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I. BACKGROUN.Q 

I.A. Overview of tb.I.Jmlbbtm - The University of California has operated Los Alamos National 
laboratory since 1943. The primary mission of LANL has been nuclear weapons research and 
development and basic research in the areas of physics, chemistry, and engineering that supports 
the weapons development In addition, research en peacetime use of nuclear energy has 
included space applications. power reactor programs, radiobiology, and medicine. Other LANL 
programs include elementary particle physics, applied photochemistry, astrophysics, earth 
sciences, energy resources. nuclear fuel safeguards, lasers, computer sciEmces, solar energy, 
geothermal energy, biomedical and environmental rP.search, and nuclear waste management 
research. Past and present woi'X performed at LANL has created a need for analyses of samples. 
both for the purpose of Waste Management activities related to treatment, storage, and disposal 
of wastes generated as a result of ongoing operations (radioactive, hazardous. and mixed waste), 
and for the purpose of Environmental Restoration, which includes remedial actions involving past 
and potential releases from inactive waste sites. and decontamination and decommissioning of 
surplus facilities. Sample analyses are needed primarily in the areas of organics, inorganics, 
radiochemistry. and high explosives. 

LANL must comply with the Atomic Energy Act and all Federal and State environmental 
requirements addressing the handling, transport, release, and disposal of hazardous materials, as 
well as protection of ecological, archaeological, historic, atmospheric. and aquatic resources. The 
primary Federal legislation impacting the analyses of environmental samples for LANL is the 
Resource Conservation and Recovery Ad (RCRA) as amended by the Hazardous and Solid 
Waste Amendments {HSWA) of 1984. The Comprehensive Environmental Response, 
Compensation and liability Act (CERCLA) and Superfund Amendments and Reauthorization Act 
(SARA-related actions for potential release sites are being addressed under DOE's Environmental 
Restoration Program in conjunction with RCRA corrective actions. Other environmental 
requirements, such as the Clean Air Act, Clean Water Act. Safe Drinking Water Act, and State 
requirements may influence analytical needs. such as method detection and quantitation limits, 
anatytes of interest, and media of interest 

I.B. pyrpose of subcontracts- Presently, LANL intemai laboratories provide chemical analytical 
services for the Laboratory, including organic, inorganic, and radiochemical analyses for trace 
level contaminants in various matrices, such as water, waste water. soils. sludges, filters, and oils. 
These matlices may contain both radioactive and hazardous materials. 

LANL also uses subcontractor support for analyses of samples (through the subcontracts 
awarded under RFP number 9-XS1-Q4257) because of the workload related to RCRA and other 
activities in the areas of Waste Management and Environmental Restoration, at a minimum, that 
exceed the capacity present within LANL internal laboratories. The sut.Jcontracts provide LANL 
with support in the areas of organics, inorganics, radiochemistry, and h1gh explosives. Samples 
may contain both hazardous and radioactive components. Radioactivity will not exceed .1.00 
naaQcurjes (nCi) per gram. 
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Procedures for both LANL and the subcontractors follow, as wen as ger.vral and specific 
subcontract requirements as revised through Revision 2. 

II. G(;NEBAL REQUIREMENTS 

II.A. $ample scbldullng and I'IC!Iipt procedurn - Tiltl responsibility for scheduling of samples rests 
with LANL 's Sample Coordinator. The Sample Coordinator will make every effort to notify the 
subcontractDr of sample delivery at least 4 weeks prior to the dispatch of samples from LANL tc• 
enable the subcontractor to effectively schedule sample analysea. Wlen the subcontractor hat; 
been notified at least 4 weeks in advance of sample delivery (auumed to be one business day -
Including Saturdays -after the day of dispatch), It is obligatory to accept the samples and anafyze 
them according to specified requirements (I.e., perform the requited analyses within holding times 
and deliver the data by the due date). In the case that the ILibcontrador it notified of sample 
delivery less than 4 weeks prior to dispatch of samples, the subcontractor has the right of refusal . 
ln extenuating cjrqJmsJanca, when the subcontractor hal had at least 4 weeki notice of ump1e 

delivery and will be unable to meet the data turnaround time, the Sample Cooo:linator will 
consider negotiating (with the approval of the Contrad Administrator) an extsnded data delivery 
date with commensurate sample analyses price reductions, providing this negotiation occurs prior 
to sample delivery. 

If sample delivery dates ctr:mge by more than 5 days due to field problems or cmmt sample 
schedufing changes, unless the laboratory is notified of theue changes at least 4 weeks prior to 
shipment of the samples, the subcontractor's right of refusal is in effect. 

Scheduling of BamPie delivery may be by tedephone and/or FAX during the: initial phae of the 
subcontract However, it will be done electronically by the Sample Coordinator as soon as 
possible. In addition, electronic transmission of the analysis request wil be coordinated with 
sample delivery, identifying, at a minimum, the Sample Delivefy Group (SOG) or Request Number 
{RN} ( "SOG" and "RN" wiD be used interchangeably to mean the same thing - based on the 
specific LANL program's usage), sample numbers, analyseo to pedorm, and required turnaround 
time. The subcontractor must notify the Sample Coordinator, either by phone or FAX (may be 
electronically, in the futunt), if the samples are not received on the day scheduled. In addition, 
when sarnplea are received, the subc:ontraetor must notify the Sample Coon:Jinator of any 
problems associated with those samples (e.g., broken contBiiners, inadequate volume- not 
problems with th~ analyses) by the next business day. 

VVhatevef Information can be provided about the radioactivity of the samples being scheduled will 
be communicated to the subcontractor by the Sample Coordinator. The results of LANL's 
radios~ sc:reening may preclude delivery of scheduled samples if higher radioactivity is 
Identified then allowed by the laboratory's Nuclear Regulatory Commision (NRC)Iagraement state 
licenSe. Any screening data provided with the samples is not guaranteed to be· accurate enough 
to preclude the need for the laboFatory to perfonn whatever radioactivity screening It considers 
necessary to protect health and safety and NRC licenses. 

LANL plans to supply an sample bottles and coolers for this subcontract HOWEIYer, in an 
emergency, the subcontractor may be asked to supply bottles and/or coolers, which wiR be billed 
as a separate line item according to the subcontractor laboratory's standard price list for this 
service, which will be submitted with your best and final offer. Specifications for the 
bottles/coolers will be provided by the Sample Coordinator If the need arises. 
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Sample delivery will be by SDG or RN. An SDG or RN is defined as a group of samples that must 
be reported together (may include OC samples). and may arrive at the subcontractor :aboratory 
over a period of up to 14 days. to allow for long-term field sampling when necessary. Note that 
the SDG or RN generally arrive all in the same day. The subcontractor must meet holding times, 
re£Jardless ot the fact that an SOG/RN may be delivered to the laboratory c•ver up to a 14 day 
period. The data due date for the entire SDGIRN will be based on the last day of delivery of 
samples for that SDGIRN. The Sample Coordinator will designate the sample numbers that fall 
within an SDG or RN, based on the sample matrices that are to be analyzE!d. 

It is important to understand how LANL is defining a sample for purposes ctf this subcontract and 
how it relates to the SDG or RN (though not related to sample analyses prices). The Sample 
Coordinator or field personnel will assign a sample number to each samplE! bottle delivered to the 
subcontractor, with the appropriate designation of dt3terminations to be petformed on the template 
accompanying the samples. The SDG or RN count is based on the numbc'r of different sample 
numbers received by the subc:Gntractor laboratory. There may be more th.an one "determination 
category" for a sample- e.g., for organics there could be 3 determination categories tor one 
sample f\/OA. BNA, and pesticide). There could be several bottles delivered for the single sarnple 
for VOA. BNA, and pesticide analyses, but all would have the same samp~e number on them, and 
they would count as one sample of the SDG. 

LANL reserves the right to order analyses for specific analytes under theSI~ "determination 
categories- (such as a single metal or a limited list of VOAs) for which the subcontractor would 
report only the results requested but can be paid as if the entire determination category was 
orclered. The reason for this is for ease of data review/data assessment when there are specific 
contaminants of concern identified by LANL. The rationale for payment as if the entire 
determination category were reported is that the subcontractors are likely set up in a mode to 
routinely produce data on the gamut of analytes within a determination category (calibration, 
reporting forms. etc.) so that they do not save money by analyzing a limited list from the 
determination category. Not withstanding any of the above paragraph, the subcontractor may 
elect to charge a lesser amount when a limited list of analytes is ·ordered - as may be proposed 
under non-routine analytical services. 

AU samples dispatched from LANL that may be from an area of possible radioactive contamination 
will undergo radiological screening with the exception of rinsates and some water samples. (The 
subcontractor will be paid the % increase in sample analysis cost for radioactive samples that is 
agreed upon at subcontract award.) VI/hen available, this screening data will be provided to the 
subcontractor. (Procedures for radiological screening are found in Appendix 1.) No samples will 
knowingly be sent to a subcontractor that exceed the subcontractor's NRC/agreerr .• nt state 
license. Note that the subcontractor is required to provide LANL with a copy of any new or 
revised NRC licenses upon their receipt. Note also that all laboratories receiving samples from 
LANL that may be from an area of possible radioactive contamination must have an NRC facilities 
license. If a laboratory conducts their own radiological screening and determines the sample to 
be at background, the sample may be sent for analysis to a "sister'' laboratory that is included on 
the contract. In such an event LANL will not be responsible for any damages caused by 
inaccurate radiological screening by the subcontractor. Each laboratory is responsible for 
~'"lsuring that such shipments are within the applic'3ble NRC/agreement state regulations. 

Despite the fact that LANL will screen the samples for radioactivity prior to shipment, and will not 
knowingly send samples to the laboratory exceeding the NRC facility lictmse limit, it is the 
subcontractor's responsibility to manage any potential exceeding of the license limit due to other 
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samples In house. The aubcontractor muat wor1c wllh the Sample Coordinator if It appears the 
license Hmlt may be exceeded; however, once the capacity Is con•nltted to LANL, the 
subcontractor must not take othe1r clients' samples If thole samples will cause the laboratory's 
license limit to be exceeded once LANL samples anive. 

U.S. DtllylgbiM requlmmonta- Data turnaround times may be from 1~ days for organics, 
lnorganlcs, and explosives and from 30 days to a IIUbcontnlctor-proposed tumatound time for 
racfJOChemistry. at the specific prices for various turnaround times eatabfilhed at IUbcontract 
award. The schedule for delivery of data will be provided by the Sample Coonflnator at the time of 
schedulii1g. 

Initially, the deliverables will consist of Microsoft Excel spreadsheets or Tab delimited ASCII files 
on 3" inch diskettes, a Case Narrative tn Microsoft WORD or Wordperfec:t (as described in 
Section V) as well as hardcopy for etements not tmn&mftt8ble In Microsoft Excel (e.g. 
Chromatograms, spectra). In addition The required hardcopy Items are Identified In each of the six 
routine analyses Sections llts and must be defivered by the data due date (with the disketle, tf it il 
provided). LANL will provide the software needed for generating the LANL-spec:ific Miclosoft 
Excel &pi'NdsheetsiTAB delimited ASCII files. 

A hardcopy of the Case Narrative desCribed In 88-;.tion V, "Reporting Requirements,• is required 
with delivery of data for each SOGIRN. 

A .. CGPY of all laboratory Chain-of-Custody documentation must also be delivered slmulblneoulty. 
Note that the original Chain-of-Custody documen1ntion will be transmitted with the ~ 
returned to LANL unless samples are completely vsed up or. with LANL approval. the labccatory 
d~Sjx)iea of the samples, In which case the original is sent with the dllkelelhatdcop, as 
desciribed In fi.E. 

All repOrts and documentation must be legible, c:omplete, paginated, and in order acc:onfing to 
requirements Identified in the template accompanying the samples, and paginated. 

Soil results must be reported on a dry weight basis (including % moiltunt) except for tritium and 
other instances When it is inappropriate to dry the soD sample prior to analy1sil (In whk:tt case the 
%·moisture should be reported, as for tritium) MD'"' It C1J1tM • PQIItttlalflmnt to do 11M 

........ tO calciJIIte tbt porcent molatur.t. ·In these cases, It must tMt made clear In the cae 
·nat;aijve (essentially an SOG narrative) why the sample was not dried and % moistunt not 
repOrted~ 

Examples of the draft Microsoft Excel spreadsheets to be used are located In Appendix 2. 

The hardcopy and the SDG file (see Section IX. C) must be sent together (with the diskette, if 
requested) to: 

John Mlgllo, Semple Coordinator 
Loa Alamos National Laboratory 
POBox 1663 
MSE-509 
Los Alsmos, New Mexico 87545 

or, tf sent by overnight carrier such as Federal Express, 
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.John M1glio, Sample Coordinator 
Los Alamos National Laboratory 
TA-35, Building 128. MS E-509 
Drop 01U 
Los Alamos, New Mexico 87545 

The required electronic deliverable is an IBM or IBM-compatible, 3.5 inch diskette. 

The hi:lrdcopy case narrative and items spelled out in the specific routine analyses categories 
must olways be submitted. Hardcopy of the diskette deliverable will be requested when needed, 
and is separately billable. CLP-Iike forms may be requested by form number also. If this occurs. 
they will be billable separately. 

II. C. Baw Data Delivery - Raw data is considered part of the SDGIRN File as dc!scribed in Section IX, 
and is transmitted as part of the SDGIRN File by the data due date. 

II.D. Samole holding ttmn- All samples must be prepare-d and analyzed in accordance with relevant 
holding times from the sampling date as spelled out in SW-846. The analysis request 
documentation will clearly relate the sampling date/time so that the subcontractor is aware of the 
time constraints on sample preparation or analyses. LANL plans to have samples delivered to the 
laboratory with at least 72 hours remaining for sample extraction or analysis. However, it may 
occur that the samples arrive in the laboratory with less than 72 hours remaining within the SW-
846-stipulated holding time and it may be critical to the user of the data that the holding time be 
met In these circumstances, the subcontractor would be paid the % sample analysis price 
increase established for sample extraction or analysis on samples arriving with less than 72 hours 
remaining toward the SW-846 holding time. The subcontractor will not be held responsible for 
missing holding times when LANL has sent the sample(s) too late to meet SW-846 holding times 
(e.g., 24 hours or less until holding time expiration). 

II.E. Return of unused samples and radloacUve dlgutates and extracts - All unused samples. 
unless LANL has approved dispoul by the laboratory, and all empty cooh!rs must be returned to 
LANL (Sample Coordinator) in the original sample containers. Samples rnust be returned to LANL 
within 60 days of LANL's acceptance of data. The subcontractors will be provided with instructions 
for using a LANL billing number (also for data package delivery). Unused samples must be 

r returned under chain-of-custody, using the original Chain-of-Custody documentation for this 
purpose and must be property packaged to prevent breakage. This chain·of-custody 
documentation for return of samples will be included, by l.ANL, as part of the SDGIRN File 
described in Section IX. 

In addition to the unused samples, LANL will accept for return samples that were analyzed "as rs" 
(such as samples used for gamma spectroscopy) if returned in the original container. Radioactive 
digestates and extracts can also be returned if the radioactivity is greater than the measured 
background by the technique used by the laroratory. However, LANL will not take back 
hazardous waste e.xtracts and digestates unlt:ss they are radioactive, with the radio<:.ctivity greater 
than measured background. The subcontractor laboratory will be responsible for ensuring that 
only those radioactive extracts and digestates that result from LANL samples are shipped back to 
LANL. They must be shipped back under chain of custody and clearly labeled with sample 
numbers and analysis types, since LANL will need clear definition of the constituents/radioactivity 
of those extracts and digestates. If the subcontractor chooses to return these extracts and/or 
digestates (note that it is .oot a requirement). the Sample Coordinator should be contacted for 
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direction on how the extnJc:ts and digestates are to be screened for radioactivity • whether by the 
SOGIRN with the extracbs or digestatea composited, or by the individual extradl and dlgestates. 

U.F. LQCitlon of pertonnanco of wort ·The subcontractor must perform au worK aiiOCiated with this 
subcontract at the subcontractors faclftly that was audited and/or acoepted by lANL. AI, the 
subcontractor develops other facilities to provide these service&, a request can be made of LANL 
for approval of those facilities. 

H.G. f::tlnlwantlsoftwam • Each of the anaJytical methods cited In the •specific: determination 
categories" sections identifies the needed equipment (hardware, and In aome cases software). 
The subcontractor must maintain all of the needed equipment In good wor1dng order for the period 
of per1ormanc:e of the subcontract. In addition, the subcontrac::tor must have sufficient badtup 
equipment to meet sample analyses commitments In case of equipment failure. 

lllcroeoft Windows Operltlng Syatem Ia ..-qulntd a weU u Mlcroaoft Excel 

g~~. AI mentioned In II.B., LANL will provide the file templates nesded for the Microsoft Excel 
-r:: Bpf88dsheets. 
~.t):·· .. 

U.H. Pedonnanct Euluatlon SamPle rnun. 

The subcontractor must be aware that LANL will be obtaining information on Perlorrnance 
Evaluation Sample results from DOE's Integrated Petfonnance Evaluation Prognam (IPEP). The 
subContractor must provide permlaaion, if requested, to altow provilian tA this Information to LANL 
by labOratory name. AD subcontractors must be regllterad With the Mixed Anatyte Performance 
Evaluation ~rogram (MAPEP} (unless they do not have an NRC facilities license). Note that 
MAPEP results will be provided to LANL through IPEP. 

u.1. Paymtrrt Mucttou 1pr non=tdhemnce to mulntmtnta -

1. When the quality of the data is so poor because the subcontractor diet not meet requirement. 
because of deficient performance, and the user cannot Jill the data, there will be ng pnyment for 
the sample analyses. 

2. If the user cannot use the data for the intended purpose because the subcontractor did not meet 
requirements, but the data can be used for a lesser purpose by the user (e.g., focus future 
needed analyses and/or sampling points, provide screening level data), SO% of the agflled.upon 
price will be paid. 

3. For late delivery of data, payment wifl be reduced by 2% per day up to 75%, unless a modified 
data due date was negotiated, as described In Section IIA 

Note: l.ANL wiH consider that the prices proposed by the subcontractor are for data delivered by 
the due date and according 1o subcontract requirements. 

II.J. JrntQJGJng lnltructlona -Invoices will be submitted monthly. Each month's tnvoic:e wiU include aD 
SDGIRNsiRNs analyzed during the period in question and for which data packages ha\oe been 
sent to LANL. Information that must be included on the subcontractor's invoices is: 

• Invoice number 
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Invoice date 
Subcontractor name 
Sample Delivery Group Numl>er(s) and/or Reques: Numbers being invoiced 
List of sample numbers w;th assoc1ated determination categories, along w1th the price of 
each determination 
Total amount invoiced 

Sample analyses prices for vanolls combinations of turnaround times and monthly delivery of 
samples (capacity) up to the maximum for which you would like to be considered for deltYery, wiil 
be established at subcontract award. This maximum, which should be based on your personnel, 
eq1.11pment, and facility limitations (by turnaround time) will be the basis for billing LANL. (This 
assumes that the higher the volume of analyses the lower the sample analysis price) 

Note: If LANL did not commit to send samples during any month and Wl samples were 
serrt, or no analyses were completed, from prevlou:sly submitted sampi•HS, and data 
pac;kages sent, there will be .ng payment for that month. 

Ill. SPI::CIFIC REQUIREMENTS FOR ROUTINE ANALYSES 

Th~! analyses categories of organics (including volatiles, semivolatiles, and pesticides/Aroclors), 
ino:~ganics, radio-<:hemistry, and high explos,ves are considered to be routine analyses for 
purposes oft11is subcontract, and are referred to throughout as "routine analyraes categories." 
Th~!re will be methods options cited for each. such as SW-846, CLP, USATH.AMA, and LANL. 
Any other m.ethodslmethod modlflcatiomr the subcontractorwlshM to use must be 
BPJ'roved by LANL The request for app."''val must be sent fO the Sample Coordinator, who 
will provide It to the appropriate person(s) for evaluation and approval. Note that only 
methods/modifications that are compatible with the EDD will be consldentd. The citations 
will be tor the commonly used methods, some of which are considered to be standards. When the 
laboratory chooses to use cited SW-846 methods, the current (or most recent draft) version will be 
considered the appropriate one and will be cited. These SW-846 methods are available through 
the Methods Information Communication Exchange (MICE) at (703)821-4789. Note, It is not a 
requirement to use the promulgated version of SW-846 except in specific categories as outlined in 
40 CFR Parts 260-270. The laboratory will be notified in the unlikely situation that samples are 
related to one of those categories. 

In addition, a listing of the required hardcopy data is provided. The target analyte lists will be 
included in each of the Section Ills, and is required - regardless of what method is used by the 
laboratory unless a limited list of analytes is ordered (as described in Section II.A. Each of the 
Section Ills will clarify the QC requirements, regardless of the method used. 

"Estimated Quantitation Limits (EQLs)" are provided for the organics, high explosrves, and 
radiochemistry parameters. EOL's are defined in various SW-846 methods as "the lowest 
concent:ation that can be reliably achieved within specified hmits of precision and accuracy during 
routine laboratory operating conditions. The EQL is generally 5 to 1 0 times the Method Detection 
Limit (MDL). However, it may be nominally chosen within these guicielines to simplify data 
reporting. For many analytes the EOL is selected from the lowest non-zero standard in the 
calibration curve. Sample EQLs are highly matrix-dependent. The EQLs listed in SW-846 
methods are provided for guidance and may not always be achievable." The definition indicates 
that EOL~ listed for soiVsediment are based on wet weight and thclt normally data are reported on 
a dry weight basis, thus causing [Qls higher than those cited for dry weight 
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Fell' inorganics, "Estimated Detection Limits (EDL.:s)" are pro11ided instead 01' EQLs, to reftea the 
Contract Required Detection Umits (CRDLs) of the Contract Labonltoly Program methods. 

&lch of the 6 categories has a separate Section Ill, so that each aubcontrador will have to deal 
only with the relevant sections. Note that the orgclnica ~ is divided into separate Section 
Ills for volatiles, semlvolatiles, and pesticides/Aroclorl. 

IV. SPECIFIC REQUIREMENTS FOR NON-ROUTJ!IE ANAWEI- Non-routine analyGeS which 
nave been included In your contract at your request or may be included a 8 rasult of 
revisions/change orders to your contract (8 ~ list of LANL needs for wtJich proposals are 
wanted is included as a ~Appendix 3), are analytical service~ other than the lbc routine 
analyses categories. Routine, standard, or widely uaed methods are available for some of them. 
Other$ are very specialized and may be of an emerging nature. A per-sample price for analyses 
for each of the parameters identified that you are intef'ested In (and for which you have the 
capability), as well as a turnaround tine for data delivery, should be piOpOied, and the method 
cited (If "standard") or general technology (tf not •standard"). Submission of the Subcol1b actor 
price 1st for all available services is appropriate, If desired. The purpoM of lhia activity Ia to 
provide LANLwith 8 nJSdy list of subcontractor analyticaf eervtces to meet a diversity of LANL 
needs needs In circuiTI&tanc:es when the 6 specified routine analyses categories are inluffic:ient. 
N-.: propoaala on the non-routine analysH wiU not dect lhe .... ttlon of the 
laboratortea for subcontract awards, but.,. for ... after aubeoidleta .,. In place. These 
analySes will be Olderedlacheduled in the same manner as described In Section IIA 

v. REPORIJNG REQUIREMENTS - For the 8 routine analyses categories, reporting must be made 
as cJescrjbed In Section II.B., •oata delivery teqUtrements" and, mont specificaly, as defined 
within each of 118 routine analyses categories• Sed:ion Ill, deliverablas. All results must be 
reported on a dry weight basis other than the exceptions notac1 in II.B. 

Reporting for noo-mytjne aoaJy~e~ (disCussed in Section M. wil include analytical results with a1 
SUJ'Porting quality control documentation in an electRmlc format that resembles the routine 
analyses deliverables most like the non-routine, tf possible. For analyses that may not in any WB'f 
resemble tt.e 6·routine categories (such as geo-technical or biological testing parameters), an 
electronic format can be agreed upon with the Sample Coordinator, though is not required. The 
minimum requirements for deliverables for aU non-routine services (with the exception of 
measurements for which some or any are not applicable) are 

target analyteslmeasurement parameters and associated quantftation or measurement 
limits 
citation of sample preparation and analytical method used (when a •5tandard" method 
used or a description of lhe technology used when a s1andard method cannot be cited. 
calibration data 

• raw analytical data (instrument outputs) 
manual calculation used for generating results (unless specifiad In cited method) 
anatytical data for use 
an quality control documentation 

A narrative called the "case narrative• (WORD or VVORDPERFECT file on the diskette 
deliverable) will be required for every SDG/RN for both the routine and non-rouine analyses. In 
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addition, a hardcopy of the case narrative is required With the other specified hardcopy 
deliverables. 

Required components of the case narrative follow: 

laboratory name and !Subcontract number 
SDGIRN roumber ' 
Samp~ numbers included in the S!)G/RN 
Documentation of quality control, sample, shipment and/or analytical problems in 
processing the samples, anomalieH noted in the data, decision trees/corrective actions 
taken to solve problems, and any c•ther information that might be of use to the data rev1ew 
personnel or users of the data in making decisions. 

In addit1on, the case narrative must contain the following statement: "I certify that this data 
pad•age is in compliance with the terms and conditions of the contract, tv:>th technically and for 
completeness, except as detailed in this case narrative." This statement must be immediately 
followed by the name of the Laboratory Manager or designee, title, and date of signature. The 
hardcopy of this case narrative must be signed in original and dated by the laboratory Manager or 
designee over or next to the typed name, title, and date. This statemen~learty makes the 
laboratory accountable fo~ data package verification prior to delivery to LANL 

· VI. REQUIRED QUA LID' CONTROL PROCEDURES A,;ljp CRITERIA - Each of the routine 
analyses categories Section Ill documents contains a Section IV specific to the category and 
determinations within the category (e.g., organics- pesticides) which defines quality control (QC) 
;>rocedures to fellow and criteria to be met regardless of the method option used (e.g., CLP or 
SW-846). 

In some cases, both SW-846 and CLP methods are cited as options. There are some differences 
in these documents (e.g., QC procedures and criteria), 9enerally the CLP methods having more 
QC requirements. In a few cases, SW-846 criteria are more stringent The Section Ill for each 
routine analytical category stipulates the LANL QC rec1ulrements and criteria. There are a few 
instances where procedures are different (e.g., SW-8081 requires a 5 point calibration, whereas 
CLP pesticides/Aroclors methods require a minimum of a 3 point calibration). The spreadsheet 
deliverable will accommodate use of either SW-846 or CLP methods. 

In instances where the data acceptance criteria are not met. the subcontractor is required to 
repeat the sample preparation and/or analysis. If the criteria are still not met bec3use the problem 
is caused by matdx effecm the subcontractor should bill for both sets of analyses. If the problem 
is corrected by the reanalysis, the subcontractor should bill only tor the analysis that meets the 
af".cepamce criteria and should not send the data tor the non-acceptable analysis. If holding times 
have expired prior to the repeat of the sample preparation or analysis, the laboratory should 
contact the Sample Coordinator for a decision as to whether to perform the repeat. 

VII. .QlJALII'Y ASSURANCE lOA I PROGRAM -The subcontractor must maintain a QA Program that 
ensure!; the quality of the data generated by the subcontractor meets the specifications of the 
client. There are many elements of a OA prog~~· that need to be considered such as internal QC 
sarnple:s to check on instrument and operatt~r pe:-formance, use of control charts to identify 
warning signals before they become problems (e.g., for instrument performance, surrogate 
recoveries, laboratory blank contamination, standards degradation, etc.), operator training­
includir·g "refresher training," internal certification of operators, 1ntemal auditing of laboratory 
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operations (e.g., adherence to ~:tandard Operating Procedures and update of them when 
appropriate). audits by an outside party, use of NIST and EPA reference materials to provide 
traceability to national standards;, Insertion of blind QC samples and other Indicator~ to ensure that 
the laboratory identifies and conec:ts analytical problems as. soon as possible, and verification 
procedures to ensure that aH corrective action loops are closed. Good laboratory practicea must 
be adhered to at all times. 

The subcontractor must have a Quality Management Plan (QMP), formerty referred to a Quality 
Assurance Program Plan (QAPP), that meets the DOE requirements of DOE Order 5700.6c, 
where appropriate, and "EPA Requintrr.ents; for Quality Management Plena- EPA OAIR-2 lnWim 
Final, August 1994 (or final when avaJiable) which supersedes QAMS.005180. The ANSIIASOC 
E~1994 "American National Standard Specifications and Guidelines for Quality Systems for 
Environmental Data Collection and Environmental Technology Programs" provides minimum 
specifications and guldeliMs that apply to convnon or routine quality management functions ~ 
activities necessary to support environmental programs and apec:lflc:ation and guidetines that 
apply to project-specifte activities Involving the generation, collection, analysis, evalu.atiM, and 
reporting of environmental data. Applicable atandards and guides that can be used to oefine 
crUerla related specifically to analytical laboratories include ASTM E994, Criteria for AueuJng 
Laborototy Competence, ISO Guide 25, General Requltements for the Competence of Ca.'ibralion 
and Testing Laboratories, and ANSVASQC 02-1991, Qualify Manapement and Quality System 
Elements for Laboratories - Guidelines. The QMP must be available for review upon site visits or 
upon request and delivered to the Sample Coordinator. 

LANL's QA oversight program for the subcontracts may Include blind QC samples, periodic on­
site visits, and data package audits as weU as tracking and trending of au performance 
information. The subcontractor will be provided with reports on petformance and on-site vilit 
findings and corrective action iteml. A corredive action program wiH be In place requiring 
subcontractor response to observed and reported problems. 

DAJA MANAGEMENT REQUIREMENT$ - With the ever-Increasing relianee of anatytical 
labolatories on automation In all phases of laboratory operations, It has become mora and more 
critical to recognize 1M importance of good automated laboratory practices In order to ensure that 
the benefits of these systems are not destroyed by errors introduced as a result of use of these 
systems. In order to protect the Integrity of computer-resident data, there il a series of minirft.lm 
prsctic:es and procedures that the laboratory must fellow in order to assure the data are of 
suffiQent integrity to be used in making decisions involving human health and environmental 
protection. 

Because of concern about computer data integrity, the Environmental Prt:tedion ~ has 
pUblished and widely distributed a document entitled "Good Automated Laboratory Practices" 
which will, heMeforth, be referred to as GALP. (Note: This document is itillln draft fonn.) 
Despite the draft status, this document is considered to be an appropriate guidance document 
There are 14 areas noted in the GALP for which the minimum practices a"ld procedures must be 
adherad to by the subcontractors. Those areas are as follow: 

• 
• 

Personnel 
Laboratory Management 
Responsible Person for the automated data collection system 
A Quality Assurance Unit 
Facilities 
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Equ1pment 
Security 
Star.dard Operating Procedures 
Software 
Data Entry 
Raw Data 
Records and Archives 
Reporting 
Comprehensive Ongoing Testing 

While the GALP provides options for implemer,ting minimum good automated laboratory practices, 
each labora1ory is free to choose the approach most appropmate and effective for the 
organization. The subcontractors will be expected to be able 1o demonstrate their data 
management practices th3t respond to the objectives (called •explanations•) defined within each 
of the 14 cited areas. 

There are 6 principles that provide the foundation for good automated laboratory practices in order 
to provide control of the laboratories' automated systems. These principles folkMt: 

• The system must provide a method of assuring the integrity of all entered data. 
The formulas and decision algori1hrns employed by the system must be accurate and 
appropriate. 
An audit trail that tracks data entry and modification to the responsible individual is critical 
to the control process and must be implemented. 
A consistent and appropriate change control procedure capable of tracking the system 
operation and application software is also critical to the control process and must be 
implemented. 
Appropriate user procedures must be followed to maintain the control process. There 
must be clear directions and Standard Operating Procedures (SOPs) developed; all users 
must be trained; appropriate user support documentation must be provided. 
In order to maintain consistent control of the system, altemative plans for system failure, 
disaster recovery, and unauthorized access must be developed. 

Each of these six principles is a specific requirement of this subcontract, and failure to be able to 
demonstrate that each of them has been met could result in sanctions after award, until the 
provisions have been met. 

IX. PROCEPURES FOR CHAIN-OF-CUSTODY RECQRDS. DOCUMENT CONTROL. SDGIRN 
fiLE PREPARADON. AND CONFIDENTIAL INFORMATION 

lx.A. kh'llln-of-Cultody • The subcontractor must have a program in place to maintain the COC 
reoon:l for each sample delivered to the laboratory. This COC rerord tegins in the field when the 
sample is collected and ends only when the sample is returned to LANL (Sample Coordinator) or 
it is finally disposed of. The purpose of developing a COC record is to create an accurate wlitten 
(or electronic) re<»rd that can be used to trace the possession and handling of the sample 
thmughout its history, from collection to final disposition. 

The samples will be delivered to the subcontractor under COC. As soon as the samples arrive at 
the subc;:)ntractor laboratory. the responsibility of those samples rests with the laboratory's 
def;ignated "Sample Custodian" who is responsible for the receipt of all samples. The 
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subcontractor's Sami=le ~:ustoolei"'l ;·; re>pon<>rblt! for t1ansrnrtbn~~ the reqwred docuru:nwt;cr. 
t:>ac.k to LANL (SampiH C;:!,..Jrd:nalrx· acknowleaging receipt of the samples ard notmy Hlf 
problems/ resolutions S.ee Sectior. II.A. for rnore details. 

Each sample must always be unde:n custody that is documented. A sample is un<Jer Cl.s~r-..dy ,r 

It is in your posses:5ion; or 
It is in your view, alter t:~einSi in your pos~.ession: or 
It was in your possessi:>n and you IO<:kecl it up; or 
It is in a de:signaled secure .araa (access•ble only to authorized persons) 

The Chain·-of-Cust.ody recorJsldocurnentation will become part of the SDG/I~N File A copy of the 
Chain--of-Custody documentation wir: be transmitted back to LANL by the data due date wrth tht! 
hard copy, raw data (and diskette, if required). See ll.E. concerning Chain--of-Custody for samDie 
return. Thl! original Chain-of-CLJstociy documentation will be transmitted with t7•e samples wne-n 
they are retumed to :.ANL (See II.E.;. 

IX.B. Document Contfl!!EJ::ocedurn - The subcontractor must have a document <.ontrol prograM rn 
place that assurE:s that all documents for a specified SDG/RN of samoles will he accounteo for 
when the project is completed. Accountable documents include (bul are not lirnited to) logboc-ks 
sample transmittal forms/COC records, sample worksheets, and an) other documents retabng to 
the sample and/or the analyses. 

IX.C. ~-The SD<'.JRN File (term ID be used interchangeably with "RN tile·) has tean 
mentioned in several sections of this document, and for purposes of this subcontract rneans the 
original of the data package plus all records and documents related to the S[)(:JRN obhined or 
generated by the laboratory and nat spelled out - either as hard copy or electrt.nic - as ;a 
scheduled deliverable. In addition to the original data package, the SDGIRN File may consist of. 
but not be limited to, all chain-of-custody records, shipping documents (e.g., airbills), sample tags. 
bench sheets. logbook p.1ges, screening records, instrument outputs, raw data, and telephon~ 
contact fogs. This SOGJHN File must be transmitted to LANL with the hardcop~ (and di!;kette, if 
required) by the data due date. 

IX.D. CQnftdentlatlnformation - The subcontractor may (though unlikely) receive ir formation from 
I.ANL iden1tifiod as •con1idential.h This information must be handled separately only by authorized 
personnel. with all records stored in a Sl!parate locked file. Permission to reprcduce any of this 
c:onfidential information must be obtained from LANL. 

X. KEX..ef;RSONNEL FUNCTION& - Each of the specific requirernents for the rcutine analytical 
categories contains the specific key per.sonnel functions that am unique to that ana~.(tical 
category. Herem are the additional key personnal functions that are required ft•r any and a!l ot 
t!'lese analytical categories. Note: m01re than one function can be perfonnod by a single 
person, except fur the Quality Assurance Officer functions. Equivalent experience may be 
substituted for spedfic educational requirements If it can be demonstrclted. 

1. Laborato~ or Project managtZr • This pen:on is responsible for the overall aspects of the 
subcontract and is the primary contact With LANL 

2. SampJti:.IJStodjao- Responsible for receipt of LANL sample:;. 

.. ..... , 
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3. Qocument Control Qfljcer • RHponslble for all aspects of data deliverables - organization, 
packaging, copying, and delivery. 

4. Ouafily A5surance Officer -This person must report independently to upper management 
and must not have any function directly involved in the generation of sample data for this 
RFP subcontract. 

Requires bachelor's degree in chemistry/science/ engineering or equivalent experience + 
2 years experience Including 1 year applied experience with QA principles and practices 
In an analytical laboratory. 

5. taboratpry supervisors - all routine services • Requires a Bachelor;s degree In 
chemistry/science/engineering + 2 years of experience in the area supervised. 

6. Instrument Ooerators for all routine services - Requires a Bachelor's degree In 
chemistry/science/engineering+ one year of experience on the instrument (or all In 
equivalent experience). 

7. Sample crearation specialists and other laboratory technicians - Requires a high school 
diploma+ a course in general chemistry (college level}+ one year of relevant experience 
(or all in relevant experience). 

8. Systems Manager- Requires Bachelor's degree (or equivalent experience) with 4 
courses in programming, Information management, database management. or systems 
requirements analysis + 1 year experience In data or systems management, Including 6 
months with the programs in use In the laboratory. 

9. Programmer Analyst- Requires Bachelor's degree (or equivalent experience} with 4 
courses in programming, information management. database management. or systems 
requirements analysis + 1 year experience in systems or application programming, 
Including 6 months with the programs in use by the laboratory. 

1 0. Department of Transportation Hazardous Materials Regulations Expert - This role is in 
response to a DOE policy document stating that • ... any contract placed with a contractor, 
subcontractor, agent, analytical laboratory, or similar organization expected to receive 
hazardous or radioactive materials must have on Its staff an Individual who is 
knowledgeable in Department of Transportation (DOT) hazardous materials regulations." 
This applies also to shipment of samp/6s (tetum to LANL) that may be hazardous or 
radioactive or found to be mixed wastes. his lndivldual(s) shalt be identified in writing in 
any proposal submittal A background statement of this indlvlduars qualificaflons, along 
with copies of training certificates or any other documented source of training or 
establishment of knowledge of the DOT hazardous materials regulations, must 
accompany the proposal or bid." Note: this is a tunctism, not a position, and can be 
carried out by any qualified staff member(s}. 

XJ. spECIAL COMMUNICATION -There may be instances when a laboratory's ability to meet a 
specific "EQL" or "EDL" on a sample is critical because of an action threshold (usually called a 
"screening action level - SAl" at LANL). The laboratory will be informed of this situation by 
Sample Management, with the request that the laboratory notify the Sample Coordinator when 
matrix problems impair the ability to meet that EQUEDL. 

--------~~--~----------------~--~ 
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XIL Walta Management Pollg - The subcontractor laboratory must have a Waste Management 
policy In place meeting aN relevant regulations. 
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SECTION Ill ·SPECIFIC REQUIREMENTS FOR INORGANIC$ ANALYSES 

Overview - Because of the history of weapons design at Los Alamos National Laboratory. dating 
back to the Manhattan Project in 1943, there is reason to believe that some sites/field units 
involved in DOE's Environmental Restoration Program may contain detectable concentrations of 
toxic inorganic trace elements that may have been used as tracers or spun off as byproducts 
during research and development activities for nuclear weapons. 

The analytical data generated by the subcontractor under this subcontract will be used to 
determine If there are measurable concentrations of the targeted inorganic& that will require 
remediation. 

Sample matrices that the subcontractor mc1y receive (but not limited to) could be water, waste 
water. soil, sludges, filters, and oils. 

The methods cited in this section are methods of the United States Environmental Protection 
Agency (EPA). Target analytes are those required to meet New Mexico Environmental Division or 
U.S. EPA regulatory requirements. The methods generally consist of either TCL.P extraction or an 
acid peroxide leach of the analytes from the sample matrix. In many cases, sample preparation 
methods are specific for a given analyte, matrix, and instrumental detection technique. 
Quantitation of the analytes involves the relationship of the response of the analyte ln a sample to 
a response generated using standards. 

II Tamet ana!ytestrnethodt cltl!tjoDI -

Following are the sample preparation procedures that are appropriate for use·. The most recent 
version of SW-846 should be used. Alternatively. CLP sample preparation procedures (from 
Statement of Work ILM03.0) may be used, if appropriate for the matrix. 

• SW-3005 Acid Digestion of waters for total recoverable or dissolved metals for analysis by flame 
AAS oriCP. 

• SW-3010 Acid digestion of aq1.1eous samples and extracts for total metals for analysis by flame 
AAS oriCP. 

• SW-3020 Acid digestion of aqueous samples and extracts for total metals for analysis by furnace 
AAS, with the exception of As and Se, which are to be prepared accordinSJ to methods 7060 and 
n4o. 

• SW-3040 Dissolution procedure for oils, greases or waxes. Microwave digestion of these 
samples Is preferred. 

• SW-3050 Acid digestion of sediments, sludges, and soils. 

• SW-1311 TiJxicity Characteristics leaching Procedure (Note that changes made in the Federal 
Register, Volume 57, No 227, p. 55114, must be incorporated. 

• SW-3015 and SW-3051 Microwave Digestion procedures. 
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Target Ana)yto Lhltl and dottpcijoo Um!ta: 

Estimated Detection l.imits (EDL) for water samples are baaed on CLP •eontract Required 
Detection Llmill .• 

ICPAES (Recommended Method: SW- 6010A) 

Analyte Water EDL v.g/L Soli EDL mgiKg 

Aluminum 200 40 
Antimony 60 12 
Barium 200 40 
Beryllium 5 1 

·Cadmium• 5 1 
Calcium 5000 1000 
Chromium• 10 2 
Cobalt 50 10 
Copper 25 5 
Iron 100 20 
Leacr 3 0.6 
·Magnesium 5000 1000 
.Manganese 15 3 
"Nickel 40 8 
Potassium 5000 1000 
Silver" 10 2 
Sodium 5000 1000 
Vanadium 50 10 
-~ 20 4 

AA methods or ICP-MS may also be used for these analytes. In cases where the EDL cannot be 
n-..using ICPAES or false posJtlves are known to be a problem historically within a laboraiDry, the 
subcontractor must use furnace M techniques (e.g., method 7841 for thaUium and me1hod 7421 
for lead) or ICP-MS (e.g. SW846 method 6020) . 

GFAA, ICP-MS 

Ataenic• 
Lead. 
Selenium• 
ThaHium 

WaierEQL• 

10 
1 
5 

10 

CJzld Yapor M 

SoU EPL mglkg 

2 
0.2 
1 
2 
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Anetyte 

Mercury. 

water EDL. LL;lL 

0.2 

SW-9010. 8Q1QA. ton. ePA 335.2 

Anatyto 

Total Cyanide 

EQL uQil 

10 

Soil EPL 'Mfkg 

0.1 

EQL rng/kQ 

0.05 

Soil EDls for ICPAES, GFAA. and ICP-MS analytes are based upon a 1 gram sample taken to a 
final volume of 200 ml. 

Soil EDLs for Cold Vapor AA are based upon a 0.2 gram sample taken to a final volume of 100 
mL. 

Soil EDLs for CLP ILM03.0 method 335.2 (CN) are based upon a 5 gram sample taken to a final 
volume of 250 mL. 

The contraclDr may vary weights and finaJ volumes for metals and cyanide analyset1; however, 
any altawable variance must still meet the EOL 

TCLP metals are Identified with an asterisk(*) and may be requested as a separate 
•:letermination. Laboratories should consider EDU for TCLP metals using the Toxicity 
1Characterizatkm Leaching Procedure to be the regulatory limits. Method SW-1311 (7192) is the 
method to be used for TCLP. 

111. RtportlngiDellyerabltt -There will be a combination of hardcopy and electronic deliverable&, 
including raw data. Section II.B. Data delivery requirements, of the SOW describes the etectronic 
deNverables for both initial and later terms. 
The required hardcopy deliverablea must be in the following order: 

Raw dati 

• All raw data used to obtain the value for each reported ruu1t. including required ac 
measurements, irmrument standardization, and sample analysis results. The order of the 
data should be ICPAES, ICP-MS, Furnace AA. Mercury, and Cyanide. 

Raw data must be labeled with LANL sample numbers. 

Digestion and distillation logs in the order of the raw data. These must indude date, 
sample weights/volumes, infannatlon to Identify which QC samples c::orrespond to each 
batch digested, comments dMcribing any significant sample changes or reactions which 
nccur during preparation, and an indication of pH <2 or >12. 

Soil sample results must be reported on a dry weight basis. 
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Note: All data must be ieg lblo and appropriately tab~lled. 

rv. .QualitY Control (QC) reg,ulrements- .! is important that the ~Jb!>ratory personm!l follow Good 
Laboratory Practices throughout all operations involved in the IJn;aly:ses Clf sarr.pJes for morgantcs 
and that they maintain an internal QC program that is rele"·ant to the analyses undef consrderatJon 
-in this case, inorganics. 

Fatllunt to meet acceptance criteria requires reanalysis of associated aampltts under 
ac:ceptable criteria. 

e&ceptance cdteria 

The following quality control requirements must he pe:1ormed and criteria met for all analyses 
perfrol'ned under this subcontract. 

1. 

2. 

Instrument Calibration 

Guidelines for instrumental calibration ane givun in EPA 600/4-79-<l20. ln!truments II'M.ISt 

be calibrdted d.aily, or Itt minimum, each time I he instrument is set up a"'j ~sed. The 
instrument standardization date and time mus: be included in the NN~ data. 

For graphite furnace atDmic absorption and ICP-MS systems, caHbration standards 
should be ;:>repared by dil•lting the stock metal solutions at the time of analysis. Date and 
time of preparation and analysis must be given in the raw data. 

For atomic absorption systems, prepare a blank and at least three calibration standards in 
graduated amounts in the appropriate range. One atomic absofption calib-ation standard 
must be at the EDL. The calibration standards must be prepared using thel same type of 
acid, or combination of acids, and at the same concentration as will result in the samples 
following sample preparation. 

Beginning with the blank, aspirate or inject the standards and record the readings. 
Results for the calibration standards must be within 5% of the true value. Each standard's 
concent"ation and the calculations demonstra!ing that the 5% criterion has beet'lrT.et. 
must be provided with the raw data. If the vaiiJeS do not fall within this rangt1, recalibraUon 
is necessary . 

Calibration standards for AA. rnercury, and cyanide procedures must ~ prepared so as 
to cover the expected calibration rango at approximatelY equidistant intervals. 

Baseline correction is accaptable as long as It !s perfonned after every sample or after the 
continuing calibration verification (CCV· described in IV.2.b.) and blank check; resloping 
is acceptable as long as it is immedian!ly preceded and immediately followed by & 

compliant CCV and continuing calibrat1on blank ( CCB - described in V.3.a). For ICP 
systems, calibrate the instrument according to instrument manufacturer's recommended 
procedures. At least two standards must be used for ICP calibration. One of the 
standards must be a blank. 

lnitiaLCaljbrat:oo Verjficatiou UCYl and Continuing ~1li12ratitt.n.Yenfication CCC\f) 
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a. 

b. 

Initial Calibration Verification (ICV) 

Immediately after each of the Instrument systems have been calibrated, ttle 
accuracy of the calibration shaD be verified and documented for f!!Nery analyte by 
the analysis of the contractor's certified ICV Solution( a). V\lhen measurements 
exceed ~ control limits of Table 1, the affected anatytea must be reanalyzed 
after the problem has been corrected. 

'Nhere a certified solution of an analyte is not asvallable from any source, analyses 
shall be conducted on an independent standard at a concentration other than that 
used for instrument calibration, but within the calibration range. An Independent 
standard is defined as a standard composed of the analytes from a different 
source than those used in ihe standards for the instrument calibration. 

For ICPAES, the ICV Solution(&) must be run at each wavelength used for 
analysis. For CN, the ICV standard must be distilled. The ICV for CN also 
serves as a Laboratory Control Sample; thus it must be distilled with the batch of 
samples analyzed in association with that ICV. 

Continuing Cstibration Verification (CCV) 

To ensure calibration accuracy during each analytical run, one of the following 
standards are to be used for continuing calibration verification (CCV) and must be 
ana~-zed and reported for every wavelength used for the determination of each 
analyte, at a frequency of 10% or every 2 hours during an analytical run, 
whichever is more frequent The ICV can be considered the first CCV in the run 
when calculating frequency. The standard must also be analyzed and reported 
after the last analytical sample. The analyte concentrations in the continuing 
canbration standard must be one of the following solutions at or near the mid· 
range levels of the calibration curve: (1) EPA Solutions, (2) NIST Standards, or 
(3) a Subcontractor-prepared standard solution. 

Table 1 

Initial and Continuing Calibration Verification Control Limits for IDOfli&Dic Analyua 

·~ gf ll:ul ~I lUI 
6DD~Siil 
Methgd lnomanie J.gw tjjgb 

-~~ ..Limil . Umlt 

JCP/AA Metals 90 ·110 
Cold Vapor AA Mercury 80 120 
Other Cyanide 85 115 

The same continuing calibration standard must be used throughout the analytical run for a 
Sample Delivery Group. 

Each CCV analyzed must reflect the conditions of analysis of all associated analytical 
samples (the preceding 10 analytical samples or the preceding analytical samples up to 
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the previous CCV). The duration of analyses, rinses and other related operanons that 
may affect the CCV measured result may not be applied to the CCV to a greater extent 
than that applied to the associated analytical samples. 

If the deviation of the continuing calibration verification is greater than the control limrt.s 
specified in Table 1 - "Initial and Continuing Ca!ibratjon \ler!ftcation Control Limits tor 
~~ ... the preceding 10 analytical samples, or aH analytical aamp!es 
analyzed since the last compliant calibration verification must be reanalyzed for the 
anatytes affected. 

3. Initial Calibration Blank (ICBl Continuing Ca!ibratjoo Blank (CCB> and Preparation Blacm 
(PBl Analyses 

a. Initial Calibration Blank (ICB} and Continuing Calibration Blank (CCB) Analyses 

A calibration blank must be analyzed at each waveleng1h used for analysis 
immediately after evety initial and continuing calibration verification at a frequency 
of 10% or every 2 hours during the run, whichever is more frequent The blank 
must be analyzed at the beginning of the run and after the last analytical sample. 
If the absolute value of the blank result exceeds the EOL, reanalyze the 

preceding 10 analytical samples or all analytical samples analyzed since the last 
compliant calibration blank. 

b. Preparation Blank (PB} Analysis 

At least one preparation blank (or reagent blank}, consisting of deionized dia1illed 
water processed through each sampte preparatiOn and analysis procedure must 
be prepared and analyzed with every Sample Delivery Group (SOGIRN), or with 
each batch of samples digested, Whichever is more frequent 

Since a suitable blank matrix may not be available for soils or solid materials, the 
contractor may use the same water, weighed out as though it were a soil or solid, 
as that used for the preparation of the standards and samples for the PB. 

If suitable blank rnatrhc material for soil becomes available it should be used 
instead of water. 

The first batch of samples in an SDGIRN is ta be assigned to preparation blank 
number 1, the second batch of samples to p-reparation blank number 2, etc. Each 
data package must contain the results of all the preparation blank analyses 
associated with the samples in that SOGIRN. 

This blank is to be reported for each SOGIRN and used in all analyses to 
ascertain whether sample concentrations re'llect contamination in the following 
manner. 

1) If the absolute value of the concentration of the blank is tess than or 
equal to the EOL, no correction of sample results is penormed. 
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2) If any analyte concentration in the blank is above the EDL, the lowest 
concenlration of that analyte in the associated samples must be 10x the 
blank c:mcentration. Otherwise, all samples associated with the blank 
with the! analyte's concentration less than 1 Ox the blank concentration 
and ab!lve the EDL, must be redigested and reanalyzed for that analyte 
(except for an identified field blank). The sample concentJation is not to 
be corrected for the blank value. 

3) If the concentration of the blank is below the negative EDL. then all 
samples reported below 10x EDL associated with the blank must be 
redigested and reanalyzed. 

4. ICP Interference Check Sample CICSl Ana!ysjs 

To verify intere!ement and backgro~:nd correction factors, the Subcontractor must analyze 
and report the results for the ICP Interference Check Sample at the beginning of each 
analytical run, but not before Initial Calibration Verification. 

Results for the ICP analysis of the ICS during the analytical runs must fall within the 
control limit of ±20% of the true value for the analytes included in the Interference Check 
sample. If not, reanalyze the analytical samples analyzed since the last acceptable JCS. 

If true values for analytes contained in the ICS and analyzed by ICP are not supplied with 
the ICS, the mean must be determined by initially analyzing the ICS at least five times 
repetitively for the particular analytes. This mean determination must be made during an 
analytical run where the results for the previously supplied ICS met all subcontract 
specifications. Additionally, the result of this initial mean determination is to be used as 
the true value for the lifetime of that solution (i.e .• until the solution is exhausted). 

Independent ICP Check Samples must be prepared with interferant and analyte 
concentrations at the levels specified in Table 2-lnterferent and Analyte Elemental 
Concentrations Used for ICP Interference Check Sample. This is the minimum set of 
interferences that must be compensated for. Due to variation In sample matrices, other 
interferences may be present Subcontractor laboratories are encouraged to correct for 
as many interferences as practicable with their ICP instrument 

The mean value and standard deviation must be established by initially analyzing the 
Check Samples at least five times repetitively for each parameter. Results must fall within 
the control limit of ±20% of the established mean value. The mean and standard 
deviation must be reported in the raw data. 

• 
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TABLE 2. lnterferent and Analyte Elemental Concentrations used for ICP 
Interference Check Sample 

Analytes (mgiL) lnterferents (mgll) 

Ag 1.0 AI 500 

Ba 0.5 ca 500 

Be 0.5 Fe 200 

Cd 1.0 Mg 500 

Co 0.5 

Cr 0.5 

Cu 0.5 

Mn 0.5 

Ni 1.0 

Pb 1.0 

v 0.5 

Zn 1.0 

SRikft Sama Anafxsis (Sl 

The spike sample analysis is designed to provide information about the effect of the 
sample matrix on the digestion and measurement methodology. The spike Is added 
before the digestion (i.e., prior to the addition of other reagents) and prior to any 
distillation steps (i.e., CN). At least one spike s.'lf'nPie analysis must be performed on 
each group of sample$ of a similar matrix type (i.e., water, 10ft) for each Sample Oelvery 
Group· 

If the spike analysis is performed on the same Eample that is chosen for the duplicate 
sample analysis, spike catcutations must be performed using the results of the sample 
designa1Bd as the •original sample• (see section 6, Duplicate 5ample Analysis). The 
average of the duplicate results cannot be used for the purpose of determining percent 
recovery. Samples Identified as field blanks cannot be used for spiked sample analysis. 
LANL may require that a specific sample be used for the spike sample analysis. 

The analyte spike must be added in the amount given In Table 3-Spiking levels for Spike 
Sample Analysis, for each element analyzed. Note: See Table 3 footnotes for 
concentration levels and applications. If two anaJijtlcal methods are used to obtain the 
reported values for the same element within a Sample Delivery Group (i.e., JCP, GFAA). 
spike samples must be run by each method used. 
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The spike recovery should be within the advisory limits of 75-125%. An exception to this 
rule Is granted In s1tusrtlons Where the sample concentration exceeds the spike 
concentration by a factor of four or more. · a 

• Individual componant perarnt recoveries (%Rl are calcutataclu follows: 

% Recovery= f SSR • SR) X 100 
SA 

where SSR = Spiked Sample Result, 
SR • Sample Result. and 
SAD Spike Added. 

When sample concentration is less than the instrument detection limit, use SR a 0 only for 
pLIJ'PC)I8s of calculating percent recovery. 

• The units for reporting spike sample results will be identical to those used for reporting 
sainple results (i.e., ugJL for aqueous and mgiKg dry weight basis for solid). 
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'><C.'-----------------------------------------,----.. 

-----•T.•AIIIBiiiiLEiill3iiit., ~PIKING LEVELS FOR SPIKE SAMPL.E ANALYSIS 

ForiCP/AA For Furnace AA 

Elernent Water. Soil, {2} Water, J£9/L Soil,(2) Other 
J,lg/L mg/kg mgJkg ( 1 )(2) 

Aluminum 2.000 • 

Antimony 500 100 100 20 
,_ 

Arsenic 2,000 400 40 8 

Barium 2:,000 400 

Beryllium 50 10 

Cadmium 50 10 5 1 

Calcium • • 

Chromium 200 40 

Cobalt 500 100 

Copper 250 50 

Iron 1,000 • 
' 

lead 500 100 20 4 

Magnesium • • 

Manganese 500 100 

Mercury 1 

Nickel 500 100 

Potassium • • 

SeleniUm 2,000 400 10 2 

Silver 50 10 

Sodium • • 

ThalliuM 2,000 400 50 10 

Vanadium soc 100 -
Zinc 500 ,00 

Cyanide 100 {3) 
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"No spike required. NOTE: Elements without spike levels and not designated 
with an asterisk, must be spiked at appropriate levels. 

1Spiking le\•els reported are for both water and soil/sediment matrices. 

~ levels shown indicate concentrations in the final digestate of the spiked 
sample (100 ml for mercury and 200 ml for all other metals) when the wet 
weight of 1 gram (for ICP. Furnace, and Flame AA), or 0.2 grams (for mercury) of 
sample is taken for analysis. Adjustment must be made to maintain these spiking 
levels when the weight of sample taken deviates by more than 10% of these 
values. Appropriate adjustment must be made for microwave digestion 
procedure where 0.5 grams of sample or 50.0 ml (45.0 mL of sample plus 5.0 ml 
of acid) of aqueous sample are required for analysis. 

~e level shown indicates the amount of cyanide that must be added to the 
original (undistllled) sample. For instance. 100 ug must be added per each liter of 
aqueous sample. 

For soil samples, 25 u.g of :yanide must be added per ~ach gram of solid sample 
taken for analysis. If the thai distillate volume is 250 ml, ttmn the distillate will 
contain cyanide at a concElntration of 100 J,Lgll.. 
Assuming a sample of one gram, the manual and semi-automatic colorimebic 
methods call for a cyanide concentration of 25 ug per the 500 mL mixture of the 
sample, reagents, and water before distillation. The final distillate, in this case, 
contains cyanide at a concentration of 1 00 J,Lgll.. For the midi-distillation method, 
a cyanide concentration of 25 u.g must be added into the 50 ml mixture of 
sample, reagents, and water before distillation. This yields a cyanide 
concentration of 500 J,Lgll. in final distillate of 50 ml. 

6. Dypljcate Sample Analysjs (D) 

; One duplicate sample must be analyzed from each group of samples of a similar matrix 
type (i.e., water, soil) for each Sample Delivery Group. Duplicates cannot be averaged 
for reporting. 

The relative percent differences (RPD) for each component are calculated as follows: 

RPD =~ X200 
(S+ D) 

where RPD = relative percent difference, 
S =first sample value (original), and 
D =second sample value (duplicate). 

The results of the duplicate sample analyses must be reported in J,&QIL for aqueous 
samples and mglkg dry weight basis for solid original and duplicate samples. An advisory 
control limit of 20% for RPD is appropriate for original and duplicate sample values 
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greater than or Etqual to 5x EDL A control limit of (t) the EDL must be used it ertt.er the 
sample or duplicate value is less than 5x the EDL. 

If one result is above thE• 5x EDL level and the other is below, use the t EDL criteria. If 
both sample values are less than the MDL (see tl 8), the RPO is not calculated. For soliti 
sample or duplicate results > 5x EDL, the absolute value of the EOL is con-ected for 
sample weight and percont solids. The percent difference data will be used by LANL to 
evaluate the long-tenn precision of the methods for each parameter. 

7. Laboratoty Contm! Sample CLCS) Analysis 

An aqueous Laboratory Control Sample (LCS) must be analyzed for each Malyte using 
the same sample preparations, analytical methods and QAIQC procedures employed for 
the LANL samples received. One aqueous LCS must be prepared and ~nalyzect for 
every group of aqueous samples in a Sample Delivery Group, or for each batch of 
aqueous samples diges1ed, whichever is more frequent 

If a certified LCS soil or solid matrix is available from a vendor, it may be u~. Otherwise, 
. the contractor must use the aqueous LCS for soil or solid matrices. Should the later case 

prevaH, the contractor must treat the aqueous LCS solution as a so!l or solid material, i.e., 
it must be weighed out, prepared and reported as tf ;t were a soil or solid matrix. 

If the percent recovery for the aqueous LCS faDs outside the control limits of 80-120% 
(exception: Ag and Sb), the an&"J&es must be terminated, the problem corrected, and the 
samples associatec:! with that LCS redigested and reanalyzed. 

8. Metttod Pi#tection Lrmjt <MQL) Qetermjnatjoo 

Before any field samples are analyzed under this subcontract, the method detection limits 
{in J,Lg!L) must be detennined for each Instrument used, within 30 days of the start of 
subcontract analyses and at least annually thereafter, and must be less than the EOL. 

The Method Detection Limits (in lol9fl) shall be determined by multiplying by 3, the 
average of the standard deviations obtained on three nonconsecutive days from the 
analysis of a preparation blank, with seven consecutive measurements J>er day. Each 
measurement. must be performed as though it were a separate analytical sample (i.e., 
each measurement must be followed by a rinse and/or any other procedure normally 
performed between the analysis of separate sample). MOL's must be dfrtennined and 
reported for each wavelength used in the analysis of the samples. 

The annually-detennined MDL for an Instrument mu~ always be used 8!1 the MOL for that 
instrument during that year. If the instrument is adjusted in any way that may street the 
MDL, the MDL for that instrument must be redetermined and the results submitted for us.e 
as the established MOL for that ir1strument for the remainder of the year. 

If multiple instruments are used for the analysis of an element within a Sample Delivery 
Group, the highest MDL must be used for reporting concentration values for that Sample 
Delivery Group. 
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Methods 3510, 3520. 3540, 3550 or 3580 can be used for samples submitted for organochlorine 
pesticide/Aroclor analyses. Arl overview or these extraction methods and guidance for method 
selection can be found in method 3500. Gel permeation chromatography (method 3640 or CLP) 
and/or other cleanup procedures must be performed when the nature of the sample requires it 
(SW-3600 provides guidance on cleanup usage/procedures). : -~ 

Ill. Beoorting!Peljverables- There will be a combination of hardcopy and electronic 
deliverable$. Section II.B. Data delivery requirements, of the Statement ofWoi"X 
describes the electronic deliverable& for both initial and later term. which is supplieel by 
the Sample Coordinator. 

The hardcopy deliverable& are as follow and must bE! in the following order. chronologically 
arranged, by instrument, and for both columns: 

Sample Data 

Copies of pesticide chromatograms labeled with the sample number, volume injected. 
data and time of analysis, GC columl'l identification (by stationary phase and Internal 
diameter), GC instrument identification, compound names of analytes identified (can be 
on a printout of retention times if retention times are on the peaks.) This must be 
provided for both columns. 

GC integration reports or data system printouts 

For pesticides/Aroclors that ;are confinned by GCIMS, copies of chromatograms, raw, 
background-subtracted, and standard reference spectra of target compounds identified 
are required. For multi-component analytes the mass spectra of 3 major peaks are 
required. 

Extraction benchsheets including GPC standard data (benchsheet) if GPC was 
perfonned. 

Standards data 

Chromatograms and data system printouts for all standards. A printout of retention times 
and corresponding peak areas (or peak heights) must be included, as well as labeling 
described under sample data (sample number should identify what kind of standard it is). 

Pesticide GPC Calibration Oata - UV detector traces showing peaks that correspond to 
the compounds in the pesticide calibration mix. In addition, start, collect, and dump times 
must be clearly labeled on the calibration printouts. 

For an interim period while LANL is completing its EDD, the following CLP forms are 
required: Forms 6E, 6F, 7E, and 7F. See Section II.B of thn General Requirements, last 
paragraph. 

RawOCdata 

Blank data, in chronological order, by type of blank. 
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Endrin 

'Endrin Ketone 

-~Aldehyde 

~lor 
.·· H;ptachlor epoxkfe 

Methoxychlor 

Toxaphene 
· .. ,·· 

AroCior-1016 

' AR:Icf0rc..1221 

~-1232 

~-1242 
'§r-1~48 

•. Ai'bc:lor-1254 
·~ ,. . . 

•' Aroclor-1260 
; ... 

.. Loi.CC:lil'lamtnation_ soil by sonication • 

. Hklh<Conc~wnltiorl soil and $ludges by soniCation• 

... 

1 

33 
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10.000 
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0.05 
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ORGANICS 

SECTION Ill· SPECIFIC REQUIREMENTS FOB ORGANOCHLORINE PE&DCIQES/AROCLOBS 

I. Overyjew- Support of operations at Los Alamos National Laboratory, dating back to the 
Manhattan Project in 1943, has involved the use of pesticides and polychlorinated bi-phenyls 
(Aroclors). There is reason to believe that some sites/field units Involved In OOE'a Environmental 
Restoration Program may contain detectable concentrations of pesticides and/or Aroclors. 

The analytical data generated by the subcontractor under this subcontract will be used to 
determine If there are measurable concentrations of the targeted organochlorine 
pesticides/Aroclors that will require remediation or long term monitoring. 

Sample matrices that the subcontractor may receive (but not limited to) could be water, waste 
water, soil, sludges, traps, filters, and oils. 

The methods cited in this section are methods of the United States Environmental Protection 
Agency (U.S EPA). Target compounds are those required to meet New Mexico Environment 
Division or U.S. EPA regulatory requirements. 

II. Target compoundslmethods citations 
ESTIMATED QUANDTADON UMITS (EQLI) FOB 

PESTICIDES AND AROCLOBS 

Analyte Est Quantitation 
limit (y.gll) 

Aldrin 0.05 

a-BHC 0.05 

{l-BHC 0.05 

D-BHC 0.05 

Y-BHC (Undane) 0.05 

a-Chlordane 0.05 

':f:"Ch/ordane 0.05 

4,4'-000 0.10 

4,4'-00E 0.10 

4,4'-0DT 0.10 

Dieldrin 0.10 

Endosulfan I 0.05 

Endosulfan II 0.10 

Endosulfan sulfate 0.10 

so 



l1 ,2.oichloroben;z~ (Optional) Jo.oso 120.5 1.±25.0 I 
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13,3'-Dichlorobenzhdine - - lo.o1o !None !None :J 
TABLE 1 - Continue 

Acceptance Criteria for Initial and Continuing Calibration of Target and Surrogate Compounds 

Minimum Maximum Maximum 
Target compounds RRF •.t.RSD -J, Dlff 

Bis(2-ethylhexyl)phthalate 0.010 None None -
· Benzo(a)anthracene 0.800 20.5 :t25.0 

Chrysene 0.700 20.5 :t25.0 

Di-n-Octylphthalate 0.010 None f''one 

Benzo(b )fluoranthene 0.710 20.5 .:!:.25.0 -
Benzo(k)fluoranthene 0.700 20.5 !.25.0 

BenzO(a)pyrene 0.700 20.5 !:25.0 

lndeno(1,2,3-cd)pyrene 0.500 20.5 :!:25.0 

Dibenzo(a ,h)anthracene 0.400 20.5 ~:25.0 

Benzo(g,h,i)perylene 0.500 20.5 :t25.0 

Aniline 0.010 None None 

Azobenzene 0.1)10 None None 

Benzyl Alcohol 0.010 None None 

lsophorone 0.010 None None 

N-Nitrosodirnethylamine 0.010 None None 

Surrogates 

Nitrobenzene-d5 0.200 20.5 .:t25.0 

2-Fiuorobiphenyl 0.700 20.5 .:t25.0 

Terphenyl-d14 0.500 20.5 .:t25.0 

Phenol-d5 0.800 20.5 .:t25.0 

2-Fiuorophenc•l 0.600 20.5 .:!:25.0 

2,4,6-Tribomophenol 0.010 None None 

2-Chlorophenol-d4 (Optional) 0.800 20.5 .:!:25.0 
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I o.soo fzo.s J~.o I 
TABLE 1 • Continue 

Acx:eptance Criteria for Initial and Continuing Calibration of Target and Surrogate CompoundS 

lllinlmum Mulrriurll Mulrnum% 
T..-get compounds RRF uao Dttr 

2-Nttroanllil\8 0.010 None None 

Dimethylphrhalate 0.010 None Nona 

Acenaphthylene 0.900 20.6 .:!;25.0 
. . -~ -~ . 3-Nttroanillne 0.010 None None 

2,6-0initrotoluene 0.200 20.5 ;!25.0 

Acer)aphthene 0800 20.5 ;t26.0 
::-. 

2,4-0initrophenol 0.010 None None 

. 4--Nitrophenol 0.010 None None 

Olbenzofutan 0.800 20.5 :!;25.0 

2.4-Dinitrotoluene 0.200 20.5 .t25.0 

~ 0.010 None None 

4-C~phenySether 0.400 20.5 t25.0 

Fluonme 0.900 20;6 ±25.0 

4-NIIroaniJine 0.010 None None 

4;~2-methylphenol 0.010. None None 

·~!Phen !amine .. y 0.010 None None 

4-Bromopheny!1menylelhef 0.100 20;5 .t25.0 

.. ~lorobenzene 0.100 20.5 t25.0 

. Pentachlorophenol 0.050 20.5 .· ±25.0 

Phenanthrene 0.700 20.5 !26.0 
- ...... 

Antl1racene 0.700 20.5 ±25.0 

Oi-n-butylphthaJate 0.010 None None 

Fluoranthene 0.600 20.5 :!;25.0 

Pyrena o.eoo 20.5 ±25.0 
. -~ -~ _., . 

Butylbenzylphthalate 0.010 None None 
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TABLE 1 
Ao::eptance Criteria for Initial a11d Continuing Calibration of Target and $urrogate Comp<:tunds 

I 
Minimum Maximum Maximum% 

Target Compound RRF %RSD Dltf 

Phenol 0.800 20.5 :!;25.0 

Bis( -2-Chloroethyl)ether 0.700 20.5 :!;25.0 

2-Chlorophenol 0.800 20.5 ±.25.0 

1,3-Dichlorobenzene 0.600 20.5 ±25.0 ' 

1 ,4-Dichlorobenzene 0.500 20.5 :!;25.0 

1 ,2-0ic:hlorobenzene 0.400 20.5 .:!.25.0 

2-Methylphenol 0.700 20.5 ±25.0 

2,2'-oxybis(1-chloropropane) 0.100 None None 

4-Methylphenol 0.600 20.5 .:!.25.0 

N-Nitmso-Oi-propylamine 0.500 20.5 .:!.25.0 

Hexachloroethane 0.300 20.5 ±25.0 

Nitrobenzene 0.200 20.5 ±25.0 

lsophorone 0.400 20.5 ±25.0 -
2-Nitrophenol 0.100 20.5 .:!.25.0 

2,4-Dimethylphenol 0.200 20.5 ±25.0 

Bis( -2-Chloroethoxy)methane 0.300 20.5 ±25.0 

2,4-Dichlorophenol 0.200 20.5 ±25.0 

1 ,2,4-Trichlorobenzene 0.200 20.5 .:!.25.0 

Naphthalene 0.700 20.5 ±25.0 

4-Chloroaniline 0.100 None None 

Hexachlorobutadiene 0.100 None None 

4-Chloro-3-methylphenol 0.200 20.5 ±25.0 

2-Methylnaphthalene 0.400 20.5 ±25.0 

Hexachlorocyclopentadiene 0.100 None None 

2.4.6-Trichlorophenol 0.200 20.5 ±25.0 

2,4,5-Trichlorophenol 0.200 20.5 :!:.25.0 
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• A target compound Is over the instruments linear range (160 ng/ml). In this case. a 
dilution is ~ired. 

tt Is Important that the lgwrtst pgsslble EOL's "' acbjeyad. If the initial analysis of a sample was 
perfOrmed at a dilution and there were no target arvUor TICs detected ~ the EQL. a 
reanalysts at ' higher conc:entra11on must occur un1eaa the reanalyaiB cannot be performed at a 
level five timet the Initial dRuted anatyUs. For example, if the lnitialanalylil waa at dUuted 20% 
WICh no target andmCa del8ded, a l88nlllyais wl1hout a dilUtion can be performed. However. if 
the sample Will dituted 25 or 50%, 11 raanalyeis is not necessary and the diluted Initial analysis is 
reported. 

When a reanalysis accurs, both sets of data are ID be Included. 
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If a target compound is detec1!ed in a sample for which the continuing calibration % Oiff >25% for 
that compound, the sample must be reanalyzed under a continuing calibration with an acceptable 
"' Ditf for that compound. 

3.1ntemaJ Standards -

The minimum required internal standards are: 

1,4-dichlorobenzene-d4 naphthalene-dB acenaphthene-ii10, 
phenanthren&-d10 chrysene-d12 perylene-d12. 

A retention time and response check must be performed on every Internal standard for samples 
analyl'ed. The final concentration for each Internal standard will be 40 total ng/2 Ill Injection. The 
retention time (RT) for an internal standard from ~ sample cannot > :!: 30 HCOnds from the pervious 
daily calibration. The response area of an Internal standard from a sample cannot exceed a factor 
of2 (-50% to +100%) from the previous daily calibtation. 

4. Surrogate Compounds - • 
The minimum required surrogate compounds are nitrobenzene-d5, 2-ftuoroblphenyl, p­
terphenyl-d14, phenol-de, 2-ftuorophenol, and 2,4,6-tribromophenot. Required recovery limits 
follow. 

Nltrobenzane-d6 
2-f-1UOIObiphanyl 
p-Terphenyl-d14 
Phenol4 
2-Fiuorophenol 
2,4,6-Tribrornophenol 

5.Method Blanks-

35-114 
43-116 
33-141 

1()-94 
21-100 
0-123 

23-120 
30-115 

18-137 
24-113 
25-121 

19-122 

A separate method blank must be extracted and analyzed for each method, matrix, and/or 
extraction batch. The method blank must be extracted the same day as the field samples It Is 
associated with. Semivolatile organic target compounds must ngt be present In the blank at a 
conc:entration > the estimated quantitatlon limits (EQLa) with the exception of common phthalate 
contaminants. The phthalate contamination can be present up to five times the EQL before 
corrective 8ction Is required. Sample results must J¥11 be corrected by subb'acting any blank 
value. An Instrument blank must be analyzed after any sample that has had a target compound 
two times the linear range of the instrument (320 nglml) to check for carry-over. 

e. Samples 

Sample (s) must be reanalyzed when one or more of the following oc:cUr: 

Acceptance criteria are not met 
• Cany over or laboratory contamination is suspected 

• • 
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solution, DFTPP, must be injt!cted at the beginning of each 12 hour period of anatysis and must 
meet the following ion abuiOOiJilce criteria: 

Mass 

51 
68 
69 
70 

127 
197 
198 
199 
275 
365 
441 
442 
443 

J.o.tl:mlrt Beguired (Re1atjye Abundance} 

30.0 to 80.0% of mass 198 
<2.0% of mass 69 
Present 
<2.0% of mass 69 
25.0 to 75.0% of mass 198 
<1.0% of mass 198 
Base peak, 100% relative abundance 
5.0 to 9.0% of mass 198 
10.0 to 30.0% of mass 198 
>0.75% of 0".3SS 198 
present but tess than mass 443 
40.0-110.0% of mass 198 
15.0 to 24.0% of mass 442 

2. Initial and Continuing Calibration -

The initial calibration of the GCIMS system will require a minimum of five concentration levels 
(20, 50, 80, 120, and 160 total ng/2 J,LL injection). Eight compounds (2,4-dinitrophenol, 2.,4,5-
trichJorophenol, :!-nitroaniline, 3-nitroanitine, 4-nltroaniline, 4-nitrOphenol, 44,6-<tinitro-2-
me:thytphenol, and pentachlorophenol) will require only a four-Point Initial calibration at 50,~. 
120, and 160 total ng/2 u,L injection. The five concentration standards win be analyZed within 
the same 12 hour period. 

The continuing caHbration standard will have a concentration of 50 total ng/2 LLL Injection. 

If time remains in the 12-hour time period after meeting the acceptance criteria for t'le initial 
calibration, samples may be analyzed. ft is not necessary to analyze a oontinuing caliblcltion 
standard if the initial calibration standard that is the same concentration as the continuin!~ 
calfbration standard meets the continuing calibration acceptance criteria. If time does nc•t remain, 
a new Injection of OFTPP must meet the abundance aiteria given in Item 1 followed by a 
continuing calibration standard. 

The relative response factor (RRF) at each concentration level of an initial and/or continuing 
calibration for each target and surrogate compound must be greater or equal to the compcrund's 
minimum acceptable response factor listed In table 1. 

The % RSD for each target and surrogate compound from the initial caHbration must be less than 
or equal to the Maximum % RSO Hs.ted in Table 1. 

The relative response factor percent differertee (%£>iff) of the initial and continuing calibration for 
each target and surrogate compound must be less than or equal to the value listed in Table 1. 

Up to four compounds may fail the to meet the acceptance criteria listed In Table 1. However, 
the four compounds must have a minimum RRF ~ 0.010, and the% RSD or% Oiff ~ 40.0%. 
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Chromatograms and quantitation reports 

For a period of time until the LANL EDD includes complete electronic reporting capability , 
the following organ~cs hardcopy deliverable& are required in addition (See last pa1agraph 
of II.B of the "General R1~uirements"): 

CLP form 5 computer generated report 

Raw spectra, background-subtracted spectra, and reference standard spectra for 
identified target compounds, including those for compounds noted as false positives by 
the analyst 

If TICs are reque!ited and TICs are found in the blank, include the GCIMS library search 
spectra . 

.Mmrn< spikes/matrix spjke duplicates - If these are requested the subcontractor will be provided 
with instructions for spiking. 

Laboratory Control Samples (LCS) - tor LCSs analyzed in association with LANL samples, the 
chromatograms and quantitation reports are required. 

Extraction benchsheets including GPC stam1ard data if GPC was performed. 

Results, including ECLs, must be reported on a dry weight basis. 

Note: All hardcopy sample data must be legible and clearly labeled with the LANL sample 
number, lab file 10, date and 1tlme of analysis, and GCIMS Instrument 10. Compound names 
must be clearly marked on all spectra. Hardcopy standards data and raw QC data must be 
legible and clearly labeled with the lab file ID, date and time of analyals, and GCIMS 
Instrument 10. 

N. QualitY Control <OCl requirements - It is important that the laboratory personnel follow 
Good Laboratory Practices throughout all operations involved in the analyses of samples. 
Refer to SW-846 chapter one for general quality control requirements for semivolatile 

organic analysis. In acldition, the QC requirements listed under "Acceptance Criteria" 
must be followed and criterie met Failure to moet criteria requires reanalyals of 
associated samples under acceptable criteria. 

Matrix spike and matrix spike duplicate analysis will be requested if needed. A sample will be 
submitted to be used as the matrix media if matrix spikes are requested, in instructions for 
compounds to spike will be provided. 

Acceptance Criteria 

1. Instruments Performance Check -

The mass calibration and resolution are verified by the analysis of the instrument performance 
check solution, decafluorotdphenylphosphine (OFTPP). The instrument performance check 
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Nohl: Quality control requirements are specified In Section IV, regardlus of '!he method 
selected. 

Methods 3510, 3520, 3540 or 3550 can be used for &IIJTIPie preparation for Hmktolatile organic 
c:ompounds. An OYeNiew of these exnction methods and guidance for method selection can be 
found In method 3500. Gel permeation chromatography (Method 3840 or CLP) and/or other 
cleanup procedures must be performed when the nature of the sample requires It (SW-3800 
piovides guidance on deanup usagetprcoedures). 

Ill. Beporting/Qeflverables - There will be a combination of hardcopy and diskette 
deliveQibles. Section II.B. Dam deliYely requir8ments, of the SOW, deacribes the 
electronic deliverabtes for bolh initial and 1ater term. 

-l1lehardcopy deliverabtes are as follow and must be In the fotlowing order, chronologically 
--~eel. by instrument 

. S,lllmPie pats 

• · Chromatogram and quantitaticm report for each sample 

• Raw spectra, backgtound-eubtrsded spectra, and reference standard spectra for target 
compounds. The subcontrador may be asked ID provide lhBie spectra for compounds 
noted as falsct positives by the anaJyat. 

• ff TICs are requested, copies of mass spectra of TICs identified with the associated belt· 
match apectra (3 spectra). 

• . Sample data (chromatogram&, quantitatlon reports, and speclra) for all re-analyses . 

. · amndan:ta Data 

~ Chromatograms and quantitation reports for all s1l:ndards associated with the initial and 
. continuing calibration. 

• . · _. f.Dr..a..pertod of~ until the LANL EDD tndudes cornpleta eledrotlic reporting capabllty , 
the follOwing G,ga~ tlardoOpy deJiverables are required in addition (See fast parapph 
of u.s of the •Genarat Requirements'?: 

a-.wgc• 
' 

CLP forms 6, 7,ancl 8 for semtvolatiles (initial and ccntinuing calibnltion atandardl 
and Internal staridard qC summary) • 

. _ ~d8caftuorotriphenytphosphine (OFTPP), for each 12-hour period, for each GCIMS instrument 

• -· Mass listing - % relative abundance 
". ; 

·- -~&u, ·in d,ronotogical order. 
··.'':':•, .·· 
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2 -Methylnaphthalene 10 330 

2-Methylphenol 10 330 

4-Methjlphenol 10 330 

Naphthalene 10 330 

2-Nitroaniline 50 1600 

3-NitroaniUne 50 1600 

4-Nitroaniline 20 660 

Nitrobenzene 10 330 

2 -Nitrophenol 10 330 

4-Nitrophenol 50 1600 

N-Nitrosodimethylamine 10 330 

N-Nitrosodiphenylamine 10 330 

N-Nitroso-di-n-propylami ne 10 330 

2,2'~xybis(1-Chloropropane) 10 330 

Pentachlorophenol 50 1600 

Phenanthrene 10 330 

Phenol 10 330 

Pyrene 10 330 

1,2,4-Trichlorobenzene 10 330 

2,4,5-Trichlorophenol 50 1600 

2,4,6-Trichlorophenol 10 330 

• EQLs for soil are based on no GPC being performed. The laboratories' GPC equipment 
wiU detennine what the EQL is, based on the volume of extract the GPC equipment uses. 
However, if it is possible, in order to provide the lowest possible quantitation limits, the 

·labonrtories should concentrate the GPC extract to a volume that makes the EQL for a 
sample that underwent GPC dean-up no more than twice the listed EQL. 

NO = not detennined, according to SW-8270 

Tentatively Identified Compounds (TICs) may be requested. If requested, they should be 
identified and quantitated per the CLP method for semivolatiles, OLM02.0 (or more recent). 

Methods 

The U.S. EPA methods that are options for use are method SW-8270 (11/90 or mom recent) or 
the CLP method for semivolatiles (OLM02.0 or more recent). These methods are bclsed on 
solvent extraction, concentration and GCIMS detection and quantitation. 
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Butylbenzylphttullate 10 330 

4--Chloroanlline 20 13<JO 

4-Chloro-3-methylphenol 20 0.30 

2..chloroilaphthalene 10 330 

2-Chlorophenol 10 330 

4-Chlorophenyl phenylether 10 330 

Chryaene 10 330 

Oibenz(a,h)anthraeene 10 330 

Dlbenzoturan 10 330 

1 ,2-Dichlorobenzane 10 330 

1 ,3--0ichlorobenzene 10 330 

1 ,4-0ichlorobenzene 10 330 

3,3'-Dichlorobenzidine 20 860 

.~ ~-. 2;~nol 10 330 

Dlethylphthalate 10 330 

Dimelhyl phthalate 10 330 

2,4-Dimethytphenoj 10 330 

2,4-0initrophenol 50 1600 
·r·k~, 

~jphthalate 10 330 ,,,.. 

4,e.-PJnitro-2-methylphenol 50 1600 

:~·~uene 10 330 

r• 2,6:-0iriltrOtoluene 10 330 

;~phthalate 10 330 

~ tt• ~~~hexyQphthalate 10 330 

Ftuofanthene 10 330 

· · FJUorene. 10 330 

~lotobenzene 10 330 

HexitchlprobUtadlene 10 330 

. . . Hex8ctdorocyctopentadiene 10 330 

···~ 10 330 
.. !ndeno(1~2.3-Cd)pyrene 10 330 

lsO,morone 10 ~ 
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SECTION Ill - SPE<clfJC REQUIREMENTS FOR SEM[VOLADLE ANALYSES 

I. OVerview - Because of the history of weapons design at Los Alarnos National Laboratory. dating 
back to the Manhattan Project in 1943, there is reason to believe that some sites/field units 
involved in DOE's Environmental Restoration Program may contain detectable concentrations of 
semi-volatile organics that may have been used during research and development of nuclear 
weapons, conventional weapons and novel materials. 

The analytical data generated by the subcontractor under this subcontract will be used to 
determine if there are measurable concentrations of the targeted semi-VI)Iatile organic compounds 
that will require remediation or lot,g term monitoring. 

Sample matrices that the subcontractor may receive include, but are not limited to water, waste 
water, soU, sludges, traps, filters, and oils. 

The methods cited in this section are methods of the United States Environmental Protection 
Agency (U.S EPA). Target compounds are those required to meet New Mexico Environment 
Division or U.S. EPA regulatory requirements. 

II. Target Compounds/Method Citations 

Estimated Ouantitation Umjts (EOLsl for Semjyolatile Organics 

SEMIVOLATILE ORGANIC COMPOUND Water 
J,lgiL 

SoiVSolid 
J,lglkg* 

Acenaphthene 

Acenaphthylene 

Aniline 

Anthracene 

Azobenzene 

Benzo(a)anthracene 

Benzoic acid 

Benzo(b )flouranthene 

Benzo(K)flouranthene 

Benzo(g,h,i)perylene 

Benzo(a)pyrene 

Benzyl alcohol 

Bis(2-chloroethoxy)methane 

Bis(2-chloroethyl)ether 

4-Bromophenyl phenylether 

10 

10 

20 

10 

20 

10 

50 

10 

10 

10 

10 

20 

10 

10 

10 

330 

330 

660 

330 

660 

330 

3300 

330 

330 

330 

330 

1300 

330 

330 

330 

38 

. ~ 

.j 



· ... ; 

~:~: ' 

'/<'•·•· 
~:~.~::·. 
)ti't'• 
r:~if~. 

;~~~~<· : 

~ 
L'- ~-· 
~-·: : ' 

~- i:.". 
~~~ :. 
0j·.· 
:·;: 
;_.·, 

~: .. 
::: v., ,,· ~ 

~~-~j 
~~;:_·· .. 

f tert-Butylbenzene 
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1 0.100 !20.5 1 ;t2s.o :J 

Table 1 

Acceptance Criteria for Initial and <'..ontinuing Calibration of Target and System Monitoring 
Compounds (cont) 

·-Minimum Mulmu Maxlmun 
Target Compound RRF nt%RSD %Diff 

1 ,2,4-Trimethylbenzene 0.100 20.5 .±25.0 

sec-butylbenzene 0.100 20.5 .±25.0 

1,3-0ichlorobenzene 0.100 20.5 ;!:25.0 ·-
1,4-0icholorbenzene 0.100 20.5 ;!:25.0 

p-isoptopyltotuene 0.100 20.5 ;!:25.0 

1 ,2-0ichlorobenzene 0.100 20.5 ;!:25.0 

n-Butylbenzene 0.100 20.5 ;t25.0 ·-
1 ,2-Dibromo-3-chloropropane 0.010 None None 

System Monitoring Compounds 

Bromoftuorobenzene 0.200 20.5 ;t25.0 

Toluene-<t8 0.010 None None 

Dlbromofluoromethane 0.010 None None 

;~t;;~;;·. ,f,,:)i~:.;;,,;.; .••. ';, ':' .. ··',' .,, .· 
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Table 1 

Acceptance Criteria for Initial :and Continuing Cc1libration of Target and System Monitoring 
Compounds (cont) 

Minimum Maxlmu Mulmurn 
Target Compound RRf m%RSD %Diff 

Oibrornometh.ane 0.010 None None 

Olbromochloromethane 0.100 20.5 ±.25.0 

1,1,2-Trichloroethane 0.100 20.5 :!:25.0 

Benzene 0.500 20.5 :!:25.0 

trans-1 ,3-0ichloropropene 0.100 20.5 :!:25.0 

1 ,3-0ichloropropane 0.100 20.5 ±.25.0 

4-Methyl-2-pentanone 0.010 None None 

Bromofonn 0.100 20.5 ±.25.0 

2-Hexanone 0.010 None None 

1 ,2-Dibromoethane 0.100 20.5 :!:25.0 

Tetrachloroethane 0.200 20.5 .:!:25.0 

1, 1.2.2.-Tetrachloroethane 0.300 20.5 ±.25.0 

Toluene 0.400 20.5 :!:25.0 

ChlorobenZene 0.500 20.5 :!:25.0 

1,1, 1 ,2· Tetrachloroethane 0.100 20.5 .:!:25.0 

Ethylbenzene 0.100 20.5 :!:25.0 

Styrene 0.300 20.5 :!:25.0 

Xylene& (Mixed) 0.300 20.5 :!:25.0 

1,2,3-Trichtoropropene 0.100 20.5 :!:25.0 

lsopropylbenzene 0.100 20.5 .:!:25.0 

Bromobenzene 0.100 20.5 ±.25.0 

n-Propylbenzene 0.100 20.5 :!:25.0 

2-Chlorotoluene 0.100 20.5 :!:25.0 

4-Chlorotoluene 0.100 20.5 ±.25.0 

1 ,3,5-Trimethylbenzene 0.100 20.5 ±.25.0 

_;..:... .•. ..:.---·-· ----·--'·--·-------------------··-··---- . 

~ 
• ·'II ,. 

',..:<. 
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TABLE 1 
Acceptanoe Crit:erta for Initial and Continuing CaUbration of Target and System 

Monitoring Compounds 

Target Compound 

·.Bromomethane 

'Vinyl ch1orlde 

·, .. ~ 

'Otchlorodiftuorometr.ane 

. ,_ J. N)f9bloroethane 

.. 1~i~ 

.·· ·1;a~~ne 
. Qa..1;3-pi9hloropropene 

Minimum 
RRF 

0.010 

0.100 

0.100 

0.010 

0.010 

0.010 

0.010 

0.010 

0.010 

0.010 

0.010 

0.100 

0.200 

0.010 

0.010 

0.200 

0.100 

0.010 

0.010. 

0.010 

0.100 

0.100 

·o.2oo 

0.010 

0.200 

0.300 

Mulmu llulmum 
m%RSD %Diff 

None None 

20.5 ±25.0 

20.5 .:!;.25.0 

None None 

None None 

None None 

None None 

None None 

None None 

None None 

None Nona 

20.5 .t25.0 

20.5 ,t25.0 

None None 

None None 

20.5 1:,25.0 

20.5 . ±25.0 

None None 

None None 

None None 

20.5 ±25.0 

20.5 ±25.0 

20.5 ;!:25.0 

None None 

20.5 ,t25.0 

20.5 ±25.0 
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Toluene-dB 
Bromofluorobenzene 
Dlbromofluoromethane 

5. Method Blanks -

wmm 
88-110 
86-115 
86-118 

Sgjl 
fl1-117 
74-121 
80-120 

A separate method blank must be extracted and/or analyzed for each method, matrix and 
lor analytical run prior to sample analysis. The method blank must be analyzed under the 
same conditions as required for the associated matrix. For example, the method blank for 
a solid sample matrix must undergo a heated purge. A method blank atsoclated with a 
medium level solid analysis is to be injected with 100 ul of the methanol used for the 
medium level extraction. 

Volatile organic target compounds must nm be present in the blank at a concentration > 
the estimated quantitation limits (EQLs) with the exception of acetone, methylene 
chloride, and 2-butanone. Acetone!, methylene chloride, and 2-butanone can be present 
at up to five times the EQL before c:orrective action is required. Sampltt results must nm 
be corrected by subtracting any mothod blank value. 

An instrument blank must be analyzed after any sample that has had a target compound 
two times thfJ linear range of theln:strument (400 ng/ml) to check for carry-over. 

6. Samples 

Sample (s) must be reanalyzed when one or more of the following occur: 

Acceptance criteria are not met 
Carry-over or laboratory contamination is suspected 
A target compound is over the instruments linear range (200 nglmt). In this case. 
a dftution is required. 

U is jmporSant that the lowest possjble EOL 's are acbieyed If the Initial analysis of a 
sample was perfonned at a dilution and there were no target compounds and/or TICs 
detected above the EOL. a re-analysis at a higher concentration must occur unless the 
reanalysis cannot be performed at a level five times the initial diluted analysis. For 
example, if the initial analysis was diluted 20% with no target andfTICs detected, a 
reanalysis without a dilution can be performed. However, if the sample was dHuted 25 or 
50%, a reanalysis is not necessary and the diluted Initial analysis Is reported. 

When a reanalysis occurs, both sets of data are to be included. 
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tsome's (o ,m, P. b1~ ii~ ttl'.~ cahbtation startdardr. at conc:!r•traton:; of each ts:;rm:r equ;;; k 
that of the Liner ·:a:,~e; coT,POt.nds. Sirniiarly, the cis :md trans tsomert. of1 ,:l­
dtcl"loroeth€~de nrll.:st t.oU• t.e presem in trte standards at c::>ncentr:~hons equal tc.; ttw 
other target analftes. 

Separate calibrations iinitial and continuing) must be performed for aqueo•JS ar.d solid 
matrices with the aqueous calibration standards undergoing an unt>~ated purge an(j 111e 
solid calibration standards unden]oing a heated purge. Sample extracts of a meo;um 
leve! methc(j can be analyzed using the calibration for aqueous matrices undergorng an 
unheated purge. 

If time remains in the 12-hour time period after meeting the accepta11ce cntena for f'l)e 
mitial calibration, samples may be analyzed. It is not necessary to analyze a conbi"IU!PQ 
calibration standard if the initial calibration standard that is the same et:10centration as the 
continuing calibration standard meets the continuing calibratio~ acceptance criteria. (t.~. a 
CLP form 7A m:.~st be generated). If time does not remain. a new injection of BFB must 
meet the abundance c.-'ltteria given in item 1 followed by a continuing ca ibration star.Oard. 

The mlative resp,nse factor (RRF) at each concentration level fot each target and ty~terr: 
monitoring compound must bE: greater or equal to the compound's minin'Jllm acceptable 
response factor listed in table 1. 

The % RSiD tor each target and system monitoring compound from the initial .:alibratio"l 
must be less than or equal to the Maximum % RSO listed in Table 1. 

Tne relative response factor percent difference (%0) for each target and system 
monitoring compound must be less than or equal to the value listed in Table 1. 

Up to two compounds may fail to mee1 the acceptance criteria. However, these 
com!lOUnds must have a minimum RRF greater than or equal to 0.010, and the% RSD or 
% Oiff must be less than or equal to 40.0%. 

If a t3rget compound is detected in a !~mple for whiCh the continuing calibration % Diff 
>25% for that compound, the sample must be reanalyzed under a continuing calittration 
with an acceptable % Diff for tnat compound. 

3. Internal Standards -

The minimum required internal standards are chlorobenzene-d5, 1.4· jiflourubenzt~ne, 
and 1,4-dichlorobenzene-d4. A retention time and response check must lle performed 
on every internal standard for samples analyzed. The retention time (RT) for an irtemal 
standard from a sample c.annot > .:t 30 s·econds from the previous daily calibration The 
response area of an internal standard from a sample cannot exceed a factor of 2 (·50% 
to +100%) from the previous daily calibmtion. 

4. Sunogates or Srstem Monitoring Compounds -

The minimum required surro;ate compounds are toluene-<18, brt~mofiuorobenzene. and 
dibromofluoromethane. Required recovery limits follow 
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Laboratory Control Samplf!S (LCS)- for LCSs analyzed in association with LANL 
samples, the chromatograms and quantitation reports are required. 

Data must be reported on a dry weight basis. 

pH for all aqueous samples for volatiles analysis must be recorded and provided with 
hardcopy until such time as it is incorporated into the spreadsheet. 

Note: All hatdcopy sample data must be legible and clearly labeled with the LANL 
sample number, lab file 10, date and time of analysis, and GCIMS Instrument 10. 
Compound namEIS must be clearly marked on all spectra. Hardcopy standards data 
and raw QC data must be legible and clearly labeled with the lab file 10, date and 
time of analysis, and GCIMS Instrument 10. 

IV. .QualitY Control (QCl regujrements - It is important that the laboratory personnel follow 
Good Laboratory Practices throughout all operations involved In the analyses of samples. 
Refer to SW-846 chapter one for general quality control requirements for volatile organic 

analysis. Failure to meet criteria requires reanalysis of associated samples under 
acceptable criteria. 

Matrix spike and matrix spike duplicate analysis will be requested if needed. A sample 
will be submitted to be used as the matrix media if matrix spikes are requested, with 
direction on analytes to spike. 

Accgptance Criteria 

1. Instruments Performance Check -

The mass calibration and resolution are verified by the analysis of the instrument 
performance check solution, p-Bromoftuorobenzene (BFB). The instrument performance 
check solution, BFB, must be injected at the beginning of each 12 hour period of analysis 
and must meet the following ion abundance Cliteria: 

MuJ Intensity Regujred <Relative Abundance) 

50 8.0 to 40.0% of mass 95 
75 30.0 to 66.0% of mass 95 
95 base peak, 100% relative abundance 
96 5.0 to 9.0% of mass 95 
173 less than 2.0% of mass 174 
174 50.0 to 120.0% of mass 95 
175 4.0 to 9.0% of mass 174 
176 93.0 to 101.0% of mass 174 
177 5.0 to 9.0% of mass 176 

2. Initial and Continuing Calibration-

Prepare 5 aqueous initial calibration standard solutions containing all of the purgeable 
target compounds and /system monitoring compounds (also referred to as "surrogates") 
at 10, 20, 50. 100, and 200 ~g/ml concentration. It is required that all3 of the xylene 
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,Sample Data 

Chromatogram and quantitation report for each .sample 

• Raw spectra, background-subtracted spectra, and reference spectra for target 
compounds that are identified in the sample. The subcontractor may be asked to 
provide these same spectra for compounds that have been noted as false 
positives, upon occasJon. 

If ncs are requested, copies of mass spectra of ncs identified with the 
associated best-match spectra (3 spectra). 

• Sample data (chromatograms, quantitatlon reports, and spectra) for aU re­
analyses. 

Standards Data 

Chromatogram and quantitation report for all standards associated with the initial 
and continuing calibrations. 

• fQr..a.period of time until the LANL EDD includes complete electronic reporting 
capability , the following organics hardcopy deliverables are required in addition 
(See last paragraph of 11.8 of the •aenerat Rec~ulrementsj: 

CLP volatiles forms 6, 7, and 8 (initial and continuing calibration standards and 
internal standard QC summary) 

RawOC data 

For bromofluorobenzene (BFB), for each 12-hour period, for each GC/MS instrument 

Mass listing - % relativt1 abundance 

For a period of time until the LANL EOD includes complete electronic reporting 
capabUity , the following organics hardcopy deliverables are required in addition 
(See last paragraph of 11.8 of the "General Requlrementsj: 

CLP form 5 computer-generated report 

61ank data - in chronological order. 

Chromatograms and quantitation reports 

Raw spectra, background-subtracted spectra, and reference standard spectra for 
target compounds identified and any compounds noted as false positives by the 
analyst 

.Matrix splkeslduoljcate matrix sPikes - if they are requested, chromatograms and 
quantitation reports are required. 
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2·-Chlorotoluene 5 5 

4-Chlorotoluene 5 5 

1 ,3,5-Trimethylbenzene 5 • 5 

tert-Butylbenzene 5 5 

1,2,4-Trimethylbenzene 5 5 

sec-Butytbenzene 5 5 

1,3-0ichlorobenzene 5 5 

1 ,4-Dichlorobenzene 5 5 

p-lsopropyltoluene 5 5 

1,~!-0ichloroben;tene 5 5 

n-13utylbenzene 5 5 

1 ,:! -Oibromo-3-Chloropropane 10 10 

Tentativel';ldentified Compounds (TICs) may be requested. If requested, they should be identified 
and quantitated per the CLP method for volatiles, OLM02.0 (or more recent). 

The U.S. EPA methods that are options for use are method SW-8260 (11190 or more recent) or the 
CLP method for volatiles (OLM02.0 or more recent, using capillary column). These methods are 
based on purge and trap sample extracticnlconcentration followed by gas chromatography/mass 
spectrometry analysis. 

II~?~: Quality control requirements arv specified In Section IV, lJISilljlftiRH of the method 
t~elected. 

for medjum level analysis - At times, a medium level or methanol extraction method will cccur in the 
field. 't\1\en It does occur, the laboratory will receive the methanol sample extract as the matrix to 
be anaJyzed. The extract is to be analyzed within 40 days from the time ttu! extracti?Jl occurred. A 
benchsheet containing the sample amount extract, solvent volume added, and the extraction date 
will accompany the sample extract(s). In addition to the sample extract, the laboratory wm receive a 
sampling vial containing a portion of the methanol used for the extraction.~ aliquot of the 
methanol will be injected i!1fl reagent water and analyzed as the method blank. The analysis of the 
sample e~s) and method blank will happen under the aqueol:.s calibration standards and 
analytical conditions. As a result of the medium level method, the EQL's will be elevated. 

Ill~ Re.portlnsJOeltverabltl - There win be a combination of hardcopy and diskette 
deliverables. Section 11.8, Data delivery requirements, of the Statement of Work 
describes the electronic deliverables for both initial and later term. 

The hardcopy deliverables are as follow and must be in the ft>llowing order, 
chronologically arranged, by instrument: 
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1 ,2-Dichloroethane 5 5 r-lf-111
1 

1,1-0ichloropropene 5 5 

2·Butanone 20 20 

2,:z-olchJoropropane 5 5 

1, 'I ,_1-Trichloroethalie 5 5 

Ccu'bon Tetrachloride 5 5 

Benzene 5 5 
1 ,2-0ichloropropane 5 5 

Trlc:hJoroethene 5 5 

Ofbl'omomethane 5 5 

Bromodiehloromethane 5 5 

t-1 ,3-0ic;hloropropene 5 5 

c-1,3-0ichtoJopropelne 5 5 

. 1, 1.2-TriChloroethane •• ,) 5 

t~loropropant! 5 5 

·_·;.·c~ane 5 5 
( .r 

4-Methyt:-2-Pentanone 20 20 

5 5 

·. 2-+texanone 20 20 

.'l~~thane 5 5 

_T'e~ne 5 5 
.. 

chlor'obenzene 5 5 , .. . . 
1,1 ;1 ,2-Tetrachloroethane 5 5 

.. ~ytbenzene 5 5 

0,11\p,.Xylene (mixed) 5 5 

·stYrene 5 5 

BromofOrm 5 5 

1,1:,2,2,· Teb'achloroethana 5 5 

· ·. 1.2.3:-TridhfOIOpropane 5 5 
.,. lsopropytbenzene 5 5 

Broinobenzene 5 5 

·. n-Propylbenzene 5 5 
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SECJJON Ill· SPECIFIC RE<WIREMENTS FOR VOLADLE ORGANIC ANALVSES 

I. Overyiew • Because of the h!stcxy of weapons design at Los Alamos National Laboratory, dating 
back to the Manhattan Project in 1943, there is reason to believe that some sites/field units 
involved in DOf:J Environmental Restoration Program may contain detac:table concentrations of 
volatile organic solvents that may have been used during research and development of nuclear 
weapons, conventional weapons and novel materials. 

The analytical data generated by the subcontractor under this subcontract will be used to 
determine If there are measurable concentrations of the targeted volatile organic compounds that 
will require remediation or long term monitoring. 

Sample matrices that the subcontractor may receive include, but are not runited to water, waste 
water, soil, sludges, traps, filters, and oils. 

The methods cited In this section are methods of the United States Environmental Protection 
Agency (U.S EPA). Target compounds are those required to meet New Mexico Environment 
Division or U.S. EPA regulatory requirements. 

II.J.immt Comoounds/Methods Cttations 

Estimated Qyantitatjon Limjts (EOLs)­

Wster 
Volatile Organic Compounds &&giL 

Soil/Solids 
I'Qikg 

Chloromethane 10 

VInyl Chloride 1 o 
Bromomethane 10 

Chloroethane 10 

Acetone 20 

Oichlorodifluorornethane 1 0 

lodomethane 5 

Trichlorotrifluoroethane 5 

Trichlorofluoromethane 5 

Methylene Chloride 5 

1, 1-Dichloroethene 5 

- Carbon Disulfide 5 

1 , 1-0ichloroethane 5 

1,2-0ichloroethene (total) 10 

Bromochloromethane 5 

Chloroform 5 

10 

10 

10 

10 

20 

10 
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5 

5 

10 

5 
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9. !ntemlement CO[rectjons tor ICP 

Before any field samples are analyzed under this subcontract, the ICP interelement 
correction factors must be detennined priOr to the lfart ot subcontract analytel and at 
least annually thereafter. Correction facton1 for spec:b'8l intetfarencl due to AI, Ca. Fe, 
and Mg must be determined for al JCP Instruments at aD waveJengthl used for each 
analyte reported by ICP. Correction factonl for spec1ra1 interference due to analytes other 
than AI, Ca, Fe, and Mg mutt be reponed if they were applied. 

If the instrument was adjusted In any way that may affect the JCP lnterelement correction 
tacrors, the factors must be redetermined and the results submitted for use. 

10. Analytical Range yerjf!cation WOO 

The analyte concentrations in this standard represent the upper limit of the ICP anaJytic8l 
range beyond which results cannot be repor1ad under this subc:Ontrac:t without dlution of 
the analytical sample. These concentrations may be hi,;her than the highest calibl ation 
stanclanS. If no concentration& higher than the highest calibration standard (actual 
instrument reading, before any dilution correction) will be reported, this standanf need not 
be run. If, however, the useful range of the instrument extends beyond the calibration 
range, an analytical range verification check stanclanS sho!Jid be analyzed and reported 
for each element The standard must be analyzed during a routine analytical run 
performed under this subcontract, and the anaJytically determined concentration of this 
standard must be within 5% of the true value. 

11. Eumage Atom;c Ab5omtion <AA) ac Ana!Y• 

All furnace analyses must fall within the calibration range. In addition, au analyses wil 
require duplicate injections. The absorbance or concentration of each injection must be 
reported in the raw data as wen as the average ab8orbance or concentration values and 
the relative standard deviation (RSD). Average concentratiDn values are used for 
reporting purposes. A maximum of 10 full sample analyses to a maximum 20 injections 
may be perfonned between each consecutive calibratiOn verification and blank. For 
concentrations greater than the EDL, the duplicate injection raadings must agree within 
20% RSD, or the analytical sample must be rerun once (i.e., two additional bums). 
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Chromatograms and data system printouts ior each GC column/instrument used. 

If duplicate matrix spikes are requested, the dlromatograrns and data system printouts 
are required. 

Chromatograms and data system printouts for LCSs run in association with LANL 
samples are required. 

QC data must be labeled as the standards data Is. 

Results must be reported on a dry weight basis. 

Note: AH hardcopy data must be legible and clearty labeled. 

IV. Oualjty Control rOCl requirements -It is important that the laboratory personnel follow 
Good Laboratory Practices throughout all operations involved in the analyses of samples. 
Refer to sw-846 chapter one for general quality control requirements. In addition, quality 

control requirements for sample extractions and clean-ups for the technique(s) used are 
found in the relevant &IV 846 methods. 

Matrix spike and matrix spike duplicate analysis will be requested if needed. A sample 
will be submitted to be used as the matrix media If matrix spikes are requested and 
instruction for spiking wW be provided .. 

The QC requirements identified under •Acceptance crlteris• must be followed. Failure to 
meet the criteria on both columns requires reanalya• of anoclated 
aamplnlblanu under acceptable criteria. 

Acceptance criteria 

1. Initial calibration 

A minimum of three concentration levels containing the target compounds and surrogates 
is required. One level at a concentration equal to the estimated quantitation limit (based 
on the concentration in the final volume specified In the preparation method with not 
dilution) is required. The other concentration levels should correspond to the working 
range of the detector. 

The % RSD over the initial calibration range for the calibration factors must be ~ 
20% for all target and surrogate compounds. 

For multi-component analytes. a calibration factor for each of 3-5 major peaks is 
required. 

2. Su~ates 

The two surrogates to be used are tetradlloro-m-xylene and decachlorobiphenyl. 
Recovery should be reported as a percentage and must be within 50-160%. Recovery 
outside of these limits will require re-extraction and reanalysis. If these limits are 
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exceeded again the data will be accepted, however frequent failures to meet these limits 
for surrogate recovery will require Investigation by the Jaboratofy. 
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3. Retention time wjndows 

Retention time windows are defined as plus or minus three times the atartdard deviation 
from the mean absolute retention times from the concentration levels of t11e lnitill 
calibration. For the rnultl-component target compounds, choose three to ft1e major peaks 
and calculate the mean and standard deviation cf those peaks. Retention time window8 
for target and surrogate compcunds are to be detennined for both the primary and 
secondary colurMS. 

The rotention times will be verified by the caRbration verification standard. 

4. DailY calibration Ccaljbration yerlficationl 

A daily calibration standard will be analyzed prior to sample analysis and throughout the 
anatytical run at a frequency of one per 20 samples. The callbnitlon factor for each target 
compound must not exceed:!: 15% difference when comparad to the initial calibration. 

5. D11aD 

Method blanks must be analyzed along with every anaJytic:al run for eact1 matrix and 
method used. Contamination must not exceed the EQL 

6. Breakdpwn crjteda 

The breakdown of etther 4,4'-00T or endrin cannot exceed 20%; 
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SECIJON 01 • SPf!dflC REQUIBEMEND FOB HIGH EXPLOSIVES ANALYSES 

L Qvtl)itw • Bec:au$t of thtt hil1ory of wupona dMign at Los Ala'nos National Laboratory. dating 
beclk tD t.. Manhebn PRlject in 1043, .,.,. II r8MC:II'I b believe that aorm sitasffleld units 
ifwolwed in OOE't Emrironnwllal Restoration Proglwn nay conc.in del8ctlble concentrations of 
ttlgh _..tv. that rrwy haWI been l8ltld for use • cngg.nng devtces during research ancl 

-·~ activitieE: tor nuc:lur.....,.. 
The M8fytic8l data ·glf'MQied ~ the IUbcontJ11dDr IM'Ider this RFP IUbcanlract Will ~ used to 
de-.mYt• lfthwa ant meaurable c:onceublltions of the targeted explosives compounds'lhat will 
...... remedialiori. 

San'~~* mattleelhlt ltJe IUbcontrllctor mt1y receive (bul not limited to) eould be water, ws.ste 
Willet, aoil. lludgea, ftttera, and oil. 

Tbe method~ that ant being cbd in ttdl MCtiDn .. thOle uaed by either the Environmental 
~ Agerw::y (EPA) 01e. Unled $tldla Nmt Envilonlnental center (AEC)- formerty, the 
UnaiKt Sllles Armt TCIOdc n HIIZaldaua U.rillll AtettcY (USATHNM), aa arwlhe targetod 
~for thase ..,.._ The nlildhoda 1J1Mn11Y consist of either mac:tion (liquid or solid 
~.ofthe •llllytal tom the...,. tnllrix or tltlt1ng of the-.. (wider) followed by 
rw.talfiilcS ptae HPLC Md W d1•1 cfioft. Nltrfolllllaee II d ... rmlned by ~nt of 
.... ,.,... pR)duced by hydrotylls. eodUn hydroxide, .. tnltll&nd using ion 
~. QualfllaUon of!ht ~ invoMislhe Nlalonlhip ollhe response of the 
.... In • ...,.. to.,..,... fadar giMfWd Ullng ... idlrdl. 
~ 

.,.,_ folowtng gR>Up of Wget Jn11r* for high exploltve8 w11 be refemld to as the "8330" aoalytea 
beeel•lhlyare lhe analytils 1hllt .. covered under method 8330 In EPA's SW-846. 

~1.3.5. 74ti•~~Jo.1,3,5. 7-tetn~zoeme 
~1.3,5-trinttro-1,3,5-triazine 
1,3,5.Trlnltrobenzene 
1~ 
.,....2.4,~nn 
.. Cibllnnne 
2,.4,4-Tmlrolaluene 
+Mino-2.~ 
2-NNno ..... G-clinlln:Jtolu 
2.~ 
2.~ 
2~ 
~ 
~ 

"'1330 AHALYTEr 

(HMX) 
(ROX) 
(1,3,6-TNB) 
(1,3-0NB) 
(Tetryl) 
(NB) 
{2,4.6-TNT) 
(4-Am-ONT) 
(2-AM-DNT) 
(2,4-0NT) 
(2.6-0NT) 
(2-NTJ 
(3-NT) 
(4-NT) 

Ho6ding tlmH for the samplel for "8330" enalyle:s are (1) for water aamptes, extractiOn must occur 
wtthi' 7 d8p of lampll <:Oiection, (2) for soil samples, eX1nletion must occur within 14 dayt of 
.....,. colection, and (3) analyail mutt OQ:ut within <40 daya of extraction for both soil and water 
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sample$ (number 3 does not, in .any W8)', release the subcontractor from the data turnaround time 
obligation.) 

Methods options for these "8330 ana~ytes• follow. These alternate rnelhoda - broken out by soil 
and water, provide the "estimated quantilation limb'" (EQLs) that the subcontractor is required to 
meet. whether using method SW-8330 and SW-e331 or the USA THAMA methods. 

AnaMes in Soil E.stjmated Quantltatign Umj!sCEOLi}: 

HMX 
ROX 
135TNB 
130NB 
TETRYL 
NB 
246TNT 
2ACtNT 
4AONT 
260NT 
240NT 
2NT 
4NT 
3NT 

(mglkg) 
2.2 
1.0 
0.25 
0.25 
0.65 
0.26 
0.25 

0.26 
0.25 
0.25 
0.25 
0.25 

Metbgd Qgtigns lbat can be ysed: 

SW-8330 (11192) or 

USATHAMAAUGUST 1989 REVERSED-PHASE METHOO FOR THE DETERMINATION OF 
EXPLOSIVE RESIDUES IN SOIL 

Rox·• 
135TNB*# 
130N8*1. 
Na•• 
246TNT•# 
240NT*# 
260NT•I 
2AONT· 
4AONT• 
HMXI 
TETRYL# 
2NT 
3NT 
4NT• 

0.84 
0.26 
0.11 

-0.11 
0.02 
0.31 
0.035 
0.06 

14.0 
7.3 
4.0 
6.4 
6.9 
5.7 
9.4 

13.0 
20.0 
12.0 
7.9 
8.5 
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Whece thef'e are blank.s a:tove. the EOLs have not Dee.1 det6nnined. Assume an EOL of 1.0 
microgramsll tor the lOw w.;~ters ana an ECL of 1 C rnicrcgrams/L for the high waters Where values 
are missing. As more intbm"Jat!OO is evailable. it willl::e provided. 

Method Qptjon§ that can bt: 1.!~ 

SW-8330 (11192} or 

USATHAMA 1990 IMPROVED SALTING-OUT SOL'IENT EXTRACTION METHOD FOR 
OETERMINA TION OF LOW LEVELS OF NITROAROMATICS AND NITRAMINES IN 
GROUND WATER 

• USATHAMA 613Cil38 METHOD NUMBER UW14. DETERMINATION OF EXPLOSIVES IN 
WATER BY HIGH PRESSUHE LIQUID CHROMATOGRAPHY 

~ Assume EQLs of 25 mjcrogramsfl. 

Nitroglycerine (NO} 
Pentaerythrttol tetJ-anlttate (PETN) 

USATHAMA AUGUST 19a9 REVERSED-PHASE HPLC METHOD FOR THE DETERMINATION 
OF NG AND PETN IN 'NA TER 

Anlt)1u lo lojj M!]Jlle1 f\lsume EOLs of Q 50 m;llsg 

Nib'oglycetine (NG) 
Pentaerylhrttollletranltrate (PETN) 

USATHAMA AUGUST 1989 REVERSED-PHASE METHOD FOR THE DETERMINATION OF NG 
~0 PETN IN SOIL 

Nitrogu:anidine 

US. THAMA AUGUST 1989 REVERSED-PHASE METHOD FOR THE DETERMINATION OF 
NIT, 'OGUANIOINE IN WATER 

Assume EOL of C~1.mgljsg 

Nitroguanidine 
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USATHAMAAUGUST 1989 REVERSED-PHASE METHOD FOR THE DETERMINATION OF 
NITROGUANIDINE IN SOIL 

Anattte jn water 

Tetrazene 

Method o.ptjons that can be LISOd: 

sw-8331or 

USA THAMA REVERSE ..PHASE HPLC METHOD FOR THE OETERMINA TION OF TETRAZENE 
IN WATER {Holding time Is stated as •samp~es should be processed as soon as possible after 
receipt. preferably within a day. i 

ADaMe in soil 

Tetrat.ene 

Assume EQL of 1 3 rmJII<g 

MethQd pptions that can be IJHd: 

S'N-8331or 

USATHAMA REVERSE-PHASE HPLC METHOD FOR THE DETERMINATION OF TETRAZENE 
IN SOfL (Holding time iS staled as •aamp~es should be proc:essed as .oon 88 possible after 
receipt. preferably within • day .• , 

Assume EQl or zo o rnjqggrams4. 

Metbgd 

USA THAMA METHOD FOR THE OETERMINA TION OF NITROCEUUOSE IN WATER 

The noted aaeumptlons, above, are based on the USA THAMA lower limit of the linear 
concentration range. 

Holding times for the non-"8330" analytBI .-a the same as for the "8330" analytes. Note that 
USA THAMA recommendl that l8lf1)les for tebazene analyses be "procesaed •• soon a poulble 
after receipt. preferably wtthin a day. • The aubcof ltradot" lhould take tNa Into consideration when 
analyzing samples for tetrazene. 

Note: Quality control requlntmenta .,. apeclfteclln Sadlon V, ,..,.,.,.... of the method 
seleciH. 

Ul. ~l'tlngiDIIIUnbln ·There wHI be a tombination of hardcopy and electronic 
delverablel Section II.B. Data delivery requirements, of the Statement of Work, 
describe~ the electronic deft\-erabtes for both initial and later term. 
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The hardcopy deliverables are as follow and must be in thl'l following order. arranged 
chronologica:ly. by rnst-ument 

Samples data 

Copies of HPLC chromatograms tor each sample (for each column), whiCh ar& 
labeled with: 

sample number 
volume injected 
date and time oi analysis 
HPLC COlumn identiftcation 
HPL C irr5tr'ut'TM!nt ldGntlfication 
names of cotnpOUl"'dt identified. with retention times, areas, peak heights, 
and concentrations found (this may te on a summary sheet, if retentiort 
times are on lhe peaks. 

Extraction~ sheets. 

Standards data 

Copies of HPLC chromatograrm as described under "samples data" for au 
standards 

Chromatograms of blanks labeled as described under samples data. 

Pl'tl\lide Chromatograms of laboratof'y controi samptes and matrix spikes (if 
requelted) labeled as described onder samptes data. 

Recwb must be reported on a dry W'f!Hgh1 basis. 

He*: AU d8Ut mu.t be htglble and property tabefa.d. 

IV. Quauty ~ntrpJ (QCl MU!rtmenta - tt is Important that the laboratory personnel follow 
Good t..bof'atory Pnlctic:el thro1.:gh0Ut all operationS lfwotved In the analyses of samples 
for high upbsrvu and that they maintain an internal QC program that Is relevant to the 
anatyaM under consideration -tn thil case, htgh 8XJ~. tn addition, it is required to 
fotow tht relevant peneral OC procedurM 81l spelkJd out in Chapter 1 of SW..a46. 

Madrtx ap«e and matrix spike duplicate analysis may be requested. A sample will be 
5Ubmltt8C to be used as lhe matrix medii If matrix spikes are requested and spi~;ing 
diNctbnl will be pr'O\Iid8d by the Sample Coordin81Dr. 

The QC raqulrwnents identified under "Acceptance Ctiteria" must be followed. Failure to 
meet the crtt.n. rwqutrM tWnalysie of auodateclaampleslblanka under 
acceptable ertbtt1a. 

,Nxeptaoce cctterta 
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·1. Initial calibration - extem11 

A minimum of 3 concentrations of the target analytes and surrogate(s), with one of the 
standards at a concentration equal to the estimated quantitation limit is required. Other , i 
concentrations should define the expected range of concentrations In the samples. % 
RSD must be <20 % over the working calibnltion range. Either a calibration curve or a 
single response factor may be used. 

2. Retention time windows 

The retention time windows for an anatytes and surrogates for each HPLC column is 
established from the initial caUbration by the folow\n!; methOd: 

a. Make three injections of au S1andards within a 72-hoUr period. 
b. Calcutate the mean and standard deviation (a) of the retention times of each 

analyte and surrogate. 
c. Establish the retention time window as :t 3 a from the mean retention time. 

Mean retention times of au anaJytes and surrogates from three lnjectlonl of the daily 
standard must fall within the retention time window established by the initial calibration or 
a new Initial calibration and establishment of a new retentiOn time window must be done 
befont running the samples. 

If the daily standard retention times are acceptable, the mean of the retention times is 
used as the midpoint of the retention time window for that day. The width of the window is 
the :t3 a found In the initial calibtation. 

All subsequent dally standards at midpoint and end of run must fatl within the daily 
retention time window. If any anatyte of any dalty calibration fails to faD within the daily 
retention time window. a new initial calibration must be performed. 

3. Oaily caUbration and reapgnse factors 

A dally caUbration standard is prepared at a concentration midway between the 
concentrations of the initial standards. This standard is run before the samples to check 
the condition of the HPLC. It Ia also run after each group of ten aampCea, and at the end 
of the run to ensure system stability throughout the analysis of the aamples. Response 
fadors for each analyte must be obtained from the peak height or area and compared 
with the mean response factol'l obtained in the initial calibration. The response factor for 
the daily calibrations must agree within t 15% of the response factor of the initial 
calibratiOn (:t10% for nitroguanidine and tetrazene). Corrective action to the analytical 
system or a new initial caUbration must be performed if these criteria are not met 

4. Laborato!)t control sample 

Complete system performance will be monitored by using a laboratory control sample. A 
known amount of 7 to 1 0 of the analytes plus surrogate equal to 1 Ox EQL of that 
established for the anatres is added to the matrix to be analyZed. For water samples, it 
is added to organic free reagent water; and for soil samples. it is added to standard soil. 
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Th6 control samplt:ts are carried throu~h the laboratory procedure and analyzt!d as 
samples. 

A laboratory control sample is run with each batch of samples and the results are 
compared with the known amount Advisory limits for recovery are 60-120% for water 
and soli &amples. As information is ga'thered, these windows will be revised 

.5. .SJai:k sa~ 

A blank is prepared by adding· a known amount of the surrogate to either reagcent water or 
clean send. The blank sarnpi.e is run W'1h each batch of sample and the recovery of the 
~rrogate is found. ff target &1\81ytes are found at greater than EOL, contamination must 
be corrected before further anatyses are pertooned. 

6. S!Jrragato 

Acceptable surrogates are compounds simi&ar to the target analytes but not pnasent in the 
samples. Two surrogates in UM are 3.4-dinitrototuene (required) and 2-mettl)fl-4-
nitroanlline (MNA) (optional). The aurrt>gate(s) is 8dded to samples, blanks, and LCSs 
and the complete laboratofy procedure IS c:anied out Surrogate rt~CCVery is reported for 
au samples, C*nka. and LCSa. VWldoM will be devefoped for acceptable recovery as 
d.w is oollecled. 
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SECTION Itt - SPECIFIC R~t1.lll~EMENJ S FOR RADIOISOTopE ANALYSES 

I. Overview- Because of the hist,,ry of weapons de:sign at Los Alamos National laboratory, dating 
back to the Manhattan Project in 1943. some sites I field units involved rn DOE's Environmental 
Restoration Program will contain detectable concentrations of radioactive material that have bJ'n 
used during research and development activities for nuclear weapons. 

The analytical data generated by the subcontractor under this subcontract will be used to 
determine if there are measurable concentrations of the targeted isotopes that will requrre 
remediatiOn. 

Sample ma1rices that the subcontractor may receive. include (but are not limited to) water, waste 
water, soil, sludge, filters, and oils. 

II.Target analytea- Table 111.6.1 contains the analyte target list for radiochemiCal analyses. 

The methods utilized by the lab for the analyns below must be aubmltted to LANL for 
approval. If following approval of a lab's method. LANL observes performance problems with the 
approved method the lab will be required to tiWt lhe necessary IICtionl to resotve the problems. 
Revisions to previously approved method$ shall be supplied, along with any performance data 
generated by the lab as part of their OWl• approval process, to LANL on a timely basis 
(approximately 2 weeks) following their is..~nce. 

Ill. Rtporttrgldellverabln 

Hardee~ 

Sample preparation wof1(sheets 

Software outputs for instruments on a sample-by-sample basis 

NIST traceability for standards 

Calilbration information. 

LANL may request additional hard copy data detrverables based on the subcontractor's spec~~c 
method/equipment 

IV. Quality Control (QC) requirement~~ 

1. Good Laboratory Practices • 
It is important that the laboratory personnel follow Good laboratory Practices througt\.)ut 
all opemtions involved in the analyses of samples for radiOisotopes and that they maintain 
an internal QC program that is relevant to the analyses under consideratiOn. 

laboratories should observe the guidance of the Good Automated Laboratory Practio:t:. 
(GALP). EPA December 28. 1990 draft. document in their handling electronic files 
representing sample raw data. sample processed data. and instrument calibration and 
configuration information 
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2 Contwl Charts 

F all analytes of interest. the analytical laboratory shall maintain internal control charts 
fo, lab control standard samples of bott water and soil rnatricM. The analytical laboratory 
shaU initiate these control charts prior to beginning LAN!. WOI1( and update them IllS data 
becomes available. The lab will be expected to use professional judgement in uM of 
resulting statistiCal control InformatiOn. 

3. Instrument Performance Verification and Calibration 

tnstr\Jment performance verification and calibration shall be per1onned at the frequencies 
1ndicated in table III.E.3.1. The respedlve control charts shall be updated as data 
beCOmes available or daily. whichever is greater. 

The data resulting from perfonnance velification measurements shall be charted using the 
guidance of ANSI N42.2, Mtiasurement Quality Assurance for RBC)ioassay Laboratories, 
(section A.5.2.2} and Manual on Presentation of Data ancf Control Chart Analysis (ASTM 
STP 150, Part 3. caction 33 (individuals), ASTM 1976). Th ac:oeptance criteria for 
statistical control in table III.E2 shall be observed. In the circumstance that one or more 
of tneae acceptance cr1tena are not met then COfTfiCtive action up to and including re­
calibration shall be done and documented. The corrective action process to be followed 
by the lab ahould be documented 111 an SOP. 

The indicated calibration freQuencies assume no change in instrument settings (e.g. bias 
voltage) or components (e.g. gas-proportional countar window or laser dye). If such 
settings or components are changed the lab will conduct the necessary calibrations. 

4. Acceptance Critena 

F allure to meet the tracer or earner recovery critena for a LANL sample requires re­
analysis of that nmple at lear.t once. A subsequent faiMe shell be indicated in the case 
narrative. Failure to meet tracer and carrier recovery criteria for the reagent blank or lab 
control standard requires re-a '\&lysis of all assoctated LANL samples under acceptable 
criteria. F allure to meet the lab control standaro or method blank criteria requires ,.,._ 
analysis of all associated LANL samples under acceptable criteria. If re--analysis for any 
of the above reasons is prevented by exhaustion of the supplied sample this shall be 
rndicated in the case narrative 

a Trace• recov.enes 

Tracer recovenes for alpha emitters shall be greater than or equal to 30% but 
In$ than or equal to 11 Oo/o Tracer recoveries for other than alpha emitters shall 
be greater than or equal to 40% but less than or equal to 11 Cl% 

b Carrier recovenes 

Carner recovenes shall be eQual to or greater than 40% but less than or equal to 
110% 
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c. Method blanks 

Method blanks shall be prepared along with samples in the SOGIRN. These shall 
include all preparation steps L'lnd all reagents for each analysis and for the matrix 
(i.e. soil, water) which rnalehes that of the associated SOGIRN. Method blank 
results shall not exceed the EQL in table 111.8.1 LANL shall consider the aliquot 
size of the associated sampleS in evaluating the acceptability of the reported 
method btank result 

d. Lab Control Standard (LCS) 

Standards traceable to NIST in a matrix comparable to the a.suoeiated samples 
shall be run at a frequency of one per SOGIRN. Anatyte rec011'8ries must be ::t 
25% of the certified values. The LCS need not contain all anelytes reponable for 
that analysis. 

The activity of the LCS 8houtd be ln the range of tiYe to fifty times the respective 
EQL. Where the c:ontractual EQL is 0.01 pCilg the adMty of the LCS should be 
ln the range of fifty to two hundmd times the respective EQL. 

e. Matrix spikes (MS} 

Those analysis where matrix spikes are ntquired Include: stronlium-90 when a 
strontium-85 tracer is not uaed, tritium by liquid sdntillltion, total uranltMTI by KPA, 
mass spedrosc:opy techniques, I'IICfium-226 by other than tn1c:er techniques, 
radium-228, thorium-234, and lead-210. The matrix spike activity shall be added 
prior to the beginning of ample digestion or other wet c:hem1ltJy. 

The ac:livlty of the matrix spike should be in the range of five to fifty times the 
respective EQL Whefe the contractu8l EQL i1 0.01 pCllg the activity of the 
matrix spike should be In the range of fifty to two hundred times the respective 
EQL. The MS need not contain all anety1es ~for that analylil. 

Matrix spikel, where requited, shall be run at a rwte of 1 per 20 umples or per 
LANl SDGIRN, whichever is grwater. Matrix spike recoveriU should be within 
25% of the expected value. The lab will be expected to note in the c:ase narrative 
any matrix spike recovery outside of 1his limit and to use profenional judgement 
in deciding If re-ana!yata of aasociated LANL samples il neceuary. 

f. Ouplicales 

M. least one sample in each SOGIRN shall be proc:esseclln duplicate and 
reported. There are no required acceptance criteria for these duplicate results. 
V'Jhere tl'len! is Insufficient sample to dow a dupticate analysis to be done the 
situation shall be noted in the case narrative. 

In the situation where onfy on.; sample is available for both the duplicate and 
matrix spike analysis and their is inaufflc:ient mass/volume available, the duplicate 
analysis shaD take precedence. 
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V. Ttcbntque IJMdlt reguinuntntl 

1. General 

a. 

b. 

c. 

The total propagated uncertainty (T'PU) assoelated with reported lll'SUlts 
shalf be one sigma, 68% confidence interval. TPU shall include 
reasonable end appropn;ne systematic uncertainties associated with 
8Dalysis in a<Scliticn to the uncertainty from counting statistics. Latf.t e1re 
referred to Data Reduction snd Error A.na/ysils for the Physics/ Scie·nces 
(P.R. Bevington; MeGraw-Hil. 1969: 56-64) for the propagation of c:x>u~ting 
and systematic uncertainties. 

SUbtraction of method blank results from sample 1'8$Uits shall not be done. 

In the analysis of tritium, we would consider the vial counted for purposes 
of background subtlaction as lSeP8f'8ta from those countt!d as a result of 
the required method blank preparations. 

Each lab shall use NIST trac:eable stanctards tor calibration, tracer, and 
LCS purposes. Dilutions ot NIST traceable standards shall be 
docu:nented in a CrJCICJolled nolobook 01 bindctr. When a NIST tracree!ble 
at.andarU Ia Uf'III'V8illble for a gtven analysis, the use of standards that are 
not NIST lraCMblllhafl be lndl.lded in the report narrative with historical 
background Information endlor 1he b8Bil for the known value. 

d. The certJftcaee apedAtd expinltion datil of standards or reference materials 
should be oblerved. However, wtNn lhe vendor has provided 
aupplementaty documantation of a longer Ulefulllfe of the standard or 
~ matllrial thi8 may be ~. Thil supplemental documentation 
shaft be retatned wah the certificate. 

e The following general equation for MOA (minimum detectable activity) shall 
be UMd untess otherwise noted het'eirl or approved by LANL: 

MOA • [•t65 (BKG)o.t + 2.71}12.22 • EFF • v• r.-•VJ 

\\1'lere BKG Is the 10tat background counts, Ts the sample count duration, 
EFF is the fractional defllc:tor efftdency, V II the volume or unit weight, and 
Y is the fnlctional chemical rec:overy obtained for the tracer or carrier. 
Other terma n mey be requiAKS, e.g. pnma abundance, can be used In 
the denominator. 

Those labl wishing to use the decision level principal of ANSI N42.2, 
~urement Quatity Aasurance for Radioassay Laboratories, are 
welcome to do so. HoweYer, we would expect the inclusion of Information 
in the data package regarding the "nominaa values of a number of 
parameters {background count rete. count time, estimated Interferences, 
chemical recoveries, decay timel, etc.)• used to arrive at the slated 
decision level. The source of the nominal values shall be addressed in an 
applicable SOP 
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The detemlined MDA or AI'JSI N42.2 decision level !Shall be less than the 
respective EQL indicated herein. Technical difficulties, e.g. insufficient 
sample, that prevent meeting the respective EQL requirement shall be 
documented in the case narrative. , : 

f. Counters shall not be reserved for a pa~lar type {e.g. method blanks or 
other QC sample) of sample. Counters may be reserved for specific 
nudides. 

g. 'Nhere a lab's verification of the activity of a NIST traceable standard 
indicates a noticeable deviation from the certified value, the lab Should 
consult with the provider about the problem. However, except where 
pennitted hefe..in the lab shall not use a value other than the decay 
corrected certified value. 

h. Results for SOil matrices shall be reported on a dry weight basis for all 
parameters except trttium. 

i. Unless herein specified, the soil aliquots used in wet chemistry techniques 
shaH be subjected to a total digestion or fusion prior to analysis. No other 
homogenization or size exdusion steps are required. 

2. Alpha apectroscopy 

a. The presence, evaluation, and explanation of any unusual peaks, greater 
t 18n 1 0% of the tracer peak, beyond those of the tra<::er and expected 
analyte peaks should be induded In the report namative. 

b. The area counts of an ana1y1e or tracer region should be determined by 
integration of counts In defined ROI unleal the number of counts In thtt 
respective region exceed 25. In the situation where the area counts of a 
region exceed 25 peak fitting algorithms may be used. 

c. Labs using uranium-232 as a tntcer in sequential isotoptc uranium/thorium 
determinations should take steps to minimize tM contribution of thorlum-
228, from uranlum-232 decay, in their reported isotopic thorium reflulta. 

d. Each alpha spec LCS should contain sufficient IICtivlt)'. as required herein, 
of each isotope to be quantified to yield as useful result. The exception to 
this will be uranium-235 in isotopic uranium analyses. 

e. In the case of analysis for isotopic uranium only the uranium-234 and 
uranium-238 will be subject to the LCS and MS recovery crtterla. 
However, the amount of uramum-235 in the LCS and MS spike as well as 
the uranium-235 results for the LCS and MS sh;alt stiH be reported. If the 
uranium spike solution conams of enriched uraflium with elevateo levels of 
uranium-235 then the LCS and MS recovery criteria will also apply to 
uranium-235. 
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a. The lso10pel to be quantified and their respective energies, abundances, 
and half..Jifes will be supplied by LANL. These isotopes and the abcl\'e 
quantltation infom\ation may be updated on a periodic basis. 
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For those softwarE! packag;:ts allowing an identification only library, LANL 
will supply a list of isotopes and energies that should be used in the 
analysis of LANL samples. These isotopes and t:tnergy information may be 
updated by LANL on a periodic basiS. 

All isotopes requested by LANL need not be inciLded in the LCS 
detennination. 

b. The same calibration files (energy-efficiency cu~e. detector background, 
peak shape c:haractelistics, and internal absorption) for a given detector 
shall be used in the software analysis of all samples within a batch. The 
lab may use differing channel-energy files as long as the detenninations 
are documented. 

c. VVhere there is sufficient sample, the sample duplicate will be a separately 
prepared container of sample, not a recount of the same sample container. 
If there is not sufficient sample, this will be indicated in the report 
narrative. "Where multiple detectors are used in the analysis of LANL 
samples the sample duplicate will be counted on a detector different from 
that used for the count of the associated sample. 

d. The geometry of a sample shall reflect that of the associated calibration 
standard. Dilution may be used in those case& where the sample siZe is 
less than the smallest available calibrated geometry. Otherwise a 
calibrated geometry sufficiently small to accommodate the available 
sample should be uwd. 

e. The report narrative should indicate which analysis software package and 
version was used to analyZe the reported spectra. 

f. The lab SOP for the gamma analysis should indiCate the software critena 
used to analyze the reported spectra. The lab SOP should also provide 
listings of relevant software macros used in the acquisition/analysis of 
spectra. 

g. For those software packages that allow the user to choose the manner in 
which the gamma MDA is calculated, the choice should be that of Currie 
(Lloyd A. Currie, Analytical Chemistry, 40(3), March 1968, 566--93). 

h. For decay corrections, the reference time will be the time and date that the 
sample is collected. 'Where time of collection is not specified 1200 hours 
(noon) should be used. 

i. The use of europium-154 and ·155 sources for calibrations used in the 
quantitation of LANL samples is not pennitted. 

j. The efficiency calibration source shall have emissions at the following 
approximate energies prcduced by the indicated 1sotope: 59.5 keV 
(americium-241), 88 keV (cadmium-109). 122 keV (cobalt-57). 166 keV 
(cerium-139), 279 keV (rrercury-203). 392 keV (bn-113). 662 keV (cesium-
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r··· 1371~137m). 898 keV (yttriurn-88), 1173 keY (OObalt-60), 1332 keV 
(c:obeft.60), lind 1836 keV (yttrlum-88). These callbt'ation sources shalt not 
be uaed for el'ficienc:y, energy, or peak shape calibrations beyond one 
y .. since cer1llc:ation of the source. In addition, no Isotope in thiS source 
will be used beyond five half.fifelatnc:e the certlficalion date. Sources 
brfond this one ,_. period may be used as a LCS soun:e. 

k. It shall be ~ ID chart the performance parameters of only 
americium-241, celium-137, and cobalt«J in meeting the requirements of 
section 111.£.2. The pararnatars lh8t should be monitored include recovery, 
peak energy, Md peak rMOiulian. 

I. In making delectiOr bllckground delermtnationa, the lab may use Its own 
judgement In using elher an~ cave, a cave with an empty counting 
geometry, ore cave witt an apprapriate de-ionizedldistiled water filled 
counting geomelr)'. 

m. If the lab's detlctiDr il iapllble of detecting the emissions of requested 
._.. dh energiel below lhal of emariciurn--241 these need not btl 
rapcdld. For thole lab's th8t .. capable of detecting emissions of these 
tsoiOpel the tack of complete ~ of detection efndency at these 
enetgiN lleclcnowtedged. 

n. Whent the lllling 11..,._. by the tab'aaoftware, all counts should have 
.. abundlnc:e limlleetld 75 ... 

o. Vendor supplied hi'*'SJ In the aptdftc aoftwara being used for gamma 
apectra~...,. by the I'8IPidMa an81yat(s) llatrongly encouraged. 

p. The soil umple aliquot Chat II counted shall have been previously dried. 

5. Gross alphalbet8 

a. A planchet f-.idue C1CM118Q8 ~ fimltation of 5 rwtJ!crrf for alpha/beta 
detannlnationt8nd 10 ~ lbr be&a only delermlnations should be 
obNrfed ~ Uling a 2-inch ~ However a planchet realdue 
coverage denlly of up to 10 ~for alpha/beta detennlnationa may be 
UMd If en eddllonel lCS aample wllh a pa.nctJet residue coverage density 
of 7.51D 10 rrtQJcrr1 is Nn wtlh MCh SDGIRN. 

b. Prepered p.nct18ls should not bt tlamld if they are maintained in a 
deliccated envtronmant prior to counting. If flaming Is necessary then this 
lhould be Included In 1he cue narrative. 

c. The addity of aqueous &ampM lhoutd be checked before analysis and pH 
< 2 confttmed. SampiM whole pH does not meet this criteria should be 
acidtfied and anelyllis held for 18 houri. LANL SMO should be notified 
which lllfTIP6N requJrad ec:icftfic:atio by the tab In this manner and the 
report narndlve should alto Indicate this fact. 
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d. It is permissible lor the laboralorf to use other than the certified value in 
assessing the· recovery of their LCS and MS recoveries due to the gross 
nature of this anc1lysis. The approach taken by the lab to derive the 
•apparent" known value of the LCS and MS spike shall be documented in 
an SOP and referenced in the data package along with certified known 
value. 

6. Uranium by KPA (Note that this ia not an anatysls under the routine anaty1es 
categories, but ia • commonly-requested notHoutlne analysis.) 

a. Individual measurements shall have a minimum lif-~t-tims of 200 ~sec. and 
an R2 of greater than 0.97. If sample dilution does not allow this criterion to 
be met the lab should note the problem in the case narrative. This criterion 
is not applicable if the <:oncentrabon is below the EOL indicated in table 
111.8.1. 

b. LANL reserves the right to require the use of the method of standard 
additions (MSA) 1n the analysis of samples by KPA. 

c. Total digestion or fo.;sion is not reQuired for KPA ar.alys1s of soil samples. 

7. Elemental uranium by ICP-MS 

a. The lab's procedure should be based on EPA metnod 6020 with uranium 
specific quantitation guidance from EPA EMSL..CIN method 200.8, 
"Oeterrnination of Trace Elements in waters and Wastes by ICP-MS". Any 
deviations from EPA method 6020 in the lab's procedure shall be 
submitted for approval as provided for in section 111.8. 

8. Strontium-90 

a. wtlere the strontium-90 activity of a sample is expected to exceed 5 pCilg 
the sample should be re-counted a few days hence so as to obServe an 
expected increase due to additional yttrium-90 Ingrowth. It is only 
necessary to document this count and the results in the supplied data 
paCkage. A complete c.alculation of an additional final result is not 
necessary. 

9. Gross gamma 

a. It shall be permiss1~ for the laboratory to use other than the certified 
value in assessing the recovery of their LCS and MS recoveries due to the 
gross nature of this anatysis. The approach taken by the lab to derive the 
"apparent" known value of the LCS and MS spike shall be documented in 
an SOP and referenced in the data package along with certified known 
value. 

10. ICP-MsnCP-MS-FIA {Non-routtne analytical service frequently requested) 
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a. Total propagat8d uncenllinty v111ues should noa be reported tor tesultS 
delermtned by fPC-US or tcP-MS-FIA techniqueS. 

b. Minimum detl c8blrt ~for ICP-MSIICP-MS-FIA 
tedlniquellhall be d ••mil tee! baled on lblndard practices. 
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I Table W.B.J TargetaMiyte EQL1 by matrix; pCilg or pCiiL unless indic:atod 

Analyte Soil Water Technique2 

Gross aJpha/befa 10.0 3.0 au-proportional 

Gross alpha/beta 10.0 NA liquid scintillation 

StroDtiwn-903 2.0 s.o au-proportional 

Americium-241 0.1 0.1 alpha spectroscopy 

PJutonium-238. -239 0.1 0.1 alpha speetroscopy 

Thorium-228. -230. -232 0.1 0.1 alpha spectroscopy 

Thorium-230. -232 0.1 0.1 ICP-MS-FlA (commonly· 
Nquested non-routine 
analysis) 

Uranium-234. -23S, -231 0.1 0.1 alpha spectroBcopy 

Uranium-234. -235, -238 0.1 0.1 ICP·MS-FIA (commonly-
requested non-routine 
analysil) 

Tritium JOOpCiiL 300 liquid scintillation 

multiple isotopes Am-241: 1 Am-241: 20 pmma apectroscopy 
(Table ID.F.4) Cs-137: J Cs-137:20 

Gross gamma 2.0 100 Nal(TI) or HPOB 
detection 

Total uranium o.s ""'' ·~ 
KPA 4 (commonly-
requested non-routine 
analysia) 

Total uranium O.S~g ) J48IL ICP-MS (commonly-
Rquestcd non-routine 
analysis) 

Radium-226 1.0 1.0 assorted 

Radium-228 o.s o.s assorted 

Thorium-234 1.0 20 assorted 
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QL1 ·by matril;.; pCi/g or pCi'l.. unless indicated 
--
--

Soil Water Tcchnique2 

2.0 s.o assorted 

-

l Table lll.B.! T'argct analyte E 

I Anal}1e =~I 
1 Lca·.i-210 .====c= 

I) Estimated Quantr.ation Limit (EQL) 
2) The Los Alamos National Laboratory methods for these analytes are contained in LA· 

l 0300-M. "Health and Environmental Chemistry: Analytical Techniques, Data 
Management, and Quality Assurance". 

3) It may be presumed 1:b.at strontiu.m-89 is not present. 
4) Kinetic Phosphorescence Analysis, also referred to as pulsed-laser phosphorimetr)• 

( ASTI.i 0 5174-91) •.>r kinetic laser phosphorescence 
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Table ID.E.2. Statistical Control A~ Criteria 

Rule No. Rule 

1 1 point above 3 sigma 

2 2 of 3 points above 2 sigma 

3 4 of S points above l sigma 

4 8 consecutive points above ceDter line 
i•_ ' 

~ . . .·: s 1 point below -3 &igma 

6 2 of 3 points below -2 sigma 

7 4 of S points below -1 sigma 

8 8 consecutive points below c:eoter line 

9 15 points imide :tl sigma 

10 8 points outside :tl sipaa 

from ASTM C12J0-91. table l 

r . 

• • 
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Table lll.E.J .l in.>tmmo:nt Verifir.:atDn and Calibration Frequency 

ln~uur;,;; and:;;;_-::! e-~hz:icue I icatwn Frequency 
-

notion F~:quency I 
C.lih,.t;on T"=---+ . 

ectroscopy 

-
r energy-channel wc:ekly monthly 

I 
- ~-

detector background w.~:ekly monthly 

detector effie iem:y wc:ek:y semi-annllal 

J.'(!':trosoopy 
~-

channf·l-energy weekly annual 

-
detector tackground weekly monthly 

-
detector efficiency weekly annual 

peak shape characteristics Y 1·.>¢K!y annual 

ortional Counting 

mass-attenuation annual 

! detector efficienC)' aily before use annual 

- -
detector background y before counting weekly 

cross-tnlk quarterly annual 

platenu voltage· quarterly annual 

-- --
per EPA 6020 

instrument calibration ai ly before w:f.!' weekly 

instrument background aily before use 

-· 
intillation 

-
~enc:h curve/detector efficiency aily before use semi-annual 

I counter background each count batch 
I 
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Table ID.£.3.1 Instrument Verification and Calibration Frequency 

lnstnnnent and/or Technique ication Frequency ration Frequency 
Calibration Type: 

-lma Spectroscopy 

detector efficiency &ily before use semi-armu.al 

detector background aily before use weekly 
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Nuclide 
symbol 

Ac-228 

Am-241 

Ann Rad 

Ba-140 

Bi-211 

Bi-212 

Bi-214 

Cd-109 

Ce-139 

Ce-144 

Co-57 

Co-60 

Cs-134 

Cs- i37 

Eu-152 

Hg-203 

1-129 

K-40--

La-140 

Mn-54 

Na-22 

~~237 

.. ~ 

Tabie l!LF.4 Gamma Specrroscopy Ana:yte Reqllircmcnts 

Nuclide name Nnclide Nuclide Name 
symbol 

· prola<tinium-~ acuniwn-=228 Pa-231 

americium-.241 Pa-233 protactinium-233 

annihilat1on radiation Pa-234m protactiniUm-234m 
--barium-140 Pb-210 lead-210 

bismuth-211 Pb-2!1 leJtd-211 --bism uth-212 Ph-212 lead-212 
-

bismuth-214 Pb-214 lead-214 

cadmiwn-109 Ra-223 radium-223 

----c~-139 Ra-224 radium-224 

cerium-144 Ra-226 radium-226 
-cobalt-57 Ru-106 ruthenium- I 06 

cobalr-60 Rll-219 mdon-219 

cesium-134 ~.e.-75 selenium-75 

ccsium-!37 Sn-113 tin-113 

europium-152 ~:r-85 strontium-85 

men:ury-203 Th-227 thorium-227 

iodine-129 Th-234 thorium-234 

potassium-40 Tl-208 thallium-208 

lanthanum· I 40 U-235 uranium-235 

manganese-54 Y-88 yttrium-88 

sodium-22 Zn-65 zinc-65 --neptunium-.23 7 
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