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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 The sample was withdrawn from the Niskin w1ﬁh a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 )‘

@
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! 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
¢
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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



131

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
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for,

3-7:1

) »

°

. Dept{x proflles of the VOC concentrations (@) and
the VOC/TOC (0) values which were collected in

the Gulf. of St.

A — averaged VvOC values
A ~ averaged VOC/TOC values
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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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& 3

®
‘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}
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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




¢ - ‘ 145

o

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 +
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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




¢

15/4/76

t
.

*

26/4/76

) l0/5/76

v ’

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
{

! I3

e

\ during the period of the spring bloom in St. Margaret‘s/

i

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,

FIGURE 3-14
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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

[P

- PO .
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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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4

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



-

ke 4

‘ 162

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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N

‘ 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
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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
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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. )



168

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@
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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.
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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

-
Bt Aot s g S quri ool R SR e e de e e b e B W S om A o e mer e & NGRS - —-



oy

X

~ v »
L4
. o .

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. ‘

.

o — . e e e e e R o o ] B Y e

-
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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 &

- = e e S e b Pt B S o B S e T s s AR, N e
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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_{ | !
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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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DAL 8/75 . | ]
sTATION 1, 44%924'w,63728'% ‘ - L
131 22 145 ] €82 08 1 24% 01 41 80 2 88 ‘
10 31 2° 1n 1 4ur 05 1 21t 04 ¢, 46 36 3 54
25 31 22 . 13 125 03 1,028 02 9 9§ 1,71
50 31,73 1 u8 0 €9 rg 0 95t 08 85 60 6 17
7% 32 21 192 Tars 11° ¢ 99% 04 31,70 370
STAIION 2, 44%1a'n, r3%19%
n
1 30 92 1 40 147+ 05 1 25% 03 44 74 315
10 36 37, 14 131 02 1 2uk D4 43 2€ 3 07 !
25 31 Ou 116 1.1 112+ o8 42 26 364
50 31 By R 1 19: 01 17 (8 3 59 ]
< Tu 320, 107 u 89 S0 874,03 42 48 3,97 i
160 33f05 0 97 1 074 04 5 § 07 119 56 407 ©
seanion 3, syl ¢
o
131 59 1.14 134410 LB > 58, 4¢° 5.12 . ‘
531 5. 12 "
11 31 %2 11 139+ 08 1 05 04 49 (2 3 65
15 31 /¢ 117 N " . y
25 32 12 1,16 1244602 1 GO . ) i
50 34 20 1%0n 0 96 67 0 9% 11 46 54 443
160 34 7 0 H4 0 UL: N2 0 73¢ 01 }
v e Al * ,‘
L] : . -
& a
N AN
4 . . * L] ke
# , }
A L
[ ) ’ . "Jw
. - a 1
. A ' N
) . ‘|
N L4
&
. N i .
e . -



e

&

4 »
/
150 34 o ¢ ny 5 04 3 8% .
200 34 AT D 74* 10 0 72t 01 ¢ 58,08 4.43 )
250 35 04 0 7o 0 79+ 08 0 70 ‘
1]
F1ATION 4, 439200, 6027y
121 78 1 03 1 s 03 0 Qs 03 €0 €0 5 88
10 31 78 108 1214 04 1 T.0 w3 ul o% 10
25 31 v 1763 11 0 - 0} £3 00 o 5 1%
50 33 18 ¢ a9 g Gas 12 6 7 & 0l t8 2 6 92
7¢ 33 02 i0p 0 Po: (8 0.7 ¢ 04 €1 94 36,19
soAtI0N 5, AaV1l'H, 624 Ce™ ‘
131 33 1o 126 v noate 03 31 54 2 €0
10 32 0% 112 Q11 .08 0 0® sy 30 44 2'72 .
25 32 47 1 2 1 24: 0b O ues 01 33 44 2 73
50 32 93 0 93 0 99, 07 O.ti. 4 34 46 3.38 .
75 33 57 ¢ 90 0 EP2 11 0 /2901 43 28 , 4 51 v
[#] (ol L4 3 I}
STATIGH. 6, 429500, 62 itu . * s .
131 57 136 e 1 262 0f Q0 tae p2 33 500 2 70
4 31 6% LMt 00 1 07elH ;
10 31 3 129 1 9:fy 1 01 06 44 34 3 44
17 32.20 “ 115 1 gn
25 32 B4 130 119 11 0 9. 02 24 04 1 as\
50 33.7° v 1 38 1 06: 00 0 7. o 24 34 1 76 '™
75 33 Tu 0 93 0 °0% ¢ 0 ¢6+ 07
100 34 36 106 0 by’ 07 0 67: 08 37 78 - 3.47
150 34 71 0 96 ol 0 3z 04 "
200 3. 81 @ 51 g 7a: 03 0¢€ 2ol 28 30 3.49
250 34,81 ¢ 7% 0 €0: €2 - '
30D 34 86 0.71:.08 0 64z 05 31 98 4.50
400 34.96 , 0 60:.00 D 5€: 02 24.66 5 78
| 500 34 88 0 73:.10 0 6€ 27 00 3 50
STATION 7, 42324, 61°24'W. {
{
134 16 1 26 1 25:.08 0 982 02} 52 72 4.18
4 34 19 1 a7 0.95. 07 - *
11 35 33 1 08 1.244 12 0 90=: 03 25 34 2.35
15 35 40 120 o 0 962 05
23 35 38 1 02 1.22% 03 0 86* 01 31 56 3 09
30 35 40 . Q 84% 01 B .
50 35 40 -  1.05 1132 07 0 92 04 26 24 250 o
75435 86 A
100 35 77 0 78 0 B9: 10 0 68x 04 34 76 4 46
150 35 52 C 86
200 35 35 & 0 74 0 87+ 04 O 662 04 34 38 4 65
250 35 19 a
300 35 )2 0 78% 08
400 35 10 0 72 0 68+ 04 0 63% 06 24 98 347 ”
€00 35 10 0 el 0 73 0 671 02 .
800 35 05 071 0 BO: O1 0 €5~ 04
10L0 35 05 * 0 68 0 732 16 10 73 02 26 98 3 97
1200 3% 02 0272 6 BJr 04 0 6€z C7 )
1400 3% 99 09 0 77+ G5 0 64z 0,
1600 35 90 0 &2 0 781 08 *0 642 01
18,0 35 02 o fo 0 63t 12 0 6] 01 23 16 3 36
2150 35 ng 0 77 0 71+ 11 0u6RHz 02
2260 35 O ¢ 75 0 76% 96 © 67 29 68, 3 96 ’
CiUI8l Leotian Shelf V
pALL 3776 N
cirTron 1, 44%40, 63928 *
131 34 117 34 38 2 94
10 31 33 111
25 31.35 1,27 44 9g 3 54
40 31 70 111 .



+ L \ .
9
19 . -
[4]
. .
. .
> ! -~ i
|
®
o Y
SAOVIION 2, 44%16%, €3710'W \ *
131 14 108 . 28 60 2 23
. 25 31 9p 103 27 18 2 64
50 32 16 1 ¢6 30 50 '3l
’ 100 33 74 g 23 30 5o 1.68

ST1ION 3, 435a3'n, 6253w

11 88 116 37 S8 325
10 31 90 112 u

25 31 )3 104 i 35 go 3 46
50 33 14 11% 36 00 313
100 34 st gty 41 o¢C 4 70
200 34 99 6 69

STTION 4, 43%29'n, :°27'W

132 12 107 35 32 329
10 32 12 8 65
. 25 32 12 107 39 9§ 3 74
50 32 40 0.99 . 33 78 3 41
ciaron 5, 435118, 62%06
- o
131 96 101 40 27 ¢ 3 98
25 33 11 110 * 32 08 292
50 34 95 160 33 00 330
150 34 99 L0 86 40 of) ~ 4 65
, 380 35 06 n 87 g 2 4 40
400 35 07 0 81 311 384 |
STATION 6, 42951'N, 61°44'w /
1 31 96 111 45 /64 411
50 34 95 1,07 ) 38/ 06 3 59
106 35 60 0 E6 46 12 4 69
200 35 10 0 84 36 68 4,37
500 35 10 6 76 46.38 6 10
CRUISE  tulflof St Larence ’
DA"F  27/5/75~ €/6/75 E ,
sTTION 1, 45%4 6, 61710 5'% ‘ } '
, DPepth Salimity  Si,ma-t ’ , TOC (mg Cf/l:.tgr)
=1 /oo * ¢ /e Wet Ovidation Dry tethod Dry ‘etlod
, *1 r2
» -
1 30 07 23 77 131 173 139
10 30005 23 97 1 274,03 1 51 /|
20 30 32 24 20 117 142 o1 34
50 31 22 25 10 114+ 13 123
76 31 81 25 54 1 "0 1.43 1 08
ST.1ION 2, 47923 2'%; 0% 21y 4
af -~ -
1 31 26 24 26 1 28+ 69 138
50 131 9/ 25 v6 119 1.16 ¢ o .
150 33 44 26 75 0 s8¢ 11 162
(00 34 01 27 06 1 024+ e 107
450 34 86 27 59 07y ° 0 87
S1,TI0N, 3, 48%27 4'v, 58°15 5'w o
1 27 84 23 56 1 23 11 148
10 30 98 24 79 ° 102 R 112
50 31 78 25 56 102 118 119
7% 31 83 25 60 11/ 1%

9

T At S e S WEE 0k g e e e e e a5 s - .

Pe—————;



sTATION 4, 49910 3'n, 58”16 2'w
3
127 17 21 60 134
10 30 4% 24 13 s 1.16+
50 31 7w 25 65 1 05t
200 32 09 23 49 . 0 78%
¢ seaiton 5, 49711 9vv, ¢ @'w
127 7 22 13 o 134+
i 1030 9p 24 33 0 gy
s 52 31 B3 L5 G o owhe
1% 32 Gu FE ’ O ndd
wIATION 6, 49960, , 58%05 1'W
N 1 26 1° 20 2 y tese
Ao 30 91 21 &0 1 00t
¢ 51 ,3) 80 25 5t 0 va
77 131 90 25 64 0.94¢
T Ocg yuy  6ql '
STATICN 7, 48938 1'h, 57957 5'w
! . 1 :8 11 22 21, 144
10 31 00 24 91 ., 103
‘ 52 31,80 25 56 ¢ 0 9
78 31 91 25,66 110
s1ATIoN B8, 49910'm, 59%m 3w
A3
1 311% 24 54 1 06
16 =1 1% - 24 85
50 3l 91 25 67 » 1 10t
151 33 51 26 78
, 252 34 51 27 26 0 652
, sTation 9, WeUse ey, 62004'W
¢ 1 3113 24 b6
v 11 31 47 25 14 R
£4 31 85 28 17
81 32 22 25 92
. sTATION 10, 4904 9't, 6329 9'W
' 1 28,67 22 54 1 70
10 30 86 24 55 1 28
51 32 52 26 14 100
162 33 22 26 62 0 88¢
203 34 12 27 11 0 70
355 34 77 27 47 . 0 @8
. . STATION 11, 49%02 1'n, €3%56'W
1 29 99 23 46 1 28
10 31 18 24 9§ 1 11
56 32 44 25 10 0 9l
151 33 72 26 91 g 734
302 34 59 27 3a 0 8l
i 4] [e] 1
. STATION 12, 49959 &'n, 61°42'U
i
27 7u b7 1 a9
s 10 31 32 21 9 116
51 3l a% a5 61 1 468
154 331 07 26 72 0 95

1

<

08
17
61

11

ton

0

r 04

03

06

11

02
03
0z
02

R g
LSRR ]
<& e >

1 45
143
113
10
0 80

1 54
114
103
1.02

1 46
123
107
102
0 92
0 76

145
1 34
1 05
0 36
103

1 73¢ 05

1 043 07
12 12

f1o19: 11

1 32t 16
1 14:.10

1 57 18
1 30
0 95,10
6 78
¢ 90? 10

1 80
1 3%
1 09
0 92



>

sTATION 13, 43909 8'n, 65936 ('w

1 3117 24 55 9,902 09 124 103
51 31 2% 26 11 0 a2 . 0 96 13
152 33 9. 27 82 a 71« 33 T 0 98
305 34 48 27 32 0 6be Q4 076 . 0 €8

SIATION 14, 4.°40 5'N, 68942 2.

-

1 26 11 20 41 ¢ 1 92 2 04 2 06
10 27 %4 21 77 1 €5¢ Ov 176 .
; 00 31 ¢ .3 01 v.l 15 1 38 132
. ,L151 33 55 26°82 1 17s 16
. 301 34 31 27 23 0 83 0 98 0 92
STATION .15, 4913 g'%, 66709
1 26 53 20 07 167 165 . 178 :
. 10 26 71 21 26 151
51 31 Qo LT 123 1 143 o4
103 32,95 2644 4 0 e 1 06 0 °3
sTation 16, 49%1e 1'%, 6506 8'W
1/ 27 ga 21 82 1 43: 08 1 65 1 59% 15
10 28 30 22 64 1 40% 08 114 140
52 31%%9 25 29 1 00t 05 116 , {142 03
104 32 77 26 32 0 64t 09 ¢ 95 1 01
., 125 .08 26 §3 0 88% 08 0 99 0 63% 11
sTaTIoN 17, 47721 8'N, 6319 5'w
' 1, 30 27 23 52 1 08¢ 10 122 118
16 30 56 24 14 1 07+ 06 119
52 31,29 25 18 ©0 87t 05 1 07 1 08% 10
[
CRUISF Gulf of St Ilawrence <
DATE  17/11/75- 28/11/75
sTATION 1, 47%7'N, 60%0a'W ”
Depth  Salanity Sigra-t TOC (mg ¢ /liter) V G C, v
7 >
@) o/co g ‘ee bry ‘lethod Dry MNethod (us C/liter)
‘ [} 12
1 31 03 24.66 167 1 15t 1% 51 74 4
10 31 03 1 .8 1 26% 10 36 08 2
25 31 08 1 .8 1 292,02 47 02 3
. 50 32 04 ¢ 109 1 11+ 06 30 16 2
1060 32 79 26 31 163 1 04+ 08 ¢ 36 2
145 33 21 2% 59 0 ¢ 0 78+ 10 32 04 3
200 33 Y45 26 97 127 1 05: 08 32 60 2
STATION 2, 47034 8%, 59720 3. .
1 3228 25 72 1 22 - 126+ 097 35 49 2
10 32 26 2% 73 11 142: 69 34 02 2
?5 32 28 25 14 A * 1 30: 08 38 50 2
50 3252 , 26 01 1 .4 27 2 2
101 33 ¢3 26 35 173 110+ 07 4. 58 4
146 33 34 27 14 0 974 10 - 37 40 ° 3
196 34 50 27 1) 01 0 £64 10 24 50 3
227 34 32 27 39 ¢ L3 0 764 o8 2. 42 2
sTarIon 3, 51%2av4, 5693w o R
1 31,64 25 37 110 » 1 194,10 2 30
1]
[ g
4
“ r



- s

LY 1
SCATICH 4, 49934, 66518 2'w . : .
1 31 49 25 22 11 111: 04 29 64 V2,87 ° o
10 31 48 a5 1 1 1 "8t 10 27 60 218
25 31 %) oh 28 1 2y 0 yCetod 35 24 2 R0 . .
» 81 32 49 26 18 122 1 93t Qo 30 00 2 46
1010 31 39. 2t 73 1 28 I 1ot 17 27 o4 215
153 & 33 78 26 9 5 15 116+ 13 .
203 « 3413 27 12 F8 . 0 78+ 10 3% 12 4 05
, 253 34 43 Ny 103 08931 10 o226, 221
% I o e o] f -
sTAiIGT 5, 3911 ,e6718 1'W
1 2875 23 04 123 135 21 70 176
10 28 76 23 0% 125 1 30t a2 28 22 2 26 P
30 31 10 24 85 12 . 107t 05 20 4a .
61 32 36 25 o 11 107+ w8 32 90 a0 |
L1681 32 oy w43 aun s 0 a1e 4 29 0y 306 o
1,2 331 65 At €7 "o ag 0 86+ ui 35 7 4 04 )
177 33 88 27 00 0 94 g €3x 03 24 70 2,63 ‘
PR £ R
¥

CRUISE (££\Co1 &t of Seregal
DALE  2/76-3/76 ) }
SIATION 1, 149597 ,20%16'w

o - b

Depth Salinity Saigmi~t Toc! {mg C/liter) Dissolved f
{m, ) w/00 g sCC wet O+idation Dry dethod Oxycen 5
“ ' ¥l (ml /liter)
13529 24 89 1 16+ 02 1.30 5 20 N
16 35 59 25 08, 1 124 02 129 5 20
24 35 63 25 12 1 05: 04 128 5 16 '
49 35 74 25 2 105+ 07 O 1 22 5 02 s
97  35.43 26 75 g o7+ 02 ol 03 4 1,54 *
146 35 38 26 70 0 73 07 . 0 87 1 64
244 35 32 26 81 0 75¢ 02 0.E2 1 78
252 35 30 26 80 0 8l 172 )
418 35 19 27 01 .0 €7¢ 03 0 73 1 48
518 35 13 27 4 v 0 €8 1 2% . .
618 3% 02 27, 24 0 B4: 02 T 087 145
1016  34.91 ¢ 27 48 0 66+ 01 fr 069 2 96
v -
sTATION 2, 15°11'n, 17%13'w .
1 35 ¢7 26 04 24: 08 7 1 49 4 55
25 35 59 26 17 g6: 04 132 4 15
49 35 54 76 30 *0/97+ 04 1 01 3 09
148 35 35 6 71 L0 73 0 80 1 59 !
a
sTATION 3, 159211, 26%41'w
35 73 25 19 115+ 11 1 51 5 17,
35 74 25 20 1 33+ 01 1 €5 5 17
“24) 35 74 2y 20 1 14t 04 1 4% 5 15 ¢
48 ¥ 35 74 25 21 1 00 1.4 5 14
96 Y35 41 20 54 065 03 0 7% 1 54
144 35 26 75 0 70+ 05 ., 0 76 1 89 '
191 5 35 26 84 Dt ¢t 04 1 80
219 26 90 0 60* 03 0 0 178 ;
360 ‘ 26 9/ 0 93+ 03 0 .4 1 5]
500 27 16 0 €0 0 12 122
592 3% 01 2123 0 59: 04 0 73 - 132
€9 34 90 27 317 6 . . . e 2 02
988 34 89 27 50 0 t9: 03 2 B4
' ?
3
¢ 'Y ' .
. . 1
» »
“ 1 h




P

M 4

sTaTion- 4, 15237, 1794w

STATION. 6, 16°23'Nn, 18°30'w

9 3
1035
1z 35
.25 35
19 3%
< / g 3%
> ) Y47 35
196 /35
- 235 35
&£
. 1 3%
. 12 3%
25 35
50 3%
o 3% 35
136 35
277 35
39¢ 3%
441 135
. e 34
942 34
1 35
“ 26 35.
50 35
5 35
100 35
125 3%
° . 150 3%
200 35
250 35
- 300 35
399 35
439 35
® o0 35
797 35
995 34
1192 34
. Il
1 35
43 3¢
97 36
146 35
291 35
. 3ge 35
48€ 35
569 38
' 836 34
1395 35
STATION
' 1 3%
2 50 35
100 * 35
220 35
270 35
320 35
419 15
513 35
€06 35,
eal 34
: 947 34
1192 34
a
1
1
dy -

g, 14%s0'n, 17%5'w

82
L2
82
72
51
41
39
30

85
85
85
89
B4
64
38
23
10
a4
94

78
78
78
67
64
53
46
45
43
39
23
15
06

28

90
98

92
16
09
68
47
25
11
04
95
01

55
61
40
15
34
17
19
12
03
83
84
91

]

v

.

25,62
25 62
25 63
26 1n
26 ¢}
v 72
26 8¢
20 B2

25 24
25 24
25 4
LY
20 61
26 82
PRSI
27 07
27 15
27 40
27 w2

25 48
25 48
25 48
25 81
26 10
26 42
2t 57
2fF b1
26 82
20 92
27 03
27 14
27 22
27 18
2% 50
27 64

25 447
25 66
26 43
26.70
26,94
, 27 06
27 1€
21 23
27 51
£7 75

25 18

20 49 °

26 58
26,80
26 17
26 94
21 o€
27 17
27 @4
27 39
27 50
27 63

. SIATION. 5,16°%00'n, 199790y,
13

4

STATION. 7, 16%59'w, 20%02'w

1 172 01

1 02+ 04
G 72+ vs
0 B4+.10
0 Pq

0 t2: 08

LY

) 09 04
1 0l 02
12

1 16% 10
1 26+ 1
¢ "6+ Q1
0 7.

0 b7: ui
¢ Tee 02
0 B

0 22,05

1 05¢ 03
0 94: 05
1 072 01
0#75: 0%
0 fF8r 03
0 89: 05
0 57+ C2
0 £72 19
0 74: 03
0 71+ 06
0.81

¢ €l 03
0 56: 03
¢ 63% 06
Q0 62 04
a4 60 03

1 38 10
1 162 69
0 87+ €2
0 81

0 88% D2
g 77+ o1
0 i LB
0 ¢5

0 59+ 01
0 61 03

]

1
o
o

»

YO ™M) nFe LN
ST ] e (2

o
el
-]
- !n
~

FE RS N )
”»
fow i o | o
W B

prs

€t e e e

COOCVDOT OO
=

.C8

127
1 2¢
1 34
0,95
1 03
0 87
0 €2
0 £S5
0 8l
0 79
o 87
0 78
0 82
0 86
0 86
0 75

1.41
110
0 92
o 77
o 82
¢ £z
o 74
0 80
0 78
¢ 70

1.6/
0.85%
0 &7
0 8¢
.02
075
0 93
o 75
0 78
0 74
0 7t
0 66

ek ad el STLELEY ]

(32 e l- WS SN RS 1]
O g GO OF

5 10
510
5 14
506
1 °3
172
118

1239
2 19
2 97

5 25

109

1 50
277
3 56

5 28
5 05
2 32
221
1 50
1 186
1 26
1.52
2 76
4 28

1 52
1 4N
137
128
111
112
131
213
2,79
3 56



~

[P N —

cqATION  9,14%04, 21V45'w ¥
119 86 24 yg 1 462 o8 150 5 04
49 35 60 25 652 117 5 1,02 304
a b1E 14 LF 27 9 0,49 2 o
1017 34 £ 27 53 0 7 N 8,72 2 97
£l 35 00° 29 Ty 0 F8% 05 o f 470
- >
' STATION 10, 1939w, 21900
1 35 °r 3 eux 1 5 00 1 e
] 50 35 #1 26 17 0 &¢ 2N
aa 1 2 ot 3t ,0 74 1 94
o 298 135 1D PR 0 b1 2 1y
a0p 34 97 26 a7 0 76 I 4o
476 15 10 27 10 0 €5 105
802 31 70 27 33 0 82 2 06
1496 34 9, a7 0 /0 476
1391 34 97 27 k. 0 70 5 44
2479 34 95 27 %8 0.€6 557 '
. eTaTION 11, 13S0, 229110
1 3583 ]74 64 132 513 ¢
! 25 35 B4 24174 ‘ 120 431
74 3% 70 26 20 - 0 9€ 182
123 35 42 26 69 . ¢ 97 1.87
245 25 11 2f 8o 0 88 175
294 35 11 26 4 0 84 153
493 15 06 27 15 0.85 122
)
CPUISE SBargn- o 8Sca
DATE 15710/74~ 23/10/74 .
sTATION .1, 42°16'n, 61930 s5'u
Depth  Saliuity , T OC (raC/liter) voc von
(m ) o/00 Dry Method # 1 {ug €/1ater) 2%
1 33 84 1 03° 26 04 2 53
. 10 33 89 110 24 24 2 20
25 34 07 108 18 76 174
50 34 44 0,97 . 27 68 2 85
100 35 67 0°80 17 00 213
200 35 €4 0 76+ 03 28 56 376
400 35 12 . 069 ¢ 32.90 4 77 '
600 34 95 0 66 21 16 321
200 34 96 0 77 26.14 339
575 34 97 0 %7 28 34 3 68 L
1500 31 9% 0 66 28.56 43
1£90 34 9§ T 22 18 302
<
s1ATION 2, 37°13',63°L5 5'4 :
¥
1 3% 53 ros ° 31,62 3 06
16 3% 51 104 42 92 413
? 25 3, 16 114 6 (6 T
50 5 66 1 00 52 16 5 22
160 ELT 102 20 74 2 01
150 37 94 n %) 14 84 207
200 15 93 w073 32 56 4 46
on . a o o
Cinilt 3, 36735 X', 6317 ’
1 36 16 102+ 02 17 €4 173
10~ 36 19 ; 117 23 £6 2 04
25 3 14 1,21+ 05 24 48 ¢ 05
50 36 21 107 i8 32 1 7L
100 36 43 108 2 56 N2 0

“&




e

o REM e &S W

eyl

-

150
200
260
300
400
SQ0
600
700
800
900
1060
1160
1200
1400
1660
1800
2000
2500
KEars I\l
3500
4€00
4300

STATIO!

1
50

100\

200
400
600
800
1000
1500
2000
3000

STATION

250
STATION

1
10
25
50

100
200
300
400
500

STATION

35 01 @

391
1, 313%30n, €1%0’

3 14
36 31
36 5%
36 «8 ~ ~
16 42
35 99
35 37
35 08
Iz 22
35 21
35 13

IOODDOO OO0
-3
=l

a1 04
04,08
914 10
£2
64
72
5
67
0. €8
073

0

[

OCOoOOLDOOoOO00

5, 37%9 8'n, 6308w

36 13
16 13 o
34 13
36 15
36 34 .
36 56
36 48

1 067

113+ 14
103
111
0 20
0 83
0 81

i}

6, 41°37 8'N, 61948 3'W

35 74 103

35 15 L L 118
35 99 108

3% 74, 112
36432 0,91

35 37 L0715

a5 59 o t1

35 24 v 77

35 70 ¢ 79

¥

YERTNS

al 41031 501, %300 .
30 "2 %8
1.3 144

31 38 115

b} 43%28 5'n, €3713'W
30 73 1 6f

30 97 18

31 32 . 123

) 43%12 s, 61010 5w
11 21 142 4
31,28 114

31 28

~—'”N\

123,

»

L)

21 76 M
19 36

32 48

23 18

~

21 16

25 06

29 26

19 76
29 44

18 02 ®
27 12
33 50

32 40
24 56

37.88
26 40
31 42

48 30
14 44
51 38

37 8
245 939
26 3

2 05

4 40

»3 10
330
+3.53

4 01

4 90
3 30
5 80
3 30
3 80
3 80
3 80
3.40
130

1 92
1800

161
310
4 50

4 21
319

2 40
1l 83
273





