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WANTED	
  TO	
  EXTEND	
  USES	
  OF	
  MICRO-­‐EXTRACTION	
  
TO	
  SPEED	
  UP	
  THROUGHPUT	
  &	
  REDUCE	
  SOLVENT	
  USE	
  

	
  
	
  

•  TARGET	
  ANALYSIS…PCBs	
  IN	
  SOIL	
  BY	
  EPA	
  8082	
  
	
  
•  PROBLEM…METHOD	
  USES	
  HEXANE	
  

•  POOR	
  EXTRACTION	
  EFFICIENCY	
  FOR	
  SOIL	
  TYPES	
  RECEIVED	
  
AT	
  LAB	
  

•  DIDN’T	
  WANT	
  TO	
  ADD	
  A	
  SOLVENT	
  EXHANGE	
  STEP	
  THAT	
  
WOULD	
  INCREASE	
  PREPARATION	
  TIME	
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EPA FIELD METHOD PARAMETERS: 
 
•  WATER:MEOH:HEXANE  IN A 1:4:5 RATIO 
 
•  ONLY 2 mL TOTAL 
 
•  1 g SOIL 
 
•  ALL IN A 4 mL VIAL 
 
•  1 MIN AGITATION W/ A VORTEX MIXER 



WPCL PARAMETERS: 
 
•  WATER:HEXANE IN A 1:2 RATIO 
 
•  15 mL TOTAL 
 
•  10 g SOIL 
 
•  ALL IN A 40 mL VOA VIAL 
 
•  10 MIN AGITATION W/ A MODIFIED WRIST 

SHAKER 



WHY THE SCALE-UP? 
 
•  MORE REPRESENTATIVE SAMPLE 
 
•  EASIER WITHDRAWAL OF HEXANE LAYER 
 
•  MORE POST-CLEANUP HEXANE VOLUME 

•  MORE EXTRACT IN CASE OF RE-ANALYSIS 

•  IMPROVED EXTRACTION EFFICIENCY 







    COMPOST:SANDY:WET:CLAY                               AFTER 10-MINUTE SHAKE 

          AFTER 10-MINUTE SPIN 





STEP ONE:  PICK THE “BEST” SOLVENT RATIO 
 
•  TEST SOIL: HOMOGENEOUS W/ HIGH PCBs 
 
•  TEN REPLICATES 
 
•  REFEREE METHOD: EPA 3546 (MICROWAVE) AS 

MODIFIED BY WPCL 
 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

  EPA 3546  1:2 H20:HEXANE  1:4:5 H20:MEOH:HEXANE 
 
AVE (ppb)      39.1                 41.8                                 42.0 
 
REL STD DEV     + 21%             + 4.4%                             + 5.4% 



STEP TWO: CHECK RECOVERIES USING SPIKED 
SAND (QUASI-REFERENCE MATRIX IPR STUDY) 
 
•  100 uL EACH OF AROCLORS 1016 & 1260 

•   n = 4 

     %R    
        1016    1260 

WATER SLURRY ME     112 + 2  95 + 4 
 
EPA 3546 (MICROWAVE)     112 + 7              102 + 3 

 



STEP THREE:  COMPARED TO MICROWAVE 
METHOD, IS WATER SLURRY ROBUST ACROSS 
SOILS & SEDIMENTS ANALYZED AT WPCL? 
 
 

FOR 9 SAND/CLAY/GRAVEL MIX SOILS WITH 61.4% - 
95.4% SOLIDS:  RPD RANGE = 117% - 215% 

 
(DUPLICATE RPD RANGE FOR WATER SLURRY 

METHOD ON SAME SAMPLES = 9% - 11%) 
 

WATER SLURRY DID NOT WORK WELL FOR OUR 
ANNUAL “COMPOST CHARACTERIZATION:” 

FOR FOUR SAMPLES, RPD RANGE = 31% - 61% 
 
 



STEP FOUR:  ANALYSIS OF COMMERCIALLY 
PREPARED PERFORMANCE TESTING SAMPLES 
(ALL RESULTS IN mg/kg). 
 
 
                                                     ACCEPTANCE 

            TRUE          RANGE          MW        WATER SLURRY 
 
ERA SOIL STUDY 7       15.6  7.11-19.7        14.0      13.8 

             19.1  8.40-24.3        14.0      16.0 
 
ERA SOIL STUDY 83     20.4           5.67-31.1        14.8                 12.5 
                                        7.76          1.87-11.7           3.6                   2.8 
 
ERA SOIL STUDY 87                                                1.9                   1.8 
 
NSI SQCO-005 (1260)    34.8          11.1-58.5         35.0                 32.5 
 
NSI SQCO-005 (1254)    15.7          4.99-27.6         13.6                 13.5 
 
RTC CRM-922 (1016)       8.3           4.11-12.5           6.5                   7.6 



p= 0.02
n= 7

Column #1 Mean Standard MDL
Deviation ug/L t= 3.142668

(s)
1016.0 13.2 0.682 2.1
1260.0 11.9 0.718 2.3

Column #2 Mean Standard MDL
Deviation ug/L

(s)
1016.0 14.1 0.557 1.7
1260.0 13.7 1.18 3.7

Column #1 1016 1260
reps 12.283 11.546

results 14.420 11.964
12.944 12.086
13.651 12.577 truevalue=15.00 ppb
12.944 12.468
12.846 12.236
13.190 10.472

Column #2 1016 1260
reps 14.209 13.156

results 14.479 14.739
14.185 13.760
14.771 14.827
14.182 14.287 truevalue=15.00 ppb
14.146 13.928
12.983 11.403

Extraction was 10 grams sand, spiked with 30 uL of 5,000 ug/L spk 1016/1260 in acetone ID:1301275
5.0 mL of Milliq water were added to the spiked sand to create a mock-slurry and shaken for a few seconds.
10.0 mL of GC grade hexane was added to each VOA vial extraction vessel.
VOA vial extraction vessels were shaken for 20 seconds by hand and 10 minutes in the agitator.
VOA vials were centrifuged for 10 minutes and pipetted through a Na2SO4 pipet drying column.
Extracts were analyzed on ECD 01 instrument on 09/18/13 by the instrument method 111010B_1pt_srgt
Runs were quantitated with the quant method PCB_130911.M

Water Slurry Extraction MDL Study 09/18/13

STEP FIVE(a): MDL STUDY FOR ORELAP 



STEP FIVE(b):  ANOVA STUDY FOR ORELAP 
(COULD ALSO BE USED AS A MORE FORMAL IPR 
STUDY) 
 
 
•  NINE SAMPLES OF  10 g CLEAN SAND 
 
•  THREE SPIKED AT 10 ug/kg, THREE AT 200, THREE AT 2000 

•  A SET OF TRIPLICATE SPIKES ANALYZED ON THREE, NON-CONSECUTIVE 
DAYS 

•  NO STATISTICAL DIFFERENCE AT ANY OF THE THREE CONCENTRATIONS 



COMPARISON WITH EPA MICROWAVE METHOD 
 

    EPA MICROWAVE   SLURRY 
BATCH PARAMETERS 
     # VESSELS                                           14                                  8 
     SAMPLE SIZE                                       10 g                             10 g 
     VOL HEXANE/SAMPLE                        10 mL                          10 mL 
EXTRACTION TIMES 
     SET UP                                                  15 min                          8 min (16) 
     EXTRACTION                                        20 min                        20 min (16) 
     COOL DOWN                                         60 min                           - - - 
     CENTRIFUGE                                           - - -                           10 min 
     BREAKDOWN                                       15 min                           - - - 
     VESSEL CLEANING                            105 min                          - - - 
     APPROX. TOTAL TIME                        215 min (14)              38 min (16) 
                                                                                                       
 

TIME REDUCTION ≅ 82% 
CLEANING SOLVENT REDUCTION = 100% 

(280 mL acetone + 140 mL DCM + 140 mL hexane) 
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