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Who is CARO? 

• Western Canadian full service environmental lab: 
• Vancouver, British Columbia (Head Office) 
• Kelowna, British Columbia  
• Edmonton, Alberta 
• Whitehorse, Yukon 

 
• Vision: CARING ABOUT RESULTS 

• Technical Leadership 
• Client Collaboration 
• Developed & Motivated Staff 

 
• Capabilities: 

• Contaminated Sites: Hydrocarbons, SVOCs, VOCs, Metals 
• Water Quality: Physical Parameters, Nutrients, Anions, Metals 
• Microbiology and Toxicology 

 

 



Analytical Advancements 

• Thermal Desorption Tube (SVITM) 
– Supporting new BCMOE Soil Vapour regulations 
– Sampling improvements 
– Analytical improvements 
 
 

• Siloxanes in Water, Air & Soil 
– Supporting new federal regulations 

 
 

• ITEX VOCs  
– Supporting AB Teir1 with lower DLs 
 
 

Why Advance? 
 



Why Advance 

 
• It’s Cool & Fun 

– New Expensive Toys 
 

• Solve Problems 
– Client Issues 
– Regulatory Needs 
 

• Professional Responsibility 
– Industry, Environment, Safety 
– Chemist Practice  
 



Pesticides 
“Pesticides are compounds used to prevent, control, 

destroy, or mitigate any pest” 
 

– 9 of 12 most dangerous and persistent organic chemicals are 
organochlorine pesticides (Gilden, Huffling, Sattler, 2010) 

– Over 95% of sprayed pesticides (and herbicides) reach a destination 
other than their target; including non-target species, air, water and soil 
(Miller, 2004) 

– Human health and environmental cost from pesticides in the United 
States is estimated at $9.6 billion (Pimentel, 2011) 

 

Lots of Use, Regulations, & Concern  
 

Why Not So Much Testing? 
 



Sept 2014 Headlines 



Pesticide Challenges 

1. Not Well Understood 
– Many Compounds – 1000s 
– Many Classes – ON, OP, OC, Carbamates, Acid Herbicides, etc… 
– Many Names - Picloram = 4-Amino-3,5,6-trichloro-2-

pyridinecarboxylic acid; Tordon = Grazon, etc. 

 
2. Historical usage  

– Broad; not always consistent;  
– Since before 2000BC 

 
3. Analytical Techniques 

– Many - GC, LC, MS, MS/MS, ECD, Derivatization, etc… 
– Complex 
– Reliability  
– Expensive 

 
 
 
 

 



Pesticide Regulations 
 

• Canadian Drinking Water Quality Guidelines 
• CCME 
• British Columbia: Contaminated Sites 

Regulations, Schedule 4, 5, 6, 9, 10 
• BC Water Quality Guidelines 
• Local Governments 
• Many Others 

 



CCME Water Quality Guidelines 



CCME Water Quality Guidelines 



CCME Water Quality Guidelines 



Acid Herbicides 

• Broad Leaf Weed Killer for Lawn and 
Grain 
– Examples: Picloram, clopyralid, dicamba, 

2,4-D, MCPA, Trichlopyr, 2,4-DP, MCPP, 
2,4-DB 

 
• Past Analytical Techniques 

– Instrumentation 
• LC – sensitivity 
• GC/ECD/MS – reliability, sensitivity  

– Sample Preparation 
• Difficult & dangerous 

 



Old Method 
• Sample Size = 1 litre 

 
• Extraction Process  

– Extract 3x with DCM 
– pH adjustment 
– Extract 3x with DCM 

 
• Extract Preparation 

– Reduce volume to 1mL 
– Derivatize with Diazomathane 

 
 

• Extraction Time = 1.5 days  
 

• Instrument Set Up & Analysis  – 24 hours 



Equipment Developments 

• LC/MS/MS – Agilent 6490 Triple Quad  
– The First Environmental Lab in Western Canada 

 
• Increased Precision & Accuracy 

 
• High Sensitivity  

 
• New Analytes Possible 

– Pharmaceuticals and Personal Care Products (PPCPs) 
– Pesticides 
– THC? 
– Others? 

 
 

 

 



Technique Developments 

• Facilities 
– Purpose built laboratory space 

 
• Reagents & Supplies 

– Improved internal standards 
– More reliable reagents and 

standards 
– LC Columns developed to suit 

purpose 

 
• People 

– Professional Chemists  

 



New Method 

• Sample Volume  
– As little as 1mL  

 
• Sample Preparation 

– Limited Steps 
– Internal Standard Addition 
– Direct Injection (no extraction for water samples) 

 
• Prep time <30mins  
• LC/MS/MS set up and run 2 hours for batch of 7 samples 



New Method Results 

Target

New 
LC/MS/MS 

Method         
LOD (ug/l) ppb

Reported 
Detection 

Limit (ug/l)

Canadian Drinking 
Water Guideline 
Drinking Water 

(ug/l)

BCMOE 
lowest 

CSR 
(ug/l) Linear Range r2

2,4 D 0.01 0.1 100 40 0.001 - 0.500 0.995
2,4,5-T 0.01 0.1 none 20 0.01-1.0 0.995
MCPA 0.01 0.1 100 0.5 0.001-0.500 0.997
Dicamba 0.02 0.1 120 0.1 0.02-1 0.995
Dinoseb 0.01 0.1 10 0.5 0.005-0.5 0.995
Picloram 0.05 0.1 190 0.5 0.05-0.5 0.998



New Method Results 



Old Method Chromatography 

Dinoseb 0.2 ug/L 



New Method Results 



New Method Results 



New Method Highlights 

• Small Sample Requirements 1mL of Sample Not 1L 
• Short Prep Time –  
• Prep time 30mins from 1.5 days 
• Less steps = less potential variability, contamination, etc.  
• Analysis Time  
• LC/MS/MS set up and run 2 hours for batch of 7 samples 

down from ~24 hours 
• One instrument, one run 
• Safety - No Diazomethane 
• Environment No Dichloromethane 



New Method Results 

• Safety & Environmental Game Changers 
– No Dichloromethane (DCM) Use 
– No Diazomethane 
– Less Sample Disposal 
– Lower Courier Costs – Lower GHG Emmisions 

 

 



New Method Results 

• Operational Enhancements 
– Significant labour savings 
– Less instrument time 
– More time for other things 

 

 



Client Benefits 
• Data Reliability 

– Improved Precision & Accuracy  
– Fewer step = lower potential for variability 

 
• Detection Ability  

– Broad list of compounds 
– Improved detection limit ablity 
– Risk Assessment, Environmental Fate & Persistence 

 
• Improved Processes 

– Easier to Collect & Ship Samples 
– Faster TATs 

 
• Lower Costs 

 
 



Conclusion 

• Innovation Is Important 
• Industry Leadership 
• Scientific Improvement 
• Safety Improvements 
• Environmental Improvements 

 
• Cost Savings  

• More Data = Better Understanding of Issues 
• Successful & Engaged Clients & Employees 
• Future Opportunities 

• Drugs & Hormones 
• CCME 
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