
WSC-CAM Section: VI A 

13 August 2004 Revision No. 2 

 

Massachusetts Department of Environmental 
Protection Bureau of Waste Site Cleanup 
 

Final  Page 1 of 27  
 

Title: 
Quality Assurance and Quality Control Requirements and Performance Standards for 
SW-846 Method 9014, Total Cyanide and the MADEP Physiologically Available 
Cyanide (PAC) Protocol 

 
 
 
 

WSC – CAM – VI A 
 

Quality Assurance and Quality Control Requirements 
and Performance Standards for SW-846 Method 
9014, Total Cyanide and the MADEP 
Physiologically Available Cyanide (PAC) Protocol, 
for the Massachusetts Contingency Plan (MCP) 

 
 

 
 

 
  Document Status:  Final 
 

 
 Donald Muldoon 
 Department of Environmental Protection 
 One Winter Street 
 Boston, MA 02108 
 donald.muldoon@state.ma.us 
 

 
Document Chronology 

 
Revision Status Date 

0 Public Comment Draft 21 March 2003 
1 Revised Public Comment Draft 30 May 2003 
2 Final 13 August 2004 

http://www.epa.gov/SW-846/pdfs/9014.pdf
mailto:donald.muldoon@state.ma.us
BWSC
The requirement to use a separate-source standard to prepare the laboratory control sample (LCS) has been eliminated.





















BWSC
The requirement to use a separate-source standard to prepare the laboratory control sample (LCS) has been eliminated.













 
WSC-CAM Appendix: VI A-1 

13 August 2004 Revision No. 2 

 

Massachusetts Department of Environmental 
Protection Bureau of Waste Site Cleanup 
 

Final Page 17 of 27  

 Sample Collection, Preservation, And Handling Procedures for 
 Total and Physiologically Available Cyanide (PAC) Analysis (PAC) Protocol 

Appendix VI A - 1 
 

Sample Collection, Preservation, And Handling Procedures for 
 Total and Physiologically Available Cyanide (PAC) Analysis 

 
Sample preservation, container and analytical holding time specifications for surface 
water, groundwater, soil and sediment Total Cyanide and PAC samples analyzed in 
support of MCP decision-making are summarized below in Table VI A � 3 and presented 
in Appendix VII -A, CAM-VII A, �Quality Assurance and Quality Control Guidelines for 
Sampling, Data Evaluation and Reporting Activities for the Massachusetts Contingency 
Plan (MCP)..   

 
 

Table VI A - 3 Holding Times and Preservatives for Cyanide Samples   
 

{PRIVATE } 
Matrix 

 
Container 

 
Preservation 

 
Holding Time 

Aqueous Samples 
250 mL Polyethylene for 
mini-distillation procedure; 

1 L Poly for maxi-distillation 

NaOH to pH ≥ 12.0.   
Cool to 4 ± 2°, 0.6 g 
ascorbic acid per liter, if 
residual chlorine is 
suspected 

14 days 

Soil/Sediments 
Samples  

4-ounce glass jar with inert 
(Teflon) liner  Cool to 4 ± 2° C 14 days 

Waste Samples a,b 
250 mL amber wide-mouth 
jar with inert (Teflon) liner 

Cool to 4 ± 2° C.   

Keep out of direct light 
Soon as Possible 

 
a. Reactive Cyanide waste defined as 250 mg/kg of Releasable Cyanide as measured by SW-846, 

Chapter Seven, Section 7.3.3 
 
b. Samples containing, or suspected of containing, cyanide or a combination of cyanide and sulfide 
wastes should be collected with a minimum of aeration. The sample container should be filled 
completely, excluding all headspace, and capped.  Analysis should commence as soon as 
possible, and samples should be kept in a cool, dark place until analysis begins.  
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Method Overview 
 
The MADEP Physiologically Active Cyanide (PAC) Protocol is a performance based reflux-
distillation procedure that is used for the determination biologically available cyanides and 
is intended to simulate the inter-action of the human digestive system and ingested 
cyanide complexes.  PAC is defined as the quantity of cyanide released during 
digestion/distillation under the conditions specified by the test protocol.  The cyanide forms 
released in this digestion include free cyanide, simple cyanide complexes (such as cyanide 
salts) and certain metal cyanides; with the exception of iron-cyanide complexes (including 
�Prussian Blue�) that are not released under the analytical conditions of this procedure.   
 
The cyanide released during the PAC digestion in the form of hydrocyanic acid (HCN) is 
purged from environmental samples under mildly acidic (1.25 < pH < 2.0), buffered and 
catalyzed digestion conditions and captured into an alkaline scrubber solution.  The 
concentration of cyanide in the scrubber solution is then determined by a �modified� 
(inclusion of positive and negative laboratory control samples) SW-846 Method 9014B 
analysis either spectrophotometrically or titrametrically, depending on the concentration of 
the sample.    
 
Method performance is assured by strict adherence to the temperature (78 ± 3o C) and 
flow rate [300 ± 30 cc/min (proportionately lower for midi-distillation)] control guidelines 
specified in the Protocol and verified by the evaluation of the Percent Recovery (%R) of 
Positive and Negative Laboratory Control Samples analyzed under the controlled test 
parameters and digestion specifications of the Protocol.  Potassium Cyanide (KCN) is 
used as the Positive Laboratory Control Sample (LCS-P) and Prussian Blue is used as the 
Negative Laboratory Control Sample (LCS-N) for the PAC Protocol.  Acceptable percent 
recovery (% R) criteria for LCS-P and LCS-N are 100 ± 20 and 10, respectively.  The 
Positive Laboratory Control Sample (LCS-P) of the PAC Protocol is equivalent to the 
Laboratory Control Sample (LCS) for EPA SW-846 Method 9014.  
 
In this document detailed instructions for the manual PAC cyanide digestion/distillation 
procedure are presented.  For alternative micro semi-automatic PAC cyanide distillation 
procedures follow manufacturer�s instructions regarding adjusting the volume of analytical 
reagents.   
 
1.0 Sample Preparation 
 
1.1 Soil and Sediment Analysis 
 
Soil and sediment samples should be analyzed as received and results reported on a dry-
weight basis.  Soil and sediment samples should first be passed through #10 sieve.  Any 
material retained on the sieve should be discarded.  The sieved sample should then be 
homogenized by stirring with stainless steel spoon or placing in mechanical  



WSC-CAM Appendix VI-A-2 

13 August 2004 Revision No. 2 

 

Massachusetts Department of Environmental 
Protection Bureau of Waste Site Cleanup 
 

Final Page 21 of 27  

Title Draft MADEP Physiologically Available Cyanide (PAC) Protocol 

Physiologically Available Cyanide                          Page X of 9 DRAFT 
MADEP-PAC-96-X July 1996 

stirring device.  Sample size for soil or sediment should be at least 10 grams (w/w) (1 gram 
for microanalyses).  In no case should the PAC concentration exceed 20 mg/L in reaction 
flask.  A % solids analysis should be conducted on a separate soil or sediment sample 
aliquot to allow for reporting PAC results on a dry-weight basis. 
 
If required, solid and oily waste samples may be extracted prior to analysis by SW-846 
Method 9013.  This method uses a dilute sodium hydroxide solution (pH ≥ 12) as the 
extractant and results are reported as �extractable� cyanide.   
 
1.2  Aqueous Analysis 
 
Under most circumstances, aqueous samples for PAC analysis require no special 
preparation.  Place 500 mL (50 mL for microanalyses) of the aqueous sample directly into 
the 1-liter Reaction Flask.  The PAC concentration in the reaction flask must never exceed 
20 mg/L.  A sample aliquot may be diluted appropriately with distilled water to a final volume 
of 500 mL to accommodate this requirement.  
 
2.0 Reagent Preparation 
 
Phosphate Buffer Solution.  Dissolve 500 grams of NaH2PO4.H20 to 500 mL of distilled 
water in a one-liter beaker.  With the electrode of a pH meter immersed in the solution, 
concentrated phosphoric acid is added until the pH reaches and stabilizes under stirring at 
1.25.   
 
Magnesium Chloride (MgCl2) Solution (2.5M).  Dissolve 510 g of MgCl2.6 H2O in 1-liter of 
distilled water..  
 
Sodium Hydroxide Solution (1.25N).  Dissolve 50 g of NaOH in 1-liter of distilled water. 
 
3.0 Apparatus and Materials 
 
The required apparatus and material for PAC analysis are described in Section 4.0, SW-
846 Method 9010B, Total and Amenable Cyanide: Distillation.  As in other published Total 
and Weak & Dissociable Cyanide determinative methods, Cyanide, as hydrocyanic acid 
(HCN), is released from samples by acid hydrolysis and captured in an alkaline mediated 
gas scrubber under vacuum.   Additional requirements of the PAC method are as follows:   
 

! Samples should be analyzed in a fume hood,   
! A flow meter should be placed at the air inlet, and 
! Equipment should be set-up in thermostatically controlled constant temperature 

bath.  
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Some analysts may control temperature by other means, such as thermostatically 
controlled constant temperature heating blocks, or heating mantles with thermostatically 
controlled voltage regulators.  Manual temperature control is less preferable, but allowable 
if fully documented. 
 

4.0 Sample Digestion and Distillation 
 

4.1 An aliquot of 10.0 ± 0.1 g (w/w) of soil/sediment or 500 mL of aqueous sample (or 
sample diluted to 500 mL) is placed directly in the 1-liter reaction flask.  For soil and 
sediment samples, the weighing container is thoroughly rinsed with distilled water to 
ensure complete sample transfer and brought to a final analytical volume of 500 mL.  
Add the distilled water with manual swirling to ensure complete surface contact.   

 

4.2 Add 50 mL of the sodium hydroxide solution (1.25N) and 10-15 mg of CdCO3 to a gas 
scrubber equipped with a coarse frit.  Connect the reaction flask, condenser, gas 
scrubber and vacuum trap.  Set temperature of thermostatically controlled constant 
temperature bath to 78 ± 3o C.  When bath has equilibrated at 78 degrees, place the 
reaction flask in the bath and apply vacuum to initiate gas flow through gas scrubber. 

 

4.3 Add 75 mL of the phosphate buffer, 2 g of sulfamic acid, and 20 mL of MgCl2 solution 
through the inlet tube.  Test the pH of the solution in the reaction flask to verify that the 
pH is ≥ 2.0.  Place the thermometer in the inlet tube to record the temperature of the 
solution in the reaction flask.  .  

 

4.4 Record the reaction flask temperature every 15 minutes.  Maintain the temperature at 
78 ± 3o C for a period of one hour.  Record total reaction time (the total time that the 
flask is in the water bath).  Airflow should be measured at least every 15 minutes.  Flow 
should be adjusted so that a 300 ± 30 mL/min flow is maintained on average for the 
total reaction time.  Care should be taken that the sodium hydroxide solution in the gas 
scrubber does not bubble over.   

 

4.5 After the one hour of reaction time, turn off heating source and allow sample to come 
to room temperature.  Measure the pH of the solution in the reaction flask 
electrochemically to verify that the pH was maintained between 1.25 and 2.0 during the 
total reaction time.  Test the absorber solution with lead acetate paper for excess 
sulfide before analysis.  Treat with bismuth nitrate, as necessary.  . 

 

Analytical Note: The analyst must be continually aware of the potential for cross-
contamination.  Measured PAC concentrations are generally at or near the methods 
reporting limit.  As such, the method is particularly susceptible to positive interferences 
from the presence of low levels cyanide residues on glassware from previous analyses of 
samples and/or various QC samples and standards with elevated PAC concentrations.  
Thus, frits, absorber tube, and condensers should be cleaned with dilute HCI and then 
rinsed with distilled water between samples. 
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5.0 Cyanide Analysis 
 
The entire contents of the absorber tube are transferred to a 250 mL volumetric flask. The 
tube is rinsed with distilled water, with the rinsate added to the flask.  The absorbing 
solution is then brought to volume with distilled water. 
 

Cyanide analysis can be performed colorimetrically by the autoanalyzer method following 
the methodologies and requirements of SW-846 Method 9014 or the CLP SOW 335.2 or 
the titrimetric method specified in Standard Method 4500-CN D.  Solutions having high 
cyanide concentrations are diluted manually using NaOH solution and volumetric 
glassware. 
Analytical Note: Unanalyzed distillates may be stored in tightly sealed flasks at 4 ± 2o C for 
up to 24 hours.    
 

6.0 PAC Method Quality Control Criteria 
 
One method blank sample must be run with each analytical batch of up to 20 samples.  
 
One aqueous KCN standard (50 µg CN; 50 µL of 1000 ppm stock solution) must be run 
with each analytical batch of up to 20 samples.  The Percent Recovery (% R) for this 
quality control sample, designated as the Positive Laboratory Control Sample (LCS-P), 
must be 80-120% of the true value (0.1 mg/L).   
 
One solid Prussian Blue standard (500 µg cyanide; 0.0012 g of Prussian Blue) must be run 
with each analytical batch of up to 20 samples.  The % R for this quality control sample, 
designated as the Negative Laboratory Control Sample (LCS-N), must be ≥ 10% of the 
true value (1.0 mg/L).   
 
If either of these batch QC samples, LCS-P or LCS-N, fails to meet their criteria, the 
sample batch must be re-run.  It may be necessary to modify the temperature and/or flow 
conditions so that both of the QC samples, LCS-P or LCS-N, are able to comply with the 
method�s QC criteria. 
 

7.0 PAC Method Performance Criteria 
 

Compliance with the LCS-P and LCS-N quality control requirements described in Section 
6.0 is the basis for evaluation of satisfactory method performance.  Conformity with the 
above referenced temperature and flow rate guidelines, together with other specific 
analytical specifications, is expected under most circumstances to produce results that will 
satisfy PAC method quality control requirements.  However, it is expected that some 
laboratories will be able to satisfy method QC requirements even with modifications of the 
method�s temperature and flow rate guidelines.  For instance, one laboratory that assisted 
the Department in method development was consistently able to meet or exceed method 
LCS-P and LCS-N quality control requirements, as well as for routine calibration, ICV, and 
CCV requirements, for sample batches run at 72 o C with a flow rate of 325-350 mL/min.   
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8.0 Sample Collection, Preservation, And Handling Procedures for PAC Analysis 
  
Sample preservation, container and analytical holding time specifications for surface water, 
groundwater, soil/sediment and waste samples for PAC analyses conducted in support of 
MCP decision-making are described below in Table 1.  
 

Table 1  Holding Times and Preservatives for PAC Samples   
 
 

{PRIVATE } 
Matrix 

 
Container 

 
Preservation 

 
Holding Time 

Aqueous Samples 
250 mL Polyethylene for 
mini-distillation procedure; 

1 L Poly for maxi-distillation  

NaOH to pH ≥ 12.0.   
Cool to 4 ± 2°, 0.6 g ascorbic 
acid per liter, if residual 
chlorine is suspected 

14 days 

Soil/Sediments 
Samples  

4-ounce glass jar with inert 
(Teflon) liner  Cool to 4 ± 2° C 14 days 

Waste Samples a,b 
250 mL amber wide-mouth 
jar with inert (Teflon) liner 

Cool to 4 ± 2° C.   

Keep out of direct light 
Soon as Possible 

 
a. Reactive Cyanide waste defined as 250 mg/kg of Releasable Cyanide as measured by SW-846, Chapter 

Seven, Section 7.3.3 
 
b. Samples containing, or suspected of containing, cyanide or a combination of cyanide and sulfide wastes 
should be collected with a minimum of aeration. The sample container should be filled completely, excluding 
all head space, and capped.  Analysis should commence as soon as possible, and samples should be kept in a 
cool, dark place until analysis begins.  

 
 

Transcribed 29 January 2003 with minor edits on 30 July 2004 (DGM)
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* Figure From SW-846 Method 9014 
Numbers in individual QC Flow Chart steps refer to corresponding Section Numbers in SW-846 Method 9014 
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