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1 SUMMARY 

Exova Canada Inc. was requested by Agnico-Eagle Mines ltd. – Meadowbank Division to 
sample atmospheric emissions at the outlet of the incinerator for its plant located in Baker Lake, 
Nunavut at the following address. 
 
Agnico-Eagle Mines Ltd.  -  Meadowbank Division 
P.O. Box 540, 
Baker Lake, Nunavut  
X0C 0A0  
 
Contact:  Mr. Jeffrey Pratt, Environmental coordinator 
Telephone: (819) 759-3555, ext. 6728 
Cell:  (819) 856-1475 
Email:  Jeffrey.pratt@agnico-eagle.com 
 

1.1 Purposes of the study 

The tests were done to demonstrate the performance of the incinerator to meet the standards for 
mercury (Hg) and dioxins and furans (PCDD/F). 
 
Field testing was carried out from July 11 to July 13, 2014 by a team of two technicians. Stack 
gas properties such as velocity, volumetric flow rates, temperature, moisture content, molecular 
weight and pressure were all measured concurrently to stack sampling. Three runs were 
performed for each contaminant with the exception that four grab samples were taken for the 
NOx. The test matrix is shown in the following table. 
 

Table 1.1-1 – Overall Test Matrix 

Pollutants Sampling methods 

Particulate matter (PM) EPS 1/RM/8 

Anion  -  Hydrogen chloride (HCl) EPS 1/RM/1 

Metals EPA 29 

SVOC (PCDD/F) EPS 1/RM/2 

Nitrogen oxides (NOx) EPS 1-AP-77-3 

 

The list of metals includes Al, Sb, As, Ba, Be, Bi, B, Cd, Ca, Cr, Co, Cu, Fe, Pb, Li, Mg, Mn, Hg, 
Mo, Ni, P, K, Se, Si, Ag, Na, Sr, Te, Tl, Sn, Ti, U, V, Zn. 
 
The manual sampling procedure for the particulate matter / anion / metals (PAM) test and the 
semi-volatile organic compounds (SVOC) test were as shown in table 1.1-2 hereafter. 
 
 

1  S
U

M
M

A
R

Y
 



  

 

 

 
Document No.: R14-034R01 Page No.: 6 of 35 

Author: Pierre Duguay, P. Eng. Version’s date: August 2014 

Client: Agnico-Eagle  Mines Ltd. Version No.: 1 

    

 

 

Stack sampling tests 

Outlet of the incinerator 

Table 1.1-2 – Sampling procedures 

Sources 

# of 
sampling 

points 
(total) 

# of 
sampling 

points 
(per 

traverse) 

Sampling 
time per 

point 
(min.) 

Total 
sampling 
time (min) 

Notes 

PAM # 1, 2, 3 36 18 5 180 
Isokinetic adjustments each 

5 minutes 

SVOC # 1, 2, 3 36 18 5 180 
Isokinetic adjustments each 

5 minutes 

 

1.2 Summary of results 

All the tests results are summarized in the summary tables appearing below and on the next page 
and represent the average of three runs with the exception for the NOx results that represent the 
average of four grab samples. Complete results of the sampling program are presented in section 
5.0 of this report.  

 
A comprehensive internal Quality Assurance/Quality Control (QA/QC) plan was designed and 
implemented by Exova regarding the gaseous emissions. The quality of the sampling data and 
results is good for all measurements. All the data are consistent and reliable. 
 
The operating conditions were maintained stable throughout each day of the tests. 

 
All computer print-outs, field data, analytical results and calibration reports are presented in 
appendix # 1. 
 
For this project, the applicable standards are shown below with the tests results. The applicable 
standard for dioxins and furans (PCDD/F) was met during each test. The applicable standard for 
mercury (Hg) was met only during test # 3. 

 
Table 1.2-1 – Summary of results 

Contaminants Average test results Standards 

Mercury (Hg) 64.09 µg / Rm³ @ 11 % v/v O2 20 µg / Rm³ @ 11 % v/v O2 

Dioxins and furans (PCDD/F) 53.6 pg TEQ / Rm³ @ 11 % v/v O2 80 pg TEQ / Rm³ @ 11 % v/v O2 

 
R: Reference conditions, 25 oC, 101.3 kPa, dry basis. 
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Table 1.2-2 – Summary of results (Cont’d) 

Parameters PAM tests SVOC tests NOx tests 

Concentrations 

PM                                             (mg/Rm³) 28.2 --- --- 

HCl                             (mg/Rm³) 29.7 --- --- 

Hg                               (µg/Rm³) 29.9 --- --- 

PCDD/F                      (pg/Rm³ TEQ) --- 24.1 --- 

NOx                             (mg/Rm³ - eq. NO2) --- --- < 5.6 

Emission rates 

PM                                            (kg/h) 0.202 --- --- 

HCl                             (kg/h) 0.211 --- --- 

Hg                               (mg/h) 210.312 --- --- 

PCDD/F                      (ng/h TEQ) --- 163.8 --- 

NOx                             (kg/h – eq. NO2) --- --- < 0.038 

Stack gas properties 

Velocity                      (m/s) 7.1 6.7 --- 

Actual flow rate          (m³/h) 18591 17706 --- 

Reference flow rate   (Rm³/h) 7183 6848 6840 

Temperature              (°C)  465 468 --- 

Moisture                    (% v/v, wet basis) 4.6 4.2 --- 

Static pressure         (inch H2O) - 0.10 - 0.10 --- 

O2                                               (% v/v, dry basis) 16.54 16.54 --- 

CO2                                           (% v/v, dry basis) 3.11 3.11 --- 

CO                             (ppmv, dry basis) 3.7 3.7 --- 

Average isokineticity  (%) 98.8 95.7 --- 

 

R : Reference conditions, 25 °C, 101.3 kPa and dry basis. 
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2 INTRODUCTION 

Exova Canada Inc. was requested by Agnico-Eagle Mines ltd. – Meadowbank Division to 
sample the atmospheric emissions at the outlet of an incinerator for its plant located in Baker 
Lake, Nunavut. 
 

The report describes the purposes of the study, the field work schedule, the sampling location 
and the sampling methods employed. All the results are summarized in table form. All field data, 
analytical results and calibration reports are appended.  

 

2.1 Objective and test matrix 

A comprehensive stack testing program was adopted by Exova to determine qualitatively and 
quantitatively the contents of the stack emissions. Table # 2.1-1 shows the parameters 
measured during the test program. Three runs were performed for each contaminant during the 
sampling program with the exception that four grab samples were taken for the NOx. 
 
Table 2.1-1 – Overall Test Matrix  

Pollutants Sampling methods 

Particulate matter (PM) EPS 1/RM/8 

Anion  -  Hydrogen chloride (HCl) EPS 1/RM/1 

Metals EPA 29 

SVOC (PCDD/F) EPS 1/RM/2 

Nitrogen oxides (NOx) EPS 1-AP-77-3 

 

The list of metals includes Al, Sb, As, Ba, Be, Bi, B, Cd, Ca, Cr, Co, Cu, Fe, Pb, Li, Mg, Mn, Hg, 
Mo, Ni, P, K, Se, Si, Ag, Na, Sr, Te, Tl, Sn, Ti, U, V, Zn. 
 

2.2 Schedule of test work  

The sampling program was carried out from July 11 to July 13, 2014 by a team of two 
technicians. Table # 2.2-1 appearing in this section shows the test schedule. 
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Table 2.2-1 – Test schedule 

Source Date Time Tests 

Outlet of the 
incinerator 

July 11, 2014 12:59 – 16:35 PAM # 1 & SVOC # 1 

July 12, 2014 11:22 – 16:00 PAM # 2 & SVOC # 2 

July 12, 2014 17:34 – 17:36 NOx # 1, 2 

July 13, 2014 09:48 – 14:18 PAM # 3 & SVOC # 3 

July 13, 2014 15:15 – 18:30 NOx # 3, 4 

 

2.3 Project personnel 

The following is a list of the direct contributors to this test program. 
 
Table 2.3-1 – Key personnel involved in the project 

Name Experience and responsibilities 

 
Agnico-Eagle Mines Ltd. 

Mr. Jeffrey Pratt – Environmental coordinator 

� Project coordinator. 

 
Exova Canada Inc. 

Mr. Simon Demers, Technician 

� SVOC and NOx sampling. 

Mr. Sylvain Lapointe, Technician 

� PAM sampling. 

Mr. Christian St-Pierre, Chemist 

� Analyses of PM and NOx samples. 

Mr. Geneviève Sévigny, Chemist  

� Analyses of HCl and metals samples. 

Mr. Pierre Duguay, P.Eng. – Supervisor 

� Report writing. 

Mr. Claude Bélanger, Chemist – Operations manager  

� Report verification. 

 
Agat Laboratories 

Mr. Marc-André Desjardins – Chemist 

� Analyses of SVOC samples. 
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2.4 Process operating conditions 

Process operating conditions of the incinerator were under Agnico-Eagle’s responsibility. The 
operating conditions were maintained stable throughout each day of the test program.  

 

2.5 Applicable standards 

For this project, the applicable standards are shown below.  
 

Table 2.5-1 – Applicable standards 

Contaminants Standards 

Mercury (Hg) 20 µg / Rm³ @ 11 % v/v O2 

Dioxins and furans (PCDD/F) 80 pg TEQ / Rm³ @ 11 % v/v O2 

 
R: Reference conditions, 25 oC, 101.3 kPa, dry basis. 
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3 METHODS 

3.1 Sampling methods 

The following sections give more details on the stack sampling methods used during the test 
program and their application. 
 

Table 3.1-1 – Sampling methods 

Parameters Methods 
Sampling duration 

(min.) 

Manual sampling methods 

Temperature Thermometer or thermocouple Ponctual 

Gas flow EPS 1/RM/8, method B – Environment Canada Ponctual 

O2, CO2, CO EPS 1/RM/8, method C – Environment Canada Ponctual 

Moisture content EPS 1/RM/8, method D – Environment Canada Ponctual 

Particulate matter (PM) EPS 1/RM/8, method E – Environment Canada 

180 Anions (HCl) EPS 1/RM/1 – Environment Canada 

Metals Method 29 - USEPA 

SVOC EPS 1/RM/2 – Environment Canada 180 

NOx EPS 1-AP-77-3 – Environment Canada 2 

 

3.2 Sampling acceptance criteria 

Isokinetic sampling means that the linear velocity of the stack gases entering the nozzle of the 
sampling probe is equal to the stack gas velocity at the sampling point.  Acceptance criteria for a 
sampling run related to the reference methods that are used are as in the following table. 
 

Table 3.2-1 – Sampling validity criteria 

Parameters / Methods Acceptance criteria 

PM / Anion / Metals  /  SPE 1/RM/8 – Environment Canada & 29 - USEPA  

� Isokinetic rate comprised between 90 % and 110 %  
� Less than 10% of the sampled points out of the 90 % to 110 % range 
� Minimum sampling duration : 120 minutes 
� Minimum sampled volume : 2.80 Rm

3
 

SVOC  /  SPE 1/RM/2 – Environment Canada 

� Isokinetic rate comprised between 90 % and 110 %  
� Less than 10% of the sampled points out of the 90 % to 110 % range 
� Minimum sampling duration : 180 minutes 
� Minimum sampled volume : 3.00 Rm

3
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3.3 Particulate matter (PM), hydrogen chloride and metals 

Particulate matter (PM), hydrogen chloride (HCl) and metals were sampled in accordance with 
the requirements of Environment Canada EPS 1/RM/8 sampling method entitled: "Reference 
methods for source testing: measurement of releases of particulate from stationary sources". This 
method was combined with Environment Canada EPS 1/RM/1 sampling method entitled: 
"Reference methods for source testing: measurement of releases of hydrogen chloride from 
stationary sources" and USEPA method 29 entitled “Metals emissions from stationary sources" in 
order to allow for anion and metals sampling. Sampling lasted 180 minutes and a minimal volume 
of at least 2.80 Rm³ was sampled for each run. Three PM / HCl / metals tests were conducted 
simultaneously to the SVOC tests during each run. 
 
Particulate matter (PM), anion (HCl), and metals (including mercury) are sampled isokinetically 
using a single sampling train. This is recognized as the standard method for obtaining 
representative samples of particulate matter. 
 
Two complete sampling trains were prepared for this project and were transported to the worksite.  
Sampling nozzles, pitot tubes, dry gas meters and orifice flow meters were calibrated in 
accordance with the Environment Canada testing code. A standard Method 5 sampling module 
was used, with a 5 foot probe with a glass liner. The sampling train was as follows. 
 

Table 3.3-1 – Main components of the sampling system – PM / HCl / metals 

Components Description 

Sampling probe 

� A stainless steel nozzle of a precisely measured diameter to allow isokinetic sampling ; 
� a stainless steel water-cooled probe with a heated glass liner to avoid moisture condensation ; 
� this probe is fastened to an "S" type Pitot tube for gas velocity measurement and to a 

thermocouple for temperature measurement. 

Sampling train 

� A 0.3 µm porosity pre-weighted quartz filter mounted on an accurate holder and placed in a 
heated oven to avoid moisture condensation ; 

� eight impingers placed in series and containing : 
� # 1 and # 2: 100 ml demineralized water ; 
� # 3 and # 4: 100 ml HNO3 (5%) / H2O2 (10%) solution ; 
� # 5 :  empty ; 
� # 6 and # 7 : 100 ml KMnO4 (4%) / H2SO4 (10%) solution ; 
� # 8:  200 g silica gel ; 
� the impingers are placed in an ice bath to condense all the flue gas moisture. 

Control unit 

� A diaphragm leak free vacuum pump ; 
� a dry gas meter ; 
� an orifice flow meter ; 
� probe and oven temperature controllers ; 
� temperature display (stack, gas meter, impingers, resin). 
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At the end of each sampling run the sampling train was brought back to the field laboratory to 
process with sample recovery. The procedure followed for sample recovery is as in the following 
table. 
 

Table 3.3-2 – Sample recovery – PM / HCl / metals 

Components Description 

Nozzle and probe 

� The nozzle and probe are rinsed and brushed with acetone ; 
� the rinses are kept in polyethylene with a Teflon lid ; 
� the nozzle and probe are rinsed and brushed with the HNO3 0.1 N solution ; 
� the rinses are kept in another polyethylene container with a Teflon lid. 

Filter 

� The filter is placed in a plastic petri dish ; 
� the pieces of the filter stuck to the rubber are carefully replaced with the filter. 

Impingers # 1 and # 2 

� The volume of solution is measured for moisture content determination ; 
� the solution is transferred in a polyethylene container with a Teflon lid ; 
� the glassware is rinsed with demineralized water ; 
� the rinses are added to the same container in which the impingers solution have been placed ; 
� the solution is acidified. 

Impingers # 3 and # 4 

� The volume of the solution is measured for moisture content determination ; 
� the solution is transferred in a polyethylene container with a Teflon lid ; 
� the glassware is rinsed with the HNO3 solution ; 
� the rinses are added to the same container in which the impingers solution have been placed ; 
� the total volume of the solution is noted. 

Impingers # 5, # 6 and # 7 

� The volume of the solution is measured for moisture content determination ; 
� the solution is transferred in an amber glass container with a Teflon lid ; 
� the glassware is rinsed with the acidified permanganate solution ; 
� the rinses are added to the same container in which the impingers solution have been placed ; 
� the total volume of the solution is noted. 

Impinger # 8 

� The silica gel is weighted in order to determine the moisture content. 

 
Analyses of the different components of the sampling train were done as in the following table. 
 
Exova performed the analyses for particulate matter on the probe wash and on the filter. Exova 
was responsible as well for the metals analyses. 
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 Table 3.3-3 – Samples analyses – PM / metals 

Components Description 

Nozzle and probe 

� Washing of the nozzle and probe are evaporated to dryness ; 
� The residue’s weight is noted constitutes one part of the particulate matter. 

Filter 

� The filter is placed in a dessiccator for a period of 24 hours ; 
� the filter is weighted and the weight is noted; 
� the residue constitutes another part of the particulate matter. 

Particulate matter and HNO3 0.1 N washings of probe-nozzle and filter holder front half 

� particulate matter are combined with the HNO3 washings for digestion and analysed for metals. 

Impingers # 1 and # 2 

� Part of the acidified solution is taken and analysed for HCl and metals content. 

Impingers # 3 and # 4 

� Part of the HNO3 solution is taken and analysed for metals content. 

Impingers # 5, # 6 and # 7 

� Part of the acidified permanganate solution is taken and analysed for mercury content. 

Impinger # 8 

� No analysis is performed on this component. 

 

3.4 Semi-volatile organic compounds (SVOC) 

Semi-Volatile Organic Compounds (SVOC) are defined as organic compounds with boiling points 
greater than 100 °C. This class of compounds includes PCDD (PolyChlorinated Dibenzo p 
Dioxins), PCDF (PolyChlorinated DibenzoFurans), CP (ChloroPhenols), CB (ChloroBenzenes), 
PCB (PolyChlorinated Biphenyls) and PAH (Polycyclic Aromatic Hydrocarbons). 
 
SVOCs were sampled in accordance with the requirements of Environment Canada EPS 1/RM/2 
sampling method entitled: " Reference Method for Source Testing: Measurement of Releases of 
Selected Semi-volatile Organic Compounds from Stationary Sources ".  For this project SVOCs 
included polychlorinated dibenzo-p-dioxins (PCDD) and polychlorinated dibenzofurans (PCDF). 
Sampling lasted 180 minutes and a minimal volume of at least 3.00 Rm³ were sampled for each 
run. At the outlet of the incinerator, three SVOC tests were conducted. 
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Five (5) train glassware sets were cleaned and one common rinse was analyzed for proofing. 
Three (3) of these trains were used for testing, one (1) was used as field blank and the remaining 
one was kept as spares. 
 
A standard Method 5 sampling module was used, with a 5 foot borosilicate lined (proofed) probe. 
Sampling nozzles, pitot tubes, dry gas meters and orifice flow meters are calibrated in 
accordance with the EPS testing code. 
 
Sampling train was assembled every day for the test to be held on the same day. Two rinses 
(Acetone & Hexane – 3 times each) were done before each test. The sampling train was as in the 
following. 
 

Table 3.4-1 – Main components of the sampling system – SVOC 

Components Description 

Sampling probe 

� A stainless steel nozzle of a precisely measured diameter to allow isokinetic sampling ; 
� a stainless steel water-cooled probe with a heated glass liner to avoid moisture condensation ; 
� this probe is fastened to an "S" type Pitot tube for gas velocity measurement and to a 

thermocouple for temperature measurement. 

Sampling train 

� A 0.3 µm porosity pre-weighted fiber glass filter mounted on an accurate holder and placed in a 
heated oven to avoid moisture condensation ; 

� a condenser ; 
� a XAD-2 resin cartridge ; 
� a condensate trap ; 
� three impingers placed in series and containing : 
� # 1:  100 ml ethylene glycol ; 
� # 2 :  empty ; 
� # 3:  200 g silica gel ; 
� the impingers are placed in an ice bath to condense all the flue gas moisture. 

Control unit 

� A diaphragm leak free vacuum pump ; 
� a dry gas meter ; 
� an orifice flow meter ; 
� probe and oven temperature controllers ; 
� temperature display (stack, gas meter, impingers, resin). 

 

At the end of each sampling run the sampling train was brought back to the field laboratory to 
process with sample recovery.  The procedure followed for sample recovery is as in the following 
table. Except for the filter, all the sampling train’s components were first rinsed three times with 
acetone and then three times with hexane. After recovery was completed, all samples were 
clearly documented in lab journals, with each sample container clearly labelled, and stored in a 
refrigerator. 
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Stack sampling tests 

Outlet of the incinerator 

Along with one of the three SVOC tests, a blank train has been taken to the stack sampling site 
and left untouched for the duration of the test. At the end of the test, a volume of ambient air 
equal to the sum of all leak check volumes during the SVOC test was run through the blank train, 
according to the requirements of reference method EPS 1/RM/2.  
 
The blank train was recovered in the field laboratory in the same manner as the compliance test 
trains. The field blank train has been analysed by Agat. Because they each constitute a part of 
the blank train, solvents, reactives, filters and the XAD-2 resin were not sampled and analysed as 
individual blanks. The train analysis was performed as per methods EPS 1/RM/3, EPS 1/RM/23 
and NITEP/Mid Connecticut Combustion Test Methodology for Organic Analysis. 
 

Table 3.4-2 – Sample recovery – SVOC 

Components Description 

Nozzle, probe and front half of filter holder 

� Each component is rinsed three times and brushed with acetone and then three times with hexane ; 
� all the rinses are kept in amber glass container with a Teflon lid. 

Filter 

� The filter is carefully removed from filter holder and deposited on a pre-cleaned aluminum foil ; 
� the pieces of the filter stuck to the rubber are carefully replaced with the filter ; 
� the filter is folded in half and placed in a pre-cleaned glass petri dish. 

Back half of filter holder and condenser 

� The condenser is weighted in order to determine the moisture content ; 
� each component is soaked 5 minutes each with acetone and hexane ; 
� each component is rinsed three times with acetone and then three times with hexane ; 
� all the rinses are kept in amber glass container with a Teflon lid. 

Resin cartridge 

� The cartridge is weighted in order to determine the moisture content ; 
� both ends of the cartridge are sealed ; 
� the whole tube is wrapped with an aluminum foil. 

Condensate trap and impinger # 1 

� Each component is weighted in order to determine the moisture content ; 
� the solution of each container is transferred into a pre-cleaned amber glass bottle ; 
� each component is rinsed three times each with HPLC water ; 
� the rinses are added into the same container. 

All back half glassware excluding resin cartridge 

� Each component including connectors are rinsed three times each with acetone and hexane ; 
� all the rinses are kept into a pre-cleaned glass amber bottle. 

Impingers # 2 and # 3 

� Each component is weighted in order to determine the moisture content. 
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Stack sampling tests 

Outlet of the incinerator 

Procedures in Environment Canada's Reports EPS 1/RM/3 and EPS 1/RM/23 were followed by 
Agat. All glassware was rinsed (with acetone and hexane) on site prior to usage, as per EPS 
1/RM/2. SVOC samples were treated as one combined extract per test. Front and back halves of 
the sampling trains were not analyzed separately. The following analyses were done by the 
laboratory. 
 

Table 3.4-3 – Samples analyses – SVOC 

Components Description 

Proofing 

� 1 analysis for PCDD/F (1 combined proof rinse for all 5 trains glassware, XAD resin + filters). 

Laboratory blank 

� 1 analysis as part of the lab internal quality control. 

Field blank 

� 1 analysis for PCDD/F. 

Samples 

� 3 analyses (1 analysis per train) for PCDD/F. 

 

The proofing procedures detailed in Environment Canada's Report EPS 1/RM/2 entitled 
"Reference Method for Source Testing: Measurement of Releases of Selected Semi Volatile 
Organic Compounds from Stationary Sources" dated June 1989 were followed. These 
procedures have been carried out several times by the personnel assigned to this study.  
 
Items cleaned by Exova: probe glass liners, all train glassware, petri dishes used for storing 

filters, XAD-2 traps and sample containers. 
 
Items cleaned by Agat:  XAD-2 resin, glass wool and filters. 
 
All solvents and reagents used in this project were supplied by Exova except for the Amberlite 
XAD-2 resin and glass wool which were supplied by Agat. Exova’s and Agat’s last rinsings were 
combined to produce 1 final sample for proofing. One proofing analysis was carried out by Agat.  
 

3.5 Nitrogen oxides (NOx) 

Nitrogen oxides (NOx) were measured at the stack outlet of the incinerator. The test consisted 
of taking four grab samples of combustion gas. The sampling method used was Environment 
Canada EPS 1-AP-77-3. Sampling components are: 
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Stack sampling tests 

Outlet of the incinerator 

Probe liner material:  Borosilicate; 
Filter:    Glass wool at the probe tip; 
Flask (2 L):   25 ml of absorbing solution (H2O2 / H2SO4). 
 
The glass wool used in the sampling train was discarded after the test. The stack gas stayed in 
contact with the absorbing solution in the flask overnight. All solvents and reagents used in this 
project were from a single batch. The NOx present in the stack gas are converted to nitric acid 
by gas phase oxidation due to oxygen in the sample and the H2O2 / H2SO4 absorbing solution. 
 
The NOx sampling is not an isokinetic method. Each grab sample lasts about 2 minutes. If the 
gas stream at the stack is well mixed, the grab samples are then representative of the 
emissions at the time they are taken. 
 

3.6 Gas molecular weight 

Gas molecular weight was determined by measuring O2, CO2 and CO in accordance with the 
requirements of Environment Canada EPS 1/RM/8 sampling method entitled : "Reference 
methods for source testing : measurement of releases of particulate from stationary sources". 
 
All system’s components in contact with the stack gas were made of stainless steel. The gas 
composition at the sampling site was measured by connecting the analyser to the exhaust of the 
control unit. Specifications of the analyser are as in the following table. 
 

Table 3.6-1 – Specifications of the analyser used for gas molecular weight determination 
Pollutant O2 CO2 CO 

Measuring principle Electrochemical cell Thermoconductivity cell Electrochemical cell 

Instrument Nova 376 Nova 376 Nova 376 

Measuring range 0 – 25 % v/v 0 – 20 % v/v 0 – 4 % v/v 

 

3.7 Gas temperature, moisture content and flowrate 

Gas temperature, flowrate, velocity and moisture content were measured at the sampling site 
according to "Reference methods for source testing: measurement of releases of particulate from 
stationary sources". Methods B and D, Environment Canada, December 1993, EPS 1/RM/8. 
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Outlet of the incinerator 

4 SAMPLED SOURCE 

4.1 Outlet of the incinerator 

Sampling was conducted at the outlet of the incinerator. A description of the sampling location is 
shown below. 
 
Table 4.1-1 – Outlet of the incinerator  

Parameter Value 

Stack inside diameter at the sampling site 38.0’’ 

Length of sampling ports 10.0" 

No. of straight duct diameters upstream from the sampling ports  5.0 D 

No. of straight duct diameters downstream of the sampling ports 2.0 D 

No. of sampling traverses    2 

Total no. of sampling points per sampling traverse  18 

Total no. of sampling points per test 36 

Sampling time per point (minutes)   5 

 

4.2 Sampling equipment 

 
The sampling equipment used for particulate matter (PM) / hydrogen chloride (HCl) / metals 
testing and for SVOC testing is described in the following tables. 
 
Table 4.2-1 – Sampling equipment for PM / HCl / metals train 

Parameter Test # 1 Test # 2 Test # 3 

Sampling module 10 10 10 

Gas meter factor (γ) 0.9622 0.9622 0.9622 

Orifice factor (Ko) 0.9304 0.9304 0.9304 

Probe 2’ E (eau) 2’ E (eau) 2’ E (eau) 

Pitot factor (Cv) 0.785 0.785 0.785 

Nozzle (inches) 0.498 0.498 0.498 
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Outlet of the incinerator 

Table 4.2-2 – Sampling equipment for SVOC train 

Parameter Test # 1 Test # 2 Test # 3 

Sampling module 8 8 8 

Gas meter factor (γ) 0.9751 0.9751 0.9751 

Orifice factor (Ko) 0.7201 0.7201 0.7201 

Probe 2’ F (eau) 2’ F (eau) 2’ F (eau) 

Pitot factor (Cv) 0.785 0.785 0.785 

Nozzle (inches) 0.498 0.498 0.498 

4.3 QA/QC report 

The following tables show the quality assurance / quality control parameters applied during the 
test program. These parameters deal with the gas flow conditions at the sampling location, the 
sampling equipment/procedures employed and the isokineticity of the tests. The value of each 
parameter is compared to a quality acceptance criterion formulated in the reference sampling 
methods. 

 

Table 4.3-1 – Gas flow conditions 

Parameter Actual Quality criteria 

Duct diameter (inches) 38.0 ≥ 12.0 

Sampling cross-section (ft
2
) 7.88 ≥ 0.78 

No. of duct diam. upstream 5.0 D ≥ 2.0 D 

No. of stack diam. downstream 2.0 D ≥ 0.5 D 

No. of sampling traverses 2 2 or more 

Cyclonic flow 0° ≤ 15° 

PM / HCl / metals tests # 1 # 2 # 3  

Maximum stack gas velocity (ft/s) 26.5 26.6 27.4 ≤ 100 

Minimum stack gas velocity  (ft/s) 18.4 19.3 18.1 ≥ 10.0 

Highest Ratio Vmax / Vmin 1.4 1.4 1.5 ≤ 2.0 

SVOC tests # 1 # 2 # 3  

Maximum stack gas velocity (ft/s) 26.0 28.0 25.7 ≤ 100 

Minimum stack gas velocity  (ft/s) 10.6 13.4 19.0 ≥ 10.0 

Highest Ratio Vmax / Vmin 2.5 2.1 1.4 ≤ 2.0 

 

All the quality criteria required by the reference sampling method were met except for the ratio 
Vmax / Vmin for the SVOC tests # 1 and 2. These deviations are acceptable since it was still 
possible to perform an isokinetic sampling using the same diameter for the nozzle. 

4 S
A

M
P

L
E

D
 SO

U
R

C
E

 



  

 

 

 
Document No.: R14-034R01 Page No.: 21 of 35 

Author: Pierre Duguay, P. Eng. Version’s date: August 2014 

Client: Agnico-Eagle  Mines Ltd. Version No.: 1 

    

 

 

Stack sampling tests 

Outlet of the incinerator 

Table 4.3-2 – Sampling equipment and procedures 

PM / HCl / metals Test # 1 Test # 2 Test # 3 Quality criteria 

Filter enclosure temperature   (
O
F) 250 250 250  248 ± 25 

Probe temperature (
O
F) 250 250 250  248 ± 25 

Maximum leak rate (cfm) < 0.02 < 0.02 < 0.02 ≤ 0.02 

Nozzle diameter (in.) 0.498 0.498 0.498 ≥ 0.188 

Gas meter calibration factor 0.9622 0.9622 0.9622 0.95 ≤  γ  ≤ 1.05 

Sampling duration (min) 180 180 180 ≥ 120 

Gas sample volume (Rm
3
) 3.794 3.540 3.621 ≥ 2.80 

SVOC Test # 1 Test # 2 Test # 3 Quality criteria 

Filter enclosure temperature   (
O
F) 249 248 250  248 ± 25 

Probe temperature (
O
F) 249 248 249  248 ± 25 

Resin XAD-2 temperature (
O
F) 55 55 55 ≤ 68 

Maximum leak rate (cfm) < 0.02 < 0.02 < 0.02 ≤ 0.02 

Nozzle diameter (in.) 0.498 0.498 0.498 ≥ 0.188 

Gas meter calibration factor 0.9751 0.9751 0.9751 0.95 ≤  γ  ≤ 1.05 

Sampling duration (min) 180 180 180 ≥ 180 

Gas sample volume (Rm
3
) 3.449 3.349 3.290 ≥ 3.00 

 

All quality criteria required by the reference sampling method were met concerning the 
sampling equipment and procedures. No equipment failure, leaks or sample recovery problems 
were encountered during the testing program. 
 

Table 4.3-3 – Isokineticity 

PM / HCl / metals Test # 1 Test # 2 Test # 3 Quality criteria 

Average (%) 96.7 98.9 100.7 90 % ≤ Iso ≤ 110 % 

 > 110% 0 / 36 0 / 36 0 / 36 ≤ 3 / 36 

< 90% 0 / 36 0 / 36 0 / 36 

SVOC Test # 1 Test # 2 Test # 3 Quality criteria 

Average (%) 94.6 96.3 96.2 90 % ≤ Iso ≤ 110 % 

 > 110% 0 / 36 0 / 36 0 / 36 ≤ 3 / 36 

< 90% 0 / 36 0 / 36 0 / 36 

 

All quality criteria required by the reference sampling method were met concerning the 
isokineticity of the tests. 
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5 TABLES OF RESULTS 

All the tests results are summarized in section 1.2 and represent the average of three runs with 
the exception for the NOx results that represent the average of four grab samples.  
 
Complete results for particulate matter (PM) and chlorhydric acid (HCl) are presented in table # 
1. For metals, summary results are presented in table # 2 and detailed results are presented in 
tables 3 to 5. 
 
For dioxins and furans (PCDD/F), summary results are presented in table # 6 and detailed 
results are presented in tables 7 to 9 with field blank results. The PCDD/PCDF tables of results 
give the analytical results in terms of international toxic equivalent (ITEQ) of the dioxin and 
furan congeners (expressed as 2, 3, 7, 8-T4CDD) as per method EPS 1/RM/2 requirements. 
 
Results of PM / HCl / metals and SVOC include stack gas properties (velocity, flow, temperature, 
moisture, static pressure, molecular weight) measured during each test. 
 
Complete results for nitrogen oxides (NOx) are presented in table # 10. 
 
# 1 : Detailed results of particulate matter (PM) and HCl emissions ; 
# 2 : Summary results of metals emissions ; 
# 3 : Detailed results of metals emissions – test # 1 ;  
# 4 : Detailed results of metals emissions – test # 2 ;  
# 5 : Detailed results of metals emissions – test # 3 ;  
# 6 : Summary results of SVOC emissions ;  
# 7 : Detailed results of PCDD/F emissions – test # 1 ;  
# 8 : Detailed results of PCDD/F emissions – test # 2 ;  
# 9 : Detailed results of PCDD/F emissions – test # 3 ; 
# 10 : Detailed results of NOx emissions. 
 
The quality of the sampling data and results is good for all measurements. All the data are 
consistent and reliable. 
 
The operating conditions were maintained stable throughout each day of the test program. 
 
The applicable standard for dioxins and furans (PCDD/F) was met during each test. The 
applicable standard for mercury (Hg) was met only during test # 3. 
 
All computer print-outs, field data, analytical results and calibration reports are presented in 
appendix # 1. 
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TABLE # 1

OUTLET OF INCINERATOR

SUMMARY OF ATMOSPHERIC EMISSIONS

PARTICULATE MATTER - ANIONS

Test 1 2 3

Date 11-Jul-14 12-Jul-14 13-Jul-14 AVERAGE

Time 12:59 - 16:35 11:22 - 16:00 09:48 - 14:18

WEIGHT OF SAMPLE

Particulate matter   (mg) 97.53 123.56 87.37

HCl  (mg) 82.07 141.92 98.94

GAS SAMPLE VOLUME   (Rm³) 3.794 3.540 3.621

CONCENTRATIONS

Particulate matter   (mg/Rm³) 25.7 34.9 24.1 28.2

Particulate matter  (mg/Rm³ @ 11 % O2) 72.5 71.4 50.5 64.8

HCl  (mg/Rm³) 21.6 40.1 27.3 29.7
HCl  (ppmv) 14.5 26.9 18.3 19.9

EMISSION MASS FLOW RATES  

 

Particulate matter   (kg/h) 0.196 0.242 0.169 0.202

HCl (kg/h) 0.165 0.278 0.191 0.211

STACK GAS PROPERTIES  

 

VELOCITY (m/s) 6.9 7.2 7.1 7.1

VOLUMETRIC FLOW RATES  

  m³/h (Actual conditions) 18046 18952 18776 18591

  Rm³/h (Reference conditions) 7612 6942 6994 7183

 

TEMPERATURE  (°C) 404 498 494 465

MOISTURE  (% v/v, wet basis) 3.6 5.2 5.1 4.6
STATIC PRESSURE  (" H2O) -0.10 -0.10 -0.10 -0.10

GAS COMPOSITION (dry basis)  

  O2 (% v/v) 17.39 16.06 16.17 16.54

  CO2 (% v/v) 2.49 3.47 3.36 3.11

  CO (ppmv) 6.4 2.0 2.6 3.7

AVERAGE ISOKINETICITY (%) 96.7 98.9 100.7 98.8

 "R" or "Reference Conditions" at 25°C, 101.3 kPa, dry basis.
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OUTLET OF INCINERATOR

Test 1 2 3

Date 11-Jul-14 12-Jul-14 13-Jul-14

Time 12:59 - 16:35 11:22 - 16:00 09:48 - 14:18

Metals

Aluminum (Al) 69.58 21.75 17.12 36.15

Antimony (Sb) 6.04 3.47 4.23 4.58

Arsenic (As) 0.98 0.65 0.69 0.77

Baryum (Ba) 1.48 0.99 0.64 1.03

Beryllium (Be) < 0.79 < 0.85 < 0.83 < 0.82

Bismuth (Bi) < 1.32 1.41 < 1.38 < 1.37

Boron (B) < 15.02 22.32 < 17.67 < 18.34

Cadmium (Cd) 0.98 1.13 1.44 1.18

Calcium (Ca) 234.05 222.03 130.90 195.66

Chromium (Cr) 4.67 5.45 6.27 5.46

Cobalt (Co) 4.48 1.61 0.52 2.21

Copper (Cu) 15.08 19.12 14.58 16.26

Iron (Fe) 50.08 38.98 31.21 40.09

Lead (Pb) 57.99 78.25 92.79 76.34

Lithium (Li) 2.56 3.31 2.57 2.81

Magnesium (Mg) 53.24 30.48 28.89 37.54

Manganese (Mn) 56.98 3.53 29.44 29.99

Mercury (Hg) 10.55 70.72 8.53 29.93

Molybdenum (Mo) 1.05 1.41 1.10 1.19

Nickel (Ni) 0.71 0.73 0.55 0.67

Phosphorus (P) < 75.65 < 93.79 < 92.79 < 87.41

Potassium (K) 5693.20 8163.84 6517.54 6791.53

Selenium (Se) 0.24 0.34 0.41 0.33

Silicium  (soluble in HNO3) 80.39 53.95 39.22 57.85

Silver (Ag) 0.66 1.24 0.47 0.79

Sodium (Na) 2952.03 5338.98 3590.17 3960.39

Strontium (Sr) 0.55 0.54 0.30 0.46

Tellurium (Te) < 0.79 < 0.85 < 0.83 < 0.82

Thallium (Tl) < 0.79 < 0.85 < 0.83 < 0.82

Tin (Sn) 15.76 26.24 19.61 20.54

Titanium (Ti) 2.95 0.90 0.99 1.62

Uranium (U) < 0.79 < 0.85 < 0.83 < 0.82

Vanadium (V) 0.13 0.08 0.14 0.12

Zinc (Zn) 142.33 144.92 146.92 144.72

 "R" or "Reference Conditions" at 25°C, 101.3 kPa, dry basis.

TABLE # 2

RESULTS OF METALS ATMOSPHERIC EMISSIONS

Average

Concentrations (µg/Rm³)
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OUTLET OF INCINERATOR

Test 1 2 3

Date 11-Jul-14 12-Jul-14 13-Jul-14

Time 12:59 - 16:35 11:22 - 16:00 09:48 - 14:18

Metals

Aluminum (Al) 196.26 44.49 35.84 92.20

Antimony (Sb) 17.02 7.11 8.84 10.99

Arsenic (As) 2.75 1.33 1.45 1.84

Baryum (Ba) 4.16 2.02 1.33 2.50

Beryllium (Be) < 2.23 < 1.73 < 1.73 < 1.90

Bismuth (Bi) < 3.72 2.89 < 2.89 < 3.17

Boron (B) < 42.37 45.65 < 36.99 < 41.67

Cadmium (Cd) 2.75 2.31 3.01 2.69

Calcium (Ca) 660.15 454.16 273.98 462.77

Chromium (Cr) 13.16 11.15 13.12 12.48

Cobalt (Co) 12.64 3.29 1.10 5.68

Copper (Cu) 42.52 39.12 30.52 37.39

Iron (Fe) 141.25 79.74 65.32 95.43

Lead (Pb) 163.55 160.05 194.22 172.61

Lithium (Li) 7.21 6.76 5.38 6.45

Magnesium (Mg) 150.17 62.35 60.46 90.99

Manganese (Mn) 160.73 7.22 61.62 76.52

Mercury (Hg) 29.76 144.65 17.86 64.09

Molybdenum (Mo) 2.97 2.89 2.31 2.72

Nickel (Ni) 2.01 1.50 1.16 1.56

Phosphorus (P) < 213.36 < 191.83 < 194.22 < 199.80

Potassium (K) 16057.74 16698.77 13641.36 15465.96

Selenium (Se) 0.67 0.69 0.87 0.74

Silicium  (soluble in HNO3) 226.74 110.36 82.08 139.73

Silver (Ag) 1.86 2.54 0.98 1.79

Sodium (Na) 8326.24 10920.65 7514.31 8920.40

Strontium (Sr) 1.56 1.10 0.64 1.10

Tellurium (Te) < 2.23 < 1.73 < 1.73 < 1.90

Thallium (Tl) < 2.23 < 1.73 < 1.73 < 1.90

Tin (Sn) 44.46 53.68 41.04 46.39

Titanium (Ti) 8.33 1.85 2.08 4.09

Uranium (U) < 2.23 < 1.73 < 1.73 < 1.90

Vanadium (V) 0.37 0.17 0.29 0.28

Zinc (Zn) 401.44 296.42 307.51 335.12

 "R" or "Reference Conditions" at 25°C, 101.3 kPa, dry basis.

TABLE # 2 (cont'd)

RESULTS OF METALS ATMOSPHERIC EMISSIONS

Average

Concentrations (µg/Rm³ @ 11 % O2)
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OUTLET OF INCINERATOR

Test 1 2 3

Date 11-Jul-14 12-Jul-14 13-Jul-14

Time 12:59 - 16:35 11:22 - 16:00 09:48 - 14:18

Metals

Aluminum (Al) 147.14 41.94 33.27 74.12

Antimony (Sb) 12.76 6.70 8.21 9.22

Arsenic (As) 2.06 1.25 1.34 1.55

Baryum (Ba) 3.12 1.91 1.23 2.09

Beryllium (Be) < 1.67 < 1.63 < 1.61 < 1.64

Bismuth (Bi) < 2.79 2.72 < 2.68 < 2.73

Boron (B) < 31.77 43.03 < 34.34 < 36.38

Cadmium (Cd) 2.06 2.18 2.79 2.34

Calcium (Ca) 494.92 428.15 254.32 392.46

Chromium (Cr) 9.87 10.51 12.18 10.85

Cobalt (Co) 9.47 3.10 1.02 4.53

Copper (Cu) 31.88 36.88 28.33 32.36

Iron (Fe) 105.90 75.17 60.63 80.57

Lead (Pb) 122.62 150.89 180.28 151.26

Lithium (Li) 5.41 6.37 4.99 5.59

Magnesium (Mg) 112.58 58.77 56.12 75.83

Manganese (Mn) 120.50 6.81 57.20 61.50

Mercury (Hg) 22.31 136.36 16.58 58.42

Molybdenum (Mo) 2.23 2.72 2.15 2.37

Nickel (Ni) 1.50 1.42 1.07 1.33

Phosphorus (P) < 159.96 < 180.85 < 180.28 < 173.69

Potassium (K) 12038.70 15742.31 12662.47 13481.16

Selenium (Se) 0.50 0.65 0.80 0.65

Silicium  (soluble in HNO3) 169.99 104.04 76.19 116.74

Silver (Ag) 1.39 2.40 0.91 1.57

Sodium (Na) 6242.29 10295.15 6975.09 7837.51

Strontium (Sr) 1.17 1.03 0.59 0.93

Tellurium (Te) < 1.67 < 1.63 < 1.61 < 1.64

Thallium (Tl) < 1.67 < 1.63 < 1.61 < 1.64

Tin (Sn) 33.33 50.60 38.09 40.68

Titanium (Ti) 6.24 1.74 1.93 3.31

Uranium (U) < 1.67 < 1.63 < 1.61 < 1.64

Vanadium (V) 0.28 0.16 0.27 0.24

Zinc (Zn) 300.97 279.44 285.44 288.62

TABLE # 2 (cont'd)

RESULTS OF METALS ATMOSPHERIC EMISSIONS

Average

Emission rates  (µg/s)
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Stack sampling tests 

Outlet of the incinerator 

TEST # 1
DATE 11-Jul-14
TIME 12:59 - 16:35

ANALYSES CONCENTRATION EMISSION CONCENTRATION

Metals OF SAMPLE (1) RATE (1)

(1)  

µg µg/Rm³ µg/s µg/Rm³ @ 11 % O2

Aluminum (Al) 264.0 69.58 147.14 196.26

Antimony (Sb) 22.9 6.04 12.76 17.02

Arsenic (As) 3.7 0.98 2.06 2.75

Baryum (Ba) 5.6 1.48 3.12 4.16

Beryllium (Be) < 3.0 < 0.79 < 1.67 < 2.23

Bismuth (Bi) < 5.0 < 1.32 < 2.79 < 3.72

Boron (B) < 57.0 < 15.02 < 31.77 < 42.37

Cadmium (Cd) 3.7 0.98 2.06 2.75

Calcium (Ca) 888.0 234.05 494.92 660.15

Chromium (Cr) 17.7 4.67 9.87 13.16

Cobalt (Co) 17.0 4.48 9.47 12.64

Copper (Cu) 57.2 15.08 31.88 42.52

Iron (Fe) 190.0 50.08 105.90 141.25

Lead (Pb) 220.0 57.99 122.62 163.55

Lithium (Li) 9.7 2.56 5.41 7.21

Magnesium (Mg) 202.0 53.24 112.58 150.17

Manganese (Mn) 216.2 56.98 120.50 160.73

Mercury (Hg) 40.03 10.55 22.31 29.76

Molybdenum (Mo) 4.0 1.05 2.23 2.97

Nickel (Ni) 2.7 0.71 1.50 2.01

Phosphorus (P) < 287.0 < 75.65 < 159.96 < 213.36

Potassium (K) 21600.0 5693.20 12038.70 16057.74

Selenium (Se) 0.9 0.24 0.50 0.67

Silicium  (soluble in HNO3) 305.0 80.39 169.99 226.74

Silver (Ag) 2.5 0.66 1.39 1.86

Sodium (Na) 11200.0 2952.03 6242.29 8326.24

Strontium (Sr) 2.1 0.55 1.17 1.56

Tellurium (Te) < 3.0 < 0.79 < 1.67 < 2.23

Thallium (Tl) < 3.0 < 0.79 < 1.67 < 2.23

Tin (Sn) 59.8 15.76 33.33 44.46

Titanium (Ti) 11.2 2.95 6.24 8.33

Uranium (U) < 3.0 < 0.79 < 1.67 < 2.23

Vanadium (V) 0.5 0.13 0.28 0.37

Zinc (Zn) 540.0 142.33 300.97 401.44

GAS SAMPLE VOLUME  (Rm³) : 3.794

STACK GAS PROPERTIES

VELOCITY (m/s) 6.9

VOLUMETRIC FLOW RATE

  m³/h (actual conditions) 18046

  Rm³/h (reference conditions) 7612

GAS TEMPERATURE (°C) 404

MOISTURE  (% v/v wet basis) 3.6

STATIC PRESSURE  (inch H2O) -0.10

GAS COMPOSITION (dry basis) 

  O2  (% v/v) 17.39

  CO2  (% v/v) 2.49

  CO  (ppmv) 6.4

(1) When an analysis is"< D.L.", the detection limit (D.L.) is used in the calculations of concentration and emission.

 "R" or "Reference Conditions" at 25°C, 101.3 kPa, dry basis.

TABLE # 3

OUTLET OF INCINERATOR

METALS EMISSIONS AT THE STACK
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Stack sampling tests 

Outlet of the incinerator 

TEST # 2
DATE 12-Jul-14
TIME 11:22 - 16:00

ANALYSES CONCENTRATION EMISSION CONCENTRATION

Metals OF SAMPLE (1) RATE (1)

(1)  

µg µg/Rm³ µg/s µg/Rm³ @ 11 % O2

Aluminum (Al) 77.0 21.75 41.94 44.49

Antimony (Sb) 12.3 3.47 6.70 7.11

Arsenic (As) 2.3 0.65 1.25 1.33

Baryum (Ba) 3.5 0.99 1.91 2.02

Beryllium (Be) < 3.0 < 0.85 < 1.63 < 1.73

Bismuth (Bi) 5.0 1.41 2.72 2.89

Boron (B) 79.0 22.32 43.03 45.65

Cadmium (Cd) 4.0 1.13 2.18 2.31

Calcium (Ca) 786.0 222.03 428.15 454.16

Chromium (Cr) 19.3 5.45 10.51 11.15

Cobalt (Co) 5.7 1.61 3.10 3.29

Copper (Cu) 67.7 19.12 36.88 39.12

Iron (Fe) 138.0 38.98 75.17 79.74

Lead (Pb) 277.0 78.25 150.89 160.05

Lithium (Li) 11.7 3.31 6.37 6.76

Magnesium (Mg) 107.9 30.48 58.77 62.35

Manganese (Mn) 12.5 3.53 6.81 7.22

Mercury (Hg) 250.34 70.72 136.36 144.65

Molybdenum (Mo) 5.0 1.41 2.72 2.89

Nickel (Ni) 2.6 0.73 1.42 1.50

Phosphorus (P) < 332.0 < 93.79 < 180.85 < 191.83

Potassium (K) 28900.0 8163.84 15742.31 16698.77

Selenium (Se) 1.2 0.34 0.65 0.69

Silicium  (soluble in HNO3) 191.0 53.95 104.04 110.36

Silver (Ag) 4.4 1.24 2.40 2.54

Sodium (Na) 18900.0 5338.98 10295.15 10920.65

Strontium (Sr) 1.9 0.54 1.03 1.10

Tellurium (Te) < 3.0 < 0.85 < 1.63 < 1.73

Thallium (Tl) < 3.0 < 0.85 < 1.63 < 1.73

Tin (Sn) 92.9 26.24 50.60 53.68

Titanium (Ti) 3.2 0.90 1.74 1.85

Uranium (U) < 3.0 < 0.85 < 1.63 < 1.73

Vanadium (V) 0.3 0.08 0.16 0.17

Zinc (Zn) 513.0 144.92 279.44 296.42

GAS SAMPLE VOLUME  (Rm³) : 3.540

STACK GAS PROPERTIES

VELOCITY (m/s) 7.2

VOLUMETRIC FLOW RATE

  m³/h (actual conditions) 18952

  Rm³/h (reference conditions) 6942

GAS TEMPERATURE (°C) 498

MOISTURE  (% v/v wet basis) 5.2

STATIC PRESSURE  (inch H2O) -0.10

GAS COMPOSITION (dry basis) 

  O2  (% v/v) 16.06

  CO2  (% v/v) 3.47

  CO  (ppmv) 2.0

(1) When an analysis is"< D.L.", the detection limit (D.L.) is used in the calculations of concentration and emission.

 "R" or "Reference Conditions" at 25°C, 101.3 kPa, dry basis.

TABLE # 4

OUTLET OF INCINERATOR

METALS EMISSIONS AT THE STACK
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Stack sampling tests 

Outlet of the incinerator 

TEST # 3
DATE July 13, 2014
TIME 09:48 - 14:18

ANALYSES CONCENTRATION EMISSION CONCENTRATION

Metals OF SAMPLE (1) RATE (1)

(1)  

µg µg/Rm³ µg/s µg/Rm³ @ 11 % O2

Aluminum (Al) 62.0 17.12 33.27 35.84

Antimony (Sb) 15.3 4.23 8.21 8.84

Arsenic (As) 2.5 0.69 1.34 1.45

Baryum (Ba) 2.3 0.64 1.23 1.33

Beryllium (Be) < 3.0 < 0.83 < 1.61 < 1.73

Bismuth (Bi) < 5.0 < 1.38 < 2.68 < 2.89

Boron (B) < 64.0 < 17.67 < 34.34 < 36.99

Cadmium (Cd) 5.2 1.44 2.79 3.01

Calcium (Ca) 474.0 130.90 254.32 273.98

Chromium (Cr) 22.7 6.27 12.18 13.12

Cobalt (Co) 1.9 0.52 1.02 1.10

Copper (Cu) 52.8 14.58 28.33 30.52

Iron (Fe) 113.0 31.21 60.63 65.32

Lead (Pb) 336.0 92.79 180.28 194.22

Lithium (Li) 9.3 2.57 4.99 5.38

Magnesium (Mg) 104.6 28.89 56.12 60.46

Manganese (Mn) 106.6 29.44 57.20 61.62

Mercury (Hg) 30.90 8.53 16.58 17.86

Molybdenum (Mo) 4.0 1.10 2.15 2.31

Nickel (Ni) 2.0 0.55 1.07 1.16

Phosphorus (P) < 336.0 < 92.79 < 180.28 < 194.22

Potassium (K) 23600.0 6517.54 12662.47 13641.36

Selenium (Se) 1.5 0.41 0.80 0.87

Silicium  (soluble in HNO3) 142.0 39.22 76.19 82.08

Silver (Ag) 1.7 0.47 0.91 0.98

Sodium (Na) 13000.0 3590.17 6975.09 7514.31

Strontium (Sr) 1.1 0.30 0.59 0.64

Tellurium (Te) < 3.0 < 0.83 < 1.61 < 1.73

Thallium (Tl) < 3.0 < 0.83 < 1.61 < 1.73

Tin (Sn) 71.0 19.61 38.09 41.04

Titanium (Ti) 3.6 0.99 1.93 2.08

Uranium (U) < 3.0 < 0.83 < 1.61 < 1.73

Vanadium (V) 0.5 0.14 0.27 0.29

Zinc (Zn) 532.0 146.92 285.44 307.51

GAS SAMPLE VOLUME  (Rm³) : 3.621

STACK GAS PROPERTIES

VELOCITY (m/s) 7.1

VOLUMETRIC FLOW RATE

  m³/h (actual conditions) 18776

  Rm³/h (reference conditions) 6994

GAS TEMPERATURE (°C) 494

MOISTURE  (% v/v wet basis) 5.1

STATIC PRESSURE  (inch H2O) -0.10

GAS COMPOSITION (dry basis) 

  O2  (% v/v) 16.17

  CO2  (% v/v) 3.36

  CO  (ppmv) 2.6

(1) When an analysis is"< D.L.", the detection limit (D.L.) is used in the calculations of concentration and emission.

 "R" or "Reference Conditions" at 25°C, 101.3 kPa, dry basis.

TABLE # 5

OUTLET OF INCINERATOR

METALS EMISSIONS AT THE STACK
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Stack sampling tests 

Outlet of the incinerator 

TABLE # 6 

OUTLET OF INCINERATOR

SUMMARY OF ATMOSPHERIC EMISSIONS

SVOC

Test 1 2 3
Date 11-Jul-14 12-Jul-14 13-Jul-14 Average

Time 12:59 - 16:35 11:22 - 16:00 09:48 - 14:18

Weight of sample

PCDD/F (pg TEQ) 49.49 84.47 108.01

Gas sample volume (Rm³) 3.449 3.349 3.290

 

CONCENTRATIONS

 
PCDD/F (pg/Rm³ TEQ) 14.3 25.2 32.8 24.1
PCDD/F (pg/Rm³ TEQ @ 11 % O2) 40.5 51.6 68.7 53.6

  

MASS EMISSION RATE  
 

PCDD/F (ng/h TEQ) 102.2 171.0 218.1 163.8
 

STACK GAS PROPERTIES  
 

VELOCITY (m/s) 6.4 7.0 6.8 6.7

VOLUMETRIC FLOW RATES  
  m³/h (Actual conditions) 16795 18462 17860 17706

  Rm³/h (Reference conditions) 7122 6780 6643 6848

 
TEMPERATURE  (°C) 403 499 501 468

MOISTURE  (% v/v, wet basis) 3.2 4.9 4.4 4.2
STATIC PRESSURE  (" H2O) -0.10 -0.10 -0.10 -0.10

GAS COMPOSITION (dry basis)  

  O2 (% v/v) 17.39 16.06 16.17 16.54
  CO2 (% v/v) 2.49 3.47 3.36 3.11

  CO (ppmv) 6.4 2.0 2.6 3.7

AVERAGE ISOKINETICITY (%) 94.6 96.3 96.2 95.7

 "R" or "Reference Conditions" at 25°C, 101.3 kPa, dry basis.
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Stack sampling tests 

Outlet of the incinerator 

TABLE # 7

OUTLET OF INCINERATOR

EMISSIONS OF PCDD/PCDF

TEST # 1

PROJECT:

COMPANY:

SITE: OUTLET OF INCINERATOR

DATE:

GAS SAMPLE VOLUME: 3.449 Rm³

VOLUMETRIC FLOW RATE: 7122 Rm³/h

OXYGEN (O2): 17.39 % v/v, dry basis

TOXIC TEQ

CONGENERS (4) (3)

pg FACTOR pg

2,3,7,8-T4CDF without DB-225 25.1 < 0.6 0.1 2.51 0.73 1.44

1,2,3,7,8-P5CDF 18.0 < 0.4 0.05 0.90 0.26 0.52

2,3,4,7,8-P5CDF 37.0 < 0.3 0.5 18.50 5.36 10.61

1,2,3,4,7,8-H6CDF 63.0 < 0.5 0.1 6.30 1.83 3.61

1,2,3,6,7,8-H6CDF 26.0 < 0.5 0.1 2.60 0.75 1.49

2,3,4,6,7,8-H6CDF 45.0 < 0.6 0.1 4.50 1.30 2.58

1,2,3,7,8,9-H6CDF 5.0 < 1.0 0.1 0.50 0.14 0.29

1,2,3,4,6,7,8-H7CDF 86.6 < 0.6 0.01 0.87 0.25 0.50

1,2,3,4,7,8,9-H7CDF 14.7 < 0.9 0.01 0.15 0.04 0.08

1,2,3,4,6,7,8,9-O8CDF 38.0 5.0 0.001 0.04 0.01 0.02

2,3,7,8-T4CDD 4.0 < 0.8 1 4.00 1.16 2.29

1,2,3,7,8-P5CDD 8.0 < 0.6 0.5 4.00 1.16 2.29

1,2,3,4,7,8-H6CDD 5.8 < 0.5 0.1 0.58 0.17 0.33

1,2,3,6,7,8-H6CDD 12.8 < 0.6 0.1 1.28 0.37 0.73

1,2,3,7,8,9-H6CDD 20.6 < 0.6 0.1 2.06 0.60 1.18

1,2,3,4,6,7,8-H7CDD 65.0 2.0 0.01 0.65 0.19 0.37

1,2,3,4,6,7,8,9-O8CDD 61.0 3.5 0.001 0.06 0.02 0.03
  

TOTAL PCDD/F (5) 535.6 10.5 49.49 14.35 28.39

HOMOLOGUOUS

pg

T4CDF 599.0 0.9

P5CDF 361.0 < 0.4

H6CDF 272.0 < 1.0

H7CDF 151.0 < 0.9

OCDF 38.0 5.0

T4CDD 161.0 5.1

P5CDD 188.0 4.1

H6CDD 222.0 4.9

H7CDD 154.0 2.0

OCDD 61.0 3.5

 

NOTES : "R" or "Reference Conditions" correspond to 25 °C, 101.3 kPa, dry basis.

         The sign "<" means that the analytical result is less than the detection limit (d.l.).

(1)  Analyzed by Agat Laboratories.  Results ARE CORRECTED for the recovery of surrogates.

(2)  Field blank results are not substracted from the analytical results.

(3)  When an analytical result is given as < d.l., the d.l. provided by the  laboratory is used in the calculations.

(4)  Toxicity factors of method EPS 1/RM/2 of Environment Canada.

(5)  When a congener is not detected, the d.l. provided by the  laboratory is used in the calculations for total PCDD/F.

pg

ANALYSES BLANK

(2)

EMISSIONS

(1) (2) pg/Rm³ TEQ (TEQ)

pg (3) pg/s (3)

R14-034

AGNICO-EAGLE MINES LTD, DIVISON DE MEADOWBANK

July 11, 2014

ANALYSES BLANK CONCENTRATIONS
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Stack sampling tests 

Outlet of the incinerator 

TABLE # 8

OUTLET OF INCINERATOR

EMISSIONS OF PCDD/PCDF

TEST # 2

PROJECT:

COMPANY:

SITE: OUTLET OF INCINERATOR

DATE:

GAS SAMPLE VOLUME: 3.349 Rm³

VOLUMETRIC FLOW RATE: 6780 Rm³/h

OXYGEN (O2): 16.06 % v/v, dry basis

TOXIC TEQ

CONGENERS (4) (3)

pg FACTOR pg

2,3,7,8-T4CDF without DB-225 37.9 < 0.6 0.1 3.79 1.13 2.13

1,2,3,7,8-P5CDF 28.0 < 0.4 0.05 1.40 0.42 0.79

2,3,4,7,8-P5CDF 68.7 < 0.3 0.5 34.35 10.26 19.32

1,2,3,4,7,8-H6CDF 118.0 < 0.5 0.1 11.80 3.52 6.64

1,2,3,6,7,8-H6CDF 46.1 < 0.5 0.1 4.61 1.38 2.59

2,3,4,6,7,8-H6CDF 71.9 < 0.6 0.1 7.19 2.15 4.04

1,2,3,7,8,9-H6CDF 4.1 < 1.0 0.1 0.41 0.12 0.23

1,2,3,4,6,7,8-H7CDF 176.0 < 0.6 0.01 1.76 0.53 0.99

1,2,3,4,7,8,9-H7CDF 20.9 < 0.9 0.01 0.21 0.06 0.12

1,2,3,4,6,7,8,9-O8CDF 62.0 5.0 0.001 0.06 0.02 0.03

2,3,7,8-T4CDD 7.0 < 0.8 1 7.00 2.09 3.94

1,2,3,7,8-P5CDD 13.0 < 0.6 0.5 6.50 1.94 3.66

1,2,3,4,7,8-H6CDD 9.0 < 0.5 0.1 0.90 0.27 0.51

1,2,3,6,7,8-H6CDD 19.0 < 0.6 0.1 1.90 0.57 1.07

1,2,3,7,8,9-H6CDD 16.0 < 0.6 0.1 1.60 0.48 0.90

1,2,3,4,6,7,8-H7CDD 87.8 2.0 0.01 0.88 0.26 0.49

1,2,3,4,6,7,8,9-O8CDD 108.0 3.5 0.001 0.11 0.03 0.06
  

TOTAL PCDD/F (5) 893.4 10.5 84.47 25.22 47.50

HOMOLOGUOUS

pg

T4CDF 1090.0 0.9

P5CDF 625.0 < 0.4

H6CDF 459.0 < 1.0

H7CDF 272.0 < 0.9

OCDF 62.0 5.0

T4CDD 182.0 5.1

P5CDD 202.0 4.1

H6CDD 262.0 4.9

H7CDD 214.0 2.0

OCDD 108.0 3.5

 

NOTES : "R" or "Reference Conditions" correspond to 25 °C, 101.3 kPa, dry basis.

         The sign "<" means that the analytical result is less than the detection limit (d.l.).

(1)  Analyzed by Agat Laboratories.  Results ARE CORRECTED for the recovery of surrogates.

(2)  Field blank results are not substracted from the analytical results.

(3)  When an analytical result is given as < d.l., the d.l. provided by the  laboratory is used in the calculations.

(4)  Toxicity factors of method EPS 1/RM/2 of Environment Canada.

(5)  When a congener is not detected, the d.l. provided by the  laboratory is used in the calculations for total PCDD/F.

pg

ANALYSES BLANK

(2)

EMISSIONS

(1) (2) pg/Rm³ TEQ (TEQ)

pg (3) pg/s (3)

R14-034

AGNICO-EAGLE MINES LTD, DIVISON DE MEADOWBANK

July 12, 2014

ANALYSES BLANK CONCENTRATIONS
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Stack sampling tests 

Outlet of the incinerator 

TABLE # 9

OUTLET OF INCINERATOR

EMISSIONS OF PCDD/PCDF

TEST # 3

PROJECT:

COMPANY:

SITE: OUTLET OF INCINERATOR

DATE:

GAS SAMPLE VOLUME: 3.290 Rm³

VOLUMETRIC FLOW RATE: 6643 Rm³/h

OXYGEN (O2): 16.17 % v/v, dry basis

TOXIC TEQ

CONGENERS (4) (3)

pg FACTOR pg

2,3,7,8-T4CDF without DB-225 36.1 < 0.6 0.1 3.61 1.10 2.02

1,2,3,7,8-P5CDF 31.0 < 0.4 0.05 1.55 0.47 0.87

2,3,4,7,8-P5CDF 79.0 < 0.3 0.5 39.50 12.01 22.16

1,2,3,4,7,8-H6CDF 176.0 < 0.5 0.1 17.60 5.35 9.87

1,2,3,6,7,8-H6CDF 59.8 < 0.5 0.1 5.98 1.82 3.35

2,3,4,6,7,8-H6CDF 103.0 < 0.6 0.1 10.30 3.13 5.78

1,2,3,7,8,9-H6CDF 6.0 < 1.0 0.1 0.60 0.18 0.34

1,2,3,4,6,7,8-H7CDF 302.0 < 0.6 0.01 3.02 0.92 1.69

1,2,3,4,7,8,9-H7CDF 28.0 < 0.9 0.01 0.28 0.09 0.16

1,2,3,4,6,7,8,9-O8CDF 79.0 5.0 0.001 0.08 0.02 0.04

2,3,7,8-T4CDD 7.0 < 0.8 1 7.00 2.13 3.93

1,2,3,7,8-P5CDD 16.0 < 0.6 0.5 8.00 2.43 4.49

1,2,3,4,7,8-H6CDD 12.5 < 0.5 0.1 1.25 0.38 0.70

1,2,3,6,7,8-H6CDD 36.0 < 0.6 0.1 3.60 1.09 2.02

1,2,3,7,8,9-H6CDD 36.0 < 0.6 0.1 3.60 1.09 2.02

1,2,3,4,6,7,8-H7CDD 184.0 2.0 0.01 1.84 0.56 1.03

1,2,3,4,6,7,8,9-O8CDD 196.0 3.5 0.001 0.20 0.06 0.11
  

TOTAL PCDD/F (5) 1387.4 10.5 108.01 32.83 60.58

HOMOLOGUOUS

pg

T4CDF 928.0 0.9

P5CDF 756.0 < 0.4

H6CDF 675.0 < 1.0

H7CDF 443.0 < 0.9

OCDF 79.0 5.0

T4CDD 204.0 5.1

P5CDD 392.0 4.1

H6CDD 494.0 4.9

H7CDD 452.0 2.0

OCDD 196.0 3.5

 

NOTES : "R" or "Reference Conditions" correspond to 25 °C, 101.3 kPa, dry basis.

         The sign "<" means that the analytical result is less than the detection limit (d.l.).

(1)  Analyzed by Agat Laboratories.  Results ARE CORRECTED for the recovery of surrogates.

(2)  Field blank results are not substracted from the analytical results.

(3)  When an analytical result is given as < d.l., the d.l. provided by the  laboratory is used in the calculations.

(4)  Toxicity factors of method EPS 1/RM/2 of Environment Canada.

(5)  When a congener is not detected, the d.l. provided by the  laboratory is used in the calculations for total PCDD/F.

pg

ANALYSES BLANK

(2)

EMISSIONS

(1) (2) pg/Rm³ TEQ (TEQ)

pg (3) pg/s (3)

R14-034

AGNICO-EAGLE MINES LTD, DIVISON DE MEADOWBANK

July 13, 2014

ANALYSES BLANK CONCENTRATIONS

5  T
A

B
L

E
S

 O
F

 R
E

SU
L

T
S

 



  

 

 

 
Document No.: R14-034R01 Page No.: 34 of 35 

Author: Pierre Duguay, P. Eng. Version’s date: August 2014 

Client: Agnico-Eagle  Mines Ltd. Version No.: 1 

    

 

 

Stack sampling tests 

Outlet of the incinerator 

CALCULATIONS OF NITROGEN OXIDES EMISSIONS 

REFERENCE METHOD EPS 1-AP-77-3  -  ENVIRONMENT CANADA

Test 1 2 3 4

Date 2014-07-12 2014-07-12 2014-07-13 2014-07-13 Average

Time 17:36 17:34 14:40 14:37

Volumetric flowrate  (Rm³/h) 6861 6861 6819 6819 6840

FIELD DATA

Container # G-11 G-12 G-11 G-12

Volume of flask (ml) 2053.4 2055.6 2053.4 2055.6

Initial atm. pressure (inch Hg) 29.97 29.97 30.22 30.22

Final atm. pressure (inch Hg) 30.22 30.22 30.17 30.17

Initial pres. of flask (inch Hg) -24.0 -24.0 -24.0 -24.0

Final pres. of flask  (inch H2O) -4.0 -11.0 -40.0 -14.5

Initial temp. of flask (deg.F) 70.7 70.7 81.4 81.4

Final temp. of flask  (deg.F) 81.0 81.0 79.0 79.0

Volume of solution (ml) 25 25 25 25

Total µg NO2 < 4.0 4.0 12.0 14.0

 Reference volume of flask (ml) 1604.4 1571.5 1421.0 1549.4

 

CONCENTRATIONS

NOx in ppmv < 1.3 1.4 4.5 4.8 < 3.0

NOx in mg/Rm³  (NO2 equiv.) < 2.5 2.5 8.4 9.0 < 5.6

EMISSIONS

NOx in kg/h       (NO2 equiv.) < 0.017 0.017 0.057 0.062 < 0.038

Volumetric flowrates are taken from the daily average of the SVOC and PAM tests.

 "R" or "Reference conditions" correspond at 25°C, 101.3 kPa, dry basis.

TABLE # 10

OUTLET OF INCINERATOR

MANUAL SAMPLING  -  NOx

5  T
A

B
L

E
S

 O
F

 R
E

SU
L

T
S

 





  

 

 

 

 

Stack sampling tests 

Outlet of the incinerator 

APPENDIX 1 OUTLET OF THE INCINERATOR 

 

PAM TESTS 
 
DATA REDUCTION COMPUTER PRINT-OUTS   Pages A1-1 to A1-6 
FIELD SAMPLING DATA SHEETS     Pages A1-7 to A1-21 
SAMPLING EQUIPMENT CALIBRATION REPORTS   Pages A1-22 and A1-23 
 
SVOC TESTS 

 

DATA REDUCTION COMPUTER PRINT-OUTS   Pages A1-24 to A1-29 
FIELD SAMPLING DATA SHEETS     Pages A1-30 to A1-42 
SAMPLING EQUIPMENT CALIBRATION REPORTS   Pages A1-43 and A1-44 
 
NOx TESTS 

 

FIELD SAMPLING DATA SHEET     Page A1-45 
SAMPLING EQUIPMENT CALIBRATION REPORT   Page A1-46 
 
ANALYTICAL REPORTS 

 

CODIFICATION OF SAMPLES      Pages A1-47 to A1-51  
SVOC PROOFING RESULTS  Pages A1-52 to A1-58 
PM ANALYTICAL RESULTS  Page A1-59 
HCl / METALS ANALYTICAL RESULTS  Pages A1-60 to A1-93 
SVOC ANALYTICAL RESULTS  Pages A1-94 to A1-100  
NOx ANALYTICAL RESULTS  Page A1-101 
 

 












































































































































































































