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CARO Who Is CARQ?

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

e Vision: CARING ABOUT RESULTS
* Technical Leadership
» Client Collaboration
 Developed & Motivated Staff

o Capabilities:

Contaminated Sites: Hydrocarbons, SVOCs, VOCs, Metals

Water Quality: Physical Parameters, Nutrients, Anions, Metals
» Microbiology and Toxicology




CARO Analytical Advancements

 Thermal Desorption Tube (SVI™)
— Supporting new BCMOE Soil Vapour regulations
— Sampling improvements
— Analytical improvements

« Siloxanes in Water, Air & Soll
— Supporting new federal regulations

« ITEXVOCs
— Supporting AB Teirl with lower DLs

Why Advance?



CARO Why Advance

e |t's Cool & Fun
— New Expensive Toys

» Solve Problems hemica; Profession
— Client Issues
— Regulatory Needs

* Professional Responsibility
— Industry, Environment, Safety
— Chemist Practice
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CARO 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

7/ WARNINGN\

Why Not So Much Testing? g _.
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CARC Sept 2014 Headlines

Canadian beekeepers sue Bayer and Syngenta over
neonicotinoid pesticides

Class action lawsuit seeks $400 million in damages
CBC Mews Posted: Sep 03, 2014 148 PMET | Last Updated: Sep 05, 2014 4459 PM ET

" 16-Year Study Blames Pesticides for Significant
EQQOWQE!I Sperm Decline

Study: Pesticides Could Cause TIME
Unexpected Allergic Reactions

,,' G|0b a | Rese a I"Ch Pesticide Exposure Can Cause Disease Across Four
\ wien Generations

glhlse rch.c f-glhlsa ch.o

NATURE WORID NEWS
The Pesticide Problem: Aquatic Life Imperiled

SCIENTIFIC pesticides a Concern for Aquatic Life
AMERICAN" in Most U.S. Urban Streams




CARO ..

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
— EXxpensive




CARO Pesticide Regulations

e Canadian Drinking Water Quality Guidelines
« CCME

 British Columbia: Contaminated Sites
Regulations, Schedule 4, 5, 6, 9, 10

 BC Water Quality Guidelines
 Local Governments
e Many Others




CARC  CCME Water Quality Guidelines

Water Quality Guidelines
for the Protection of Aquatic Life
Freshwater Marine
ConcentrationConcentration Date ConcentrationConcentration Date
(pg/L) (Hg/L) (Hg/L) (pg/L)
Chemical name Chemical groups Short Term Leng Term Short Term Long Term

B-lodo-2-propynyl butyl carbamate Organic
IFEC Pesticides No data 1.9 1999 Mo data No data No datg
CASRN 55406-53-6 Carbamate pesticides
Ildicarb Organic

Pesticides No data 1 1993 |No data 0.15 1993
CASRN 116063 Carbamate pesticides

Organic
Wldrin Pesticides No data B:504 1987 |No data No data No datd

Organochlorine compounds
Wtrazine Organic

Pesticides No data 1.8 1989 |No data No data No datg
CASRN 1912249 Triazine compounds
Bromacil .

Organic -

Pesticides No data 5 1997 |No data Insufficient data 1997
CASRN 314409

Organic
Brormaoxynil Pesticides No data 5 1993 |No data Insufficient data [1993

Benzonitrile compounds
Captan .

Organic

besticides No data 13 1991 Mo data No data No datg
CASRN 133062
Carbaryl Organic

Pesticides 3.3 0.2 [2009 5.7 0.29 2009
CASRN 63252 Carbamate pesticides
Carbofuran Organic

Pesticides No data 1.8 1989 |No data No data No datd
CASRN 1564662 Carbamate pesticides

Organic
Chlordane Pesticides No data B-006 1987 |Wo data No data No datg

Organochlorine compounds




CARC  CCME Water Quality Guidelines

Chlorathalon yahae! Oreanic
|
http:/ /my.yahoo.com/ & L No data 0.18 1994 (No data 0.36 1954
— Pesticides
CASRN 1837456
Chlorpyrifos Organic
Pesticides 0.02 0.002 12008 INRG 0,002 12008
CASRN 2921882 Organophosphorus compounds
Cyanarzine Organic
Pesticides No data 2 1990 (Mo data No data No datd
CASRN 2175462 Triazine compounds
Deltamethrin )
Drganic -
. No data 0.0004 1997 (Mo data Insufficient data 1997
Pesticides
CASRN 52918635
Dicamba Organic
Pesticides No data 10 1993 |No data No data No datd
CASRN 1918009 Wromatic Carboxylic Acid
. ) ) . ) Organic
E;:l[c::: ;:: J| phenyl trichloroethane; 2,2-Bis(p-chlorophenyl)-1,1,1-trichloroethane besticides No data .61 1987 Mo data Vo data Vo datd
Organochlorine compounds
Diclofop-methyl
ciotap-methy Drgenic
. No data 6.1 1993 (Mo data No data No datd
Pesticides
CASRN 51338273
Didecyl dimethyl ammonium chloride nreanic
DDAC 5 ) I No data L5 1999 |No data Insufficient data 1999
Pesticides
CASRN 7173515
Dimethoate Organic
Pesticides No data 6.2 1993 (Mo data Insufficient data 1993
CASRN 60515 Drganophosphorus compounds
Dinoseb )
Organic
. No data 0.05 1992 (Mo data No data No datd
Pesticides
CASRN BBEST
Organic
Endasulfan Pesticides 0.06 0.003 2010 {0.09 0.002 2010
Organochlorine compounds
Organic
Endrin Pesticides No data 25823 1987 (Mo data No data No datd
Drganochlorine compounds
Glyphosate Drganic
Pesticides 27,000 BOD 2012 [NRG NRG 2012
CASRN 1071836 Organophosphorus compounds




CARC  CCME Water Qualit

y Guidelines

Organic
Heptachl;
. : Pesticides No data 60 1987 |Mo data No data No datd
Heptachlor epoxide .
Organochlorine compounds
Organic
:j:x ;:nhelo rocyclohexane Pesticides No data 0.01 1987 |No data No data No datd
I
Organochlorine compounds
Linuron Oreanic
& . I No data 7 1995 |No data No data 1995
Pesticides
CASRN 41205214
Methylchlorophenoxyacetic acid (4-Chloro-2-methyl phenoxy acetic acid; 2-Methyl-4-chloro phenoxy acetic acid) Oreanic
I
MCPA a No data 26 1995 o data 42 1995
Pesticides
CASRN 54746
Metolachlor Organic
Pesticides No data 7.8 1991 |No data No data No datd
CASRN 51218452 Organochlorine compounds
Metribuzin Organic
Pesticides No data 1 1990 |No data No data No datd
CASRN 21087649 Triazine compounds
Permethrin Organic
Pesticides No data 10.004 2006 (Vo data 10,001 12006
CASRN 52645531 Organochlorine compounds
Fh herbicid Organi
- gr cices o rga_n@ No data 4 1887 (No data No data Mo dats
2,4 O; 2,4-Dichlorophenoxyacetic acid Pesticides
Picloram .
Organic
L No data 29 1990 |No data No data No datd
Pesticides
CASRN 1918021
Simazine Organic
Pesticides No data 10 1891 |No data No data No datd
CASRN 122349 Triazine compounds
Tebuthiuron :
Organic -
. No data 16 1995 |No data Insufficient data [1995
Pesticides
CASRN 34014181
Organic
Toxaphene Pesticides No data 8008 1987 |No data No data No datd
Organochlorine compounds
Trizllate Organic
Pesticides No data 0.24 1992 |No data No data No datd
CASRN 2303175 Carbamate pesticides




CARO 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

e Past Analytical Techniques
— Instrumentation
» LC — sensitivity
« GC/ECD/MS - reliability, sensitivity

— Sample Preparation
 Difficult & dangerous

L SOUTHERN
OAG

2,4-D AMINE
WEED I(ILI.EH




CARO Old Method

 Sample Size =1 litre

o Extraction Process
— Extract 3x with DCM
— pH adjustment
— Extract 3x with DCM

C&I N Serving The Chemical, Life Sciences

CHEMICAL & ENGIMEERING NEWS

« Extract Preparation ome | Magazine ~  News ~ | Departm
—_ Red uce VOIU me to 1m L Home > Volume 89 Issue 19 > Firm Fined For Chemist's Daath
— Derivatize with Diazomathane

Volume B89 Issue 19 | p. 15 | News of The Week
Issue Date: May 5, 2011

Firm Fined For Chemist's Death

Safety: Sepracor Canada admits lack of lab ventilation in worker fatality case

By Jyllian N. Kemsley

o Extraction Time = 1.5 days

* Instrument Set Up & Analysis — 24 hours



...
CARO 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 (PPCPSs)
— Pesticides
— THC?

— Others?

A
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CARO Technique Developments

e Facilities
— Purpose built laboratory space

 Reagents & Supplies
— Improved internal standards

— More reliable reagents and
standards

— LC Columns developed to suit
purpose

 People
— Professional Chemists




CARO 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



CARC New Method Results

New Canadian Drinking | BCMOE
LC/MS/MS Reported | Water Guideline | lowest
Method Detection Drinking Water CSR

Target |LOD (ug/l) ppb/| Limit (ug/l) (ug/l) (ug/l) | Linear Range r2

24D 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
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CARO New Method Results

Dinoseb at 0.1 ug/l 24.5-Tat0.1ug/l
- MRBEM {(2359.0 -= 193.0) 2014-08-22_010r.. - MRM (255.0 -> 197.0) 2014-08-22_010r...
i 4
2 x10 4 5_52‘,:-' mir. ..'-"E'* %10 4. 998 min.
E 5 E 1.75
4 1.5
1.25
3 1
2 0.75
0.5
1 0.25
(] d ] /i
4 45 5 55 6 65 7 35 4 45 5 55 6 6.5
Acquisition Time (min) Acguisition Time (min)




CARO Old Method Chromatography

Dinoseb 0.2 ug/L

bon 225,00 [224.70 to 225,70} 2004-01-27-1445-044 D\dsta ms
bor 254 00 [ 253 70 to 254, VO 200 400027+ 245044 Dt s
for 15500 [194. 70 to 135700 200 400271 445044 D' vcdats ma
fon 131,00 [130.70 10 131 70) 2004-01-27-1445044 D\dsta me

12558




CARO New Method Results

Picloram at 0.1 ug/I Dicamba at 0.1 ug/|
-MEM (239.0 ->= 195.0) 2014-08-22 010r... -MEM (219.0 -= 175.0) 2014-08-22 010r...
£ xip 2 2.417 min. £ %102 3,955 min.
= = 7 |
S 8 S

7 G

& 5

> 4

4 3

? 2

2

1 1

0 0

1 1.5 2 25 3 35 4 25 3 35 4 45 5 55
Acquisition Time {min) Acquisition Time {min)




CARO New Method Results

24 Dat0.1ug/l MCPA at 0.1 ug/i
- MRM {219.0 -> 161.0) 2014-08-22 010r.. -MRBEM (199.0 -= 141.0) 2014-08-22 010r...
2 y1p3 4601 min. £ x10°© 4,609 min.
3 | =
S 7 S

& Fe |

2 3

4

3 2

< 1

]

0 0 ~

3 35 4 45 5 55 6 2 35 4 45 5 55 6
Acquisition Time (min) Acquisition Time (min}
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CARO New Method Highlights

« Small Sample Requirements 1mL of Sample Not 1L

e Short Prep Time —

e Prep time 30mins from 1.5 days

o Less steps = less potential variability, contamination, etc.
e Analysis Time

 LC/MS/MS set up and run 2 hours for batch of 7 samples
down from ~24 hours

e One instrument, one run
o Safety - No Diazomethane
 Environment No Dichloromethane




CARO New Method Results

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




T
CARO New Method Results

e Operational Enhancements
— Significant labour savings
— Less instrument time
— More time for other things




T
CARO 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

e Lower Costs




I
CARO Conclusion

Innovation Is Important

e Industry Leadership

« Scientific Improvement

o Safety Improvements

e Environmental Improvements

Cost Savings
 More Data = Better Understanding of Issues
Successful & Engaged Clients & Employees

Future Opportunities
Drugs & Hormones
CCME
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CARING ABOUT RESULTS...OBVIOUSLY
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