Section A

LABORATORY
QUALITY ASSURANCE / QUALITY CONTROL

© His Majesty the King in
Right of the Province of British Columbia

2023
All Rights Reserved



TABLE OF CONTENTS

SECTION A: Laboratory Quality Assurance / Quality Control Guidelines

LABORATORY QA/QGC GUIDELINES.........ccccottiieerteierreteeesseeeeessneesesssseesesssseessssssessesssssessssssssssssssssssssnsessssnnes 3
1.0 INTRODUGCTION ..ottt ettt e e et e e e e ette e e e baee e e ataeee s sbaaesesssaaeeassaaeeasssseasanssaeeessssaeasannsens 3
2.0 GENERAL GUIDELINES ..ottt ettt ettt e e e tte e e ettt e e e e taee e e abaeeeessbaeaeeasaaeeessseaeennsseeeensens 3

2 B @ 1¥ e |11 7Y Te | a1V Lo | RN 3
2.2  Laboratory RECOIA KEEPING ...uueciueeee ettt ettt e e et e et e e eette e e eeaae e e eeaaeaeens 3
2.3 Sample HiStOry REQUIFEIMENTS ... et e et e et e e et e e e et e e e eeaaeaeens 4
2.4 Sample Collection ANA PreSErVATION ...ttt e et e e e e e e eeraaaeaeaeeeeans 5
2.5  TeSt METNOAS, EXISTING ..uvveeeeeiiee ettt e ettt ettt e et e e e ettt e e e e tae e e e ette e e e eeabaeeeeeareeas 17
2.6 TEST METNOAS, INEW ..oooi ittt e ettt e e e e e ettt a e e e e e e e e setaaaaeaaeaeeeeessarareeaens 17
2.7 B QUIDIMIENT e ettt e e e e e e e et e e e e e ntte e e e earaeas 17
2.8  ANQlYSt QUANFICATIONS ...ttt e e e e e e e e e e e e e e e e e e e eeetarareeeens 18
2.9  Reagents and STANAAId SOIUTIONS.....cccuviii ittt et e e e s e e e st e e e eanaeeas 18
2.10 =T e 1= T I e (=T PSSP 18
2.11 GravimeriC MEQSUIEMENT ....co ettt e e e tb e e e s abe e e e eneraeaeeeraeas 19
2.12 VOIUMETTIC MEQSUIEIMENT ..ottt e et e e et e e st e e e sabaeeesaaseeesnnresaeas 19
2.13 GlASSWAIE ClIEANING c..vvveieeieee ettt e et e e et e e e etb e e e stb e e e e tbeeeestbeeesssseeeeasrseaeenreeas 19
2.14 ContamiINQTION CONTIOL....uuiiiiei e e e e et e e e e e e e eatar e e e e e e e eeetararaeeens 19
2.15 CAlBDIOHON PrOCTICES ...ttt et e e e et e e e e e e et e aa e e e e e eeetaaraaaeens 19
2.16 (@[Ve]))sYA@lelglife] Y o] ool (o] o T=X NN USSR PSR 20
2.17 CONTON LIMNTS .ttt e e ettt e e e e e e e et a e e e e e e e eeeeabaaaaeaaeeeeaeastasaseaeeeeaassrraeeeens 20
2.18 Recommended Data Quality Objectives for Laboratory DupliCates........cucvveeecveeeennnnenn. 21
2.19 Expression of Results in the FINAI REPOI .........uvveeiiiiieeeeeeeee e 22
2.20 Guidelines for Analytical Parameters Determined by Calculation (Ver.: Jan. 8, 2004)....23
2.21 PErfOrMQNCE AUGITS ..o ettt e e e e e s e e e tb e e e tb e e e e s abeeeeensrseeeenreeas 25
2.22 Inter-Lab COMPANSON STUQIES ......oo oot e e e e e e e e e eearnnes 25
3.0 3.0 RECOMMENDED PROTOCOL FOR ESTABLISHING METHOD DETECTION LIMITS ..vveieeeeeieeiirreeeeeeeeeevvrreeeeeenns 26
3ol INTTOAUCTION i et e e e et e e e ab e e e e e b e e e e e atbaeeesatbeeeeentbeeesansteeeeensraeeeannseeas 26
3.2  Calculation of StaNdQrd DeVIQTION .........eeiceuiiieeciee ettt e e e e erae e e e saraea e eeaveeas 27
3.3  Calculation of Method DeteCtion LIMITS .....cccuuuveeiee et 28
I N = Jelelge (=T I e [0 (=X PRSP 28
3.5 Limit OF QUANTIQTION c.ooiioeiiieieee ettt e e ettt e e e e e et r e e e e e e eeetaaareeeens 28
3.6 Confidence INTErval CONVENTION .....uuueeieeeeeeeeceeeee et e e et 28
4.0 BLANKS e e e e e e et e e e ee——eaeee——taeea—aaeeaa—eeeeaaeeeeaarteeeatraeean 29
4.1 DoCUMENTAHON OF BIANKS.....ccuviiiieiiee ettt ettt e e et e e e eta e e e e te e e e eataeeeesaraeeeenraeas 29
4.2  Determination of LONG-1EIMN BIONK.......cc.uiiiiiiiie ettt e e tae e e e evae e e e 29
VA I Y oY o] lolo | o] o INNEEE R 29
4.4 Evaluation Of DATCH BIANKS .......oeiiiiiiee ettt e e e e e e eavee e e e 30
4.5 Documentation Of BIANK QC ......couuiiii ettt et e et e e e e eve e e et e e e earee e e e areeas 31
4.6 BlaNK COMECHON SUMMQIY oot e e e e e et ee e e e e s e e naaaaeeeeees 31
50 QC FORSMALLLABORATORIES ... .ottt ettt eeeeaa e e e e e eeeeaarr e e e e e e e eeetararaeaaaeeas 32
5.1 Small Laboratory QuAality CONTOILEVEL ...t 32
5.2  Small Laboratory Quality CONTOI CrITEIIQ ..o 32
6.0 REFERENGCES ..ottt ettt ettt e e ettt e e et e e e e eaba e e e e abaeeeeesbaeeeessbeeeesssaaeeasssaaeeenssaaesensseeesenssens 33
6.1 QA/JQEC GENETAL ...ttt ettt e e e et e e e tb e e e e bbeeessatbeeeestbaeeeenraaeeesraaeeanraeas 33
6.2 METNOA DEIECTION LIMIUTS .ottt e et e e e e e e e e e e e e e eeetarareeaeas 33
6.3 BIANK COIMECTION ...ttt et e e et e et e e e et e e e e e tb e e e e e tbeeeeeateeeeensraeeeenreeas 33
7.0  REVISION HISTORY oottt ettt e e et e e e ta e e e e e ta e e e esabaaeeeeabaeesesntaeeeeaarseeeeensaeeeenrees 34



GLOSSARY OF STATISTICAL TERMS USED IN QUALITY ASSURANCE..........coovriiiiiiniiniicnrcnrentensesaeeene

LIST OF TABLES

Table 1. S ummary of sample preservation and hold time requirements ............................ 6

Table 2. Recommended data quality objectives for laboratory duplicates..................... 22

Table 3. Values of the one-tailed ‘t’ statistic at p=0.05, applied to the standard deviation,
SD, appear in the following table...........ccco e 35

Table 4. Example 1: MDL estimation from duplicates ... 35

Table 5. Example 2: MDL estimation from replicates in same batch...........cccccceeeveenennnnnes 36

Table é. Example 3: MDL estimation from pooled standard deviations from replicates in
SUCCESSIVE DATCRES...... .. e e e e e e e e e e e e e e e e e e e e 37



Laboratory QA/QC
Revision Date: October 2015

LABORATORY QA/QC GUIDELINES

1.0 INTRODUCTION

This chapter specifies essential QA/QC activities to enable laboratories to achieve
reproducible results on an ongoing basis. The first part of Section E ‘Microbiological
Examination’ discusses QA/QC as they pertain to microbiological methods.

Guidelines alone cannot guarantee high quality results. Common sense steps to avoid
contamination, ongoing programs of staff training, and proactive method improvement
procedures are also essential.

All laboratories should regularly participate in cooperative inter-laboratory studies, and
standard reference materials should be analyzed frequently, preferably on a blind or semi-
blind basis. Large laboratories should have a full time QA Officer.

The procedures for determining method detection limits and for handling blank corrections
are controversial. Different procedures and calculation algorithms are being used by various
laboratories.

2.0 GENERAL GUIDELINES
2.1 Quality Manual

A Quality Manual shall be set up that documents all resources, policies and procedures
making up the Quality System. The Quality Manual is to include detailed descriptions of the
topics outlined in this section and clearly define the responsibilities of management,
supervisory staff, and laboratory staff with respect to the quality systems. It shall be reviewed
and updated regularly.

2.2 Laboratory Record Keeping

The laboratory record system shall be designed to ensure sample, analytical data, and
analyst traceability, including dates and analysts’ initials or signatures. Dated and signed
material shall include forms, instrumental records and printouts, as well as notebooks.

The sample numbering system of the laboratory must be designed to eliminate the possibility
of a sample mix-up.

The record storage system should be designed for easy retrieval. A policy on the length of
storage and disposal of records should be established.
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Sample History Requirements

Documentation and procedures on sample history shall be maintained, including:

sample collection

field sample preparation

chemical preservation

sample containers

holding times

storage conditions

condition of samples on receipt at laboratory

Potential deficiencies in sample history requirements shall be monitored and
noncompliance must be identified and any affected analytical data flagged.

a)

b)

Sample collection

Documentation accompanying all samples should include a test requisition form, or
should comply with chain of custody requirements.

Sample containers

Sample containers may be purchased pre-cleaned from commercial suppliers.
Alternatively, sample containers may be cleaned and prepared by the laboratory
using documented procedures. Contaminants or interferences in sample containers
and preservatives should be monitored by the analysis of container blanks on a per-
batch basis. Results of this monitoring should be documented. Container blanks may
be prepared by leaching or rinsing containers with reagent water and performing
analyses for the parameters of interest. It is recommended that the monitoring of
sample containers for cleanliness be focused on ‘low level' studies; i.e., where
analytical results are anticipated to be <10 times MDLs (e.g., frace metals, dioxins).



24  Sample Collection and Preservation
a) Sample condition on receipt
Inspect sample containers for damage; record and report temperature on receipt
where appropriate. Where critical, temperature limits should be established and
maximum/minimum thermometers should accompany the samples to document
compliance with the limits.

b) Storage conditions

Temperatures of refrigerated and frozen storage facilities shall be monitored and
recorded daily.

c) Sample Pre-treatment

Documentation on sample preparation and pre-treatment procedures shall be
maintained, including:

e drying or removal of moisture

e determination of moisture content

e sub-sampling

e preparation of geological samples including splitting, sieving, grinding, pulverizing
e preparation of biological tissue samples

e homogenization

e filtration

Complete records shall be maintained to ensure that potential problems, including
cross-contamination, are traceable.

d) Hold Times and Preservation

The hold times and preservation listed below in Table 1 will take precedent over the
hold times and preservation criteria listed in the individual methods. The intent of this
table is fo ensure that hold fimes, sample containers and preservation practices
reflect the most current and approved treatment.



Table 1. S ummary of sample preservation and hold time requirements

BC ENV SAMPLE PRESERVATION & HOLDING TIME REQUIREMENTS (12)

Parameter Name

Sample Container

Storage

Temp @)

References

Water

Physical & Aggregate Properties

Acidity
Alkalinity

Asbestos

Colour

Conductivity
pH

Solids (Total, TSS, TDS, Fixed,

Volatile, etc.)
Turbidity

UV Transmittance /
Absorbance

Metals

Hexavalent Chromium

Metals, Dissolved

Metals, Total

Mercury, Dissolved

Mercury, Total

Methylmercury, Dissolved

Methylmercury, Total

Plastic, Glass

Plastic, Glass

HDPE, Glass

Plastic, Glass

Plastic, Glass

Plastic, Glass

Plastic, Glass

Plastic, Glass

Plastic, Glass

Plastic, Glass

Plastic, Glass

Plastic, Glass

Glass (PTFE liner), PTFE

Glass (PTFE liner), PTFE

Glass (PTFE liner), PTFE

Glass (PTFE liner), PTFE

: Holding
-

<6°C none
<6°C none
<6°C, do none
not freeze

<6°C none
<6°C none
<6°C none
<6°C none
<6°C none
<6°C none

1 mL 50% NaOH per 125 mL

. (PH>12),

<6°C field filtration recommended

none
field filter 0.45 ym,
no

. field or lab preserve w/ HNO3
requirement

(PH<2) @
no field or lab preserve w/ HNOs
requirement (PH < 2) ©

field filter 0.45 ym,
field preserve w/ HCI (pH < 2)
or lab preserve w/ BrCl ()

no
requirement

no field preserve w/ HCI (pH < 2)
requirement|  or lab preserve w/ BrCl (¢

field filter 0.45 um + HCI,
H2SO4 for marine water (pH <

<6°C 2)
none
HCI, H2SO4 for marine water
<6°C (PH<2)
none

A-6

14 days APHA
14 days APHA
EPA 100.2 / BC
7 days ENV
BC ENV /
3days  comE2016
28 days APHA
15-min APHA
7 days APHA
BC ENV /
3days  comE2016
BC ENV (as
3 days per DOC)
EPA 1669 /
28days | comE 2016
24 hours APHA
180 days APHA
APHA / EPA
180 days 200.2
APHA / EPA
28 days 1631E
APHA / EPA
28 days 1631E
180 days
EPA 1630
48 hours
180 days
EPA 1630
48 hours



BC ENV SAMPLE PRESERVATION & HOLDING TIME REQUIREMENTS (1:2) Version: 21-Jan-2022

Parameter Name
Inorganic Non-metallics

Bromide

Chloride

Chlorate, Bromate

Chlorine, Total Residual
(Free Chlorine)

Chlorite

Cyanide (Total / WAD /
Free)

Dissolved Oxygen (Winkler
Method)

Fluoride

Nitrogen, Nitrate + Nitrite

Nitrogen, Ammonia

Nitrogen, Nitrate

Nitrogen, Nitrite

Nitrogen, Total Kjeldahl

Nitfrogen, Total

Phosphorus, Dissolved
(Orthophosphate)

Phosphorus, Total Reactive
(Orthophosphate)

Phosphorus, Total Dissolved

Phosphorus, Total

Sample Container

Plastic, Glass

Plastic, Glass
Plastic, Glass
Plastic, Glass

Plastic (opaque), Amber
Glass

Plastic (opaque), Amber
Glass

BOD bottle

Plastic

Plastic, Glass

Plastic, Glass

Plastic, Glass

Plastic, Glass

Plastic, Glass

Plastic, Glass

Plastic, Glass

Plastic, Glass

Plastic, Glass

Plastic, Glass

SIEIEG L Preservation
Temp @)
no none
requirement
no none
requirement
<6°C 50 mg/L EDA
none none
<6°C 50 mg/L EDA
field NaOH (pH > 12), store in
dark,
. Na,S,0Os if residual chlorine
<6°C present
Na,S,0s if residual chlorine
present
Winkler kit, store in dark
<6°C
none
no none
requirement
H,SO, (pH < 2)
<6°C
none
H,SO, (pH < 2)
<6°C
none
<6°C, do none
not freeze
<6°C, do none
not freeze
H H<2
<°C 2S04 (p )
none
H,SO, or HCI (pH < 2)
<6°C
none
<6°C field filtration recommended
<6°C none
field filtration recommended,
H,SO, (pH <2
<6°C 250, (P )
none
H,SO, (pH < 2)
<6°C
none

A-7

Holding
Time 4

28 days

28 days
28 days

15-min

14 days

14 days

24 hours

8 hours

15-min
28 days
28 days
3 days
28 days

3 days

3 days

3 days

28 days
3 days
28 days

3 days

3 days

3 days

28 days

3 days
28 days

3 days

References

APHA / EPA
300.1

APHA / EPA
300.1

EPA 317.0

APHA

EPA 317.0
APHA

APHA

APHA

APHA / EPA
300.1

APHA

BC ENV /
CCME 2016

APHA

BC ENV /
CCME 2016

BC ENV /
CCME 2016

BC ENV /
CCME 2016

APHA
BC ENV
APHA

BC ENV /
CCME 2016

BC ENV /
CCME 2016

BC ENV /
CCME 2016
APHA
BC ENV /
CCME 2016
APHA

BC ENV /
CCME 2016



BC ENV SAMPLE PRESERVATION & HOLDING TIME REQUIREMENTS (1.2) Version: 21-Jan-2022
Parameter Name Sample Container SRR Preservation H.o Elli References
Temp @) Time @4

<6°C, do

Silica, Reactive Plastic none 28 days APHA
not freeze
Sulfate Plastic, Glass <6°C none 28 days APHA
Sulfide Plastic, Glass <6°C ZnAc / NaOH (pH > 9) 7 days APHA
Thiocyanate Plastic, Glass <6°C NaHSO., T&S_'O:QTC' HNOs 1y days APHA
Microbiological Parameters ()
Coliforms, Total
' ’ . . <10°C, do BC CDC/
Eh(:eé;?ofoleronf (Fecal), & Sterile Glass or Plastic not freeze Na,S,03 30 hours APHA 90608
- L . . <20°C, do EPA 1623 /
Cryptosporidium, Giardia Sterile Glass or Plastic not freeze Na,S,03 4 days APHA 90608
. . <10°C, do
Enterococcus Sterile Glass or Plastic Na,S,03 30 hours | APHA 9060B
not freeze
. . . <10°C, do
Heterotrophic Plate Count Sterile Glass or Plastic Na,S,03 24 hours | APHA 9215
not freeze
Toxicity
Daphnia, Chronic 21 day / . . 4+2°C, do minimize air space, store in EC
Chronic EC25 Plastic, Glass (non-foxic) not freeze dark 3 days EPS1/RM/21
Daphnia, LC50 or Limit, Plastic, Glass (non-toxic) 4+2°C, do minimize air space, store in 5 davs EC EPS
Pass/Fail Test ! not freeze dark Y 1/RM/14 & 11
. . . 4+2°C, do minimize air space, store in EC EPS
Microtox Plastic, Glass (non-toxic) not freeze dark 3 days 1/RM/24
. . 4+2°C, do | minimize air space, store in EC EPS
Trout, LC50 Plastic, Glass (non-toxic) not freeze dark 5 days 1/RM/13 & 9
Trout, Single Concentration Plastic, Glass (non-toxic) 4+2°C, do minimize air space, store in 5 davs EC EPS
Test, Pass/Fail ! not freeze dark Y 1/RM/13 & 9
Marine Pacific Salmonid 96h Plastic, Glass (non-toxic) 4+2°C, do minimize air space, store in 5 davs EC EPS
Acute Test ! not freeze dark Y 1/RM/13 &9
Salmonid Early Life Stage . . 4+2°C, do minimize air space, store in EC
Test Plastic, Glass (non-toxic) | 4 ¢ deze dark 3days  eps/Rm/28
Ceriodaphnia dubia . Y 4+2°C, do | minimize air space, store in EC
Chronic Test Plasfic, Glass {non-toxic) not freeze dark 3 days EPS1/RM/21
. . 4+2°C, do minimize air space, store in EC
Freshwater Green Alga Test | Plastic, Glass (non-toxic) not freeze dark 3 days EPST/RM/25
Duckweed Growth Plastic, Glass (non-toxic) 4+2°C, do minimize air space, store in 3 davs EC
Inhibition Test ! not freeze dark Y EPS1/RM/37
Topsmelt 7d Survival and . . 4+2°C, do minimize air space, store in EPA 600/R-
Growth Test Plastic, Glass (non-toxic) i froeze dark 36 hours | 95/13¢ 1006.0
. - . . 4+2°C, do minimize air space, store in EC EPS
Echinoderm Fertilisation Test | Plastic, Glass (non-toxic) not freeze dark 3 days 1/RM/27
Bivalve Larval Development . . 4+2°C, do = minimize air space, store in EPA 600/R-
Test Plasfic, Glass (non-foxic) not freeze dark 36 hours 95/136 1005.0
Giant Kelp Sublethal Toxicity . o 4+2°C, do = minimize air space, store in EPA 600/R-95-
Test Plastic, Glass (non-toxic) not freeze dark 36 hours 136 1009.0
Red Alga, C. Parvula - . 4+2°C, do minimize air space, store in EPA 821-R-02-
Reproduction Test Plasfic, Glass (non-foxic) not freeze dark 36 hours 014 1009.0

A-8



BC ENV SAMPLE PRESERVATION & HOLDING TIME REQUIREMENTS (1.2) Version: 21-Jan-2022
Parameter Name Sample Container SRR Preservation H.o Elli References
Temp @) Time @4

. . . +00 s . ) .
Mysid Shrimp Survival and Plastic, Glass (non-toxic) 4+2°C, do minimize air space, store in 36 hours EPA 821-R-02

Growth Test not freeze dark 014 1007.0
Aggregate Organics
HNO; or H,SO, (pH < 2),
. . store in dark, APHA 5320 /
f‘fg)’(r)b"b'e Organic Halides v er Glass (PTFE liner)  <6°C sodium sulfite or 0.008% 180 days =~ EPA 40CFR
Na,S,0s if chlorinated, collect 2012
with no headspace
Biochemical Oxygen . <6°C, do
Demand (BOD) Plastic, Glass not freeze none 3 days BC ENV
Carbonaceous Biochemical . <6°C, do
Oxygen Demand (CBOD) Plastic, Glass not freeze none 3 days BC ENV
. . i filter, H2SO4 or HCI (pH < 2) 28 days APHA
Carbon, Dissolved Organic Plastic, Glass <6°C
none 3 days BC ENV
. . . . . APHA
Carbon, Dissolved Inorganic Plastic, Glass <6°C field filter 14 days L
(alkalinity)
Carbon, Total Organic Plastic, Glass <6°C H,SO, or HCI (pH < 2) 28 days APHA
Carbon, Total Inorganic Plastic, Glass <6°C none 14 days APHA
(alkalinity)
i H,SO,, field or lab (pH < 2 28 days APHA
Chemical Oxygen Demand Plastic, Glass <4°C 250, (P ) Y
(COD) none 3 days BC ENV
Filter Filters: field filter, store in dark [ hers: 28
Chlorophyll a and freeze days
Phaeophytin i APHA
Opaque g%ﬂc’ Amber <6°C unfiltered, store in dark 48 hours
Surfgcton’rs (Methylene Blue Plastic, Glass <6°C none 3 days BC ENV
Active Substances)
Tannins and Lignins Plastic, Glass <6°C none 28 days BC ENV
Total Phenols (4AAP) Plastic, Glass <6°C H,SO, (pH < 2) 28 days APHA
Individual Organic Compounds
SW846 EPA
40 mL Glass VOA Vials NaHSO, or H,SO, (pH < 2) 14 days 3511
Alcohols (PTFE liner), x2 <6°C SW846 Cha
recommended
none 7 days 2014
Potassium Dihydrogen Citrate
(solid),
~pH 3.8, 9.2-9.5 g/L, 28 days AE;F’TA%%B
+ 100 mg/L Na,S,0s5 if
chlorinated
Carbamate Pesticides Amber Glass (PTFE liner) <6°C ChlorAC buffer, ~pH 3, 1.8
mL/60 mL sample,
+ 100 mg/L NS0 if 28 days EPA 531.1
chlorinated
none, 100 mg/L Na,S,03 if 7 davs SW846 EPA
chlorinated Y 8321A
. ) NaHSO, or H,SO, (pH < 2) CCME 2016/
g:lgrri:g,:eeg F(’]hnednglliocrl Amber Glass, PTFE liner <6°C (optional: +0.5g Ascorbic ]gé A;O Alberta Env
Acid /1) (7) Y AE130

A-9



BC ENV SAMPLE PRESERVATION & HOLDING TIME REQUIREMENTS (1:2) Version: 21-Jan-2022

Parameter Name

Dioxins / Furans

Diisopropanolamine (DIPA)

17a-Ethinylestradiol (EE2)

Glyphosate / AMPA

Glycols

Halogenated Hydrocarbons
(Semi-Volatile)

Sample Container

Amber Glass (PTFE liner)

Amber Glass (PTFE liner),
HDPE, PP, PET

Amber Glass (PTFE liner)

Amber Glass (PTFE liner),
PP, PE

Glass (PTFE liner)

Amber Glass (PTFE liner)

Herbicides, Acid Extractable  Amber Glass (PTFE liner)

Nitrilotriacetic Acid (NTA)

Nonylphenols and
Ethoxylates

Organofins

Paraquat / Diquat

Perfluoroalkyl Substances
(PFAS)

Pesticides (OC/OP/ON)

Plastic, Glass

Amber Glass (PTFE liner)

Amber Glass (PTFE liner),
Opaqgue HDPE, PTFE

Opaque Plastic

HDPE (preferred), PP,
avoid PTFE

Amber Glass (PTFE liner)

Storage
Temp @)

<6°C

<6°C

<6°C

<6°C

<6°C

<6°C

<6°C

<6°C

<6°C

freeze (< -
10°C)
within 3
days

<6°C

<6°C

<6°C

<6°C

<6°C

none

none

NaHSO,, HCI, or H,80, (pH <
2)

none

2-mercaptopyridine-1-oxide
(65 mg/L),

+ Na,S,0; or ascorbic acid if
chlorinated

Na,S,0; or ascorbic acid if
chlorinated

100 mg/L Na,S,0s5 if
chlorinated

NaHSO,, HCI, or H,SO, (pH <
2)
none
100 mg/L Na,S,0s if
chlorinated

HCl to pH < 2 (optional), store
in dark,
50 mg/L sodium sulfite if
chlorinated

NaHSO, (pH < 2)

none

NaHSO,, HCI, or H,SO, (pH <
2)

none

store in dark

0.5-1% acetic acid, store in
dark

none, store in dark

100 mg/L Na,S,0s5 if
chlorinated,
store in dark

Na,S,0; or TRIS base if
chlorinated

Na,S,0; if chlorinated,
NaHSO, (pH < 2) (8)

Holding
7 /40 SW846 Ch4
days 2014
unlimited SW846 Chda
2014
14/ 40 SW846 EPA
days 3511
7 /40 SW846 Ch4
days 2014
28 days
EPA 539
7 days
14 days = APHA 6651B
14/ 40 SW846 EPA
days 3511
7 /40 SW846 Ch4
days 2014
7 /40 SW846 Ch4
days 2014
14721 APHA 6640A
days
SW846 EPA
14 days 3511
EPA-600/4-79-
24 hours 020
14 /40 | ASTM D7485-
days 16
7 /40 SW846 Ch4
days 2014
28 / 40
days ' Eny sci Pollut
Res
14/ 40 (2016)
days 23:4876-4885
3/40
days
7121 epa 5492
days
28 / 40 D7979-15/
days EPA 537
14/ 40 SW846 EPA
days 3511



BC ENV SAMPLE PRESERVATION & HOLDING TIME REQUIREMENTS (1:2) Version: 21-Jan-2022

Parameter Name

Polybrominated Diphenyl
Ethers (PBDEs)

Polychlorinated Biphenyls
(PCBs)

Polycyclic Aromatic

Hydrocarbons (PAHSs)

Resin Acids, Fatty Acids

Sulfolane

Tetraethyl Lead

Volatile Organic
Compounds
(VOC, BTEX, THM, VH)

Extractable Hydrocarbons

Extractable Hydrocarbons
(LEPH, HEPH, EPH)

QOil and Grease / Mineral Oil

and Grease
Waste Oil Content
Soil and Sediment

Inorganics

Asbestos

BC Leachate Method -
Metals/Inorganics

Bromide / Chloride /
Fluoride

Cyanide (Total / WAD /
Free)

Sample Container

Amber Glass (PTFE liner)

Amber Glass (PTFE liner)

Amber Glass (PTFE liner)

Amber Glass (PTFE liner)

Amber Glass (PTFE liner)

Amber Glass (PTFE liner)

40mL Glass VOC Vials
(PTFE liner),
x2 recommended

Amber Glass (PTFE liner)

Amber Glass (PTFE liner)

Amber Glass (PTFE liner)

Glass, Plastic (19

Glass, Plastic (19
2 x 500 mL
recommended

Glass, Plastic (19)

Glass, Plastic (15

Storage
Temp @)

<6°C

<6°C

<6°C

<6°C

<6°C

<6°C

<6°C

<6°C

<6°C

<6°C

no
requirement

no
requirement

no
requirement

<6°C

Na,S,0; if chlorinated

Na,S,0; if chlorinated, store in
dark

none required (may be
acidified)
NaHSO,, HCI, or H,SO, (pH <
2)

none

(0.5g Ascorbic Acid + 0.4g
NaOH) /L

none

NaHSO,, HCI, or H,SO, (pH <
2)

none
collect with no headspace,

field preserve with NaOH or
KOH (pH > 12)

collect with no headspace,
200 mg NaHSO,,
or 3 mg Na,S,0;3 if chlorinated
(see BCELM for other options
and details)

NaHSO,, HCI, or H,SO, (pH <
2)

none

HCl or H,SO, (pH < 2)

none

none

none

none

store field moist, extracts:
NaOH

Holding
Time 4

7 /40
days

1 year

unlimited

14/ 40
days
7 /40
days
14/ 40
days
7 /40
days
14 / 40
days

7 /40
days

14/ 40
days

14 days

14/ 40
days

7 /40
days

28 days

28 days

14 days,
indefinite
if dried

180 days

unlimited

14/14
days

References

SW846 Ch4
2014

EPA 1614
SW846 Ch4

2014

SW846 EPA
3511

SW846 Ch4
2014

Alberta Env
AE129

SW846 Ch4
2014

SW846 EPA
3511

SW846 Ch4
2014

BC ENV

BC ENV

EPA 3511

SW846 Ch4
2014

EPA 40CFR
2012

BC ENV

ASTM D7521-
16,
EPA 600/R-
93/116

SW846 EPA
1313

Carter (Table
4.1)

SW846 EPA
9013A



BC ENV SAMPLE PRESERVATION & HOLDING TIME REQUIREMENTS (1:2) Version: 21-Jan-2022

Parameter Name

Hexavalent Chromium

Metals

Mercury
Methylmercury

MLEP - Nitrate, Nitrite

Nitrogen species (Nitrite,
Nitrate)

pH

Sulfide

TCLP, SPLP, MLEP - Mercury

TCLP, SPLP, MLEP - Metals

Toxicity

Freshwater Amphipod H.
azteca Test

Chironomus Survival and
GrowthTest

Oligochaete Worm Survival
and Growth Test

Solid Phase Microtox Test
Echinoderm Larval
Development Test

Marine Amphipod 10d
Acute Toxicity Test

Echinoderm Larval
Development Test

Polychaete Worm Survival
and Growth Test

Marine Sediment
Bioaccumulation Test

Earthworm Toxicity Tests

Springtail Survival and
Reproduction Test

Sample Container

Glass, Plastic (15

Glass, Plastic (19)

Glass, Plastic (15

Glass, Plastic (19

Glass, Plastic (15

Glass, Plastic (19

Glass, Plastic (19

Glass (PTFE liner)

Glass, Plastic (19

Glass, Plastic (19

Plastic, Glass (non-toxic)
Plastic, Glass (non-toxic)
Plastic, Glass (non-toxic)
Plastic, Glass (non-toxic)
Plastic, Glass (non-toxic)
Plastic, Glass (non-toxic)
Plastic, Glass (non-toxic)
Plastic, Glass (non-toxic)
Plastic, Glass (non-toxic)
Plastic, Glass (non-toxic)

Plastic, Glass (non-toxic)

Storage
Temp @)

<6°C

no
requirement

no
requirement

<6°C

<6°C

<6°C

no
requirement

<6°C

no
requirement

no
requirement

4+2°C, do
not freeze

4+2°C, do
not freeze

4+2°C, do
not freeze

4+2°C, do
not freeze

4+2°C, do
not freeze
4+2°C, do
not freeze

4+2°C, do
not freeze

4+2°C, do
not freeze

4+2°C, do
not freeze

4+2°C, do
not freeze

4+2°C, do
not freeze

A-12

store field moist

none

none
none
none

dry at < 60°C for unlimited

hold time for N+N, the sum of

nitrite + nitrate (10

none

none

store field moist

sample: none
extracts: HNO3, HCI, or BrCl

sample: none
extracts: HNO;

minimize air space, store in
dark

minimize air space, store in
dark

minimize air space, store in
dark

minimize air space, store in
dark

minimize air space, store in
dark

minimize air space, store in
dark

minimize air space, store in
dark

minimize air space, store in
dark

minimize air space, store in
dark

minimize air space, store in
dark

minimize air space, store in
dark

Holding
Time 4

30/7
days

180 days

28 days

28 days

14/3
days

unlimited

/
3 days (109)

3/ 3 days

(10)

365 days

14 days

28 /28
days

180/ 180
days

2-6 weeks
(13)

2-6 weeks
(13)

2-6 weeks
(13)

2-6 weeks
(13)

2-6 weeks
(13)

2-6 weeks
(13)

2-6 weeks
(13)
2-6 weeks
(13)

2-6 weeks
(13)

2-6 weeks
(13)

2-6 weeks
(13)

References

SW846 Ch3
2014/
SW846 EPA
3060A

SW846 Ch3
2014

SW846 Ch3
2014

CCME 2016
BC ENV

ISO 14256-2 /
Carter/
Soil Analysis
Handbook of
Reference
Methods

Carter

EPA 821/R-91-
100,
APHA 4500 S2-

SW846 EPA
1311, 1312,
BC ENV

SW846 EPA
1311, 1312

EC EPS
1/RM/33

EC EPS
1/RM/32

EPA 600/R-
99/064

EC EPS
1/RM/42

EC EPS
1/RM/58
EC EPS
1/RM/26

EC EPS
1/RM/58

EC EPS
1/RM/41

EPA 600/R-
93/183

EC EPS
1/RM/43

EC EPS
1/RM/47



BC ENV SAMPLE PRESERVATION & HOLDING TIME REQUIREMENTS (1:2) Version: 21-Jan-2022

Parameter Name

Terrestrial Plant Toxicity Test

Boreal Region Plant Toxicity
Test

Earthworm Bioaccumulation
Test

Organics
Alcohols

BC Leachate Method -
Semi-Volatile Organics

BC Leachate Method -
Volatile Organics

Carbon (TC, TOC)

Chlorinated and Non-
chlorinated phenolics

Dioxins / Furans

Diisopropanolamine (DIPA)

Extractable Hydrocarbons
(LEPH, HEPH, EPH)

Glycols

Halogenated Hydrocarbons
(Semi-Volatile)

Herbicides, Acid Extractable

Nonylphenols and
Ethoxylates

QOil and Grease / Mineral Oil

and Grease /
Waste Oil Content

Organofins

Perfluoroalkyl Substances
(PFAS)

Pesticides (OC/OP/ON)

Polybrominated Diphenyl
Ethers (PBDEs)

Sample Container

Plastic, Glass (non-toxic)

Plastic, Glass (non-toxic)

Plastic, Glass (non-toxic)

Glass (PTFE liner)

Glass (PTFE liner)

Glass (PTFE liner)

Glass, Plastic (19

Glass, Plastic (19

Glass (PTFE liner)

Glass (PTFE liner)

Glass (PTFE liner)

Glass (PTFE liner)

Glass (PTFE liner)

Glass (PTFE liner)

Glass (PTFE liner)

Glass (PTFE liner)

Glass (PTFE liner)

Glass (PTFE liner),
HDPE, PTFE

Plastic, Glass, avoid PTFE
(HDPE or PP
recommended)

Glass (PTFE liner)

Glass (PTFE liner)

Storage
Temp @)

4+2°C, do
not freeze

4+2°C, do
not freeze

4+2°C, do

not freeze

<6°C (1

<4°C (M)

<6°C

<6°C

no
requirement

<6°C (1M

<6°C

<6°C (1M

<6°C (1)

<6°C (1M

<6°C 1)

<6°C (1M

<6°C (1)

<6°C 1)

<6°C (1M

<6°C (1)

<6°C (1)

<6°C (1)

minimize air space, store in
dark

minimize air space, store in
dark

minimize air space, store in
dark

collect with minimal
headspace

none

collect with minimal
headspace

none

dried state

none

none

none

none

none

none

none

none

none

none

none

none

none

Holding
Time 4

2-6 weeks

(13)

2-6 weeks

(13)

2-6 weeks

(13)

14 days

14 days

48 hours

(2)

28 days

unlimited

14/ 40
days

unlimited

14/ 40
days
14/ 40
days
14 / 40
days
14/ 40
days
14 / 40
days

14/ 40
days

28 days

28 / 40
days

28 / 40
days

14 / 40
days

1 year

References

EC EPS
1/RM/45

EC EPS
1/RM/56

ASTM E1676-
12,
OECD 317

SW846 Ch4
2014

BC ENV

BC ENV

SW846 Ch3
2014

Carter (Table
4.1)

SW846 Ch4
2014

SW846 Ch4
2014

SW846 Ch3
2014

SW846 Ch4
2014

SW846 Ch4
2014

SW846 Ch4
2014

SW846 Ch4
2014

SW846 Ch4
2014

SW846 Ch3
2014,
Puget Sound
Protocols

Fres. J Anal
Chem
(1991) 339:6-
14

ASTM D7968-
14

SW846 Ch4
2014

EPA 1614



BC ENV SAMPLE PRESERVATION & HOLDING TIME REQUIREMENTS (1:2) Version: 21-Jan-2022

Parameter Name

Polychlorinated Biphenyls
(PCBs)

Polycyclic Aromatic
Hydrocarbons (PAHs)

Resin Acids, Fatty Acids

Sulfolane

TCLP, SPLP, MLEP - Volatile
Organic Compounds

TCLP, SPLP, MLEP - Semi-
Volatile Organic
Compounds

Tetraethyl Lead

Volatile Organic
Compounds (VOC, BTEX,
VH)

Biota

Inorganics

Metals

Mercury

Organics

Semi-Volatile Organic
Compounds

Volatile Organic
Compounds

Sample Container

Glass (PTFE liner)

Glass (PTFE liner)

Glass (PTFE liner)

Glass (PTFE liner)

Glass (PTFE liner)

Glass (PTFE liner)

Glass (PTFE liner)

Pre-weighed sealed
glass vial charged with
methanol preservative

(PTFE liner)
+ glass soil jar for
moisture

Hermetic sampler

+ glass soil jar for
moisture (12)

Plastic, Glass

Plastic, Glass

Glass (PTFE liner), PTFE

Glass (PTFE liner), PTFE

Storage
Temp @)

<6°C

<6°C (1M

<6°C (1

<6°C (1M

<6°C

<6°C

<6°C

<6°C

<6°C

freeze (< -
10°C)
within 48 hrs

(14)

freeze (< -
10°C)
within 48 hrs
(14)

freeze (< -
10°C)
within 24 hrs
freeze (<-
10°C)
within 24 hrs

none

none

none

none
sample: none
extracts: NaHSO,, HCI, or
H,SO,

none

extracts: NaHSO,, HCI, or
H,SO,

none

methanol

(exact volume, e.g. 10.0 mL)

none

none

none

none

none

Holding

unlimited SW846 Cha
2014
14/ 40 SW846 Ch4
days 2014
14/ 40 SW846 Ch4
days 2014
14/ 40 SW846 Ch4
days 2014
14/14 SW846 EPA
days 1311, 1312
14 /7 /40 SW846 EPA
days 1311, 1312
14714/ SW846 EPA
40 davs 1311, 1312,
Y 3511
14 days /
40 days BC ENV
SW846 EPA
40 days 5035A /
CCME 2016
SW846 EPA
48 hours 5035A /
(12) CCME 2016/
/ 40 days = ASTM D6418-
09
2 years = Puget Sound
(14) Protocols
1 year EPA 1631
(14) Appendix
Puget Sound
3%50/ ?0 Protocols EPA
4 1699
Puget Sound
14 days Protocols



BC ENV SAMPLE PRESERVATION & HOLDING TIME REQUIREMENTS (1.2) Version: 21-Jan-2022
Parameter Name Sample Container SRR Preservation H.o Elli References
Temp @) Time @4

Air (Vapours)
VOCs by Canister Sampling SS canister ambient none 30 days EPATO15
VOCs by Thermal thermal desorption tube <6°C none 30 days EPATO17
Desorption
(o]

VOCs and other Volatile <6 C';((;r as
Substances by Charcoal see BC Lab Manual .
and Miscellaneous Method applicable none 30 days BC ENV

. . reference
Collection Media

method)



BC ENV SAMPLE PRESERVATION & HOLDING TIME REQUIREMENTS (1.2) Version: 21-Jan-2022
Parameter Name Sample Container SRR Preservation H.o Elli References
Temp @) Time @4

M A Director or an Environmental Management Act (EMA) permit or legal instrument may specify alternate requirements.

(2 Refer to applicable BC Environmental Laboratory Manual methods for additional detail, including references. Where
differences exist between this table and specific BC Lab Manual methods or BC Field Sampling Manual guidance, this
table takes precedence, except for new methods or guidance published with later revision dates than this table.

B Storage temperature applies to storage at the laboratory. For all tests where refrigeration at < 6°C is required at the
laboratory, samples should be packed with ice or cold packs to maintain a temperature of <10°C during transport to the
laboratory. Temperature during fransport for toxicity test samples should be 4+3°C (or as per reference method). To
prevent breakage, do not freeze water samples stored in glass. Except where indicated by "do noft freeze", qualification
of test results is not required for frozen water samples. Labs may apply a "Cooling Initiated" qualifier on reports to
indicate where samples were received above specified storage temperature, but where sampling occurred the same
day as arrival at the lab, and where samples were packed appropriately in coolers with ice/cold packs fo initiate
cooling.

(4

Hold Times: Single values refer to hold time from sampling to initiation of analysis. Where two values are given, the first is
hold time from sampling to extraction, and the second is hold time from extraction to analysis. Three values are given for
TCLP semi-volatiles (first is from collection to TCLP extraction; second is from TCLP extraction to preparative extraction;
third is from preparative extraction to analysis). All laboratory test results for samples analyzed beyond applicable hold
fimes must be qualified.

(5

For dissolved metals, field filtration is required for EMA purposes (lab-filtered metals results are not acceptable and must
be qualified if reported). If not field-preserved, water samples for metals analysis must be acidified at the lab in their
original containers by addition of HNO; (within 14 days of sampling), then equilibrated at least 16 hours prior to sub-
sampling or analysis; this approach is applicable to total metals and field-filtered dissolved metals (not applicable to
mercury).

(6

For dissolved mercury, field filtration is required for EMA purposes (lab-filtered mercury results are not acceptable and
must be qualified if reported). Use only glass or PTFE containers to collect water samples for total or dissolved mercury.
For total mercury, field-preserve with HCI or lab-preserve with BrCl. For dissolved mercury, field filter, then field-preserve
with HCI or lab-preserve with BrCl. BrCl lab-preservation must use original sample container, within 28 days of sampling,
and samples must be oxidized for 24 hours prior to sub-sampling or analysis.

3

Optional preservation with ascorbic acid is based on Alberta Environment method AE 130, and is infended to prevent
oxidation of chlorocatechols and chloroguiacols.

®

Confirm stability of all target analytes at acidic pH (for duration of hold time) before using acid preservation.

&

BC ENV Guidance for Microbiological testing is applicable to environmental monitoring applications. Drinking water
testing must be performed by approved test methods as defined by the BC Enhanced Water Quality Assurance (EWQA)
Program in compliance with the BC Drinking Water Protection Act.

(10 3-day hold time for nitrogen species (nitrate, nitrite) applies to field-moist soils. Dry soils at < 60°C to extend hold time
indefinitely (unlimited) for NO3+NO, (N+N), the sum of nitrate + nitrite.

(1M Where indicated, soils for SVOC analysis may be frozen (within original hold time) at < -10°C fo extend hold time before
extraction to 1 year (Reference: EPA 1699, 1668C, 1613B, 1614, and SW846 Chapter 4). Optimal long-term storage
temperature is <-18°C.

12) Methanol extracts are stable for 40 days from sampling. Hermetic samples must be methanol-extracted within 48 hours
of sampling or may be frozen at <-7°C (within 48 hours of sampling) to extend hold time to 7 days from sampling. Frozen
hermetic samples must be extruded into methanol while still predominantly or partially frozen.

(13 Recommended hold time for sediment toxicity tests is 2 weeks (ideally tests should be initiated within 1-2 weeks after
sampling). Maximum hold time is 6-8 weeks (as indicated). Consult reference methods for further guidance.

(14 Freezing is optional for freeze-dried tissue samples and for vegetation that is dried prior to digestion and reported on a
dry weight basis; in these cases, samples may be stored at ambient temperature, with a hold time of 28 days for mercury
and 6 months for other metals (based on BC ENV soil guidelines).

(15 Plastic bags (HDPE, LDPE, or PP) are permissible for specified parameters in soil, as indicated.



2.5 Test Methods, Existing

An inventory of methods shall be maintained that will include:

e all current methods
e all previous methods
e date of transifion

Test method and procedures documentation should include:

e analysis procedure in sufficient detail such that an experienced analyst, unfamiliar
with the specific test procedure, should be able to perform the analysis

e procedures for the preparation of reagent solutions and calibration standard
solutions

e operating instructions for instrumentation, which are supplemental to the
manufacturer operating manuals

e requirement for quality control sample preparation and analysis

e current quality conftrol criteria (i.e., acceptable limits)

Where data are kept on computer files, changes to methodology should be reflected by
changes in related computer codes. A system should be established to review methods and
documentation on an annual basis; the system should include periodic re-validation of
methods when warranted, such as when personnel or equipment are changed.

2.6 Test Methods, New

Methods should be periodically reviewed to ensure that the most up-to-date methods are
being used. Test methods that are new to the laboratory, methods that have been
developed in-house, and changes and modifications to existing methods must be
validated. Validation should include determination of method detection limits, linear range,
precision, recoveries, interference checks, and performance of equivalency testing where
required.

27 Equipment

Equipment logs shall specify:

manufacturer, model, serial number
significant modifications

repair and maintenance history
calibration history

performance history

Routine maintenance should be performed according to manufacturers’ instructions and
schedules.

Log books or other records shall be kept which record daily operating, calibration, and setup
parameters.

Instrument operating procedures that supplement instructions given in the manufacturer’s
operating manuals should be documented.



28 Analyst Qualifications

Records of qualifications and experience shall include:

copy of current resume

records of training in new laboratory operations

records of attendance at technical meetings and seminars

records of completion of relevant courses (including in-house courses, night school
classes, and courses sponsored by instrument manufacturers)

Initially, proficiency in the performance of an analysis new to the analyst should be
demonstrated by the successful analysis of known samples, standards or certified material
prior to the analyst being assigned routine analysis.

Continuing proficiency may be monitored through the analysis of routine quality control
samples, certfified materials, and performance evaluation samples, and also by
participation in inter-laboratory studies and blind audits.

29 Reagents and Standard Solutions

All chemicals shall be reagent grade or better, and must meet specifications identified in
the test methods. Procedures for the preparation of reagent solutions and calibration
standard solutions shall be included as part of the applicable analysis method.

Establish and maintain logs that document the preparation of reagents and standard
solutions specifying:

supplier, grade, batch number

if applicable, details on drying, mixing, etc.

record of all laboratory operations performed and record of weights and volumes
all calculations

identity of analyst preparing the reagent or standard solution

A file of cerfificates of standard solutions that have been obtained from commercial
suppliers shall be kept.

Prior to routine use, and periodically throughout its shelf life, performance of a reagent or
standard shall be verified. Compare performance of standard solutions by analysis of old
and new solutions consecutively. Set criteria for the response of new versus old standard
solutions.

All reagent solutions and standard solutions must be properly labelled. Labels shall identify
material, concentration, date prepared and expiry date. Expiry dates will vary depending
upon the solution and concentration. A general guideline for concentrated stock standard
solutions is an expiry date of one year.

2.10 Reagent Water
Reagent water shall comply with ASTM D 1193-77, Standard Specification for Reagent Water,

Type |, Type II, or Type lll, or Standard Methods 18th Edition (1992), Section 1080 Reagent-
Grade Water, Type | or Type |l



Reagent water must be free from chemical and microbiological substances that interfere
with analytical methods. The presence of contaminants may be monitored for each test by
the analysis of blank reagent water with each batch of samples. Microbiological evaluation
may be performed by using a Total Plate Count.

The conductivity of reagent water should be recorded daily.
211 Gravimetric Measurement

Accuracy of gravimetric measurements shall be ensured by referencing calibrations to class
S or §-1 weights. Annual balance calibration and daily calibration checks are required and
records must be kept. (“S” and “S-1" are terms defined in NIST (formerly NBS) Circular 547).

2.12 Volumetric Measurement

The use of class A glassware will ensure accuracy of volumetric measurement.

Delivery volumes of automatic pipettes and diluters shall be checked on a routine basis and
records of results maintained.

2.13 Glassware Cleaning

Up-to-date documentation shall be kept on all glassware cleaning procedures and
requirements.

The effectiveness of cleaning may be monitored by the analysis of blanks using randomly
selected glassware.

2.14 Contamination Control

Effective separation between laboratory areas of incompatible activity must be ensured.

Tests in progress and other laboratory operations should not interfere with or lead to
contamination of other tests in progress. Scheduling of tests, and scheduling the use of fume
hoods and other apparatus and facilities may be required.

The identity of samples and the order in which samples are analyzed on each instrument
must be recorded, so that problems such as cross-contamination may be identified.

2.15 Calibration Practices

The accuracy and stability of calibrations is established by setting requirements for the
following, as appropriate:

e equivalent standard/sample reagent backgrounds

e sufficient number of standards

e low standards (less than ten times the detection limit)
e reagent blanks used to zero response

e appropriate curve fit

e internal standards

e normalization standards



e confrol and verification standards to verify accuracy and stability
e associated control limits and specified corrective action

2.16 Quality Control Approaches

Appropriate quality control techniques applied to each batch of samples shall be recorded
and documented. QC data must be made available to the client and it is encouraged that
batch QC results be included in reports.

The type and number of quality control samples to be analyzed should be stated in the
analysis method, or in a section in the overall Quality Manual.

Quality Control samples include:

method blanks to monitor possible contamination

duplicates to monitor precision (both inter- and intra-laboratory)
certified reference samples to monitor accuracy

internal reference samples to monitor accuracy

analyte spikes to monitor recoveries

surrogate spikes to monitor recoveries

Due to the diversity of tests and QC sample requirements, it is not possible to define overall
requirements. However, based on an arbitrary sample batch size of ten samples, two
examples (not recommendations) are:

a) Analysis of pH of water:
QC approach: run one sample in duplicate per batch
b) Analysis of copper in water:
QC approach: run one method blank per batch
run one sample in duplicate per batch
run one certified reference sample per batch

In general, alevel of QC in the range of 10-30% is considered appropriate.
2.17 Control Limits

Control charts for QC samples must be established. Control Limits may be statistically derived
based on data generated from QC samples within each laboratory but must not exceed
Data Quality Objective values as defined in the individual test methods within this manual.
Commonly used statistically derived limits are +2s (for warning limits) and %3s (for conftrol
limits) around the mean. Statistical limits are recommended for use in trend monitoring if not
used directly as Confrol Limits.

Corrective action must be taken when control limits are exceeded, and records of out-of-
control events and actions taken must be maintained. Test results associated with Quality
Control data that does not meet minimum BC MOE Data Quality Objectives must be
appropriately qualified in laboratory reports.



Multi-Element Scan (MES) Qualifiers: As the number of analytes in a test method increases,
so does the chance of a DQO exceedance by random chance as opposed to a legitimate
method problem. Thus, in multi-element test methods (also known as Multi-Element Scans),
for Laboratory Control Samples, Matrix Spikes, or Reference Materials, it is considered
acceptable to exceed quoted DQOs by up to 10% (absolute), for up to 10% of the total
number of analytes (rounded down) included within the method. For example, in a PAH
scan of seventeen analytes with LCS acceptance limits of 60-130%, 10% of the analytes
reported by the method (i.e. one analyte) may have a recovery exceeding 60-130% by up
to 10% absolute (i.e. recovery of 50-140%). Recurring non-random issues with specific
parameters must be addressed and will be highlighted by ongoing re-validation
assessments. Where applicable exceedances occur, a suitable qualifier (e.g. “MES”) may
be applied to test results.

2.18 Recommended Data Quality Objectives for Laboratory Duplicates

Table 2 presents BC MOE recommended Data Quality Objectives for laboratory duplicates.
These DQOs are applicable to duplicates where at least one of the duplicate results
exceeds five fimes the Laboratory’s detection limit. These DQOs were derived from
Measurement Uncertainty (MU) estimates obtained from four BC Laboratories represented
on the BC Environmental Laboratory Technical Advisory Committee (BCELTAC).

Laboratory duplicate values that meet these DQOs may be considered acceptable, falling
within the expected range of variability for the indicated parameter. Duplicate values that
exceed these DQOs should be investigated by the laboratory to ensure validity. Where no
issues are identified, duplicate results that exceed DQOs should be quantified to indicate
potential heterogeneity issues with the sample. Table 2 supersedes laboratory duplicate
DQO values from within specific BC Lab Manual Methods.



Table 2. Recommended data quality objectives for laboratory duplicates

Recommended Lab Duplicate
Parameter Category DQO (as RPD), Applicable at
Concentrations > 5x MDL

Organics in Soil and Sediment

Polycyclic Aromatic Hydrocarbons (PAH) 50%

Volatile Organics (including BTEX and VH) 40%

Extractable Petroleum Hydrocarbons (EPH) 40%

Most other typical organic parameters’ 40%
Organics in Water?

Volatile Organics (including BTEX and VH) 30%

Most other typical organic parameters’ 30%
Metals in Soil and Sediment

High variability metals: 40%

Ag, Al, Ba, Hg, K, Mo, Na, Pb, Sn, Sr, Ti

Other metals 30%
Metals in Water' 20%
General Inorganics in Soil and Sediment! 30%
General Inorganics in Water' 20%

I.Represents a default DQO for most common parameters in this category. Higher values
may be appropriate for some tests.

2-Where applicable. Many tests for organics in water consume the entire sample, so lab
duplicates are not possible.

2.19 Expression of Results in the Final Report

It is good practice to report measurement uncertainty along with measurement results.
When measurement uncertainty is reported, it should be as the 95% confidence interval.

Result + 95% CI

Many laboratories prefer to report results following the significant figures convention. When
that convention is employed, the previous estimates should be based on its 95% confidence
interval where practical.

Rounding of results should be deferred until the final calculation for reporting purposes. The
ability to store data, to one more significant figure than would normally be the case, is of
benefit to those undertaking statistical studies of data and its provision is encouraged.

The reporting convention of the analyte must be stated in unambiguous terms, but “+" and
“-" symbols for ions need not be shown unless speciation has been affected. For example:

Copper Cu

Nitrate as N
Ortho-phosphate as P
Silica SiO,
Sulfate SO,



Units must also be expressed in unambiguous terms, for example:

mg/L ug/g (dry weight) % (w/Vv)
Mg/g (wet weight) % (w/w) % (V/V)

2.20 Guidelines for Analytical Parameters Determined by Calculation (Ver.: Jan. 8, 2004)

The BC Ministry of Environment has several numerical criteria that incorporate calculated
parameters. Calculated parameters are those that require mathematical operations to be
performed on one or more measured parameter results in order to determine their value.
The most common examples, which are dealt with in this document, are parameters that
are calculated by addition or subtraction from pre-requisite component results.

This document outlines proposed general guidelines for calculating and reporting these
calculated parameters. These rules may be superseded by specific instructions within
individual published BC Environment laboratory methods.

General Guidelines for All Calculated Parameters:

1. For calculation purposes, use a value of zero for any component result that is
reported as less than a detection limit.

Wherever possible, calculations shall be done using raw, un-rounded results.

For parameters that involve both additions and subtractions, a combination of the rules for
both addition and subtraction should be applied.

Detection limits for both calculated and directly analyzed parameters (whether MDL'’s,
RDL's, LOQ's, or otherwise) should generally be provided to two significant digits. Analytical
results should be provided to the same level of significance. This prevents the introduction of
rounding error that may be significant at low levels.

2. These guidelines define procedures for calculation of Method Detection Limits
(MDL's). Limits of Reporting (reported detection limits) may be higher, for example if
based on Level of Quantitation (LOQ) or Practical Quantitation Limit (PQL).

Examples of parameters for which these guidelines are applicable include:
a) Parameters Determined by Addition:

Total PAH's, Total Light PAH's and Total Heavy PAH’s

Total Resin Acids

Total Xylenes

Total Trihalomethanes

Total Nitrogen (as Total Kjeldahl Nitrogen plus Nitrate plus Nitrite)

b) Parameters Determined by Subtraction:

¢ Nitrate (when determined as “Nitrite/Nitrate” minus Nitrite)
¢ Organic Nitrogen (as Total Kjeldahl Nitrogen minus Ammonia Nitrogen)
e  Chromium Il (Total Chromium minus Chromium VI)



Detection Limit Guidelines for Parameters Calculated by Addition

A summed parameter is one that is obtained by summing two or more parameters that are
analyzed independently.

The Method Detection Limit for a Summed Parameter is calculated as follows:
If Resultsummed = (C] +C2+Cs )
MDL for Resultsummea = sqrt [ (MDL1)2 + (MDL2)2+ (MDLs)2+ ...]

Where:
Cx = Concentration of parameter X.
MDLx = Method Detection Limit of parameter X.

Detection Limit Guidelines for Parameters Calculated by Subtraction

Special considerations are necessary to determine valid Detection Limits for parameters that
are determined by subtraction. When a result being subtracted approaches the magnitude
of the result it is subtracted from, the difference is subject to a high degree of uncertainty
due to the uncertainty in the original two results. For subtracted parameters, an estimate of
the uncertainty in the calculated result is the only reasonable measure of detection limit.

Except where methods specifically define alternate procedures, the following guidelines are
recommended to determine valid Detection Limits for Subtracted Parameters. There are
three different situations that require consideration:

Where Resultsub = C1 - C2;
Case 1: Cris reported as less than detection limit:

Use the MDL of the larger result (Ci) as the MDL for the subtracted parameter (Resultsup).
(Resultsun) would be reported as < DL.

Case 2: Cazis less than 1/3 the magnitude of Ca:

Use the MDL of the larger result (C1) as the MDL for the subtracted parameter (Resultsuw). In
this situation, the uncertainty of the difference of the two results should be acceptably low,
and will not dominate the question of whether or not the subfracted parameter has been
detected or not.

Case 3: Cais greater than 1/3 the magnitude of Ca:

In this case, the subtracted result (Resultsus) may be subject to an unacceptably high degree
of uncertainty due to the uncertainty in the component results (Ci1 and C2). Where practical,
it is recommended that the MDL for the subtracted parameter be determined by adding
the uncertainties of the two results (in quadrature) as follows:

Where Resultsuo = C1 - C2
MDL for Resultsuo = sart [ (Uc1)2 + (Uc2)?]



Where:

Uci = The laboratory’s expanded (95% confidence level) Measurement
Uncertainty (MU) estimate for result Ci (i.e., MU for parameter 1 at
concentration C).

Uc2=The laboratory’s expanded (95% confidence level) Measurement
Uncertainty (MU) estimate for result Cz (i.e., MU for parameter 2 at
concentration C).

Under Case 3, if the MDL calculated above is insufficient to meet a data
requirement, then an alternative measurement technique ufilizing a direct
measurement of the parameter should be sought.

Reference:
These guidelines were developed by the BCELQAAC Technical Subcommittee and were
endorsed by the committee for inclusion in the BC Lab Manual on September 11, 2003.

2.21 Performance Audits

Where facilities permit, internal audits should be conducted. Performance audits should
incorporate blind or other samples in order to check functioning of laboratory QC
procedures. This action may be helpful if external audits are imposed. Records of audit results
and action taken should be kept.

2.22 Inter-Lab Comparison Studies

Participation in inter-laboratory comparison studies is recommended, as appropriate (e.g.,
BC EDQA program leading to registration or CALA program leading to certification). Records
of results and action taken should be kept.



3.0 3.0 RECOMMENDED PROTOCOL FOR ESTABLISHING METHOD DETECTION LIMITS
3.1 Introduction
Method Detection Limits (MDLs) are set at the 95% confidence level above zero (or the blank
- see section 4.0). For an infinite number of replications this is:
MDL =2 x 1.645 * SDnear zero
= 3.29 X SDnear zero

where SD near zero is standard deviation estimate made within a factor of 10 of the
(expected) MDL.

MDL for a smaller number of replicates is
MDL = 2 x t1,0.05 X SDnear zero
where t1,005 = the one-tailed ‘1’ statistic at p = 0.05 (see Table 1).
The standard deviation, SD, of a low level sample may be used to produce this estimate.
The sample used should have the following characteristics:
i) the sample must be stable
ii) it must have an analyte concentration that minimizes the overestimation of sigma-
Zero (co),
(the population standard deviation at zero)
i) it must have an analyte concentration that is sufficient to produce a measured
value that is statistically significant
A concentration in the range of 1 to 3 times the anticipated MDL is recommended.

The standard deviation used to estimate 6o may be the within-batch standard deviations
provided by duplicate or replicate samples carried through the sample processing steps, or
the standard deviations of between-batch replicates.

Calculation of standard deviations should be based on:

iv) blank corrected data, if appropriate, and
v) atleast 7 observations of the analytical result (sample size n=7).

The 't’ statistic is used to compensate for the tendency of small sample sizes to
underestimate variability.



3.2

Calculation of Standard Deviation

The formulae used to calculate standard deviation, SD, are as follows:

Case 1. duplicate analyses carried out in successive batches

SD = sart [ 2 (x1-%2)?2/2n]
where n = number of pairs of data.

Case 2. replicate analysis carried out in a single batch

SD = sart [ X (x-xi)2/2n ]
where n = number of pairs of replicates.

Case 3. replicate analysis carried out in successive batches

pooled SD = sart [{ X (Vi X $12) + (V2 x$22) +.... (Vixs?)} / (vitvat ... vi) ]
where v = degrees of freedom for each batch,

and s =standard deviation for each batch.

Examples of methods for estimating SD for MDL calculation:

1.

Replicate analysis of a bulk sample of the desired matrix known to be homogenous
and stable. Sub-sampling of the bulk sample is performed and each sub-sample is
carried through the entire preparative and analytical step. Concentration is not to
exceed 10 times the estimated MDL, but is preferred to be 1-3 fimes the estimated
MDL. Estimate SD using formula case 2 for single batch analysis, and formula case 3
for multiple batch analysis.

If a bulk sample is not available, prepare a composite sample in the concentration
range required. Continue asin 1.

If the above two are not possible, use duplicate analyses from several batches,
adhering to the described concentration range. Use formula in case 1 for estimation
of SD.

If the above three are not available, use a spiked blank or clean matrix, to produce
a large sample. Take steps to assure the spike is homogenously distributed (e.g.
mixing overnight). Spike to a concentration not greater than 10 times the estimated
MDL. Sub-sample this bulk spiked sample and carry each sample through alll
preparative and analytical steps. Use formula case 2 to estimate SD.

If facilities do not allow preparation of a bulk spike sample, spike individual blank or
clean matrix samples to a concentration as defined above. Take steps to assure the
spike is homogenously distributed (e.g. mixing overnight). Continue as described
above.

If no blank or clean matrix is available proceed as in 4 or 5 using pure de-ionized
water as the matrix.

For methods which employ continuous monitoring of a detector signal, 3 times the
noise in the area of the analytical peak can be used if none of the above can be
used. This produces an estimate of instrument SD and does not take into account
the confribution of preparative and matrix effects.



3.3 Calculation of Method Detection Limits

Section 3.2 demonstrates how method standards may be determined for three cases: from
pairs of duplicates, from replicates in same batch and for pooled standard deviations from
replicates in successive batches.

An example calculation of MDL is presented for each of these three cases:

EXAMPLE 1: MDL ESTIMATION FROM DUPLICATES
EXAMPLE 2: MDL ESTIMATION FROM REPLICATES IN SAME BATCH
EXAMPLE 3: MDL ESTIMATION FROM POOLED STANDARD DEVIATIONS FROM

REPLICATES IN SUCCESSIVE BATCHES

These appear as Tables 4, 5 and 6 respectively. For each example the data have been
organized in a format convenient for spreadsheet calculation.

MDLs must be determined for each matrix type processed by the laboratory and must
reflect all steps of the applicable method.

3.4 Recorded Figures

MDLs should be recorded to one non-zero figure. The final MDL values and the data used to
estimate SD should be recorded to two significant figures, to reduce rounding errors.

3.5 Limit of Quantitation

The limit of quantitation (LOQ) is normally defined as 10 times SD (at MDL). The LOQ is the
concentration at which precise quantitative results are possible (precision approaches +
30%). At the MDL, on the other hand, the presence of a detected t analyte is defined with
certainty but concentration estimates are imprecise (precision approaches £100%).

3.6 Confidence Interval Convention

The MDL definition described here uses a factor of 2 x the one sided ‘t’ factor at p = 0.05,
and is sometimes referred to as a Reliable Detection Limit (RDL). For an infinite sample size,
this would be MDL = 3.29 x SD. This is the sum of two distributions: one centered on 0 (zero)
has a 5% risk of declaring a null quantity as a positive amount, while the other distribution,
centered above 0, involves a 5% chance of declaring a measurement as O, when in fact, it
is real (see Table 3).

The MDL definition given at the bottom of Tables 4, 5 and é is the USEPA convention. This
definition uses the one-sided ‘t' factor for p = 0.01. For an infinite sample size, this would set
the MDL = 3 x SD. This is derived from a single distribution, centered on 0 (zero) and having a
1% risk of declaring a null quantity as a positive amount.

The two MDLs, while derived from different theory, are in fact very close. The USEPA derived
MDLs include lower and upper limits; the CAEAL value always falls within those limits.



4.0 BLANKS

While there are few situations where blank correction is appropriate, monitoring of blanks
should be carried out for most samples and blanks should be controlled within defined limits
for data to be acceptable.

4.1 Documentation of Blanks

Batch blank values shall be recorded on the analytical result sheet with each batch. In
addition, a tabulation of day-to-day blanks shall be maintained and kept current. It will
include, at a minimum, analytical date, preparative and analytical operators’ initials,
individual blank values, a reference to the long-term blank and the date range over which
it was determined, and any comments explaining unusual occurrences. If possible a control
chart of batch blanks will be maintained.

4.2 Determination of Long-term Blank

The long-term blank should be estimated, on at least 2 separate occasions, from replicate
blank matrices which have been processed through all the preparative and analytical steps
applied to a regular sample. It is suggested that 10 replicate blanks be processed on each
occasion. The long-term blank value should be confirmed at least once each year.

The average and standard deviations of blank readings should be calculated for each
occasion. Pooled blank average and standard deviations should be calculated using the
following formula (Taylor, 1987):

Pooled Standard Deviation (o) =

sart [ 2 { (Vi xs?1) + (vaxs%) + ...+ (Vaxs2) }/ (Vi + V2 +... Vi) ] (1)

where:
Sn = standard deviation for n" case.
Vn = degrees of freedom, usually =n - 1.

Test for outliers using the Grublbs test (Taylor, 1987). If outliers are present, remove them and
recalculate the average and standard deviation as above.

4.3 Application
Blank correction should be applied to every sample for which a reliable estimate of long-

term blank levels has been made (i.e., the blank is in statistical control).

Blank correction should be applied to all samples where the batch method blank(s) exceeds
the method detection limit (MDL) and is less than the long-term blank control limits.

Samples with concentrations greater than 20x the batch blank, need not be blank
corrected (US EPA, 1990).



4.4

Evaluation of batch blanks

If all batch blanks are <MDL, no blank correction is necessary.
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4.4.2

Where the long-term average batch blank is known.

If all batch blanks are greater than the MDL and less than the control blank limit, all
batch samples for that parameter should be corrected by subtracting the average
batch blank.

The conftrol blank limits will be set as the long-term average method blank plus 1.64
times the standard deviation of the long-term average blank.

If the long-term average blank is <MDL, the control blank limits will be set as MDL
plus 1.64 times the standard deviation of the long-term average blank.

This control limit should include approximately 95% of the blank values that will
occur.

If the estimate of the long-term blank is based on <100 determinations, the
appropriate ‘t oos’ value from the table of ‘1’ values is substituted for 1.64.

If any batch blank exceeds the long-term blank control limit, the batch must be
reprocessed.

If this is not possible due, for example, to insufficient sample, or instability of the
sample, the parameter results can be blank corrected, but must be flagged in the
report as having "High blank, subtraction made, accuracy of results may be
compromised".

If multiple parameters are analyzed for the same sample preparation batch, and if
more than 5% of the parameters exceed the blank control limits, the batch must be
re-processed; e.g., for ICP total metals scans (33 elements), if more than 2
parameters have blank levels greater than blank control limits, the batch must be
re-processed. Otherwise, the parameters greater than blank control limits can be
reported with a flag stating "High blank for parameter XX, subtraction made,
accuracy of results may be compromised".

Criteria Concentration Action to take
Batch blank < MDL no correction
Batch blank > MDL blank correct
Batch blank > long-term blank conftrol limit reprocess batch
Sample concentration > 20 x batch blank no correction

Incorporation of batch blank into calibration curve

If the batch blank is part of the calibration curve, this effectively corrects for the
blank provided the linearity of the calibration curve is not destroyed.

If the batch blank deviates from the linear best fit line, calculated excluding the
blank, by greater than 50%, the batch blank is too high, and the batch must be re-
processed.



4.4.3 Situation where long-term blank is not known:
If all batch blanks are <MDL, no blank subtraction is necessary.

If all batch blanks are greater than the MDL and less than 10X the MDL, all batch
samples for that parameter may be corrected by subtracting the average batch
blank.

If any batch blank exceeds 10 times the MDL, the batch must be reprocessed.

If this is not possible, due, for example, to insufficient sample, or instability of the
sample, the parameter results can be blank corrected, but must be flagged in the
report as having "High blank, subtraction made, accuracy of results may be
compromised".

4.4.4 Readable units

Where the batch blank fails the blank control limit test by < one readable unit, the
batch blank shall be considered acceptable.

4.5 Documentation of Blank QC

Batch blank values are to be recorded on the analytical result sheet with each batch. In
addition, a tabulation of day to day blanks shall be maintained and kept current. It will
include, at a minimum, analysis date, preparative and analytical operators initials, individual
blank values, a reference to the long-term blank and the date range over which the long-
term blank was determined as well as any comments explaining unusual occurrences. If
possible a control chart for batch blanks is to be established and maintained.

Analytical reports to clients must indicate whether or not data has been blank corrected. In
addition, the reports must indicate batch blank levels for the data, regardless of whether
blank correction has been applied.

4.6 Blank Correction Summary
Blank correction is rarely appropriate when these rules are followed, since at high analyte

concentrations the correction is insignificant and at low levels (near MDL), the blank,
whether subtracted or not, merely increases the uncertainty of the value.



5.0 QC FOR SMALL LABORATORIES

While all laboratories are encouraged to implement a comprehensive QA program, it is
recognized that small laboratories with limited resources may find it economically necessary
to implement a less comprehensive program.

This section is relevant only to small permittee laboratories that participate in the CALA
laboratory proficiency-testing program and who have achieved a PE score greater than 70
for each applicable variable in the last four studies and who generally analyze only small
batches of samples.

A small batch is defined as less than 11 samples analyzed at one time as a group using a
common blank, standards and duplicate data. In cases where a laboratory receives only a
few samples per day, and sample stability or treatment permits, it is preferable that samples
be stored and run as one small batch on a weekly basis. If stability does not permit, the
samples should be analyzed on a daily basis.

5.1 Small Laboratory Quality Control Level

a) Group samples (e.g., colorimetric methods)
e one method blank per batch
e one duplicate sample per batch
e one certified reference sample per batch (internal recovery control)
b) Individual sample (e.g., NFR, pH, BOD, AOX)
e one blank (daily)
e one duplicate per 10 samples (minimum 1 per week)
e one certified reference sample or internally prepared recovery control per 10
samples (minimum 1 per week)

5.2 Small Laboratory Quality Control Criteria

a) Calibration control limits of +2s as a warning limit and *3s as a confrol limit are
applicable for quality control standards for most variables.

b) Method blanks
e If the batch blank is <MDL, no blank subtraction is necessary.
e If the batch blank exceeds the MDL, refer to sections 4.3 and 4.6 above.

c) Duplicates for water and wastewater must be within the precision limits given in Table
1020:1 of Standard Methods, 18th Edition (1992).

d) Internal recovery control must be within the precision limits given in Table 1020:l of
Standard Methods 18th Edition (1992).
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Table 3. Values of the one-tailed ‘t’ statistic at p=0.05, applied to the standard deviation,
SD, appear in the following table

Degrees of Freedom . 0.05
7 1.90
8 1.86
2 1.83
10 1.81
15 1.75
20 1.73
25 1.71
30 1.70
40 1.68
60 1.67
infinity 1.64
For case 1,
duplicates, degrees of freedom = n, the number of pairs of duplicates,
For case 2,
replicates in same batch, degrees of freedom =n - 1, where n = the number of
replicates,
For case 3,
pooled SD from replicates in successive batches, degrees of freedom = sum of vi +
V2 + ... Vi

Table 4. Example 1: MDL estimation from duplicates
MDL determination for Carbon in Soil Samples

Parameter: Total Carbon, Leco Matrix: Soil, sediment
Sparcode: C--T Units: ug/g

Procedure Results for duplicates analyses of soil samples on different days were
recorded.
All data are less than 10x the MDL.
Sample  result 1 result 2  difference difference>

#
4486 4100 4600 500 250000
262 5200 5300 100 10000
25074 2600 2200 400 160000
25080 3500 3700 200 40000
25090 1600 1500 100 10000
25099 2000 2300 300 90000
26011 2100 2100 0 0
SD dup = sqrt [difference? / (2 x # of duplicates)] 200

MDL =SD dupx2x1t0.05 t(df=7)
=SD dup x2x 1.895
=758



Table 5. Example 2: MDL estimation from replicates in same batch

MDL determination for BTEX in soil samples

Sparcode:  BTEXF092 Matrix: Soil units: Vle)e]
Instrument:  HP5890A/FID GC#5 Operator:  *** MDL listed = 1
Prep. Extract 5 g with Freon Date: 7-Jul-93

5 g of sea sand was spiked to 10 ug/g with BTEX standard, mixed, sealed in a purge & frap
vial, and retained for 2 days in freezer. The samples were then individually processed.
m,p-Xylene was spiked at 20 ug/g.

Benzene Toluene m- & p-Xylene o-Xylene
8.978 8.936 18.182 9.130
8.280 8.340 16.980 8.560
7.578 7.654 16.282 8.250
5.732 6.184 14.076 7.230
5.428 5.662 12.960 6.682
8.924 8.864 18.074 9.088
6.434 6.602 14.308 7.276
8.668 8.494 17.244 8.642
6.624 6.896 15.318 7.804
average 7.405 7.515 15.936 8.074
std dev 1.389 1.221 1.867 0.873
count 9 9 9 9
MDL 5.1668 4.5407 6.9451 3.2464
MDL (1 sig fig) 5 5 7 3
MDL (USEPA) 4 4 5 3
=2.896 x SD
LCL (USEPA) 2.9 2.5 3.9 1.8
=0.72 x MDL
UCL (USEPA) 6.6 5.8 8.9 4.2
=1.65 x MDL



Table 6. Example 3: MDL estimation from pooled standard deviations from replicates in
successive batches

Parameter: Cd-D Units: mg/L Instrument: Varian GFAA in ppb mode
Cd MDL for GFAA - attempt to achieve 0.1 ppb Between day data.

Date conc 1 conc 2 conc 3 conc 4 conc 5
design 0.00000 0.00050 0.00240 0.00060 0.00120
10-Sep 0.00002 0.00048 0.00238 0.00065 0.00116
14-Sep -0.00001 0.00055 0.00256 0.00066 0.00126
15-Sep 0.00000 0.00049 0.00242 0.00065 0.00124
15-Sep -0.00002 0.00047 0.00242 0.00069 0.00138
16-Sep -0.00001 0.00054 0.00252 0.00067 0.00136
17-Sep 0.00000 0.00052 0.00234 0.00070 0.00124
19-Sep 0.00000 0.00049 0.00249 0.00068 0.00119
21-Sep -0.00001 0.00052 0.00247 0.00065 0.00120
23-Sep -0.00001 0.00053 0.00247 0.00067 0.00122
23-Sep 0.00001 0.00050 0.00235 0.00064 0.00121
24-Sep -0.00002 0.00054 0.00246 0.00068 0.00128
25-Sep -0.00001 0.00046 0.00255 0.00065 0.00127
28-Sep 0.00000 0.00047 0.00242 0.00057
30-Sep 0.00046 0.00238 0.00065

1-Oct 0.00040 0.00233 0.00068

average -0.000005 0.000495 0.002437 0.000659 0.001251
std dev 0.000011 0.000040 0.000074 0.000030 0.000066
count 13 15 15 15 12
MDL mg/L 0.000040 0.000141 0.000260 0.000107 0.000236
MDL ug/L 0.040 0.141 0.260 0.107 0.236
Based on a single concentration.
Design >10x MDL >10x MDL

Note: concenfrations. 3 & 5 are too high and not used to calculate MDL.
Pooled sd  0.00003 with 40 df for blank, 0.0005, and QCB.

The pooled standard deviation for other 3 concentrations is

Pooled sd
=sgrt [ ((n1-1) xsd12+ (n2-1) x sd22 + (n4-1) x sd4?) / (n1-1) + (n2-1) + (n4-1)]
MDL from pooled sd: 0.00010242

MDL (CAEAL), pg/L (1 sig. fig.): 0.1
USEPA MDL, ug/L  0.07 lower control limit 0.05; upper control limit 0.12

Note: Pooling of standard deviations is appropriate over concentrations up to 10 x the
MDL, and over several days of data acquisition.
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GLOSSARY OF STATISTICAL TERMS USED IN QUALITY ASSURANCE

Accuracy - indicates the closeness of a measured value to a true value; combines bias and precision.

Bias - consistent tendency of measured value to deviate, either positively or negatively, from a frue value.

Cdlibration check standard - standard, usually mid-analytical range, used to monitor the validity of instrument
calibration between periodic full recalibration.

Confidence coefficient - the probability, expressed as a percentage, which a measurement result will reside in
the confidence interval (between the confidence limits).

Confidence interval - the set of possible values within which the true value will reside with a stated probability
level.

Confidence limit - upper or lower boundary values delineating the confidence interval.

Detection limits - various limits are defined; in increasing order these are:

Instrument detection limit (IDL) - the analyte concentratfion that produces a response five times greater than
the signal/noise ratio of the instrument. This is similar to the "criterion of detection” which is defined
as 1.645 times the standard deviation, s, of blank analyses.

Lower limit of detection (LLD) - also called “detection limit” (DL) and “limit of detection™” (LOD) - the analyte
concenfration in reagent water that produces an instrument response 2(1.645)s above the mean
of blank analyses. This criterion sets the (maximum?2) probability of both Type | and Type |l errors at
5%.

Method detection limit (MDL) - the analyte concentration that, when processed through the complete
method, produces an instrument response with a 99% probability that it is non-blank.

Limit of Quantitation (LOQ) - the analyte concentration that produces an instrument response sufficiently
greater than the response by the blank that it can be measured within specified accuracy limits
by competent laboratories in routine operation. Typically it is regarded as the analyte
concenfration that produces a response ten times greater than the standard deviation, s, of the
reagent water blank signal.

Duplicate - least case of replicates (two); in general, while any portion of the analytical protocol can be
duplicated, the term duplicate is usually applied to duplicate samples, i.e., two samples taken at
the same fime from the same location.

Internal standard - a pure compound different from, but similar enough to, the analyte, that, when added at a
known concentration to the sample extract immediately prior to instrumental analysis, allows
corrections due to instrument inefficiencies or vagaries.

Laboratory confrol standard - a standard, optimally certified by an outside authority, used to measure method
bias.

Precision - gauge of the degree of agreement among replicate analyses of a sample, usually expressed as the
standard deviation.

Quality assessment - procedure for determining the quality of laboratory data using internal and external
quality control measures.

Quality assurance - a system of laboratory operation that specifies the measures used to produce data of
documented accuracy.

Quadlity control - a set of procedures applied to an analytical methodology to demonstrate that the analysis is
in control.

Random error - the deviation experienced in any step of an analytical procedure that can be estimated by
standard statistical techniques.

Replicate - repeated operation of part of an analytical procedure. Two or more (instrumental) analyses for the
same analyte in a processed sample are termed replicate extract analyses.
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Significant figures — A convention of reporting numeric results where all digits in result are known without doubf,
except for the right-most figure.

Surrogate (or surrogate standard) - a pure compound different from, but similar enough fo, the analyte that,
when added af a known concentration to the sample prior to processing, provides a measure of
the overall efficiency of the method (recovery).

Type | error - also called alpha error, is the probability of deciding an analyte is present when it actually is
absent.

Type |l error - also called beta error, is the probability of deciding an analyte is absent when it actually is
present.



