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Eastman    Chemical   Co.'s   Environmental   Laboratory   in 

Longview, TX, routinely uses solid-phase extraction  (SPE) 

and  rapid,  large-volume  injection  (LVI)  to  eliminate  the 

postextraction  concentration  step  normally  required  for  the 

preparation  of  samples  for semivolatiles analyses by U .S. 

EPA SW846 Method 8270D. Using automated SPE and LVI 

in place of conventional liquid/liquid extraction eliminates the 

labour-intensive    steps,    reduces    sample    analysis    costs, 

improves     accuracy    and    precision,    decreases    solvent 

(methylene chloride) usage, and reduces turnaround time from 

days to hours. 

The   SPE-DEX®   automated   extraction   system   (Horizon 

Technology Inc., Atkinson, NH) is used to perform the solid- 

phase   extraction   on   typical   environmental   matrix   water 

samples such as wastewater, groundwater, and surface water. 

The samples are delivered to the laboratory in 500-mL bottles. 

Surrogate compounds used to monitor method  performance 

are  added to each sample. Specially designed caps (Horizon 

Technology) are screwed onto the sample containers so  that 

they can be placed directly onto the SPE-DEX extractor. The 

extraction   disk   (Speed   Disk   #8067-06,   divinyl   benzene 

[DVB],   J.T.  Baker,  Phillipsburg,  NJ)  is  placed   in   the 

automated  extractor.  The  analyst   selects   the   appropriate 

program  for  the extraction and starts the extraction process. 

All steps of the extraction process (purge, prewetting, sample 

delivery,  solvent  delivery,  and  rinse)  are  automated  via  a 

programmable  SPE-DEX  controller.  The  extracted  sample 

(12-15 mL) is collected in a sample vial placed below  the 

extraction disk. After drying with sodium sulfate, the sample 

is ready for GC-MS analysis when rapid LVI is used. 

In   contrast,   the   standard   preparation   method   used   for 

preparation of water samples for semivolatile analysis,  U.S. 

EPA SW846 Method 3510C (liquid/ liquid extraction), results 

in  150-200  mL  of  sample  extract.  The  extract  is  normally 

reconcentrated to 1 mL using Kuderna-Danish evaporation in 

order  to  achieve  the  desired  detection  limits.  This  labour- 

intensive and time-consuming step  is  completely  eliminated 

when LVI is used in combination with automated SPE. 
 
 
 

 
 

Many   advantages   are  realized  by  the  elimination  of  the 

postextractioll concentration: 

· The amount of analyst time required to process a sample is 

greatly  reduced.  A  fourfold  increase  in   productivity  is 

attained with the use of automated extraction and LVI. The 

number of samples processed by the Eastman Chemical Co. 

Environmental  Laboratory increased from 8 to 12 samples 

per day to greater than 50 with the use of four automated 

extractors.  Automated  SPE  requires  approx.  15  mill  of 

analyst time to prepare. In contrast, liquid/liquid extraction 

of  Method  3510C requires at least 1 analyst hr/sample to 

process. 

 ·   Accuracy   and   precision   are   improved   by   automated 

extraction and the elimination of an analytical  step.  The 

postextractioll   concentration   step   is    subject    to    the 

introduction    of   significant   error.   The   more   volatile 

compounds  in  the  extract  can  be  lost  with  the  solvent. 

Percent  recovery on the more volatile components is often 

observed   to   be   significantly   lower   than   less   volatile 

compounds. 

·   Solvent   usage   is   dramatically   reduced.   Liquid/liquid 

extraction   requires   >200   mL   of   solvent   (methylene 

chloride)  per  sample.  With   solid-phase   extraction,   this 

decreases to approx. 30 mL. This not only reduces  initial 

solvent cost, but also lowers solvent disposal cost. 

 · Turnaround time on sample analysis can be  dramatically 

improved.  It  is  possible  to  have  a  sample  completely 

processed and ready for GC-MS analysis within  30  mill 

using automated SPE. With  liquid/liquid  extraction,  one- 

day turnaround would likely be  the  best  most  laboratories 

could offer. 

The solid-phase extract is processed as follows: 1) 

The dried extract is diluted to 30 mL with methylene chloride, 

2) 1 mL of sample is added to a GC injection vial, 3) internal 

standards are added, and 4) the vial is sealed with a crimp cap. 

Analyses were performed on an HP6890 GC and HP 5973 

MSD (Agilent Technologies, Wilmington, DE) equipped with 

an   autosampler   and   the   ATAS   OPTIC2   programmable 

temperature vaporization (PTV) injector (ATAS USA, Inc., 

Whittier, CA). 
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This injection allows the introduction of large sample volumes 

into   the   injection   port.  Nominal  injection  volume  with 

standard injection techniques is 1 µL. With the PTV injection 

technique,  as  much  as  100  µL  can  be  introduced  into  the 

injection  port.  A sample volume of 30 µL has been found 

sufficient   to   meet  detection  limits  required  for   Eastman 

Chemical Co.'s regulatory projects. The injection port liner is a 

packed liner (part # IL020202, SGE, Austin, TX) containing a 

proprietary packing material. The PTV injector is operated in 

the cold splitless injection mode with solvent elimination. 

Liquid carbon dioxide is used to maintain the injection port at 

10°C during injection and solvent elimination. On completion 

of solvent elimination, the injector is quickly ramped to 300°C 

and the split valve is closed, ensuring transfer of analytes into 

the  GC  column. Analyses are performed on a 30-m Rtx-5 

capillary column (Restek, Bellefonte, PA) with 0.25- mm i.d. 

and 0.50-µm film. The Environmental Laboratory established 

performance  of  the  procedures  by  evaluation   of   percent 

recovery  of  characteristic  compounds  analysed  by  Method 

8270D. 

 

 

 

 

 

 
 
 
 

Solid-phase extraction and liquid/liquid extraction  methods 

were  compared  using  a  clean  matrix  (laboratory  control 

standards),  a  wastewater matrix, and a groundwater matrix. 

These  matrixes  are representative of the majority of water 

matrixes received in the environmental  laboratory.  The  data 

in  Table  1  compare  extraction  methods  in  reagent  water 

(clean   matrix).   The   two   techniques   give   comparable 

extraction efficiencies in a clean matrix. 

Table  2  presents  average  historical   data   from   Envi- 

ronmental Laboratory matrix spike samples for wastewater and 

groundwater matrixes. The liquid/ liquid data were generated 

using conventional methods, i.e., postextraction concentration 

to 1 mL and 1 µL injection  volume.  Automated  solid-phase 

extraction in combination with the PTV injection technique 

give   significantly   better   performance   than   conventional 

techniques for actual environmental sample matrixes. 

The list of compounds in Table 2 represents  the  limited 

number of compounds with which matrix samples are spiked 

to  evaluate  method  performance  during  routine  laboratory 

analyses. Additional data were obtained by the Environmental 

Laboratory   on   a   more   extensive    list    of    semivolatile 

compounds that are routinely analyzed using Method 8270D. 

Wastewater, river water, and a  clean  matrix  (reagent  water) 

were  spiked  to  100  ppb for all compounds except phenols, 

which  were  spiked  to  200 ppb. The samples were extracted 

using SPE and analyzed using PTV injection techniques. The 

data  in  Table  3  are  the  average  of  four  replicates.  The 

recoveries of the semivolatile compounds are well within the 

acceptance criteria for Method 8270D. 
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Some of the highly water-soluble compounds such as phenol 

had  low  recovery.  Liquid/liquid extraction also yields low 

recovery  for  these  types of compounds. Recovery for polar 

water-soluble compounds can be improved by using a sorbent 

with  greater  affinity  for  these  compounds  than  the  DVB 

sorbent (Speed Disk # 8067-06) used in these analyses. 

 
Conclusion 

 

Automated  solid-phase  extraction  in  combination   with 

large-volume   injection  techniques  provide  environmental 

laboratories with methods that completely eliminate the 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
postextraction reconcentration step normally required for the 

analysis of semivolatile compounds. Elimination of this step 

and automating the SPE sample preparation procedure reduce 

analyst   labour,   solvent  usage,  and  turnaround  time,  and 

improve accuracy and precision. 
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