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Abstract 
‘ 

This report describes an extraction method used in the Water 

Quality Division laboratofy to analyze water samples, and activated carbon 
F

s 

L 

V 

_ 
samples through which water has been passed, for the presence of crude oil

\ 

1 

or other petroleum products.
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Identzfimtion of Petroleum -Products in Water 
ADRIAN DEMAYO 

INTRODUCTION 

The contamination of surface and ground waters by petroleum products, 
for example, gasoline, diesel oil, or crude oil, is an important problem in 
the field of water pollution. ‘ 

The analyst is faced with two problems: (1) to detect the presence 
of a petroleum product in water, and if present, (2) to identify the source 
of the petroleum product. 1 

A number of recently_ ublished papers deal with the analysis of 
petroleum products in water 1 273)“)5)6 1 )6 The analytical technique used 
most often is gas-liquid chromatography, using flame ionization detectors. 
The specific types of gas chromatographs used, columns, detectors, etc., 
depend.very much on their availability in a given laboratory. Other 
techniques have also been used 5)7)8)9)1“)11’. Recently a_review of this 
subject was published 121 - 

EQUIPMENT AND CHEMICALS 

.A Hewlett-Packard 5750B gas chromatograph was used in this work. 
It was equipped with a dual flame ioniiation detector. The columns used -‘ 
were_of stainless steel, 1/4 inch outside diameter and 6 feet long. 

The packing used-was 10 per cent (w/w), DC-200 on Chromosorb W, DMCS
. 

'80.;10o mesh. - 

The conditions for each chromatogram are given on the respective 
charts (Figures 1 to l4). Generally the gas chromatographic parameters had 
the following values: .' 

» 

"' 
* 

'

‘ 

"Hydrogenfpressure£ (15 psi (corresponds to a flow of 45cc/min.) 

‘Air pressure} _28-33 psi (corresponds to a flow of 400-500cc/min.)
” 

Carrier gas: nitrogen (certified high purity; oxygen content less 
than 20 ppm, moisture content less than 5 grains/1000 cf;, 
Union Carbide Canada Limited) 

Nitrogen pressure: 40 psi 

Nitrogen flow: 60cc/min.



Injector temperature: 255—26S°C 

Detector temperature: 290-310°C 

Column temperature: temperature programmed from 100 to 240°C at a 
rate of 15°C/min. . 

Post injection interval: ,1 min. 

Upper limit interval: as necessary (usually 10 min.) 

Sample size: 4 or 8 ul 
A

A 

Range and attenuation: variable, depending on the sample injected. 

Extraction solvent: The main characteristics of a good solvent for 
’extracting hydrocarbons from water are (i) good preferential solvent 
properties for hydrocarbons, (ii) retention time outside the range of the 
sought product, and (iii) high purity 2). Because, generally, in the 
extraction procedure, the ratio of solute/solvent is very small, the solvent 
should not show any extra peaks when the sensitivity of the gas chromatograph 
is increased. Any extra peaks shown by the solvent will, most likely, 
interfere with the peaks of the compound which is being analyzed. Straight 
chain hydrocarbons are suitable solvents when they fulfill the purity 
conditions. When an_ana1ysis for gasoline (C5-C11) is required, a good 
solvent would be any C12 or higher, normal alkane; hexadecane has been . 

successfully used in some trial runs in the laboratory.. When analyzing for 
diesel oil, a low-molecular weight hydrocarbon (G5-C7) will not interfere 
with the oil; in the present work n-heptane was used with good results. 
The large peaks at the beginning of each of the chromatograms (Figures 5 to 
14) reflect the n-heptane. « 

_ 

The n-heptane (Eastman Organic Chemicals, Cat. No. 2215) was used 
without any further purification, Its chromatogram is given in Figure 14. 

"The activated_carbon used in this work was of the type Nuclear C-l90—N, 
10 x 40 mesh, West Virginia Pulp 6 Paper Co., New York, N.Y.

' 

The sodium sulphate (Anachenia Chemical Limited, Cat. No. AC-8515) 
was maintained at 600°C for at least 12 hours_before use. -

. 

METHODS, RESULTS AND DISCUSSION 

In a complete gas chromatographic analysis, each peak on a chromato- 
gram is associated with one or mpre specific compounds. In the simplest gas 
chromatographic analysis of petroleum products in water, one looks for a 
.specific pattern of peaks rather than positive identification of each peak on 
the chromatogram. In a sense this operation resembles the spectroscopic 
technique, in which one compares_the spectrum of an unknown compound with the 
spectra of a series of known pure compounds, one of which is suspected of 
being identical to the unknown compound. 

Figure 1 gives the chromatogram of a mixture of a series of hydro- 
carbons which was used to check the performance of the gas chromatographic 
system at various times. The performance of the system was constant over 
the period of time during which this work was carried out.



Figure 2 contains the chromatogram of a diesel oil and Figure 3 that 
of'a gasoline. The two chromatograms are very different in their patterns;, 

_ 
Obviously the range of the carbon number is also different; in gasoline it 

'*ranges from C5 to C11 while in a diesel oil the range is from-C10.to CI8. 
Another point worthy of mention is the closer similarity between the 
chromatograms ofpa diesel oil and that of a crude oil (Figure 4) as compared 
to a gasoline. ' 

V 
‘ 

A - Av 

Analysis of Water Samples by an Extraction Method 

Figure 5 gives the chromatograms of two mixtures of diesel oil and _ 

tap water. Separation.of-the two components was not very successful with.; 
the type of packing used in this work (see Equipment and Chemicals)., At a 
concentration of 0.1 per cent (v/v) of diesel oil in water, some of the 
peaks characterizing the oil are present (see Figure-SA); however, they 
are not very well resolved.‘ At a lower concentration (0.01 per cent v/v)V,, 
the characteristic peaks of the diesel oil disappear completely (see Figure; 
SB); Actually, the chromatogram of Figure 5B is almost identical to the- 
chromatogram of Figure 6, which was obtained by injecting-a sample of tap 
water. Another fact worth mentioning at this point is the deterioration 
in performance of the columns used, which was observed after a series of 
aqueous injections.. This is-shown in the chromatogram of Figure 7 which 
represents_a sample of diesel oil injected after a series of-aqueous 
injections.‘ Comparing Figure 2 with Figure 7, it can be seen that the 
resolution in the former is much better.‘

A 

The analytical procedure is as follows: Measure one litre of water. 
in a l-litre volumetric flask or, better still, extract the water sample 
directly in its container, provided that the container has a proper shape. 
It was found that 40—ounce whisky bottles are very good for sampling, 
shipping, and extracting operations. Using a syringe or pipette, add 500 ul 
of heptane (see Equipment and Chemicals) and shake the flask, or stir with 
a magnetic stirrer, for approximately five minutes. Then allow the flask 
to stand for at least one hour. Remove the heptane with a 100 pl syringe 
and place it in a 300 ul Microflex tube. Examine the tube after all the 
solvent which can be removed from the extraction flask has been placed in 
the Microflex’tube; If an aqueous layer is observed, it can be removed 
with the same 100 pl syringe. -After adding a very small amount of anhydrous 
sodium sulphate, cap the Microflex tube and allow it to stand for about 
one-half hour. Then, the extract is ready for injection in the gas 
chromatograph. Note that the extract should not be left overnight since 
loss of the solvent due to evaporation may change the concentration of the 
extract. . 

A 

2 

’ 
= 

. 

5 A 

Note: So far, only tap water and lake water.have been analysed.q No 
c1ean—up of the extract was necessary in these cases. -

. 

§t§ggg£gs — For the purpose of identifying the source of the petroleum product present in water from among several suspected.sources and/or for 
.4 quantitative analysis of the gas chromatographic results, standard solutions 

must be run. 

V 

.vThe,standard solutions are prepared by adding known amounts of~the3 
petroleum product(s) being sought to a known amount of distilled water. The 
concentration of the petroleum products in water must cover the entire working range of the analysis. 'The.d1st1lled water is measured in a lalitre 
volumetric flask or a bottle similar to the ones which are used for sampling.



The petroleum product is added using a syringe of proper size, The contents 
of the flask are stirred with a magnetic stirrer for one hour, and then

' 

500'ul of heptane is added. Thereafter,.the procedure is identical to that 
described above for water samples. ' 

. 

:.- ’ ‘ 
’

~ 

*'For a qualitative analysis the chromatograms of the unknown samples 
are compared visually with those of the standard solutions. The peaks of 
the gas chromatograms for the standard solution and the unknown water sample 
are compared for; (i) shape, (ii) relative intensity, and (iii) retention 
time. If they are identical, it is probable that the petroleum products 
in the two extracts are the same- If the chromatograms differ in one or 
more of these points, it is most likely that the extracts contain different 
‘petroleum products. 

For 90 percent of the samples, this visual comparison is sufficientl 
for assessing the presence of a petroleum product in a water sample and/or 
for matching it with a sample from one of several suspected sources. This 
visual inspection will also render an approximate quantitative estimate of 
the amount of petroleum product in the water sample. 

For quantitative analysis, the concentration range is divided into 
10 equal intervals and-a standard solution prepared for each of the eleven 
resultant points. For example, assume that the concentration range for 
analysis is 0 to 50 ul/l; then the eleven standard solutions must contain‘ 
0, 5, l0,..., 50 pl/l of the respective petroleum product. These standard 
solutions are used in the procedure already described. The total area of 
the chromatogram is measured and then plotted against concentration. A 
"standard curve" implicitly containing an efficiency factor, results. 

Figure 8A shows such a standard curve for a concentration range of 
0-90 ppm (v/v) of diesel oil in water. The points were fitted to a straight 
line by the least squares method using program AD000l 13). 

s 
The points of line 1, Figure 8A, represent the area under the 

chromatogram‘of the diesel oil, as it is given by the integrator. The points 
of line 2, Figure 8A, represent the area of the diesel oil normalized with 
respect to the solvent peak 1”). This second method is probably better 
because it will implicitly take care of any change in the sensitivity of 
the detector. ‘ 

Figures 8B to SE represent the chromatograms of some of the extracts 
of the standard solutions. Notice that even at low levels of diesel oil in 
water, the characteristic pattern of the diesel oil is well defined. The 
y axes of chromatograms 8D and 8B are logarithmic. By using a logarithmic 
y axis, all peaks are kept on scale. Notice that on a logarithmic scale, 
the peaks appear to be less sharp and not as well separated when compared 
to those of a linear scale. 

' __ 

In the Water Quality Division an electronic integrator, Hewlett- 
Packard Model 3360A is used at the present time to integrate the chromato- H 
grams. Two examples of the integrator output'can be seen in Figures 8D and 8E,

" 

Analysis of Activated Carbon 

To assess the possibility of extracting a sorbed diesel oil from 
an activated carbon, 100 pl of diesel oil were added to 500 ml of tap water



~ 
in an erlenmeyer flask and stirred for 10 minutes with a magnetic stirrer; 
then, 50 g. of activated carbon were added and the mixture stirred for. 
2% hours, after which a sample of the liquid was filtered, and 25 ml of the 
filtered liquid was extracted with 250 pl of n-heptane. ‘The extract was _ 

dried over anhydrous sodium sulphate and then analyzed by gas chromatography. 
The results are shown in Figure 9. It can be seen that the_extract did not 
contain any diesel oil, and therefore the 100 pl of diesel oil added 
initially to the water was completely sorbed by the activated carbon. The 
stirring was continued for another 70 hours and.then the mixture-was, 
filtered through.a Buchner funnel. The carbon was extracted with 100 ml 
-of heptane (in two portions: 80 ml and 20 ml, respectively) by shaking 
the mixture in an erlenmeyer flask. The heptane extract was dried over 
anhydrous sodium sulphate and then analysed by gas chromatography. The 
chromatogram obtained is shown in Figure 10. The presence of diesel oil 
in this extract is clear. Concentration of the extract by a factor of 
approximately 40 (evaporation in air) improved the resolution of the 

» chromatograms. The chromatogram obtained after concentration is given in 
Figure 11. 

A blank sample identical to the reference sample with_the exception 
of the diesel oil which was omitted, was run in parallel with the reference 
sample; "The results obtained with the blank sample are shown in Figures 12’ 
and 13. Figure 12 gives the chromatogram of the heptane extract of the 
water after stirring it for 2% hours_with activated carbon; Figure 13 gives 
the chromatogram of the heptane extract of the activated carbon from the 
blank sample. This chromatogram is practically identical to that of the 
solvent used for extraction, that is, heptane, which is given in Figure 14. 
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Injector : 320°C. .
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{ gag 
1 Detector : 3309C, dual flame ionization 

E igun Co1umn.: temperature programmed 100-2909C 
70 "r igfi; 

J Post-injection interval : 1 “min; 
Rate : 15°C/min. ' “ 

§3p Composition : 10%-DC-200 on 
V 35‘ 

Chromosorb wt, ‘DMCS;, so_—1oo mesh 
60 - «W? Size 1/4 in. o.d.; 6 ft; long 

. _ Gas-chromatograph : H—P 5750B
V 

§«f' F 
Recorder : Honeywell, Electronik 194, 

3 = G’\ 1 mv full scale ' 

50.- E + Aé 
‘ 

tchart speed : 0.2-in/min., 
Carrier gas 4 nitrogen. Flow 60 cc/min, 

¢3 
Sample size : 4 ul i._ 

53 Range, attenuation: as.shown 
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Figure 1. Hydrocarbons mixture.
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Conditions : , >-
» 

Injector : 250°C t; ’- 
Detector : 310°C; dua; flame ioniiation 
Column : temperature programmed, IOO—240°C 

Post—injec't1i_oii interval ~:‘ 1. __'1_11_inA; 

Rate : 15°C/min. H ~

' 

Composition : 10% DC-200 on . 

‘Chromoéorb W, DMCS, 80+100 mesh 
Size : 1/4">o;d., 6 ft. 1ong1‘ 

Gas-chromatograph :_H;PnS750B 
Recorder : Honeywell, Eleotronik 194,v 

1'mv.ful1—sca1e.f _.1- ‘:1 
Chart Speed : 0.2-in/min.«

T 

Carrier gas : nitrogen.. Flow: 60 cc/min;, 
_ 

40.psiA . 

- 

‘ “ —' 

Sample size E 4 pI~ 
, g . H Range’: 105 ,7-Attenuation: 2" 

1 . 1 
» v‘m_ _A I 

' 

J‘ 
|_o I5 

' 20 .25 

MIN. —+ 
Figure 2, Diesel oil.



90 . ,-s.r Vconditions : 

Injector ; 255°C 
Detector : 310°C, dual flame ionization: 
Column : temperature programmed, 100—240°C 

_ 
, 

Posteinjection interval : 1 min. 
»3o _ Rate : 15°C/min. ’ 

. Composition : 10% DC-200 on 
Chromosorb V, DMCS, 80¢100 mesh 

Size : 1/4" o.d., 6 ft. iong 
Gas-chromatograph : H-P 5750B 

"- Recorder 2 Honeywell, Electronik 194,”b 
7o — 1 mv £u11—:sc_a1.e 

‘

A 

; 
2 Chart speed‘; 0.2 in/min._

_ 

& 
Carrier gas : nitrogen} Flow : 60-cc/min., 

Q 
' 40 psi » 

E‘ 
Sample size : 4 ul _ H 

3 

-_Range : 105. Attenuation : 8 
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Figure 3. Premium gasoline
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Conditions‘: 

‘Injector : 295°C ‘ 

Detector L 320°C, dual flame ionization 
Column : temperature programmed 1004290°C 

Post-injection interval : 1 min. 
Rate : 15°C/min. 
Composition : I0% DC-200 on 
tchromosorb W, DMCS3 80-100 mesh 

. Size : 1/4” o.d., 6 ft. long 
Gas-chromatograph~: H-P 57508 
Recorder : Honeywell, Electronik 194,’ 

1 mv fu1I~sca1e 
Chart speed : 0.2 in/min. 

Carrier gas : nitrogen. Flow 60cc/min. 
Sample siie : 4~u1 '

- 

Range, attenuation: as shown 
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Figure 4.’ Crude oil (Lake Erie). 
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Conditions : 

Injector : 245°C 
Detector : 308°C, dual flame ionization 
Column : temperature programmed, 10O~2409C 

Post-injection-interval 2 1 min. 
Rate 1 15°C/min. 
Composition : 10% DC-200 on 

6o;_; . 

« =Chromosorb W, DMCS, 80-100 mesh 
v 

‘ 

= Size : 1/4" o;d,; 6 ft. long "e' 
A 

Gas chromatograph :=H-P S7503 
Recorder : Honeywell, Electronik 194, 

1 mv full scale 
Chart speed : 0-2 in/min. 

Carrier gas : nitrogen. Flow : 60 cc/min., 
.40’psi 

Sample size : 4 ul , 

Range : 102. Attenuation : A=8, B=4. 
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Figure 5, A and Bcb 100 u1.dieseZ oil and A (100 ml tap water, City of Ottawa, stirred overnight) and B (1000 m1 
tap water stirred overnight. -
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Conditions : 

‘Injector : 245°C 
Detector : 308°C, dual flame ionization 
Column : temperature programmed, 100—240°C 

Post-injection interval : 1 min. 
Rate : I5°C/min. 
Composition : 10%ADC-200 on 
chromosorb W, DMCS, 80-100 mesh 

Size‘: 1/4" o.d;,»6'ft, long 
Gas chromatograph : H—P 5750B 4° ' Recorder : Honeywell; Eleetronik 194, 

1 mv. full scale
' 

Chart speed : 0»2 in/min. 
Carrier gas : nitrogen. Flow : 60 cc/min., 

40 psi 
30 _ Sample size 1.4 ul 

Range, attenuation : as shown 

20 

i 

Figure 6; .Tap water (City of Ottawa)-



Conditions: 
Injector : 245°C 
Detector : 310°C, dual flame ionization 
Column 5 temperature programmed, 100-240°C 

Post-injection interval : 1 min. 
Rate : 15°C/min, 

V

. 

Composition : 10% DC—200 on 
Chromosorb W, DMCS, 80-100 mesh 

Size : 1/4" o.d;, 6 ft; long 
Gas Chromatograph : H-P 5750B 

.

0 

Recorder : Honeywell, Electronik 194,. 
‘ 1 mv full scale V 

[ 

' 

A Chart speed: 0,2 in/min. 
g '30 H , 

Carrier gas: nitrogen. Flow : 60 cc/min. 
A p 

40 psi ' 

Sample size : 4 ul 
Range : 105. Attenuation : 4 

no" " 
I5 zo 25 

MlN.—> 

Figure 7. Diesel oil injected afier a series of aqueous injections.
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' Conditions: 
I 

rlnjector : 250°C 
‘ 

E 

' ‘Detector : 300°C, dual flame ionization 
Column : temperature programmed, 100-240°C 

70" Post—injection interval 2 1 min. 
Rate : 15°C/min. 
‘Composition : 10%=DC—200 on 

. 

Chromosorb W, DMCS, 80-100 mesh 
so _ Size : 1/4" o.d., 6 ft. long 

Gas éhromatograph : H-P 5750B 
Recorder : Honeywell, Electronik 194, 

V 

‘ 1 mv full scale 
5o4_ Chart speed : 0.20 in/min. 

Carrier gas :.nitrogen. Flow : 60 cc/min., 
40 psi 

1Samp1e size : 5 ul 
; 

Range : B=103, C=102. Attenuation 5 B=16, 
40:‘ C=_4_ 

I-‘ 
U1 

30‘* 

20 * 

CI 

1 IO}- 
!

; 

1 

*
1 

1
J 

01 1 1 1 1 1 
‘ 

I 1 1 1 1 4 
o 5 10 15- 2o 25 o 5 no 

' 

15. 2o 25 
MIN:*- MIN _, 

Figure\8, B and 0: Diesel oil B: (25 ul), 0: (1 ul) + 1000 ml water, extracted with 500 ul heptane, 
dried over anhydrous sodium sulphate.



‘ Conditions : 
_ 

D ‘ E ‘ 

Injector : 260°C. ' 

Detectors : 300°C, dual flame ionization p_ 
n11(,,;-4 .r2m'/5, $5 

Column : temperature programmed, 100-250°C 37135;; rt‘!-'v_1—:m,».71 

‘ Post-injection interval : 1 min. _r.1«>,:>,.q,;_< V 

r.7i1(-'3.’i>._.8 

Rate : 15°C/min. 
V 

(a93n,n, cz98n,9 
Composition : 10% DC—200 on .«;.~,_ri>,/ir), pg . r«115fl,'8 . 

Chromosorb W, DMCS, 80-100 mesh ::,,».',5r),;a n59(,,r,/1 

Size and material : >1/4" o.d., _'-)0,§",1_. 5;: 

' 0199.8 
. 6 ft. long, stainless steel 1.<'<,9./.;,r-1 53£4:?.1,c’. 

Recorder : Honeywell-Electronik 194, -:113fi.°..r."’. :«-1,’-’.f?£/4,54 

1 mv' full scale “r-):1f2‘).!< 
_ 

7 3563,?! 
Chart speed :‘ 0.2 in/min. ‘ 

».'~).';'ir_<, 5/,‘ f:):27i';,r4
_ 

Carrier gas : nitrogen. Flow: 60 cc/min., r,11m(,,g< 9J306,8 
40 psi‘ n449,H !3359.8 

30 —. Sample size : 4 ul f’)/._L'/6,8 
- «.<13{;7,{< 

Range : 10” and 103. Attenuation : Log 1'-)5'2Q,r; " ‘-$1-’43)_,,'E< 

Integrator : Hewlett-Packard, Model 3360A 
A 

(:35/,;1,{V '()/16f-‘),§( 

Integrator settings: - 4i1:3L-:!f2..-’V5 / ‘ISC/17,8‘ 
Noise suppression : Max n63/1,34 ‘m5,'27g,-8 

70 " Recorder presentation : Log 61657: $3 :7159!;1., rs 

Slope; sensitivity : «.’/1689,54 . (’J6Z>.£2,8 

Up : 0.01 mv/min. -:-)'7;»)9,8 m645g'{< 
Down : 0.01 mv/min. :«1"]:36—,8 (»)'»5‘7;j‘5,}<<” 

so _ V BL reset delay : 0° £17(»:3,.“$ 
’ 

' 

'.'-569f’»)'8_ 

' Peak X level : 0.1 mv :i_1f4.’>.f«1,5,‘4 9175-3«6-:54 . 

Shoulder ‘control : 1’?.3'I.o"?. 
, 

’l75?.'.. 8 '

_ 

Fran :off nx8t.% m8m8,8 
Rear : 0.01 mv. /45113,?) ~ 1 57:31:72 A 

50.. m6_58.r3 V 

V .”fi87frb8 
monm,o. i333i,w 
1mg, 54 5969,64 
1lG15;6 ‘ 1167293 
0-.'m'1,c1 

V _ 

=m»w)1,m 
40 ~ ‘ 

_3o - 

20 5 

IO -2

V 
.9 

O.O 
’M|N‘._-P‘ 

' 

- » - - MIN.- 

Figure 8, D and E: Diesel oil, D (9 ul), E (90 pl) + 1100 ml distilled water, 
extracted with 500 ul heptane, dried over anhydrous sodium sulphate.
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60-.- 
’ Conditions : 

Injector : 232°C 
Detector : 280°C, dual flame ionization 
Column : temperature programmed, l00e240°C 

_ Postsinjection interval : 1 min. 
50 _ Rate : 15°C/min. 

p 

' “ 

’' Composition : 10% DC-200 on p 

Chromosorb w; DMCS, 80-100 mesh 
‘ 
Size : 1/4" o.d., 6 ft. long 

Gas chromatograph : H-P 5750B 
Recorder :_Honeywe11, Electfonik 194, 

40 — 1 mv full scale 
I Chart speed : O;2 in/min. 

Carrier gas : nitrogen. Flow : 60 cc/min., 
; 

‘ ' 

' 

40 psi ‘ 

Sample size ; 4 ul 
Range : 103; Attenuation : 1 

so - 

o _5 

’ 

I0 
” 

I5 
in " " ‘‘2o'""“ " ‘H 

i'3o 

MIN.-* 

Figure 9, 100 pl diesel oil + 500 cc tap water + 50 g activated carbon, 
stirred fbr 2 1/2 h.;.25 cc of the filtered liquid waé extracted with 
_250 u; heptane and then dried over anhydrous sodium sulphate.
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~ 

3° ' Conditions :' 

'1-‘K’ * 
A Injector : 232°C 

Detector : 280°C, dual flame ionization 
_= 

Column : temperature programxned, 100=240°C 
70 _.i; ?ost~injection interval : 1 min. 

fl Rate : 15°C/min.* 
‘ Composition : 10% DC-200 on 

Chromosorb W, DMCS, 80-100 mesh 
_ 

Size : 1/4" o..d., 6 ft.‘ long 
60 '_ Gas chromatograph : H-P 57508 

Recorder 0:. Honeywell, Electron-ik 194, 
1 mv full scale 

V

. 

Chart speed : 0;2 in/min- '. 

5Q - Carrier gas : nitrogen. Flow : 60 cc/min,, 
_ 

40 psi . 

'°° Sample size : 8 ul 
_ 

-V 0

‘ 

§ Range : 10. Attenuation : 32. 
v . 

(D 40 " K 

20 - 

IO_e 

O e|s_. I I 2 

_]
I 

to 
. 5 ' 

Io I5 20 . i_25 
' M|N.—> 

Figure 10. 100 pl diesel oil + 500cc tap water * 509 act-.ca?b0”: stirred 
fbr 72h, filtered. The carbon extrqeted with 100cc (80+20) heptane. 
The extract dried over anhydrous Sodium SulPhat€- ,

,
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Bog Conditions : 

Injector : 232°C
, 

Detector 1 280°C, dual flame ionization 
Column : temperature programmed! 100-240°C 

Post injection interval : 1 min. 
70'- Rate : 15°C/min.

_ 

Composition : 10% DC-200 on_ 
Chromosorb W, DMCS, 80-100 mesh 

Size : 1/4" o,d., 6 ft. long 
Gas chromatograph : H-P 5750B 
Recorder : Sargent, 1 mv full scale 

60 5 Chart speed : 0.2 in/min. 
Carrier gas : nitrogen. Flow : 60 cc/min., 

40 psi 
Sample size 1 8 ul 
Range : 102. Attenuation : 32 

50 H. 

40 - 

30ii 

C20 '- 

IO -
D2
K
9 
on 

K 
_, p. 

oIf(i_1”;A |_ 
_ 

I 
‘ 

VI 
‘ 414 

0 I0 
‘ 

:5 20' . 25 
MIN.—+- 

Figure 11. Sample of Figure 10 after concentration fin air. 
- .g«
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’Eigure 12. 50000 tap wdte 

Conditions 3 ‘ 

1.nj‘e¢to.r : 232°C - 

Detector : 280°C, dual flame ionization 
.Column : temperature programmed, lQ0s24Q°C 

A 

_Po$t-i_1’1j.eg:t_:i_’o:I'1 injtefrvai : 
'1 min. 

70 — _ 

' Rate : 15°C/min. 
Composition : 10% DC-Z00 on 

Chromosorb W, DMCS, 80-100 mesh 
Size : 1/4" o.d., 6 ft. long 

a Gas chromatograph : H-P 57508 
E 

’ 

‘ Recorder ; Honeywell, Electronik 194, 
60 -. — 1 mv full scale

_ 

‘\ 
, 

Chart speed ; 0.2 in/min, 
I Carrier gas_: nitrogen, Flow 60 cc/min., 

40 psi 0

’ 

Sample size : 4 ul 
Range : 10. Attenuation : I 

50 — 

‘4o' —. 

' 

ll 

20w" 

IO - 

10 
Z 

v . . . 

st .. . 

‘ ,. ‘ 

.

I 

(9 VI . 

()t4 _ W 
‘ 

I I _It;A I —l MHMMH 
_ 

ea 
0 05 IO I5 20 25 30 

MIN.—*h 

r + 50g activated carbon stirred fbr 2 1/2 h.; 25 cc of the 
filtered liquid extracted with 250 ul heptane. The extract dried over anhydrous 
sodium sulphate.

' 
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W. 

Conditions : 

> 

Injector : 240°C 
Detector : 280°C, dual flame ionization 
Column : temperature programmed, 100-240°C 

‘ Post-injection interval : 1 min. 
‘ Rate : 15°C/min. 

70" 2 
Composition : 10% DC—200 on 

so — Chromosorb W, DMCS,_80—l00 mesh 
Size : 1/4" o.d., 6 ft. long 

Gas chromatograph : H-P 5750B 
Recorder : Honeywell, Electronik 194, 

5 l mv full scale 
50 — . 

Chart speed t 0.2_in/min.
_ 

Carrier gas : nitrogen. Flow : 60 cc/min.,- 
40\psi 

Sample size : 8 ul 
Range : 10, Attenuation : 16. 

40 - 

30 - 

20 - 

IO - 
‘o

2
3 w . 

0/ 1 1 1 1 1 1 

0 5 IO I5 20 25 30 " 35 
MIN.-5 

Fignre 13. 500cc tap water + 50g act. carbon stirred fbr 96h, then the 
carbon extracted with 100cc(50,25,25) heptane.
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so: 

70 

' 

so 

50 

40 M 

30 ‘ 

20 

Conditions:' 
Ifijector : 232°C 

,Detector : 280°C, dual flame ionization 
Column : temperature programmed, 100~240°C 

Postéinjection interval : 1 min. 
Rate : 159C/min. 

_

’ 

Composition : 10% DC-200 on L 

Chromosorb w, DMCS, 30-100 mesh 
Size : 1/4" o.d., 6 ft. long 

Gas chromatograph : H-P S7508- 
Recorder : Honeywéll, Electronik 194, 

1 mv full scale 
Chart speed : 0.2 in/min.

p Carrier gas : fiitrogen. Flow ; 60 be/min., 
40 psi , 

Sample size : 4 ul a 
Range : 10. Attenuation : 16. 

L_ .|m. I »~ 1 ... ‘ ”" l7""’ 
5 

"’ 

.}o . I5 
. 

20 25 30 
IW|N.‘* 

Figure 14. Heptane used fbr extractions-
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No. 20 Hydrogeological Reconnaissance of the North Nashwaaksis River Basin, New Brunswick. 
- J.E. Charron, 1969. ~ 

A description of a hydrogeological reconnaissance carried out as part of an 
International Hydrological Decade study of the hydrology of the North Nashwaaksis 
Basin. -

' 

No. 2-1 An Instrumented Experimental Site for the Investigation of Soil Moisture, Frost and 
Groundwater Discharge. R.A. Freeze and J.A. Banner, 1970. 

A report describing an instrumented experimental site at Calgary, Alberta, to provide 
integrated measurements of the subsurface moisture regime in saturated and unsaturated , 

zones. A summary of the first year '3 operation is included. 

No. 22 Detergents, Phosphates and Water Pollution. W.J. Traversy, P.D. Goulden and G. Kerr, 1970. 
A report on the results of chemical analyses of phosphate content in detergents and 
washing products. The report traces the development of washing products from organic 
soaps to modern phosphate-based detergents and describes the relationship b'etz;7ee'n 

phosphates and , the eutrophication process. 

No. 23 Regional Groundwater Flow Between Lake Ontario and Lake Simcoe. C.J. Haefeli, 1970. 
A report on the hydrogeological conditions to the north of Toronto with a’ view to 
determining if the terrestrial water balance of the Lake Ontario Basin is affected 
by a majorseepage from Lake Simcoe. ' 

No. 24 Application of Regression Analysis in Hydrology. N. Tywoniuk and K. Wiebe, 1970. 
A description of the applications (and limitations) of regression analysis and a 
discussion of the distinction between regression - and correlation analysis. 

No. 25 Stream Gauging Techniques for Remote Areas Using Portable Equipment. M. Church and
i 

R. Kellerhals, 1970. 
A review of streamflow measuring techniques applicable to rivers with peak flows up 
to 10,000 cfs. ' 

No. 26 The Control of Eutrophication. Prepared by staff of the Canada Centre For_Inland- Waters, 
Burlington, Ontario; Fisheries Research Board of Canada, Winnipeg; Inland Waters Branch, 
Ottawa, 1970. 

A discussion of the respective roles of phosphorus, nitrogen and carbon as critical 
elements in limiting the eutrophication process. 

No. 27 An Automated Method for Determining Mercury in Water. P.D. Goulden and B.K. Afghan, 1970. 
A report describing a method for determining the mercury content in watercontaining 
mercury concentrations as low as 0.05 ug/l. 

V
. 

No. 28 An Assessment of the Wave Agitation in the Small Boat Basin at the Canada Centre 
For Inland Waters. T.M. Dick, 1970. 

A discussion of the results obtained from a model study of wave action in 
the small boat basin at the Canada Centre For Inland Waters, Burlington, 
Ontario. 

No. 29 Measurement of Discharge Under Ice Conditions. P.W. Strilaeff and J.H. Wedel, 1970. 
An outline of the difficulties encountered in the measurement of discharge 
under ice cover and a discussion of a possible technique for estimating 
river discharge using a single velocity in a cross-section. 

No. 30 Prediction of'Saturation Precipitation of Low Solubility Inorganic Salts from Subsurface 
Waters under Changing Conditions of Total Concentration, Temperature and Pressure. 
R.0. van Everdingen, 1968. ' 

A report containing graphs that enable the determination of the degree of (under- 
or over—) saturation of aqueous solutions with respect to liaS0;,, CaS0L,, SrS0;,, 
Ba.F2, CaF2 and MgF2 under a variety of conditions of temperature, pressure, and 
total salt concentrations. Also presented are examples of the influence of 
temperature changes, dilution, evaporation, addition of common salt, and mixing, on 
the degree of "saturation of the above solutions. 

No. 31 A Hydrologic Model of the Lake Ontario Local Drainage Basin. D. Witherspoon, 1970. 
A discussion of a hydrologic model proposed for the Lake Ontario local drainage area. 
The basic principles used in the model are those of water and energy balances. Using 
estimatesof actual evaporation, realistic valuesof the regional moisture are 
obtained which-, when routed, simulate the measured outflow. 

A complete list of titles in the Technical Bulletin Series and copies of any of these 
Publications may be obtained from the Director, Inland Waters Branch, Department of Energy-, Mines 
and Resources, Ottawa, Ontario. .
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