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APPENDIX III 
Heavy Metal Concentration and Part ic le Size Distr ibution 
of Intergravel Fine Sediments for : SALMON RIVER 

(83/06/10) 

Sample No. - Replication No. 

* 
** 

ICAP, <0.15 mm f rac t ion , as ug/g (ppm) 
Hg (Pharmacia Mercury Monitor) 

Metal * 1 2 3 4 5 Mean S.D. 

Hg * * ' .07 .07 .10 .08 .02 
As <8 <8 9 8 1 
Ba 116 109 94 106 11 
Be <.2 <.2 <.2 .2 .0 
Cd .7 .6 .4 .6 .2 tmm 

Co 10.8 10.6 4.3 8.6 3.7 
Cr 56 59 45 53 6 
Cu 25 22 21 23 2 
Kin 722 935 637 765 154 
Ni 33 35 23 30 6 
P 1140 986 859 995 141 
Pb 4 5 <3 4 1 
Sn 5 3 3 4 1 
Sr 56.2 51.7 49.7 52.5 3.3 
V 69 65 65 66 2 
Zn 118.0 112.0 73.3 101.1 24.3 
Al 24000 21500 20800 22100 1682 
Fe 23600 23700 21600 22967 1185 
Si 4530 4320 5020 4623 359 
Ca 11300 10700 6860 9620 2409 
Mg 7260 6600 6460 6773 427 
Na 620 540 530 563 49 

Portion of total 
Sample [%) 

>̂  .15 mm 
< .15 mm 

59.0 
41.0 

80.0 
20.0 

77.0 
23.0 

72.0 
28.0 

11.4 
11.4 
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1.0 EXECUTIVE SUMMARY 

-Three hundred and forty two water samples of storm water runoff from 
chlorophenate wood protection f a c i l i t i e s were analyzed for chlorinated phenols 
using gas-chromatography with electron capture detection. The results of the 
analysis showed the presence of pentachlorophenol and 2,3,4,6-tetrachlorophenol 
in a l l the water samples, with pentachlorophenol ranging from 1.30 to 273,000 
ug/L and tetrachlorophenol ranging from 0.21 to 340,000 ug/L. Details of the 
results are listed in Table II of this report. 

1 -
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2.0 INTRODUCTION 

Environmental Protection Service (EPS) of Environment Canada has undertaken a 

study of chlorinated phenols content in stormwater runoff from various 

chlorophenate wood protection f a c i l i t i e s located in the B.C. Lower Mainland. As 

a part of this study, Can Test Ltd. was responsible for the quantitative 

analysis of the water samples for pentachlorophenol (PCP) 

2,3,4,6-tetrachlorophenol (2,3,4,6-TTCP), 2,4,6-trichlorophenol, (2,4,6-TCP) and 

2,3,6-trichlorophenol (2,3,6-TCP). 

This report describes the method, chromatographic conditions, quality control 

(QC) and results for three hundred and forty two water samples for chlorinated 

phenols. 

- 2 -
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3.0 APPARATUS AND MATERIALS 

3.1 Apparatus and Materials 

3.1.1 Grab sample bottle - Amber glass, one-liter volume, f i t ted with 

screw caps lined with f o i l . The bottles were consecutively rinsed 

with acetone and hexane and baked in an oven at 100°C before use. 

3.1.2 Separatory funnel - 1000 mL, with Teflon stopcock. 

3.1.2.1 A l l glassware was rinsed as soon as possible after use with 

dichloromethane (DCM). This was followed by washing with 

hot detergent solution (Decon 75 Concentrate) and rinsing 

unti l a l l the soap disappears. Glassware was then rinsed 

with 0.2N NaOH and then rinsed thoroughly with hot water. 

Glassware was drained dry and heated in an oven at 150°C for 

15 - 30 minutes. F ina l ly , dishes were taken out of the 

oven, cooled and consecutively rinsed with acetone, hexane 

and DCM. 

3.1.3 Round bottom flasks - 250 mL. 

3.1.4 Graduated cylinders -500 mL and 5 mL. 

3.1.5 Graduated test tubes - 10 mL or 25 mL. 

3.1.6 Flash evaporator with water bath - temperature setting at 29°C 

3.1.7 Heating block and nitrogen gas connection to blow samples. 

3.1.8 Gas Chromatograph (GC) (see instrumentation). 

3.1.9 GC vials with caps and septum. 

y 3.1.10 Column for derivatized phenols - 3% OV17 on Chromosorb W, -High 

Performance 80/100 mesh 

3 -
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3.1.11 Detectors - Electron Capture Detector (ECD) was used for determining 

the derivatized chlorinated phenols 

3.2 Reagents 

isat 

ml 

3.2.1 Deionized water- reagent water for blanks and solutions. 

3.2.2 Sodium hydroxide solution (0.2N) ( J . T . Baker) - Dissolve 32 g NaOH 

in reagent water and dilute to 4 L . 

3.2.3 Acetone, hexane, methanol, dichloromethane, isooctane (2,2,4-

Trimethylpentane) - glass d i s t i l l e d , pesticide grade (BDH 

Chemicals). 

3.2.4 1000 ppm stock solutions of PCP, 2,3,4,6-TTCP, 2,3,6-TCP, and 

2,4,6-TCP are prepared from authentic standards obtained from 

Agriculture Canada, Laboratory Service Division, Ottawa. Weigh out 

5 mg of each accurately, dissolve in benzene and dilute to 5 mL in 

a 5 mL volumetric flask. 

3.2.5 Derivatization reagent: N-Methyl-N^-nitro-N-nitrosoguanidine, 97% -

Aldrich 

3.2.6 Preparation & Generation of Diazomethane (derivatization reagent) 

3.2.6.1 Wash generator apparatus f i r s t with d i s t i l l e d H 2 0, then 

acetone and then ethyl ether. Let i t air dry. 

3.2.6.2 This operation is carried out in a fume hood. Weigh into 

generator 200 mg of N-methyl-N^-nitro-N- nitrosoguanidine. 

Add 20 mL of ether into the outer tube, 2.0 mL ether into 

the inner tube of the generator. Cap the generator t ight. 

With a syringe, inject into the inner tube 2 mL of 50% KOH. 

Wrap the generator surface with aluminum f o i l and let i t 

s i t overnight. Strength of diazomethane is direct ly 

related to i ts yellowish-green color intensity. 

4 -
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Diazomethane is freshly prepared every day and is stored at 

4°C, protected from light with aluminum f o i l . 

Caution: Diazomethane is carcinogenic and preparation could 

be explosive i f contents in the generator contact ground 

glass joints. 

3 .3 Calibration 

3.3.1 To calibrate the GC-ECD for the analysis of chlorinated phenols, set 

gas chromatographic operating parameters equivalent to those 

indicated in Table 1. 

3.3.2 Prepare calibration standards at a minimum of five concentration 

levels for each parameter of interest. One external standard should 

represent a concentration near but above the method detection l imit 

and the other concentrations should correspond to the expected range 

of concentrations found in real samples or should define the working 

range of the detector. 

3.3.3 Derivatize, then inject 2 uL of each cal ibration standard, and 

tabulate peak response against the amount (nanograms) injected. The 

results can be used to prepare a calibration curve. 

TABLE 1 

GC-ECD Parameters 

Oven: Temperature: 165°C isothermal 
Injection Temperature: 230 C 
Aux/Detector Temperature: 320 C 
Detector: Electron Capture Detector (ECD) 
Carrier gas: 5% methane/95% Argon 
Flow rate: 30 mL/min. 
GC: Hewlett Packard 5840A Gas Chromotograph 
Autosampler: Hewlet Packard 7671A Automatic Sampler 

- 5 -
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3.4 Quality Control 

Each day a batch of samples (reagent blanks, spikes and samples) was 

analyzed in the following order: 

1. Spike #1 (High Level) 

2. Method Blank 

3. Sample #1 

4. Sample #2 

5. Sample #3 

6. Sample #4 

7. Spike #2 (Low Level) 

8. Sample #5 

9. Sample #6 

10. Sample #7 

11. Sample #8 

12. Duplicate of any of the above 

samples. 

3.4.1 Method Blank 

A 0.5 l i t r e aliquot of reagent blank water was analyzed to monitor 

that a l l glassware and reagent interferenceswere under control . 

3.4.2 Spikes 

Spike samples were prepared by the Quality Assurance Officer. 

The high spike levels were: 1 ppm PCP, 1 ppm 2,3,4,6-TTCP and 0.1 

ppm levels of both 2,3,6-TCP and 2,4,6-TCP. The low spike levels 

were: 2 ppb PCP and 2 ppb 2,3,4,6-TTCP. 

3.4.3 Duplicates 

Duplicates were analyzed on 10% of the samples. 

3.5 Extraction Procedure 

hflHl 

m 

cd 

A l l samples received in the laboratory were logged and kept refrigerated at 
4°C prior to extraction. 

3.5.1 Shake samples (after samples achieved room temperature) for one 

minute and transfer 500 mL of sample into a 1 l i t r e separatory 
- 6 -
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funnel. For concentrated samples, 5 mL of sample is transferred 

into a 1 l i t r e separatory funnel containing 495 mL of reagent 

water. 

3.5.2 Adjust a l l samples to a pH of 1-2 with concentrated HCL (approx. 1 

mL). 

3.5.3 Add 50 mL of dichloromethane to the sample, stopper and shake 

funnel with periodic venting to release pressure. Shake a l l six 

samples and by the time you reach the f i r s t one again, the solvent 

w i l l have separated from the water phase. Collect the 

dichloromethane portion (bottom layer) in a 250 mL round bottom 

flask. 

3.5.4 Add a second 50 mL volume of DCM to the sample and repeat the 

extraction procedure a second time combining the extracts in the 

round bottom flask. Perform a third extraction in the same manner. 

3.5.5 Before evaporation, rinse around the neck of the round bottom flask 

with approximately 1 mL of isooctane. 

3.5.6 Set the flash evaporator water bath temperature to 29°C and reduce 

sample volume down to approximately 1 mL. 

3.5.7 Quantitatively transfer sample extract with 5 mL of Hexane into a 

graduated test tube. 

3.5.8 The sample is now ready to be derivatized. Add 0.5 mL of 

isooctane. Dry down contents to 0.5 mL again with a flow of 

nitrogen. Add to the contents 1.0 mL of diazomethane, mix and let 

s i t for one hour at room temperature. After an hour, add 0.5 mL of 

isooctane to the derivatized contents and dry down contents to 0.5 

mL with nitrogen. Make up sample to 5 mL f inal volume with 

isooctane, vortex, dilute and proceed with electron capture" gas 

chromatographic analysis. 

- 7 -



RESULTS AND DISCUSSION 

Results of Analysis 

The results of chlorinated phenols found in the water samples are shown in 

Table II . Details of sample identification are also included in the table. 

Using the described methodology, the detection l imit of PCP, 2,3,4,6-TTCP 

and the TCPs is 0.1 ug/L. A total of three hundred sixty-six samples were 

received at our laboratory; however, only three hundred and forty two 

samples were analyzed. As requested by EPS some of the extra samples were 

composited to reduce the total number of samples for analysis. In the 

table, each sample was also recorded as to degree of visual c l a r i t y . The 

samples were rated from 1 to 4 as the c lar i ty of the sample decreases from 

clear (rated as 1 ), to either cloudy (as 2), or to contain fine sediment 

(as 3) or large sediment (as 4). 

Of the 342 samples, a l l were found to contain some levels of PCP and 

2,3,4,6-TTCP. The ranges of PCP and 2,3,4,6-TTCP found were from less than 

1 ug/L to more than 100 mg/L. Levels of 2,4,6-TCP and 2,3,6-TCP were found 

to have a lower range (9 ug/L to less than 0.1 ug/L). Approximately one 

half of the samples did not contain any detectable amount of 2,4,6-TCP. 

Quality Control 

As s t a t e d i n our p r o p o s a l (Appendix D, Section 8.1) a QC program must 

consist of an i n i t i a l demonstration of laboratory capabil i ty. This was 

established by the completion of the qualif ication samples submitted to 

Mr. Paul Kluckner dated September 9, 1986. 

An ongoing analysis of reagent water blanks (Appendix D, Section 8.1.3) 

with each processing batch of samples was carried out throughout the whole 

period of this project. The results of the reagent blanks did not indicate 

any significant chromatographic peaks that might cause inteference in the 

chlorinated phenol analysis (see Figure 1). Approximately 30 reagent 

blanks were analyzed throughout the four month project. 
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It was our intention at the beginning of the project to analyze 10% matrix 
I spikes as stated i n our proposal (Appendix D, Section 8.3). However, due 
1 t a d 

to the vast range in the concentration of the chlorinated phenols found i n 
| the samples ( i . e . , ranging from less than 0.1 ug PCP/L to greater than 100 
1 mg PCP/L), and the time constraints of the project, our laboratory had to 
j resort to the use of in-house q u a l i t y control (QC) f o r t i f i e d samples at 
I ami various concentrations (Appendix D, Section 8.2) and duplicate analysis of 

some actual samples to monitor the accuracy and pr e c i s i o n of our a n a l y s i s , 
j , — A summary of the QC f o r t i f i e d sample recoveries i s l i s t e d i n Table 3, 

showing dates of analysis, l e v e l s of spike ( in water), and recoveries of 
d i f f e r e n t chlorinated phenols. A summary of the duplicate analysis i s 
l i s t e d i n Table 4. There were 20 f o r t i f i e d samples and 32 duplicate 
analysis included i n t h i s project for q u a l i t y c o n t r o l . 

id 

.id 

Since the r a t i o of the electron capture detector response to the amount of 
chlorinated phenols injected ( c a l i b r a t i o n factor) i s constant over the 
working range (from 0.02 - 0.20 ng "on column"), the c a l i b r a t i o n factor of 
each chlorinated phenol was used for q u a n t i f i c a t i o n as recommended i n EPA 
Method 604. Instrument performance was also monitored i n measuring the 
d a i l y response of the detector to a f i x e d amount of the phenols. Thus, any 
sudden change i n s e n s i t i v i t y of the system would be e a s i l y recognized. 

4.3 GC/MS Confirmation 

. i d Three samples were selected for the confirmatory analysis of PCP and 
2,3,4,6-TTCP using a Finnigan 4500 gas chromatograph/mass spectrometer 

y (GC/MS). The samples were CTL#145, #288 and #364. The d e r i v a t i z e d 
extracts of the samples were injected into the GC/MS followed by the 
i n j e c t i o n of the d e r i v a t i z e d a n a l y t i c a l standards of PCP and TTCP. Both 
PCP and TTCP were confirmed to be present i n the three samples analysed. 



TABLE 2 

ANALYSIS OF CHLORINATED PHENOLS IN 
STORM WATER RUNOFF 
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TABLE 3 - In-house Quality Control Fortified Sample Results 

Percent Recoveries 

Date of 
Analysis 

861128 
861218 
870129 
870204 
870205 

870206 
870209 
870211 
870215 
870215 

870216 
870218 
870219 
870220 
870225 

870225 
870226 
870227 
870227 
870228 

Level of 
Spiking 
(ug/L) 

2.0 
4.0 
0.2 

5000 
5000 

1000 
1000 
1000 

2.0 
1000 

1000 
1000 

2.0 
2.0 

1000 

2.0 
1000 

2.0 
2.0 
2.0 

NA = not available 

PCP 

72 
110 
75 

108 
97 

90 
116 
118 
120 
120 

98 
120 
120 
94 

122 

97 
88 
83 

104 
95 

TTCP 

130 
94 

135 
103 
85 

85 
77 

104 
100 
113 

125 
94 

100 
86 

108 

80 
75 
70 
86 
70 

TCP 
(2,3,6-) 

110 
80 
NA 
NA 
NA 

NA 
NA 
NA 
NA 

108 

NA 
98 

110 
NA 
NA 

NA 
NA 
NA 
NA 
NA 
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TABLE 4 - Duplicate Analysis Results 

CTL# EPS Description 

3 SEA-WO 861026 
SEA-WO 861026 
Average 

II STORM SEA 861025 4:45 

Average 

31 STORM SEA 861026 8:30 
9:30 

Average 

32 STORM SEA 861026 9:30 
10:30 

Average 

40 STORM LYNN 861029 16:30 

Average 

46 STORM LYNN 861029 18:30 
19:30 

Average 

56 STORM LYNN K5 861113 5:00 

Average 

95 DOMAN/EPS 27-2 861113 10:50 

Average 

107 STORM LYNN K5 861113 20:00 

Average 

III STORM LYNN K5 861113 21:30 
22:00 

Average 
137 DOMAN/EPS 27-2 861118 14:30 

15:15 
Average 

147 STORM TERM 861119 12:30 
12:45 

Average 

Concentration (ug/L) 

PCP 

10.5 
10.6 
10.6 

329 
255 
292 

208 
204 
206 

182 
210 
196 

374 
297 
336 

233 
258 
246 

133 
158 
146 

149 
144 
147 

278 
278 
278 

316 
300 
308 

147 
147 
147 

49.1 
52.2 
50.7 

TTCP 

20.7 
34.4 
27.6 

461 
527 
494 

308 
313 
311 

305 
311 
308 

8.23 
8.23 
8.23 

167 
175 
171 

181 
200 
191 

19.0 
19.o 
19.0 

476 
452 
464 

458 
444 
451 

41.7 
39.6 
40.7 

26.4 
26.7 
26.6 

TCP 
( 2 , 4 , 6 ) 

L 0.1 
L 0.1 
L 0.1 

L 0.1 
L 0.1 
L 0.1 

L 0.1 
L 0.1 
L 0.1 

L 0.1 
L 0.1 
L 0.1 

L 0.1 
L 0.1 
L 0.1 

L 0.1 
L 0.1 
L 0.1. 

L 0.1 
L 0.1 
L 0.1 

0.82 
1.06 
0.94 

0.49 
0.60 
0.55 

0.82 
0.88 
0.85 

L 
L 
L 

L 
L 
L 

0.1 
0.1 
0.1 

TCP 
(2,3,6) 

0.94 
0.98 
0.96 

0.10 
0.12 
0.11 

6.12 
9.17 
7.65 

2.71 
2.25 
2.72 

0.64 
0.59 
0.62 

0.55 
0.88 
0.72 

0.27 
0.38 
0.33 

3.86 
5.26 
4.56 

1.12 
1.01 
1.07 

1.26 
0.87 
1.07 

2.91 
2.70 
2.80 

9.08 
9.08 
9.08 

y 

y 



can beat itn. 

TABLE 4 (con't) - Duplicate Analysis Results 

CTL# EPS Description 

ami 

\mi 

Lmi 

yd 

174 STORM TERM 861119 23:00 
23:30 

Average 

178 STORM TERM 861120 01:00 
1:30 

Average 

183 STORM TERM 861120 5:00 
6:30 

Average 

PCP 

319 
308 
314 

207 
193 
200 

123 
118 
121 

Concentration (ug/L) 

TTCP 

662 
625 
644 

428 
375 
402 

292 
274 
283 

261 STORM T-CD 861220 19:00 

Average 

262 STORM T-CD 861220 19:30 

Average 

572 
532 
552 

420 
490 
460 

890 
805 
848 

758 
853 
806 

TCP 
(2,4,6) 

L 0.1 
L 0.1 
L 0.1 

L 0.1 
L 0.1 
L 0.1 

L 0.1 
L 0.1 
L 0.1 

L 0.1 
L 0.1 
L 0.1 

L 0.1 
L 0.1 
L 0.1 

TCP 
(2,3,6) 

666 
7.14 
6.90 

44.5 
45.0 
44.8 

14.0 
16.4 
15.2 

192 STORM LYNN K5-WI 861120 42708 27857 L 0.1 9810 
39792 26905 L 0.1 9494 

Average 41250 27381 L 0.1 9652 

202 STORM LYNN K5-WI 861121 11: 45 20981 14006 L 0.1 3282 
21978 14759 L 0.1 3282 

Average 21500 14383 L 0.1 3282 

210 STORM TERM CD 861125 20:30 313 911 1.96 0.28 
imi 20:45 307 904 1.91 0.28 

Average 310 908 1.94 0.28 

^ 203 STORM LYNN K5 WI 861124 12: 00 13588 11807 L 0.1 1330 
12788 10923 L 0.1 1350 

Average 13188 11365 L 0.1 1340 

^ 230 STORM T-SPWO 861220 20:00 34.4 434 L 0.1 87.9 
32.3 407 L 0.1 96.7 

Average 33.4 421 L 0.1 92.3 

242 STORM T-Dl 861220 19:00 81.6 106 L 0.1 34.8 
81.6 103 L 0.1 37.1 

lad Average 81.6 105 L 0.1 36.0 

249 STORM T-DL1 861221 0:00 1825 4154 L 0.1 78.3 
1955 4330 L 0.1 80.2 

Imi Average 1890 4242 L 0.1 79.3 

71.8 
64.4 
68.1 

36.0 
35.0 
35.5 

y 

y 



can test itu. 

Table 4 (con't) — Duplicate Analysis Results 

1 bad Concentration (ug/L)_ 

j CTL# EPS Description PCP TTCP TCP TCP 
1 \mm (2,4,6) (2,3,6) 

282 STORM W-GREENCHAIN 861222 
f 8:00 111000 200000 L 0.1 439 
< 

I uak 111000 206000 L 0.1 480 
Average 111000 203000 L 0.1 460 

.'ami 286 STORM WESTCOAST-PM 870123 
7:30 290 740 L 0.1 60.0 

270 660 L 0.1 66.0 
! 

ami 
Average 280 700 L 0.1 63.0 

287 STORM WESTCOAST-PM 870123 
7:35 345 1020 L 0.1 72.2 

mm 340 1100 L 0.1 81.0 
Average 343 1060 L 0.1 76.6 

j 297 STORM WESTCOAST CELLUF 870123 
12:30 250 550 L 0.1 50.0 
13:00 280 550 L 0.1 55.0 

i 
i mM 

Average 265 550 L 0.1 52.5 

298 STORM WESTCOAST-PM 870123 
I 13:00 240 600 L 0.1* 43.1 

md 13:30 220 580 L 0.1 41.2 
Average 230 590 L 0.1 42.1 

5 J 305 STORM WESTCOAST CELLUF 870123 
i 6:00 21300 32300 L 0.1 390 

14:00 22100 33200 L O.l 340 
y Average 21700 32700 L 0.1 365 

328 STORM D0MAN-PM 870129 8:00 9660 306 L 0.1 12.5 
8:30 10100 338 L 0.1 13.5 

Average 9880 322 L 0.1 13.0 

? • 
336 STORM D0MAN-PM 870129 10000 290 L 0.1 77.0 

9300 260 L 0.1 82.0 
i l a d Average 9650 275 L 0.1 80.0 

y 



can test iw. 
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