ot ~
800-900°C into which the sample was 1ntroduced. Oxidation
o , X

-

¥
1 - % water

grams of salt aliquot weighed (g) .



(2]
(%]

A

was carried out in an 0, atmosphere at ﬂlgh temperature
(800-900°C) and the CO. produced by the organic carboh
<

oxidation was swept to a non-dispersive IR where 1t was

t H

measured. ‘
1) Interéerences in High Temperature Oxidation Procedures
In the i1nitial work w1tﬂ the combustloﬁ system, the
interferences from products of high temperature oxidation of
the salt prévented any meaningful results. The CO, peak was

|
a sharp symméetrical peak followed by a long tailing peak

which took 10—26 minutes to be flushed from the system.
‘Interferencé from HCl formed duringy high temperature
cbmhustion of the saltéﬂ(Skqplntsev, 1960) w%s expected.
L . Although Lnéerferlng gases (Cl,, I,, HI, HCl, NO; and S50,)
were reported during wet oxidation (qursma, 1961), thearx

. “interference with the infrared detector should‘h::f been .
r

small (Wilson, 1961). A KI and H,SO, trap (Menz

- . -

1964) was
used to remove Cl, but fn my\systeqolt'wéé~not effective
since the KI' solution was very quickly oxidized. A

+ manganese dioxide trap was tried (Mont&omery and Thom, 1962) .

and was found to be partially sucdﬁssful but qulckly

¢
*

' overloaded.

h ;
L3 . s

Using the system of traﬁs of Skopintsev (1960) the

.

interfering material was eliminated. 'This system consisted

of a ferrous chloride 'trap (25% in dilute H,S0,) in which the

¥

[

W o

- -
-~
&

S
by
-



WS sram

interfering materials (probably Cl: and oxpdes of § and N.)
formed during high temperature oxidation of the salt residue
were reduced but the produced CO; was‘not affected. A
segond tfap of silver-:'sulfate,(saturated in dilute sulfuric
acid) was used to precipitate chlorides produced by the.
re@ucthn of Cl; in the first trap. The FeCl, (25%) trap
was foﬁné to éompletely remove the interferences from the
gas stream, to have a large capacity, and to be good for a
regular day of analysis without overloading. This trap did
not interfere with the CO; concentration from the oxidation
of . the organic matter and had onfy a minimal effect on the
pecak shape. <

k)

Interference from water in the sample and traps was

3

1

overcome with a condenser in i1ce followed by\Fwo Anhydrone
(Mg (Cl04) 2) traps. “The Mg(Cl0.)2) has a large water capacity

and, unlike Drierite (CaS80,), exhibits no adsorption of

COos. )

~

Contamination from the 02, that was used for the oxidation

of the organic matter, was eliminated by oxidizing the contaminants

$

at 850°C and removing any oxidative products (CO2) before 1t

was introduced to the combustion furnace. In some systens,

a

the CO:; from the oxidation of the sampie 1s collected in a

trap such as Ba(OH), (Skopintsev, 1960) or liquid¢N, during

WA

the oxidation and the amount of CO» trapped 1s measured.



s

3
’

however, I noted that even with pure gquarto, at the temperatures

o

of oxidation (800~§50°C) a small trace of CO, bleed was

o

measured. Unless this 1s corrected for, it will lead to an
overestimate' of. the organic carbon in the sample. Although

their blanks would indicate this source of contamination,

(2]

the higher TOC values of\Skoplntsev could be explained by
this simple source of CO; contaminant from the oxidation of

carbon ‘impurities in the quartz combustion tubes.

L

11) Conditions for the Oxidation

a) Temperature and Time

Since I had no integference problems with the salt from
the sample melting and vapourizing (Gordon and Sutcliffe,
1973), a temperature of 800-900°C was found suitable for the

oxidation. An oxgdat;on time of 3 minutes at 800-3%00°C in

A >

an 0, atmosphere was used, and complete oxidation was

5

lndiéxted gsince salts that had been oxidized could be rerun
*\
in the furnace with 0. atmosphere and no further co»

production could be detected. L '

b) Flow Rates in the System

The flow 'rates for the oxidation were chosen so that
time of analysis was reasonable and symmetrlcél peaks could
be bbtalngd.“ The flow Fates’were adjusted to give sﬁérp
symmetrical peaks 1n the linear response £ange of the

detector. A slow (50-75 ml/min) flow of 02 was used—durlng5

the oxidation step,rand was replaced by a fast (300-350 |

)
°

v I U U [N S ———

—

abs g b
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ml/ﬂ;n) flow of N. to sweep the o%idative products through
the system and into the .analyzer after the oxidation was .

completed. ' The system had sufficient dead sbace between the

e

oxidation furnace and the IR detector to prevent premature

measurcment of the oxidative products before the fast flow,
of N; was initiate¢. A second combustion tube, packed with

a platinized ashesktos catalyst, followed the initial

oxidation chamber to ensure complete oxidation.

-

Q) Calibration of Detector .
?k>&msure reproducibility, the span of the IR analyzer

was set each day with” a standard gas (100 ppm CO: in N3)

L
before samples were run. Then a calibration, curVe was

r - I3

obtained with a‘staﬁdard solution of dextrose in Super-Q
water (concentration 1-2 ug C/ul) which was quick, precise,

andqacgurage to use. Over the expected concentration range
3

of TOC 1n séawater, the analyzer was found to respond

® \ & !
linearly so that the calculation of organic carbon in the

L]

natural samples was simplified.

111) Dry Oxidation Method #1

o

In *his he%hod, an aliquot of the dried salt as placeé"

-

in a quartz container that is then moved into the combustion

zone of a furnace" (quartz tubes 15 mm OD - heated at

850-900°C). The amount of organic carbon in the sample was

-

measured and with the volume equivalent calculated from the

sallnltyﬂ,water content of the salt, and weight of the salt
‘ - L)

<

»
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-7

-introduced in the quartz container and 1ts‘dellye:y system)

an
« i < ’ a

aliquot, the concentration of ‘the carbon in the scawater was- o

determined. The seawater sample (15-20 'ml) was evaporated

¥

in my drying system and Qhen the Balt %ii.dry and crysﬁaillne,

aliquots of- the salt weré transferred to a cleanéd (heated

-

to 600°C for several hours) quartz containersy (2.5 e¢m x 9 mm
OD). The guartz container was handled only wiﬁh netal

forceps. or tongs and with proper precautiods extremely °

N )

good replication and Winimal contamination wids «obtained.

The only contact with this quartz container was made

during the salt &elghlng. The redgent blank from, the' .

N '

phosphoric acid addition during écmdlflcatlcn was found‘so .

be negligible (Table I). The system blank (amount of carbon

z

*

was determined by the analysis of empty tubes whlch have
&« ’ . .

been hanhdled in the same manner as sample tubes. The
variability of the blamk, which is as impertant as its )

absolute value, was small. A normal blank of 0.05-0.2 & 0.1

a3

ug C was usual which, for an average sample of 4-5 ml (salt
— £ s

equivalent), représenﬁed about 0:01—0.04 mng C/llteffl This

was qu1te~abceptab1e and within the method's pre0l51on5

/

During regqgular analysis, a blank or standard was run évery'z

or 3 samples to ensure lnétrumental reproducibility and to

ey

check for any gross contamination in the delivery system. -

Samples were run at least in duplicate and if the

* L%
values varied by more than 10%, a third replicate wag run,

L3




-

| o : ’ ]

The precisicft of the method showld not be'wo§sc kthan 5% and
usually was in the order of.2 to 3%.  Calibration curvég’
were obtqlned (Figure 1) with a dextrose standard soiuton'
(1.45 ug C/ul). The slope of the calibration lines for
standards prepared by direct injection into the quartz tubes
{581 ﬁgunts/ug C)vwas haigher than the uncorrected’ slope for
the standards that were added to 15 ml seawatcrmsamples (530
counts/nug C) and treated like a regular sample (drled in .
evaporatqr, salt scraped, a-salt allquot welghed, ~and . \
oxidized in oxidation furnace). However, when .these latter

standafds were corrected for»thelg water content, the

calculated slope (586 counts/ng C) was the same as that

&

-

obtained for the standards.prépéred by direct injectaon 1nto
the quargg containers (581 coénts/pg ). This 1n@1cated
that with the water correction the method was accurate and
precise. ° "

The per cent recovery of standards with my dry ox1§;¢10£
method wasvcalculated (Table VII). When the water correcélon

was considered, the per ceht recoveries were about 100%, which

) s a

i -
showed there was no significant:loss of organic material

during the drying step and no dramatic contamination in the

oxidation procedure, although low level systematic errors .
» may have been includéd. This method appeared -to be feasible

e v

for the determination of TOC in seawater. 3

PR e -
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*

11y. 2-1: Calibratioun lines for Dry Oxidation Method #1 prepared
with a Dextrose standard. a) direct addition ®
precleaned quartz tubes (slope 58 counts/ug €) b) added
o seawater sample (M) that was dried and analyzed
(slope 530 ccuhts/ug C) with no water correction. <)
added to seawater sample (A) where correction wasﬁé

for the water of resulting dried salt (slope 1586q ts/ug C).

3

Iig. ’E—Z\J(Jalibratmon lineg for Dry Oxidation Method #2 prepared

with 3 Dextrose standard. 1. Dlrec.,t addition (@)
precleaned guartz containers (slop\e = 546 counts/ug C)
versus addition into super Q water (A) that was dried:

b in the quartz tube (slope = 548 count/ug C) 2. Direct .

]

3
S additionainto precleaned quartz containers (slope,= .

461 counts/ug- C) versus addition to seawater samples
" (M, which were dried in the quartz container (slope
’ = 492 counts/ug C).

. ’

3



Wi

tril

(bry g300Y 3S0MLX3A

B

7-¢ MINDIJ

9

14

T

T

T

i

—— - - —— 1111
> -,

- " r f

< LY §

L i

, > |

T-2 J3¥n91d .

{37dwvs/0 Br) 0300V “3SOMLX3Q
ol 0 0"

, — T T /ﬁ///h/”/” T T T 0
10001
5, .
‘
coo2
o
o
<
=z ™
S —
»
~
ooog ¥ ~
=
']
™ «
3 *
cood /N
Y ——
0008 -
ol -
0009 »
. e ¢ -
7 o *e .
) - o
-~ . . M . . .
A - ” »
~ - N L4
- b\ ¢
o - ’- }
a7 -
» . . ) , !l \4 R
. ¢ -
* nl ~ R i T

v ~ . 4



) TARLE VIT .

LN - o
, Analysﬂ;/of Standards Added to Seawater Sarples

) !
ot \,/// By Dry Oxidation Method #1 )
Standard  Calculated Measured TOC %
Added . TOC TOC . Concentration Recovery
Concentration Concentration Corrected for
Sample + Standard (mg C/liter) Water Content’
~X . (mg C/liter) (mg C/liter)
’
l.Dextrose 1.51 , 1.31%.04 1.45%,05 26 -
¢1.45 2.00 1,78%.07 1.93+.08 97 '
ug/ul) 2.48 2.13x,.02 2,38%,02 96
2.96 2.76%,06 3.04+.07 . 103
2.Dextrose  _  1.60 1.47¢.01  1.65%.01 103 -
(1.48 > 1.89 1.68 1.89 ° 100
pg/ul) 2.35 » 2.074.10 2.334.12 99
] 2.88 2.54%+.066 2,85+.07 99~
3.Phenylalanine 1156 1.37+.05 1.54%.06 .. 99
(2.29 2.02 1.75+.06 1.97+.07 98
pg/ul) 2,78 2.49%,10 i 2.80%.11 101
, i : 3,54 2.93£.01 " 3.29%.01 93
4.Dextrose 1.65 1.72¢.09 & .J1.93%.11 104
(1.48 2.22 1.90%.02 2.13%.0 96 oo
ng/ul) 2.59 2.30£.09 °  2.58%.11\, . 100
5.Phenylalanine 1.68 1.52+.03 1.70+.04 * 10
o (2.29 2.25 \ 1.91:.06 2.15£.07 + 9
> ug/ul) 2.83 v 2.31%.03 2f59i.04, -~ 90

N
! 1
- . ,

~TABLE. VIII ) .

) ; N
COMPARISON OF DRY OXIDATION,METHOQ $#1 AND %2
Différence by
paired ™" test .
at 95% confid-
ence level

i
’ Average TOC
‘ ;. (mg C/liter)

Sample Ared n Method#l Method#2 ,
Y .culf of St.Lawnence 42 1.22%0.28 Y.24%0.31

ot signif.
‘ ¢

> « May 1975 . s
¥ Z.chtlan Shelf 50 1.03+0.23 1.02:0.25: not s%gnlf. .
" August 1975 - i€
3"Gulf of St.Lawrence 29 1.11#0.14 1.09:0.19 not signif.
Yov. 1975 , . ) .
. 4.Coast Region; 12’}.5g;9.19 1.52+0.19 . not. signif. J N

€
o . ,

@
@
Y
» ke o N
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.
v

T ke e . - -



LN

. 1v) Outline of Dry Meghod #1
. I

a) Colklection of Samples '

* 1

About 30-35 ml of the® sample *were collected in precleaned

4 L

(450°C) 50 ml. serim bottles (Pierce Chemical Co. # 12969)
wvhich wvere rinsed at least three times with *the sample.

« »
About 0.05 ml of conc. H3PO, (Rgagent grade orthophosphoric

acid) were added, the serum bottle was stoppered with a e
Hycar &eptum (Pierce Chemical Co. # 13231), sealed:with an

aluminum seal (Pierce Chemical Co. # 13213) and immediately

* ©

frozen until analysis.

b) Preparation of Samples ) -

-

The samples whiph had been collected and frozen were

thawed. They were swirled to ensure that they were well
<

mixed and, a volume of 15-25 ‘ml of the sample was dried.

Sample drying was carried out in an évapqrator from which

.

all gredse and organic materials were removed. The drying

chamber consisted of, an all glass wacuum desiccator (200 mm

@ ¢

OD). A water aspirator was used for vacuum. The desiccator

-

was plaééd in a large glass battery jar (300 mm OD)v{gto

which purified air (air passed through a furnace at 900°C £

v

oxidize organic impurities) was introduced (1-2 liters

/min.) . After the Hycar septa was removed from the serum
bottle, the sémples were 1ndiv1dually covered with pieces of
perforated ‘aluminum foil. ‘These covered serum bottles

. . : 1

were placed in the desiccator with some Drierite and

“ v



off

F B

& { |

were dried for a period of 50-75 hours under vacuum (7-15

1

nyﬂ at room temper&ture”(25—30°C). After the samples had
dried, they were removed and the salts on the walls of the

R * .
serum bottle were scragéd and wel} pulvérlzed. If not run .

inmediately, the samples were resealed with septa and fgggpn

‘ - 5 A ’ *
untal analysmé2§>'

¢

‘c)  Analysis {

S - -

Prior to analysis, the samples were placed 1n an oven
at 60~70°C until the salt was powdery dry and well maixed.

Subsamples of about 125-250 mfy of sample salt were welghed :
’ |
into quartz samgleicontainérs (2.5 cm x 9 mm OD, 7 mm ID).

The quartz container with the samﬁle was placed into

the Copl-PATE DS the combustion tube (3 £t. x [13 mw OD, 11

mm ID). A second combuﬁplon tube packed with a platinized

asbe§tos catalyst was placed inw line after the main combustion
l . i . )
tube. After theé sample was iptroduced into the combustion

»
tibe, the system was purged of atmosp%eric CO, with a fast

flow (aprox.3300—350 ml/min.) of N2. With flow meters

]

infrared analyzer®(Beckman IR 15A), leaks were detected

- Y4

before thel sample was run. A Tygon tube (13 mm ID) was
fitted ovdr the ends of the combgstlon tube and good seals

at the connectlons were f£ound.

When the analyzer retirned to baseline after the

AL K I3
A4 i

placed in Iine bi;?yé the reaction;%rainaand after the!”%h\\\\h/
(

¢




// atrospheric €0, had been flyshed f{rom the system, the fast

@r“\\NJf%TBW of M- was replaced with a slower flow (approx. 50-60 %

ml/min) of 0,. After 60 seconds the sample in the quarto
/
Eﬁ container was 1ntr?duced into the hot part of the furnace

!
(approx. 800-850°C) by useé of a system in which the sample
A

x‘s pushed with a glass rod which gould be manlpulgted

wvithout atmosphere leakage into the system. The oxadation

L

of the salt sample under the ¥flow of 0, was continued for 3

A
minutes. There was enough dead space in the combustion

L2
system so that no signal was recorded during this period.

After the ox1datlo§, a faster flow of N, (300-350 ml/min)
v ’ N
was used to flush the oxidation products through the .
A

|
remainder of the system which included an acidified FeCl

trap (25-40% w/v) a Ag,SO, trap (saturaéed), an 1ce condenser

@

. Do
(0°C) and two dryaing columns «tMy(ClO4).). The CO, was
- . T Y -
. measured with & non~disper51dgrlnfrared analyzer (Beckman IR

. ‘iﬁhf whose signal was integrated- (Royson Lectrocount 11k)

0

«and presented»visu;lly on a récorder’tHoneywell Electronik
T F >
W 194) as a sharp and symmetrical peak with no tailing. When

the signal had returned to baseline, the sample container

was withdrawn from the furnace using a nichrome rlre*hook.
[ LY
" The delivery system.of tleg combustion tube was allowed to

cool for a couple Sf minutes before the next sample was

¥
4 - "

1nt}oéuc§d. Tot?l timepfor a sample analysis was about 10

-

mihutes, aqg/the response of the detector was linear.
\ »

-
.

-
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a

\v) ‘)ry Oxidation Method #2

1 -

Y
In this method, a seawater sample (5 ml) was dried in a
quartz tube (100 mm x 15 mm OD) which was introduced
directly 1nto the combustion tube (95-cm x 21 mm OD) where

the sample was oxidized in an 0 atmosphere™at 900°C under
' “~

4

the same flow conditions used in Method #1.

The advantage of thas gystem is that minimum sample

3

preparation and handling are réqulred. After acidification
e
of the sample, the only handling 1is in the transfer of the 5

ml aliquots of the sample to the quartz containers (100 mm x

¢+ 15 mm OD) in which the drying 1sﬁcﬁrr1ed,out‘~ The scraping

K .

and weighing of the salt from the container, and the use of a

water corP®ection are not needed 51Fce the volume 1s known.

Also with this system, low salinity or fresh water can be /

‘analyged by a dry ?ygngloﬁ procedure; this 1s’d1ff1cu1t i;ﬂ\\
-Method #1.

- ;

The disadvantage of Method #2 was that high blanks were

obtained from the large tubes (100 mm x 15 mm OD) required *
€

for the 5 ml of sample, even though tﬁﬁy had been®:1leaned

£

¥
(heated at 600°C for several hours before use). 1In the -~

.

beginning, blan&g were dete;mined by the analysis of these

w

leaned empty tubes which were run through the same dryin

» .
and handling procedure as tubes containing sample. However

-\l

the contamination f§;; the blanks appeared to be overestimated.

Q 1

Contamination i1n these systems is dependent on surface. In

.
‘
r
: ,




+

s
R Y
v a- F
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al empty tube, there will be more free surface tnan in one
which contains.the 5 ml sample. ‘purmﬁg the evaporhtlon of -
x L

the sample, water vapour 1s evblzgd. This seems. to retard

contamination of the quafti‘bonﬁﬁlners. Therefore 5 ml of -~ -

carbon-free water (Millipore Super Q) was addéd to the i

’

cleaned guartz tubes for the diying step, so that the process

of*sampi¢ drying was duplicated in the blanks. With this

approach, the carbon measured in the blank tubes which were
. ) ‘ 3 ot
dried i1n the ewaporation was similar o that found for tihe /

freshly Eleéned*(600°C) quartz tubes a¥fter the carbon in the N

Super Q water had beén ctorrected for. Even with extrenme

care in handling and‘p;eparathn, the blanks (n=25) were” ,‘
high (about 0.7 * 0.1 mg C/1). With neu tubes and scrﬁpu;pusy

care in the handling, the blanks were lowered to about 0.33 (&
y

¢ 0.05 mg c/liter (n=32) with g rapnge of 0.15-0.45 mg
P \ [\ r g d

|
C/liter. This was a lower blank value but was stlll.h%gh,

- tov

and the precision and accuracy for the determination of. TOC \ v

o '
in most seawater samples was limxted. 1In freshwater oxg

~

secawater samples which\bontain high TOC, the procedure of

Method #2 is acceptable and with thg ease of sample

-

« t y
preparation may be more desirable than Method #1. .

5 ¥ - o N

The precision and accuracy of the oxidation’of orgapic

' 1

matter was estimated by the determination of the completeness >

L

v

a

' o
of oxidation of standard materials. . A dextrose standard wyas,

added to Supér—b water samplég and analyzed by dry Method
<4 < w

v




A ]

-]

% L

#2¢ 7Theecalibration line (Figure 2) Jobtaindd from these J
\ i A N »
standards (slope = 548) dried in the large tubQ§ was . N

- ‘ ~
compared to thefrkggiff;zétalned by direct ainjection of, the

« 4

a

standard dextrose solution (slope =546} znto the.freshlf
”
cleaned (600°C) quartz tubes. The slopes and intercepts were
> - -
éssentially the same and negllgikle contamination problems

% > s
were 1ndicated. Standards wére added to se%water and a
similar slope (492 counts/ug C dextrose] to the slg&e'(461

- ' '
counts/u1g C dextrose) obtained by standards run directly in |

¢

the freshly cleaned (600°C) quartz tubes was obtdined v

°
v

(Figure 2). _ .- k. .00

The efficiency of the dry oxidation Method #2 was high -~

,?u

{Table X) for most of the materials, whether prepared in-°

Super-Q or seawater medium, and very good recoveries (85~
@ v - M
105%) were noted. An exception was benzoic acid, which after

. ks

acidlficathﬁ*showed poor recoveries (onl& 40-50%)3 when
L} ‘
evaporaﬁi:/at neutral pH a recovery 6f”§6-95% was found.

Volatile~materials should be lost during the evaporation

'procedure, but every some materials which should not be
e ¢\
volatile under the drying conditlons, such,as benzoic acid’

{(probably sublimes under acid conditions) can b% lost.

- 3 “

vi) Outline of Dry Method #2 : -

.a) Preparatlén of Samples - r
/ samples which had been collected, acidified, and -frozen

r
) ¢

1
»
( ﬁ ) ‘ E
i} o 1, v



r L]
. \
. TABLE X
5}41 Analysis of Standards By Dry Oxidation Method #2
. i Sample .Calculated *TOC Measured 10C 2 Recovery
. Concentration , Concentration
. ) Sample+ Standard (mg C/liter)
. ‘ (mg C/liter)
’ ' l.Dextrose an 1.00 1.07+.01 107
v " Super 0 ‘ 1.60 - 1.70£.06 106
. 2.20 2.181.05 99
) ‘ 0.61 0.€5%.01 v 107
. 1.22 1.31%.10 107
. 3 1.64 1.92%+.07 104
2.Dextrose 1in 1.81 . 1.86%.06 103
Secawater . 2.43 2.46%.07 101
: 3.06 2 3.17%.07 10
. 1.72 1.62+.03 10
f ’ 2,53 2.51%+.14 99°
>} ) . 3.15 2.86%.05 - 91
3.Phenylalanine in 0.97 1.02 . 105
' Super Q Water 1.94 . - 2.05 106
! 3.88 3.40 88
. 3
4 .Phenylalanine in 1.93 2.14%.05 .S 111
' Seawater 2.62 ) 2.72%+.05 104
) 5.Uréa 1f 1.70 1.70%.02 , 100 a
Seawater ¢ 2.52 2.34%.05 | 93~
5 6.Thiamine HCl in .€6 1.€9t.06 102
' Seawater 2%41 2.52%.06 . 105
. 7.Fulvic Aciad ' o
a. in Super Q .44 0.41 . 83
) 0 0.88 0.94 107
¥ 1.76 1.61 . 91
b. a1n Seawater 1.61 . 1.53 95
: ‘ 2.05 . 1.9¢ 97
- 2.39 >, 2.22 ) , 93
8.Xa Oleate
a. 1n Super Q 1.15 1.33 . © 116
\ 2.30 2,24 97
‘& 2.30. 2.19 95
14.60 -~ 3.80 L ] 83
, b. 1n Seawater 1.75 1.23 83
. . . 2.61 1.99 76
\ 9.Glycollic Acid
e a. 1n Super Q 0.24 0.26 108
: 0.48 0.49 102
. . 0.96 0.99" ‘ + 103 =
b. in Seawater 1.57 1.43:.01 91

~

‘?.
»
i ’
+ *
.
. “‘
*
«
&
«
-
- P = solk
. ~
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m\ ‘ 10.Lenzoie Acid N, . .
1. ocid added o .
7 a. in.fuper Q 0.v3 , 0.43 ‘

. 1.06 0.97
. 3.72 1.79
b. in Scawater 1.¢4 1.2 .
. 2.33 1.55
2. no acid added . .
a. in-Super Q 1.861 1.79 .

4
3.72 3.381
3 . a
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~ ) ~ . ) {/)

'were thawed aqg%leEd. A 5 ml'glass syringe, was used to
) i ., a a.

withdraw 5 ml al;gﬁots of the Eample'Whl were placed in o

| YR

3 ’ e
guartz safple- tubes (1QQ,mm quartz test tu

4

es, 15 mm OD, 13

mm ID). The samples were 'placed’ih a sin ontainer

le

(bottle, Kimax, 150 ml) which was cove h Alumintm f£o1l ¥~

and capped uhtil dried. The dryin%wwaségccompllshed in the

glass vacuum.desiccator (200 mm OD) which had been thoroughly

L

cleaned of all greasé ‘and was placed,into a.glass,battery ’

Fd Y

34r (300 mm OD) into which purlf}ed}alr {oxadized at 900°C

Al -

over Cu0 catalyst) was introduced (1-2 laters/min). The -

. \ M « M )
bottles containing the quartz sample tubes wer€ uncapped,
~ @ \

the alumnium foil perforated and the bottles placed in a

Y

desiccator. After a perirod of g§—60 hours drylng the dried

(Y id *

) X
samples were removed and 1f not immediatel® analyzed, were

»
’

capped and frozen. ‘ -~

>

b)  Analysis ‘ e

\’/,) The quartz sample container (100 mm quartz tubes, 15 mm
0D x 13 mm ID)) wds introduced into the cool part of the

combustaon tube (3 ft quartz x¢21 mm OD) and the oxadation

% . v
, system was flushed of atmospheric CO, with a fast flow (300-

* 350'ml/main) of N2. When tﬂe signal from the analyzer returned

to baseline, the gas flow was switched to a slow flow (25-35

'ml/mln)éof 0, After 60 seconds, the quartz sample container
(100 mm x 15 mm) was pushed into the hot part of the furnace
(950°C) using a guartz rod which  ceuld be manipulated without

]
&y




- pushed £o the far:end of the cgmﬁustlon tube with a quartz

- *. During’the @vapora#son thé

b A
. . -

-

“k

Ay -
M 1
- w

introducing, atmogpheric CO,. An oxidation time of 3 minutes
» - .. -
¥ 4 = o\ LY
was used. The main combustion tube was fiollowed by a second

combusgion tube (j“ftaquarﬁz x 15 mm OD) packed with "

the IR detector whide the oxidation was carried out.
- h ’ b
gas flow was then switched back to

The
a fast flow of N, (300-

350 ml/minT, whi¢h flushed the oxidative product$ through

-
g3
)

the trap system, which was described earlier, to the“ﬁgn{ o

dlspersive infraxred Akilyger (Beckman I.R. 15A) where the
. . . . L . |a“ “ . .
response” wyas integrated (Royson Lectrogount 111) and shown
% 14 .

» ', .

-

graphlcdily on a recorder (Honeywell Electronik 194) as a .

. . v \ Uq -" ]
sharp and symmetrical peak. The detector:response was .

a©

4
lineat over the range expected fé; natural sanples. . When

s

the analyzer had returned’ to baseline, the sample tubetwas

1 n

{

xod and allowed to cgol.

. ~ o) "

of the next sample tubes FAnélysis‘tlmg_w%s about 10" minutes.

vii) Loss af Volatileg in Dry -8xpdation Methods '
' ." {

Lorganic materials -with a-

a . . -

vapour pressure equal to or/greaterdthan‘that Qf‘watqr would

.
&

v ‘3 -

' . " v - i »
be expected to be lost. The fate of sbdme of the more *
N ‘ = -' " . - P Y P ) '4 [}
volatile organiq ma%e;ials 1s"presented 1in Table §&: ,
- .« ' 7 ’ o N [

Complete removal of acetone, 1sopropanol, butanol and o
@+ ' ' ’

propionic acid from seawater or Super-Q water 1s noted.’ -

- . . - P . 4 - )

’ b /ﬂdm — . i . < -‘

MR : e
* b ) P """ Y

. ‘. %, 4 ' m
» ' ' { v ' # ‘ . i
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e
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*

-
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o

*

Thrs enabled immediate int¥oduction ™' »
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.

e

o
Lach of these compounds has a high enough vapour pressurc

-

under the conditions used for the evaporation of the water -
that their loss.was expected. This loss appears to be

ncémplete, which 1s unlike the wet oxidaggon fesults .
where thé lgss of the volatiles was more variable. This
means that the dgtermlnatlon of TOC by dry\ox1dat10n will \
not include the veolatile component, but ‘the ‘actual

percentage loss of caused by the removal of the volatile
components, should be small (5%). .

« vill) Comparison of the Dry Oxidation Methods % 1 and 2
for TOC Results fdr Natural Samples

The results for TOdeeterminatlon from natural samples
*

by the two dry methods for 1dentfical or s1multaneous’samples
?rom different regaions aréﬁplotted against each other in t
Figures'3 and 4. The 'scatter of‘resultg was not great ang*i, .
high linear coefficient (R = 0.9) was found for samples from )'
tne Gulf of St. Lawrence. Ideally the slope should be 1.00
but a slope of 0.78 was obtained with the lower values (<1.0
mg C/liter) being underestlmatfd by Method #2 and the higher
,values (. 1.5 mg C/lltef) being underest1§ated by Method £ 1
in delation to the other method. The TOC results by the two
!%y methods for simultaneous samples taken from the Scotian
Shelf and the coastal zone were compared and less, scatter .
(Fig. 4) and a higher linear corré&ation (r = 9.94) than an
the Gul% samples were noted. The slope 0f 0.90 was close‘to

/ *
1deal slope 1.00 which shpuld be obtained if«both\methods

gave i1dentical results. ' -

b El

////"‘ : 1
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Fig.

2-4z3

e
)

Comparison of TOC results by Dry Oxadaticon Method #1
and Dry Oxidation Method #2 for identical samples®

b

collected in the Gulf of St. Lawrence in May 75 (0) <1$r

and November (@), The dashed lipe represents the

theoretical relaflonshlp: < . :
Compariscon of TOC résults by Dry Oxidation Method #1,
and Dry Oxidation Method #2 for identical samples
€ollected ftrom the Séotian Shelf (@) end Coastal

[

Regions (0).
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" Method #1 and Method ;5 at the 90% confidence level was

b ’ ¢ ¥
The results of the TOC analyses of natural samples With
s u ™ - -

the two methods were compéged (Table VIII). Paired "t"

-

®
tests were run on 4 sets of duplicatebdata collected 1n the

-

Gulf of St. Layrgfce,'SCOtlan Shelf and Ceoastal Region and
v! o !

no significant®difference between the TOC results from

fouﬂd. Different handlkngﬂanq workup procedures were
ifollowed n théxfwd dry methods, but th;y appeér to:be
measuangE;RE\ggpe fgactlon°6f the organic carbon in the C
Mnatural waters. The accuracy of the TOC résh;ts appeared to

be acceptable for the .TOC analysis 1in natural:samﬁles.

L]

e

- A comparaison of the }rec151on pf‘ﬁhe two methods was

difficudt.’ In Method #1, where samples were run in duplicate,

3

the precision wal estlmqted'go be about 2-5%. In Method %2,

samples 'were prepared and run in triplicate and the precision

o -

of the ?ethod for 3 sets,of samples fgom different areas 1is
given in Table IX as relatlLe standard errors (0/Jﬁ3/§) X

lOO).ﬂ/The precision of Meffiod #2 was good and a relative )
standard error of about 2.8~3.5 * 1.5% has been calculated.

This 1s comparable to what was gt with the wet oxidation

procedure. /
o

I¥X) Contamination Dry Oxzidation Procedures .
In the dry-oxidatidbn methods, systematic contamination

duraing the sample drylné could adversely affect the accuracy

of the method. If this source of contamination was a major
¥

-
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e

TABLE IX |
RELATIVE STANDARD ERRORS ({(o//n)/x} 100) FOR DRY OXIDATION

METEQOD %

R J
Sample Origin, ‘ n Relative Error (%) RanLe (%)
Gulf of St.Lawrence 27 3.5%1.8 0.5-7.1
(5-€/75) .
Scotian Shelf ) 71 2.8%1.5 0.2-6.2
(8/75) .
Gulf of St.Lawrence 31 . 2.9+1.4 0.7-6.2
e 1 ,

' TABLE XI L

Fate of Volatile Organics During Preparation For Dry Oxidétiog

Sample %  Concentration of % Loss of the ,

o ‘the Volatile Volatile
K Mat&rial .

’ ., {mg C/liter) '
4

l.Acetgne in Super Q 1.C0 100

. 1in Seawater 1.00 100
2.Isopropanol in Super 9  .1.00 . 100
. in Seawatex 1.060 100
3.Propionic Acid in ) Y .

Seawater 0.97 100 .

7

Q.Butaﬂl in Seawater ‘ 1.69 100

TABLE XII

-

f/\ Calculated TOC Concentrations of Seawater"When Different Volumes

' - " N
of Sample Are Draied ' f\\
/
Sample ,Volume (ml) Calc. Conc. *~ %Variation from
(mg C/liter) mean

1 1.1540.05 +16.”

2 - 0.92+0.02 - 7

3 1.03+%0.08 + 4

4 0.94+0.07 ~ 5

5 0.91%0.03 - &

* mean = 0.99+0.04

/

1
|
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1

problem, different calculated TOC V&Bﬁ@% ior identical
sampies should be noted as the sample volumes, added to the

large tube (100 mm' x 15 mm) in dry oxidation Method #2 were

+

varred Table (XII). If this contamination were small, the

Ay

calculated TOC values should vary little with different
sample volumes. However, with high and constant, contamination

. 7 .
the calculated TOC in. the low volume samples, where a larger

= a
¢

fraction of the TOC will be organic carbon from tie contamination,

[

w%ll be much higher than the TOC in th% larger volume samples.
This was stud}ed by é@e addition of 1-5 ml of a seawéter sample
ko large quartz tubes. These samples were then evapprated
and analyzed for TOC. The highest calculated conpe%t;atlon 0
(1.15 * 0.05 mg C/liter) was noted in the 1 ml- sample but 1t
was not significantly different\(igi) f}om the mean of the
other calculated conceﬁtrations (0.99 * 0.04 mg C/liter).

If contamination were a major pepeblem, the calculated
conceﬂkratlons (ave. TOC = £% g C/liter) from the lower
volumeé (1~3 ml) should have been significantly higher than
the TOC values calculated 2aée. TOC = 0.93 mg.C/liter) w1ﬁb
the higher volumes (4—? ml). A systematic contamimation did
not appearlFo be excessive, and the dry oxidation: methods
proved to be precise, accurate,aand give a compﬂ'te oxidation
of the organ}c materaal in natural samples. My dry oxjdation
methods appeared to be acceptable for the TQC ana%gjls in
natural seawater samples 1f propex care in the handling,

\ - e
*

&
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rk up, and analysis of the sample was taken. . -
aAnalysis Of the in Natural Waters ) )
1. Comparison of TOC values for Natural Samples
. by Wet and Dry Oxidatron - *

3

a -

*
Both wet and dry oxidation procedures have been used in ,

this 'study for the oxidation of TOC in seawater. The

’ advantages andféaor;comlngs of both approaches for TOC T
;analysis have been dlscus;ed. " A complete éxldatlcn\of the
.. organic Tatter with the haigh temperature oxidation methods
was shown with sﬁéndards and samples and comparable
efficiences i1n the per cent recoveries (90-100%) with the
wet oxiaatlon of -standards was obtained. This might be an
indication that the accuracyl@ﬁ:therwet methods is similar
to that of the dry methods, but only simple compounds were

used as standards and the extrapolation to the matrix of

organics present in a natural sample1may not be valid. A

direct comparison of the TOq results by the wet and dry

¢
’ ¥

oxidation procedures for natural samples (identical or
“* v

51multaneousvsémp1es) was madei/}he wet TOC values were

¥

significantly lower than the d®y TOC values (Figures 5, 6

and 7). The TOC values %ftalned by the dry methods and wet
a ] . el

s

. : oxidation ‘methods are plotted ‘against depth and the‘averaged

TOC values obtained for-.each depth zones are shown. The

difference between the plotted averages i1is not great but is

significant by a paired "t" test at the 95% confidence

]
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/ o i/

»

lavel., +in all cases, the averaged TOC valué§ by the dry -

methods were higher fhan those obtained with the wet oxidatlone

e

2. TOC Values in the Gulf of St. Lawrence

1) Distribution

o

In the Gulf of St. Lawrence (5,6/75) data (Pagure 5),
the scatter for the TOC values obtained by the dry oxidation
was high but the position of the stations méy help to
explain thas. ?n the surface zone, a large range of values
of TOC from 1.13\— 2.30 mg C/1 were noted and the TOC véI;es
were correlated to the sigma~t values; areas with the
greatest .fresh water ainfluence had the highest vélues foa

»

TOC.” The{dry oxidation vaiues and the sigma-t values were

-

plotted (Figure 8) and a high negative linear correlation (xr

"= 0.91) of the TOC with sigma-t was found. High POC values

- .
were measured in the areas of low salinity and high fresh

water influence (40~170 ug C/liter) but these POC wvalues-

% .
were not enough “to explain the high and variable TOC values.

In the surface Famples, the amount of POC averaged about 4.5

2

i+

1.7% of TOC while deeper samples were only about 3.0

i+

1.3% (POC/TOC) Of TOC. Areas sampled were dften shallow

and the amount of TOC in the water column could have been ‘
Q;fluenced by input from the sediment. With fyesh water and
sediment. 1nputs of organic ﬁaterlal, Fh? hléﬁyitatter of TOC

values would be expected.

- . T o ———— = - e bl
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Plg.~2—5: The TOC results from %hé Gulf of St. Lawrence (5 & .
6/76) (Dry Method #1-0; Dr¥y Method #2—.) - averaged

Q\‘TOC values obtained by the’ Dry, Oxldatlon methods
A - éveraged TOC values obtained by the Wet Oxidation

°
@y

R “me thod . . " .
ae,
Fi1g. 2-8: The TOC values obtained by the Dry Ox1dat10n.methods

plotted agalnst the 51gma-t values for samples collected

-in the Gulf"of St. Lawrencp (5 & 6/75) /

.

Map: " Statlons sampled 1in Gulf of St Lawrence.» . 5
pa . N
' O November,. 1975 v «
] ® May, 1975 ¥ - % S : *
. - 9 ‘ -
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. 11) Comparison of Wet and Dr¥ Values of TOC L S
The averaged values of TOC for depth zones were higher
when'‘analyzed by the dry oxidation procedure than by wet

ox1dation procedure (Figure 5). I;\Eabie XIII, the actual

L]
A
calculated averages aﬁé presented along with:.the absolute -
differences obtained with the two method%,f%verage Tocdr9_ R
» (\ 4
average Tocwet) and Ehelr % dlfference% (3 7 Tpcdry—TOCWet .
. - TOC_ 4 )

at each dé zone. The difference varied, with the largest A

absolute dif\ference (diff. & 0.18 mg C/liter) in the TOCGUx v »

°
L .

values being und 1in the §urface zone, while below 100 m a

fairly constant dififference 1s noted (diff. = 0.08 mg C/llter;.
pmtt%g change thrdugh“the water column for the average
differences ®.8 * 3.4%) was calculated. This difference
between the wet and dry values was small buf relatively

constant. A pa;red "t" test was carried out on ;ll the

sample§ frém the Gulf of St. Lawrence on which boéh a &et' ‘
and. dry anéiysis had been done and for these sampleS&(gx=
67), the difference between the TOC concentrations was
significant at the 99.9% confidence level. The means of the
TOC résults wereiéompared (Table XV); the dry oxidation
values for TOC (ave. TOC = 1.23 + .3 ng. C/liter) were about
132 hlgherwthgn the wet oxidation numbers (ave. TOC ="\‘1‘109

+.28 mg. C/later). A difference in_the absolute values for

2 i
¢ ar

tpe TOC was observed, but with the high correlation
\ /

[ ‘1 /

an
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“ r o TABLE XV ‘ / _ '
DIFFCRONCES BETWLEN WET AND BRY OXIDATIONS FOR: IDDNTICAL SAMPLLS . ‘
o1 ‘ , x T.0.C. Concentration . ce
Samples | . n ¢ mg.C/1) " % da erence
+ Wet s Drz _ o :
1.Gulf of . 67 1.0920.28  1.2320.30 , 13 \. -
&t. Lawrence : ' » . o ‘ ,
- (5,6/75) S ‘ ]
v e { “ :
2.5cotran Shelf 69 0.84:0.19 = “1.01%0.23 , 20 " o
(8.75) ‘ ' .- .
3.S5cnegal Coast 84 0.85:0.24  0.970.26 R ¥ L '
(2,3,4/76) , - . . AN
. ~ * 4 .
4.Coastal Areas 20 ~  1.50%0.12 1.81%0.13 Y20 - ®
(6/75 - 1776) - : ' T,
Vel ' ’ . x -
- ” 4 °
mean % Q =170 ' Ao Ut
w“ s ' . 2
‘& TOCdry - 10 wet x 100 ”/J
A 1 '™ G ’ - "
. ¥ CWet .pb s '
L & ‘ .
hd 5 » -
* number of samples run by both methods s
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. + L} v N .
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- "’en - .
fr = ,93) between the TQ?we and the Tocdry’ ons would .

t
x' eﬁpect fhat, the rQE?rpretatlons that could be,extractéa from
\ L4
the TOC concentrations and distributions from eather method
» L3 \ ¢
Wwould be Blmllab. .o "

i

o

4 e

‘ %qy TOC Values on the Scotian Shelf and Slope Area
3 L

¢ A

1) Distraibution 0o 4" ' .

Id L3

The TOC boncgﬁ€§§iﬁons from the Scotian SHelf ared are

E -

[x

presented in T'ighre 6. Scatter in the TOC concentﬁdtl®n§

was, noted in the surface zone and was correlated with"ﬂﬁ?w

7

areas of higher productivity, of hlgh load of patticulate

organics, and of influence from the coast. The higher TOC

°

values were obtained ih the stations closer to the coast.
u F 4

' This coastal effect 1s shown in Table XIV. The average

o !

concentration of TOC from spegific depths (0, 10, 25, 50 and

75 m) were calbulated°f9r’7 stations run on the Scotian

Shelf (8/75). Both dry methods show the same trend of
decfea51néraverage TOC wlth,distance from the coast (appro
\bxl.3 mg C/liter to 1.1 mgac/¥1tek). A 10% drop in the
4 averaged TOC was found in the first 3 stations (ave. TOC =
1.21 + 05 mg C/liter) after which a relatively stable value
of TOC (ave. TOC = 1.1l * 04 mg C/l%ter) was fdund as the

/
?

s o

transect continued to the glope.
b v
11) Comparison of Wet and Dry Values of TOC
The, averaged TOC vdlues at depth zones for the dry

oxidation and wet oxidation results -from §potian Shelf: and

Q

- e W Jr—

=
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Slope are presented in Figure 6. The difference was not
great- but was saignificant (Table X;;I). Tge absolute

difference (daff. = TO?d£y~TOCwet) was highest in the

surface zonc (A = 0.2-0.3 mglC{llter), whilé 1n deeper water
tHe difference was relatively constant (A = 0.09 mg C/liter.

flowever, tﬁe % difference (dlff./TOCW x 100) was variable

t
% ., Ve
(10-30%) and, higher % differénces were observed in the

surface zone (29%) compared to deep water (14%). If the

source of the difference between the wet and dry oxidation

L} “

> nt
methods was the incomplete ox1?ation of a fraction of the

TOC i1n the sample by the wet oxidation procedure {(Sharp,
1973), then this result was surprising. A larger %.°of the
more easily oxidized labile organic material was postulated
to exist an the surface’zone and the TOC values by the wet’
and dig methodsg should be comparable. More refractory

organic material (Menzel, 1964) which should be less

-

effectively oxidized by the wet oxidation procedure should

W

be found in deeper waters. Sharp (1973) used- this argument
® <}

to explain why the % difference in wet and drxry TOC values

~

,1ncreaseq with depth from tHhe surface zone. This was an

lndlca}iﬁh that a larger %, of organic material in deeper

[}

water was rés¥stant to persulfﬁtz oxidation 1in the' wet

method. This was not supported by my data from the Scotian

55

Shelfs’ but notr enough data hés'been examined from deeﬁ water

/

to make any definite‘statements on the variations of % . ,

E]

f
4 3 *{



¥ v

differences of the TOC. However, a fdirly constant %

difference between the oxidation methods has been suggested

by my results and only small vafi%tlons throughout the water

column should be -expected. . .

° 3 ¢

In samples (n = 69) from the Scotian Shelf (8/75), the
TOC values obtained by the wet and dry methods for identical

samples were compared by a paireg "t" test and the difference

’

* : >
was foudd to b significant at the 98% confidence level

14 ¢

1

(Table XV). The mean of the dry oxidation values (ave. TDC =
1.01 ¢+ 0.23 mg C/liter) averaged about 20% hlgﬁéﬂs )

dry - wet x 109) than those obtained by wet oxidation (ave.
wet

TOC = 0.84 * 0.19 mg C/liter). A high correlation between
[ ¢

the two methods (r = 0.92) was noted and a similar qualitative
picture of TOC distributions could be extracted from either
wet or dry oxidation procedures.

4. TOC Values From an Area Off Coast of Senegal,m

1) Dist;ibutlon . -

P
3

The TOC values’(dry oxidation) from an area off the

¢

coast of Senegal (2, 3/75) were not highly variable except

» »

1n the surface zone (Figure 7)- Geographically, this 1is an

*®

. .
area of upwelling, and high biological activity would be

-

expected. The POC concentrations were determinced (R. Pocklngton,
personal, communication) and were found to be a small

fraction of the TOC, with the highest percentage (POC/TOC)

about 8.5%. An average of 4% was found in the surface zoneg

(POC/TOC = (50/1250) ug C/liter) and about 1.5 % in deeper

[ R
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'ng. 2-7: The TOC results .from ak area off the coast of Senegal”’
(2,3,4/75) (Dry Method #1-0) [J- averaged TOC values
obtained by the Dry Oxidation Method A - averaged TOC
values obtained by Oxidation Method.
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water (POC/TOC = (13/825) ug.C/later). The TOC values were

o

influenced by the POC, but the scatter in the- TQC vaiues

could not be explained.by the POC alone. ,(The TOC valués should
7 -

oo
have been affected by local factors, hKbHth hydrographic and
brological, and scatter in TOC values\would be influenced.by

ot . ‘e .
the mpwelling phenomenon in this area.

11)" Effect of Hydrographic Properties on the TQC
Distribution a o

The TOC values and sigma~t were negatively correlated
. LY
(r = 0.90) and an increase in the scatter of the TOC was
,oted ag the sigma-t values decreased. The TOC values were
o * E

examined 1in.a frequency diagram (Figure 9a) and the distraibu

was found not to fit the normal distribution. A bimodal

1
i

tion

a

distribution was obtained with a normal distrabution for the
TOC values >1.00 mg C/ilter (ave. TOC - 1.33 + 0.13 mg ‘/ﬁgb
C/liter) and one for those <%.00 mg C/liter (ave. TOC = 0.83
£ 0.10 mg C/liter). The higher TOC values were found in
the oxygenat?d surface zone (0~60 m) and appeared to be
normally distraibuted (Figure 9b), while the lower TOC
concentrations were found below the density discontinuity at
the oxygen minimum, and also appeared to be normally
distributed (Figure 9c¢). . -

A dlSCOntiDUle in the Eenglty profile was observed at

'§b§]5 m. The surface zone was well mixed, warm, highly

oxygenated, and had low sigma~t values while the zone from

e it S A S [ -

3
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Fig. "2-9: Frequency distribution of TOC valuej?obtalned by 1

Dry Oxidation Method # 1 from an ar off the Coast

¥

of Senegal (2,3,4/75)., . . "
' \ " a) All the TOC values ]
\ . - b) @OC values a1n surface zone (0-60 m). )

¢

c) TOC values below pycnocline (>60 m) .
Fig. 2-10: Depth profiles of O{, TOC, temperature, and sigma-t
values for specific stations in t rea off the coast

LN o

of Senegal. See Map # pg. 79(a)
- a) Station 1:. 14° 59'N, 20° 16'W
\b). Station 3:  15° 21'N, 20° 41'W
-¢) Station 4: 15° 21'N, 17° 44'w
.+ ° d) station 1l: 13° 41'N, 22° 11'w
e) ‘Station 12: 14° 30'N, 18° 59'W
£) Station 6: 16° 23'N, 18° 30'W
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&

50-100 m waspcolder, lgwer in 0,;, and more dense.t The
averaged values of TOC, 0O;, temperature, and sigma~t for the ., -
surface zone (0-50 m) and the deeper zone (50-75'm) were
tabulated (Table XVI) ‘and the‘establishment of a str g
pycnocllne ag about 50-75 m was 1indicated, with these two
zones being separated by the density 1nhomoggné1ty. Since .
this 1s‘anaupwelllng area, the productivity 1n‘€Le surface
zone should be¢y1gh. If active mixang between the zones was
prevented by thad density layer, the organic materlgl Lroduced
1n the swurface zone‘would be recycled-or remineralized” in

the warmer, highly oxygenate&‘zone.« Oxygen will be utilized
in the remineralization of organic material. If the mixing
with the high oxygen water 1is reduced,'waggr }ow in

02 would EF formed .and an O; minimum would be expected. The
préfiles ;f both conservative and non—conser?atlve properties
(the 0, TOC, temperature and sigma-t) were plotted over e
upper 150-200 m (Figures 10a-10f) and a pycnocline a;“;6—60

m, was noted. At the pycnocline, a rapld&decrease in
temperature and TOC and an 1ncreaSe 1n sigma-t was observed,
while the 0O:; concentration droped dramatlcalli from greater
than 5.0 to less than 2.0 ml 0,/liter. The free mixing
across the pycnocline was retarded by éhe presence of the

strong pycnocline and a normal dastraibution of TOC ain

zones above and below the pycnocline was observed.
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TABLL XVI :

Water Properti¢s Above and Below the Pycnocline

in Wategé/Off the Coast of Senegal

Depth Averaged Averaged Averaged Averaged
Zone Concentratjon Sigma-t Temperature Concentration
(m.) of O (g./cc) of TOC
(m1.0,/1.) FO wgeon
. ® . 2 . 2 *
LY ]
0~-50 5.12%.28 25.36% 19.61%2.7 1.33%.13
- ' P41
50-100 1.87+.50 26.35¢% 15.29%1.5 0.95+.11
.26
) )
230 '20°
1o T 1 T T T 1g°
§SAL
5
C>BOA
L VISTA
 maio
15° L : 15°
12
pron: ‘9
oll
{ N\
12°L K L12°
. o0 }
g - |
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111) CompﬁEGEhi><3f Wet and Dry Oxidation results
3
The TOC concen¥rations by dry method #1 for the area
\O LY
& . \ ‘
off the coast of Senegal were plotted (Figure 7) along w1tﬁ

the averaged TOC values for specific depth zones. The .

¢

averaged dry oxidation values for TOC were higher (9-31%)
D
than the averaged wet oxidation values for identical samples

from the same depth zenes. The differences were small but

consistent (Table XIII). The absolute difference (A =

>

TOCd -TOG ) 1n the TOC concentration was fairly constant
ry wet ‘

below 100 m (0.13 * 0.04 mg CAliter), while slightly highet -  °

.

»

~ -
L

~
in the 'surface zone (0.16 £ 0.05 mg C/liter). However, the %

| L3

difference (A/TOCw x 100) was higher in the deeper water

et

(18.5 + 7%) than]ln the surface water (15.5 * "4%). It haq
r 4

been‘prealctéd (Sharp, 1973) that thas dlff%rence between wet

s a

and dry oxidation would increase with depth, since deeper
) .

)

waters should contain organic material more resistant to the

persulfate oxidation of the wet procedure. Tﬁe lack of
comprehensive datf make this argument‘tenuous. >

When the values of TOC obtained by wet and dry oxidation
methods for i1dentical samples from the Senegal cruise were
compared)by a paired "t" test, they were found to be significantly
different at the 99.9% confidéhce level. The average of the

TOC values bygthe dry oxidation (0.37 * 0.26 mg C/liter) was

14% higher (Table XV) than the average of the TOC values by

4

m\ i PR
2
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81

wazd oxm?atlcn (n.85 - 0.24 rg'C/liter). - The difference was

gmall aﬁd the hagh linear correlation (r = 0.90) between the
tio oxidaticon methods was an indication that tﬁe’quallEatlve"

prcture developed from eirther set of TOC data should be

similar. °

I
5. aT0C Values in Ccastal Pegions: Corparison of Wet and
¥ Dry Results ! »

4

o

! During this study, samples from coastal areas near §
Halifax were examined by both wet and dry oxidation procedures.

famples were taken from the Yorth-west. Arm (Table XTIIX) and

s

thé\absolute calculated difference (TOC —TOCwet) for

dry

sarples from the surface and 10 m was about 0.25 mg'C/later
* %

with a ” difference ((A/TOC_ .) x lqg) of about 20%.  This

a1fference was shown to be significant af thev99.9%

confidence level with a paired "t" test. The averaged TOC

0y the dry oxidation (1.54 * 0.17 mg C/liter) for the

samples {(n = 14) from this close coastal area was 19% higher

{Table XV) "than that obta1ﬂéd>$y the wet ogidatlon procedure
*(1.29 © 0.14 mg C/later). ,

A saimilar result was observed with samples taken from
Petpeswick Inlet where an absolute difference of 0.44 ng
C/liter was‘géund (Table XIII). With a paired "t" test, .
the difference was significant at the 99.9% confidence
level, The‘averagéd TOC value obtalne&'for these

samples (n = 6) by the dry oxidation (2.44 * 0.08 mg

’
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TABLE

K

L]

DIEloel 4 L T, 7 LVALUTS 83 LT AD DR OALIDATION TOR DATA GIULUYLD 1D
s DLPTH LLS T
Tre Concentration * o Arsolnte, B4
H © (mg,C/later) M fferente ’
Crialsc Deptn nv et oxid. n oy oxid. (TOC =0 )
) » Ayay et
' {m) . '
¢ 1.321F of 1 16  1.41%0.28 27 1.59£0.27 0.13 17
5t. Lawrence 10 14 1.20%0.21 22 1.30£0.21 ~0.10 g
(3,6/75) 50 16 1.01%0.12 28 1.12#0.11 0.11 11
. 75 4 1.10%0.12 7+ 1.17%0.13 0.07 &
100 2 0.86%0.02 7 0.97£0.08 0.11 13
' .15 7 0.01#0.17 9 0.99£0.14 0.08 “
200 3 .0.82%0.14 4°  0.94%0.12 '5.08 10
300 4  0.76%0.13 7 0.8420.13 0.08 14
g 400 2 0.82%0.04 3 0.86%0.07 " 0.04 5
2.5.otian bnelf 10 16 0 96%0.06 50 1.25%0.13 0.29 30 ©
(8/75) 50 5 0.78%0.11 24 1.01#0.11 0.23 29
- 200 15 0.64%0.04 23 0.82%0.11 .18 28
600 3 0.66%0.01 5 0.76%0.04, 0.10 ' 15
. . 1230 4 0.67£0.04 6  0.74%0.06 0.07 * 0 -
\ 1600 2 0.6420 2 .0.74%0.06 0.10 16
1900 3 0.64%0 7 0.72%0.05 0.08 13
' 3 benegal Coast 1 9 1.25%0,17 9 1.41#0.13 o.lé T 13
. (2,3,4/76} 10 3, 1.16%0.15 4 1.38%0.19 0.22 19
25 6 1.08%0.12 6 1.2920.09 ' D.21 19,
50 7 1.03%0.12 9 1.12%0.17 0.09 g
10Q 5  0.82%0.15 8 0.96%0.13 0.14 17
, 150 6  0.73%0.09 7 0.83%0.06 0.10 14
225 7  0.76%0.09 8 0.84+0.06 0.08 11
‘ 300 6 0.73x0.12 7 0.81£0.04 0:08 11
400 4 0.73£0.07 5 0.84%0.07 0.11 15
, 500 5, 0.66%0.06 6 0.78%0.06 0.12 18
600 4  0.61%0.05 5 0.80%0.05 0.19 31
800 4 0.650.04 4 0.80%0.05 0.15 23
950 7  0.64%0,04 5 0.78£0.06 0.14, 22
* 1300 4 0.620.04 4 0.75%0.06 0.13 21
4.4 W, ,Arm 1 7 1.35%0.15 13  1.62%0.18 0.27 20
(6/95) ,(1/76) 10 7 1.22%0.]0 13 1.4520.14 0,23 .19
5.Pctpeswick surface 6  2.00%0.10 6 2.44£0.08 0 44 22
Inlet ¢
(10/75) ’
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- v
C/liter) was 22° higher (Table XV) than that obtained with

the wet oxidation (2.00 * 0.10 mg C/liter). A
N .
T 6. ?0nclus1on o
] a i »
/7 " In the areas ofsthis study. (Gulf of St. Lawrence,

gzgtlan Shelf, Senegal, coastal reglons)“thefehwere specific

R

samples where TOC concentratlonf obtained by the wet

as

oxidation pr%cedure were greatek than those obtained by the

]

dry procedure. However'in all °the areas, the averaged TOC

®

- - concentration by the drﬁzoxldatlon procedure (Table XV) |

were about 15-20% -haigher than the wet oxidation results.

14 E l'. &
These differences were significant at the 99.9% confidence
L] \ t '
level by paired "t" tests.

" 3
t

s ' 5

The differences between the TOC values measured by wet

and dry oxidation were small but appeared to be significant

4
\ g <

&

whether the samples.were tdken from deep. ocean water (low 1n

¢ i
organic carbon) ‘or from coq?tal water (high in organic
Wty - .

carbon) . 'The consistency-of the difference§ was mairtained
throughout the water coypmnfand in different areas, While
“ v Co

the absolute differences varied, the % differences seemed

L] - -

relatively constant. ! ‘

»

7

The con51stency through"he water column in the %

L]
¢

difference of the TOC values by the different oxidation -

- @ '

methods was not expected. A higher % dlfference for the TOC

1

. values 1in deep waters was predicted (Sharp, 1973) but was

.

not evident in the areas I hlve sampled. it‘has been )

t
o s

1
¥
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é assumed that the dry oxidation of the organic matter is

@ 1

: complete and the lower TOC' values obtained by the wet

oxidation procedure should be the result of xncomplete' #

T
-

combustion. If this difference between TOC values was the
result of a systematic contamination in the dry methoa, then :
* - the absolute difference between the methods, should have
. remained constant, Howevér, variations in the absolute

' difference QTOCdry—TOCwet)

were observed with the area and
. with depth so that a fairly constant % difference was

4

{
calculated. There appeared to be a constdnt fraction of the

TOC which was not capable Of being oxidized in the wet

oxidation method (refractive material or concentration \
7 v '

limit below which the oxidant was not capable of oxidizing}.

The dry oxidation method should not be affected by these

1 L add

. problems.

A~constancy of composition of the organic matter in
('3 ’

seawater was indicated with ultgafiltra%ion (Ogura, 1974,

™

> DBaturaina et al., 1975 and Smith, 1976) where only small’

chinges i1n the molecular welghtffractlons of thé& organac

‘
a ¢ [l

.matter in seawater were observed. A decrease of the % of
r

*

high m ecular weight (> 10000) material with depth (surface .
= 10-15% of TOC depth '1-4% of TOC), was shown 1in the open »
occan. If the hlgh molecular weaight organics were a m&re .

Il » (9

refractive fraptlonaef the TOC, then the argument that in

R 4

degper water there should be a higher % difference in the

ri 0



i

L

2 4
) - o
TOC concentration by the wet and dry methods would not be

supported. I think that the matrix of  organic materials in

seawater will remain similar and a relatively constant
t @

amodnt of this materzal will be difficult to oxidize under

the°conditions of the wet oxidation. The:.amount of this
material w1lh vary with respect to the TOC but the % Will be
fairly constant. "Theldepth and area of sampling may be

changed but onily a ‘small range in the % differences in the

@

TOC results in the dry and wet methods should be found.

] v - 4§

A high correlation has been observed in the comparison
° ¥

°d§ the TOC results by wet and dry oxidation, and broad

©

. )
pceanographic distributional interpretations which can be

F

exyractéd from the TOC data should not be greatly affected .
by thénmethod used. . Precision, in wet and dry methods was
° ™

comparable and care in sample manipulations in both methods

’ &

was critieal for good TOC results. The time of preparation
and analysis was similar for the two approaches. However,
the dry method 1s more accurate and for work i1in which the

TOC values are used in an evaluation of fluxes or cycles of

«

organic materials, the dry oxidation method will probably be

more, effectave. Iﬂ this study, I have developed methods

for dry oxidation of the TOC in seawater which are

¢

accurate and precise when handled properiy, and although
.they are time comsuming and not a real time analysis, an

* accurate picture of the dlsﬁxibutlons and variations of TOC
I

14 e
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Fig.

2-11:

p‘;u}

o

®

Averaged TOC values + standard deviation obtained g
by Dry Oxidation method #1 for samples collected
in the Northwestern Atlantic (26° N to 43° 20'N).

The upper line - the TOC values from the surface zone

(0-200 m) are averaged;i_ in the lower line the TOC s
values from deeper water (>200 m) are averaged. "
n Sargasso Sea Cruise (2/75) .

@® Bermuda Cruise (10/74) :

%O Scotian Shelf and Slope Cruises (5/74, 8/75, and 3/76)

¥ . f 2
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TABLE XVII \
1
T, Averaged T'%nce;ntratlons over Depth at Different Latitudes:
. Comparison of the.Surface Zone(0-200 m.)ﬁ and Deep Watexr (>200 m.)
Date of . Position: n. Averaged TOC n Averaged TOC ’ 3
Cruise Latitude . y (0-200 m.) | (>200 m.)
(mg.C/litex) (mg.C/liter)
2/75 . 26°%00'N 7 0.94%,11 32 0.72%.05
2/75 27°50'N 6 0:97+.12 } 4 0.77+.08
2/75 29°00'N 6  0.90%.11 .
2/75 32°50'N 6 0.98.06 14 0.76%.05
- 10/74 33°30'N ,° 4 0.91+.07 7 0.70%.05,
1 2/75 35%00'N 5 0.94%.04
2/75 * 3GOOZ'N 6  0.87+.03 :
. 10/74 36°35.2'N 7 1.10%.07 18 0.73%:10 :
C 10774  37%9.5'N 6  1.01f.12 |
’ 10/74 37°10'N 7 0.98%.13 J |
2/75 38%0'"W 7. 0.91%£.05 |
* 2/75  ° 39%0'N 6  0.89%.06 " J
2/75 + 40°00'N 6  0.88%.05 ' ' |
o 10/74 41°37.8'N 6  1.01%.16 5 .0.79%.02
“ 3/76 41%56'n C4 0.97+.14 L
2/175 42%00'N 6  0.96%.16 g “ '
- '5/74 42°31'N 7 1.02%.15 13 0.74+.04
* 8/75 42°32'N 6  1.00£.20 .9 0.73:.04
8/75 42°52'N 6  1.14:.18
5/74 42951 5 0.99%.20 5 0.75%.05
2775 43°20'N 4 0.99+.03 ‘ }
) i
. ¢ ) 0 ' i
, ‘ , i J‘
. 4
. S, ° '
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in natura} waters can be obtained.

D. Comparison of TOC Concentration by Different Studies ,
- 1. Comparison of Dry Oxidation Values from Different
Cruises

Samples were collected in the Central and Northwesternwe

L
Atlantic during 5 cruises. The TOC concentrations were
geterpln%d with the dry oxidation method #1 apd the detailed

results are presented in the Appendix. The TOC results were
- t -~

found to be consistent for the different cruises. The TOC
m )

values ﬁF each station were divided into two pRrts and
averaged (Table XVII). The TOC values in the 0-200 m depth,
- 1

which included the euphotic zone, should have been influenced

T

by variation in productivity and seasonal changes,iﬁhlle the .

9

]
more homogenous, with

deep samples (>200 m) should have
only small regional or seasonal influences
;ﬁh_fanges B Y

These Javeraged TOC values over/the de

N P

(surface fzone = 0-200 m, deep = >200m) we%e plotted versus

~

latitude\ (Figure 1l1). In the Februgry 1975 \cruise relatively
constant TOC values %ere found in both the well mlxed,
i1sothermal surface zone (0.93 * 0.04 mg C/liter) and the

deep water zone (0.75 + 0.03 mg C/liter). Higher concentEatlons
of TOC in the surface zone were obtained in.the Fall 1974

cruise (l.Pp t 0.07 mg C/liter), but the TO& valées‘for the

deep water samples (0.74 * 0.05 ﬁé C/liter) were found to be

similar to other cruises. Higher TOC values in the surface zone

%
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Uy

- -

[

(1L.02 -~ 0.07 mg C/liter) but comparable deep water TOQC
values (0.74 * 0.01 mg C/liter) were found in samples from
éhe slope area during Scotian Shelf cruises (5/74, 8/75,
3/76). A range of(0.87—1.l4 mg C/lrter were noted i1in these
depth integrated TOC values from the surface zone, while only
a small range of 0.70-0.79 mg C/liter was measured 1in the'
TOC values in the deep water. In these 5 cruises the TOC
concentrations in the deep water were very similar. Both
the accuracy of the dry method and the small variatiens in
deep water were shown. Larger variations in the TOC
concentrations were noted in the shallower samples, but

this was probably the result of regional .or season?l effects.

% The results from these 5 cruises were presented as a

&
- -

single profile (Figure 12), and while scatter of the TOC' |

concentration wasbnoted in the surface zone {(0-200m), the

TOC values in the deeper water were tightly distributed.

The antegrity and 'accuracy of my dry oxidation method for
the analysis of TOC in natural seawater samples were high
and. the comparison of TOC results from different cruises and
times seemed justified.

&

2. Comparison of My Dry Oxidation Results with TOC Values
of Other Workers.

Since other studies have been conducted in this area, a

cogparison of the results seemed feasible. Data was taken

1
Y




Mig. 2-12:
.
&

rg. 2-13:

Depth profile_of TOC values (@) collected in the
Northwestern Atlantic. The TOC values were measured
by the Dry Oxidation method #l. A - averaged TOC
values. )
Comparison of averagéd TOC results from Northwestern
Atlantlgfby authors using different methods.

® MacKinnon (this study) - Dry Oxidation Method
{l; @ Skopintsev et al. (1966) Dry Oxidation
after evaporation; M Gordon and Sutcliffe (1973) -
Dry Combination after freeze drying;A Sharp (1973) -
Direct Combination of sample; A Menzel (1970) -

Y

wet oxidataion.
A

a0

—
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from Menzel (1970), Sharp (1973), Gordon and Sutcliffe :
(1973) and Skopintsev et al., (1966) and Fpe‘TOC values were
averageé into depth zones (Table XVII{) and were compared
(Pigure 13). All of the ﬁethods excep&vMenzel's‘wet oxidataion
procedure were high temperature combustion methods (Sharp

" » .

used a diréct injection method, gordon and Sutcliffe used a
[
freeze drying method, while Skopintsev and this study used

an-“evaporation procedure). . .o
The results of Skopintsev and of Gordon and Sutclifife
were comparable, but were up to 4 .times higher than those .
obtained by Menzel. Earlier d;scussions'have,argugdﬂthgt
contamination %rom the storage and freeze dry1nq°procedure
(unless blanks can be found to be acceptable for the equipment
being used) could be used toéxplain the high and variable
TOC cgncentratldns whléhiwe;e observed by Gordon and Sutcliffe. ,

»* h V’*
However, the evaporation procedure Whlqh I psed was similar

to that of Skopintsev, but I obtained much lower TOC valges?, ’
than Skopintsev. The higher TOC values obtained by Skopintsev
. !
could be explained by a contamination or detector proplem, -

¥

which may be'thehcause of this large élscrepancy. !Later
Soviet studies (&Starlkova°agdﬂYabl@kova, i974, and Ljutsarev
et al., 1975) have shown a tgndence to a lower TOC values.
Ljutsarev EE al., (1975) used awyet,OXLdatlon’érocedure. ;

The TOC values ?nvdeep water were very close to my values. -

Since the sample areas diad not overlap, a direct comparison f

-was not attempted. The values obtained by Sharp weres higher

-

o w,\

Py « ( R
)

#
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+narn kLose optained in ry stany, but a large wariapility an

profilee of T0OC values was shown and the fluctuations ain TOC

<

concentrationd of up to two tines in adjacent samples in the

i . - (Y

wap water of similar water types did not seen acceptable.
“~
g

narn's method, eurrewe instrument sensitivity was

1

reguaired to allow detection oq differences of 0.005-9.05 cg

C and very small interferences would have had drastic effects

A g “

i Jhis results. / !

Trne vertizal distraibutions of the TOC concehtraﬁlons

¢

~Ltained by xenzeg and by this study were sirmilar but my dry N
oxidation values were about 20% higher (15-30%2) than the wet J

ciidation’ values of Menzel. This discrepancy between the

v
4

T0C concentration was very close to that noted in the

«

A
revicus sectiony whicn compared wet and dry oxidation » \

)

sreocedures for the analysis of TOC in identical samples. A

£

similarity i1n the distribution of TOC results from wet and

Hr

)
ir’ procedures has been indicated by this study, and while

tne two methods may not be measuring the same guantity of

.
-~

~rganic carbon, the interpretations which can be eétracted
‘rom them should be similar (Table XIIT).

AiEhuugE'the dry oxidation valqgs of TO; that were
o~utained with my analytical procedures cannot be assumed to
e the dorrect valueé, their closeness’tothg real v;lue of ,
the TOC in Patural waters 1s supported by the internal

cansistency, the smoothness and prgdlétablllty of -

dlstrlputlon, and the compérlsons with other studies.

" 1-
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VOLATILE ORGANIC CARBON IN NATURAL WATERS

-
, L

3
-« [

A, JIntroduction , ‘
1. Definition: '
o The volatile organlcématter (V.0.C.), 1s a fraction of

the total organic matter (T.O.b.). In natural waters, the

distribution and dynamics of this volatile organic matter

«
. are not fully understood largely becalise of analytical .

b ‘ , s
., drfficulties. Hypotheses have been pogtulated but reliable h
_quantitative and-qualitative data are “¥parse. The development

of a better pnderstandlng of this fractpon of the T.O.C.hﬁas

I

v

’ n hindered by the lack of a precise definition for the

* +

the od of ext;aétlon and analysis, have been used and

[y

these vary aCﬁ?rding to the worker. A similar definition

. . problem ex1st% for the separation of the particulate and .
\ bl wf 2 » N
dissolved fractions of the T.0.C. 1n seawater (Sharp, 1973b).

Thé term volatile is ambiguous and can be defined in

v )

B

dirfferent ways:

1) Volatile material isﬂusué;l§ldeflned\as material
' which 1§ "easily" vapourized, but the ease of vapourization

1s a relative term. In gas chromatography, organic compounds

1

are considered volatile 1f they can be made to vapourize

A

‘ without any pretreatment. This sets an upper limit on the

-
> ®

definition of volatile, and compounds in the C;o range are

. included. 1In the natural 'system, more interest should -

o

R .
——— m— — = &

e s e
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- LY ‘
e placed on those compounds with a vapour pressure equal to

or greater than that of water (760 mm at 100°C and 24 mm at

4 »
25°C) since these are the materials which can be vapourized /

>

from the aquepus medium. Vapour pressure of organic compounds
Yoy
15 1nversely proportional to the carbon number, and volatkile

organics 1in natural waters should be mainly lower molecular
IS s

welght compounds (<Cg). ' '

b

»

11) Volatile nmaterials have begn defined as the oraganic -

i °

component which 1s stripped from a water sample with a gas
- \

v . 2
under various conditions of heating and turbulence.

9

111)-Volatile materials can be defined as those compound§

4 ~ kS
a

which will diffuse from the ‘'water under natural conditions
1
L

of temperature and mixing. C e

-

> -

t i

Most classes, of org%nlc compounds (hydrocarbons,

alcohols, aldehydes, acids, etggrs, kegpnes, esters, amines, o
P -

T *

cte.) are included in the§€”broad definitions for volatile

1 ! ¥
material. The molegular weight cut off 1s dependent on .

l Tl o - N

the methods of extiactlon and analysis. Extractian methods

-

for the volatllelgy erials include distillation, liquid- ‘

liquad extraczfgn, headspace analysis, and gaseous stripping.
# .

In this study the definition of the "volatile" component of -

r A

A g
based on a working definition whl&g includes

v

the T.0.C. 1

those organics which are,strippéd from heated seawater

sample at natural pH with an inert yas and are concentrated ,

on a solid support., 6 However, nst all materrals which are

P
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«
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¢

classed volatile by their vapour pressure will be analyzed.

¥

Quantitative removal ofehydrophliic polar compounds (acids,

amines) which fit the broad definition of veclatile is not:-

“
1

found with the conditions used for the extraction. Saimilarly,,
. 1 .

. e
llmlFatlons an the trapping, efficiences will lead to. the °
&

v

loss of very volatile components (C; - C, hydrocarbons).

These limits on the extraction and analysis prokedures are

S

reflected in the working definition which is use n the

discussion of the volatile materials in thais study. .

{
The wolatile organic carbon (VOC) has' been discussed by

other woréeré as that fraction of the total organic carbon
(TOC) whlch 1s belng los%{%presumably during tHe acidification
ghd removal of the 1norganlc COy) with the present methods

for the analysis of the TOC. In wet ox1dat10n procedures, l
Wangersky (1972) argued that the purglng step for the, removal
of 1norganic CO, will probaply remove &1l the "volatile" N
cofiponents, while Duursma (1961) observed only-aboué a’5-10%
loss of low molecular weight acids duri£g the purging.

Organlc compounds of high vapour éressure anamlow splubility
are moré llkely to be lost (van Hali ,¥ Barth, and Stengér,‘ :
1965) in thexsample work gp, but this should be ‘only & small

and 1n51gn1flcant fraction of the TOC (Sharp, 197 ). In_the

dry oxidatlon proce&hres, the loss of the volatile components

N

t oxidat\ion procegures

of the'TOC should bE more than in the

(Menzel and.Vacarro, 1964, and Oppenheime

- v v
) N . ‘

Corcoran and Van
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v
*

* Arman, %963) since organic compounds with a vapour pressure -,
equal to or greater than tpat of water under the\conditlons
used 1n the sample workup w1fl be lost durlng %he evaporation
or freeze éfylng step in the TOC analysis (Montgorery and

Tham, 1962, Skopintsev, 1966j3~Gordon'and Sutcliffe, 1973).
The importance of this vglatile fraction of the TOC will be .
better undergtood by the guantification of the volatile

ey

' i -
organic mater}al and the determination of its.role in the

S
cycle of organic Matter in natural waters. *

2, Analysis of the Vv.0.C. .

4

The existing TOC methods remove varying amounts of the

"volatile" fraction. , This loss 1s alfflculg'ﬁb qﬁahtlfy.
In order to develop a gquantitative or qualltaﬁlve picture of

Q@ -

the volatile fraction of the TOC, methods of extraction

> ’
‘ ~ AN

and %?ncentratlonuare required which are gentle endugh to

[ fa e

prevent breakdown or alteradtion of the donstlgpents yet

2 » \ ¥ a Y

complete enough to yield an accuraté estimate of the "yolatile" .

[N

concentration. Both 1ndirect and direct methods have béén .
w b o

- R
e ” 9 v AN { .
4 Ay

used. * .

¥ [}

i} Indirect Methods

- v

T a >

SﬁopintseG (1966) estimated that about 15% of the TOC

was volatile by comparihg the dry oxidation results for the

AN v

TOC from identical samples evaporétcd at room témpera;ur&

s

and elevated temperéture (50-60°C). The dirfference 1n TOC

values was assumed to be the result of the loss of volatiles

A

“vs

o
&
k3

\

1

“dep



at the elevated temperature but, while the rate of dvaporation

would be affected by an increasc in temperature, the incréased

-

loss of the volatile fraction during- the evaporétlbn 18

¥ ?
gquestaionable. It is possible that the 159 difference reported

2

£,
by Skopintsev was the result of contamination duraing the

extension of the evaporation period at the lower temperature

}
and not thelretentioh of the VOC. A direct injection method
for TOC was Qescribed by Van Hall and Stenger (1967) 1in

\ % .
which the VOC was estimated by an indiréct method:® ((TC- ..
| N 3

1Q) - TOC = VOC) but its’

(before purging) (after purging)

use was limited to 1ndustr1al¢wasteg‘whgfe up to 20% of the

o

-

TOC was calculated to be volatile.

11) Direct methods K}” : ‘. ‘

o A

The direct desermination of the volatiles has been

attempted with distillation, llqulq extraction, head—spaée

analysis, gaseous stripping, and direct injection methods.

\ .
a) pistlllatlon

Vacuum distillation of extracellular material- from
@ -

culturé media was used by Armstrong and Boalch (1960) to

extract and concentrate the volatile components which were

°

3 .
considered to include acids, aldehydes, ketones, and amines.
. -

- v

With thais approqch, concentrations of the VOC for culture
media were found to ﬁ? ﬂo—llO*ug C/liter énd for seawater
samples about 20—50‘ug C/liter. Steanf distnllation waé used
by Lamer and Goerlitz i}963) for the examination-~of 20

carboxylic acids in laké;waters, but the handling.required

B
N »
@ . Ras)
A L]
.
- .

2,

P
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i N e
was extensive. Ryabov, Rabivanets, dnd Litvinenko (1972)
. \ , 1

™

described a wet oxidation procedure in which the‘dist‘lllate°

[ ¥

containing the volatile Eompénents was oxidized.' Only' the .
organic compounds with a high volatility were méasured by !
this technique .and the appllcaqloﬁ to seawater éamplqs with

low congentration of organic material seems gquestionable.

A ' N

,Shortcomings oﬁuthg distillation method 1nclude'pote ti1al

T

thermal decomposition-of heat labile materials, incomplete |

1

removal of the volatile 6emponents, and the inefficiency of

-

th%‘trépplng procedures. ‘ o

3

b) Liquid - }iquid extraction’ \ ’

-

Low molecular weight acids from surface and deéé\écean

%

waﬂers were measured by Koyama (1962) and Koyama and Thompson

&

(1954) using a contlnuoqslextractlon for 3-5 wegks,. Concentration

in the 0-2.8 mg. C/liter range were found, but since excessive

1

samplé handling\was requireld the results may be suspect.

Using a dlsélllétion proced ré, Creac'h (1955) found concentration
of low Tpleculaf yelght acids in seawater in the 4-5 ug :
C/liter range, while Kamata (1966) %easured the volatile

aldehydes and obtained concentrations of 0-10 nug C/liter

over a 4000 meter profllf in the Pacific. Shortcomings of

this extraction approach to volatile analysis include the
variation in the extraction efficiencies with various

classes of compounds and the problems in' the concentration

of the volatile components which have been extracted.



c) Head-space Analysis , -

Corwin (1970) used a head space method for the analysis

S
° )

e

of low molecular weight ketones and aldehydes 'in seawater.

o

} Samples were withdrawn from the headspace and 1njeéted into
a gas chromatograph and a sensativaity of 2 pg C/later w;s
reported. The volatile organic dastribution was found to E§
irregular with depth and area. The volatile organic
concentrations were measured in the 8-40 ug C/liter range
with specific components, such as acetone, as high as 20 ug
C/liter in some ocgan samples. Hurst (1974) modified the
head space method\by using a liquad N; trap to collect and
concéﬁtrate thé volatiles in the vapour phase above the
sample. B?ssett and Ward (1969) discussed the huantltatlve
potential of the head space method. The method was found to
be 90% effective for high vapour pressure, low solubility

materials, like methyl sulfide, but as the volatllfty

“.decreased and solubility increased, the extraction efficiencies

-,

o

| . were reduced so that only about -20% of acetone and 1-2% of
ethanol could be extracted from an aqueous medium. The
. quantitative analysis of volatiles by this method is dependent

on the properties of the specific components, and standardization

. -;’////)%r calibration to the matrix of organics 1s difficult.

. d) Gaseous stripping \
. The efficiency of the volatile extraction 1s increased
g by the constant stripping of the head space over the sample
3 ) .
;
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a

This procgdure can be considered a dynamic headspace analysais.

t

Diffusion of the volatiles from the water to the, vapour

above the sample 1s maximized by the constant removal of the

I
ot

head space, as discussed by MacKay and Cohen (1976) and Liss'

(1973, 1975). The rate of volatilization 1s expressed as a

r o

»
@

flux. .

A

flux = mass transfer coeffiicient x concentration difference
of a component in sample
and heag space
C (mags/volume)

»

I' (mass/unit taime x area) = K (unit of thickness) x C
(unit time)

g
Il

flux 1n moles per unit area per unit time

. diffusion coefficient for a region of thickness
- between the two phases

%

=
i

The concentration difference (concentration of component

in sample versus concentration in head space or vapour) is

A

maximized by the constant flushing of the head space, and a
maximum flux of material from the water into ‘the vapour will
be maintained. The flux for 1ndiv1du§l components 1s dependent
on the mass transfer coefficient, or diffusion coefficient, '
concentration in the water, and concentration in the vapour

phase. Z/M

F =K ( C ) = K (

C11quid” Cvapour Ciiquid” P/H)

since from Henry's Law

P = HC vapour

-
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I' = mass flux
K = mass transfer coefficient in liguid
Cllquld = concentration of the component in llqu%d
Qvapour = concentration of component in vapour or head

: space B
P = partial pressure in atmospheres S

il

3 Henry's Law cqQnstant

The=efficiency of the dynamic head space extraction is
enhanced 1f the sample temperature 1s increased (20 fold
increase i1n head space concentration of volatile oraanilcs
for every é5°c increase of the sarple) and the stripping gas
1s allowed to run through the sampie {Mieure and Dietrich,
1975). The removgl of specific component; from sea@aten by
purging tbé samples with gas was shown by chromatographic i
analysis before and after the stripping (Pueschel and Van
Valin, 1974).

Different methods have been used for the concentration
of the stripped volatile materials. Mieure and Di%trldh
(1973) used a porous polymer of 2,6-diphenyl-paraphenylene
oxide (Tenax é.C.) to trap the volatiles from water samples.

They reported a sensitaivity of 1 ppb. The efficiency,
properties, and application of the Tenqé G.C. packing for

the analysas of yolatiles in seawater have been studied
(Russel, 1975, Daemer et al., 1975). An automated system has

/

been described (Dowty, Green and Laseter, 1976) in which the

3 .
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lvolatiles were stripped from a heated sample, concentrated

én a Tenax G.C. trap, desorbed into a G.C., and analyzed
with a minimum of sample handling.

Zlatkis and his co-workers (Zlatkis et al., 1973,.
Zlatkis, Lichenstein, and Tashbee, 1973, Zlatkis et al.,
1973, Bertsch, Zlatkis, Liebich and Schneider, 1974)
developed the use of the Tenax‘%.c. polymer for the analysis
of the volatile organics in air and biologacal fluids. ,
This approach scemed fea51bie for the analysis of volatiles in
natﬁral waters. 1In their method, the volatiles in the head
space from a heated sample (100°C) were concentrated on a
solid support (Tenax G.C.) and were analyzeé by GC-MS. A
wide range of compounds of varying volatility and boiling
points‘were shown to be ext;acted by this method.

A cold trap was used by Games and Hayes {(1976) to
'rncentrate the volatile organics stripped from a watgr
sample. The volatiles were oxidized and quantified as
CO,;, and while the method was 100%-efficient for heptane, 1t
was only 1-29% efficient for acetone. The more soluble, less
>volatlle organics were not extracted efficiently ain thas
approach. Novak et al. (1?73) ;%rlpped the volatile organics
from sample, concentrated them in a cold trap, and identified
them with GC-MS. At room temperature, they found that

organic substances with boiling points np to 140°C were .

stripped from the water and anléff101ency of extraction of

B

-
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4Q5502 was reported for the volatile componenté in the
sample. Concentrations of individual volatile constituents.
were determined to be of the order of 0.01 - 0.10 ug/later.

‘A charcoal trap was used by Grob (1973) for the
unallkatlve ana‘V51s of the wvolatile components in natural
w&ters. In an enclosed system, the purging gas &és recycled
through the water and the stripped volatiles were concentrated
on a charcoél trap and agalyéed with G.C.-M.S. The effective
removal of organic compounds up to C,,; from lake and drinking
water with a ppt sensitivity was noted (Grob and Grob,

1974). Tﬂe methods for the extéactlon of the'vblatlle
compounds from natural waters were examined (Grob, Grob, anq
Gfpb, 1975) and gaseous stripping was.concluded to be

more effectaive than liquid - liquid extraction for the
volatl%g componeAts. , .

Stripping methods were used in the aqﬁlysis of lower
molecular welghtchydrocargons (Swinnerton and Linnebomn,

1967) 1; seawater samples. The results (Swinnerton and '

res

L}nneﬁom; 1974 and wWilliams, 1975) were found to average'
ayout 0.01-0.10 pg/liter 1n the open ocean. Similar methods
were used to study the halogegated hydrocarbons 1in

fresh water (Lovelock, Maégs, and Wade, 1973). .

The method of gaseous stripping and concentration for

«y ¥

- the volatile analysis seems to offer high extraction
£

efficiency, good contamination control, and the choice of a
! [ '

Al
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trapping system most suitable to the materials of interest.

Hd@ever, methods of trapping and stripping must be optimized

#

for best results.

a) \ Direct injection methods

v

~

N
\\\\A direct analysis system 1in which the agueous sample

was i1njected into a G.C.-M.S. system and analyzed directly

<

was described by Harris, Budde and Eiggelberger (1974) .

Maﬁyoof the low mgleculdr weight materials were 1dent1frfd,

but the application was‘llm%ted to water of high organic
13 \

content such as waste wate€rs and sewage. This approach,

1f refined for natural waters, would ellmlnate%the need for

r

- f
the extractlon“and,concentratlon steps of other procedures.

s -
. »

@

3. Sources of V.0.C. in Natural Waters ,

The volatile organic materials are a fraction of the

T.0.C. and their sources 1in natureushould be similar.

The volatiles br low molecular welgﬁt organics are s
introduced to natural waters by biological actavity,
1hfluence by man; input from ;errestlaL éyséems and chemical

reactions. '
N & 1‘.\
- ¥ .

a) = Biological activity
. ] ’ o
The excretion and secretion,of low molecular weight

organic materials from organisms (plant or animal) or the
1

decomposition of these materials should Pe‘a sdurceqof,volatlle

organic material in natural waters. Low/mmlecular welght

«



n* N (

- »

TloaniTia natuse, nave wcten reporied as by-products of
§ ’
1

rrrvury rrzcdictovey ahd extracellilar production {(Wancersky,

T ey s W -~ - £ ~
sarizavian <of the wvarsety of oroanic corpeounds
:

 Josefsson (1972).

-

LI

~oean 1o wo o enpented was presentoed

° L]

srretrong and Roalch (1960) gstimated the actual quantity of

-

' ' g ‘
- sat.ie materzal which can ke produced in an algal calture

; ~Loat 1dsi¥s g .C’liter).  vany of the low rolecular wergnt
<

Trtani te nave peen linked 0 Liclegical activaitv. Included
4 -
o

v

1. thie yroun are hydrocarbons {(Lamontagne, Smaith, and
“winnertor, 1975), acids (Koyava, 1962, Shah and Wright,

[
Dracker, 1970), aldehydes {(Arrstrono and Boalch, 1960,

L8975, and ¥arata, 196C) ketones iCprw1n, 19704,

. \ i :

Iertseva et al., 1864, Armstrona and Bealeh, 1960)
[ 2 L d

arine acrdy {Degensg, 1970), and organic sulfur compounds

‘Loveluck et al., 1972), N
omn amema— . \
I3y Irfivence by man | ' .

1 .
cular organics are produaced by man an& are

lﬁtf@%ﬁped into tne piosphere. Zrn estimate of the rates of

-

e mel

i

tnc input of a number of synthetic volatile Organics was
pré@ented v Goldberg (1971). These syntﬁetlc materials

1nc1ud¥d ai,ehydes, arines, ketones, esters, hydrocarbons,
z ’ Y
aaloqenatedﬁhydrocarbons, ethers, alcohols, nitriles, and

j -

) . :
sulfides. [These volatile materials may be introduced into
I 4
the dcean ﬁy wind or drainage systems. ‘ng molecular weight

A f
e

’

wailin may Le velatilie ander tne eoniintions,
v

s

-~
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Vodrovarnons wwel measured in cceanic waters by Swinnerion

¢
L4

and Larrntagne 11974). The unsaturated hydrocarbons have

1
) |
t

piolecgical sparces, but the < ~C, saturated hvdrocarbons

~hich uad not appear to be tne result of plankion activity
&

nay have been added by tne activities of man. Many of the

low molecular weantimgferlals being added by man have toxic 4

and carsinogeni¢ properties; even at ppb concentrations

. tnese materials may be poteniially harmful to biclogical

systers in the natural environments (Pellizzary et g}.,

1976, Button, 1971). A review of these expected compounds has

been bresented by Duursma and Marchand (1974).
i Shdre,
<) Input Yrom térrestial system

-

'reshwater systems are high in organic carbon {1-20

-

ppm), and higher inputs of low molecular weight materials are

:

to be expected. However, effects should be localized, and

little large scale effect on the oceans ais to bé exp%cted.

»

. 1
The ainput of vnlatile materials to"the.oceans would be

further reduced 1f "salting out" effects occurred at the

.

salt-fresh water mixing zone. ' -

d) Chemical reactions

@

L)
Low molecular weight organics are possible products of

- N N

chemlcalfreactlon 1n.natural systems. The presence of

halogenated hydrocarbons, in drinking water (Dowty, Carlisle,

©°

/ +
and Laseter, 1975) could not be explained. by biological or

poliution sources only: Aerial and oceanic distributions of

v

~ —
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the halegenated hydrocarbons (Lovelock, Maggs and Wade,
1973) wvere explained as a\combination of all three sources
of input (blologlcﬁl, synthetic, and chémlcal). Creac'h
{1955) showed a photochemical producticon of acetone,
aldehyde, acetic acad, formaldehyde, and formic acad when
citric acid and malic-acad were irradiated in skawater with
3100 %‘llgnt. Préduction of C,-Cy hydrocarbons was ccnsxdered
o ke tne result of photochemical breakdown of the dissolved
organic matter (Wilson, 1970). Zika (1977) reviewed
photochemical reactions in seawater and showed Lﬁat low .
molecular weight organics were produced by the photodecomposition
under natural light conditions of amino acids at the concent-
rations found in nature.
4, Distribution of VOC in natural waters.

The\dls%rlbutlon of the volatile organic material ain
the aqdatic environment has yet to ke fully understood.
With indirect methods, the molequli; weight distributions of
the organic matter have been examined and a rough'ldea of
the\geographic and depth %roflles of the low molecular
weight organlcé has been obtained. Ultrafiltration tgchnlques
%ere used to show the molecular weight variations in an ,
estuary (Smith, 1976), and a large fractions was noted to AN
have a molecular weight less than 1000 (30-40%). In ocean

water, Ogura (1974) noted 24-42% (averagé 33%) of the organic

material passed his Diaﬁi:ﬂUM—OS filter, which had a 500 molecular

}
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woeight cut-off. The percentage of the low molecular weight
4 % \ a

material decreased with depth, although deep open ocean,

samples were not examined. If these numbers from ultrafiltration

i

were accurate, then the upper limit of the yolatlle fraction

of the TOC would be set at about 30%, which was the fractaion '
of TOC w;th molecular welght‘less than 500. Baturina et al.
(1975) qud ultrafiltration for surface and deep water in the

cquatorazal Pacific and found that about 60% of *the organic l

¢

material passed through a 500 molecular Qelght membrane
filter. With depth, the amount of material in this low

molecular weight fraction was reduced to about-50% of the

total. This higher estimate of the lower molecular welght
fraction might mean that this fraction 1is more sigRfificant ’

|
than the other workers had determined.

s
Y

The shortcomings of thais indirect approach are shown by
the lack of agreement and differences in the interpretation

obtained by a similar method. Axhxrect quantification of

e

the VOC 1s required to answer the quesklohs pertaining to

- K

the d;strlbutlon of the volatile component of'-the TOC. i
The principal sourtes of the volatiles %A the natural J>

system havebbeen presentedf If tﬂe qssumptlons~wére vallq,

a prediction of the expected distrlbutlons in the ocean

~§ystq@ can be made.

i
AY

. In areas of high biological prdductivity or actavity
‘ ' ¥ Ra
with higher-rates of secretion, excretion, or decomposition,

»

-

13
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an increase in the VOC concentration sheuld be observed.
During periods of biclogical bloomﬁf%he vocC cencentrat&ons
should be influenced. The suygace zone 1s the area where
photochemical reactions and biological produttivity in the )

oceang,are occurring, so that hlghér valueg of WOC should be
J ‘ ‘ 4
measured in the surface zone, with the amounts of voC

¥
decreasing below the ecuphotic zone. The influence of man on

the VOC concentration in the oceans should be localized and

would be‘ﬁlghest 1n areas of large population, heavy
industrialization, or shipping, and this fnfluence may be
more important to the dlst;ibution and quantity of specific
constituents than to the total VOC concentration. The

|
input from fresh water systems,sﬂoul@ have little large

)

scale effect on phe VOC concentrations in the[ocean waters.
¥

“
L]

Geographically, higher values showpld be found, in areas of

»

high biological activity, of input from coastal regions, or
under the influence of man. In vertical profiles, higher

\
values of VOC in the surface zone, decreasing concentrations

\

of VOC below the cuphotic zone, and relatively constant
concentrations of VOC with depth except in anoxic areas should
w

be expected. The qualitative distribution of i@leldual !

e

velatile components should better reflect these influences, but

~

a quantatative chdnge was also expected to be detectable.

However, 1f the volatile fraction is extremely labile and the

\

rate of consumption or decomposition balances the rate of production,

»
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then little chgnge with the different influences described

» \ .

nay be observed.

i . A \ N
5. Role of VOC ain Natural Waters ? i ‘

-

The yvglatile fraction of the TOC may play an, important

zx
' ¥

part in the cgycle of organic carbon 1in the natural, environment.
The+low molecular welghé "volatile" materials may be,an '
integxal part of theipathways for the removal (phvsically-
“vapouggzatlon into the atmosphere; hémlcally - breakdown jto )

\

-
» more lablle materials or complete remineralization; biologically -

\ -

more easily utilized by organisms) of a fraction of the TO

O o

N 1
from natural waters, .These organic volatile materials may \
. R * * T ! »
bc easily utilized, decomﬁbsgd, and remineralized, so that
] o . o . 4 \ N

their role in nutrient regene?atﬁgp may.qbe very important.

A ‘

v ¥ 0%
3 » v ®

Also, the anfluence by man ﬁ the natura#iiystém\can be -
nonitored by the examinatio o% the velat¥le components which '

© »

are known to be of anthropogenic o;igln. JIn situ production of

volatile organic materials by non-biological systems, such as

-

thermal reactions or photolytic oxidation or reduction, can be
folldwed. 1Insight into the importance and the extent of

these reactions in natural waters:can be obtained. .

‘ A
6. Study cf VOC in Natural Waters ‘

A ©
.

In this stddy, I have developed a direct method, for the

precise and accurate quantification of the VOC 1n seawater.

3
'
e N

»
*
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°

I have examined the distrabution of the VOC in various .

marine environments. The VOC results have been presented

both as absolute gpncentrations and as a ratio of ‘the '

volatile to the total organic carbons (VOC/TOC), which .
allowed for the noghallzation of the volatiles as a . .
percentage of the TOC. "I performed a series of experiments
which were designed to‘R§OV1de information of the possible st
4 \S
origin, role, and fate of :the VOC. These studies aXxe '
,1nterpretegd and discussed with respect t? the total ogaganic ’
h \ : .
carbon pool and 1its dynamics. )
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B Development of Method for VOC Analysis in Natural Waters

1. Sampling ¢

\

The accuracy of the analygis for the volatile fraction
‘ > £

was dependent upon the collection and analysis of a sample

that had not been changed from the time that i1t was in nature.

v

The loss of the VOC had to be minimized and introduction of

contaminants from the air or sampling apparatus had to be

s

prevented. ¥

Niskin bottles (General Oceanics) werg used for the
\

sampling and, when possible, they were fitted with stainless

IS

steel springs instead of rubber tubing. The presence of

“

rubleX in the sgmbler, however, was not observed to be a
problem. Another potential problem with the Niskins that

had to be considered was that they must pass through the

@

surface film open and the inner surfaces of the bottle may -

(4

become coated with organics which could contaminate the

L3

deéper samples. This did not appear to be a major problem

in the quantification of the VOC, but if gqualitative

énaly51s was requlrgdﬂ this contamination of the bottle
. .

passing through the surface zone might have been more
\ 1]

critical. " s

LY

" Care was also required in the transﬁer of the sample

[y .

from the Niskin to the sample bottles. The samples wereQ

Q 1
withdrawn €£#em the Nis&ins as soon as posé!ble after the

. . % g 2 s
cast in order to minimize the contamination from the Niskin
> ' 4

%
v - Y
.
I '
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or the atmosphere and to protéct against vapourization of
the more ,volatile materials in the sample. The procedure
used for %he withdrawing of samples for dissolved oxygen was
followed (Strlcﬁland and Paréons, 1968) . This prevented
bubble formation and minimized the chances of loss of the

1

volatile ofganics during the sample transfer. The sampled

»
= 1]

were frozen during storage, so an air space was required 0
above the sample to prevent breakage. The-samplé bottles

4

were 650 ml amber bottles which had been cleaned and baked
(150~200°C). E;ch bottle wa; filled to overflowing with the
sgmplé from the Niskin and then mercuric chloride (0.5 ml of
3%2) was added to fix the sample. The use of HgCl, for éhe
preservation of samples against biological alteration was
recommended.by Yoshinari (1973, 1976). After the sample was
fixed, 50-75 ml were quickly poured out and the-bottle was N
capped with an air tight plastic coated metal'cap and then
frozen. Microbial dgcomp031tlon or production of volatiles
during storage before analysis should be eliminated by the
use ?f this procedure of fixing and- freezing the sample.

This sampling scheme seemed to minimize contamination and

good reproducibility for VOC analysis was obtained.

>

" 2. Conditions for the Extraction of. the VOC from Water

In the preliminary development of an extraction procedure

for the VOC, I tried a steady state straipping method from a
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heated water column. The purging gas was split after
pa551ngdthrouqh the water sample and half was carried directly

to one side of a Lira Model 200 dual cell IR detector, while

'

the other side of the Lira received the purging gas after
beyng oxidized in an oxidation furnace. The difference in

the measured CO, in the two streams was the result of the
\

oxidation of the volatile fractioh (Voc(organlc material

.

removed by stripping)

VOC' analysis was lamited to high concenttrations of ‘non polar
’ \

material (ether, heptane) and was not sensitive enough for

the low concentrations found in natural waters.

+ IC) - IC = VOC). This approach to

The method that was accepted for the extraction of the

'

b Y A
svolatiles from water was based on a head space Ctr%ﬁplng

procedure in which the heated water sample was' purged with

N, (Mieure qu Dietraich, 1973). .
a) Fffect of Temperature on Extraction of Volatiles
Since the heaélspace concentration of the volatile is

increased (20 fold increase 1n concentration for 25°C

increase) with sam;le heating, a hlgher temperature (80°C)
was used to facilitate the removal of the VOC. Howsver, care
was required to ensure that thermal breakdown of larger
organic materials was not a major source of measqred

volatiles. The problem of contamination of the VOC values

from this source was not indicated in the results obtained.
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|
Thermal decomposition would have been suspected 1f unusually
large concentrations of VOC were found or if no decrease 1in
the rate, of extraction of the volatiles was observed w1ﬁh
time. An upper limit was placed on the temperature of the
sample during the extraction, in order to limit the &amount
of watef\évolved. Water was an interfering materaial, and if
evolved in spff101ently‘large amounts, 1t reduced the efficiency
of the traps and clogged the cold traps more.gylckly. At a
temperature of 75-80°C, the extraction of the volatiles was
increased but problems of excessive water vapour and thermal
decomposition were not observed.

The amoun; of volatile ﬁéterlal removed in a perlgd of
stripplng 1s dependént on the water\temperature (Figure 1).
Using the same extraction procedure for identical samples,
the amount of VOC measured in the same period of time was
observeé to increase as the sample temperatures were
increased from 30-90°C (Table 1). The rate of extraction of
the volatiles was found to be 2-3 times faster wiith the
heated samples, and extraction times could be reduced.

The complexity and range of the 'extracted volatiles should

be expanded, since materials which would be missed or incompletely
strapped (organic compounds with higher molecular weight and
higher boiling points) ak room temperature purging should be

more efficiently extracted from the heated samples. I used

this more efficient stripping procedure in thas study, and

LR 4
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Tenperature Lifoct on Rate of

TAYLE T

Straipping VOC Irem feawator p
1

Sample Temperature Time of
} S

©

Organic Material Rate of

Straipping, Straipped per Removal fromw
(Lx.) Liter the Wkter
v {ug C) (hwg C/literx) /hr.
I 30 11.5 €.09 /0.57 ’
7.00 ¥
60 1%.5 10.10 0.86
8.90
90 11.5 14.90 1.33
. 15.80
2. 30 9.0 4.3 0.50
4.7
80 9.0 .2 1.13 .
11.2
3. 2 9.0 o 7.39 \ 0.87
80 9.0 23.11 2.57
4. &5 9.0 18.74 2.20
20.9L .
80 9.0 44.16 5.30
. v . 51.20 -
J 4 °
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rny working definition of "volatile" includes the organic
materials extracted under these conditions.

b) Extraction Containers and the Systpm Blanﬁé ‘

. »

’ The extraction of the VOC™ from the water was carried

. - [

out either directly from the amber sampling bottle in which

a

the sample had ‘been stored or from a stribplnd'chamber to
which the sample was transferred under N, atmosphere. A

sample size of 500-600 ml was found sufficient for a reliable

»

and precise analysis of the VOC in natural waters. .
Contamination from the sample bottle, sample handling,
or the stripping procedure was estimated by éxamlnatlon '

of the calculated cohcentratiop of thg VOC from different

v

volumes of the same sample. The sample with smaller volumes

Iy

would be expected to .-be more affected by-the contamination,
and to show hlghe€[VOC céncentraiioﬁs} ‘Phe results from*
such an experlmeﬁt with various saﬁélgqvolumés from identical
water were analyzed and quantafied (Table II).' An 1increase

1n tHe calculated VOC concentﬁations r the'smaller sample

volumes was moted, but the volume effec on thre 651culated

’
—

. VOC was not excessive and a system blank of about 2.5 ug.C

e

per analysis was estimated. For average samples of-500~600
ml this meant that blanks were about 4-5 ug.C/liter. When
the calculated VOC concentrations in Table II were corrected

for this system blank, the concepntrations from the various

a4

-

)
@

g - remp—

\
o
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gijtfi*gf Shgpﬁx_xolnre on tﬁe Calculated VOO Sonccngiafipns
Sgmple ‘Samplel VOO | Calculated Calculated

1 \ © Volume Measured, VOC ' voe .
- ( 1.} in bample Concentration Concentration

{(Lg.C) (Uncorrected {(corrected for
' ? pr blank) blank) _ .

) - . “{Ug.C/liter) (Le.C/liter)
T T T T i
1. tap . 115 4.53 .. BQ 40 17.€5
‘Seawater 16% ‘5.91 35. g1, 20.67 |
, o 330 7. 89 + R3. 91 L : 16.33
-, 385. 8.44 1.92 15.42
R 490 10.43 | 21.29 1620
© ® MEAN ..\/ . =
‘2. Tap 350 3.12
Sedwater + 400 4.06 .
b ) ]

svo‘v 4.90 .

MEAN = ¢ om

3. %ap .. 350  3.92
Seawater 550 5.06 -
MEAN, = PR :
".‘. ’ * ‘
L) - ) -
i" * *
vt' & ’:‘
Recovery of Acetone Addeé Dlrectly to the 'L -:
‘ qtrlpplng Chanber Wltﬂbut»Watef
Amount of ‘Acetone’™ = Amount  of Acetonme | = %'Repqvéfed
Added S e, % easured LA |
(ug C) . g C) R N C R
y ' ’*P - ,: \ e
s . T s, 42 , d - 108,
12.5 .- e IRBIY ©, - 101 “
12.5 - , *.10.03 - . .- 80 .,
25.0 ‘ 725 ?} ﬁ T . t- 103 ¢
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sample volumes were in good agreement (+10%).

) Effect of pH

o

The vola;ilch*which were of thc rost interest in this
st ddy wcrelthoseféompounds yhich‘were poﬁential&y‘evolved in
nature. Therefore, the pH of Whe systew was left at the
natural value (pi = 8.1-8. 3. During the stgipping of the
segwater sampké:with the inert'gadé (N;) a slight incr¢ase in

the pH (pHV% 8,5—8.8);was:obServed-as the 1norganic CO; was

a

swept from the system, but the use of a buffer did,notvéeem

warranted. When seawater samples *were extracted at.a low
‘ : . .

pH (2.0) and at an elevated plH {9.0), no significant dif%erehqe

L

in the quantity of tke volatile organic material extracféd '
‘ . . ¥ - /r
was>found. However, as the pH 1s varled the spec1f1c'\

¥

components that would be" strlpped from %he sample wouId be \

*

expected to change. Thls 1s an area where future work ’ -

with qualitative methods may provide some interESting . B
* . o . e . . b
answers. _ ) - , .

.

3. ° Concentration ofvthe voC extracted frbm natural waters -

'After the VO& had'been éktractéd from the wateri ' o

’

‘samples, a. system was requlred which would quantltatlvely

(1Y

trap the materlal.k This system should have a mlnlmum of

1nterference from the water or the .CO2 that are evolved o

« v .

durlng the extractlon from seawater samples. .'g e

-
»  ? [ -
> . .
. . .

e . LRI ¥ . .o
. “

. ok .
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a) “hoice of trﬁpp}ng sys;em | i _ ‘

A Cmeination,o; a cgld trap ZZS\Q\iSlld adsorbent trap -
was use& to concentrate the‘volatiies. Fase in handllnq, |
sturing,'and deSqrﬁing is provided by the solid adsorbent
tray, wﬁilc a betéer trappinq ability but lees’flexibility is
found with the cold_}rap’(dry ice or liquid N})'

I tried several solid subédrts which had been reeommended
by other workers (Chromoserb 101, Chromosorb }05, Pofepak O
and Tenax G.C.). Chromoserb 101 was eliminated since it was
found to break down‘underbthe conditions used. Poropak Q -
Qpé usel (Takahashi gg‘él;, 1972f fo trap volatile orgenics‘
but the contamination prebieme (Hurst, 1974), such as thermal
' break dan and column* bleed 1ed to hlgh blanks sO. its use
was dlscontlnued.' Chromosorb 105 is an 1ntermgd1ate\polar
- polyaromatic tjpe-porous polymer on whlch‘the organics were
suceessfully'trapped, but gréat‘cafe-was requi;ed to
prevent thermal breakdown and cq%pmn bleed Tenax G;C.

(2,6~ dlphenyl pﬁphenylene oxide) was found to fulflll most

of the reqﬁlrements expected for a packlnq materlal and had

been used successfully\;n qualltatlve work (Zlatkls, 1973,

‘1974, Mieure and Dietrie;) 1973r. The adsorptive properties

of Tenax G.C. for the cone;;tratioh of organie componznts,

expressed as breektﬁroth volume:kﬁussell,>1975), areeacceptablé.
| Tenax’GuC. is a porous polymer which has a high maximum

. temperature (375°C) with no organic bleed noted below 250°C..
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* »

The Tenax traps were casy to handle and prepare é;d long
_Folﬁmn life was found. The qoldmns werelcénditioned at 250-
275°C and were desorbed aﬁ 160-200°C. No brqaniq bleed .was
recorded in thé analysis and éélumn pé;forﬁéncé and eﬁficiency
were noﬁ.adverselyﬁaffecéed by the water conﬁact (Janek et
gg;,»1974)ldurinq the sti;péing,pfocedure and by the répeated
condltloning. A minimum offﬁatgr<and CO, are retained by |
the Tenax G. C. 1Initlally the Chfombsorb 105 was usea in
‘conjunctlon w1th”thé Tenax G.C., with the aséumption that:
some of the. materlal lost by the Tenax would be adsorbed by
the:Chromosorb Any quantltatlve beneflts were negated by

-

‘problems in the contamlnatlon and care of handllng requlred

w

-by the Chrcmosorb 105, so the use of the Chromosorb 105 was
elimihéted.' The ttap that wasf;hosen for the concentration
of the voiétile organic material extracted from’a‘wéfef |
:sémple was a 25 cm;léng‘stainle%s steel (1/4},O.D.) tube
.pa¢ked’with 2 chof 55/60 mgsh-Tenax G.C. (Applied:SCience).‘ i-k

b)’ Conditions for giﬁi?ntrating thé voc

Tenax G. C. haé a 1ow'dolumﬁ efficieﬁcy; and’ at' flow
rates greatet,thani20;25fml/min. the>adéo;§ing effici;Lcy .'-N
is reduced rapidly. For-the?initi;l trapping period of;my.
éxtraction)_the stripping gas (Nz{'was‘fun“at*§0-40 ml,/miq. .
and the :etentidn_efficiéncy of ihe bolﬁmﬁ\ghoula have.geen, C

reduced. To' compensate for this; I placed.a dry ice trap
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(-78°) in line after the Tenax trap.to catch the organic

- - -

materials which the Tenax was unable to retain under these
flow conditions. This combination:of tfapsrproved quite
ef fective. The initial extraction time could’he‘ihcreased

PN

if most of the water that was vapourized during the stripping
step was condénsed from the carrier gas before the traps.

After the first"stage of the«extraétion was completed and

i el st '

the traps removed, flow ratesisfor the‘stripping gas were
reduced to about 20 ml./min. and thé Tenax trap was used

3 ' & - . - 2
alone for the concentration of the volatile organics..

*

With this extraCtion procedure, the more volatile

vmaterlals should be remqved from the water sample in the
first stage of the extractlon,\ggd w1th contlnued strlpplng
‘of the sample some of the more soluble and less volatile

~organitc materlals that are more difficult to extract should
o_

be removed. An even moge effxcment Strlpplnq of the water

“sample should be p0351ble w1th a fagter flow rate of the

-
- —

purglng gas (greater than 50 ml./mln.), but ‘with the slower
flow rates (20 40 ml. /mln thé potential bontam%nation of
‘the traps with non—volatlle organic material carried in the
"aerosol rather than ln ‘the vapour phase, should be

mlnlmlzed ‘ i _ o . o 4 ) i | B

. @) , EfflClency of the
T the vocC \

o A%\ﬁﬂgziétioh'of’the potential efficiency of the extraction

‘xtraction and Concentration of

’
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‘and trapping procedure for "the VOC analy51s can be obtained

-

by the analy51s of standard materials. In my extractlng

system, a aprubblngvtlme of 4-6 hours uﬂder faster flow (30~ .

40 ml./min.) and 14-18 hours under slower-flowa(20~25
ml./min.) neant tﬁat the 600 ml. amber sample bottle was

| flushed an equlvalent of about 50-60-times with the strlpplng
gas (N;) during the-extrqotlon., The eff}c1ency to be expected

’frqm the srrippiﬂg, extractino, and trapping system in my

;analysis was measured by the addition of acetone standard
solutions to the large aﬁber sample bottle with no water

’ ] -

present (Table TIII). The vblatile materlal was extracted

\_

with the same.procedure* used-for a water sample. 'The

M ‘s

effgciency of the removal, problems of absorption to"the

‘container or condenser, colunm‘effL01ency,.and completeness
* t
of the trapplng for this acetone standard were tested and

hlgh-per cent recoveries or tﬂe‘acetone‘(98%)‘were recorded.
;The‘feesibilit}‘and potentia1~accuracy'of>my'extractiod
procedure for the quantitative analySis of the small g
Quantitles of the‘VOQ-éxpected inrnetural samples geeéemed '

acceptable. a . : : “ i'.“,

4, Analysis of the VOC

-

pressure, low b0111ng pomnt) organ material was stripped

~

After the "volatlle" (low mol;;glﬁm welght, High vapour

and concentrated under the condirloné of my extraction o

procedure, elther a quantltatlve or qualitative analy51s
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could be carried out. In this stgdy‘the interest contered

on the the quantification of this VOC.'

1 -3

\

A\

a) Interferences in the Quantification of VOO
i

A detectlon system for the VOC was designgd in which
the extracted and concentrated organic matter wa oxldxzeg )
1

in a high temperaﬁhre (900°C) oxidation furnace and the
\

CO- produced was analyzed witk a non-dispersive IR. ~ The ’

\ A «

actual system will be described in more detaill presently.
In dnalyses that are based on the oxidation ofitheaorganlc

matter and the measurement of the Cbg, the interference from
the i1norganic CO, in the seawater samples must be overcome.

!
Whifle inorganic CO, was not adsorbed to ahy great extent by the

Tenax G." C., enough CO. appeared to be absorbed so that the“
analysis of the small quantities of VOC was affected. " The
interference from the igorganlc Co, 'was overcome with the
use of a ﬁroceéure where the material tngpped on the Tenax
colu%n‘%as desorbed (160-200°C) with a flow of N, (35-43 ’
ml:/mln.) for 35-45 minutes ainto a stainless sgeel U-tube

{50 cm. ; 1}4";0.D.) which was placed ih a Dewar' flask ﬁacked
with dry 1ce (-78°C). The organic materials which ‘had been
concentrated by tﬁé Tenax

)

trap (—58°C), but the inorganic CO, was not. This 1norganic

trap were trapped by\fhe dry 1ce

i
CO, was monitored with the IR detector as it passed through’
tHe dry 1ce trap. In the preliminary work, liquid N, (-196°C)

was used as the desorption cold trap: but at this temperatur{\

——

.
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.

the 1norg5n1c 0N, was also trapped. The efficiency of the
dry 1ce (=78°C) trap verus ‘the liqULd N%(~l96°c) trap for
the trapping of a volatxlb materlal llke acetone was found
to be almost mdentlcal In bcthxgold traps, the vapour
pressure ‘of @ost of the volatile materials 1s cxtremely low

(Games and Hayes, 1976). However, the dry ice was preferred
[ ] }

l

1 4

as the cold trap since the interference from the inorganic

€O, 1n the quantlflcatlon‘of the WOC was eliminated.

Y

The Tenax trap was desorbed at 160-200° C under a flow

of Np. The organic materials which are desorbed will be

limited by their boilang point, and the interference from
high boiling point nonvolatile organic materials, which might

have been stripped from the water sample into the Tenax trap

'

in an aerosQl rather than in the vapour phase, should be
L

mlnlmized: Problems of oxidative breakdown of the larger
molecular wéight compounds or the coluﬁns packlng;(Tenax;_
G.C.) were retarded by the desorﬁ%ien under a N, atmosphere.

b) Oxidation of thg VOC —

]
~

The volatlle organic materlal from the Tenak ‘trap wal .
collected in the cold trap (-78°C). .This was then quickly
desorbed into the oxygenated zone of the high éempe;ature

oxidation furnace‘(850-950°c). The organic materials .were
% & i

carrried to the oildatlon zone through a quartz tube (20 cm.
' O
x 15. cm.) which was malntalned at 150°C. Since thais tube

L a

\"*‘-ﬂ
was heated water build up Jox- volatlle organic absorption to
- , ) < )

-

-

LY



the tube were prevené}d and the transfer of "nonvolatile", .

v

~high molecular weight organics was limited. Interference

-

from water was not found to be a problem, and after the o

| )
4 \

oxidhtion the water was removed with a condenser and a ,

* i

drying column before the oxidative products reached the .IR

\
detector. \

© .

c) Calibration of the detectidn system
An acetone standard (0.5%) was injected into the Tenax
column and then analyzed with my detection system. The

| §
acetone was desorbed from the column into the cold_trap {(-78°C)

v

&

? & s
and then the acetone was flushed into the oxaidation

furnacé and the résultlng CO-» measured with the IR detector.

°

A,simpler and faster procedunre was the injection of this

acetone stamdard (2.5 ug.C/liter) into the stainless steel
U~tube which was used aé the cold trap. This was then

heated and the magerlal analyzed. kgsults from b*th procedures .,

were gssentially the same, but the latter method was faster.

A linear response from the IR detector over the range of <

concentrations expected in natural samples (0-25 ug.C) was
§
obtained. The peak shapes were very sharp and symmetrical, - -

and the calibration lines were linear in the desiréd concentration

»
-

-
range., N ] .

»
A

5 Accuracy and Precision of the? Method for the Determination

of the VOC in Natural Waters.

n
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a) Analysis of Standard Solutaions

The evaluation of the efféctlveness of' the stripping,
concentration, and analysis steps for the gquantification of
the volatile fractiog pf the organic matter in seawater was ]
attempted by thevanaly31s of standard materials. Standard
sa%utl?ns (classes of expeéted volatile ma?erlals) were
ln]ectéd into seawater samples which had been previously
straipped of most of .their "volatile" componentsi After the
standards were added, the system'used”for the determination
of VOC’ln natural samples was employed. Care was taken to

prevent atmospheric contamination, and the effect of the

system blank wds moniltored.

. 3

Acetone was used as a test material to, check the
effectiveness of the method: since acetone 1s water soluble, '
has a low molecular+-weight and a high vapour\pressu{e (760
mm at 56,5°é). Acetone 1s a volatile haterlal, but\lt 1s -
quite difficult to extract from agueous medium because 1t 1s
highly sglubla (Games and Hayes, 19765 Ryabov et al., 1972,
Bassette and‘Wade, 969). With my- extraction proceduge,
over the range of 0-100 pug.C (in sample of about 500 \

ml.), the extraction of the acetone was almost gquantitative -
(Figure 2). The linearity of the calibkation line
appeared t? breakdown‘forythe higher acetone values (122.5

ug.C) which were probably beyond the linear .range of the

! ]
infrared detector. With these points omitted, a high linear

e »



eorrelation wasgfcugd (r=0.98) and the slope (0.97) was
close to the theoretical value (1.00) for the quantitative -
removal and detection of the acetone (lane in Figure 2).
Over the concentration range of 0~-200 ng.C/liter (Table 1IV),
the extraction appeared to be complete and reproducible. An
average % recevéry of akout 110:20% of the gcetone added to
the scawater samplés was calculated. Thus, my method should
%e feagible for the extraction and analysis of organic
materials of similar solubility and vapour preéﬁure in an
agueous medium. ¥

This same procedure for the analysis of VOC was used:
for other classes of volatile organic materials which would
be expected to be present in ﬁqﬁural waters. Some of the \

classes of compounds that were included ain thais study were
hydrocarbons (heptane), aldehydes (butanal), ketohes (acetone,
methyl efhyi ketone), alcohols (methanol, 1so~propanol),

eéhers (diethyl ether), acids (propionic acid), esters

(ethyl acetate), amines (ethylene diamine), nitriles (acetonitrile),

<

and aromatics (benzene). Not all of these organic compounds
have equal solub}litles or vapour pressures, and an indication
oé the limit of the extraction efficiency should be prov;ded.
The efficiency and rate of their stripping from the' seawater,
the completenéss of their trapping, and éhe accuracy of their

analysis was obtained and from this, an 1dea of the type of*

.
volatile components, that could be ‘expected from the natural
it 4

5
o

. M. o

¢
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» ] w
'ig. 3-2; LBffaciency of the extraction of acectone added to "
seawaler samples (500 ml).. The dashed line reprcsentgx
the adeal extraction. T . e
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, TANLD IV

« ——— . e ' -
1fficrency of the Extraction Method for%tho Analvsis
= v
of Acetone Standards Added to Secawater

Acetone Calculated Measured 2 Recovery
Added < Acetone Acetone
(ug C) Concentration Concen teon
(uer C/later) - {ua C/liter) .
5.0 10.0 ' 13,97  ° .140
G.o = »12.5 14,40 115
10.0 20.0 19.0 Lo 95
12.3 24.5 31.15 - 127 »
12.5 25.0 \ 26.30 ¢ 105
15.C 30.6 SO 26.18 87
24.5 "73?\ 56.95 - 116
25.0 500 ' 46.00 92
61.25 122.5 - *121.50 99
122.5 245.0 183,00 7§
| P
" < ’ ‘
| BT = .
“. . o ° &
L4 :" -
] 0 ’ £
o : )
v ° { ° »
—~ Y N N ~ ( '/
\ s o ¢ ' .
\ * . .
: - L *
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samples was obtained. TI'or most of these standard

o
4 -

compounds, the recovery of the added (Figures 3 and‘g)
{

materaial was high and a linear response was noted over a
wide range (0-125 uyg.). Poor recoveries were noted with the

organic acid (propionic acid -~ 27° recovery) “and aminc
- Q

(ethylsi@ diamine- 44% recovery), which may be an indication
" Boegs . v

that ander the conditions used gor the extraction®’, these

‘ organic materials were Jjust too polar and soluble and not

volatiles enough’'to be strapped efficiently fxrom the seaﬁ%&er. .
’, -

The calculated and measured concentrations of the standard’

-

solutions of the velatile compounds were. compared (Table V),

and for most of the ‘materials a high average per cent
N ] &

recovery (104520%)”was?hotéd; with a range of 55-145% for |

N

all mlkeria;g except the acid and amine. The wide range of
% recoveries (55-145%) 1n this work will probably be reduced
by better control of the standard preparation, standard .

)

addirtion, and blank correction’. Since a high recoveﬁy,of

the standards with my extraction procedure was found, sumilar

"

results for the VOC in natural samples were expected, and my

.

analﬁtlcal.procedure for the qhantifiéation of the VOC an,
seawater appeared to be acceptable ag a routine method for

the determination of the‘volatileg i1h natural samples.

b) Accuracy. of the VOC analyéls : 4

»

Saince thé exact matrix of the Vvolatile components and

14

their concentrations in ‘the real system are not known, the

»
¢ -3

Fed
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* Fig. 3-3: Efficiency of my extraction procedure for volatile .~
! compounds adde@ to seawater samples (500 ml).
- ‘A - Acetone - : :

B - 2 - Butanone ' . ‘ !

Diethyl ether ) v
Ethyl acetate - .
Ethylene' diamine re .
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-

F - Benzene = - .
. ' Fig. 3-4: Eff1c1enéy of my extraction ﬁrocedure fdi volatile
- L B Q compounds added‘to seawater samples (500 ml). N ‘ -
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. if1uaepey AL Tatraction Trow Seevater of Verious dorpounds

vompound  Aroant Calculat: d Measurod T Recovery
Added to | Addeu Concentration  Concentration
feavater (g C) (vg C/liter) {1g C/1liter)
l.Leptane 50.0 100.0 ©12943 120
: 100.0 200.0 248.4 124
2.Lutanal 6.8" 13.€ 16.8 124
. 13.¢ 27.. 33.6 104
* 3.Mcthanol  14.% '29.6 25,0 84
29.7 59.4& 32.0C . 5%
- . 4.Ijo— 11.2 22.4° 27.4 122
Propanol  56.0 112.¢  » 98.'0 o 88
112.0 224.0. D 169.0 ' 75
' 5.Propionic  60.5 121.0 33.0 § 27
Acid . o Tl -
*6 . Aceto- 11.0 22.0 - 24,2 C 110
nitrile 22.1 44.2 45 .4 . 103
A.Acetone 5.0 10.6 14.4., « T44
. 10.¢ 20.0 9.6 - ‘ 95
15.¢ 30.6 o 26,2 87
, . 25.0 50.0 51.¢ * Ve 102
61.5 123.0 121.6 ° <9
B.,2- ‘ 16,2 §3w4 34.3 > 106
Lutanone 53.5 107.0 8.1 - 110
107.0  214.0 ° 218.7 102
C.piéthyl  11.6 23.2 32.4 7, 138
Lther 580 116.0 108.4 o 93
D.Ethyl_ 15.0 30.0 - 26.6 89
Acetate - 30.0 60.0 71.0 p 118
L.Cthylene  45.0 90.0 -, * 40.0 44"
Diamine ’ s T
F.Lenzene 16.9 33.8 33.4 "+ 99
) 42.3 84.6 88.2 104
v " ! -
- ’ —
. , . . ? o
» ) - _ o ¥
J’ 3

"
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completeness pr efficiency of the extraction and analysas
a « ‘

wvas based on the ability to analyze standard materials added

to segwater sampled. In this study, ‘the extraction efflciency '

- 3
»
12

vas tested by an indirect method. After a water sample had
becn strapped and ‘the VOC analysis was completed, the *

extraction and analysis procedure were repeated.s Little .

-

L3 a k]
further volatile material should have béen observed during a

»o repetition of the anélysxs if thk initial extraction procedure

» <

was compleéte for the "volatile"” waterials. The extraction

was repeated for a random set (n=16) of samples (bogh surface

¥

and deep water). The rate of the extraction (ug.C)ﬁour)
- ' ]

of the volatiles from seawater in the repeated extraction °

>

< “ - -
after the initial analysis procedure (18-24 hours) was only

about 40% of the original rate. Only a small amount .of

organic material was trapped in tHe dry 1ce trap that was in

series with the Tenax trap durlngﬁthe repeated extraction.

) 1

In absolute terms iug.C) most of the easily removed “"volatile"

matgrlél (60-75%) was removed in the initial strlpE;Ag

' 4

procedure (18-24 hr.), and continued extraction for extendgd .
periods“.did not seem warranted since the chances of conrtamination

. of the sample and breakdown of the 1hrger molecular weight
nor~volatile material in the water would be increased.
¥
Ih several sampdes, the stripping procedure was continued .

for an extended time béyond the requAai extraction time.
o L]

v
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)

A steady drop in the rate of removal of the VOC was noted.

i1}
fter 35-40 hours, the rate of extraction was only about 10-

20" of the initial ratgﬁ(T@Ple VIa). The more volatile
materials that are easiér to extract (hydrophobic, law
nolecular weight, low boiling p01nf, ggd high, vapour. pre§fure)
should be strippe@d in the early extraction, while the less .
volatile paterlals (more polar, lower vapour pressure, hlgﬁ
molecular weight and boiling point) should be removed with
extepdeé extractions. If the‘componentsswhléh were stripped
from the seéwate; sampges werg‘examlned &uhlltatlvely, a
change in the compa\nés with time of extraction should be

noted.

, Al e organic compounds,which are classed as volatile

by thelr‘volatlllty as pure comgounds will not be straipped-

from the aqueous medium with my éxtraction procedure, but in

-

the time for the'extractloni most of the easily extracted
materials and a major portion of the more resistent materials

should be analyzed. However, 'the quantitative removal of
f\‘, -

the polar (fatty a;%d§; amines) materials of lower volatilaty

°

should not be expec gd in the time and under thf conditions

*

of the purging system that were used in this study.

- \

) Precision of the VOC anadysis_

’

In order to calculate”the precision of my method for
VOC analysis the samples must be identical, treated the
. v oy ;’; r n

sam%, extracted, and qgantlfled under the same conditions. -
0 .




-«

.

)
/
5

»

[ )

“\\-J/‘;;;ples which were sampled 1in different areas {(Table VIb}). .

4
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The precision of my method was

-

obtained for several sets f’f

s

¥
»

The precisvon of the calculated VOC concentrations was good

and a coefficientd of variation (100 x Standard Deviatiron/mean) -
A ¢ -

ranging from 4.1-16% was calculated. ATlle pre01si}n
£ the VOC/TOC ratio was also high and a doefficient of
Jvariation ranging from 5-14% was calculated. 1In terms of

the relative standard errors (100 x ,(c/vn)/x) for the vOC

values, a range of 0.9-2.5% withN\gn \average relative standard

error of about 1.8% was calculated If) the high precision

from these sets of sampleg*were in
3

expected in natural samples, then the 1n¥erpreﬁ§$ion of the

ative of ‘that to be
R »

variations or trends in the distributions of the.VOC values

t

4 that have been observed should be valid. T
& Ld (\P""‘
d) Validity of resul{geof VOC analysis -

]
o

y

»

! - .
lﬂrand analysis of the VOC. in natural samples have been found

a

to be reasonable with® the procedures,whlch I have, used to

v e %

test these parameters. The absolute accuracy of the extraction

* procedure has not been determined but only estimated. Some

materials which fit, the broad definition of valatiles (low

= 4 !

"molecular weight organic compounds with high vapour pressure)

[

w1ll notsbe measured by my method 51nce‘ihey are too polar

£o be extracted under the conditions used for the stripping

» (.4

The accuracy and precision of my method for the extraction

L]



TABLE Via

L{fect of Fxtended ETxtraction on Rate of Volatile Reroval

Sample Number of Time of _ Anmount of Calcu19ted
the Extraction Each VOC Removéd Rate of
in"the Series Extraction With Each Fxtraction

Extraction (rg C/hour)
) (Fours) (ug C/liter)
1.Tower 1 4.% 32.35 6.88 )

Tank 2 4.3 - 2.70 2.26
Seawater = 3 12.7 ~ ., 10.04 0.79
4 8.3~ -1 7.60 0.92
. 5 46.0 8.88 0.56
6 8.0 10.11 1.26
7 18.5 Y 7.07 0.38
2.Toverxr 1 4.8 41.42 8.63-
Tank 2 5.3 13.35- 2.52
Seawater 3 , 11.0 19.29 1.75
4 13.3 13:45 1.01

5 11.0 12.00 1.09 ,
4 / 6 13.0 " 14.42 1.11

. 7 11.0 8.33 0.76
. 3.Tap 1 6.0 27.81 4.64
Seawatgr 2 1.7 5.23 3.08
3 15.0 11.89 0.79

4 <10.0 7.85 0.79 ¢

5 - 12.0 . 10.04 0.84 _

' 6 ///”‘ . 7.0 8.90 1.27 7\
4.Tap 1 5.3 23.83 4.50
o Seawater 2 4.7 9.53 2.Q3 \
3 12.0 11.30 0.94
4 12.0 11.15 0.93
( 5 12.0 4.17 ° 0.35 ,
6 5.2 4.14 . 0.80
@

¥ TABLE VIb

”,

-

Precision of the Method Far Extraction and Analysis of VOC

‘ /ﬁample b n Average Average Average
Concentration Concentration Ratio of
» of VOC*o ., of TOCtgo VOC/TOC
J (ug C/liter) =~ (mg C/liter) _ (3)

1.Petpeswick Inle 5 50.72:1.0 2.41+.03 2.1+.02,
2.North West Arm 7 30.96%1.5 1.68+.03 1.8%.08
3.St.Margaret's Bay 6 33.43+2.0 1.73+.04 2.0%.12
4.Tap Spawater 6 33.50%1.8 1.26+.02 2,7+.15
5.North West Arm 4 30.40x1.1 1.42%.03 2.2+.10
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¥

oo, .
S Lffect of Lutended Iintraction on hate of volatile Peroval
- Sample MNumber of Time q{ $%munt of Calculated
the Ixtraction Fach VOC*Remoyed Pate of
“n the Series Ixtrdction ¥Vith Tach Fxtraction

Extraction ., (ug C/hour)

“(Iours) {ug C/liter)
{
. ) 1.lcwer 1 4.7 . 32.35 77 6.88
st Tank 2 A3 8.970 2.26
Seawater 3 12.7 10.04 0.79
4 8.3 ) 7.60 . 0.92
* - » 5, #+16.0 '8.88 . 0«56
. ., 6 8.0 10.11 - 1.26
) 7. 18.5 7.07 0.38
. 2.iover* 1 4.8 4] .42 8.63
Tank ¢ "2 5.3 - 13.35 2.52
Seawater _ 3 11.0 19.29 | 1.75
4 . 13.3 13.45 -« | 1.01
* 5 - 11,0 - 12.00 1.09
: - 6 13,0 - 14.42 1.11,
7 11.0 8.33 « 0.7¢
3.Tap 1 ! 6.0 7.81 4,64,
Seawater 2 1.7 5.23 3.08
- 3 15.0 11.89 0.79"
4 10.0 7.85 0.79 &
L5 12.0 10.04 0.84
. <6 7.0 8.90 1.27
L]
f 4.Tap ~ 1 53 23783 " 4.0
Seawater 2 4.7 9.53. 22403
\ - 3 12.0 ° 11.30 "0.94
" 4 12.0 11:15 0.93
5 12.0 , 4,17 0.35
° 5.2 ’ 4.14 0380
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Irecinion of the Mckhod For Iutraction and.arolysis of Vol
L]

Sample ™ n Average _ . Average Average
‘ Concentration Conf#ntration Patio of
of VOCko of LACky | voc/ToC N
i V \ -~ (g C/later) (mg C/liter) (%)
1.Petposwick Inle ~50.72¢1.0 2.41:.03 , ' 2.1%.02
2.North West prrxrrm 7 30.96%1.5 1.68+.03 1.8+.08
3.8t Margaret's Bay 6 v 33.43%2.0 1.73%.04 2.0£.22
4.Tap Ffeawater 6 33.50+1.8 1.26%.02 2.7t.15
5.borth West Arm \¥4 30.40il§§ 1.42+.03 2.2%£.10
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™ -

- procedure. A high precision for the measured VOC in the

s 5 P ©

. o pio&éﬂure.

.

. The definition of the volatiles was set by the conditions

! of. the extraction (working definition); this will set the

>

™ limits™on the materials which will be cla;sed as volatiles -

3 o

-

in the discussion of the resu}ts from natural samples. I
) -

4
* will not claim thag the material which I measured included all
[ . ‘

¥ the volatile components of seawater, butifuy'the volatile

' components that could be ‘extracted with the céndltlons of

- 3 A . \
¥ the described procedure. ; «

-

: * t

)

outline of the Method for the Analysis Of ¥oc in
- Natural Waters ‘

a®

\

a) Sample collection +

Samples of apout 550 ml were transferred 1n¢o-§recleaned
650 ml amber bottles from Niskin bottles as soon as they
were brought aboard the shap. The Niskins wqre’fitted with

| . springs fér the closing mechanléms instead of‘a rubber
systeﬁ. The sample was withdrawn from the Niskin w1ﬁh a

. glass del;very tube (11 mm OD) that wasyconnécted to the
Niskin w1th”an aged Tydon coﬁﬁecﬂlr and extended ,to the
bottom of the amber bottle.  After rlﬁ;ing 3 times, the
»lka dimber bottle wéé filled to ;verflow1ng. During the transfer

of sample, care was taken to prev'.t bubble formatign. “o.

™~ ! f
About 50-75 ml were removed from the bottle, and then the )

»
. ‘

r
@

ket o P - - ———

‘3’ Ui e g il - n ——

o natural samples and stgndards was found with the described .

o

-
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&
»

. “sample was fixed with 0.5 ml of 3% mercuric chldéride (HgCL.)
solution, the bottle was sealed with a plastic coated metal

cap, and the sample frozen unti]l analysis. If the eir spa
' .

[
was not left in the bottle, breakage was likely to occut

~ w
« during the freezing and storage.
A

o

b) Extraction of(VOC .

»
@

1) Conéltlonsifor Extracklon
The extractor was plaééd in a water bath at ;Hout 80°C7

with a flow rate of"20—40 ml/min OéaNg (purrfied by passage

thfough a charcoal column) for the scrubglng gébthe vglatile !

LN

P

¢

organics from thdhﬁater sample. The scrubbed organics were

¢
-~ 1

. ?iushedﬂhhrough a condenser (either air condenser or

Dewar type condenser which céuld be packed with 1ice) and
4 e

¢ %ntoutpe trapping system, which .consisted of a 25-30 cpp
+ - . -~ . .
stainless steel column (1/4™ OD) packed with Tenax 6C (2 cc)

ua\g a U~shaped stainless steel 50 cm x 1/4") cold trap (-78°C).

.
L
-

Af%er 5‘hours, the flow rate (35-40 ml).was reduced

to 20-25 mf/mln and the cold trap in the dry 1ce (;785C) was

~

removed and analyzed 1mﬁed1ately. The, Tendx trap was

! replaced and®the extraction continued fog 5-7 moyre hours at °

goec Qut with the redueced flow rate (2Q—2? ml/miﬁf. This
trap was rep%aceq and the temperattire of the water bath
réduced té 60~-65°C as Fhe extraction was continued for a
further 10=1}2 hour§. Total analysis time requlfed about 24'

hours with 3 Tenax columns an® at least one cold trap used

k) -, i |j R 'ﬁ )‘

@




Y

! for the collé;ilon of the purged organic - ‘ttFr.
o ; B
11) Traps - ) )
% 1 - 5 L -
. The VOC'strlppe@ from the water was ?rapped for later

analysis. “Two traps were used in series. . The Yirst trap

- - \* N
. , /
‘r *  consisted of a 25-30 cm stainless steel tubé‘(l/4" OD)
. packed with 2 cc Tendx GC 35/60 mesh (Abp}ied Science Lab.
Iﬁé. #04901) . Columné were conditioned for 40 minutes under

EN .

7 N, at 250-300°C befdfé‘use. The second trap in Series
consisted of a 40-50 cm stainleghk steel (1/4" OD) U~-shaped
i " Golumn packed with quartz wool and placed in a Dewar with,

. d8ry i1ce {-78°C). A flow meter was attached Eo the exit from

the traps to monitor the flow rate and to detécf\gry leaksd

-

[ J

/ or clogging beforg tHe extractidn was hampered. Conneckions
between the extractor system and the trap‘system were made .

with,1l cm tygon tubes (9 mm OD x 7 mm ID). ° \
¢

. 11) _Extraction vessels
m//> TwoO typeé of extractors were used; the VOC results

from both systems were comparable.-

0y

. 1. The amlber sample bottle; after thawing, was decapped

- and qonnected to a condenser (25 cm air condenser that could

/ " be cooled.with 1ce if. required). A glass "T" was fitted to

a I
the top of the condenser. Through one arm the scrubbing gas
\ ’

, was introd?ced into the sample while through the other arm,
the stripped material was flushed to the trapping system. The

scruhber (1/16" teflon tubing) baséed through the "T" and

L4

r3
¢



5 )

A
the condenser and was immersed below the.$urface offt the

] . ~ ~ -

sample. Flow’ratgs of between 20-50 ml/min N, were used.at °

¢

varigus stages of the extraction. Lo
) g . . .
) 2. The second exgiactor wag a 500 ml vacuum flask

with a glass frit -(coarse) scrubber which was held in place
o (AN *
, by a silicon rubber stopper. The side”arm of the vacuum

-
- < - [

flask was joined to a Dewar condénser (Kontes 14/20). by

~
4 v “w - v

.o means of 'a tygon tubté;l" long x 13mm ID). A glass tube was .

L]

ple to“he flask from the amber .
» N » . x v
sample bdktle; under an atmosphere of N,.’ Caré was taken to -
. ] - 2 .
A [t , a,

" ' prevent contamination from the lab aair. Flow%rates of

[ 3

. used to del}ver-%he's

between 20-50 mI/mln N were used. 4The sample was scrubbed
\
- . and the strlpped organics were flushed through the congenser

¢ '4 - ra
. . - ~ \ n .

(éffic1ency of the condLnser could be 1mproved by use of {

9

1ce) to the traps. - - e Sl e -
! .o Tl TN
‘" @ ouantification of the Velatile prganic Carbon -
* » v ¢ €

. s B L 3
, The column (10" x 0.25" staihless steel) packed with 2 cc

. n“ . - ‘.\ - . “
Tenax GC (Ba/GO”mesh) that was used to adsorb the~§tf1pped
. « L * )

organic volatiles was#inserted into A 25 cm tube pveﬁ (15 *°

A
‘cm OD guartz tube wrapped with 4 &hm nlchromé ribbon Tor

heating)., and connected by means of a 1 o %ygon tube t® a 4‘

1 f‘ R [
/7 cold trap (U-shaped stalnless steel column, ZQ x 0.25", .
LY . - i
packed with quartz beads). The cold trap was' placed ina.”
RN

v
»

' Dewar flask and then packed with dry ice (=789C). Into this
- . /,‘—-“I . ) "k . .
cold trap, the velatile .organic ‘cOntents of“thg-Tébax

L) - e
{ , . _—

, .

/ , \ y

e - oAy
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column were desorbed as the column was heated.kl7S°C) for

{ -

35-45 minutes with a slow flow of N, (35-45 ml/min). When

¢

-the desorption was completed, the dry ice and the Dewar were

removed, and the U-shaped column was heated quickly with a

Bunsen burner. The desorbed organics that were concentra%gd

»

in the cold trab,were driven into¥the combustion tube (95 cm

A

x 15 mm quartz tube) through a side arm (20.cm x 15 mm
quartz tube) heated to 140°C. The organic material was

carried into,the oxidation zone of the combustion tube packed

¢

with a catalyst (cupric oxide) and was oxidized at 950°C

with a combustion furnace (ngiperg Mini-mite). The combustion

[

I,,‘f::ube was Y-shaped. Through the side arm the desorBed

‘ R t

volatile organic material was introduced by a slow stream of -

‘N2, while through the other arm a cpnstang floﬁ of 0, wqf ~

$

introduced to ensure complete oxidation of the organic

materials in the oxidation zone of the furnace. During the

. >

A -~
desorptior of the organics from the Tenax column ‘anto the
cold trap (35-45 minutes), and while these desorbed organics

» were driven from the cold trap (2-6 min), a slow flow of O,
r *

(20-25 %ﬂ/mln, purified by passage through an Ascarite and

]

Molecular Sieve 5A column after oxidation an a high

%
temperature oxidation furnace) was maintained in’ the main
d /
combustion tube unt1l the sample had been completely flushed

R
from the cold trap (3-6 min)v, The O, flow rate was ‘e

increased with a switching valve from a slow raté‘ .
‘ o




-

(20-25 'ml/min) to a fast floQ (350 ml/min). The oxidative
products (CO.) from .the oxidation of the VOC were forced.uy =
this fast fFow of Og'throughva water conden;erﬁilce 0°C) and?xgr
a drying column (Mg(CJOJ)z), and’theh tﬁc.producgs were
measured with a non-dispersive infrared analyzer. (Lira IR ¢
200). The signal was qraphically dlsplayéd o? a recorder
(Hone&wé&l Electronik 194) and was-integrated (Infotronics
CRS-lOS): ‘Fach sample required 40 minutes for the £BWitial

-vaésorptlon ?rom the Tenax column, a further 6\3unutes for
des‘g;rptlon from the dry i1ce® trap and 2 minutes to flush the

 oxidative products through éhe'gystem. flth the large . e
amounts of’dead space in the system, the detection of the
oxidative products was delayed and a prematuré signal was
’prevented from reaching the detector durlné\tbe period of
desorption befor®the 02 was switched to the fast flow (350
ml/min). Sharp and symmetrical peaks weremproduced.' With

, standard solutions, the response of the system was found to

be linear over the range pf values that whre expected for

natural samples.

W e i



C. Analysis.of the VOC in Natural Samples
i

a@ ] ©

In this study both coastal areas (Scotian Shelf, Gulf-

[ o > f‘l

of St. Lawrencu, near coastal reglons) and ‘open ogean areas

-

(%argasoQ Sea) “have been analyﬁed and'the results of the VbC

«

concentratlon, its 1mportance to the , TOC (VOC/TOC), and

trends w1ll*beuflsqussed-
Ay L] i \/

1. Scotian Shelf and Slope Area ' .
a) Distyibution . . L a

N ’ aau
Samples wexne %Pllected on cruises whach were run on a

-
. s

.transect from Halifax to the edge of the gomtinental'slope

¥ - v L

1 . . .
region in May, '1974, 1n’August’1975, and in March, 1976. .

3

The data for the VOC and TOC concentration, depths: salinities,

and locatzons are presented in the "Appendix.

L 4

The vertical distribution of the measured &0C wasd

relatively uniform with depth and in most casesfonly small
. ‘ ‘ v
absolute changes® were measured between the surface and the

deeper water. The VOC concentration alohg with the fractaion

of the TOC which was VOC (VOC/TOC)} are plotted, in Figure 5.
The average ahd range of values are tabnlated in Table XI.

The average VOC concentrations (35-40 ug.Cﬁ&ler) weére

highest in the surface zone (0-25 m). These values decreased

LK
slowly (average VOC = 25-35 ﬁ@ C/liter) with depth. Averaged

surface values of VOC wére: higher than the values found at

depth. Scatter 'in the VOC values alsé decreased with depth;

7

range of 24-69 ug C/liter in the euphotic zZone versus

%
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Fig. 3-5: Depth profiles ¢f the VOC concentration (@) and
s vOC/TOC values 70) which were collected on the
v ~ Scotiran Shelf and Slope (5774, 8/75, and 3/76).

) A - averaged VOC values

-y

] A = averaged VOC/TOC values-. o
Flg.:;-ﬁ: Depth profx\gs of the VOC, TOC and VOC/TOC values
. for -specific stations on the Scotian Shelf and

i

Slope. See map # ng. 75b
a) Mstation 1 (3/76) < *
b) Station 2 (;/76)
c tatron 3 (3/76)
, d) Station 4 (3/76) o X
e) Station 6 (8/75) : *

f) 'Station 7 (6/74) .

-
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22-46 ug C/liter 1A .deeper water. Trends were not as -

ov@dent t vertical dlgzg;butlon of the VOC/TQC ratio,

&

which appeardd to remain relatively constant (3.9 # 0.5%)
° 2 3 y‘b : ; a
1th dbpth angﬂmp vary within a narrow range (3.3 - 5.0%). ~
n deeper water, a slight increase in the VOC/TOC ratic was .

erved. The %ignificance %i this 1s difficult to as&értajn.~

o

.In Figure 6, the distribution of the VOC, VOC/TOC, and
<

TOC values with depth are shawn graphically for specific

stations. The precision and accuracy of the analytical 2
methods has been shown to be hlgﬁ, so that the vaflatlons
e |
with dépth should be real, although variations from contamination
<

in the sampling, handling, and analysis progedure must not be r
[ L) 1

overlocked. ) -
b) Coastal Effects

» -

. , ~
An attempt was made (Table VII) to correlate the VOC

1

concentrations averaged over a depth of 75 meterg (1, 10,
25, 50 and’ 75 m) with distance from the caast. Tt was
assumed that proximity to the’coast sholld lead to higher

: ~

VOC values because of higher input and production. A

&

-

decrease in the averaged VOC (ave. over‘75 m) values with
distance from thevi;ast‘was Qbéerveg; iéss éhan 100 Km. fnmif/7
the coast, ave. VOC=U4li6 vg.C/later, éreater than 100 Km.

from the coast, ave. VOC = 35.95%3.7 ugc/lltgr. The highest

averaged VOC values were found at Station #1 (45.97:10.5

]

T R ol S KA o e S R - - iR o oy s RATAIINAD :
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TABLE VII -

CLoastal Lffect on VOC Concentrations on fcotian Chelf -

Staglon Distance from n Averaged VOC Relative % ?’
Coast Concentration with Respect .
/ (km) (vg C/larter) To Station $1
o 1 5-10 7 45,97+10.5 100
2 25 12 33.74x7.7 *- 73 .
3 80 10 43.38+7.4 94
4 125 10 41.15%9.7 90
5 170 8 32.40x4.0 70
- 6 210 7 35.10x8.6 7¢ ’
7 25 8 35.14x9.7 76 ‘

. ) v
-

TAELE VIII 9@

°

- 4

Seasonal Effect on VOC Concentrations on' Scotian Shelf

Station Distance from Averaged VOC Congentration ¢ Difference

Coast (g C/liter). ,
{Km) n Values i1n n Values 1in .
' Spring Summer ’
k™ P)

1 5-10 5 39.7+5.0 11 48.5#11.0 +18
2 25° 8 28.3%2.8 6 41.6% 2.5 +32
« 3 80 11 38.3%4.7 5 45.5% 9.3 +16
4 125 7 36.1%4.8 5 57.7+ 8.9 437
5 170 5 36.7%£3.9 5 30.7% 3.1 -20
6 210, 5 41.4:4.6 9 31.4% 7.3 ~32
MEAN 36.8124.6 42 .61210.4 ° ~+14

s
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ug.C/liter) just 5-10 km. of £ .the toast, while lower, more

N
g

consgizt valués were found at the, farﬁhest sthtions from the*

l ' -

coast. A, strOng correlation was not apparent, but. a trend -
\ v 2.

« towards an increase of thewVOC in coastal-reglon was 1nd1pated

» - . K
c) Seasonal Effects e e T . 3

J * !
° "

_ Samples were collected on thg Sgotlan 6helf/at dlfferent P

. 3
times and.in* dlfferent seasons (Sprlng, 6/%4&an§,3/760 Fall

3/76). The spring data,was cgllected just %efore (3/76)* and Aootar
¢ gs H

® i tS ] ',e Al
»

3
shortly after (6/74) the sprlng bloom perldd, whzle t@e oot 8

N
summer cruise (8/75) was. Well after the bloom penlod énd ‘QR" !
y F . : .. )*,“

algal productivity relatlve to the other tlmes of the year P S
- H
° "}‘ -

was low (chlorophyll a léss thanwOﬂﬂ mg/(llter) ). v “a

Temporal varlatlons are, examlned lﬁ Table‘VIII. The & =, '

s
* 1. “

mean qf the VOC for the summer. (42.6 ug C/lltenf was,abomt
16% higher than the sgilng mean (36.8 ug G/llter), ‘But w ena ‘
;the 1nd1v1éual stat%ons we;e compared \by a-palred vt kest
this dligere?ce wag.npt s1gnifacant at ‘the -95% confidence .
level. ) wffw . C O

+ } ? ?

,While hints of coastal effects and seasonal variations

.

R
on the «VOC concentratians have been indigated in this study,

N

, mre data will be required to determine whethet these variations '

* +
£
are /real and predictions can be made.

v
- b

2. Gulf 'of St.’ Lawrence N ’ : .

a) * ﬁlstrﬁbutlons - .

’ -

Samples were collected f;oﬁ;t@é Gulf of St. Lawrence in




113

S e

L3

L

for,

3-7:1

) »

°

. Dept{x proflles of the VOC concentrations (@) and
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the Gulf. of St.

A — averaged VvOC values
A ~ averaged VOC/TOC values

N o
“D
~
a
+ s
) oy
¥
§ -
-
o B
F’-D
5
'
-
! )
)
‘\l
= &
&
WX N i . ,xi"
-
kY g -
& a
=
°ﬂ
i
-
"
¥
» « o o«
A &
s »
s
.
s
+ ~
>
~
1]
-
-
»
¥
3

‘Lawrence (11/75). .
~ T
44 ]
-
® - .
-3
2
. . u
-
+ l"
.
.-l
.
-
~ ¥
a
.
L]
’
* -
[ L]
s
s v
[ e
¢ ’ - * “
L 9
»
.
N o
* :
' " »
o - .
R
f
&
»
.-
.
.
P
]
B
L4 .

o i b b i b o s S



k~/~

“

DEPTH (m)

100

150

250

135 a

VoC (ug C/L) VOC/TOC(%)
.20 40 60 80,0 2 .4 6 8

T T T T 77T Tow Ta T T
' ()]
o ©Po -
[ ) O
| [
0 |
& o 0od o
* -
R
LT ‘
L ] O
° . o '
: .
]
® ' (o)
k3
’. O
s
o™
-~
03‘?




T e o e

¥
Ll

Nopvember, 1975. The VOC and TOC buncentra€1ons,\VOC/TOC 4

)

values, salinities, and station locatlons'are tabulated ain
the Appendix. A depth profile of the VOC and VOC/TOC values

was plotted XFlg. 7) and little vertical structure was
. .

shown. TheSe results were averaged over‘dept@ (Table XI);.
the values of the VOC in the surface zone (30-40 ug.C/liter)

. . - ‘
were found to be only 10~20% higher than the VOC concentrations

found in the deeper water (27-33 ug.C/liter). “The calculated

ratio of VOC/TOC was found to average about 2.95:.3% over
]

WK

the depth profile with a range of only 1x8-4.5%. The ~*
VOlatll% content of the Tgp was smali even in this area

where the influences from man, land, and biological é&stemsb

i

Jwould be expected to be szgnificant.

b) Co#stal influence _ . &

>

Samples were collected in the Cabot Strait and in the

-

estuary of the St. Lawrence River. The Cabot St}alt samples

!

were affectéd by oceanic influences, but the water was derived

mainly from the Gulf (Pocklington, personal comm.)., If firesh
. » '
water run off and drainage from ‘the land by fluvial systems

were a major source of volatiles, then the VOC values for

* ‘

the stations in the St. Lawrence estuary which had ‘the

10Wﬁ§t salinity would be expected to be higher than in the

Cabot St., which had less direct input from the land, as shown
|

by the higher salinity. However, this was not observed (Table

N [y

IX). Hagher averaged VOC concentrations from the surface -

.o . ek L e *-—W
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®

N

Station

»

« - *

.

Cabot btr%lt o

F1g.9(a)
F1y.9(b)

k]

.

LY

St Lawrence Estu&:;y
g

F1g.9(c)

Fig 9(d)

3

v

TABLE IX™ .
e °
(XY ’ q
*®
VOC CONCLNTRATIONS IN GULF OF ST. LAWRENCE
" l [VOC] ug C/liter .
n surface zone n deep water n total -

+ {0-25 m) {~ 25 m) -~ {0-200 m}
3. 42.95 % 31.30 7 36.30 %
3 35.Q§ 4 - 31.90 7 33.67 %

- L] ;
3 30 80 4 29.00 7 29.76 &
n . 3 . i ,
3. 30.90 4 31.20 7 31.08 %
&
' - -
'] o
@ ' '
¢
N L . ;
» TRrS w o~ .
el ' ot R
L . ¢
. < §
R
d
4
. C -
; " -
" &
a ~ ! -

average
VOC/TCC

4,5
»
- L]
7.5
»
v
.
'
’
v
o
.Y
A
A
.
.
B
4
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L] -
~zone (0-25 m) i1n the Cabot S5t. samglesﬁ(35—40 ug.C/liter) -
L5
;' werewfoundﬁthag\?n the samples collected closer to the
' +
mouth of the St. Lawrence River (30 ug.C/liter). The

averaged VOC\values for the deeper samples were similar for

- v r

ali the statlons (29-32 ug. C/llter) Slmllarlly, a small

LN ib

increase in the averaged voC/ToC ;aﬁlon was noted in the
Cabot §tt Btatmﬁﬁ&ﬁi}.Z%) versus the ratio »n the river

‘stations (2.73). o,
re o, . N !

.. In the 3ﬂgiy51s of other coastal, rlveis, VOC com#entrations .,
LN

.were found to be high (50 - 75 wug. C/lltér) andkshould have g
-
an influence on ‘the VOC values in the estuary. However,

samples were not taken directly. from the St. Lawrence River,

wt

SO an estimate of 1ts input was difficult. The lower VOC
values found in the estua%x may mean that the river was =~

o

: low,in VOC *at the time”of “sampling.

[ 2

. . é) Seasonal influences
T eﬁlo% values for VOC found in the Gulf may be«\\\

\E\ accounted for by the time of year (November), when the \

4 , Pproductivity was low, water temperature was dropping (1l-4°C),
and the surface zone was well mlxee. A natural stripping of
the volatile materials may have occurred during this period
of autumn storms with m1X1ng and, turbulence.

An indication of the effect of natural sﬁripplng of the

water was obtained in an experiment which was run to compare

the rate of removal of the volatile organics from seawater

» v




‘under calm (simple diffusion) and turbulent (vigorous '

-

shaking or stirring) conditions. The rate of VOC loss Qas
énchanced by the turbulent conditions, but ;B;ood estimate
of the impesEapce that this mechanism o?_natural stflpplng 4;\;\
may have in the ngtural environment was not detarmined. ( .

“ &

3. /Open Ocean Areas ; \ \

a) Area of Study a -

IS 4

Samples were collected in the Central and North-West

Sargasso Sea in October 1974 and February 1975. These
sampling areas were far removed from the direct lnfiuence of
© ’ L 4
‘land, so that coastal effects were minimized. The algal . -
< -

% productivity in the areas and times of sampling were

lrelatlvely low (chlorophyll a = 0.5 pg/liter).

) » Dapstgibution

1) With depth

-

The VOC and TOC concentrations and the VOC/TOC ratios

-t

i 3

°fer/the stations from this area are presenté& in the Appendix.
The YOC and VOC/&OC values are plotted as a depth profile im
- »

Figure 8. . . .
- . . o

4 N
These values wgre averaged rpto depth zones and these

are tabulated (Table XI). 1In,the surface zone (0~200 m),

v “

¢ the averaged VOC concentrations (30 ug.C/liter) were only

about 10-15% higher than the VOC values measured for the

deé@@; water (greater "than 200 m) sémples (26.5 ug.C.llter).'

] . ’ R
» ! e
1
R » . . e
.
e

™



Fig. 3-8: Depth profiles of the VOC concentration (@) and VOC/TOC \

. values (o) which were collected in the Sargasso Sea
. {(10/74 and 2/75). .
. E A - averaged VOC values -
' . A - averaged VOC/TOC valués e

Fig. 3-9: Depth profiles of VOC, TOC, and VOC/TOC values fd;

specific stations in the Sargasso Sea (10/74 &nd 2/75). .
See Map # pg. 140b. . ‘

a) 26° 00'N, 62° 45'w (2/75) " -

L~\\\d//,_J» " b) 32° 50'N, 62° 40'W (2/75)

. c) 36° 35.2'N, 63° 17.6'W (10/74)

d) 42° 16'N, 61° 30.5'W (10/74) - °
. e) ,33° 30'N, 64° 00'W (10/74) .
) £) 38° 59'N, 62° 46'W (2/75) s . . |
g) 42° 01l'N, 63° 05'W (2/75) r ¥
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Similar results for the depth profile of the averaged- ratio
of the VOC/TOC were obtained. The ratlé waé ébéut 3.32.7%
for all samples, with a slight ncrease om the surface
values (3.1%) to the deeper wa£er (3: %) wvalues.

, However, no obviqQus correlation with depth was evident.

v
‘

The uniformity of the vertical profiles of thHe VOC was not
surprising, since homogeneity was also noted an othet "
parameters. During the February '75 cruise, little density

structnre was noted i1n the surface zone (0-200 m) and

1sother@al profiles were evident in the éargasso Sea

& « »

2 stations. This surface layer was well mixed by winter

s

storms, sq that little vertical structure was expected and

—~ even the TOC valueﬂ*ﬁere fairly uniform in the top 200 .

. me%ers (0.85~1.10 mg C{llter). ! . /a;zb :

In Figure 9, several stations from this open ocean area ¢
are presented. The VOC and foc concentrations and VOC/TOC .
ratios are plotted and small changes with depth are seen.

The act;a; interpretation of the VOC data from the open
ocean area (Sargasso Sea) was difficult because only small
scale variability was observed. The absolute dlfferences in
the VOC concentrations were small and systematic erroxs in
the~han11ng and aPaIYSlS of'th% samples could not be ’
eliminated as the source Bf these small variations. A
3 . uniform distribution of the VOC/TOC with depth was revealed.

In absolute terms, the amount of volatile material was

I
hd ¥

e PSP P - -

°




. varidbility 2; the quantity of VOC measured i1s shown ,

B l o T LY P
- \ ] .
- found to be a small fractlon of the TOC (Tabee XI) .~ N
11) = Geographic

| n

\ The effect of large scale horizontal changeé on the

v

L]
'

graphically in Figure 10. The stations that were sampled in

" these cruises ranged from the central Sargassp Sea to ’

across the Gulf Stream (26°N to 43.3°N). Tk water in the
Sardasso Sea, 'Gulf Sf{ream, and slope regions would be
expected' td have different origins and history, and changes

in the-temperature, age, productivity and light influences

. should be expected. The averaged values of the VOC

«

concentrations and the ratio of the VOC/TOC at each station

are plotted versus the station position (Faigure 10). The
data from the two cruisés were very similar, with no strong

[

correlatiop of the VOC concgntration with location. The

these two crulses

small differences at were noted in the VOC values from
QZght be explained by varlat%ons in the
andling and extraction procedureg in the different studies.
A ramge of 21-36 ug.C/liter for the averag;d voC
concerntrations and 2.1-4.3% for the averaged VOC/TOC ratios .
was ob ved 1n the areas studied (Table X). A slight drop
in the VOChand VOC/TOC values was ﬁéted in the Gulf Stream
“(about 40-41PN) , bﬁt the correlation was not significant.
The values of the VOC on the north side, of the Gulf Stream

(21-27 ug.C/liter) appeared to be slightly lower than

»

R



g

The effect of geogﬁaphlcal posmtlon'(transect in the
Atlantic Ocean from 26°N to 43.3°N) on the averaged
VOC and VOC/TOC values. The bars represent the
standard devmatlon of the valués. See Mép # pg;'l40b
o - éamples collected 2/75 ) ,

‘0 - Samples collected 10/74

@3

Stations sampled in the Sargasso Sea. ,
A - October 1974 . .
® - February 1975 ) c
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®
‘tne value® of tre VOC that were found in the Sargasso Sea
@ ¢
¥23-36 .g C/liter), but the difference was swhall. qﬁe low ™

* (3

values in the Slope area.hight be explarned by the*time of :

vear 11 which fne samples were taken, when the algal
' 3 N

* * productivity was relatively low. The water temperatures for

-

tﬂe séLtions on the Scotian Shelf were higher in Oct. '74
" (15-20°C) than,in Teb., '75 (2-6°C). The lower values of

vOoC found in the Feb. samplesk(21—2é ug.C/liter) than in

QFt. (25-27 Aé.C/llter) mlghtibe expécted gfncé in “the

colder water tné¢ biolegical activ1ty would be greatly

reduced. : Fe +
- .
) 4., Discussion and Interpretation of VOC Analy51s in
Hlatural Samples

) In the main areas sampled .(Scotian Shelf, Gulf of St.
N Law}enég, Sargasso Sea, and coastal regions) in this study
(Table XI), the volatile cqmponent of the,K TOC wés small (2-
- 6%). Although indications of coastal and seasonal }nfluences
v were seen 1n the Scotian Shelf data {Table VII) and some
small scale variations with depth and water mass were seen,
N . the observed distributions of the VOC concentrations ml@ht
have been stegdy—state or background values. This volatlle
fraction of the TOC may be important in the cycle of carbon

* in natural waters even though 1t 1s a minor (2-6%) component

of the TOC. If volatiles are produced in situ, this production

"
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& must be very slow,” since no, build up 1n the VOC concentration ﬁ

l
1

18 observed,:or the rate of loss of the volat%}es {consumption,

decomposiélon, cr evolution) from the water .must balance 1pts
rate of prodyction. The low VOC values can be explalnéd Lf
the volatilep are maintained at a threshold concentration at

which the ugilization by organisms will occur.

- 3

e The importance of the volatile materials in the ~

e

»
’ egeneration and utilization processes of the organic matter

1

in seawater 1s supported by the concept of a steady state
A

7

relatlonshlp of the VOC. BAn.essential step in the cycle of

» )

[¢]
organic matter i1n seawater may be played by the volatiles,
» ! M

but 1f this cycling s dynamic, dramatic spatial or témporal;

changes i1n the VOC concentration will not be evident in the
‘quantification of the volatile component. The integrity‘'of -

’ my extraction and analysis system was shown in the work with

*

“ ) o
standard$; the "volatile" fractiof of the, 'TOC should be

. removed and analyzed by the extraction procedure used 1n my

R workk , , i '

. If we accept the assumption that the volatile components

4

remowed ffbm‘the seawater with my method of extraction,’

4

‘ , theén re ns for the type of distribution observed must be
i v

. sought. The volatile material extracted from the seawate£°

. was a small but relatively constant fraction of the TOC.

w

L]

Little structure was shown in the depth profile of the e

VOC/TCC ratio, and while the specmflé comﬁbnents,of the TOC may

5
L}




-

®
n

i - * . 143

i ¥

¢

Q

“ e
*

have changed, a constant per cent of the matrix of the TOC

was analyzed as VOC by my extraction procedure. . ’

Q

AN " This uniformity-1in the ratio of the VOC component was

.sho%n indirectly by work with ultrafiltration (Baturina

et g;.; 197% and Ogura, 1974) where drastic changes ¥n~the‘
moelcular weight fracdtionation with dépth were not cobserved.
In the Pacifice, a éons1sﬁancy of distribution in the low

molecular weight fraction (less than 500) was indicated, and

q

a drop from 65% of the TOC in the surface to about 50% in ¢

@ ~

, ¢
:the deep water was observed.
f v

-
e

If volatiles are¢ formed by one of the pgedicted mechanisms

2

v ¢ 13
(productaivity, biological activity, chemical reactions,

a

input by man5,¢én wncrease 'of the VOG should be observed in

- U
the areas where these sources have the most influence. The

surface “one would be expected to be the most influernced .
area. In the depth profllés, the amount. of VOC extracted

from the seawater samples was usually higher (up to 50-100%

-

plgher) 1n the surface zone than in the deeper water, but

this enhancemgnt was not reflectquln the ratio of the .
VOE/TOC, since the rates of decrease of VOC/TOC with depth

were about the same. If the volat%les were being prodliced

r *

in the surface zone, then the VOC/TOC fratio should have been

v

highest in this area. This was not always observed.

The volatile organlc/materlal would be maintained as a

s

»

steady state concentration if the rate of production -of the

s Mgt s rghmation



@
¢

volatile material was thal to or slower than the rate of

4

1ts consumption or removal from the natural sys}em. ~If
utilization or removal processes were only biological, then

the organic material which was removed from this region of

3 (Y

formation (surface' zone) should be eventually consumed by

®

organisms. The age of the DOC in the deep water has. been

estimated at lO%O 3000 years (Walliams,® Oeschger, and .,

o
v

Kinney, 1969, Skopintsev, 1972). Even 1f/%he blologlcal

utilization was slow, the volatile material should eventually
-~ . ‘S\ .

be c@nsuméd and remineralized. . This argument must.assume

that the production of low molecular‘weight material in the

¥y

. PR , .
deeper water, 15 negligible (however, some low molecular

své1ght organics could be produced by biological dECémp051tloﬁ

and utilization of larger molecular weight organics at depth,
, .

but the effect should be small). Qg

.
, - - ‘ ,f/

® In the analysis of natural samples in thas study, tﬁéé.

t

absolute amount of the volatile material was shown to

undergo a small decrease i1n concentration with depth, but the

3

VOC concentration was never found to be zero. ’Compfete

utilization of the volatile material was not observed. This
L4

suggests a threshold concentration below which ttilization
of the volatile organic material cannot take place. The <

VOC concentration would be maintained at this threshold

concentration 1f the volatile material were produced

" at a rate that was equal to or less than the qgte i -

144

%,
e
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of utilization or removal. Relatively constant distributions

[y ¢

with depth would be expected 1f this steady-state relationship

_existed. More variable distributions would be expected in <
* /

the surface zone. This type of distribution was evident in

/“‘

many of the profiles that were obtained.

|
1
S

The. 1nput Pf voC from contaJ&natlon would be»eipected

v

to influence the VOC‘dastr%butlon. The low VOC values

expected fin deeper walter 'would be enhanced by a sfstem blank

°

1n the extractjon pybcedure. :However, the VOC values at

depth can nat be exbla}ned entirely from tﬁe system blank,
el .,
i . which was estimated, at 2-5 ug C/liter. The VOC concentrations
N ° s . ke . fw
from:deeper water may be affected by the introduction of - .

¢« contaminants during the/éampllnq, handling, ~and aﬁély51s of

a v -

+the samples, so that the measured VQC véiﬁeé could have been

higher than the true value. The, accuracy of the extraction N
4 P
system would have been affected by the introduction, of these
“ r “

a

-small scdale_sygteriatic contaminant$, and a smoothlgg of

3 £ f

vertical gradients in the VOC could be expected.‘r
‘ 1

., Even though the VOC concentrations have' been found to )
™ . I -
be' low and little structure was seen 1in their distribution,
“w Ed *
I feel that this volatile fraction 1is important in the

V4

cycling of the orgagfiac matter in natural waEg;s. However,
& X -

1f the volatilé are important, 1t is rgqulred that thesé“-

} Al
« volatile materials be produced the natural system. If
: -
this produced material can be honitored} the role of this ~ i

4
volatile *fraction in the carbon cycle can be better understood. «
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Sources of VOC in Nétural Waters

Intr9ﬁ6;;1on}

A series of experiments were designed in an effort to

' ,discover and understand’ the sources and potential pathways

* ®

for the volatil® organic matter in seawater. Attempts were

made to dlscover,‘understandz and quantify the mechanisms most

i '

likely to coqtrlbute to the volatile material in the natural

systems. A better understanding of the sources-of the

"volatile" material may helb to answer the questions

regarding the/fole and -significance of the VOC in the

na@ural system. Volatile cpmpounds would be éxpected to be

produced directly by ordan¥sms, by breakdown of larger

organic materials, of by input to the natural system. !

by-products durihg primary productivity, respiration, or
utilization and during the microbial decomposition and

fr%gmentatlon of the larger molecular weaight organics. Some .

o

Biological production of® VOC 1s expected from metabolic

N »

]
¢ }

of these biological sources of the volatile materials were

studied in experiments which will Qe described. An

experiment was also designed to examine the production of

.*, the volatiles by photochemical decompostion of the TOC. -

<

2.

/

4

q

Production of VOC in Biological Systems 4

+

; .
a) Effect of Primary Productivity on the VOC

High blologiéal activity was expected to lead to an

@

4 +



v 147

- i ¢
>

input of volatile matter. It was difficult to reproduce the

natural system in the laboratory since culture systems are

>

grown in populations that are too high and in media which

S
could interfere with the determination of the VOC produced.
Therefore, I decided to monitor the VOC and TOC in a natural

population during periods of intense bioldgrcal activity.

The VOC*and TOC concentrations were measured at varioug

(// times before, during, and after the intense biological
activity of a spring bloom. Coastal areas (North West Arm,

St. Margaret's Bay) were used for this study (Figs 1ll). The

-

results, obtained will be discussed presently.' , .

»

jw
®! v s

w

1) The North West Arm Stud

- * wh
to Jun 1976. _Station A was within the N.W. Arm, while

statipn B was just outside the Afm. The volatile organic
carbon (VOQC), to}al and dissolved organlb carbon‘(TOC and
DOC) ,- and the ratio of the volatile fraction of the ‘total

d (VOC/TOC) were measured. An accurate estimation of the
'stage and condition of the bloom was monitored by chlorophyll
a (detérmlned %y K. Sellner! and J. Dunbéack) and
a rough-estimate of the bloom was obtained w1th‘a Secchi
depth, which correlated well with the chlorophyll a data for
the prediction of the bloom. The samples for FOC ané voC

\ analysis were collected at 1 and 5-10 m. A summary of the

s ]

—~

- O
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averaged data from both stations is presented in Table XII.
The‘start of the spring bloom was noted in the early
part of Magéh and‘the bloom appeared to continue until May.
The lowest value of VOC for both station A and B was found
on March 9 (20~24 ug.C/liter), which was Just as the blodm )
was beginning. The averaged VOC concentrations before March
9 and after May 4 (30.5%#4.2 ng.C/liter) were about 85% of
the averaged VOC values during the blooom period of March
16 - Apral 20 (35.71%+6.4 pg.C/liter) The significance of
this difference was questionable, bqti@\tfend to higher VOC

values during the bloom was noted and a correlation of the

kY
o

glpom and the}voc values was evident.
A more dramatic and better indicator of the ploomff

period was seen with the TOC values, which increaged frmﬁ{

1.4-1.65 mg.C/liter (ave. 1.45%.05 mg.C/liter) before the NG

bloom to 1.5-2.3 mg.C/liter (ave. l.92i.2“mg.d/11ter)

during the bloom, and dropped to f 1.7-2.1 mg.C/liter (ave.

l:SOi.lS mg.C/liter) after this bloom period. Values .of TOC

were obtained in the summer (7 and 8/75). The concentrations

were found to range from 1.3-1.9 mg.C/iiter (ave. 1.56%.2

mg.C/liter);'whlch were about the same as the pre-~bloom

values. , The DOC values were calculated on samples which had

been filtered through a 0.8 p filter. The increase in the

dissolved fraction (DOC) seemed to start 1-2 weeks after the

. i S
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increase 1in the TOC values was noted. The TOC vglues
increased rapidly as the bl%om started, but the

increase 1in the DOC values was‘delayed until the TOC values
had built up. The increase fn the DOC was probably the
result of the excretion of organics by organisms during
growth as well the decomposition of the POC. However, the
delay in the DOC increase was shorter than the lag time of
greater than a month suggested by Banoub and Williams
(1973). The DOC values at the beginning of Fhe bloom period
(1.40%.02 mg C/liter) were foun§ to increase (1.58%+.09
mg.C/liter) as the bloom was followed. The DOC values
remained high after the bloom had peaked and begun to slow
down (greater than 1.5 mg.C/liter).

While significant changes in the TOC and DOC were
observed during this period of 1nten;e biological activity,
only a slight increase in the VOC concentration was noted.
This meant that the change in the VOC/TOC was small and at
the height of the bloom a slight drop in the ratio was
found. The VOC/TOC variations during the sampling period
(1.3-2.4%) were not great and remained relatively constant.
These results for the TOC, DOC, VOC, and VOC/TOC (averaged
over the 2 sampling depths) for station A (Figures l2a) and
station B (Pigure 12b) are plgtted against time.

While the samples were collected from stations under

slightly different conditions (anput from surrounding areas)

3 5 \

<

149

14

i;\\&

L



AY

Fig. 3-12: Effect of biological activaity during the spring bloom
(1/76 - 6/76) oﬁ the organic carbon in PBe North West

Arm. '

O~ Toc \
< - DOC o b
- voc/Toc ’ .

A - VOC b

|
12-A - Averaged results from 1 and 5 m at Station A -

7 see Figure 11. .
12-B -~ Averaged -.results from 1 and 10 m at Station B -

see Figure 11. .v)
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the hloom period was found to have almost identical efifects

, .
at bpth Station A and B. During the perlod of<Aarch 16 to

April 4, the hlghest TOC and DOC values at both stutlon% -

were measured and small increases n the,VOC were noted.

&

The uniformity of the YOC/TOC rafio during this éérléd was
reflected at both statipns.- ThlS was a perlod of intense ,
blologlcal act1v1ty and the haighest POC (TOC-DOC) concentratlons
were calculated during the bloom. The concentrations of

POC, which should have been mainly the résult’of the algal
bloom, were calcdulated to be in ‘the 0.5-0.8 mg.C/liter

range. The DOC values (DOC increase by..2-.4 mg.C/liter)

. were influenced by this high concentration of organismhs

3
J

durlngdthls period of high productaivity, put the VOC wvalues
weré affected only in a s;all way (VOC idcrease of 5-15 ng
C/lirter). ‘ .

This small increase in the VOC concentration might, have
@een\an indication that only a small‘amount of the prgénlc
material éroduced during this period of high productivity '
will be included in my working defintion for the "wvolatiles®,
so that only a small change in Epe measured VOC fraction
will be noted. If the VOC components were highly labile
and the low molecular'welght materials were biologically,
chemlcally,-or phy51cally unﬁtable in the natural system,
thelr lifetime under natural ?ondltlons would be short
(raté of remcval exg;eds rate of production). The

area of this study was a rich system where microbial
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\\ actiwity might have been large; the bacterial utilazation

f might be 'a signlflcgnt scavenger‘of the pfoduced low molecular

. veight materials.

1
) ‘ N - . , ;

l
During the blool peélod, the relatlvely constant and,

1ow (&bout 27) values of the QOC/TOC ratio with taime were

A\ ‘difficult to justify. This result was an indication that

F 4

}
only 'a small buf relatively constant|fraction of the matrix i}
, N
-~

of the total organic matter, in natural) waters will be -0

classed as "volatile" under my workin deffnltlon, If the

3

changes in the DOC concentrations duripg and aﬁter the bloom

compared to the concentration before the Bloom were assumed

by Y @

to be the result of biological activity, anc 1f the difference

in the VOC concentration before and during the bloom were

also the resylt of biologicdl activity, then the ratio of

4 s

the dlfferengés (AVOC/ADOC) ma& be‘lnd;patlve of the per )

, \ ut 2
cent of the biologically produced DbC which was measured in
) 1 .

b A

. my system as "volatile". y

Ave. VOC (36.66%7.9 ug.C/1l) - Ave. VOC\(29.07t5.4ug.C/l)

(during the bloom) - %/”“\ (before the bloom)
; =AVOC

N ks

)

)
Ave. DOC (1.58t.12 mg.C/1)' - Ave. DOC. (1.40%.04 mg.C/1l) ' ADOC

(during the bloom) (before the bloom)
. 1 = 4.22%
This ratio of‘ﬁhe difference 1n the VOC to the'differencé in
N the DOC (VOC/DOC) was cagzulated and a value of about 4% was |
obtained, which 1s about twice the average VOC/DOC value i
found for samples during thas study in the bloom period.
1
\
] i
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The validity of the assumptions in this célc?latlon are
questionable since the analytléai metpbds oni& allow for the
measu;emenp of sﬁandlﬁg crop values., With these obvious
shortcomings in thé calculations, the amount of the VOC
added to the water from the biologically derived DOC was

)
estimated and was found to be a small fractioh of the
organic matter added by biological systems (abéﬁt 4%):'ﬂ
However, this calculated yalue may not be flgnlficant 15 the
overall walue, sincé ﬁany factors of volatile utlllzation
and loss from thg system were difficult toﬂestlmate for thas

calculation. Nevertheless 1t was interesting that the

L}

‘ L3
calculated ratio of AVOC/ADOC (4%) was not much different °

than the VOC/TOC ratid (2%) that was measured in the natural
. |

-

samples s

+

11) St, Margaret's-Bay Study " , ;
t A i - \ . v
Samples were ‘collected from a station in the central

1

i -
part of St. Margaret's BaJ (Fig. 11) from March.2 to May 10,

1976, which was the period before, during and after the

)

spring bloom. The results are shown in Table XIII. The VOC

and VOC/TOC ratio were measured at 3 depths (1, 5, and 25 m),

A

’ A
while the TOC values were determined at 5 dep&@s (L, 5, 10,

i

25, and 40 m). . )

L b

v

The bloom period in St. Margaret's Bay was very short
compared to the b%oom that was observed in the N, W. Arm,
but the results were similar. The distributions of the

averaged VOC and TOC concentrations, the VOC/TOC ratios, and

)
<

s
-



TABLE XIII

v

Effect of Biological Activity on the Organic

k3 5

Carbon in 8t. Margaret's Bay -t
Date Depth Chloro- V.0.C. ° T.0.C. ' .Dt0.C.  VOC/TOC
(m.) phyll a {ug.c/l.) (mg.c/1.) {{mg.C/1.) (%)
(ng.c/1.) : . \f .
2/3/76 1 <0.5 25.09 1.22 2.05
5 <0.5  34.50 1.21 2.85
.10 <0.5 ‘19.80 1.39, t1.42
25 <0.5 1.08 ;
40- <0.5 1308
9/3/76 1 0.5  22.04 1517 *1.88
5 0.5 21.81 °  1.27 1.72
10 0.5 1.39
25 0.5 27.02 1.23 2.20
40 . 0.2 » 1.09
16/3/76 1 0.5 32.2 1.34 T 1.17 2.41
5 0.6 * 39.42%*“”’1.16 1.20—— 3,40
10 0.5 1.18 )
25 0.5 23.46 1.36 1.40° 1.73
40 0.5 0.92 :
23/3/76 1 0.5 30.56° 1.36 1.29 ° 2.27
5 0.8 40.82 1.15 - 1.10 ',  3.55
bo10 0.6 1.16, . .
25 0.5 28.09 | 1.14 2.48
40 0.5 1.24 L
26/3/76, 1 , 0.9 30.39 ,1.19 2.55
5 1.0 39.34 1.35 . 2.91
10 ! 0.7 1.15 =~ .
! 25 0.4 26.58 1.08 - , 2.46
f 40 0.3 ., Lo Co
2/4076, % 1 0.8  33.19 1.43 1.40 . 2.32
5 0.9\, 36.22 1.41 1.36 2.57
10 0.5 1.42 $
) . 25 0.5 27.64 , 1l.21 ) 2.28
. 40 - 0.4 _1.13 g .
12/4/76 1 0.8 26.20 .5 1.70 1.€5 1.54
5 " 0.8 33.87 2.12 1.91 1.60
1o 1.5 .63
.25 2.0 26.17 D37 1.16 # 1.91
40 0.2
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1 3.8 1 32.28 1.71 Z1.44
5 7.3 45.53 1.99 , 1.28
10 8.1 2.03
25 2.5 30.96 1.33 1.24
40 1.3 ) 1.55 .
1 0.6 N\ ' 1.37 1.35
5 * 0.5 36.87 1.33 1.24
10 " 0.6 1.33 ,
25 »0.8 32,20 1.14 »1l.14 "
40 (0.8 1.14
‘1 0.6 31.44 1.41 1.26
t 5 0.6 N 1.37 1.35
lo 0.6 1.33
25 0.5 30.01 1.11 1.10
4Q 0.5 1.20
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the chlorophyll a values over the 3 depths (1, 5 agg }5 m)
that were collected during this study ain the Sﬁ.WMHrgaret‘s
Bay were plotted against time in Figure 13. Little
variation in the YOC and VOC/TOC values were notedﬁ‘but a

rapid incrgase in the TOC concentration was seen. -, .

The riations i1n the averaged VOC concentrations were R

veﬁy small @with a range of 23-36 ug.C/liter and an average

of 30.98%3.8 ug.C/liter during the study. Thére did not

appear to be any noticeable increase in the VOC concentrations

¢

with ,the onset of the bloom, which £rom chlorophyll a data
- % 1

(measured by K. Sellner) was between x%nll 2 and April 12 .

A’dramatic increase in the averaged TQC*valugs (from ave.
TOC= 1.25 before toigve. TOCf\l.GS‘mg.C/llier during the
blooml was obser:zéhéurlng the early part of Aérll. A peak
in théoTOC values @as found on Apéll 15 (ave. TOC= 1.72
‘mg.C/liter), 'but by April 26 the averaged TOC values ‘were
reduced tb approximately prebloom‘values (ave. TOC= 1.2-1.3
mg.C/i). The DOC values closely followea“fﬁe Tog values,

but when there was little POC, 1t was diffrcult to obtain

a

good values for the DOC fraction because I had a contamination

problem during the filterlng step (estimated about 0.1 mg

C/Iliter). Only on April 12 and April 15°did there appear to

be a large fraction of the TOC presenft as POC. The POC was

calculated by an indirect method, (TOC-DOC), and fxom

~

this the POC values before and after'the bloom were found to
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Fig. 3%13 Effect of biological activity during the sprlng
’ bloom (2/76 - 6/76) on the organic carbon at statipn

in St. Margaret's Bay. Values are averaged over 3,

depths (1, 5,25 m). ,See Figure 11,

- ToC . .
O - voc/ToC ) )
. A= vdc | e L \
" <>~ Chlorophyll a ¢

Flg? 3~-14: Plot of tﬁé,averaged TOC and Chloréphyilca values

!

» Bay (2/76 - 6/76).

O - TOC averaged over 5 depths (1, 5, 10, 25, 40 m)

O - Chlorophyll a averaged over 5 depths. (1, 5, 10, 2
40 m). ,\\°

h
{
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\ during the period of the spring bloom in St. Margaret‘s/
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TAPLE XIV .

Averaged 1T0C and Chlorophyll 1 lYolues Qver

*

1,5,10,25,and 40m.

153 b

o From St. Marcaret's Fay (Spfmna 1976)
. Date’ Average Average TOC
Chlorephyll a Concentration
Concentration (rg C/liter)
(ug/liter)

March 2 ‘0.5 1.20+.13
March 9 T 1.23%.11
March 16 0.5 1.29+,18
March 23 0.6 ) 1:21.09
March 26 0.7 ) 1.17+.11
April 2 0.6" 1.32%.14
April 12 1.1. 1.61%.35
Apral 15 4.6 1.72%.30
Apral 26 0.7 1.26%.11
May 10 T 0.7 1.28+.13

20,
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average about 40 pa C/liter, while during ﬁhg bloom (Aprail 12
and April 15) POC values were found to be greatly increased
(290 ug.C/1l) to as much as .5-.7 mg.C/l;ter. The shortness
of tﬂd bloom was evident in the PQC values, as théy“were higlh
only during this peak period, after wﬂlchgthc POC values
rapidly dropped to pre-bloom values (10-125 ug.C/l). This
rapid collapse ?f the bloom might have been a hydrographlg
effects caused by the periodic flushing of the Bay, so that
the extension or continuation of the bloom was terminated by
the intrusion of offéhoie water (Platt et al., 1972).
The'averaged TOC and chlordphyll a values over the 5
depths were plotted (Figure 14) with respect to time. At .
éhe time of high chlorophyll a (Aprll-fS) valuesf the ,TOC
concentrations were the highest (ave..TOC = 1.72 mg. C/1).
After the bloom period th@ chlorophyll a values quickly
dropped off, as did the TOC values (ave. TOC = 1.3 mg. C/1l).
This period of high cﬂlorophyll a values and TOC values was
also the period of the largest DOC concentratlonf (ave. Doc:
= 1.5 mg. C/1l) (Table XIII). The averaged DOC values (from
1,5, and 25 m) for April 12 (1.51 mg. C(l) wexe about 15-25%
higher than the DOC values before and after the bloom (ave.
DOC= 1.2-1.3 mg. C/1l). The very rapih return of the DOC
values to the pre-bloom values after the bloom had subsided
was surprising. Since a rapid decrease in the POC values

v

was also observed, the assumptlon'of removal of the produced
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organic materials by a general’ flushing of the Bay was
supported. If the POC material had not been removed from
the system, then increased DOC values would have been

cxpected as this particulate material was utilized®and

—a

decomposed. The decomposition of this produced material -

should have resulted in an increase of the VOC concentration,

but this was not ofserved. If the Bay had been flushed, the

products of such omposgition would have been removed

before they had chance to build up, and low values of VOC

would be explicable. .

111) Conclusions .

Previous workers argued that the highest DOC values

would be expected to follow the bloom ﬁerlod by a long lag

3 13

time (greater than a month), in which time the produced °

particulate matter would be decomposed (Duursma, 1961,

Orris agd Foster, 1971 and Banoub and Williams, 1973). 1In
Qoth the St. Margaret's Bay and North West Arm studies, the
lag time between particulate build-up and DOC build-up was
gquite short. In the N. W. Arm, the DOC increase appeared to
follow the TOC increase by only 1-2 weeks, while in

S.M.B., the increase in the TOC‘énd POC were about a week
apart. This rapid increase in the.DOC,values may be an
indication that the POC 1s a more labile fraction than

previous workers might have expected. This result must

bring into question the methods used for the analysis of the

L4

@
-
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“‘70C and DOC concentrations which were discussed earlierx.

No large increase in the concentration of the VOC has

been’ indicated in the natural Systems in this study during ja

s

period of intense biological activity.  Different regions

'

and depths d!her varying influences were examined, and while ®
large TOC changes were evident, VOC changes were minimal.

This may mean that in periods of high biological productivity

- w

only a sﬁall fraction of the produced materials can be

classed as "volatile" by my detection systeﬁ. However,
Byproducts of photosynthesis are kncown to include low molecular '
weight organics which may be volatile under ‘the natufa&

2

conditions and should. be measured by my extraction method.

®

1f the rate of production of 'these "volatile" materials
were balanced by their rate of removal (consumption or
decomposition by biological of chemical processes, physical

stripping, og’vapourlzatlon), the mateflal that was extracted
andomeasured by my system may ﬁavelbeen the background or
steady-state concentration. A steady-state situation would
result in the measurement of only a fraction of the VOC
material produced in the natural system and only small
variations in the VvOC anq‘VOC/TOC values would be\expected

in natural samples. A much better correlation of the
productivity was ev1dent‘w1th the TOC and DOC values than

was obtained with the VOC fraction. Unless the basic assumption,

that low molecular weight organics are produced by biological
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activity, 1s not valid, mechanisms such as described earlier

/

k4

' .for the'formation and maintainance of a

- “

threshold concentration must be used to explain the low and

steady~-state or

consistent values for the VQOC and VOC/TOC that were obtained

~

during the spring bloom period. o
. \

b) . Effect of Biological Decomposition of the TOC on
the VOC,

.

The production of volatile organic compounds was

expected from the decomposition of larger organic compounds

LR

by  microbial action or breakdown and utidization by larger
organisms. Aﬁ experiment was deszgn in which these two
effects (bacterial and larger orgapisms utilization) on the
VOC values wegre estimated. The result was extrapolated to
the naturai system.

1) Description of experiment

™o

Water from three areas (North West Arm - N.W.A., St.

-

Margaret's Bay - S.M.B., tapped sea water - T.S.W.) was used

in this study. Water from the N.W.A. and S.:M.B. was collected

. with 5 liter Niskin bottles (General Oceanacs) at about 2-5

F ]

meters depth during the helbht of the spring bloom period,

when the TOC values were high (1.7-1.8 mg.C/l). Samples . for

1)

the VOC analysis were not filtered and were transferred int#
pre-cleaned 650 ml. amber bottles using the standard procedure.

Half of the bottles were fixed with 0.5 ml. of 3% HgCl,

while the other half were not fixed. The samples were

‘v

a




ey

[ et B i

!

L L A

stored at roor werperature in the dark. Timultianenuasly, 25

1Y

rl., sargplicrs Zrom the same” water were collected for TOC

analys.s in pre-oxidizea (45

P

°)y 30 ml. arprules whioa werc

Jealed and kept at room terperature .un the cary until rcady

b

. —t

for aralvrsis b the dry ozivation retned #1. Half of tnese
{ )

¥ . »

samples woere fixed with 50 ,1. of 3* HeZl., . A sirilar

'

4
zeries of samples were collected fror the tap seawator

{T.&.F.) systen, 1n which tne water fror tne T.W.A. was piped

-

inte tne lap after filtration throuch a sana filter. ‘

"A nlank value for the VOC was outained by analysis of a

. »
sample as gquicxkly as possible after collection. Samples

- -

vere run at random times over a peried of about 60~-6%5 days.
9 * v

7% each of these times, VNC samples (fixed and unfixed with
- .

)

N N & -~
the LgCl:) were analvzed and TOC samples (fiked andé unfixed

witn tne lgCl,) werg unsealed, pH adjusted to about 272.5-*

v

' ¥ ‘ "
wilth tne addition of concentrated H3PCO.,, resealed and then

frozen. Wnen the experiment was ccmpieteé, the samples were

ana}yzed for TOC by dry oxidation. With this approach; three

cets of data from the three .experiments were obtained and the

r

\cnange witn time!of the VOC and TOC concentration of the

sampleé {fixed and unfixed with the HeCl;) was monitored.
o
11) Results

L

.
. N

'

i [ .
The results of these. three experiments are tabulated in-

v

Table XV and are preseﬁted graphitally in Figures 15
L3

(N.W.A.), 16 (5.M.B.), and' 17 .(T.S£.W.),, where the TOC, VOC,

«

3

58
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rig. 3-15%: pffeet of biological decomposition on the organic
carbLon 1n secawater from the Ebff%west Arm.

173 3=-16: Lffect of ulologlcal.décempOSLtlon on the crganic
carbon in scawater fror St. Margarét's Bay.

'iryo 3=~17: Effect cf biologrcal decomposition on the organic

carbon 1 Geéwater whach was pumped ainto the lab

from HN.W. Arm.

A
.

3 ToC - Sample fixed waith Hg.Cl,
B oo - Samplé not faixed with Hg Cl‘\
i 7. VvOoC/TOC - Sample fixed with HgCl,
@ Y0C/TOC - Sample not Ffixed with HgCL

IR VOC - Sample fixed with HgCIL,
A VOC - Barmple not faixed with HgCl,

'S
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and VOC/TOC are plotted against time. A decrease with time

in the TOC concentrations in the unfixed samples froml the

1
|

N.W.A. and S.M.B. was noted, but no sign¥ficant dekrease in

the TOC cencentration in the unfixed sample from thg T.S.W.

a

sample was sten. The TOC concentratlons for the unfyxed

w,
stér%;(l.?ﬂ mg.C/l) to the end
~) R

§

samples from the N.W.A. were reduced by about 25% fxom the
e\1.25 mg.C/l) of the experaiment,

5 N 5 &
and 1n the S.M.B. samples were ;Zﬁgéed by 27% from the start

a?

(1.85 mg.C/1) to the end (1.35 mg.C/l), whrle in the T.S\W.,

samples, the TOC concentrations were not significantly: re uced
\

T
from the begainning (1.30 mg C/1l.) to the end (1.25 mg C/l.} of

) By
-

IS * . b .
the experiment. At the samg time the fixed samples (HgCl,) "+

1 N o 3 °". * o u . '\ ‘m
were analyzed for the TOC c%pteit. Little chance in the

. ‘ ..
TOC concentrations was measured, during-the period of the

A '

experiment. At the conclusion Of the efperiment, the TOC

@

values 1n the fixed sampjes from\QCy.A. 4nd 'S.M.B. werd T

about 25-40% higher théﬁ the unflged samples, while the

T.S.W. samples showed little change (Table XV)-.

" .
»» Interpretation of the changes in the VOC was not as

L

straightforward. The amount of’'chapge in the VOC concentration
with tile in both ‘the fixed and unfixed samples was small

" {Table XV). With time, there appeared to be a slight

[y

decrease of the VOC values in the unfixed samples, \as

+

compared to the VOC concentrations in the fixed samples. In

the N.W.A., the a&eraged voc qoncentratloﬂ over the time of

& .
)

y (3

) 1 -




TABLE XV

L

Effect of Biological Decomposition on the

= ~

Organic Matter in Natural Waters

Sample Dat® Treatment V.C.C. T.0.C. vbC/TOoC
with HgCl2 (ug.C/1.) (mg.C/Lr.) - ()
(3%)
A.North 14/4 e 33.13 1.€9 )
st - 27.76 l.61
v A 24/4 + 37.29 1.69
N - 28077 \ 1.31
26/5 + 29.33 1.66 '
- ! 2
N T 29.00 1.23
L 2/6 + 30.31 1.76
- 25.51 1.21
] 16/6° .+ 31.17 1.80
U - 25.54 1.27
LR MEAN + 32.3+3.52 1.72+.06 '1.88%.21
. - 27.3+1.7 1.33%+.16 2.08%.24
B.St. . 13/4 + 39,63 1.83 2.18
Margaret's - 38.61 'l.84 2.10
e 21/4 & 35.78 1.63 2.20
3 . of
N . ray - 33-37 1032 2-53 "
2145 .+ 29.20. 1.59 1.84
5 ) " 22.63 .©  1.41 E 1.6¢0
31/5 § + 26.70 , 1.74 1.53
" . ‘ F - 23.80 1.36 1.75
' 5/6 0+ 30.50 1.68 1.82 .
) - ‘v 21.61 1.34., * 1.6l )
CMEAN o+ 32.445:3 1.69+.09 1.91%.28
= . 28.0%7.6. 1.45¢.22 1.92%.40
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C.Tap

8/4

Seawater

11/4
20/4

19/5

27/5 \

l4/6

MEAN

t4+ 4+ 1+ 1+ U+ 1+

i +

b

1.26%.05

3.09
3.00

2.28
2.48

2.75
2.33

1.91
2..21

2.23
2.04

Z.18
2.17

2.41%.4

2,.37%.3

37.03 1.20
39.97 1.33
29.17 1.28
31.26 1.26
34.94 1.27
28.65 1.23
24.98 1.31
27.88 1.26
29.44 1,32
26.31 1.29
29.90 1.37
26.00 ¥.20

v
30.9%4.4 '1.29%.06
30.0%5.2

\

X

>
. »
) ".,
’ -
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the experiment for the fixed samples (32.25+3.2 uq. C/1)
was 18% higher than for the unfaxed s%mples (27.32+1.7 pa.Cc/1);
in the S$.M.B., the flxed,samp&es (32.4+5.3 yg.C/1) were
about 167 higher than the average for the unfixed samples.
(28.0:7.6 pg.Cc/l), and in the'T.S.W., the averaged Voq for
the fixed (30.91:4.4 ug.C/1) and the unfixed (30.01#5.2
1g.C/1l) samples were essentially ghe same.
) The decrease in the TéC boncentratioq that was observed
in the S.M.B. and N.W.A. samples was rapid; most of this loss
occurred in tﬁe first 10 days, after which relatively
constant TOC values were obtained. The differences between .
the absolute VOC values found during this study were not
great. The unfixed samples from the N.W.A. and S5.M.B.
appeared to e 15-35% lower than the fixed sdmples.’.Tﬁé
vOC/TOC ratio for the f%xed and unfixed sanIes frop the
three areas showed llttle‘change in the course of these L
experiments (1.5-3.1%) ané no trends were evident. h
111) Discussion gnd Interpretation of Results.
In the samples fixed with HéClg, blolbgical activity
should have been prevented (Yoshinari, 1973) while biological

activity sho;ld have continued in the unfixed samples. \

Since #he sampleé wére stored in the dark, pflmary productivity
or photochemical reactions should have been eliminated, and

the utilization of the organic material ‘an the éample should

have been the result of bacteria and other organisms. A
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drop in the TOC concentration in the unfiXed samples with
time was expected. If volatile compounds were produced by
the utilization or decomposition of this TOC, then the VOC
concentration should increase with time in the unfixed
éagples, while in the fixed samples, where biological activity
had been retarded, only minimal variations in the VOC and
TOC concentrations should be ob%erved.

. The results from this study indicated that about 25% of
the organic matter i thé N.W.A. and S:M.B. samples had been
utilized during the 60 days, while little or no utilization
of the organic matter in the T.S5.W. samples was indicated.
Th? low utilization of the TOC in the T.S.W. sampies was

I

explicable 1f the.organic materxial was refraftlve; this

£

- would be hard to accept since the water was derived from an

area rich in labile orgapic material. However, the water
might have been fterl;lzed ddflng the filtration step by the
removal of most of the bacteria and other organisms or by the
addition of some inhibating sub§tance to the water. This
retardation of the birological activity was a possible
explanaflon for the small élfferences ih‘the TOC concentrations
obierved during the duration of the exper1ment5(l.29i.06
‘mg.C/1) for the fixed agd unfixed samples of T.S.W. 1In the
s?mplesqfrom the other areas, significant differences

between the fixed and unfixed samples were measured.

Y

'in these experiments the utilization of the TOC was

i

-‘N
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Fhown by the losg of the TOC with time, but no bulld up in
the VOC goncentratlon was observed. The prpductmon of low
molecular weight organics during the decomposition of the

labile material in the TOC was assumed to be a major source

of volatiles. However, no increase in the VOC or VOC/TOC

R

WSZ fopnd:Sand the reasons for this must be postulated.

The extent of thé biologlc;l activity was indicated by
the TOC loss. If the "volatiles" were also 1ab11e,vth61;
utilization and remlnerallzatloﬂ by organisms ghould be
expected. If the laxgér organic components were utilized,
the low molecular weight ﬁaterlals should:. also be utilized;
thais would explain why tﬂe loss of the TOC but no absolute
change 15 the VP& @as observed. \No buildup of VOC would be
méasured %f the rate of production of the 'volatiles were

- i
balanced by 1ts rate of utilization, so that what was

meashred in the %nalysié was the steady state or threshold
concentration (below which concentration the organisms are
unable to use the volatile material). Small VOC changes
wguld be expected 1f the low molecular weight products of X
the decomp051tlon‘of the Tod were not measureable by the
strlpélng method employed in this study (either too solubie
or polar, like acids or amines, to be extracted, 6? too
volatile, like C;-C, hydrocarbons, to be trapped by the

traps used).

From these experiments on the decomposition of the TOC,
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1t was evident that the utlllkation and decomp651tlon of the
TOC duraing storage was prevented by the use of the chlz/;o
fix the samples, since rélatlvely little change in_khe TOC

! \ \\ -
with time was measured (Table~XV). Similarxly, the VOC
values 1in the samples that were fixed with the HgCl. were
\ .
' little changed with time. Therefore, the method that was
used 1n thas study for the preservatidon of samples during
. storage (0.5 ml. of 3% HgCl, per 500 ml. of sample which
_was then frozen during storage) for the VOC analysis appeared

~

to be quite acceptable, and- utilization and decomp951tlon of

"~

the organic material was minimized.

3. Production of VOC by Photochemical Reactions

- o

1) Photochemical Production of VOC in Natural. Waters

Previous workers (Creac'h,'l955, Wilson, 1970) have
‘1ndicated that photochemical reactions with organic matter
present '1n natural waters were capable of producing volatile
op%anlc matter. Dlscus51onsaw%th R. Zika (personal comm.)
le& to the concluéion that low molecular weight organics
were likely products of the photochemical decomposition of
the organic matter in seawater. Whether the yield of VOC |
from photochemical reactions under natural Fonditlons was
detectable by my method was not known. ;o

11) Description of Experiments g

a4

Several exper1ment§ were run to see 1f the TOC from -

natural waters underwent photochemical decomposation which

¢

*
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‘ led to the production of measureable "volatiles". The.

1ntqgr1fy and homogeneity of the sample were ensured and

sample variations were minimized by the use of a precleaned

and sterilized 5 liter Pyrex flask with a glass stopcpck as

-

the reactor. Both‘art1f1c1al (suniémp) and natural light
{bright sunny day on the top of the building) were used as
light sources. Tap sea water and Ndbrth West Arm water which
had” been filtered through a .22 p Millipore filter to remove
the organisms and had been buffered with a borate buffer to
pd of about 8.3~8.5 (pH 1s critical in the photochemical
reactions, Zika, 1977) were irradiated. Experiments under

artifacial light were run for up to 26 hours, while the

! 1

natural light experiment was run for 8 hours.

o

Samples foryVOC were collected‘and apalyzed using the
f

|
standard method. At the same time, TOC samples were

collected in precleaned (450°C) 50 ml. ampoules, the pH

5d]usted to 2-2.5, the bottle sealed, and frozen unrxl
anaiggfd. A blank was obtalned‘for the TOF and VOC by théﬁ
removal of a sample aliquot before the }rradlatlon, and
after belng fixed with the Hgélz it was s&ored until ~

analyzeé. At the beganning 5f an eiberlment a dark

Kl a

sample ﬁpr the TOC and VOC wa® withdrawn, capped, and stored

at room temperature in the dark for the duration of the
- * s
experiment. At the end of the experiment, this dark sample

o
”

L]

Ll



e e

wasg fixed with the HgCl, and recapped until analyvzed. The

v

changes in the TOC and VOC in the dark sample were assumed

to be the reggit of microbial action durinfy the duration 6F

-

the experiment,.

a * )
.

111) Results of Photochemical Reactions -

¥

In the experiments (A-D) shown in Table XVI, the

® l
"

changes in the VOC concentration during the irradiation were-
{\

small, while larger changes were noted in the.TOC concentration.*

The TOC values were reduced by 1-12% during the irradiatiron.

"

?he differences between the VOC and VOC/TOC values for the *

o

irradiated and blank samples were calculated. While the
absolute dirfferences were small, the per cent differences in
the VOC and VOC/TOC were large and variable,” but accounted -

for only a very small amount of the TOC loss. TFor examplf,
% ' N ’

[

when the\tap sea water was irrad%agég with the sunlamp ’ -

(Experlmth #B) for 18 hours, a loés of about 0.10 mg.C./liter

&

was noted, but the change 1h the VOC from the blank value was

negligible. ' The samples in the dark bottles were examined ,

s

and little loss of TOC dﬁrlng the experiment was noted.
1v) Discussion and Interpretation of Resﬁizé
Since the changes in the dark samples were negligible

during the experiment’, it was concluded that microbial

L3

action had been retarded by the flltrqtlon (.22 yu) and that

the loss of TOC in the light s$amples during the irradiation

[

was a photochemical rather than biological decomposition.

-
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The production of ‘@w molecular we eight organic materials was

s |

expected duri ng the pn@t@chM*ca7 dGCOTQGS?tLGH of the l@@

yo .
‘but their @rﬁdagtlgn was, not me asuwed The pr@ducts of this.

) ~ . :
decomposition did not fit my 'working ﬁefimitionﬂof "volatile®.
. 7. : o : .

Some of the eupected voliatile mrcduch mayfha§e volatilized

or escaped from the reaction vesae? dm ing th 'lr iation,

y

but since the water kemperature was controlle (reaé oY was
cooled in a water bath) and tu?bu?ence was ' pvavenced (no

bubble form t on or, ahaklng), the lo 8 0L°the volatiles
~would haWe to\be explained by diffuéion, I do not think -
this was sufficient to.account for” the l@WﬁVOC values;”‘/ﬁ
‘:’ig,’ K 4 '

In the expgrim ents whlch were run:sno 81gniilcanﬁ

] ' .

inczeésevin~the‘VOC (except ﬁ@ﬁglbly in 1@ samples wwth the
"shortest irr adiatiqnz concentxations was found. P ibWe a
f"explanatimns f@r'these results include the commlete.remineralizati

of £he TOC to:C0, (the vmlatlle mateérials may be photolablle)

or the preduction of non~mea5ureabTe low mo?ecular welght

'“mate?1a1 ‘that are not detected hy my method (tco volathe

o

or too polav) Tf\the breakdown products oi the photochemlcal

A,.“ e - e -

reactlon of the TOC were not extracted by my str1pp¢ng~ ' :

4 ¢ P A

procedure, but were lost durlng the evaporatlon st@p 1n the

® s

dry oxldaglon proq@dure.(;oss of’ o;ganlc mater;;}?mw1th

 vap0ur_pressure,equal'to or‘greater.tﬁan';hat of water

o
L



3 e

during evaperatwon) tqeﬂ low rOC concentratwens after

adrat10n=wvth llttke change in the voc would be expected.

The ratﬂ of the dtcomeSLtlon of therergenlc.mattex-,

' © 9 N . i :
during the 5rradiation was repidn Fven under natural

‘cend1t1oqs of teﬂpereture and - llght, tho TOC was reduced

\

'51gn1F1cently (13 ln 3 houra) to  about 10 159 below the‘

initial TOC concentration. A fractlon of the TOC (10 ~-20%)

~

appears to be very labile to photochemical:decemposition

concentretions for the'eampies which had been irradiated

»

with elther the natural or artlrlcral ‘light. AThe decrease

in the TOC by photochemlcal decomp051tlon was calculated as

the dlfference between Lhe d“rk (mlcroblal actlon) and the

1rrad1ated (photochem1cal and.mwcroblal action) samples.

This photochemlcal dtcomposlt1on of TOC mlght be 1mportant

‘LnAthe remﬁneralvzatlon of ‘the organlc matter £o nutrients .

Table ¥VI) and a decreeee of 5-13% was noted in the TOC

167

in: the euphotic zone andkmay provrde an essential pathway 1n‘

the‘cyclihg of- orgdnic matter in.naturdl ﬁater$L

0 -

a, Oualltatlve Analysis of the Volatile Orqﬂnlc Materlal 1n'

- ‘Natural Waters - . e R

i) \ Introductlon

'7fThe ana1y51s of the specwflc componFnts of the volatlle

organlc materlal has become more feasrble ‘with- the advent of

~the gas chromatography Tmass spectrometer (G C M S. )
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ffsyeteme,"For the- trace orgehics in natural watere, the
organic materialskare.Qreconeentrated by extraction or by »k
‘ traps’and afehenalyzed by  the GC~MS systemi‘ Most, WOrk in f
this area has centered on fresh or waste water eysteme and
«blologlca1 flulds (Zlatk;s ef al,, 1972, 1973 1974 Groﬁ et
‘al., 1973, 1974, l@?S,bDowty et al., 1976, Hltes,Ql975 and
Harris et al L 76) . I P

--'ii) Cond1t1ons for AnalySls T - .. o
Slnce I did not have access te a GC MS eyetem the

- N l , .
qualltatlve analy51s was dlfflcult to pursue Howeverg”eome

prellmlnaxy analy51s by GC—MS for samples from the North

West Arm (August 1975) were run by P. Gschwend at W.H.O.I.

Samplee were collected in Tena& G C. traps, which were.

desorbed into the GC MS system. Problems.with-relativeIY[

'large amountsaof water in the tﬁeps were overcome by a one f
‘hour desorptlen.at rccm temperature w1th a flow of 50 ml/mln.
"N, before ahaiysie fcrgthe adSorbed‘organtcs. Since tige o

was limited, the coluﬁﬁ used'iﬁ the;?.'Cf'{é?ft. glass * R L

column, 1/4" 0.D. pacLed w;th 0.4 % Carbowax 150¢ on ;

Carb031eve) was not optlmlzed for the classes of materlals
that were expected and a blasngn the* type of materials
mge

-

detected was to be expected. . ‘

e . el . . .
1 o

111) Results of Analy51s : S

e

3

A separatlcn ‘of the organic materlals adsorbed on the

. Tenax trap;wag'obtelned and;36«peaks were ohserved.v The

0

a
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tentative identification (P. Gschwend) on tlie numnbgred poak4

k3

from Figure 18 is shown in.Table vaI’ lh@ compounds

ldentlfled lncluded aldehydos, Le?ones, arqmatlc hydrocarbons,
haloqenatod hydrocarbons, and pthaps alcohols. Bolllng
POlntS as hlqh as lGOOC were noted for the 1dent%fled
materials. The harsh handllng ‘of the Tenah traps required
to remove the wate; 1ntenferenoes probab“y also 1e&~to the
” loss of some of the more vo1atlle and polar materlals, The
ChOlce of columo'packlnu ﬁor the sefaratwon was not. optlmum §

u

smnce the pachlng was &eSLgned for the separatlon of halogenated
and aromatlc compounds.' Tho compounds détected were Of '
intermediate polarity, amq‘/pmplete separatlon of the .

volatlles trapped on the Tenax was not obtained.

s

iv) InterpfetaLWOn of Results )
' i
Wlth>thl$ rough approach to the qua1ltatlve\analy51s of

5

, volatlle components, an lndlcatlon of the type and range of

. e,

the materlals from a matural system under large 1nfluﬁnce

from land and urban pollution was-obtalned The-potentlalq

-
LY

for the qualltatlve analysxs of the organlc constltuents
\ 4 -
present in the volatlle fraotlgn of the organlc materlal in-

- seawater has been shown and -’ future work in thls area 1s

» requlred Many questlons of the spurce, role, fate, and

dis butlon of the volatile materials in natural samples S

w . 3

oul be.better.answere

*y

by thelr qualltatlve analy31s.

[
W@



=

P

\ ~

Rpconstructed G.C. chromatogram of VOC sample
collected on Tenax G.C. and”desogbed. sample was
dnalyzed by P. Gschwend, W.H.O.TI. ' '
G.C. coﬁdltlons 0.4% Carbowax 1500 on Carbosieve

-
N

1/4" Q.D. glass column, 6 ft.
Temp. program 1 min, @ B0°C
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Ou¢]1tq£3vv Analva*g,of the Volatile Corponerts din
: -

Poav lanhker

v

v
+

v LA

Samples

.
Frum the North Weqt Arm

Tentative Identificaetion

2

\

4

Boi1ling Point

OE‘R mpound (OC)
Gy R

~

14
15
20

21
22
24
31 & 32
34

melhyl asopropyl ketone
benzene
trichlorethylene

dibronoethylene ‘

\ »
broemoform

4-methyl~2-pentanore
tetrachlorethylene
2-hevanone *

n-heranal ‘
toluene

mesityl oxide v
xylene i1sonmer .
n-rropyl benzene " \

.

AN
94 \
80.1°
g7 \
112.5
149.5
1 116.9
1121
128
128
110.6
129.8 -
138-144
159.2

i

1
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L. Conclusion * !

Volatile organic compounds are rdefined as<igy/g;lecular

A}

veight materials which are easily vapourized. They usually
contain no more than 8-10 carbons and at most two functional

groups.  Tncluded in this definition are the lower aliphatic

.
-

and aromatic hydrocarbons, alcohols, ethers, thiols,
¥

aldchydes, ketones, acads, esters, amines, halogenaté&

/

hydrocarbons, etc. In this study, the volatile organic

-

material has been defined with a working definition as that

/

material which 1s strlppeé from a seawater sample at an .

elevated temperature (80°C) and natural pH (8.1-8.3) with a

%

flow of N,. This extracted material 1s concentrated on a

solid support (Tenax G.C.) and a cold trap (-789C), which are

1

desorbed-kpto a high temperature ox;ﬁatlon furnace where the

.
r

organic matter 185 oxidized to CO, and quantified with a non-
dlspersi%e 1nfrared\detector. Using standard‘matgridﬂb, the

’ h Y
efficiency of the method was ob%a}ned. For low molecular
° TN
welght compoungs w1EE/ylgh vapour pressure and low solubility
~ .y . . . o

1n water, the method appears to be guantitative. For

)

4

-t A

'

> | a
organic materials of decreasing vapour pressure and i1ncreasing

molecular weight, boiling point, and solubility, the extraction

v R . 1
from natural samples becomes more difficult, 1s less than

complete, and longer pcriods of extraction are required.
K"

o «

. With m§ extraétiga‘proéegure for vOC from natural

4
& .

- v e
samples, different classes' ¢f .materials are removed at
o ' ) < ¥

- s 2

™



.

L different stages of the extraction. _During the first stage
. ‘ .

of extraction, the easily removed lowor weight materials, '

which are more volatile and less water soluble, are stripped

[

-~

from the sample, while the less volatile and more water
soluble will be purged from the sample duting extended

extractions. Since the more polar materials are difficult

- .

to extract, their complete removal with the conditions used

.

in this study 1is not expected. However, a large fraction of
|

the material whieh fits the working defainytion for "volatile"

|

has been shown to be extracted in the time and under the
conditions of the described procedure. The completeness

of their removal 1s shown by a decrease in the rate of
- : 1

extraction with extended purging.®
In this study, the direct measurement and quantification
of the volatile component’ of the total organic matter in

seawater has been shown and a method is desgribed for the
extraction, concenkration, and analysis of the VOC. The .
efficiency, precision, and acéuracy of the method have been

v

studied and contamination problems in the analysis of the

.natural samples have been minimized. Evadence of thermal or

biological decomposition of the -TOC during the analysis of

L]

VOC has ndt been observed. The method of extraction i1s long
i N
and time consuming, but, for the.first time, an estimate of

§

the absolute concentration of the volatile organic matter in

natural seawater samples has been calculated.

L]



Coastal and open ocean areas have been analyzed and the
- - ‘.
ratio (VOC/TOC) of the total which 1s volatile was found to
\
range between l.Srﬁ.SZ (averége about 3.5%) for all the . \

areas aga aepths studied. 'The variations with location, Q’
depth, and biologacal a§t1v1ty are not as drama?ic as

,expected. }Only small 1n£luepces and trends from coastal
input or from arcas of hlg@er productivity are noted. Minor
enrichment of the VOC in the surface zone 1s revealed in the
depth profiles. Trends are even less obvious when the ratio

of VOC/TOC (%) 1s examined. Very unlioém,~§lmost random
resu1t§ are obtained and a constancy(of the volatile

¢

fraction 1s indicated. In the areas studied, lattle effect

Y

on the VOC concentration is evident from the impact or input

by man. Better correlations with these influences (geographic,

spatial, depth, ‘time, biological act1v1t§) are found with

the TOC values:than are obtairned from the VOC fraction.
4

The uniformity of the dastribution of the volatile
}

material 1h the different sampling areas 1s difficult to

explain., The éources of this volatile organic matter an

natural waters a}e biological (secretion, excretion and
decomposition), chemical (photolytic, thermal), terrestial .
{aerosol, fluvial), and anthropogenic (shipping, urban and

>

industrial pollution). Surface or coastal arcas should have

- w

been the most influenced by these procesSes: While a

positive correlation between the measured VOC and these .
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&

N -

areas has been found, no significant correlation of the

a

ratio of vVOC/TOC with these arcas is shown. Thig constancy
« - ¥

of per cent (VOC/TOC) 1is an indication that a fairly ) .

]

constant fraction of the matrix of the TOC as measured by my
extraction procedure. The composition of the organic matter

»
in natural waters must be fairly constant. This assumption
15 supported by work which has been done with ultrafiltration
for the study of the molecular weight distribution of the
organic matteﬁ in secawater, ‘

If the rate of consumption or removal of the volatiles

1s equal to or greater than the rate of production, a

1
|

relatively constant value of VOC will be maintained. If the
low volatile concentration 1s maintained at a threshold

concentration at which organisms are capable of.utilizing

v

ﬁkthis'organlc material, the absence of zero concentrat&ons
of volatile materials in areas of expected complete utilization

can be explained. Since the formation of the volatile
ey

matter should be mainly in the surface zone, a decrease of
VOC concentration with time of Femgval from the surface zone
would be expected, with the ﬁeasured volatile concené%ations
approachlng zero 1f removed long enough from the ‘areds of
main lnput: Complete utilization of the VOC in decp water

was not observed and the idea of a threshold concentration

£

1s supported by this result. - i P

e ) ) ”._/-ﬂﬂ\ i R
The sources of this volatile material are examined 1in

-

'y a

[



P

R

[

- the water. This low standing &aluetof VOCMmay be a steady

13

K

13

&
this study and through these experiments a better under-

@

standrng of the distributions observed .in natural samples

1s provided. The volatile fraction was found to vary little
during the periods of. intensec biological activity (spring

bloom), even though at the same time the TOC was, K found to be
increased by up to 50%. During mlcrobial\dec0mpositlon of
organlé matter oply a small change of VOC was noted, while ‘

the TOC values were reduced by 25-30%. These experiments
were an andication that whale totgl organic matter undergoes
Qramatlc changes fro? biological processes (primary
Lprohuctlon, blo%gglcal utilization), éo laxge scale changﬂ%

are observed in the amount of volatile material present 1in
Q

state or threshold concentration and the low molecular weight
3 tooe

organics, which are\produced by orggnisms or hy decomposition
“of larger organics (biological or‘'chemical), may have a
short lifetime ain the natural system. While the production

of VOC in the photochemital decomposition of the organic
n 4

matter in seawater is predicted (R. Zika, personal comm.),

the photochemical expériments were not conclusive. While

v [y -

decomposition of the TOC is indicated, a small increase

1

followed, by decrease 1n the VOC fraction 1s obseryed. These

decomp031t£65'products from the photochemical decomposition

L -
[

of the TOC are likely to be a complex mixture and these
® e

materials may be unstable under conditions in which they are

»



produced. The products may be photpolabile, non-detectable
by my extraction procedure (too volatile to be trapped or

too polar to be extracted), or lc‘ by diffusion during the

irradiation. : -

A
o -] <

. » \ §
In this study, the results obtained from examination of

distributions and possible sources Offthe'bolatlle fraction
of the total organic matter haveﬁbeen uscd to postulate the
role that the volatiles play in Eﬁe cycling of- organic

matter in seawater. Since no bullérup in the volatile
\ .
fraction was found, a balance must éxist between the rate of
#*
produqtion and the rate of loss of 4this material. ‘?E this

balance relationship 1s valid, the VOC concentration should

] Al >

be mazntained at a steady state or threshold concentration.

»

-

Rate of Production -~ < . " Rate Of Loss
of voOC = of vocC
. VOC measured . o
. ' (steady state or
threshold concentration) - ¢

This relationship between the pools of organic matter in

natural waters is shown in Figure 19. The volatiles as

[

defined 1n thas study (low molecular weight compounds of*

high vapour pressure and low solubility which are extracted

"

¥

by the stripping procedure) can be‘produced in situ or can be

added to the system.

by

-
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a) Proéuctlon of vOC }
- 1) In Sltum . n .o - .
. ' The production of VOC 1n natural waters 1s_eprcted
_irom several sources: ’ o

o

. 1. Brological production would be expecécd from by~
>
'uprodgcts of-photosynthesis, from the excretm%n or soccretion

of volatile materials by marine plants or animals, and by

* . »

X the biological decomposition or utilization of particulate

® or layrger molecular weight orgamnic matter by bactErlaégflants,
b - - € s .

¢ . .

« or animaPs during heterotrophy. . °

-,

- .

. @2, Chemlch‘proéuctlon wauld be expected from the

© -

photochemical or chemical deéomp051tion of larger molecular
‘ weight organics. . .- . |

£ 11) Input from external sources. ~ *

[

. Biological or ghemical processes can lead to the productron|
- \

of breakdown products of the terrestial organics and these
@ e - «
may* enter the ocean through the atmosphere or through river

v
»° L}

7~ .
*or dralnage systems., Similar pathways can be used for the™
' .

-

Antroduction of urban, industrlql, or .agricultural wastes

*  and man-made pollutants. o '

t

b) Removal of vOC from Natural Waters

Y .
Y

- 1. . Biological utilization or deéomposition of VOC by *

H

hctérotropQ}c utilization or remineralization. '

*

2; Photochemlﬁal or chemical decompasition of the

¥
i -
'

-volatile materials in the water. Photola@lllty of VOC was’

. -



»

v

. - mdrcated 1nsthis study.' Photochemical condensation and

~

polymerization reactions of the wolatile materials might pe

’ a mechanism for loss-of volatiles by the formation of leSs

v .
. . -

“ volatile 4nd larger molecular weight materials (DOC and

F

- POC). This type of reaction would not be exgected,lﬁ the

-

. bulkkieiftlon because the concentrdtwions of the components

ere very low, but could possibly o¢cur in. the surface film,

3

- which 1s high in organic matetrials. . .

. LN Physical removal o% the VOC. Wvolatilizatien of |

- - 4 »
-

{ materials with high vapour pressure and Iow'solu@111ty

s ¢

should occur i1in the seawater system by diffusion, which will
s .

» be enhancéd by turbulence and bubble formation, ‘' Vdlatiles

>

+

from freshwater inputs may undergo a Tsaléi&g out",effgct,

. ‘which would decrease the solubility of, the incoming organlé
materials qu increase their rate of vapourlzation. Some of

: the VOC should be.lost by the physical or chemical adsorption
of volatile compounds into particles wﬂlch sggg\zgf;he

sediment or to an area where 1t can be utilized.

s

.4 ! !
- The cycle (I'ig. 19) of volatile production and removal
5 - s R - | .
-"has been postulated to explain the results obtained in this

- ¢

, study: Deflnﬁﬁlve answers are not'posslble by only

%

quantltatlvé methods. Quallta%lve analysais and tracing of

\ specific components from the various sources should provide

-

an i1dea of the cycle that these "volatile" materials follow
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\\\\\ crole, aud ultipate fate of the volatile materigl. A culture

e

" a ¥ : ! ]
“in the aatural system. A radiocarbon tracer experimcnt .
r -
wight be used to angwer some of the yuestirons on the cycle,

could be grown on C!'*04=, HC'*0, , or C!"-labelled organic
3 N N
putrlunté. Durillg prigary production, the amount of

- 1

VoC!'* produced as the by-products” of the photosynthesis, or

b °

produced by secretidn or excretion by organisms could be

Lo
, monitored. Decomposition experiments (biological or *
chemical) could be run. 'The organic-C" .could bé traced and
/ v . , , .
the fate of 'the label examined to see 1f the’label remained '

- <0

N - , oW
‘ in the TOC fraction or in the breakdown prodiycts.of the, * ' .
TOC, (volatile material measured as WOC'*, non vo;atg}é\\ ,

. . A
i material measured as TOC'* or complete remineralization to -
¥,

f]

C!*0,). The ultimate fate ofk%he voct could alsp”%g ot .

@

’ 7 "
followed. , The incorporation or utilization'of th%\VOC hy

. . L)

heterotrophic erganisms cbuld be studied, and the rate of - ,
remlnergllzation by biological or cllemical processes could
V . , ) v
| be estimated. - With an understanding-of thg rates of

«production and of loss of the volatile fractron of the TOC

. ’ =k
- 1n natural waters, an i1dea of "the importance which the .
-

k; volatile materigl plays in the comple%e cycle of erganic

L Y

- ’

matter in natural waters may be obtained. ) T

) a

" ' while, little variability has been found in the VOC in”

. i [

‘ natural seawate€r samples, and the.sourée and role pf the .

o+ - hd hi ‘
volatile fraction gre still in-gues¥ion, the VOC‘ma§ be a :

®

a

-
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very important pathway to the cyeling and remaneralization

of the organic matter in the sea. Theé answer to thuseo v
. . ° . IS

. )
questions by quantlflqgtlon has proven inconclusive and .

- |

unt1l t#rfs fraction has been analyzed ‘qualatatively these

’ .Y 0 L]

questions will remaln\unsolVQ&. While small scale ,changes
- »

3

are noted in the absolute amount of VoG, the individual

compénents may be Thuch better indicators of what ais )

happening in the al syét@m. Changes in the specxflé

organic compounds ma rralate with areds of different

prd&uct1v1ty, light influence or local changeg in the
ﬂydrographic properties. Future work should be directed to
the gualitative analyéﬁs of thxs volatile fract&on. I am
sure that a‘better understanalgg‘of the sources and roles of
the volatllé organic material in natural waters will be

TN

‘obtained. ‘

.
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., Summary

. . <

n this study, wet and‘dré methods have been developed
.
' and used for the détermination Ef tio total organic carbon

(TOC) 1n natural waters. The precision of both methods !

v o otunr

v , LY .

vas high. Howeverq'when Ldentical or simultaneous samples

were analyzed, signl lcantiy higher TOC results were measured

¢ ~
bl

with the dry oxidation method. The TOC distributions from -
various areas (open ocean, coastal, and estuarine) were

- A
obtained. .Correlations of the TOC values with other hydrographic

k3
N

s /”‘ -
+ parameters were attempted  and in certain areas high correlation

¥

were noted. Whifle hig&er TOC values wére measured witp both

of ,the dry oxxdation métﬁods developed in this work, the

charactepiﬁE;;;—;E\zﬁe profiles were similar for both the

wet and dry methods (high in surface, decreasing to geiow
theleuphotlc zone, and relaélvely uhlfonﬁ in deép water).
’ The percenta%e dlfférences between the methoés remained |
relatively const?nt (15—202)‘w1th depth and ;rea.‘ The dry

\

a M N "
vy method was considered to be a complete oxidation, so that the

¥

lover wet oxidation regﬂits were assumed to be the result of

o

incomplete oxidation. _The difference in TOC resuZts from

- the two oxidation propcedures was small but consistent.
- §

e

Thus, a,fraction of the organic matrax in natural waters '
appeared to be missed by the®wet methods, but the profiles of .

3

TOC d1§tr1butions were comparable to dry oxidation results.

s ,,V”o’ +
The TOC results obtained in this study were compared . )

(8 1 Yy &
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”, -

QF\\\ijihﬁigu results af other workers. The differences that

[

were noted in various studies could bhe explained by problens

in the handling, workup, and analysis used in different

~ LI 3
methods. I was able dto overcome many of these problems and

t

L
fee‘thatomy TOC results are close to the true TOC va}ues

¥
4 @

{or Qatural waters. - ,

~

« In most methods for TOC anqusms, the volatile fraction

»

(low.mg@lecular werght and boiling poants, high vapour

pressure) of the TOC 1s paftlally cqmpletely lost during

the removal of the inorganic carbon. |Therpfore, a method

based on extraction, concentmation, a

d

' - L]
for the direct measurement of the volatile &rganic carbon .

analysis was developed

’

(voC)~. In this study, the VOC was defined by a working
Glfinitien (organic material sE{;pped with N, from a heated

sample at natural pH and concegﬁpated in a trap). The'\

, extsaction was effectrve for the more hydrophobic volatile

-

gg%pounds (80-100%) , but was less effective for hydrophilic-

»

and polar materials (30-60%). The systems used fqr the

v oL e M

concentration and detection of the volatiles were important

factors in setting the limits of materials included in this

.

working definition. TFor the first time, the VOC Iu seawater

has been quantified by a direct method. Variations in VOC

concentrations with geographic area, depth, seasons, and

»

préductivxty in natural waters were examined. The VOC

[
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values obtained by my method were‘fouﬁd to be a small and !

raolatively constant fraction of the TOC (2-6%). The VOC

[

tappeared to be maintained at a steady state or threshold

A

concentration where the fate of produ%tlon was kalanced by a

rate of lo§s. Biological, chemical, andfphy31cal processes “ '

have been postulated as controliing mechanisms in the

natural system. A steady state rélatlonsﬁlp has been used

by otﬁer workers to explain the TOC distribution in natural »

wvaters. A similar mechanlém may heip to explain the low and

constant VOC values. However,: for TOC a t;ﬁ% gcale on the !

order of weeks (surface zone) to years (deep Qater) 1s v

ev1dqnt, wh11® for the VOC a much faster rate pf removal 1s

required to suppor% the obseryatlons. ¢
It was difficult Eﬁﬁggtarn the actual dynamlcs‘of the /ﬂ\\

VOCG 1in real systems beﬁause the analytical methodstlnvolve

discrete rather than real time sampling. Until a real tlmg‘

analysis system 1s developed, the rates of the précesses g

operating in the natural cycling of organmfs will beiﬁlfflcult

to quantify and understand. YIn this work, the TOC Values R

gorrelated well w1th areas of high product1v1ty, blologlcal

. -

dec mp051t10n, geographic area, or season, while no dramatic
or saignificant relatlonshlp with these pardmeters was found
for the VOC values. Previous workers have shown that volaylle
[ % @ ra

compounds are likely products of biological production and

chemical or biological decomposition. The enhancement of

e

/ Y
f_{ | !

R e L o ——
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the VOC fraction during experiments de31q%§ﬂ to show this
was not obvious, This observation SSuld be &xplained 1f the

these low molecular weight materials®are unstable (chemically,

IS

physically, or biologically) under datural condlt}ons, S0

.

that they are lost from the system as quickly as they are .

. .

-

*
produced. However, zero concentrations of the VOC in -

a 8, B e

»T~7 natural samples were not found. This %ndlcated that the vOC

¢

material may be maintained at a threshgld concentration
¢ .
below whac¢h utilization was not possible.

@

The fraction of. the TOC that was measured as VOC was .

- v Cye .

small (20-60 pg C/liter), but 1f a Steady state relationship ‘v ,

'] . & @ o
were maintained, the role of the VOC an the‘cycllng of .

v

organic matter in seawater may be important. However, untll:‘.

w

anailytical methods .of VOC analysi% have been refined, the |

significance of this material in fhe feal system will not be

= A
o

<& -
) [y
‘,‘ﬂ,-l

completely understood. "
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