
!

!

"# $%&'()!%*!$&+,-..-%/!012,)3!4'52/-627-%/8!
!
!
9)7:2/;!<(=>%;3!?)'&@AB!@)(:/%C%5-).!D/(!
!

E# DF)/7-7;!%*!G)25)/7!0H:),-(2C!12,)3!(%,,%/!/2,)3!7'2F)!/2,)8!
!
!

?)'&$4IJK!H%,L%/)/7.!
!

H=$M!!N"OP"J"EJN! A7:%Q;C27)F!H2.7%'!4-C!
!
H=$M!!N"OP"JRSJR!
!

A7:%Q;C27)F!H%(2,-F)!

H=$M!!N"OP"JEPJT! A7:%Q;C27)F!U277;!=(-F!
H=$M!!PVENNJVOJV! WJC-,%/)/)!
!
!

K# <$W$!2/F!@)(:/-(2C!W272!$:))7!*%'!2CC!.&+.72/().!-/!L'%F&(7!07:%.)!X-7:!YTZ!2')!(%/.-F)')F!
('-7-(2C8!
!

V#!!!!!!!1&,+)'!%*!U-)CFJ.(2C)!=LLC-(27-%/.!7%!W27)!
!
TK!
!
T#!!!!!!!H2.)!$7&F-).!
!
H2.)!.7&F-).!2772(:)F!!
!
N#!!!!!!!9'-)*!G27-%/2C)!*%'!D/(C&.-%/!-/!1)X![WG!0.:%&CF!-/(C&F)!F&'27-%/!%/!,2'\)73!-,L2(7!%/!

5'%&/FX27)'!]&2C-7;3!)**)(7->)/)..3!:&,2/!:)2C7:!^!.2*)7;8!
!

$-/()!)/7)'-/5!7:)!,2'\)7!-/!ERRN!?)'&$4I!:2.!L'%>)/!7%!+)!2!.2*)!2/F!)**)(7->)!L'%F&(7!*%'!7')27-/5!
.%&'()!(%/72,-/27-%/!X:)/!&.)F!2.!L2'7!%*!7:)!L27)/7)F!$&'*2(72/7!)/:2/()F!D/!$-7&!H:),-(2C!
4Q-F27-%/!0$JD$H48!2/F!$&'*2(72/7!A/:2/()F!_'%F&(7!G)(%>)';!0$A_G8!L'%()..).#!!@:)!L'%F&(7!:2.!+))/!
-,LC),)/7)F!-/!%>)'!TR!.-7).3!-/(C&F-/5!*%&'!$&L)'*&/F!$-7).3!2/F!7:)!L'%F&(7!)**)(7->)/)..!-.!X)CC!
F%(&,)/7)F!0.))!2772(:)F!(2.)!.7&F-).8#!

?)'&$4I!:2.!+))/!)>2C&27)F!*%'!+-%F)5'2F2+-C-7;!2/F!7%Q-(-7;#!!@:)!4AHW!KR"W!+-%F)5'2F2+-C-7;!7).7!
X:-(:!-.!7:)!7).7!%**-(-2CC;!')(%5/-6)F!+;!7:)!A_=3!(%/(C&F)F!?)'&$4I!-.!')2F-C;!+-%F)5'2F2+C)3!
+-%F)5'2F-/5!PRZ!-/!"K!F2;.!0.))!')L%'7!2772(:)F8#!!!!

@:)!L'%F&(7!-.!.2*)!*%'!:&,2/!:)2C7:`!7:)!(:),-(2C!(%,L%/)/7.!2')!(C2..-*-)F!2.!a)/)'2CC;!G)(%5/-6)F!
2.!$2*)!+;!7:)!b$!UW=#!!



VeruSOL-4          www.verutek.com Page 1 of 5 

 

MATERIAL SAFETY DATA SHEET 
VeruSOL®-4 

 

Date Issued: October 21, 2013 
Revision No: 1 

 

Section 1:  PRODUCT AND COMPANY IDENTIFICATION 
 

Manufacturer:   VeruTEK® Technologies, Inc.            
Address:   65 West Dudley Town Road, Suite 100, Bloomfield, CT 06002 
Phone Number:   (860) 242-9800 
 
24 Hour EMERGENCY CONTACT:     ChemTel: 1-800-255-3924 
 
Product Name:  VeruSOL-4® 
Issue Date:  October 21, 2013 
 
 

Section 2:  HAZARDS IDENTIFICATION 
 

Emergency Overview 
 
Appearance/Odor:  Yellow to amber, slightly viscous with citrus odor. 
 
Product is combustible. 
 
Stability: Product is stable under normal conditions.  
 
Slippery when spilled. 
 
Potential Health Effects:  See Section 11 for more information. 
 
Likely Routes of Exposure:  Eye contact, skin contact, inhalation. 
 Eye:   Causes moderate to severe irritation. 
 Skin:   May cause slight redness.  Prolonged or repeated exposure may cause drying of the skin. 
 Inhalation:  May cause nose, throat, and respiratory tract irritation, coughing, headache. 
 Ingestion:  Not likely to be toxic, but may cause vomiting, headache, or other medical problems. 
 Medical Conditions Aggravated By Exposure: May irritate the skin of people with pre-existing skin conditions. 
 
This product does not contain any carcinogens or potential carcinogens as listed by OSHA, IARC, or NTP. 
 
OSHA Regulator Status 
This material is combustible, which is defined as having a flash point between 100°F (37.8°C) and 200°F (93.3°C) 
 

Section 3:  COMPOSITION/INFORMATION ON INGREDIENTS 
 

 Percent by wt. CAS      
     
d-limonene 5-40                                  94266-47-4 
Ethoxylated Castor Oil 5-40 61791-12-6 
Ethoxylated Coco Fatty Acid 5-40 61791-29-5 
Ethoxylated Cocamide 5-40 61791-08-0 
 

Section 4:  FIRST AID MEASURES 
 

 
Eye Contact:  
Flush with water for at least 15 minutes.  If irritation persists, seek medical attention. 
 
Skin Contact:  
Wash affected area with copious amounts of soap and water for at least 15 minutes. Remove contaminated clothing.   
If irritation develops, seek medical attention. 
 

!!!!!"!
#!!!!!!!!!$!
!!!!!
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Inhalation:  
Move to fresh air immediately. If breathing is difficult or discomfort persists, seek medical attention. 
 
Ingestion:  
Rinse mouth with water. Dilute by drinking 1 or 2 glasses of water.  Do not induce vomiting.  Seek medical attention 
immediately.  Do not administer anything by mouth to an unconscious person. 
 
Notes to Medical Doctor: 
Direct contact may be minimally irritating. Treatment is by dilution and is symptomatic and supportive. 
 
 

Section 5:  FIRE FIGHTING MEASURES 
 

Flash Point (Method):  N/A  Explosion Limits:   Upper: N/A  Lower: N/A 
 
Suitable Extinguishing Media:   
Carbon dioxide, foam, or dry chemical.  Caution:  Carbon dioxide will displace air in confined spaces and may create 
an oxygen deficient atmosphere. 
 
Protection of Firefighters:  
Vapors may be irritating to eyes, skin and respiratory tract.  Firefighters should wear self-contained breathing 
apparatus (SCBA) and full fire-fighting turnout gear. 
 

Section 6:  ACCIDENTAL RELEASE MEASURES 
 

Personal Precautions:  Use personal protection recommended in Section 8.  Product is slippery when spilled.  
Isolate the hazard area.  Deny entry to unnecessary and unprotected personnel. 

Environmental Precautions:  Keep out of drains, sewers, ditches, and waterways. 

Methods for Containment:  Dike spill area and cap leaking containers as necessary to prevent further spreading of 
spilled material. Absorb spilled liquid with suitable material. 

Methods for Clean Up:  Eliminate all ignition sources.  Use equipment rated for use around combustible materials.  
Oil-soaked rags may spontaneously combust; place in appropriate disposal container. 

Other Information:  There are no special reporting requirements for spills of this material. 
 

Section 7:  HANDLING AND STORAGE 
 

Handling 
Keep away from heat, sparks, and flame.  Open container slowly to release pressure caused by temperature 
variations.  Do not allow this material to come in contact with eyes.  Avoid prolonged contact with skin.  Use in well-
ventilated areas.  Do not breathe vapors.As with any chemical, employees should thoroughly wash hands with soap 
and water after handling this material 
 
Storage 

Product may be packaged in phenolic-lined, steel containers or fluorinated plastic containers.  Store in well-ventilated 
area.  Storage temperature should not exceed flashpoint for extended periods of time.  Keep container closed when 
not in use.  Air should be excluded from partially-filled containers by displacing with nitrogen or carbon dioxide.  Do 
not cut, drill, grind, or weld on or near this container; residual vapors may ignite. 

Section 8:  EXPOSURE CONTROLS/PERSONAL PROTECTION 
 

Exposure Guidelines 
Citrus Terpenes  8h TWA=30ppm (AIHA Standard) 
Nonionic Surfactant N/E (N/E - Not Established) 
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Nonionic Surfactant  N/E 
Nonionic Surfactant  N/E 
 
Engineering Controls:   
Provide ventilation to minimize the release of vapors and mist into the work environment. Spills should be minimized 
or confined to prevent release from work area. Remove contaminated clothing immediately and wash before reuse.  
Keep away from sparks and flames. 
 
Eye/Face Protection:    
Wear chemical splash-type safety glasses or goggles. Use full face mask if severe splashing is expected during use.  
 
Skin Protection:     
Liquid proof neoprene gloves are recommended. Nitrile gloves are adequate. Wear boots, apron, or bodysuits as 
necessary. 
 
Respiratory Protection:   
Not normally required.  If adequate ventilation is unavailable, use NIOSH approved air-purifying respirator with 
organic vapor cartridge or canister. 
 
General Hygiene Considerations:   
As with any chemical, wash hands thoroughly after handling.  Have eyewash facilities immediately available. 
 

Section 9:  PHYSICAL AND CHEMICAL PROPERTIES 
 

Color:   Yellow to amber  Odor:   Citrus odor. 
Physical State:   Liquid Boiling Point:   212ºF (100ºC) 
Specific Gravity: 0.972 to 0.984  @ 77ºF (25ºC) Vapor Pressure:   <2mmHg @ 68°F (20°C) 
Flash Point:  130°F (54.4°C) Solubility in Water:  Soluble. 
Volatile Organic Compound (VOC) Content:  <10 to 40% by volume. 
 
Note: These specifications represent a typical sample of this product, but actual values may vary.  Certificates of 
Analysis and Specification Sheets are available upon request. 
 

Section 10:  STABILITY AND REACTIVITY 
 

Stability:  Stable.  
 
Conditions to Avoid:  Keep away from heat, sparks, flames, and contamination. 
 
Incompatible Materials:  Strong oxidizing agents and strong acids, including acidic clays, peroxides, halogens,  
vinyl chloride, and iodine pentafluoride. 
 
Hazardous Decomposition Products:  Oxides of citrus terpenes, which can result from improper storage and 
handling, are known to cause skin sensitization. 
 
Possibility of Hazardous Reactions:  BHT, an antioxidant, has been added to prevent oxidation.  Avoid long-term 
exposure to air.  If storing partially-filled container, fill headspace with an inert gas such as nitrogen or carbon dioxide 
 

Section 11:  TOXICOLOGICAL INFORMATION 
 

Acute Effects 
Citrus terpenes have been shown to have low oral toxicity (LD50>5 g/kg) and low dermal toxicity (LD50> 5g/kg) when 
tested on rabbits.  Citrus terpenes also showed low toxicity by inhalation (RD50>1 g/kg) when tested on mice. 
Product may be a skin and eye irritant.  Inhalation may cause irritation of the nose, throat, and respiratory tract. 
 
Chronic Effects 
This product is not classified as a carcinogen by OSHA, IARC, or NTP. This product has not been shown to produce 
genetic changes when tested on bacterial or animal cells. This product does not contain known reproductive or 
developmental toxins. Prolonged or repeated exposure can cause drying or dermatitis of skin.  Improper storage and 
handling may lead to the formation of a possible skin sensitizer. 
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Section 12:  ECOLOGICAL INFORMATION 
 

Ecotoxicity:  N/A 
 
Persistence/Degradability:  Product is expected to be readily biodegradable.  
 
Bioaccumulation/Accumulation: No appreciable bioconcentration is expected in the environment. 
 
Mobility in Environment: Citrus terpenes volatilize rapidly. 
 
 

Section 13:  DISPOSAL CONSIDERATIONS 
 

Disposal:   
Incinerate or dispose of in accordance with Local, State, and Federal Regulations. Taking regulations into 
consideration, waste may be incinerated or handled through EPA Spill Control Plan via landfill or dilution. Empty 
containers must be triple-rinsed prior to disposal. Oil soaked rags should bedisposed of properly to prevent 
spontaneous combustion. 

Section 14:  TRANSPORT INFORMATION 
 

US DOT Shipping Classification 
Proper Shipping Name: Terpene Hydrocarbons, N.O.S. 
Hazard Class:  3 
Identification No.:  UN2319 
Packing Group: III  
Label/Placard:  Exception §173.150(f) applies. 

 
TDG Status:  Hazardous  
IMO Status:  Hazardous  
IATA Status:  Hazardous  
 
The listed transportation classification does not address regulatory variations due to changes in package size, mode 
of shipment, or other regulatory descriptions. 
 
 

Section 15:  REGULATORY INFORMATION 
 

Global Inventories 
The components of this product are included in the following inventories: 
USA (TSCA) 
Canada (DSL) 
Australia (AICS) 
Korea (KECL) 
Philippines (PICCS) 
 
Proposition 65:  California Safe Drinking Water and Toxic Enforcement Act of 1986  
This product is not known to contain any chemicals currently listed as carcinogens or reproductive toxins under 
California Proposition 65 at levels which would be subject to the proposition. 
 
 
 

Section 16:  OTHER INFORMATION 
 

NFPA 704:  National Fire Protection Association 
Health – 1 Fire – 2 Reactivity – 0  

 
Legend 
OSHA – United States Occupational Health and Safety Administration 
IARC – International Agency for Research on Cancer 
NTP – National Toxicology Program 
NIOSH – National Institute for Occupational Safety and Health 
EPA – United States Environmental Protection Agency 
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Caution: The user should conduct his/her own experiments and establish proper procedures and                                                                       

control before attempting use on critical parts. 
 

The information contained herein is based on current knowledge and experience:  no responsibility is accepted that the information is sufficient or 
correct in all cases.  Users should consider these data only as a supplement to other information obtained by the user.  No warranty is expressed or 
implied regarding the accuracy of this data, the results to be obtained from the use thereof, or that any such use will not infringe any patent.  Users 
should make independent determinations of suitability and completeness of information from all sources to assure proper use and disposal of these 
materials, the safety and health of employees and customers, and the protection of the environment.  This information is furnished upon the condition 
the person receiving it shall determine the suitability for the particular purpose.  This MSDS is to be used as a guideline for safe work practices and 
emergency response. 
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Figure 1: S-ISCO® VeruSOLVE™ Chemical Equipment 
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Figure 2: Transfer of soil into cells for treatment with 
VeruSOLVE™. 
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%9"#"(.#"(-9#""(2#34.#:(7"*1*73)($+3-/(.-(-9"(=3-"(3,"+-303",(./(0311I(>#.3#3"(%"##.)"(C"2*/3-/(.+,(-9"(
N*)Y03"1,(^*#4.-3*+(./(0*11*6/V((
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,#23& ?$-6& ,+5%& 8$92$-%A& I8#C& #23& ,$8-& (+2-%2-& 3%("%#,%& ?$-6& 3%*-6A& F"+@23?#-%"& +((@",& #-&

3%*-6,&7%8+?&-6%&(+2-#(-&?$-6&-6%&!')&.3%%*&#G@$4%"/&#-&3%*-6,&7%-?%%2&MN&#23&O;&4%%-A&'6%&
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>$A("+-+BFHC&3=%.)A')"'&6"()"A$#&D"&37'=&8($57A)-&IJ7#)'7+"&:3GD38I@;C&'+&

%$5$#7)'$&A+"')57")'7+"&%$-)'$#&'+&A+)-&')%&)'&)&.+%5$%&5)"=.)A'=%$#&B)9&

*-)"'& :KLM;& 97'$& 7"& /$0& 1+%2& :'($& 37'$;E& >($& 37'$C& *)%'& +.& )& NG)A%$& .+%5$%&KLM& -+A)'$#& 7"& )& %$97#$"'7)-& )"#&

A+55$%A7)-& "$7B(O+%(++#C& 0)9& A+"')57")'$#& OF& MPQ9& )"#& >MQ& *%$9$"'& 7"& '($& 9+7-C& B%+="#0)'$%& )"#& )"&

$9'=)%7"$&9=%.)A$&0)'$%&O+#FE&&&

&

<$%=>6?&A+"#=A'$#&)&3GD38I@&*7-+'&'$9'&'()'&')%B$'$#&IBB)U/)-@)RSV&)"#&>%&W&A+"')57")'7+"&-+A)'$#&O$"$)'(&

'($& .+%5$%&L$"$%)'+%& Q+=9$C& )"& RCSTT& 9U=)%$& .++'& O%7A2& O=7-#7"B&07'(& )& A+"A%$'$& O)9$E& & >($&5)V+%7'F& +.& '($&

A+"')57")'7+"&0)9&*%$9$"'& 7"& '($&=**$%&WX& .'&O$-+0&B%+="#&9=%.)A$& :OB9;&07'(&'($&B%$)'$9'&5)99&O$'0$$"&WT&

)"#& WX& .'& OB9E& & O0/$#") X)#$*7A'9& '($& 37'$& 9$'G=*C& 7"A-=#7"B& '($& 7"V$A'7+"& 9F9'$5C& )"#& 7"V$A'7+"& )"#&5+"7'+%7"B&

0$--9E&

)*+,-*-./0/12.$
>($&3GD38I@&75*-$5$"')'7+"&'++2&*-)A$&+,$%&YT&#)F9&)"#&A+"979'$#&+.&)&9$%7$9&+.&7"V$A'7+"&$,$"'9&)-'$%")'7"B&

07'(&*$%7+#9&+.&*$%.+%5)"A$&5+"7'+%7"BE&&SZ&7"V$A'7+"&0$--9C&9A%$$"$#&.%+5&SZ&'+&SX&.'&OB9C&)"#&ZY&5+"7'+%7"B&

0$--9&0$%$&=9$#E&&&

 

Project Facts 

Site 
[+%5$%&KLMC&/$0&1+%2&

&

Contaminants of 

Concern 
>MQ&)"#&MPQ9&.%+5&8+)-&>)%&

&

Project Objectives 
4$5+"9'%)'$&A+"'%+--$#&

#$9'%=A'7+"&+.&KLM&

A+"')57")"'9&

&

Treatment Program 
<$%=>6?\9&3=%.)A')"'G$"()"A$#&

D"&37'=&8($57A)-&IJ7#)'7+"&:JK

3JAL(;C&=97"B&<$%=3I]@C&9+#7=5&

*$%9=-.)'$C&)"#&[$G64>P&

:)A'7,)'+%;&

&

Results 
• 4$9'%+F$#&^CTTT&2B&>MQ&)"#&

MPQ&A+"')57")'7+"&7"&9+7-_&

• PA(7$,$#&9=9')7")O-$&

%$#=A'7+"9&7"&9+7-&B)9&

A+"')57")'7+"_&)"#&

• 47#&"+'&75*)A'&"$)%OF&0)'$%&

%$9+=%A$9E&

&

&

O0/$#")X`&37'$&3$'G!*&
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+1,F17$9!10!4#$!01//16-5;!+1,F15$547G!
!

!"#$%&'(&)*+),-.&,/%012345&
,/%016"$& 7"22&

%19-3,!H$273/0.4$! IJDKIB!L;!
<$23%)M*! NDNCB!L;!
O$&=P"Q! BIA!L;!

!
!"#$%"&$#'(
R15-412-5;!411L!F/.+$!8$012$D!932-5;!.59!.04$2!
-5@$+4-157!.59!+157-74$9!10!.5./:7-7!10!71-/!.59!
;213596.4$2!7.,F/$7!012!+154.,-5.547!10!+15+$25!
S()(7TD!-5+/39-5;!<)(7!.59!%<)(7U!.59!.5./:7-7!10!
;213596.4$2!7.,F/$7!012!6.4$2!V3./-4:!.59!
F$2012,.5+$!F.2.,$4$27!-5+/39-5;!+1593+4-W-4:D!
4$,F$2.432$D!1X-9.4-15&2$93+4-15!F14$54-./D!-54$20.+-./!
4$57-15!S'O"T!.59!-215!.59!719-3,!F$273/0.4$!
+15+$542.4-157?!%1-/!.59!;213596.4$2!+154.,-5.4-15!
9.4.!6.7!37$9!41!$W./3.4$!4#$!+154.,-5.4-15!
2$93+4-15!.+#-$W$9!8:!4#$!F-/14!4$74D!6#-/$!
;213596.4$2!F.2.,$4$2!9.4.!F21W-9$9!-5012,.4-15!
.8134!4#$!,1W$,$54!10!4#$!+#$,-742:!-5!4#$!
7387320.+$!.59!4#$!73++$77!10!-47!+154.+4!.59!2$.+4-157!
6-4#!+154.,-5.547?!!

Field Results 
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1X-9.54!.59!.+4-W.412!6$2$!+1&$/34$9!.59!,1W$9!41;$4#$2!4#213;#!4#$!7387320.+$?!!'5!.!+15421//$9!F21+$77D!4#$!
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-,F/$,$54.4-15!15!4#$!%-4$D!.5!!"#$!%&!+#$,-+./!
1X-9.4-15!S'%()T!-,F/$,$54.4-15!37-5;!/$;.+:!
4$+#51/1;:!0.-/$9!41!9$7421:!4#$!4.2;$4$9!+1./!4.2!
+154.,-5.4-15?!!"#-7!0.-/32$!2$73/4$9!-5!/.2;$!F.24!
021,!4#$!-5.8-/-4:!10!4#$!-5@$+4$9!'%()!+#$,-+./7!41!
+154.+4!515&.V3$137!F#.7$!/-V3-97!S[QHM7T!7-5+$!
4#$:!6$2$!514!-5!.V3$137!F#.7$?!!%&'%()*!
7F$+-0-+.//:!1W$2+1,$7!4#-7!/-,-4.4-15!8:!$5.8/-5;!4#$!
[QHM!41!8$+1,$!71/38-/-\$9!-541!.5!-,,18-/$D!0-X$9!
$,3/7-15!012!-,,$9-.4$!9$7423+4-15!-5&F/.+$D!.59!-5!
.!7.0$!.59!+15421//$9!,.55$2D!8:!.!+1&$/34$9!
1X-9.54?!%&'%()*!-5+12F12.4$7!8-19$;2.9.8/$D!]%!
OPQ!;$5$2.//:!2$+1;5-\$9!.7!7.0$!S^_Q%T!7320.+4.547!
.59!+1&71/W$547!41!9-771/W$!.59!1X-9.547!41!
7387$V3$54/:!9$7421:!+154.,-5.547?!!
!
!

819:4%&;G!(15421//$9!R1W$,$54!.59!(1$/34-15!10!4#$!%&'%()*!(#$,-742:!



!               Green Chemistry Technology Solutions for the Environment 
       65 W Dudley Town Rd, Suite 100, Bloomfield CT 06002 • (860) 242–9800 

www.VeruTEK.com!!

"#$$%&'("!)%*+,-#*,*+$!.(,)+("!/#+0!,*"!/(.(!"($+.%1("!#*!+0(!2.($(*)(!%3!(4)($$!2(.$5&3,+(6!,$!$0%/*!71!+0(!
(4+(*+!%3!+0(!)%*"5)+#'#+1!3.%*+8!!!!
!
!"#$%&'#%$'"#()*+$,-.$'"#!
9!)%-2,.#$%*!%3!:;:!)%*)(*+.,+#%*$!#*!$%#&!7(3%.(!,*"!,3+(.!#*<()+#%*$!$0%/$!+0,+!=>?=:;@!"($+.%1("!2(+.%&(5-!
01".%),.7%*$! /#+0! 0#A0! -%&()5&,.! /(#A0+! B+0,+! #$6! $%&#"! ,*"! &#C5#"! )%,&! +,.D! ,$! /(&&! ,$! -%.(! $%&57&(!
)%*+,-#*,*+$8!!?*!,""#+#%*6!+0(!)%*)(*+.,+#%*$!%3!2%+(*+#,&!7.(,E"%/*!2.%"5)+$!%3!+0($(!)%*+,-#*,*+$6!$5)0!,$!
,)(+%*(6! "#"! *%+! $#A*#3#),*+&1! #*).(,$(! "5.#*A! +0(! =>?=:;@! #-2&(-(*+,+#%*6! 2.%'#"#*A! ,*%+0(.!-(,$5.(! %3! =>
?=:;@F$!$,3(+1!,*"!#+$!,7#&#+1!+%!)%-2&(+(&1!"(A.,"(!7.(,E"%/*!2.%"5)+$8!!!
!
!

!"#$%&' ()*' ,! 2(+.%&(5->$+,#*("! $%#&! )%.(! +,E(*! 7(3%.(!
+.(,+-(*+!,*"!!"#$%&'(+*!,!)%..($2%*"#*A!)&(,*!)%.(!+,E(*!
,3+(.! +.(,+-(*+6! $0%/! +0(! $5))($$! %3! =>?=:;@! #*! .(-%'#*A!
'#$#7&(!)%,&!+,.!3.%-!+0(!$%#&8!!!
!
G0(!=>?=:;@!+.(,+-(*+!"($+.%1("!,-('.#'/0'1/1)2'3456')78'
934566!,22.%4#-,+(&1!HIJ!%3!+0(!-,$$!%3!K;:$!,*"!=K;:$!
+0(!2#&%+!+($+!/,$!"($#A*("!+%!+.(,+8!!?*!,""#+#%*6!+0(!2#&%+!
+($+!"($+.%1("!L6MNN!EA!%3!-("#5->.,*A(!2(+.%&(5-!
01".%),.7%*$!BOPQD6!,!-,$$!%3!)%*+,-#*,+#%*!#*!(4)($$!%3!
+0(!+.(,+-(*+F$!"($#A*8!!!"#$%&'-'$0%/$!2.(>!,*"!2%$+>=>
?=:;@!P9Q!)%*)(*+.,+#%*$6!#*!.,*E!%."(.!,))%."#*A!+%!
7,$(&#*(!-(,$5.(-(*+$8!!!

!
!

!

!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
?*! ,""#+#%*6! ,*,&1+#),&! .($5&+$! %3! $%#&! A,$! $,-2&($! )%&&()+("! ,22.%4#-,+(&1! RN! 3((+! 3.%-! +0(! #*<()+#%*! /(&&$!
#*"#),+(!+0,+!=>?=:;@!(33()+#'(&1!,*"!$5$+,#*,7&1!.("5)("!)%*+,-#*,+#%*!#*!$%#&!A,$!',2%.$8!G0($(!.("5)+#%*$!,.(!
$0%/*!#*!!"#$%&':!,*"!#*)&5"(!HS8MJ!%3!TGUV6!HN8HJ!+%+,&!K;:$!,*"!SNNJ!%3!R6R6I>G.#-(+01&2(*+,*(8''
'
'

();'<%&=1%&)1>&71'91)"7&8'5/%&!

!"#$%&'(W!:%,&!G,.!X(-%',&!

(+;'</61=9=?954@'52&)7'5/%&!

!"#$%&'-A'P.(!,*"!P%$+!=>?=:;@!P9Q$!
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!
"#$%&'! ("!#$%&!
'()!

*+,(-.,/-!0,)1&-)!
!
!

Conclusions & Implications 
2!-3%+4!5(+-6!7$/)1&-(/-!$8,+)(9!-3%)!+,.,4%(-%$/!(/4!7$/:%+.,4!#;<#=>?!4,)-+$6,4!@'A!7$/-(.%/(-%$/!(-!-3,!
#%-,! %/! (! )(:,! (/4! 7$/-+$&&,4!.(//,+B! (/4! -3(-! #;<#=>?! 7(/! (73%,8,! 7$.5&,-,! $+! /,(+;7$.5&,-,! -+,(-.,/-! $:!
@'A;7$/-(.%/(-,4!)$%&)!C!
!
*3,! D,9! E$+F! #-(-,! G,5(+-.,/-! $:! H/8%+$/.,/-(&! =$/),+8(-%$/! IDE#GH=JB! G%8%)%$/! $:! H/8%+$/.,/-(&!
0,.,4%(-%$/! (55+$8,4! -3,! +,)1&-)! $:! -3%)! #;<#=>?! %.5&,.,/-(-%$/! (/4! )(/7-%$/,4! -3,! 1),! $:! #;<#=>?! ! :$+!
:1+-3,+B! &(+K,+;)7(&,!(55&%7(-%$/!(-!-3,!)%-,C! ! </!(! &,--,+!-3,!DE#GH=!)-(-,4!-3(-!LM-3,!G,5(+-.,/-!%)!(55+$8%/K!
-3,!1),!$:!-3,!N#1+:(7-(/-!,/3(/7,4!</;#%-1!=3,.%7(&!>O%4(-%$/!*,73/$&$K6P!:$+!:1&&!)7(&,!%.5&,.,/-(-%$/!(-!-3,!
)%-,CCCQ!!
!
</!(44%-%$/B!-3%)!+,.,4%(-%$/!(&%K/)!9%-3!-3,!R#!HA2!>::%7,!$:!#$&%4!S()-,!(/4!H.,+K,/76!0,)5$/),P)!I>#SH0J!
A+%/7%5&,)! :$+!'+,,/,+!=&,(/15)B! %/7&14%/K"!.%/%.%T,4!,/,+K6!1),U!.%/%.%T,4!(%+!5$&&1-%$/!(/4!K+,,/3$1),!K()!
,.%))%$/)U!.%/%.%T,4!%.5(7-)!-$!9(-,+!+,)$1+7,)U!+,417-%$/!(/4!+,1),!$:!9()-,!.(-,+%(&U!(/4!5+$-,7-%$/!$:!&(/4!
(/4!,7$)6)-,.)C!!!!
!
• !"#$%&' ()#"! #;<#=>?! -,73/$&$K6! ,/(V&,)! K+,(-,+! ,::%7%,/76! $:! <#=>! 5+$7,)),)B! .%/%.%T%/K! -3,! 5+$W,7-P)!

41+(-%$/!(/4!7$/7$.%-(/-!1),!$:!,X1%5.,/-U!-3,!#;<#=>?!73,.%)-+6!-+(8,&&,4!%/!-3,!)1V)1+:(7,!9%-3!-3,!:&$9!
$:!K+$1/49(-,+B!+,.$8%/K!-3,!/,,4!:$+!+,;7%+71&(-%/K!$+!,O-+(7-%$/!51.5)U!(/4!-3%)! *"')*+,'+,.,4%(-%$/!4%4!
/$-!+,X1%+,!-3,!3,(86!.(73%/,+6!1),4!%/!,O7(8(-%$/)B!:$+!,O(.5&,C!

• '-*$' ./00,+*/""! =$/-(.%/(-,4! .(-,+%(&! 9()! -+,(-,4! $/! )%-,U! /$! .(-,+%(&! 3(4! -$! V,! 3(1&,4! -$! &(/4:%&&)! $+!
4%)5$)(&!:(7%&%-%,)C!

• 12.34+)' +/' 53+#$' 6#)/,$4#)"! #;<#=>?! 4,)-+$6,4! 7$/-(.%/(-%$/! %.5(7-%/K! K+$1/49(-,+C! ! </! (44%-%$/B!
K+$1/49(-,+! .$/%-$+%/K! 7$/:%+.,4! -3(-! )$&1V%&%T,4! 7$/-(.%/(/-)! 9,+,! )1V),X1,/-&6! $O%4%T,4! (/4! /$-!
.$V%&%T,4C!

• 53)+#'6#7,4+*/""!!#$%&!9()!-+,(-,4!%/!5&(7,!(/4!$/!)%-,U!/$!)$%&!9()!+,.$8,4!:$+!4%)5$)(&C!
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• !"#$%&$'#() #*) +,(-) ,(-) .&#/0/$%1/"! #$%#&'(! )*+,-./*)! ,0*! 1.2,345232,! +.6-1*! 71.38! ,3-9:! ;5,0.6,! +.58!
-*4.<38!.-!)5+,6-=321*:!32)!*23=8*)!,0*!>688!6+*!.>!,0*!832)!52!+6=+*?6*2,!-*)*<*8.@4*2,A!!!

!



!"#$%&'()*%

&+,&!-.%/0102,34,-5%-6%!-37%43/%
!-5431,534,-5%34%58!%9/-:56,072%

%!"##$%&'$#(')*+,'

!'

-./01234/51.'

"#$%&'(!&#)*+,-,./#0!1"#$%&'(2!0%))#003%--4!5#06$,4#5!),7-!67$!
),+678/+76/,+!76!7!3,$8#$!$,,3/+.!9$,5%)60!87+%37)6%$/+.!0/6#!/+!:#;!<,$=!
>/64!%0/+.!?%$37)67+6@#+*7+)#5!A+!?/6%!>*#8/)7-!BC/576/,+!1?@A?>B2D!!&*#!
%$E7+!0/6#F!0%$$,%+5#5!E4!5#+0#!$#0/5#+6/7-!7+5!),88#$)/7-!5#G#-,98#+6!
7-,+.!6*#!0*,$#0!,3!6*#!'706!H/G#$F!;70!),+678/+76#5!;/6*!),7-!67$!
$#9%$9,0#5!3$,8!7!+#7$E4!I7+%37)6%$#5!J70!K-7+6!1IJK2!3,$!6*#!$,,3/+.!
87+%37)6%$/+.!9$,)#00D!!"#$%&'(!),+5%)6#5!3/G#!8,+6*0!,3!?@A?>B!/+L#)6/,+0!
6*76!5#06$,4#5!.$#76#$!6*7+!MNO!,3!),7-!67$@$#-76#5!),+678/+7+60!/+)-%5/+.!
P&'QF!KRS0!7+5!+79*6*7-#+#!/+!6*#!67$.#6#5!/+6#$G7-D!!&*#!6$#768#+6!
),+0/06#5!,3!/+L#)6/,+0!,3!"#$%?BT @E70#5!
0%$37)67+6!7+5!),@0,-G#+6!8/C6%$#F!7+5!7-=7-/+#@7)6/G76#5!0,5/%8!9#$0%-376#!
6*76!;#$#!7%.8#+6#5!E4!U7G#3$,+6!
1U7G#3$,+62!K$/87;7G#!9$#00%$#@9%-0/+.!/+L#)6/,+!#+*7+)#8#+6!
6#)*+,-,.4F!70!;#--!70!6*#!H#8I#6$/=?I!9$,)#00!6,!V%7+6/34!0%E0%$37)#!
),+678/+76/,+F!,96/8/W#!6*#!6$#768#+6!7+5!8#70%$#!/60!#33#)6/G#+#00!
!
?@A?>B!;70!7+!/+6#.$7-!97$6!,3!6*#!$#8#5/7-!/89-#8#+676/,+!6*76!;/--!#+7E-#!
$#5#G#-,98#+6!,3!6*#!P$,;+3/#-5!0/6#!70!7!9%E-/)!-/E$7$4!7+5!97$=!$7+.#$!
0676/,+D!!&*#!:#;!<,$=!?676#!X#97$68#+6!,3!'+G/$,+8#+67-!>,+0#$G76/,+!
1:<?X'>2!*70!/00%#5!7!>#$6/3/)76#!,3!>,89-#6/,+!6,!),+3/$8!6*#!0%))#00!,3!
6*#!)-#7+%9D!!&*#!0%))#003%-!5#06$%)6/,+!,3!IJK@$#-76#5!),7-!67$!76!6*#!
%$E7+!P$,;+3/#-5!0/6#!5#8,+06$76#0!6*#!#33#)6/G#+#00!,3!?@A?>B!70!7!$#8#54!
3,$!IJK@$#-76#5!),+678/+76/,+D!!!!

!

"#$%!
Y,$8#$!H,,3/+.!K$,5%)60!

I7+%37)6%$#$F!
Z%##+0F!:#;!<,$=!

&'($)*#()($+!',!&'(-%.(!
"B>0!1P&'Q2![!?"B>0!1KRS0!7+5!
+79*6*7-#+#2!$#-76#5!6,!IJK!),7-!!

67$!/+!0,/-![!.$,%+5;76#$!

&/%)(012!345%-$#6%+!
 H#5%)#!),+678/+7+6!8700!

3$,8!\N@]]!36!E.0!6,!#+7E-#!
/00%7+)#!,3!>#$6/3/)76#!,3!
>,89-#6/,+!1>B>2^!

 H#5%)#!.$,%+5;76#$!
),+678/+7+6!3-%CD!

!
7.%)$*%($!8.'9.)*!

 "# ?%$37)67+6@
#+*7+)#5!A+!?/6%!>*#8/)7-!
BC/576/,+!1?@A?>B_2!;/6*!
"#$%?BT_!7+5!7-=7-/+#@
7)6/G76#5!0,5/%8!9#$0%-376#^!!

 #!
9$#00%$#@9%-0/+.!/+L#)6/,+!
#+*7+)#8#+6!9$,)#00^!

 H#8I#6$/=!)*7$7)6#$/W76/,+!!
9$,)#00D!

:%+1/$+!
 "#$%&!X#06$,4#5!`MNO!,3!6,67-!

),+678/+76/,+!67$.#6#5F!
/+)-%5/+.!MaO!,3!+79*6*7-#+#^!!

 '(#)*+,-./(&!H#5%)#5!,+!
7+5!,33@0/6#!),+)#+6$76/,+0^!
+,!:RKT!8,E/-/W#5^!75L7)#+6!
$/G#$!9$,6#)6#5!6*$,%.*,%6^!!

 "#$%!0-1#(&!?/.+/3/)7+6!"B>![!
?"B>!$#5%)6/,+0F!/+)-%5/+.!
\NNO!E#+W#+#![!+79*6*7-#+#F!
7+5!MbO!P&'Q^!!

 2/34*#%#56!7)8$#*&!?%))#003%-!
),8E/+76/,+!,3!?@A?>B!;/6*!
9$#00%$#@9%-0#!6#)*+,-,.4D!

H/G#$!-#75/+.!
6,!R6-7+6/)!
B)#7+!

'706!
H/G#$!



!"#$%&'()*+,-./%

!"#$%&'(")($(*$)+(",(%-&(.$/%(012&3(1)($('&)/&45(
'&2&4"6&'(3&/1'&)%1$4($)'(#"77&3#1$4($3&$(1)(
8&9(:"3+(;1%5<(%-1/(=>?@A$#3&(6$3#&4(1/(6$3%(",($)(
B3*$)(3&21%$41C$%1")(63"D&#%($)'(9144(*&(
3&'&2&4"6&'($/($(6B*41#(41*3$35($)'(6$3+(3$)E&3(
/%$%1")>((F/(6$3%(",(%-&(-1/%"35(",(3"",1)E(
63"'B#%/(7$)B,$#%B3&($%(%-&(6$3#&4<(GHI(#"$4(
%$3(%-$%(9$/(*3"BE-%(")%"(%-&(/1%&(4&$+&'(1)%"(
%-&(/B*/B3,$#&<(#")%$71)$%1)E(%-&(/"14($)'(
E3"B)'9$%&3(91%-(*&)C&)&<(%"4B&)&<(
&%-54*&)C&)&<($)'(%"%$4(J54&)&/(KLM.NO<(
)$6-%-$4&)&<($)'(6"45#5#41#($3"7$%1#(
-5'3"#$3*")/(KIFP/O>((;")%$71)$)%(
#")#&)%3$%1")/(1)(%-&(/"14($)'(E3"B)'9$%&3(
&J#&&'&'(%-&(8:QR.;(3&EB4$%"35(4171%/<(
1)#4B'1)E(1)($()B7*&3(",(E3"B)'9$%&3(4"#$%1")/(
*5("3'&3/(",(7$E)1%B'&>!!M-&(7$D"31%5(",(
#")%$71)$%1")(9$/(63&/&)%($/(3&/1'B$4()")A
$SB&"B/(6-$/&(41SB1'(K8FI!O(-&4'(91%-1)(%-&(
6"3&(/6$#&/(",(%-&(63&'"71)$%&45(/$)'5($)'(
/14%5(/"14(%-$%($4/"(1)#4B'&'(4&)/&/(",(/14%($)'(
/14%5(#4$5>((M3$'1%1")$445(%-&/&(8FI!('3"64&%/<(&/6&#1$445(1)(,1)&(/"14/(/B#-($/(%-&(/14%/($)'(#4$5/(63&/&)%($%(%-1/(
/1%&<(63&/&)%($(#-$44&)E&(%"(!"#$!%&(%3&$%7&)%/>(((

M-&(QATQ;U(%&#-)"4"E5(9$/($663"2&'($/(6$3%(",(%-&(L3"9),1&4'(;4&$)B6(/%3$%&E5(,"3(%-&(/1%&($,%&3(%-&(3&/B4%/(",(
A/#$4&(%3&$%$*141%5(%&/%/($)'(614"%A/#$4&(,1&4'(1764&7&)%$%1")('&7")/%3$%&'(%-$%(QB3,$#%$)%A

&)-$)#&'(T)(Q1%B(;-&71#$4(UJ1'$%1")(KQATQ;UO(#"B4'(&,,&#%12&45(#")%$#%($)'('&/%3"5(#")%$71)$%1")($%(%-&(/1%&<(
1)#4B'1)E(/"3*&'(8FI!>((M-&(4$*"3$%"35($)'(,1&4'A/#$4&(%&/%1)E(1)'1#$%&'(%-$%($(QATQ;U(%3&$%7&)%(#"76"/&'(",(
V&3BQU!A@($)'($4+$41)&A$#%12$%&'(/"'1B7(6&3/B4,$%&(9$/(%-&("6%17$4(3&7&'5(,"3(/1%&(#")%$71)$)%/<(9-14&(%-&(
3&/B4%/(",(%-&(614"%(%&/%($4/"(1)'1#$%&'(%-$%(%-&(1)#"36"3$%1")(",(I317$9$2&(63&//B3&A6B4/1)E(91%-(QATQ;U(
1)D&#%1")/(&)-$)#&'(%-&(3$'1B/(",(1),4B&)#&($)'(B)1,"371%5(",('1/6&3/1")(,"3(%-&(1)D&#%&'(#-&71/%35>((((

0123$1$.#'#",.%

QATQ;U(1764&7&)%$%1")(%""+(64$#&(*&%9&&)(U#%"*&3(W=X=($)'(G$3#-(W=XX<($)'(#")/1/%&'(",(1)D&#%1")/(",(
V&3BQU!A@<(/"'1B7(6&3/B4,$%&($)'(/"'1B7(-5'3"J1'&X(1)%"(@Y(9&44/(4"#$%&'(1)(%-&($3&$/(1)(9-1#-(%-&(E3&$%&/%(
#")%$71)$%1")(-$'(*&&)(1'&)%1,1&'W>((M-&/&(9&44/(9&3&(2$31$*45(/#3&&)&'($#3"//(Z( (?(,""%(4&)E%-//(91%-1)(%-&((
X=($)'(WW(,%(*E/(%3&$%7&)%(1)%&32$4>((T)D&#%1")/(%""+(64$#&($%($)($2&3$E&(3$%&(",([(E$44")/(6&3(71)B%&(KHIGO(6&3(
9&44(%"(Y(9&44/($%($(%17&(K@W(HIG("2&3$44O<($)'(9&3&($BE7&)%&'(*5(%-&(I317$9$2&(63&//B3&A6B4/1)E(%""4>((
"#$%&!'!/B77$31C&/(%-&(1)D&#%1")(6$3$7&%&3/>(

(

(

(

(((((((((((((((((((((((((((((((((((((((((((((((((((((((((((
X
(Q"'1B7(-5'3"J1'&(9$/(1)D&#%&'(%"(#3&$%&($4+$41)&(#")'1%1")/(%"($#%12$%&(%-&(/"'1B7(6&3/B4,$%&>(
W
(F''1%1")$4(9&44/(9&3&(1)/%$44&'(9-&)(1)%&317(/"14(/$7641)E(3&2&$4&'($(63&21"B/45(B)A1'&)%1,1&'($3&$(",(#")%$71)$%1")>(

"&()*+%+,-!.#(/,0+1*2!

!40!567( ;"&4B%1")(
M&#-)"4"E1&/(%-$%(#"7*1)&/(*1"'&E3$'$*4&<(64$)%A
*$/&'(/B3,$#%$)%(\(#"A/"42&)%(71J%B3&/(KV&3BQU!O(
91%-(,3&&A3$'1#$4("J1'$)%(/5/%&7/(%"('&/"3*($)'(
'&/%3"5(8FI!($)'("%-&3(/%3")E45(/"3*&'(
#")%$71)$)%/>((L&#$B/&("J1'$%12&('&/%3B#%1")(",(
8FI!/(")45("##B3/(1)(%-&($SB&"B/(6-$/&<(%3$'1%1")$4(1)(
/1%B(#-&71#$4("J1'$%1")(KTQ;UO(1/(4171%&'(*5(%-&(
1771/#1*141%5(K3&/1/%$)#&(%"('1//"421)E(1)(9$%&3O(",(
"3E$)1#(#")%$71)$)%/>(((V&3BQU!("2&3#"7&/(%-1/(
4171%$%1")(*5('&/"3*1)E($)'(&7B4/1,51)E(%-&(8FI!(,"3(
'&/%3B#%1")(*5($(#"A1)D&#%&'("J1'$)%>((

89$%:+$;;-+$4:-3;".*(:+,($;;(B/&/($(/1'&91)'&3(%""4(
%"(E&)&3$%&(/B*/B3,$#&(63&//B3&(9$2&/(%-$%("6&)(/"14(
6"3&(/6$#&/>((I$3%1#B4$345(1)(#4$5&5($)'(/14%5(/"14/<(%-1/(
&)-$)#&/(%-&(B)1,"371%5(",(#-&71#$4('1/6&3/1")($)'(

 

(
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• ?.;,1)7-#)10<")#":"C".-A9",<)*-$.:)
A#-*"":4)

;%*=$)',/*2',

]TOX2QQQ)-#)]YXZ<-,)-7)1-0.)

7=>(?$%AB%4$)$I$CFE$)%&='$%
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!"#$%&'()*+,-./%

!"#$%&'()&*+ ,-.)(/0.(.)1+2(*+ '&(3&*+ )-+ )2&+ 14514%6(,&+ 6%-/+(.+
(5(.*-.&*+ 7(1+ 2-'*&%+ (.*+ %&'()&*+ 8080.79+ 0.60')%()0.7+ )2&+
4.1()4%()&*+:-.&+ ;60.&$7%(0.&*+7'(,0('+(.*+(''4<0('+ 1&*0/&.)1=+(.*+
)2&+488&%+ 6%(,)4%&*+5&*%-,3>+ +?2&+488&%+@A+ 6&&)+-6+,-.)(/0.()&*+
1-0'+2(*+5&&.+&B,(<()&*+54)+,-.)(/0.()0-.+()+'&<&'1+)2()+&B,&&*&*+
C-..&,)0,4)+ 0.*41)%0('D,-//&%,0('+ ;EDC=+ ,%0)&%0(+ %&/(0.&*+ 5&'-F+
)2&+&B,(<()0-.+(%&(9+12-F.+0.+%&*+-.+!"#$%&'()''C-.)(/0.()0-.+F(1+
('1-+8%&1&.)++5&.&()2+)2&+10*&F('3+(.*+1)%&&)+(*G(,&.)+)-+)2&+H0)&+
)2()+ F&%&+ .-)+ (,,&1105'&+ )-+ &B,(<()0-.9+ (1+ F&''+ (1+ 0.+ )2&+
(5-<&7%-4.*+80'&1+-6+&B,(<()&*+1-0'>+ H8&,060,+1-0'+ ,-.)(/0.(.)1+-6+
,-.,&%.+ 0.,'4*&*I+ J&.:;(=(.)2%(,&.&9+ J&.:-;(=8K%&.&9++
J&.:-;5=6'4-%(.)2&.&9+ L'4-%(.)2&.&9+ L'4-%&.&9+ M(82)2('&.&9+
N05&.:;(92=(.)2%(,&.&9+ #2&.(.)2%&.&+ (.*+ )-)('+ 8&)%-'&4/+
2K*%-,(%5-.1+ ;?#O=>+ +H-0'+,-.)(/0.(.)+ '&<&'1+(.*+%&'&<(.)+,%0)&%0(+
(%&+12-F.+0.+*+,-&.'('(.*+/9+(.*+-.+!"#$%&'0)+++
+
?-+ /&&)+ 5-)2+ )2&+ !"# $!%&# (.*+ '(# $!%&# %&P40%&/&.)1+ -6+ )2&+ H0)&9+
Q&%4?RS+ 0/8'&/&.)&*+ )F-+ -6+ 0)1+ C-&'4)0-.+ ?&,2.-'-70&1?!9+
H4%6(,)(.)$&.2(.,&*+ E.+ H0)4+ C2&/0,('+ TB0*()0-.+ ;H$EHCTU=+ (.*+
H4%6(,)(.)$&.2(.,&*+RB+H0)4+C2&/0,('+TB0*()0-.+;H$RHCTV=>+H$EHCT+)(%7&)&*+(88%-B0/()&'K+@9WAA+)-.1+-6+,-.)(/0.()&*+
1-0'+!"#$!%&#F20'&+H$RHCT+)(%7&)&*+(88%-B0/()&'K+@9XAA+)-.1+-6+,-.)(/0.()&*+1-0'+'(#$!%&)+++

0"$1/%2341$3$.#'#",.%

123145'''
H$EHCT+)%&()/&.)+)--3+8'(,&+-<&%+)2&+,-4%1&+-6+)F-+F&&31+(.*+
,-.101)&*+-6+0.G&,)0-.1+-6+Q&%4HTY9+1-*04/+8&%14'6()&9+(.*+0)1+
(,)0<()-%9+1-*04/+2K*%-B0*&9+)2()+)(%7&)&*+(88%-B0/()&'K+Z9[AA+'51+-6+
,-.)(/0.()0-.>++Q&%4HTY+1&%<&*+)-+*&1-%5+(.*+&/4'106K+)2&+QTC9+
HQTC+(.*+?#O+,-.)(/0.(.)1+8%&1&.)+6-%+)2&0%+*&1)%4,)0-.9+0.+8'(,&9+
5K+(,)0<()&*+8&%14'6()&>+?2&+)%&()/&.)+6-%/4'()0-.+(.*+*-1(7&+F&%&+
5(1&*+-.+)2&+%&14')1+-6+5&.,2$1,('&+1-'450'0:()0-.+(.*+-B0*()0-.+)&1)1+
Q&%4?RS+,-.*4,)&*+410.7+H0)&+1-0'1+8%0-%+)-+60&'*+0/8'&/&.)()0-.>+++++

?2&+H$EHCT+,2&/01)%K+F(1+0.G&,)&*+-.+)2&+48$7%(*0&.)+&*7&+-6+)2&+
&B,(<()0-.+(%&(+0.)-+(+1)-.&$60''&*+)%&.,2+)2()+/&(14%&*+\]+6&&)+'-.79+

10B+6&&)+F0*&+(.*+60<&+6&&)+*&&8+;6%-/+(88%-B0/()&'K+@@+)-+@^+6&&)+5&'-F+7%-4.*+14%6(,&=>+++?2&+Q&%4HTY9+8&%14'6()&+(.*+
2K*%-B0*&+F&%&+*&'0<&%&*+0.+0.*0<0*4('+1)%&(/1+()+(+,4/4'()0<&+6'-F+%()&+)2()+%(.7&*+6%-/+@A+)-+XA+7(''-.1+8&%+/0.4)&+
;78/=+*4%0.7+@A+)-+@X+2-4%1+&(,2+*(K>+++
+

!"#$%&'67'1"8&'*%&9:;'

*&:;9<-<#='>+:?#%<$9@'
H$EHCT+(.*+H$RHCT+(%&+)F-+-6+Q&%4?RS_1+
0..-<()0<&+(.*+8()&.)&*+C-&'4)0-.+
?&,2.-'-70&1V+)2()+(%&+,(8(5'&+-6+
,-/8'&)&'K+-%+.&(%+,-/8'&)&'K+*&1)%-K0.7+
)2&+(/-4.)+-6+M`#Y+0.+1-0'1>+++a10.7+
Q&%4HTY9+8%-8%0&)(%K+/0B)4%&1+-6+
50-*&7%(*(5'&9+aH+LN`+7&.&%(''K+%&,-7.0:&*+
(1+1(6&+;"b`H=+14%6(,)(.)1+(.*+,-$1-'<&.)19+
('-.7+F0)2+6%&&$%(*0,('+-B0*(.)+1K1)&/19+H$
EHCT+(.*+H$RHCT+&66&,)0<&'K9+&660,0&.)'K+(.*+
141)(0.(5'K+*&1)%-K+5-)2+14514%6(,&+(.*+
(5-<&$7%-4.*+,-.)(/0.()0-.>+M-)&+)2()+
c,-&'4)0-._+%&6&%1+)-+)2&+6(,)+)2()+)2&+
1&8(%()&+)%&()/&.)+1)%&(/1d-B0*(.)9+
14%6(,)(.)+(.*+(,)0<()-%9+(%&+0.G&,)&*+
)-7&)2&%+0.)-+)2&+)%&()/&.)+(%&(+)-+*&1-%59+
&/4'106K+(.*+-B0*0:&+,-.)(/0.(.)1> 
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"#$%&''(!)*$!+,-+."!)%$&)/$0)!120343)$5!26!)*$!62''274089!

• :(;<=!'>3!26!!?$%3@'6&)$(!40A$1)$5!&)!B=!8CDE!
• FG=!'>3!26!H$%@+"D(!40A$1)$5!&)!IJ;!8CDE!&05!!
• G==!'>3!26!3254@/!*K5%2L45$(!40A$1)$5!&)!IJ;!8CDJ!!!

!
+$#$0!8%2@057&)$%!/204)2%408!7$''3(!3*270!20!!"#$%&'((!
7$%$!403)&''$5!&05!3&/?'$5!>$62%$(!5@%408!&05!&6)$%!
40A$1)4203!)2!)%&1M!)*$!?%28%$33!&05!?$%62%/&01$!26!)*$!
)%$&)/$0)!1*$/43)%KJ!!!N%2@057&)$%!7&3!/$&3@%$5!62%!?O(!
40)$%,6&14&'!)$03420!P&0!40541&)2%!26!H$%@+"DQ(!)@%>454)K(!
1205@1)4#4)K(!2L45&)420!%$5@1)420!?2)$0)4&'!P"RSQ(!&05!
?$%3@'6&)$!&05!*K5%2L45$!1201$0)%&)4203J!!!T204)2%408!26!)*$3$!?&%&/$)$%3!12064%/$5!)*&)!40A$1)$5!1*$/43)%K!7&3!
3@11$336@''K!/2#408!)*%2@8*!)*$!3@>3@%6&1$!&05!%$&1)408!74)*!120)&/40&0)3J!!OK5%&@'41!*$&5!7&3!&'32!/204)2%$5!)2!
12064%/!*K5%&@'41!120)%2'!5@%408!)*$!40A$1)420!?%21$33J!!!
!!

)*+),-./'''
+,U+."!4/?'$/$0)&)420!120343)$5!26!&??'K408!+,-+."!1*$/43)%K!)2!&>2#$8%2@05!324'3J!!V*$!?%21$33!)22M!64#$!5&K3!&05!
)%$&)$5!&??%2L4/&)$'K!I(<<=!1@>41!K&%53!26!120)&/40&)$5!324'!)*&)!*&5!>$$0!$L1&#&)$5!6%2/!)*$!&%$&!&%2@05!)*$!62%/$%!
8&3!*2'5$%J!!!W@%408!+,U+."(!H$%@+"D(!3254@/!?$%3@'6&)$!&05!*K5%28$0!?$%2L45$!7$%$!&??'4$5!)2!)*$!324'!&3!4)!7&3!
5$?234)$5!40)2!&!?@8/4''J!!X3!3*270!40!!"#$%&'0(!)*$!324'!7&3!)*2%2@8*'K!/4L$5!74)*!)*$!1*$/43)%K!>$62%$!4)!7&3!
5$?234)$5!40)2!3)21M?4'$3!)2!%$&1)J!!V*$!)%$&)/$0)!523&8$!&05!1*$/41&'!62%/@'&)420!7$%$!>&3$5!20!)*$!%$3@')3!26!>$01*,
31&'$!)$3)3!1205@1)$5!?%42%!)2!64$'5!4/?'$/$0)&)420(!&05!120343)$5!269!

• Y(;==!8&''203!26!B:Z!*K5%28$0!?$%2L45$(!!
• Y(<==!8&''203!26!3254@/!?$%3@'6&)$(!&??'4$5!&)!&!1201$0)%&)420!26!F==!8CD(!&05!!
• ;FY!?2@053!26!H$%@+"D(!&??'4$5!&)!&!1201$0)%&)420!%&08408!6%2/!;!)2!B=!8CDJ!!

!

!"#$%&'1'3*273!)*$!%$&1)4203!)&M408!?'&1$!40!)*$!3)21M?4'$3!26!324'!5@%408!)*$!)*%$$!5&K3!26!)%$&)/$0)J!!V*$!%$&1)4203!&%$!
$#45$01$5!>K!)*$!62&/408!&05!>@>>'408!3$$0!40!)*$!3$1205!&05!)*4%5!#4$73J!!.234&'5'26!)*$!X??$054L!120)&403!?%$,!&05!
?23),+,U+."!324'!&0&'K)41&'!5&)&!62%!H".3!&05!+H".3J!!!"#$%&'6'3*273!8%&?*41&''K!)*$!?%$,!&05!?23),+,U+."!324'!&0&'K)41&'!
5&)&!62%!VSOJ!

!"#$%&'#()$*(&

[2''27408! +,-+."(! &0&'K343! 26! 324'! 3&/?'$3! 12''$1)$5! 6%2/! )*$! )%$&)/$0)! &%$&! 40541&)$5! )*&)! )*$! 0$1$33&%K! 1'$&0,@?!
1%4)$%4&!P.V!R+R!62%!-C.!34)$3Q!*&5!>$$0!&1*4$#$5!&05!)*$!1'4$0)\3!%$/$54&'!2>A$1)4#$3!*&5!>$$0!/$)J!R$3@')3!26!)*$!!"#$!%&#
)%$&)/$0)!7$%$!?%2#45$5!)2!)*$!3)&)$!W$?&%)/$0)!26!U0#4%20/$0)&'!S%2)$1)420!)2!521@/$0)!%$/$54&'!12/?'4&01$!26!)*$!
+4)$!&05!%$,5$#$'2?/$0)!26!)*$!>%27064$'5!?&%1$'!7&3!&>'$!)2!?%21$$5J!!!!

X3!&!%$3@')!26!+,U+."!)%$&)/$0)(!64#$!2@)!26!)*$!34L!324'!3)21M?4'$3!/$)!2%!$L1$$5$5!%$8@'&)2%K!1%4)$%4&!62%!H".3(!&05!64#$!
2@)!26!34L!3)21M?4'$3!/$)!2%!$L1$$5$5!1%4)$%4&!62%!+H".3(!&3!3*270!40!.234&'78''R$5@1)4203!40!H".3!401'@5$5!&!/2%$!)*&0!

!"#$%&'09')*+),-':;;4"<2=">?'
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!"#$%&'()*+,-$+-$-./0*0.1&-&$+-$234567$80+1&$%&'()*+,-9$+-$2:;<9$%.-=&'$>%,?$?,%&$*0.-$!@#$AB&-CA.D.-*0%.)&-&$+-$

23426D$*,$EFF#$A'+B&-CA.70D.-*0%.)&-&$+-$2345G7$23!427$2342G$.-'$23!45DH$$$$

I%,?$*0&$B.9&1+-&$J3K$),-)&-*%.*+,-7$L7EMN$//?7$J3K$),-)&-*%.*+,-9$8&%&$%&'()&'$BO$.9$?()0$.9$P@#$A*,$EM!$//?$+-$

2342GD7$.-'$,-$.Q&%.=&$BO$.1?,9*$P!#7$.>*&%$*0%&&$'.O9$,>$!"#$%&'#*%&.*?&-*H$$J0&9&$%&9(1*9$.%&$90,8-$+-$!"#$%&'(H$

$

$

!"#$%&'(%)*+,

J0&9&$ 9())&99>(1$ 24R2<;$ .-'$ 24G2<;$ +?/1&?&-*.*+,-9$ *%&.*&'$ L7@SF$ *,-9$ ,>$ 9,+1$ .*$ .$ ),9*$ ,>$ .//%,T+?.*&1O$ UE"M7FFF$

AUNMV*,-DH$ $ R-$ .''+*+,-7$ *0+9$ /%,W&)*$ &?B,'+&'$ X2$ G3YZ9$ ;>>+)&$ ,>$ 2,1+'$ 6.9*&$ .-'$ G?&%=&-)O$ [&9/,-9&Z9$ A;26G[D$

3%+-)+/1&9$ >,%$\%&&-&%$ <1&.-(/97$ +-)1('+-=$ '&)%&.9&'$ &-&%=O$ (9&]$ %&'()&'$ =&-&%.*+,-$,>$ .+%$ /,11(*+,-]$ %&'()&'$8.9*&$

=&-&%.*+,-]$.-'$/%,*&)*+,-$,>$1.-'$.-'$&),9O9*&?9H$$$)*+,&'-''&9)%+B&9$*0&9&$/%+-)+/1&9$+-$=%&.*&%$'&*.+1H$$$

^.9*1O7$.9$.$%&9(1*$,>$*0&9&$24R2<;$.-'$24G2<;$*%&.*?&-*97$*0&$2+*&$8.9$.//%,Q&'$>,%$'&Q&1,/?&-*$.-'$/%,'()*+Q&$(9&$.9$

/.%*$,>$.$1.%=&49).1&$(%B.-$%&Q+*.1+C.*+,-$/%,W&)*H$ $J0&$9+*&$8.9$-,*$1,-=&%$.$B1+=0*$.-'$1+.B+1+*O$B(*$%.*0&%$.-$.99&*$*0.*$

8.9$%&/(%/,9&'$>,%$*0&$)+*OZ9$B&-&>+*H$

$

$

$

$

$

$

$

$

!"#$%&'./'012034'5&*67"89: 
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Sample Type

CT Soil 

Criteria Soil Soil Soil Soil

Sample ID I/C MW2  10-12' MW2 12-13' MW3 12-13' MW3 10-12'

SVOCs mg/kg mg/kg mg/kg mg/kg

Benz(a)anhracene 7.8 ND ND 840 760

Benzo(a)pyrene 7.8 ND ND 540 570

Benzo(b)fluoranthene 7.8 ND ND 610 640

Fluoranthene 2500 ND ND 1,500 1,300

Fluorene 2500 ND ND 1,100 1,000

Naphthalene 2500 1,900 1,800 13,000 17,000

Phenanthrene 2500 590 ND 3,100 2,600

Total SVOCs -- 3,180 1,800 26,890 29,980

Table 1: Pre-S-ISCO®  Soil Data

Only exceedances are shown.  !
!
!
!
!
!

Sample Type Soil Soil Soil Soil Soil Soil Soil Soil

Date 18-Oct 22-Oct 29-Oct 18-Oct 22-Oct 29-Oct 22-Oct 29-Oct

VeruTEK ID SP-NW SP-NW SP-NW SP-NE SP-NE SP-NE SP2-S SP#2S

VOCs mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg

Naphthalene 5.60 6.60 4.8 -- "#$%& "#$%& 2.4 9.2 -- '$% (%)$) 22.0 -- "" ""

SVOCs mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg

Benz(a)anthracene 7.80 -- 7.8 4.5 ") "'#%& -- 7.8 4.6 -3.2 "'(%) 6.8 4.0 "($% "'(%#
Benzo(a)pyrene 7.80 -- 8.7 6.0 ") "&(%) -- 9.2 4.9 -4.3 "'*%$ 7.2 4.5 "($* "&$%+
Benzo(b)fluoranthene 7.80 -- 10.0 7.0 ") "&)%) -- 10.0 6.0 -4.0 "')%) 9.1 4.9 "+$( "'*%#
Dibenz(a,h)anthracene 1.00 -- 1.5 0.9 "# "'#%$ -- 1.4 ND (<0.81) -1.4 "())%) 1.0 ND (<0.78) "#$& "())%)
Total SVOCs -- -- 90.1 57.2 "&& "&*%+ -- 100.6 60.4 -40.2 "')%) 86.4 52.3 ")+$# "&,%+

Sample Type Soil Soil Soil Soil Soil Soil Soil Soil

Date 18-Oct 22-Oct 29-Oct 18-Oct 22-Oct 29-Oct 22-Oct 29-Oct

VeruTEK ID SP-SW SP-SW SP-SW SP-SE SP-SE SP-SE SP2-N SP2-N

SVOCs mg/kg ug/kg ug/kg ug/kg ug/kg ug/kg ug/kg ug/kg ug/kg

Benz(a)anthracene 7.8 -- 9 6 "( "#*%$ -- 4.8 2.6 "($( "'+%- 4.0 2.3 -1.7 "'#%+
Benzo(a)pyrene 7.8 -- 11 8 ") "&)%, -- 6.6 2.9 ")$* "+*%( 4.8 2.7 -2.1 "'&%-
Benzo(b)fluoranthene 7.8 -- 13 9 "+ "&)%- -- 7.2 3.6 ")$' "+)%) 5.6 3.2 -2.4 "'#%,
Dibenz(a,h)anthracene 1 -- 2 1 "# "&(%& -- 0.9 ND (<0.75) "&$, "())%) 0.8 ND (<0.78) -0.8 "())%)
Total SVOCs -- -- 129 79 "-& "&-%' -- 88.9 33.5 "--$+ "*#%& 51.9 30.7 -21.2 "')%,

% Change

./012!#3!!452"!/67!489:";<;=>?!;8@1!A6/1B:@C/1!D/:/E!F>=9!/67!;F>=9

CT Soil 

Regulation

s, I/C

Change % Change Change % Change Change % Change

./012!3456!178119:481;!:<1!;=/>4$

Change % Change Change % Change Change
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!"#$%&'()''*+,*(-.'*/"0'123'4&5$67"/89'

:;<=

=>? ::@ :??
AAB

:?>
;<A

?

>??

;???

;>??

A???

A>??
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=>??

:???

:>??
!"#!$%&!'()&*+,&-./%0&

123'CD4-E'CFFGE

'
'

*12)3&45'H*',2IJ9'-*K,4'2%"86"F0&9'L/%'M%&&8&%'(0&N8$F9'

#63789&:;3&

*+O*(-P'7&6Q8/0/#R'&8NS0&9'#%&N7&%'&LL"6"&86R'/L'O*(-'F%/6&99&9T'G"8"G"U"8#'7Q&'NG/$87'/L'
7"G&'N'F%/V&67'"9'"GF0&G&87&5'N85'&W$"FG&87'"9'%$8X''*+O*(-P'6Q&G"97%R'7%NY&00&5'"8'7Q&'
9$S9$%LN6&'Z"7Q'7Q&'L0/Z'/L'#%/$85ZN7&%T'%&G/Y"8#'7Q&'8&&5'L/%'%&+6"%6$0N7"8#'/%'&[7%N67"/8'
F$GF9X'N85'!"#$!%&#%&G&5"N7"/8'5/&9'8/7'%&W$"%&'7Q&'Q&NYR'GN6Q"8&%R'$9&5'"8'&[6NYN7"/89T'
L/%'&[NGF0&\'

<(7&='))>?('6& I00'GN7&%"N09'Z&%&'7%&N7&5'/8'9"7&X'8/'GN7&%"N0'QN5'7/'S&'QN$0&5'/LL+9"7&'7/'0N85L"009'/%'
5"9F/9N0'LN6"0"7"&9\'

@A=1B?;&?'&C1?37&
/3;'>7B3;&

*+O*(-P'5&97%/R&5'6/87NG"8N7"/8'"GFN67"8#'#%/$85ZN7&%'N85'%&5$6&5'6/87NG"8N87'
6/86&87%N7"/89'"8'#%/$85ZN7&%\''O8'N55"7"/8T'#%/$85ZN7&%'G/8"7/%"8#'6/8L"%G&5'7QN7'N00'
9/0$S"0"U&5'6/87NG"8N879'Z&%&'9$S9&W$&870R'/["5"U&5'N85'8/7'G/S"0"U&5\'

C1;?3&/3D>B?('6&&& ,[6NYN7&5'9/"0'ZN9'7%&N7&5'/8'9"7&'CSR'*+,*(-.E'N85'S&8&L"6"N00R'%&+$9&5'/8+9"7&\'

+7'?3B?('6&'E&
F16D&16D&
#B';9;?3A;&
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Solution: Remove petroleum sequestered in soil from the smear zone; NAPL in particular.
A VeruTEK patented Surfactant Enhanced chemical oxidation (SISCO) treatment train
specifically designed for this site was implemented as a cost-effective, permanent solution.

® ®
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VeruTEK’s stabilized surfactant cosolvent/oxidant blend achieves Winsor Type I solubilization, where the
contaminant is solubilized as a single-phase micro-emulsion and dissolution of constituents occurs without
mobilization. This allows for the destruction of the contaminants that are currently in a non-aqueous phase.
(i.e. the source term). The resulting REDOX reaction will occur over time. Reaction kinetics are controlled,
sustaining a highly oxidative environment for weeks. Extended persistence greatly increases the
contaminant-oxidant contact persistence, thereby producing very favorable results.

The treatment area was inoculated with four 500
-gallon batches of VeruSolve HP reagent separated by
one week per batch. Step-wise inoculation with three
interim 7-day non-injection periods was a critical
component to overall contaminant destruction
efficiency.
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Post - Treatment
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_'(A.%2!`)$%&B'.!

SOIL REMEDIAL GOAL
 TPH GRO (C6 – C12) 36,000 mg/Kg ≤ 2,640 mg/Kg 152 mg/Kg
 TPH DRO (C12 – C28) 28,000 mg/Kg  ≤ 14,700 mg/Kg 280 mg/Kg
 Benzene 21.000 mg/kg  ≤ 2.56 mg/Kg <0.005 (U) mg/Kg

GROUNDWATER REMEDIAL GOAL

 TPH GRO (C6 – C12) 1,000.00 mg/L  ≤ 16.1 mg/L <2.5 (U) mg/L
 TPH DRO (C12 – C28) 810.00 mg/L  ≤ 149.1 mg/L <2.5 (U) mg/L
 Benzene 2.000 mg/L  ≤ 0.083 mg/L 0.062 mg/L

PRE-TREATMENT POST-TREATMENT

PRE-TREATMENT POST-TREATMENT

®

®
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